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Supporting Results

Structure-activity relationships. The GRK2-selective indazole compounds
typified by GSK180736A all contain three ring systems (Figure 1a): an indazