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A novel series of 5,10-dihydro-dibenng][1,4]diazepin-11-ones have been synthesized as potent and
selective checkpoint kinase 1 (Chk1) inhibitors via structure-based design. Aided by protein X-ray
crystallography, medicinal chemistry efforts led to the identification of compdéddwith potent enzymatic

activity against Chk1 kinase. While maintaining a low cytotoxicity of its own, compatéatiexhibited a

strong ability to abrogate G2 arrest and increased the cytotoxicity of camptothecin by 19-fold against SW620
cells. Pharmacokinetic studies revealed that it had a moderate bioavailabilty of 20% in mice. Two important
binding interactions between compou#éb and Chk1 kinase, revealed by X-ray cocrystal structure, were
hydrogen bonds between the hinge region and the amide bond of the core structure and a hydrogen bond
between the methoxy group and Lys38 of the protein.

Introduction (UCN-01), which is reported to be in phase Il clinical tridds.
Checkpoint kinase 1 (Chk1) is a serine/threonine kinase that Synthetic Chk1 inhibitors with various core structures have also
is closely involved in the regulation of the cell cydléJpon been reported in literature and in patent applications. For

damage by either DNA damaging agents or ionic irradiation, example, PF-OO394691,_bearipg diazepinoindolone_as the core,
two major weapons for current cancer treatment, Chk1 is Showed potent enzymatic activity against Chk1, wit;eof
activated via activation of the upstream ATM/AT Rathway? 0.34 nM22 It also potentiated antitumor activity of irinotecan
Activation of Chk1 results in phosphorylation of Cdc25A at N €0l0205 mouse xenograft. CHIR-124 is a benzoimidazole-
Ser123 and several other serine residues and Cdc25C at Ser216Uinolinone based Chkl |nh|b|tciz with potent activity against
The phosphorylation of Cdc25 thus inhibits dephosphorylation the Chk1 enzyme (16 = 0.3 nM).1* A patent application filed
and activation of cyclin-dependent kinases (CDKs) via the by Mlllennu_Jm disclosed pyraque-based tricyclic Ch_kl_|n_h|b|-
ubiquitin-proteosome pathway, arresting DNA-damaged cells tors>A series ofN-aryl-N'-pyrazinylurea-based Chkl_lnhl_bltors

at various checkpoints so that the cells’ repair mechanism cannave been flelsclosed recently through patent applications and
be carried out to avoid mitotic catastrophé/hile normal cells ~ Publications®® , , _

can depend on G1 checkpoint arrest to repair their damaged Human Chkl is a nuclear protein of 476 amino acids. It
DNA, 4 cancer cells with p53 deficiency can only use the S and contains a highly conserved N-terminal kinase domain (residues
G2 checkpoints for DNA repaf.lt is rationalized that the 1-265), a flexible linker region, and a less-conserved C-terminal
inhibition of Chk1 would abrogate the S/M or the G2/M region that may negatively regulate Chk_l kinase act?vity. The
checkpoint so that cancer cells would enter mitosis/chromosomeCTystal structures of the human Chkl kinase domain and its
condensation prematurely with damaged DNA, eventually cOMPplexes with AMP-PNP, an ATP analogue, staurosporine,
leading to cell death.Chk1 knock-down experiments, either UCN-01, and SB-218078 have been solvédt appears that
with Chk1 antisense or siRNA, revealed a significant enhance- the active binding site of Chk1 can be roughly divided into four
ment of cytotoxicity of chemotherapeutics against p53-deficient '€9ions. The highly conserved kinase hinge region consists of
cancer cell line€.Thus, Chk1 inhibitors may be useful in cancer CyS87 and Glu8S. Tyr20, Lys38, Glu5S, and Aspl48 are the

therapy as sensitizing agerts. major components of the polar region. There is also a ribose
Several natural products are found to be potent Chkl pocket made of hydrophilic amino acids, such as Glu91, Glu134,
inhibitors, such as indolocarbazole analogl@mgranulatim- ~ @nd Asnl135. A solvent-exposed region is located only a few

ide 0 debromohymenialdising, and 7-hydroxystaurosporine ~@mino acids away from the hinge region. Thus, a solid
foundation for structure-based inhibitor design has been laid

*To whom correspondence should be addressed. Phone: (847) 935-OUL. ) ) ] ]
4952, Fax: (847) 935-5165. E-mail: le.wang@abbott.com. 8-Chloro-5,10-dihydro-dibenzbjg][1,4]diazepin-11-one, com-

T Summer student from the Department of Chemistry at U.C., Berkeley. _ . i ifi i
Current address: GlaxoSmithKline Co. in Philadelphia. poundla (A-45444; Chart 1), was identified o be weakly active

a Abbreviations: AMP-PNP, adenyl-§l imidodiphosphate; ATM, ataxia against human Chk1 kinase during_a high-throughput screen.
telangiectasia mutated; ATR, ataxia telangiectasia and Rad3 related; CPT,The co-X-ray structure of Chkl kinase and compoutal

camptothecin; DCI, direct chemical ionization, dppf,'dis(diphenylphos- revealed several important binding characteristics. The amide

phino)ferrocene; DTT, dithiothreitol; EDTA, ethylenediaminetetraacetic -
acid; FACS, fluorescence-activated cell sorting; HATM(7-azabenzotrizol- bond of compound.a formed two hydrogen bonds with the

1-yl)-N,N,N',N' tetramethyluronium hexalfluorophosphate; HEPES2- carbonyl and NH of Cys87 in the hinge region. The chlorine
hydroxyethyl)piperaziné¥'-2-ethanesulfonic acid; HTRF, homogeneous pointed to the solvent front and did not appear to have any

time-resolved fluorescence; MTS, 3-(4,5-dimethylthiazol-2-yl)-5-(3-car-  jnteraction with the binding pocket. There was also a large space
boxymethoxyphenyl)-2-(4-sulfophenyl}2tetrazolium; RNase, ribonu- b he right-hand side ph A ith th b |
clease; SEMCI, 2-(trimethylsilyl)ethoxymethyl chloride; siRNA, small Petween the right-hand side phenyl ring with the carbonyl group

interfering ribonucleic acid; TMSCH (trimethylsilyl)diazomethane. and the polar region in the binding site. We felt that compound
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Chart 1
1
0 1
10 NH 2 1a: X=NH, R=Cl, 17 uM
R 1b:X=CO, R=H, >50puM
9 3 1¢:SO, R=H, >50 uM
X 4 1d: CHOH, R=H, >50 uM
8 6
7 5
Scheme 1

0
R CO,H NH; g NH
| 1
ORI D Qi g
Ry cl NH, Rs N
4a: Ry =Br,R,=H
4b: Ry =H, R, = Br

2a:R;=Br,Ry=H 3
2b:Ry=H,R,=Br

5-14: R'y = H, R'; = various phenyl groups
25: R’y = 4-OH-3-OMe-phenyl, R'; = H
a2 Reagents and conditions: (i) Cu, PhCI, reflux; (i) MeOH/DME (1:2),
CsF, Pd(PP4§)4, ArB(OH);, reflux.

Scheme 2
(@)
# NH
cl o. .0
s (
i ii N
— — H
~
0 RS
NO, ° R
NO, O—
15 16 17:R=NO; ) i
18: R= NH,
aReagents and conditions: (i) Bis(pinacolato)diborony(étohy, Cy-
Map, KOAc, dioxane,

85 °C; (i) MeOH/DME (1:2), Pd(PP4)4, 4b, CsF; (iii) Pd/C, h, MeOH.

lawas a good starting point for our Chkl program in that it
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Scheme 3
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Br H B H
(0]
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(0]
NH
20: R=CN
21:R=Cl
” 22: R= COCHj,4
23: R=CO,CH;
24: R = CONH,
R
O

a8 Reagents and conditions: (i) Bis(pinacolato)diboron(&uh), PCys,
KOAc, dioxane, 85°C; (ii) ArBr, Pd(PPh)4, CsF, MeOH/DME (1:2).

19, synthesized in a similar manner to that of compodsd
was coupled with various aryl bromides to give compouz@s
24, as shown in Scheme 3.

The synthesis of compound3la—c, 31fg, 33, and 35
proceeded as shown in Scheme 4. An Ullmann-type aryl
amination between nitroanilin6 and methyl 4-chloro-2-
iodobenzoate in the presence of copper ap@®; resulted in
formation of diaryl amine28 in good to excellent yields. The
nitro group of compoun®8 were reduced by hydrogenation
using platinum on carbon to provide diamir% which were
cyclized under acidic conditions in refluxing toluene to form
compounds30. During the cyclization, the benzyl ethers were
cleaved to give the corresponding phend®i and 30d).
Alternatively, diamines29a and 29f,g were hydrolyzed and
cyclized in the presence of HATU to give compourdfaand
30f,g, respectively. The Suzuki coupling of compourdswith
pinacol arylboronatd 6 afforded compound81b,c and 31f,g.
Treatment of the Suzuki coupling product fr@&daand16 with
HCI in MeOH and THF resulted in compouida The phenol
30dwas allowed to react with Mel in acetone to give compound
32, which was coupled witi6 to afford compound33. The
hydroxyl group of30 was protected with SEMCI and then
reacted with16 to give compound4. Deprotection followed

was structurally simple and had interesting binding character- by alkylation with 4-chloromethylpyridine yielded compound
istics with the Chk1 enzyme. Furthermore, despite the fact that 3.

5,10-dihydro-dibenzdi,€][1,4]diazepin-11-one has been known

Scheme 5 details the formation of compourg$sand 41

for a long time, it was never used as a temple for a kinase The amino group para to the nitro group 88 reacted with
inhibitor. In this paper, we wish to report the synthesis, SAR compound7 exclusively in the presence o,KO; and copper.
study, and pharmacokinetic evaluation of a series of Chkl It seemed that the base,,80s;, did not just function to

inhibitors based on 5,10-dihydro-dibenkg][1,4]diazepin-11-

neutralize HI, since without it, a mixture was generated.

one. Through the X-ray cocrystal structures, the binding modes Reduction followed by acid-catalyzed cyclization resulted in

of several potent Chk1 inhibitors will be discussed as well.

Chemistry

The synthesis of compounds-14 and 25 is illustrated in
Scheme 1. Thus, compounds,b were obtained in modest
yields by heating compound&a or 2b with compound3 in
chlorobenzene in the presence of cop§aihe Suzuki coupling
of 4a and 4b with various phenyl boronic acids yielded the
desired compounds—14 and 25.

Scheme 2 depicts the synthesis of compouhdsand 18.
Compoundl16, a key intermediate made froib using pal-
ladium-mediated borylatio#, was coupled with compountb
to give compound.7, which was then reduced by hydrogenation
to afford compound.8. Alternatively, the pinacol arylboronate

compound37. CompouncB8, obtained from the Suzuki reaction
of compounds37 and 16, was allowed to react with 3-chloro-
propanesulfonyl chloride in pyridine to provide the correspond-
ing sulfonamide, which was cyclized upon treatment of sodium
ethoxide in ethanol to yiel89. Reaction of compound7 with
4-chlorobutanoyl chloride in pyridine followed by treatment of
sodium ethoxide in ethanol resulted in compod@dCompound
41 was prepared by the Suzuki coupling4f and 16.
Compounds46a—h were prepared as shown in Scheme 6.
Nitroanilines 42 were coupled with compoun@7 using a
palladium-mediated diaryl amine formation protocol to give
compound#3in excellent yields. It appeared that the reaction
temperature was critical for a clean transformation in that the
chlorine became quite reactive at higher temperatures, leading



4164 Journal of Medicinal Chemistry, 2007, Vol. 50, No. 17

Ry
O,N R, CO,Me Cl
il
—_—
N Rs Cl |
R4

26a: R; = OMOM, Ry=R;=R,=H 27
26b: R2= OBn, R1=R3= R4=H

26¢: R2= OMe, R1=R3= R4=H

26d: R, = OBn, Ry=Ry= R4=H

26e: R1 =R2=R3=R4=H

26f: R3=NH2, R1 =R2=R4=H

269g: Rz=4-morpholinyl, Ry =R,=R4=H

Scheme 4
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29b: R2= OBn, R1=R3= R4=H

29c: R2= OMe, R1=R3= R4=H

29d: R4 =0Bn, R1=R2= R4=H

29f: R3=NH2, R1 =R2=R4=H

299g: R3=4-morpholinyl, Ry =R,=R4=H

= ke = O

30a: R1 OMOM, Rz—R3—R4—
30b: Rp= OH, Ry=Rs= Ry=H
30c: R2= OMe, R1=R3= R4=H
30d: R4 = OH, R1=R2= R4=H
30f: Ry=NH,, Ry =R,=R,=H
30g: R3=4-morpholinyl, R1

e

R2—R4—

NH
Vi, ix
N “
Ar N
) H
N\ Ar SEMO
35 34

31b: Ry=
31c: Ry=

OH, Ry=H

OMe, Ry=H
31f: R2=NH2, R1= H
31g: Ry=4-morpholinyl, Ry =

RS, S0

Ar = 3-OMe-4-NO,Phenyl

aReagents and conditions: (i) Cu®0Os, PhCI, reflux; (i) Pt/C, H, MeOH; (iii) (a) LiOH, THF, HO; (b) HsO*; (c) HATU, EtN, DMF, for 29a, 29f,
and29g (iv) p-TsOHH,O, PhCH, Dean-Stark trap, for29b, 29¢, and29d; (v) Pd(OAc), Cy-Map, MeOH/DME (1:2), CsF16; (vi) HCI, THF, MeOH,;
(vii) K2CGQ;s, acetone, Mel; (viii) SEMCIj-Pr,NEt, CH,Cl,, MeCN; (ix) K2COs, DMF, 4-chloromethylpyridine.

to the formation of several byproducts. Hydrogenatior48f
followed by acid-catalyzed cyclization in refluxing toluene led
to formation of compoundd4. Further modifications such as

demonstrated by compounéis 14. Replacement of the methoxy
group with a slightly larger ethoxy group caused more than a
20-fold loss in activity, as shown by compoundsand 8,

Suzuki coupling and amide formation gave final compounds suggesting that the space around the methoxy group was limited.

46a—h.

It was somewhat gratifying to see that the introduction of a

Schemes 7 and 8 describe the synthesis of two close analogueBydroxyl group next to the methoxy group gave rise to

of 5,10-dihydro-dibenzdi,€][1,4]diazepin-11-oneN-Methyla-
tion of compound28e gave compound4?7. Preparation of
compound49 was conducted in a similar manner to that of
compound31c Acid 50 was sequentially treated with SQCI
and TMSCHN to form a diazo ketone, which underwent a

compoundl4 with a 6-fold increase in the enzymatic activity
compared to compound Encouraged by this result, a number
of functional groups were investigated (compoutds-24). It
appeared that electron-withdrawing groups were important for
the activity. Compound7, bearing a strong electron-withdraw-

Wolff rearrangement in the presence of silver benzoate anding nitro group next to the methoxy, showed the most potent
triethylamine in MeOH to give the homologized methyl ester activity against the Chkl enzyme. Introduction of an amine

51. Displacement of the fluorine 81 with methyl 4-chloro-
2-hydroxyl-benzoate led to the formation of biaryl et

group rendered compouri@ completely inactive. Not surpris-
ingly, because position 9 dfa had been shown to point away

Compound54 was synthesized in a similar manner to that of from the polar region, compourzh, a regioisomer ofl4, did

compound45a

Results and Discussion
Position 8 of the compounitla was explored first because

not exhibit any enzymatic activity.
Once we identified the best substituent, 3-methyl-4-nitrophe-

nyl, for the polar region of the active binding site of the Chk1
enzyme, we moved our attention to the other phenyl ring,

the X-ray cocrystal structure with the active site of the Chk1l pointing to the solvent-exposed region according to the X-ray
enzyme had shown a large space between this position and theocrystal structure. The results are listed in Table 2. It was clear
polar region of the active site. The results are summarized in that the space around Ras rather limited because even a small

Table 1. It appeared that substitution at thetaposition of

hydroxyl group caused a significant loss in enzymatic activity,

the benzene ring was important for the enzymatic activity, as as shown by compounds’ and31a Because the amide bond
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2 S " . .
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MeOH/DME (1:2), CsF.16.

Scheme 8
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50 51 52
Map, MeOH/DME (1:2), CsF16; (iii) 3-chloropropy! sulfonyl chloride,

o d e
pyridine; (iv) NaOEt, EtOH, reflux; (v) 4-chlorobutanoyl chloride, pyridine;

(vi) NaOEt, EtOH, rt, overnight. iv 53: R=ClI

Ar: 4-nitro-3-methoxyphenyl

aReagents and condmons. () (&) Cux®0s, PhCI, reflux; (b) Pt/C,
Ha, MeOH; (c¢) p-TsOHH20, PhCH, Dean-Stark trap; (ii) Pd(OAg) Cy-

Scheme 6 54 R = 3-methoxy-4-nitrophenyl

COzMe aReagents and conditions: (i) (a) SGCI(b) TMSCHN; (c) silver

such as a methoxy, without a significant loss in activity, as

benzoate, EN, MeOH; (ii) K.COs, DMA, methyl 4-chloro-2-hydroxyl-

benzoate, 80C; (iii) (a) P/C, H, MeOH; (b) p-TsOHH,0O, PhCH, Dean-
Stark trap; (iv) Pd(OAg) Cy-Map, MeOH/DME (1:2), CsF16.

423.R2 = H, R1 CHchZMe 433-3

42b:R2 = H, R1 = CH20H2C02ME

420:R2 =H, R1 = C(CH3)2COZMe
42d:R1 =H, R2= CH2C02Me
426:R1 =H, R2 = C(CH3)2COZMe

(0]
NH ii NH
L — "
N N
cl H Ry Ar H R,
44a-e 45a-e
Q Ar = 3-methoxy-4-nitrophenyl
. NH
iv
—= (3"
N
Ar H R2

46b: R, = H, R4= CH,CON(CHj3),

46¢: R, = H, Ry= CH,CONH(4-morpholin-4-yl)-4-phenyl
46d: R, = H, R4= C(CH3),CONH(4-morpholin-4-yl)-4-phenyl
46e: R, = H, Ry= CH,CH,CON(CHj3),

46f. R, = H, R4= CH,CH,CONH(4-morpholin-4-yl)-4-pheny|
469: Ry = H, Ry= CH,CON(CHj3),

46h: R4 = H, Ry,= C(CH3),CONH(4-morpholin-4-yl)-4-phenyl

demonstrated by compoun@8. However, a larger group at
position 5 caused a 10-fold drop in activity as shown by
compoundsl7 and35. In contrast to the limited tolerability at
positions 2 and 5, a wide variety of functional groups were
accommodated at both position 3 and position 4. It seemed that
a five-membered ring lactam or sultam conferred better activity
relative to the amino group at position 2, as suggested by
compounds38, 39, and41. A slightly more potent compound
45a was obtained when position 3 was occupied by a methyl
acetate compared to compouhid Change of the ester to amides
did not affect the enzymatic activity regardless of their sizes,
as suggested by compoundéb and 46c Compound46e a
homolog of46b, exhibited slightly better potency. The center
NH functionality was very important for the activity. Even small
changes, such as replacement of the NH group with either a
NCHj; or an oxygen atom, resulted in a dramatic loss in activity.
This was likely caused by a change in the dihedral angle of the
two phenyl rings when X was either NGldr an oxygen atom.
The cellular activities of potent Chk1 inhibitors were evalu-
ated in two routine assays. An MTS assay was used to determine
the antiproliferative E€ of compounds against HelLa cells both
alone and with doxorubicin (at 150 nM), a topoisomerase |l

inhibitor known to induce G2/M checkpoint arrest. An ideal
Chk1 inhibitor should not have any toxicity by itself. However,
when it is utilized with DNA-damaging agents, such as
doxorubicin, it should show high antiproliferative activity. A
of the core forms two hydrogen bonds with the hinge binding FACS analysis was also performed to monitor Chkl1 specific
site, the steric bulk of a substituent next to the NH of the amide and nonspecific cellular activities of potent inhibitors. In this
bond is detrimental to that interaction, resulting in a great loss assay, H1299 cells were treated with 0.5 toi/M0 of a Chk1

in activity. Position 5 was able to tolerate some small groups, inhibitor in the presence or absence of 500 nM doxorubicin. A

aReagents and conditions: @7, Pd(OAc), dppf, CsCO;, PhCH;,
95 °C; (ii) (a) Pt/C, H, MeOH; (b) PhCH, p-TsOHH,0O, Dean-Stark
trap; (iii) Pd(OAc), Cy-Map, MeOH/DME (1:2), CsF16; (iv) (a) LiOH,
MeOH/H,O; (b) HCI; (c) HATU, EgN, DMF, amines.
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Table 1. Structure-Activity Relationship for the Polar Regién
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a|Csp value was calculated from 11 concentrations. All the compounds were assayed once unless indicated by the number of the replicates shown in
parentheses. The assay’s reproducibility was with50%.

specific Chk1 inhibitor was expected not to alter cell distribu- Installation of a gem-dimethyl functionality gave rise to
tions at all doses as a single agent. In the presence ofcompound46d with a significantly increased combination
doxorubicin, a Chk1 inhibitor was expected to abrogate G2/M activity while maintaining its low single agent activity. Com-
arrest induced by doxorubicin in a dose-dependent manner.pound46d also exhibited a better capability of abrogating G2
Therefore, cell population in G2/M phase would decrease after arrest relative to compountbc as demonstrated in the FACS
the treatment of Chk-1 inhibitor, while the cell populations in analysis. Compound6e showed the most potent abrogating
other phases, such as apotosis, G1, and S, would increasability. However, closer examination revealed that it caused
substantially (see Figure 1 in the Supporting Information). The significant alteration of cell distribution as a single agent just
results are detailed in Table 3. Although compodiddhowed above 10uM. This made compound6e much less desirable.

a reasonable combination activity in the MTS assay, its ability A homolog of compound6c, compound46f, did not show any

to abrogate G2 arrest was quite weak, as suggested in the FACSmprovement. Compoun@81f showed good cellular activities
analysis. Compound9 showed a potent combination activity. both in the MTS assay and the FACS analysis. However,
However, it also had significant toxicity as a single agent. replacement of the Nfigroup with a morpholinyl group resulted
Compound45aexhibited an interesting property: potent single in compound31g with significant non-Chk1 toxicity as sug-
agent, but weaker combination activity. Change from\gN- gested by the FACS analysis. It is worthwhile to point out that
dimethyl amide to a 4-morpholinyl phenyl amide removed the compound46h, a regioisomer of compourdiéd, had weaker
single agent activity, as shown by compourtib and 46c cellular activities even though their enzymatic activities were



Design, Synthesis, and Aaty of Chk-1 Inhibitors Journal of Medicinal Chemistry, 2007, Vol. 50, No. 2167

Table 2. Structure-Activity Relationship for the B-Ring
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a |Csp value was calculated from eleven concentrations. All the compounds were assayed once unless indicated by the number of the replicates shown
in parentheses. The assay's reproducibility was generally with50%.

Figure 1. X-ray cocrystal structures dfa (red) and46b (green) bound

to Chk-1 active site.

Several potent Chk1 inhibitors were further evaluated using
a potentiation MTS assay in which the antiproliferativesE<
of a DNA-damaging agent, CPT, were measured in the presence
of a fixed concentration of Chk1 inhibitor against SW620 cells.
The results are listed in Table 4. It was clear that compound
46d was the best for potentiating CPT compared to the others.
The EGp of CPT against SW620 was around 381 nM. In the
presence of &M and 10uM of compound46d, the EGq's of
CPT were measured to be 42 nM and 20 nM, a 12- and 19-fold
increase, respectively. The potentiation of SW620 cells to CPT
by compoundi6d was confirmed by a soft agar colony growth
assay that was believed to be the best in vitro cell-based system
for predicting in vivo activity. Compoundé6d itself did not
show any inhibition of colony growth at concentrations up to
10uM. In the presence of 10M of compound46d in the soft
agar, the SW620 cells became much more sensitive to CPT.
The EGyo of CPT itself was measured to be 1.75 nM. In the
presence of 1M of compound46d, the EG, decreased to

comparable. When FACS analysis was run with camptothecin 0-224 nM, suggesting a 9-fold potentiation. Even at a lower
(CPT) instead of doxorubicin, compourtbd also showed
potent ability to abrogate S phase arrest induced by CPT (seewas also observed in this assay format (see Figure 3 in the
Figure 2 in the Supporting Information).

concentration of compountbd (3 uM), a 6.5-fold potentiation

Supporting Information).
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Table 3. Cellular Activity of Potent Chk1 Inhibitofs

( )
ON O—
No. R, R, ICsy  MTS(ECx)  FACS (ECs)
(HM) (M) (M)
Single Combo Single Combo
31b OH H 0.011 >593 373 Nd
3¢ OCH; H 0014 >593 217  >10 67
39 %Ng H 0002 90 076 >10 343
2)
41 N H 0004 495 22 >10 82
4
450 s - 0003 089 2.1 Nd Figure 2. X-ray cocrystal structure around Chk-1 active site with the
So A surface of the protein and6b.
2
o Table 4. Potentiation Assay for Potent Chk1 Inhibitdrs
46b . H 0.006 263 092 Nd
. . -
| potentiation potentiation
@ ratio (3uM) ratio (10uM)
46¢ R H 0007 >593 34  >10 3.0 464 12 (3) 19 (3)
I /(D )R
oS o @ 46e 11 9.7
46f 6 6.8
46d R H 0.0067 >593 054 >10 048
o “ 3 -
@3] (10) 3)
a All the compounds were assayed once unless indicated by the number
|
46e A H 0002519043 =10 0 of the replicates shown in parentheses.
o]
(25) (3)
Table 5. Selectivity Profiles of Compoundé6c and 46¢?
46f g QA4 H 0010 >593 234 10 22
-0 B ’ _ Coolad)
) 3) 46¢ 46d
3if H NH, 0.006 499 108 >10 075 serine/threonine AMPK ~50 ~10
3) kinase panel
Aur2 8.62 >50
31g H @‘{ 0.004 461 067 21 037 CcTAK 3.65 >10
° o ® 6 Emk 13.86 >10
Chk2 13.45 >50
46g H - j\}{ 0.006 325 145 >10 376 Aktl 0.88 >10
i CDC2 >50 >10
@ o CK2 Nd >10
46h H i 0.010 >593 1.1 >10 039 ERK2 5.0 >10
OCN@’ Y& Gskab Nd >10
Ikkb Nd 5.8
aEach EGp value for MTS was performed with 16 concentrations, and MAPKAPKA Nd >10
each assay point was determined in duplicate. Eacly, B@lue for PKA >50 >10
FACS analysis was performed with six concentrations, and each assay PKCS >50 >10
point was determined once. All the compounds were assayed once unless PKCy >50 >10
indicated by the number of the replicates shown in parentheses. Reproduc- Plk1 Nd >10
ibility for both MTS and FACS assays was generally witHi50%.? Not Rsk2 Nd >10
determined. SGK >50 >10
. . tyrosine kinase SRC >50 >10
The selectivity profiles of compoundé6c and 46d were panel
evaluated against a panel of Ser/Thr kinases in the radiometric cKit 318 >10
assay using &M ATP. The results are summarized in Table 5. (F:“SlFlR >N5d0 28
Compound46c was rather weak against the kinases screened, Fit3 ~50 ~10
except Aktl, which still showed a selectivity of more than 100- Kdr >50 >10
fold. Compound46d was essentially inactive against all the FGFR1 >50 >10
kinases tested. This high degree of selectivity may be one of ECD;(EIR:R k‘lg iig
the reasons that contributed to its superior potentiating capability
and low single agent toxicity. aBoth compounds were assayed once. The assay’s reproducibility was

The pharmacokinetic study of several potent Chk1 inhibitors Within £50%.

was conducted in mice. The results are listed in Table 6. When poor oral absorption was observed when the 4-morpholinyl
dosed intraperitoneally, compoud&d exhibited a good drug  phenyl amide moiety was moved from position 3 to position 4,
concentration in blood as suggested by an AUC of 14.9. It also as shown by compoundksh and 46d.

showed a reasonable absorption when dosed orally with a 20% X-ray Crystallography. A number of potent Chk1 inhibitors
bioavailability. Compound€6e and 46f did not have a good  were soaked into the native Chk1 crystals and their complex
AUC when dosed intraperitoneally. It is interesting to note that structures were determined by X-ray crystallography. Figure 1
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Table 6. Pharmacokinetic Properties of Selected Chk1 Inhibitors

O
NH

O ND\/Rm
O 2

O,N
2 O—
P v PO
AUC AUC cl Ve tun AUC Crnax Tonax F

No. (umol-hr/L) (umol-hr/L) (Lihr/kg) (L/kg) (h) (umol-hr/L) (M) (h) (%)
46d 14.9 3.4 1.45 3.40 1.6 2.2 0.39 2.0 20
46e 3.9 NP

46f 2.8 NP

31g 18.8 NP

46h 7.5 2.4 2.0 5.0 1.7 0.16 0.09 0.67 2

a At least two animals were used for each dosing group. The dose for the oral and IP groups were 10 mg/kg. The dose for the IV group was 3 mg/kg;
the parameters reported here were the averages of the anfiaistested.

shows the complex structures of Chk1l compodnand 46b. Chk1 complexed with compoundid was also solved. Both
Figure 2 shows compountbbin the Chk1 active binding site,  compound46b and compound6d shared the same binding
with boundaries of the protein and compoutéb. As expected, characteristics except for the 4-morpholinyl phenyl amide

the amide bond of the 5,10-dihydro-dibenize][1,4]diazepin- moiety. Its electron density could not be detected in the X-ray
11-one formed two hydrogen bonds, with the backbone protein cocrystal structure, suggesting that it did not have any solid
in the hinge region. Specifically, one hydrogen bond formed interaction with the protein and moved around in the solvent-
between the NH of the amide bond and the carbonyl group of exposed region.
Cys87 with a distance of 2.66 A. The other was between the
carbonyl group of the amide and NH of Cys87 with a distance Conclusion
of 2.54 A. This hinge binding pattern was different from that . . ; : .
. S A novel series of 5,10-dihydro-dibeniog][1,4]diazepin-11-

gf N—lar);l-l: -hete_aoc;t/)cledur$ar-]based (f:hkl |(rj1h|br|]toc;s. Thebcar;j one-based Chk1 inhibitors have been identified. Aided by X-ray

c_>rr1]yho Iill—? 6}”&' e87on h'(I) the ﬁﬁafor:me _‘3 {) rodg]?n 03 cocrystal structures, the medicinal chemistry efforts led to the
W'rt] (; € S 3’5. h\ﬁ |etbe | iéleg?;rnk'] € bon hqrme discovery of a number of potent and selective Chk1 inhibitors.
a nydrogen bon with the carbonyl o >luoothe same hinge Specifically, compound6d was shown to have the best cellular
blnd|r_19 properties were also observeq In a seres of 3'ethyl'dene'profiles. It did not possess any single-agent toxicity, yet it
1,3-dihydro-indol-2-one-based Chk1 |nh|b|t§i=s“[he 3-methoxy increased the activity of CPT by 19-fold in a potentiation MTS
group played an important role in conferring the act|y|ty. The assay against SW620 cells. Compoudéd exhibited high
O?{gegg theh metklloxy hydrog(_erll-bog_ded stronfglé/(\)/gtggN_ll_-L selectivity against a number of Ser/Thr kinases. It also had
of Lys38 In the polar region with a distance of 3. - % moderate oral absorption with a bioavialability of 20% in mice.

methyl of the methoxy was in the vicinity of Leud4 with 8 gegpy important binding interactions between compaotéid
distance of 3.99 A, suggesting a perfect van der Waals contact.., |4 e chk1 kinase were revealed by X-ray cocrystal structure,

This may explaln_why evena slightly larger e_thoxy COUI_d ot \hich paved the way for further exploration.
be tolerated at this position. The role of the nitro group in the
binding pocket was not entirely clear. It may have-alectron
stacking interaction with the phenyl ring of Tyr20 in the polar ] )
region because the distance between one of the oxygen atoms All commercially available solvents and reagents were used
of the nitro group and the phenyl was around 3.6 A. It may without further treatment as received unless otherwise noted. DMF
also exert activity via its strong electron-withdrawing ability ~(N:N-dimethylformamide), DME (1,2-dimethoxyethane), methylene

. . chloride, toluene, methanol, and THF (tetrahydrofuran) were
because Val23 was directly over the 3-methoxy-4-nitrophenyl c; o orcia) anhydrous solvents from Aldrich. FT-NMR spectra

moiety with a distance of abqut 3.95 _A' ) ) were obtained on Bruker MHz 300 MHz (75 MHz f8iC) or 500

The nonamide NH of 5,10-dihydro-dibenia|[1,4]diazepin- MHz (1250 MHz for3C) spectrometers. Elemental analyses were
11-one did not appear to have any direct interaction with the performed by Quantitative Technologies, Inc., Whitehouse, NJ. Thin
protein. However, it was essential for the activity in that it layer chromatography (TLC) was performed on Kiesegel 60 F254
provided a perfect dihedral angle between the aryl rings. Becauseplates (Merck) using reagent grade solvents. Flash chromatography
this type of molecule is rather rigid, a small change to that was performed on Merck silica gel 60 (23800 mesh) using
dihedral angle would cause a substantial alteration to the partreagent grade solvents. All reactions were performed under a
of the molecule that interacted with the polar region, leading to Nitrogen atmosphere. Reverse-phase Prep high performance liquid

S ifi ; . chromatography (HPLC) was performed by a Gilson HPLC
ng;%r:jlfézant loss in activity, as demonstrated by compounds machine equipped with a C18-coated column (Phenomenex, Luna,

. . . 10 4, 250 x 21.2 mm), eluting with gradient-870% acetonitrile
N,N-Dimethyl acetamide of compoundibb pointed to the in (/;1% TEA water. ), eluting with gradi ° II

solvent-exposed region. It is worthwhile to point out that, General Procedure for Preparation of Compound 5-14 and
although there was a strong hydrogen bond observed betweenys 3-Bromo-5,10-dihydro-1H-dibenzob,€][1,4]diazepin-11-one

the carbonyl of the acetamide and the hydroxyl group of Tyr86, (4b). A mixture of 4-bromo-2-chlorobenzoic acid (2.35 g, 10 mmol),
as the distance of 2.68 A suggested, compo#Biolwas only 1,2-benzenediamine (1.08 g, 10 mmol), and copper (0.63 g, 10
slightly more potent than compouidd. The X-ray structure of mmol) in chlorobenzene (150 mL) was heated to reflux for 48 h

Experimental Section
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and filtered. The filter cake was washed with ethyl acetate several 1.56 Hz, 1H), 7.27 (ddJ = 8.27, 1.72 Hz, 1H), 6.967.02 (m,
times. The combined filtrates were concentrated in vacuo, and the4H). Anal. (GoH13N30-0.3MeOH) C, H, N.

residue was purified by flash column chromatography on silica gel
with eluting 4:1 hexanes/ethyl acetate to provide 1.20 g (22%) of
the title compound. MS (DClyn/e 289 (M + H)*, 307 (M +
NH,)*; H NMR (500 MHz, DMSOdg) 6 9.90 (s, 1H), 8.02 (s,
1H), 7.62 (d,J = 8.4 Hz, 1H), 7.24 (dJ = 1.8 Hz, 1H), 7.06 (dd,
J = 8.4, 1.8 Hz, 1H), 6.926.95 (m, 4H).
3-(4-Hydroxy-3-methoxyphenyl)-5,10-dihydro-1H-dibenzo-
[b,€][1,4]diazepin-11-one (14)A mixture of compounddb (116
mg, 0.4 mmol), 2-methoxy-4-(4,4,5,5-tetramethyl-1,3,2-dioxaboro-
lan-2-yl)phenol (150 mg, 0.6 mmol), Pd(RPH23 mg, 0.02 mmol),
and CsF (121 mg, 0.8 mmol) in DME (20 mL) and methanol (10
mL) was heated to reflux for 16 h. After cooling, the reaction

mixture was partitioned between ethyl acetate and water. The
aqueous layer was extracted with additional ethyl acetate. The

combined organic layer was washed with brine, dried (MgSO
filtered, and concentrated in vacuo. The residue was purified by
flash column chromatography on silica gel eluting with 1:1 hexanes/
ethyl acetate to provide 0.108 g (81%) of the desired product. MS
(DCI) m/e 333 (M + H)*, 350 (M + NH,)*; *H NMR (500 MHz,
DMSO-dg) 6 9.90 (s, 1H), 8.02 (s, 1H), 7.62 (d,= 8.4 Hz, 1H),
7.24 (d,J = 1.8 Hz, 1H), 7.157.18 (m, 2H), 7.08 (ddJ = 8.1,
1.5 Hz, 1H), 6.977.02 (m, 5H), 3.86 (s, 3H). Anal. ¢gH16N,03-
0.4MeOH) C, H, N.
3-Phenyl-5,10-dihydro-dibenzob,€][1,4]diazepin-11-one (5).
Compounds was prepared in a similar manner to the synthesis of
compoundl4 by substituting benzeneboronic acid for 2-methoxy-
4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenol in 67% yield.
MS (DCI) m/e 287 (M + H)*, 304 (M + NH4)*; *H NMR (500
MHz, DMSO-dg) 6 9.81 (s, 1H), 7.93 (s, 1H), 7.77 (d,= 8.11
Hz, 1H), 7.63 (d,J = 7.18 Hz, 2H), 7.487.51 (m, 2H), 7.46
7.43 (m, 1H), 7.30 (d) = 1.56 Hz, 1H), 7.19 (dd) = 8.11, 1.56,
1H), 6.89-7.02 (m, 4H). Anal. (@H14N,0-0.1MeOH) C, H, N.
3-(2-Methoxy-phenyl)-5,10-dihydro-dibenzad,e][1,4]diazepin-
11-one (6).Compound6 was prepared in a similar manner to the
synthesis of compound14 by substituting 2-methoxy-
phenylboronic acid for 2-methoxy-4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)phenol in 90% yield. MS (DCye 317 (M +
H)*, 334 (M+ NH,)*; *H NMR (500 MHz, DMSO¢) 6 9.78 (s,
1H), 7.85 (s, 1H), 7.70 (d] = 8.11 Hz, 1H), 7.36-7.39 (m, 1H),
7.28 (dd,J = 7.49, 1.56 Hz, 1H), 7.127.13 (m, 2H), 6.88-7.05
(m, 6H), 3.78 (s, 3H). Anal. (&H1eN2O2) C, H, N.
3-(3-Methoxy-phenyl)-5,10-dihydro-dibenzad,e][1,4]diazepin-
11-one (7).Compound? was prepared in a similar manner to the
synthesis of compoundl14 by substituting 3-methoxy-
phenylboronic acid for 2-methoxy-4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)phenol in 84% yield. MS (DCiye 317 (M +
H)*, 334 (M+ NH,)*: H NMR (500 MHz, DMSO«ds) 6 9.81 (s,
1H), 7.91 (s, 1H), 7.77 (d] = 8.11 Hz, 1H), 7.39-7.42 (m, 1H),
7.30 (d,J = 1.56 Hz, 1H), 7.19-7.21 (m, 2H), 7.16 (dJ = 2.18
Hz, 1H), 6.89-7.02 (m, 5H), 3.83 (s, 3H). Anal. ¢gH16N20,) C,
H, N.
3-(3-Ethoxy-phenyl)-5,10-dihydro-dibenzop,€][1,4]diazepin-
11-one (8).Compoundd was prepared in a similar manner to the
synthesis of compountl4 by substituting 3-ethoxyphenylboronic
acid for 2-methoxy-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-
phenol in 89% yield. MS (DClye 331 (M + H)*, 348 (M +
NHz)"; *H NMR (500 MHz, DMSO¢) ¢ 9.81 (s, 1H), 7.89 (s,
1H), 7.76 (d,J = 8.11 Hz, 1H), 7.3#7.40 (m, 1H), 7.31 (dJ =
1.56 Hz, 1H), 7.19-7.20 (m, 2H), 7.15 (dJ = 2.18 Hz, 1H), 6.89%
7.02 (m, 5H), 4.01 (qJ) = 6.97 Hz, 2H), 1.36 (tJ = 7.02 Hz,
SH) Anal. (QlH]_BNzOz) C, H, N.
3-(3-Cyano-phenyl)-5,10-dihydro-dibenzdj,e][1,4]diazepin-
11-one (9).Compoundd was prepared in a similar manner to the
synthesis of compounil4 by substituting 3-cyanophenylboronic
acid for 2-methoxy-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-
phenol in 72% yield. MS (DClywe 312 (M + H)*, 329 (M +
NHz)"; *H NMR (500 MHz, DMSO¢) ¢ 9.86 (s, 1H), 8.10 (s,
1H), 7.98 (d,J = 8.42 Hz, 1H), 7.94 (s, 1H), 7.88 (d,= 7.8 Hz,
1H), 7.80 (d,J = 8.11 Hz, 1H), 7.69-7.72 (m, 1H), 7.35 (dJ =

3-(4-Cyano-phenyl)-5,10-dihydro-dibenzdj,€][1,4]diazepin-
11-one (10).Compoundl0 was prepared in a similar manner to
the synthesis of compouridi by substituting 4-cyanohenylboronic
acid for 2-methoxy-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-
phenol in 80% yield. MS (DClyn/e 312 (M + H)*, 329 (M +
NH4)*; *H NMR (500 MHz, DMSOsg) 6 9.86 (s, 1H), 8.10 (s,
1H), 7.98 (d,J = 8.42 Hz, 1H), 7.94 (s, 1H), 7.88 (d,= 7.8 Hz,
1H), 7.80 (d,J = 8.11 Hz, 1H), 7.69-7.72 (m, 1H), 7.35 (dJ =
1.56 Hz, 1H), 7.27 (ddJ = 8.27, 1.72 Hz, 1H), 6.967.02 (m,
4H). Anal. (GoH13N3O -0.3MeOH) C, H, N.
3-(2-Acetyl-phenyl)-5,10-dihydro-dibenzob,€][1,4]diazepin-
11-one (11).Compoundll was prepared in a similar manner to
the synthesis of compouridl by substituting 2-acetylphenylboronic
acid for 2-methoxy-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-
phenol in 73% vyield. MS (DClyn'e 329 (M + H)*, 346 (M +
NH4)*; "H NMR (500 MHz, DMSO¢g) 6 9.84 (s, 1H), 7.95 (s,
1H), 7.72 (d,J = 8.11 Hz, 1H), 7.647.66 (m, 1H), 7.587.61
(m, 1H), 7.49-7.53 (m, 1H), 7.40 (dJ = 6.55 Hz, 1H), 6.96-
7.00 (m, 5H), 6.81 (dd] = 8.11, 1.56 Hz, 1H), 2.25 (s, 3H). Anal.
(C21H16N202 ‘O4M€OH) C, H, N.
3-(3-Acetyl-phenyl)-5,10-dihydro-dibenzop,e][1,4]diazepin-
11-one (12).Compoundl2 was prepared in a similar manner to
the synthesis of compouridi by substituting 3-acetylphenylboronic
acid for 2-methoxy-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-
phenol in 78% yield. MS (DCl)n/e 329 (M + H)*, 346 (M +
NH4)*; *H NMR (500 MHz, DMSOsg) 6 9.85 (s, 1H), 8.19 (s,
1H), 7.99-8.03 (m, 2H), 7.92 (dJ = 8.59 Hz, 1H), 7.81 (dJ =
8.29 Hz, 1H), 7.677.68 (m, 1H), 7.39 (dJ = 1.84 Hz, 1H), 7.27
(dd, J = 8.13, 1.69 Hz, 1H), 6.967.04 (m, 4H), 2.66 (s, 3H).
Anal. (G;;H16N,0,-0.35MeOH) C, H, N.
3-(4-Acetyl-phenyl)-5,10-dihydro-dibenzob,€][1,4]diazepin-
11-one (13).Compoundl3 was prepared in a similar manner to
the synthesis of compouridi by substituting 4-acetylphenylboronic
acid for 2-methoxy-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-
phenol in 61% yield. MS (DClyn/e 329 (M + H)*, 346 (M +
NH,)*: *H NMR (500 MHz, DMSO#ds) 6 9.86 (s, 1H), 8.07 (dJ
= 8.42 Hz, 2H), 7.99 (s, 1H), 7.787.81 (m, 3H), 7.38 (dJ =
1.87 Hz, 1H), 7.26 (ddJ = 8.27, 1.72 Hz, 1H), 6.967.03 (m,
4H), 2.62 (s, 3H). Anal. (&H1N20,°0.3MeOH) C, H, N.
2-Bromo-5,10-dihydro-11H-dibenzolb,€][1,4]diazepin-11-
one (4a).Compound4a was prepared in a similar manner to the
synthesis of compountb by substituting 5-bromo-2-chloro-benzoic
acid for 4-bromo-2-chlorobenzoic acid in 22% yield. MS (DCI)
m/e 333 (M+ H)*, 350 (M+ NH,)*; IH NMR (500 MHz, DMSO-
ds) 6 9.95 (s, 1H), 8.03 (s, 1H), 7.74 (d,= 2.37 Hz, 1H), 7.49
(dd, J = 8.65, 2.54 Hz, 1H), 6.916.98 (m, 4H).
2-(4-Hydroxy-3-methoxy-phenyl)-5,10-dihydro-dibenzd},e]-
[1,4]diazepin-11-one (25)Compound?25was prepared in a similar
manner described for the synthesis of compoihty substituting
compoundda for compound4b in 73% yield. MS (DCIl)m/e 333
(M + H)*, 350 (M + NHg)"; *H NMR (500 MHz, DMSO¢lg) 6
9.86 (s, 1H), 9.00 (s, 1H), 7.88 (s, 1H), 7.87 Jd= 2.5 Hz, 1H),
7.61 (dd,J = 8.42, 2.5 Hz, 1H), 7.10 (d] = 2.18 Hz, 1H), 7.05
(d, J = 8.42 Hz, 1H), 6.89-7.02 (m, 5H), 6.83 (dJ = 8.42 Hz,
1H), 3.84 (s, 3H). Anal. (&H16N203) C, H, N.
2-(3-Methoxy-4-nitro-phenyl)-4,4,5,5-tetramethyl-[1,3,2]diox-
aborolane (16).A mixture of PCy (33.6 mg, 0.12 mmol) and Rd
(dba} (23 mg, 0.025 mmol) in dioxane (6.0 mL) purged with
nitrogen was stirred at room temperature under nitrogen for 30 min.
To this red solution, 4-chloro-2-methoxy-1-nitro-benzene (188 mg,
1.0 mmol), bis(pinacolato)diboron (279 mg, 1.1 mmol), and
potassium acetate (147 mg, 1.5 mmol) were added. The reaction
mixture was subjected to a vacuum/nitrogen cycle several times
and stirred at 85C for 20 h. After cooling, the reaction mixture
was partitioned between ethyl acetate and water. The aqueous layer
was extracted with additional ethyl acetate. The organic layers were
combined, dried (MgS¥), filtered, and concentrated in vacuo. The
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residue was purified by flash chromatography on silica gel eluting 2H), 7.34-7.36 (m, 2H), 7.28 (dJ = 1.6 Hz, 1H), 7.27 (dJ) =
with 1:4 ethyl acetate/hexane to give 170 mg of the desired product 1.6 Hz, 1H), 6.9%+7.03 (m, 4H), 3.93 (s, 3H), 3.81 (s, 3H). Anal.

(61%). Alternatively, the residue was dissolved in 1 mL of £H

(Ca2H18N20y4) C, H, N.

Cl, and treated with 10 mL of hexanes. The suspension was stirred 2-Methoxy-4-(11-0x0-10,11-dihydro-5l-dibenzob,€][1,4]-

overnight, and the solid was collected to give analytically pure
product. MS (DCI/NH) m/e 409 (M + H)*; MS (DCI) m/e 279
(M)*+, 297 (M + NHg)™; *H NMR (500 MHz, DMSO¢g) 6 7.84
(d,J= 7.8 Hz, 1H), 7.46 (s, 1H), 7.38 (d,= 7.8 Hz, 1H), 3.95
(s, 3H), 1.33 (s, 12H).
3-(3-Methoxy-4-nitro-phenyl)-5,10-dihydro-dibenzop,e][1,4]-
diazepin-11-one (17).Compoundl?7 was prepared in a similar
manner to the synthesis of compoulwiby substituting compound
16 with 2-methoxy-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-
phenol in 76% yield. MS (DClywe 362 (M + H)*, 379 (M +
NHz)"; *H NMR (500 MHz, DMSOsg) ¢ 9.88 (s, 1H), 8.06-8.02
(m, 2H), 7.80 (dJ = 8.0 Hz, 1H), 7.53 (dJ = 1.8 Hz, 1H), 7.33
7.36 (m, 2H), 7.30 (ddj = 8.1, 1.7 Hz, 1H), 6.967.03 (m, 4H),
4.03 (S, 3H) Anal. (@)H15N3O4'0.4MEOH) C, H, N.
3-(4-Amino-3-methoxy-phenyl)-5,10-dihydro-dibenzdj,€][1,4]-
diazepin-11-one (18)A mixture of compoundl?7 (50 mg) and
5% palladium on carbon (20 mg) in MeOH (15 mL) was equipped

diazepin-3-yl)benzamide (24)Compound24 was prepared in a
similar manner to the synthesis of compourby using compound
19 and 4-chloro-2-methoxybenzamide in 49% yield. MS (D¢
360 (M+ H)*, 377 (M+ NHz)™; *H NMR (500 MHz, DMSO#)
0 9.89 (s, 1H), 8.00 (s, 1H), 7.91 (d,= 8.1 Hz, 1H), 7.79 (d)
= 8.0 Hz, 1H), 7.70 (s, 1H), 7.60 (d,= 1.2 Hz, 1H), 7.36 (d)
= 1.8 Hz, 1H), 7.33 (s, 1H), 6.897.04 (m, 4H), 4.00 (s, 3H).
Anal. (C21H17N303‘0.15C|'£C|2) C, H, N.

Representative Procedure for the Formation of Diaryl Amine
from Methyl 2-Chloro-4-iodobenzoate and Substituted 2-Ni-
troanilines (General Method A). Methyl 4-Chloro-2-(5-mor-
pholino-2-nitrophenylamino)benzoate (28g)A mixture of methyl-
2-chloro-4-iodobenzoate (0.81 g, 2.73 mmol), 5-morpholino-2-
nitroaniline (0.61 g, 2.73 mmol), §0; (0.395 g, 2.86 mmol), and
copper (0.180 g, 2.86 mmol) in chlorobenzene (50 mL) was heated
to reflux for 48 h and filtered. The filter cake was washed with
ethyl acetate several times. The combined filtrates were concentrated

with a balloon of hydrogen gas and stirred at room temperature. in vacuo, and the residue was purified by flash column chroma-
After the reaction was over, the solution was filtered through a tography on silica gel eluting with 4:1 hexanes/ethyl acetate to
pack of Celite. The solvent was removed and the residue was provide 0.80 g (75%) of the title compound. The yield for this

purified by reverse-phase prep HPLC to give the desired product transformation varied from 40% to 80%, depending on the

as a TFA salt (27%). MS (DCljn/e 332 (M + H)*, 349 (M +
NHz)"; *H NMR (500 MHz, DMSO¢g) ¢ 9.78 (s, 1H), 7.92 (s,
1H), 7.77 (d,J = 8.29 Hz, 1H), 7.31 (s, 1H), 7.207.24 (m, 2H),
7.16 (d,J = 1.84 Hz, 1H), 6.947.10 (m, 3H), 6.72 (dJ = 8.29
Hz, 1H), 4.70 (s, 1H), 3.72 (s, 1H). Anal. £81:7N30,°TFA) C,
H, N.
3-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)-8-dibenzo-
[b,e][1,4]diazepin-11(10H)-one (19)Compoundl9was prepared
in a similar manner to the synthesis of compodgdy substituting
4-chloro-2-methoxy-1-nitro-benzene with compoudlol in 92%
yield. MS (DCI) m/e 337 (M + H)*, 354 (M + NH,)"; 'H NMR
(500 MHz, DMSO¢ég) 6 9.86 (s, 1H), 7.82 (s, 1H), 7.69 (d,=
7.8 Hz, 1H), 7.42 (s, 1H), 7.16 (d,= 7.8 Hz, 1H), 7.0%7.03 (m,
1H), 6.88-6.97 (m, 3H), 1.30 (s, 12H).
2-Methoxy-4-(11-0x0-10,11-dihydro-6l-dibenzolb,e][1,4]-
diazepin-3-yl)-benzonitrile (20). Compound20 was prepared in
a similar manner to the synthesis of compouid by using
compoundl9 and 4-chloro-2-methoxy-benzonitrile in 41% yield.
MS (DCI) m/e 342 (M + H)*, 359 (M + NH4)*; IH NMR (500
MHz, DMSO-ds) 6 9.88 (s, 1H), 7.98 (s, 1H), 7.84 (d= 7.8 Hz,
1H), 7.80 (d,J = 8.1 Hz, 1H), 7.42 (s, 1H), 7.337.35 (m, 2H),
7.29 (dd,J = 8.1, 1.6 Hz, 1H), 6.967.02 (m, 4H), 4.02 (s, 3H).
Anal. (G;H15N30,+0.46EtOAC) C, H, N.
3-(4-Chloro-3-methoxy-phenyl)-5,10-dihydro-dibenzdj,e][1,4]-
diazepin-11-one (21).Compound2l was prepared in a similar
manner to the synthesis of compoubd by using compound.9
and 1-chloro-4-iodo-2-methoxy-benzene in 74% yield. MS (DCI)
m/e 362 (M+ H)*, 379 (M+ NH,)*; *H NMR (500 MHz, DMSO-
ds) 6 9.84 (s, 1H), 7.95 (s, 1H), 7.78 (d,= 8.0 Hz, 1H), 7.53 (d,
J = 8.0 Hz, 1H), 7.34 (dJ = 1.8 Hz, 1H), 7.31 (m, 1H), 7.20
7.25 (m, 2H), 6.89-7.03 (m, 2H), 3.96 (s, 3H). Anal. ¢gH;s
CIN2O;,) C, H, N.
3-(4-Acetyl-3-methoxy-phenyl)-5,10-dihydro-dibenzdi,€][1,4]-
diazepin-11-one (22).Compound22 was prepared in a similar
manner to the synthesis of compoubd by using compound.9
and 1-(4-chloro-2-methoxy-phenyl)-ethanone in 51% yield. MS
(ESI)m/e 359 (M + H)*; *H NMR (300 MHz, DMSO#¢g) 6 9.88
(s, 1H), 7.99 (s, 1H), 7.79 (d,= 8.14 Hz, 1H), 7.70 (dJ = 8.14
Hz, 1H), 7.27#7.36 (m, 3H), 6.9+7.01 (m, 5H), 4.00 (s, 3H),
2.56 (s, 3H). Anal. (@&H1gN,05:0.4MeOH) C, H, N.

Methyl 2-Methoxy-4-(11-ox0-10,11-dihydro-5-dibenzob,e]-
[1,4]diazepin-3-yl)benzoate (23)Compound23 was prepared in
a similar manner to the synthesis of compoubd by using
compound19 and methyl 4-chloro-2-methoxybenzoate in 52%
yield. MS (DCI) m/e 375 (M + H)*, 392 (M + NHy)*; IH NMR
(500 MHz, DMSO¢) ¢ 9.85 (s, 1H), 7.97 (s, 1H), 7.767.80 (m,

substrates. MS (DClin'e 392 (M + H)*, 409 (M + NH,)™; H

NMR (500 MHz, DMSOdg) 6 11.04 (s, 1H), 8.06 (dJ = 9.51
Hz, 1H), 7.95 (dJ = 8.59 Hz, 1H), 7.66 (dJ = 2.15 Hz, 1H),
7.12 (dd,J = 8.59, 2.15 Hz, 1H), 6.87 (dl = 2.45 Hz, 1H), 6.74
(dd, J = 6.67, 2.61 Hz, 1H), 3.87 (s, 3H), 3.68.71 (m, 4H),
3.34-3.36 (m, 4H).

Representative Procedure for the Formation of 5-Dibenzo-
[b,e][1,4]diazepin-11(1(H)-one (General Method B). 3-Chloro-
7-morpholino-5H-dibenzolb,€][1,4]diazepin-11(1MH)-one (30f).

A mixture of compoun®8g(0.60 g, 1.53 mmol) and platinum on
carbon (0.1 g) in MeOH (20 mL) was equipped with a balloon of
hydrogen gas and stirred at room temperature. After uptake of H
was complete, the solution was filtered through a pad of Celite.
The filtrate was concentrated in vacuo, and the residue was treated
with LiOH-H,0O (0.32 g, 7.67 mmol), MeOH (10 mL), and.@

(10 mL). The reaction mixture was heated under reflux for 6 h.
After cooling, the reaction mixture was neutralized to pH with

10% HCI. The mixture was extracted with ethyl acetate several
times. The combined organic layers were washed with brine, dried
(MgSQy) and concentrated in vacuo. The residue was dissolved in
DMF (10 mL), and the solution was treated with HATU (0.70 g,
1.83 mmol) and EN (0.62 g, 6.12 mmol). The reaction mixture
was stirred fo 1 h atroom temperature. It was partitioned between
water and ethyl acetate. The aqueous layer was extracted with
additional ethyl acetate. The combined organic layers were washed
with brine, dried (MgS@), and concentrated under reduced pressure.
The residue was triturated with 1:4 ethyl acetate/hexanes (10 mL)
overnight to give 0.302 g of the desired product (60%). The yield
for this transformation varied from 60% to 81%, depending on the
substrates. MS (DClin'e 330 (M + H)*; IH NMR (500 MHz,
DMSO-dg) 0 9.70 (s, 1H), 7.89 (s, 1H), 7.67 (d= 8.42 Hz, 1H),

7.04 (d,J = 1.87 Hz, 1H), 6.92 (ddJ = 8.58, 2.03 Hz, 1H), 6.83

(d, J = 8.42 Hz, 1H), 6.556.58 (m, 2H), 3.7+3.73 (m, 4H),
2.99-3.01 (m, 4H).

Representative Procedure for the Formation of 5-Dibenzo-
[b,e][1,4]diazepin-11(1MH)-one (General Method C).A mixture
of methyl 2-(2-amino-4-(benzyloxy)phenylamino)-4-chlorobenzoate
29b (0.72 g, 1.88 mmol), prepared fro@8b by hydrogenation as
described in the synthesis of compoutf, and TsOHH,O (0.72
g, 3.76 mmol) in toluene (100 mL) was equipped with a Dean
Stark trap. The reaction mixture was heated under reflux for 2 days.
The solvent was removed under reduced pressure, and the residue
was dissolved in ethyl acetate. The organic layer was washed with
saturated NaHC@and brine, dried (MgS¥), filtered, and concen-
trated in vacuo. The residue was purified by column chromatog-
raphy on silica gel eluting with 1:1 hexanes/ethyl acetate to provide
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0.32 g (65%) of the title compound along with corresponding benzyl
ether (35%). The yield for this transformation varied from 40% to
77%, depending on the substrates. MS (D@i¢ 260 (M)", 278

(M + NHg)*; *H NMR (500 MHz, DMSO¢g) 6 9.79 (s, 1H), 9.15

(s, 1H), 7.56 (s, 1H), 7.71 (s, 1H), 7.65 @= 8.4 Hz, 1H), 7.03
(d,J = 2.2 Hz, 1H), 6.87 (dd) = 8.4, 2.2 Hz, 1H), 6.77 (d] =

8.7 Hz, 1H), 6.44 (dJ = 2.5 Hz, 1H), 6.38 (ddJ = 8.4, 2.5 Hz,
1H).

Representative Procedure for the Suzuki Coupling between
Aryl Chlorides and Pinacol Arylboronates (General Method D).
3-(3-Methoxy-4-nitrophenyl)-7-morpholino-5H-dibenzob,e][1,4]-
diazepin-11(10H)-one (31e) A mixture of compound0f (50 mg,
0.15mmol), compound6 (84 mg, 0.30 mmol), Pd(OAg)5.6 mg,
0.025 mmol), Cy-Map (19.7 mg, 0.05 mmol), and CsF (68 mg,
0.45 mmol) in DME (4 mL) and MeOH (2 mL) was heated under
reflux for 12 h. After cooling, the reaction mixture was partitioned

Wang et al.

3-Chloro-6-methoxy-H-dibenzolb,€][1,4]diazepin-11(1H)-
one (32).A mixture of 30d (54 mg, 0.2 mmol), prepared using
general methods A and C fro26d, iodomethane (14L, 0.22
mmol), and KCO; (34.5 mg, 0.25 mmol) in acetone (4 mL) was
stirred overnight at room temperature, diluted with ethyl acetate,
washed with water and brine, dried (MgQQ filtered, and
concentrated. The residue was purified by column chromatography
on silica gel to give 33 mg (58%) of compou@. MS (ESI)nve
275 (M + H)*; 'H NMR (300 MHz, DMSO¢g) 6 9.91 (s, 1H),
7.66 (d,J = 8.48 Hz, 1H), 7.34 (s, 1H), 7.24 (4= 2.03 Hz, 1H),
6.87-6.96 (m, 2H), 6.74 (dd) = 8.14, 1.36 Hz, 1H), 6.61 (dd,
= 8.14, 1.36 Hz, 1H), 3.83 (s, 3H).
6-Methoxy-3-(3-methoxy-4-nitrophenyl)-3H-dibenzolb,€][1,4]-
diazepin-11(1@H)-one (33).The title compound was prepared using
general method D fror32in 50% yield. MS (ESIywe 392 (M +
H)*; *H NMR (300 MHz, DMSOég) 6 9.92 (s, 1H), 8.01 (dJ =

between water and ethyl acetate. The aqueous layer was extracte®.48 Hz, 1H), 7.80 (dJ = 8.48 Hz, 1H), 7.54 (dJ = 1.70 Hz,
with additional ethyl acetate. The combined organic layers were 2H), 7.38 (dd,J = 8.48, 1.70 Hz, 1H), 7.34 (dd} = 8.31, 1.86

washed with brine, dried (MgS{) filtered, and concentrated in

Hz, 1H), 7.20 (s, 1H), 6.89 (i = 8.14 Hz, 1H), 6.73-6.78 (m,

vacuo. The residue was purified by column chromatography on 1H), 6.63 (ddJ = 7.97, 1.19 Hz, 1H). Anal. (&H17/N305-0.02CC})
silica gel eluting with 2:3 hexanes/ethyl acetate to provide 35 mg C, H, N.

(52%) of the title compound. The yield for this transformation

3-(3-Methoxy-4-nitrophenyl)-6-((2-(trimethylsilyl)ethoxy)-

varied from 20% to 70%, depending on the substrates. MS (ESI) methoxy)-5H-dibenzolb,€][1,4]diazepin-11(10H)-one (34).A mix-

m/e 447 (M + H)*; IH NMR (500 MHz, DMSO#dg) 6 9.70 (s,
1H), 8.01 (dJ = 8.42 Hz, 1H), 7.86 (s, 1H), 7.79 (d,= 8.42 Hz,
1H), 7.53 (d,J = 1.56 Hz, 1H), 7.33-7.36 (m, 2H), 7.30 (dd]) =
8.27, 1.72 Hz, 1H), 6.85 (dl = 8.73 Hz, 1H), 6.62 (dJ = 2.49
Hz, 1H), 6.56 (ddJ = 8.73, 2.81 Hz, 1H), 4.03 (s, 3H), 3.71
3.73 (m, 4H), 3.06-3.02 (m, 4H). Anal. (GsH22N40s+0.45 TFA)
C, H, N.
9-Hydroxy-3-(3-methoxy-4-nitrophenyl)-5H-dibenzo[b,e][1,4]-
diazepin-11(1MH)-one (31a). 3-(3-Methoxy-4-nitrophenyl)-9-
(methoxymethoxy)-B-dibenzop,€][1,4]diazepin-11(161)-one (15
mg), which was prepared fro@6a using the general methods A,
C, and D, was dissolved in THF/MeOH 1:1 (0.5 mL), then 2 drops

ture of30d (1.3 g, 5.03 mmol), SEMCI (1.07 mL, 6.04 mmol) and
diisopropylethylamine (DIPEA; 1.3 mL, 7.55 mmol) in GEl, (10

mL) and CHCN (20 mL) was stirred overnight at room temper-
ature. Additional SEMCI (36@L) and DIPEA (45QuL) were added
and stirring was continued for about 8 h. The reaction mixture was
concentrated, diluted with ethyl acetate, washed with water and
brine, dried (MgSQ), filtered, concentrated, and purified by column
chromatography on silica gel using a mixture of hexanes and ethyl
acetate to give 623 mg (32%) of 3-chloro-6-((2-(trimethylsilyl)-
ethoxy)methoxy)-Bi-dibenzop,€][1,4]diazepin-11(161)-one. MS
(ESI)m/e 391 (M + H)*; *H NMR (300 MHz, DMSO#g) 6 9.95

(s, 1H), 7.67 (dJ = 8.48 Hz, 1H), 7.38 (s, 1H), 7.26 (d,= 2.03

of concentrated HCI was added and the reaction was heated at 7Hz, 1H), 6.95 (ddJ = 8.48, 2.03 Hz, 1H), 6.836.88 (m, 2H),
°C for 30 min. The reaction was then cooled, concentrated, and 6.65 (dd,J = 7.12, 2.37 Hz, 1H), 5.29 (s, 2H), 3.63.75 (m,

purified by reverse-phase prep HPLC to give the product (3 mg,
23%) as a white solid. MS (DCI/Ngim/e 378 (M+ H)*; IH NMR
(400 MHz, DMSO4dg) 6 9.97 (s, 1H), 8.36 (s, 1H), 8.01 (d,=
8.6 Hz, 1H), 7.95 (s, 1H), 7.81 (d,= 8.3 Hz, 1H), 7.53 (s, 1H),
7.37 (s, 1H), 7.34 (d) = 8.6 Hz, 1H), 7.31 (dJ = 8.3 Hz, 1H),
6.80 (dd,J = 8.0, 8.0 Hz, 1H), 6.51 (dJ = 8.0 Hz, 2H), 4.03 (s,
3H).

8-Hydroxy-3-(3-methoxy-4-nitrophenyl)-8H-dibenzolb,€][1,4]-
diazepin-11(1®)-one (31b).The title compound was prepared
using general methods A, C, and D fratib. MS (DCI) n/e 378
(M + H)*; IH NMR (500 MHz, DMSO#ds) ¢ 9.80 (s, 1H), 9.12
(s, 1H), 8.00 (dJ = 8.42 Hz, 1H), 7.78 (d) = 8.11 Hz, 1H), 7.66
(s, 1H), 7.52 (dJ = 1.52 Hz, 1H), 7.327.35 (m, 2H), 7.26 (dd,
J=8.27, 1.72 Hz, 1H), 6.82 (d] = 8.73 Hz, 1H), 6.46 (dJ =
2.5 Hz, 1H), 6.38 (ddJ = 8.58, 2.65 Hz, 1H), 4.03 (s, 3H). Anal.
(C20H15N305'0.5CH30H) C, H, N.

8-Methoxy-3-(3-methoxy-4-nitrophenyl)-34-dibenzolb,€][1,4]-
diazepin-11(1M)-one (31c).The title compound was prepared
using general methods A, C, and D frat6ic MS (DCI) m/e 392
(M + H)™; '"H NMR (500 MHz, DMSO¢g) ¢ 9.83 (s, 1H), 8.01
(d, 3 =8.29 Hz, 1H), 7.787.81 (m, 2H), 7.52 (dJ = 1.53 Hz,
1H), 7.32-7.35 (m, 2H), 7.28 (ddJ = 8.29, 1.53 Hz, 1H), 6.94
(d, J = 8.29 Hz, 1H), 6.576.61 (m, 2H), 4.03 (s, 3H), 3.67 (s,
3H) Anal. (021H17N305‘2H20'TFA) C,H, N.

7-Amino-3-(3-methoxy-4-nitrophenyl)-3H-dibenzolb,€][1,4]-
diazepin-11(1¢H)-one (31d).The title compound was prepared
using general methods A, B, and D fra26f. MS (DCI) m/e 377
(M + H)*; IH NMR (300 MHz, DMSO#ds) ¢ 9.51 (s, 1H), 8.01
(d,J=8.42 Hz, 1H), 7.77 (dJ = 8.11 Hz, 1H), 7.69 (s, 1H), 7.51
(d, J = 1.87 Hz, 1H), 7.36 (dJ = 1.87 Hz, 1H), 7.33 (ddJ =
8.42,1.87 Hz, 1H), 7.29 (dd,= 8.11, 1.87 Hz, 1H), 6.66 (d, =
8.42 Hz, 1H), 6.25 (dJ = 2.18 Hz, 1H), 6.16 (dd) = 8.42, 2.50
Hz, 1H), 4.90 (s, 2H), 4.03 (s, 3H). Anal. £§116N4O4-0.6EtOAC)
C, H, N.

2H), 0.84-0.90 (m, 2H),—0.07— —0.05 (m, 9H).

Compound34 was prepared using the general method D from
3-chloro-6-((2-(trimethylsilyl)ethoxy)methoxy)Fsdibenzop,e]-
[1,4]diazepin-11(1B)-one. MS (ESI)me 508 (M + H)™; *H NMR
(300 MHz, DMSO#s) 6 9.97 (s, 1H), 8.00 (dJ = 8.48 Hz, 1H),
7.80 (d,J = 8.14 Hz, 1H), 7.5%7.57 (m, 2H), 7.29-7.44 (m,
2H), 7.24 (s, 1H), 6.866.94 (m, 2H), 6.67 (ddJ = 6.44, 3.05
Hz, 1H), 5.30 (s, 2H), 4.03 (s, 3H), 3.68.76 (m, 2H), 0.78
0.86 (m, 2H),—0.17 (s, 9H).

3-(3-Methoxy-4-nitrophenyl)-6-(pyridin-4-ylmethoxy)-5H-
dibenzolb,€][1,4]diazepin-11(10H)-one (35).A mixture of 34 (275
mg, 0.54 mmol) in THF (6 mL), MeOH (4 mL), and 5 drops of
concentrated HCI was stirred at room temperature overnight. The
solvents were removed under reduced pressure, and the residue was
purified with reverse-phase prep HPLC to give 65 mg of 6-hydroxy-
3-(3-methoxy-4-nitrophenyl)#3-dibenzop,€][1,4]diazepin-11(181)-
one. MS (ESl)m/e 378 (M + H)*; 1H NMR (300 MHz, DMSO-
ds) 6 9.84 (s, 1H), 8.00 (dJ = 8.48 Hz, 1H), 7.79 (dJ = 8.14
Hz, 1H), 7.56 (dJ = 1.70 Hz, 2H), 7.36-7.43 (m, 3H), 7.05 (s,
1H), 6.73 (t,J = 7.97 Hz, 1H), 6.58 (dd] = 8.14, 1.36 Hz, 1H),
6.48 (dd,J = 7.97, 1.19 Hz, 1H), 4.04 (s, 3H).

A mixture of 6-hydroxy-3-(3-methoxy-4-nitrophenylH5dibenzo-
[b,e][1,4]diazepin-11(161)-one (20 mg, 0.053 mmol), 4-(chlorom-
ethyl)pyridine hydrochloride (13 mg, 0.080 mmol) angdQO; (22
mg, 0.159 mmol) in DMF (1 mL) was heated at 50 overnight.

The reaction mixture was partitioned between ethyl acetate and
water. The organic layer was washed with brine, dried (M§SO
and concentrated in vacuo. The residue was triturated with MeOH.
The solid was collected by filtration, washed with MeOH, and
redissolved in a mixture of MeOH d N HCI in dioxane. After
several minutes, a precipitate formed and was collected to give 14.5
mg of 35 as an HCI salt (54%). MS (EShve 469 (M + H)™; 1H

NMR (300 MHz, DMSO¢g) 6 10.03 (s, 1H), 8.79 (d) = 6.44

Hz, 2H), 8.03 (d,J = 8.48 Hz, 1H), 7.96 (dJ = 5.76 Hz, 2H),
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7.82 (d,J=8.14 Hz, 1H), 7.54 (dd] = 5.09, 1.70 Hz, 2H), 7.35
7.42 (m, 3H), 6.89 (t) = 8.14 Hz, 1H), 6.76:6.82 (m, 1H), 6.67
6.71(m,1H),5.46 (s, 2H),4.03(s, 3H). Anal8,0N40s-HCI-0.8CH:-
Cly) C, H, N.
8-Amino-3-chloro-5H-dibenzolb,e][1,4]diazepin-11(1MH)-
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was collected by filtration to give 154 mg of compou@ (94%).
MS (DCI) mve 328 (M + H)*; H NMR (500 MHz, DMSO#dg) 6
9.93 (s, 1H), 8.06 (s, 1H), 7.72 (d,= 8.48 Hz, 1H), 7.37 (dJ) =
2.50 Hz, 1H), 7.28 (dd) = 8.73, 2.50 Hz, 1H), 7.09 (d) = 1.87
Hz, 1H), 6.98 (dJ = 8.73 Hz, 1H), 6.95 (ddJ = 8.42, 1.87 Hz,

one (37).The title compound was prepared using general methods 1H), 3.77 (tJ = 7.02 Hz, 2H), 2.49 (tJ = 7.95 Hz, 2 H), 2.04

A and C from compoun®6. MS (DCI) m/e 259 (M)*, 277 (M +
NH4)*; *H NMR (500 MHz, DMSOdg) ¢ 9.69 (s, 1H), 7.64 (dJ
= 8.4 Hz, 1H), 7.56 (s, 1H), 7.00 (d,= 1.9 Hz, 1H), 6.85 (dd)
= 8.4, 1.9 Hz, 1H), 6.65 (d] = 8.1 Hz, 1H), 6.26-6.21 (m, 2H),
4.81 (s, 2H).
8-Amino-3-(3-methoxy-4-nitrophenyl)-8H-dibenzolb,€][1,4]-

diazepin-11(1CGH)-one (38).The title compound was prepared using

general method D from compouidd in 60% yield. MS (DSIm/e
377 (M + H)*; *H NMR (500 MHz, DMSO#ds, TFA salt)6 9.91
(s, 1H), 7.94 (dJ = 8.3 Hz, 1H), 7.87 (s, 1H), 7.73 (d,= 8.0
Hz, 1H), 7.45 (s, 1H), 7.2#7.28 (m, 2H), 7.23 (dJ = 8.0 Hz,
1H), 6.88 (d,J = 8.0 Hz, 1H), 6.58-6.61 (m, 2H), 3.96 (s, 3H).
Anal. (Q0H16N4O4‘0.5EtOAC) C, H, N.
8-(1,1-Dioxo-116-isothiazolidin-2-yl)-3-(3-methoxy-4-nitro-
phenyl)-5,10-dihydro-dibenzop,€][1,4]diazepin-11-one (39).A

mixture of 38 (60 mg, 0.159 mmol) and 3-chloropropane-1-sulfonyl
chloride (34 mg, 0.191 mmol) in pyridine (2 mL) was stirred at

2.10 (m, 2H).

3-(3-Methoxy-4-nitrophenyl)-8-(2-oxopyrrolidin-1-yl)-5,10-di-
hydro-11H-dibenzolb,€][1,4]diazepin-11-one (41)The title com-
pound was prepared using general method D from compdOnd
in 28% yield. MS (DCl)nm/e 445 (M + H)™; 1H NMR (500 MHz,
DMSO-dg) 6 9.90 (s, 1H), 8.068.02 (m, 2H), 7.81 (dJ = 8.29
Hz, 1H), 7.63 (d,J = 1.53 Hz, 1H), 7.327.35 (m, 3H), 7.28
7.31 (m, 1H), 7.25 (ddj = 8.75, 2.30 Hz, 1H), 7.00 (d, = 8.90
Hz, 1H), 4.03 (s, 3H), 3.74 (1 = 6.90 Hz, 2H), 2.46 (tJ = 8.13
Hz, 2 H), 2.01-2.08 (m, 2H). Anal. (GH20N405:0.62CHCI,) C,
H, N.

Representative Procedure for the Formation of Diaryl Amine
from Methyl 2-Chloro-4-iodobenzoate and Substituted 2-Ni-
troanilines Mediated by Palladium (General Method E). Methyl
4-Chloro-2-{[4-(2-methoxy-2-oxoethyl)-2-nitrophenyllaming -
benzoate (43a)A mixture of compound2a(4.21 g, 20 mmol),
compound27 (5.93 g, 20 mmol), Pd(OAg)(0.224 g, 1 mmol),

room temperature overnight. The reaction mixture was partitioned dppf (1.11 g, 2 mmol), and G80; in toluene (80 mL) was
between ethyl acetate and water. The organic layer was washeddegassed via vacuum/nitrogen cycle several times. The reaction

with aqueos 4 N HCI and brine, dried (MgSfp filtered, and

mixture was heated at 98 for 16 h. After cooling to~80 °C,

concentrated under reduced pressure. The residue was purified witithe reaction mixture was filtered through a pack of silica gel and

reverse-phase prep HPLC to give 65 mg of 3-chlNF3-(3-
methoxy-4-nitrophenyl)-11-ox0-10,11-dihydrétglibenzop,e][1,4]-
diazepin-8-yl)propane-1-sulfonamide (68%). MS (D@l 517 (M
+ H)*; *H NMR (500 MHz, DMSO#g) 6 9.98 (s, 1H), 9.70 (s,
1H), 8.01-8.02 (m, 2H), 7.80 (dJ = 8.24 Hz, 1H), 7.52 (s, 1H),
7.30-7.35 (m, 3H), 6.98 (dJ = 8.24 Hz, 1H), 6.94 (dJ = 2.14
Hz, 1H), 6.83 (ddJ = 8.54, 2.44 Hz, 1H), 4.03 (s, 3H), 3.71 {t,
= 3.71 Hz, 2H), 3.13-3.15 (m, 2H), 2.06:2.13 (m, 2H).

washed with additional 3:7 ethyl acetate/hexanes until all the desired
product was washed off. The solvents were removed under reduced
pressure, and the residue was recrystallized in EtOH (100 mL) to
give 5.4 g of compound3a The mother liquid was concentrated
and purified by column chromatography on silica gel eluting with
85:15 hexanes/ethyl acetate to provide additional 1.248aftotal

yield: 87%). MS (DCl)m/e 379 (M + H)*, 396 (M+ NH,)*; *H

NMR (300 MHz, DMSO#g) 6 10.84 (s, 1H), 8.10 (d] = 2.1 Hz,

Sodium ethoxide solution was prepared by adding sodium metal 1H), 7.96 (d,J = 8.5, Hz, 1H), 7.67 (d) = 8.5 Hz, 1H), 7.60 (dd,
(24 mg, 1.0 mmol) to EtOH (10 mL) at room temperature. To this J= 8.8, 2.0 Hz, 1H), 7.46 (d] = 2.1 Hz, 1H), 7.11 (dd) = 8.5,

solution was added 3-chlofg-(3-(3-methoxy-4-nitrophenyl)-11-
0x0-10,11-dihydro-B-dibenzop,€][1,4]diazepin-8-yl)propane-1-

2 Hz, 1H), 3.69 (s, 3H), 3.81 (s, 2H), 3.65 (s, 3H).
Methyl (3-Chloro-11-ox0-10,11-dihydro-31-dibenzob,€][1,4]-

sulfonamide (51 mg, 0.1 mmol). The reaction mixture was heated diazepin-8-yl)acetate (44a)The title compound was prepared using
under reflux for 2 h. After cooling, the reaction mixture yielded a general method C from compourBa in 78% yield. MS (DCI)
yellow precipitate that was collected by filtration to give 34 mg of m/e317 (M+ H)*, 334 (M+ NH,)*; *H NMR (500 MHz, DMSO-

compound39 (72%). MS (DCl)m/e 481 (M+ H)™; *H NMR (500
MHz, DMSO-dg) 6 9.93 (s, 1H), 8.068.02 (m, 2H), 7.81 (dJ =
8.42 Hz, 1H), 7.53 (dJ = 1.56 Hz, 1H), 7.347.35 (m, 2H), 7.30
(dd,J = 8.26, 1.72 Hz, 1H), 7.02 (dl = 8.42, Hz, 1H), 6.92 (d,
J=2.18 Hz, 1H), 6.88 (dd) = 8.42, 2.50 Hz, 1H), 4.03 (s, 3H),
3.63 (t,J = 6.39 Hz, 2H), 3.46 (tJ) = 7.49 Hz, 2H), 2.342.41
(m, 2H) Anal. (Q3H20N406'0.1C|'bc|2) C, H, N.
3-Chloro-8-(2-oxopyrrolidin-1-yl)-5,10-dihydro-11H-dibenzo-
[b,€][1,4]diazepin-11-one (40)Compound37 (0.41 g, 1.58 mmol)

in pyridine (3 mL) was treated with 4-chlorobutanoyl chloride

(0.267 g, 1.90 mmol) in CKCl, (3 mL) dropwise at room

ds) 6 9.88 (s, 1H), 8.03 (s, 1H), 7.68 (d,= 8.7 Hz, 1H), 7.06 (d,
J= 2.2 Hz, 1H), 6.9%6.93 (m, 2H), 6.86-6.87 (m, 2H), 3.60 (s,
3H), 3.54 (s, 2H). Anal. (&H1dN306-0.1CHCI,) C, H, N.

Methyl [3-(3-Methoxy-4-nitrophenyl)-11-ox0-10,11-dihydro-
5H-dibenzolb,€][1,4]diazepin-8-yl]acetate (45a).The title com-
pound was prepared using general method D from compddad
in a 78% yield. MS (ESIjwe 432 (M — H)~; H NMR (500 MHz,
DMSO-dg) 6 9.87 (s, 1H), 7.988.01 (m, 2H), 7.78 (dJ = 8.4
Hz, 1H), 7.51 (dJ = 1.6 Hz, 1H), 7.36-7.34 (m, 2H), 7.29 (dd,
J = 8.3, 1.7 Hz, 1H), 6.96 (dJ = 7.8 Hz, 1H), 6.856.87 (m,
2H), 4.02 (s, 3H), 3.59 (s, 3H), 3.53 (s, 2H).

temperature. The reaction was stirred overnight. It was partitioned  2-[3-(3-Methoxy-4-nitrophenyl)-11-0x0-10,11-dihydro-5-
between ethyl acetate and water. The organic layer was washeddibenzolb,€][1,4]diazepin-8-yl]-N,N-dimethylacetamide (46b)A

with aqueos 4 N HCI and brine, dried (MgSfp filtered, and

mixture of45a(0.864 g, 2 mmol) and LiOHH,0 (0.335 g, 8 mmol)

concentrated in vacuo. The residue was purified by column in MeOH (20 mL) and water (20 mL) was heated under reflux
chromatography on silica gel eluting with 2:3 hexanes/ethyl acetate overnight. The reaction mixture was neutralized to H4 and

to provide 0.345 g of 4-chlortd-(3-chloro-11-0x0-10,11-dihydro-
5H-dibenzop,€e][1,4]diazepin-8-yl)butanamide (60%). MS (DCI)
m/e 365 (M + H)™; H NMR (500 MHz, DMSOsg) 6 9.95 (s,
1H), 9.88 (s, 1H), 7.95 (s, 1H), 7.67 (@= 8.48 Hz, 1H), 7.27 (d,
J=2.03 Hz, 1H), 7.18 (dd) = 8.48, 2.37 Hz, 1H), 7.05 (dl =
2.03 Hz, 1H), 6.8#6.93 (m, 2H), 3.68 (tJ = 6.61 Hz, 2H), 2.43
(t, J= 7.29 Hz, 2 H), 1.972.05 (m, 2H).

extracted with ethyl acetate twice. The combined organic layers

were washed with brine, dried (MgQQfiltered, and concentrated

in vacuo to give 0.75 g of [3-(3-methoxy-4-nitrophenyl)-11-oxo-

10,11-dihydro-5-dibenzop,e€][1,4]diazepin-8-yl]acetic acid that

was used for the next reaction without further purification (89%).
A mixture of [3-(3-methoxy-4-nitrophenyl)-11-oxo-10,11-dihy-

dro-5H-dibenzop,€][1,4]diazepin-8-yllacetic acid (83 mg, 0.2

Sodium ethoxide solution was prepared by adding sodium metal mmol), HATU (92 mg, 0.24 mmol), dimethyl amine hydrochloride
(138 mg, 0.6 mmol) to EtOH (15 mL) at room temperature. To (32 mg, 0.4 mmol), and BX (81 mg, 0.8 mmol) in DMF (3 mL)
this solution was added 4-chloM<3-chloro-11-o0x0-10,11-dihydro- ~ was stirred overnight. The reaction mixture was partitioned between
5H-dibenzop,€][1,4]diazepin-8-yl)butanamide (182 mg, 0.5 mmol). ethyl acetate and water, and the aqueous layer was extracted with
A precipitate started to form several minutes later. The reaction additional ethyl acetate. The combined organic layers were washed
mixture was stirred overnight at room temperature, and the solid with brine, dried (MgS®@), filtered, and concentrated in vacuo. The
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residue was purified by reverse phase prep HPLC to give 62 mg Methyl 4-Chloro-2-(methyl(2-nitrophenyl)amino)benzoate (47).

of the title compound (71%). MS (ESHve 445 (M — H)~; H
NMR (300 MHz, DMSO#g) 6 9.88 (s, 1H), 8.01 (dJ = 8.48 Hz,
1H), 7.97 (s, 1H), 7.79 (d] = 8.14 Hz, 1H), 7.52 (dJ = 1.70 Hz,
1H), 7.32-7.36 (m, 2H), 7.28-7.32 (dd,J = 8.14, 1.70 Hz, 1H)
6.95 (d,J = 7.80 Hz, 1H), 6.86-6.85 (m, 2H), 4.03 (s, 3H), 3.55
(s, 2H), 2.97 (s, 3H), 2.81 (s, 3H). Anal. {E1,,N405-0.3H,0) C,

, N.

2-[3-(3-Methoxy-4-nitrophenyl)-11-0x0-10,11-dihydro-5i-
dibenzolb,€][1,4]diazepin-8-yl]-N-[4-(4-morpholinyl)phenyl]ac-
etamide (46c¢).The title compound was prepared in a similar
manner as described in the preparatio®6b in 80% yield. MS
(ESI) 580 (M+ H)™; *H NMR (DMSO-ds) 6 9.90 (s, 1H), 9.87 (s,
1H), 8.01 (d,J = 8.4 Hz, 1H), 7.96 (s, 1H), 7.80 (d,= 8.1 Hz,
1H), 7.52 (d,J = 1.2 Hz, 1H), 7.44 (dJ = 9.0 Hz, 2H), 7.35 (m,
2H), 7.30 (ddJ = 8.3, 1.7 Hz, 1H), 6.95 (m, 3H), 6.88 (d~= 9.0

Hz, 2H), 4.03 (s, 3H), 3.72 (m, 4H), 3.48 (s, 2H), 3.03 (m, 4H).

Anal. (CoH9Ns06:1.4 HCF2.75H,0) C, H, N.
2-[3-(3-Methoxy-4-nitrophenyl)-11-0x0-10,11-dihydro-5i-
dibenzolb,€][1,4]diazepin-8-yl]-2-methyl-N-(4-morpholin-4-ylphe-
nyl)propanamide (46d). The title compound was prepared in a
similar manner as described in the preparation46b from
compound42¢c MS (DCI) /e 608 (M + H)*; IH NMR (300 MHz,
DMSO-dg) 6 9.87 (s, 1H), 8.79 (s, 1H), 8.01 (m, 2H), 7.80 Jd=
8.1 Hz, 1H), 7.52 (s, 1H), 7.42 (d,= 8.7 Hz, 2H), 7.36-7.35 (m,
3H), 7.06 (s, 1H), 7.00 (m, 1H), 6.95 (m, 1H), 6.84 {ds 8.7 Hz,

2H), 4.03 (s, 3H), 3.71 (m, 4H), 3.00 (m, 4H), 1.49 (s, 6H). Anal.

(Cs4H33Ns06°0.9H,0) C, H, N.
3-[3-(3-Methoxy-4-nitrophenyl)-11-0x0-10,11-dihydro-5i-
dibenzolb,€][1,4]diazepin-8-yl]-N,N-dimethylpropanamide (46e).

The title compound was prepared in a similar manner as describe

in the preparation o#6b from compoun42b. MS (ESl)nve 461
(M + H)*; *H NMR (300 MHz, DMSOsg) 6 9.83 (s, 1H), 8.01
(d,J=8.14 Hz, 1H)), 7.93 (s, 1H), 7.79 (d,= 8.14 Hz, 1H), 7.5
(d,J = 1.7 Hz, 1H), 7.3 (m, 3H), 6.9 (m, 1H), 6.83 (d,= 5.43
Hz, 2H), 4.03 (s, 3H), 2.92 (s, 3H), 2.80 (s, 3H), 2.6 7.46,
2H), 2.50-2.52 (m, 2H). Anal. (GsH24N405-0.42TFA0.4CHOH)
C, H, N.
3-[3-(3-Methoxy-4-nitrophenyl)-11-0x0-10,11-dihydro-5i-
dibenzolb,€][1,4]diazepin-8-yl]-N-(4-morpholin-4-ylphenyl)pro-
panamide (46f). The title compound was prepared in a similar
manner as described in the preparatiod @i from compoundi2b.
MS (ESI)m/e 594 (M + H)*; IH NMR (300 MHz, DMSO¢l) 6
9.78 (s, 1H), 9.7 (s, 1H), 7.93 (d,= 8.42 Hz, 1H), 7.85 (s, 1H),
7.72 (d,J=8.11 Hz, 1H), 7.45 (dJ = 1.56 Hz, 1H), 7.34 (d) =
9.04 Hz, 2H), 7.27 (m, 2H), 7.22 (dd,= 8.26, 1.72 Hz, 1H), 6.86
(d,J = 8.11 Hz, 1H), 6.756.79 (m, 4H), 3.96 (s, 3H), 3.64 (br,
m, 4H), 2.95 (br, m, 4H), 2.652.68 (m, 2H), 2.43-2.45 (m, 2H).
Anal. (C3H3:Ns06+0.7TFA) C, H, N.
2-[3-(3-Methoxy-4-nitrophenyl)-11-ox0-10,11-dihydro-5i-
dibenzolb,€][1,4]diazepin-7-yl]-N,N-dimethylacetamide (46g).

Compound28e(0.26 g, 0.85 mmol) in DMF (8.0 mL) was treated

with 95% NaH (35 mg, 1.38 mmol), followed by iodomethane (0.25

g, 1.67 mmol). The reaction was stirred at room temperature

overnight. The reaction was diluted with water and extracted with

ethyl acetate. The organic layer was washed with brine and dried

over NaSQ,. The product (0.27 g, 100%) was recovered as a yellow

solid. MS (DCI/NH) m/e 323, 321 (M+ H)*; *H NMR (400 MHz,

DMSO-dg) 6 7.78 (dd,J = 7.78, 1.36 Hz, 1H), 7.637.69 (m,

1H), 7.45 (d,J = 8.14 Hz, 1H), 7.35 (dJ = 7.46 Hz, 1H), 7.29

(d, J = 2.03 Hz, 1H), 7.22 (tJ = 7.63 Hz, 1H), 7.15 (ddJ =

8.14, 2.03 Hz, 1H), 3.35 (s, 3H), 3.34 (s, 3H).
3-Chloro-5-methyl-5H-dibenzolb,€][1,4]diazepin-11(1MH)-

one (48).The title compound was prepared using general methods

C and D from compound?7. MS (DCI/NHz) m/e 259, 261 (M+

H)*; 'H NMR (300 MHz, DMSO#s) 6 10.28 (s, 1H), 7.63 (d] =

8.5 Hz, 1H), 7.23-7.04 (m, 6H), 3.28 (s, 3H).
3-(3-Methoxy-4-nitrophenyl)-5-methyl-5H-dibenzolb,€][1,4]-

diazepin-11(1@H)-one (49).The title compound was prepared using

general method D from compourtB in 46% yield. MS (DCI/

NH3) me 376 (M+ H)™; *H NMR (300 MHz, DMSO¢g) 6 10.29

(s, 1H), 8.00 (dJ = 8.2 Hz, 1H), 7.75 (dJ = 7.9 Hz, 1H), 7.58

(s, 1H), 7.46 (m, 3H), 7.22 (d,= 7.9 Hz, 1H), 7.13 (m, 1H), 7.07

(m, 2H), 4.04 (s, 3H), 3.40 (s, 3H).

Methyl 2-(4-Fluoro-3-nitrophenyl)acetate (51). 4-Fluoro-3-
nitrobenzoic acid30; 35.0 g, 189 mmol) was dissolved in SQCI
(300 mL) and heated under reflux for 2 h. The reaction was cooled
and concentrated, then the last of the SOQ&As removed using a
toluene azeotrope. The resultant brown oil (40.4 g) was dissolved
in ELO (100 mL) and that solution was added dropwise to 2.0 M

d(TMS)CHN2 in hexanes. After stirring the reaction at room

temperature for 45 min, it was concentrated and the crude was
purified by flash chromatography using 7:3 hexanes/ethyl acetate.
The diazoketone intermediate (24.5 g, 62%) was recovered as
orange solids. The diazoketone (20.0 g, 96 mmol) was dissolved
in MeOH (100 mL) and heated to 7€, and to that was added in
portions ove 1 h asolution of silver benzoate (0.4 g, 1.7 mmol) in
triethylamine (4.0 mL). After heating for an additional 1 h, the
reaction was cooled, filtered, and concentrated, and the crude was
purified by flash chromatography using 78:22 hexanes/ethyl acetate.
The homologated ester (8.8 g, 43%) was recovered as a yellow
oil. MS (DCI/NH3) m/e 231 (M + H + NH3)*; *H NMR (300
MHz, CDClk) ¢ 8.00 (ddJ = 6.8, 2.4 Hz, 1H), 7.57 (m, 1H), 7.26
(m, 1H), 3.73 (s, 3H), 3.69 (s, 2H).

Methyl 4-Chloro-2-(4-(2-methoxy-2-oxoethyl)-2-nitrophenoxy)-
benzoate (52).Compound51 (1.0 g, 4.7 mmol) and methyl
4-chloro-2-hydroxybenzoate (1.0 g, 5.4 mmol) were dissolved in
DMA (2.0 mL), K,CO; (0.73 g, 5.3 mmol) was added, and the
reaction was heated at 8@ under nitrogen overnight. The reaction
was diluted with water and extracted with ethyl acetate. The organic
layer was washed with brine and dried over,8@,. The crude
was purified by flash chromatography using 4:1 hexanes/ethyl

The title compound was prepared in a similar manner as describedacetate. The above diaryl ether (0.89 g, 50%) was recovered as an

in the preparation o46b from compound2d. MS (DCI) m/e 447
(M + H)*, IH NMR (500 MHz, DMSO#ds) 6 9.85 (s, 1H), 8.00
(m, 2H), 7.80 (dJ = 8.11 Hz, 1H), 7.52 (dJ = 1.56 Hz, 1H),
7.37 (d,J=1.56 Hz, 1H), 7.34 (dd) = 8.42, 1.56 Hz, 1H), 7.30
(dd,J = 8.11 Hz, 8.42, 1.56 Hz, 1H), 6.8%.91 (m, 2H), 6.78

(dd, J = 7.95, 1.72 Hz, 1H), 4.03 (s, 3H), 3.56 (s, 2H), 2.98 (s,

3H), 2.82 (s, 3H). Anal. (&H2.N405-0.9H,0) C, H, N.

2-[3-(3-Methoxy-4-nitrophenyl)-11-ox0-10,11-dihydro-5i-
dibenzolb,€][1,4]diazepin-7-yl]-2-methyl-N-(4-morpholin-4-ylphe-
nyl)propanamide (46h). The title compound was prepared in a
similar manner as described in the preparation46b from
compound42e MS (ESI)m/e 608 (M + H)*; *H NMR (300 MHz,
DMSO-dg) 6 9.89 (s, 1H), 8.85 (s, 1H), 8.06 (s, 1H), 8.01 Jd=
8.5 Hz, 1H), 7.79 (dJ = 8.1 Hz, 1H), 7.52 (dJ = 1.7 Hz, 1H),
7.42 (d,J=9.2 Hz, 2H), 7.29-7.38 (m, 3H), 7.04 (dJ = 1.7 Hz,
1H), 6.91 (m, 2H), 6.83 (d] = 9.2 Hz, 2H), 4.03 (s, 3H), 3.71 (m,
4H), 3.00 (m, 4H), 1.49 (s, 6H). Anal. §GH33Ns06"0.1CHCly)
C, H, N.

oil that slowly crystallized. MS (DCI/NK) nve 399, 397 (M+ H
+ NH)*; *H NMR (300 MHz, DMSO¢) 6 8.04 (d,J = 2.2 Hz,
1H), 7.95 (d,J = 8.4 Hz, 1H), 7.57 (dd) = 8.4, 2.2 Hz, 1H), 7.49
(dd,J = 8.8, 1.8 Hz, 1H), 7.37 (dJ = 1.8 Hz, 1H), 7.00 (dJ =
8.8 Hz, 1H), 3.83 (s, 2H), 3.70 (s, 3H), 3.65 (s, 3H).

Methyl 2-(3-Chloro-11-ox0-10,11-dihydrodibenzd},f][1,4]-
oxazepin-8-yl)acetate (53)The title compound was prepared using
general method C from compourk® in 70% yield. MS (DCI/
NH3) m/e 320, 318 (M+ H)*; IH NMR (300 MHz, DMSO¢s) 6
10.80 (s, 1H), 7.77 (d] = 8.5 Hz, 1H), 7.53 (dJ = 2.0 Hz, 1H),
7.40 (dd,J = 8.5, 2.0 Hz, 1H), 7.49 (d) = 7.8 Hz, 1H), 7.04 (m,
2H), 3.65 (s, 2H), 3.59 (s, 3H).

Methyl  2-(3-(3-Methoxy-4-nitrophenyl)-11-o0x0-10,11-
dihydrodibenzolb,f][1,4]oxazepin-8-yl)acetate (54)The title com-
pound was prepared using general method D from comp&dnd
in 70% yield. MS (DCI/NH) nm/e 435 (M + H)*; 'H NMR (300
MHz, DMSO-ds) 6 10.62 (s, 1H), 8.00 (dJ = 8.5 Hz, 1H), 7.89
(d,J=8.1Hz, 1H), 7.82 (dJ = 1.7 Hz, 1H), 7.75 (ddJ = 8.1,
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2.0 Hz, 1H), 7.64 (dJ = 1.4 Hz, 1H), 7.48 (ddJ = 8.5, 1.4 Hz,
1H), 7.34 (d,J = 8.1 Hz, 1H), 7.08 (dJ = 1.7 Hz, 1H), 7.05 (dd,
J=18.1, 2.0 Hz, 1H), 4.06 (s, 3H), 3.65 (s, 2H), 3.60 (s, 3H). Anal.
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incubate for 48 h. Doxorubicin (DOX) and CPT were purchased
from Sigma (St. Louis, MO). After the treatment, MTS reagents
that measured the amount of live cells (Promega, Madison, WI)

(Ca3H18N207:0.55 HO) C, H, N. were added to the incubated cells and allowed to develop for 20
Chk1 Assay.The Chkl enzymatic assay was carried out using min to 2 h. Colorimetric measurements were taken at 490 nm on
a recombinant Chk1 kinase domain. A human Cdc25C peptide wasa Spectra MAX 190 plate reader from Molecular Device (Sunny-
used as the substrate in the assay. The reaction mixture containedale, CA).
25 mM of HEPES at pH 7.4, 10 mM Mggl0.08 mM Triton FACS Analysis. Cells were treated with compounds at the
X-100, 0.5 mM DTT, 5uM ATP, 4nM 33P ATP, 5uM Cdc25C indicated concentrations for the indicated time. The medium and
peptide substrate, and 5 nM of the recombinant Chk1 protein. For the washing solution, phosphate-buffered saline (PBS), were
potent compounds witK; below 1 nM, 0.5 nM of the recombinant  collected to include the floating cells. The cells were then
Chk1 protein and 8 nM of%P were used in the assays. The trypsinized and added to the tubes with the medium and PBS. After
compound vehicle DMSO was maintained at 2% in the final spinning at 1000« g for 5 min, the cells were washed in PBS and
reaction. After 30 min at room temperature, the reaction was stoppedfixed in 70% ethanol. The washed cells were treated with RNase
by the addition of equal volumed ¢ M NaCl and 0.1 M EDTA, A at 37°C for 30 min. Finally, the cells were stained with propidium
pH 8. A 40uL aliquot of the reaction mixture was added to awell jodide (PI) and analyzed by fluorescence-activated cell sorting
in a FlashPlate (NEN Life Science Products, Boston, MA) contain- (FACS) on a FACSCalibur (Becton Dickinson, San Jose, CA). Cells
ing 160uL of phosphate-buffered saline (PBS) without calcium were counted and analyzed using the CellQuest Pro program
chloride and magnesium chloride and incubated at room temperatureprovided by the vendor. Thymidine and paclitaxel were used as

for 10 min. The plate was then washed 3 times in PBS with 0.05%

controls for positioning the S and G2/M phases, respectively.

of Tween-20 and counted in a Packard TopCount counter (Packard ~ Soft Agar Assay.The soft agar experiments were performed in

BioScience Company, Meriden, CT).

In Vitro Kinase Assay for Selectivity. Recombinant Cdc2,
PKC,, and PKG (Calbiochem, San Diego, California); PKA
(Panvera, Madison, Wisconsin); Src, SGK and full-length cTakl
(Upstate Biotechnology, Charlottesville, Virginia); ERK2 (New
England Biolabs, Beverly, Massachusetts); and cKit(544-976;
ProQinase, Freiburg, Germany) were commercially obtained. His-
tagged AKT1[S378A, S381A, T450D, S473D](139-480), Chk1(1-
269), KDR(789-1354), Flt-1(786-1338), and PDK1(1-396), Lck(62-
509), Lyn, Fyn-catalytic domain, HCK, Tie2, FGR(60-529), and

12-well plates. The bottom layer contained 0.5 mL of 0.7% agar
with the growth medium. The top layer contained 0.5 mL of 0.35%
agar with the medium mixed with 5000 cells/well of SW620 cells.
Chk1 compounds were diluted in 0.5 mL of the medium and added
to each well. After 14 days, colonies were stained with iodoni-
trotetrazolium at 0.5tg/mL overnight and counted using a Sony
CCD camera linked to the Image-Pro Plus software (MediaCyber-
netics, Silver Spring, MD).

Flt4 were expressed using the FastBac bacculovirus expression Acknowledgment. We gratefully acknowledge the Structural

system (GIBCO BRL, Gaithersburg, MD) and purified using either
nickel (his-tag) or glutathione (GST) affinity S5 chromatography.
His-tagged FIt3 (569-993) was expressed En coli. Peptide
substrates had the general structure bioAihx—peptide with
sequences: Chkl and Chk2, AKVSRSGLYRSPSMPENLNRPR;
AKT, EELSPFRGRSRSAPPNLWAAQR; Cdc2, PKTPKKAKKL;
ERK2, KRELVEPLTPSGEAPNQALLR; SGK, RPRAATF; PKA,
LRRASLG; PKC, and PKG, ERMRPRKRQGSVRRRYV; cTakl,
AKVSRSGLYRSPSMPENLNRPR; KDR, Flt-1, Flt-3, Flt-4, and
cKit, AEEEYFFLFA-amide; Tie2, biotin-poly(Glu-Tyr); FGR, Lck,
Lyn, Fyn, and HCK, GAEEEIYAAFFA. For Src assays, the
biotinylated substrate PTK-2 (Promega, Madison, Wisconsin) was
used.

For S/T kinases and Src, a radioactivity-based assay was utilized
In this format, compounds were incubated with gamma-[33P]-ATP
(5 uM), enzyme, and biotinylated peptide substrates/®) in

Chemistry Department of Abbott Pharmaceutical Discovery
(Dept. 0418) for collecting NMR and MS data. For crystal
structure analysis, data were collected at beamline 17-ID in the
facilities of the Industrial Macromolecular Crystallography
Association Collaborative Access Team (IMCA-CAT) at the
Advanced Photon Source. These facilities are supported by the
companies of the Industrial Macromolecular Crystallography
Association.

Supporting Information Available: FACS analysis ofi6d with
doxorubicin and camptothecin, soft agar assay 46d with
doxorubicin, and elemental analysis data. This material is available
free of charge via the Internet at http://pubs.acs.org.

kinase assay buffer for 30 min at room temperature and then the Raferences

reaction was stopped by the addition of 100 mM EDTA. The
guenched reactions were transferred to streptavidin-coated Flash

Plates (Perkin-Elmer), the plates were washed, and peptide phos-

phorylation was quantified on a TopCount scintillation plate reader.
For all TKs (except Src and Tie2), an HTRF assay format was
employed. In this format, compounds were incubated with enzymes,
biotinylated-peptide substrates (@&1), and ATP (1 mM) for 1 h

at room temperature before stopping with 100 mM EDTA. To the

stopped reaction, revelation buffer containing Eu-labled anti-pY-

Ab (Cis Bio HTRF) and streptavidin-APC (Prozyme) were added,

and the mixture was allowed to incubate for 1 h. Plates were
subsequently read on a Discovery HTRF plate reader monitoring
the time-resolved fluorescence ratio (665 nm/615 nm). Tie-2 activity
was measured using an Elisa-type assay.

Cell Culture. SW620 cells were grown in RPMI 1640 supple-
mented with 10% fetal bovine serum (FBS) at°87in a 5% CQ
incubator, H1299 cells were grown in RPMI 1640 S6 supplemented
with 10% FBS, 1 mM sodium pyruvate, and 0.45% glucose, and
Hela cells were grown in MEM supplemented with 10% FBS.

MTS Assay.Exponential growing cells were seeded in 96-well
plates and allowed to attach an incubator. After 24 h, the cells
received various amounts of the compounds and continued to
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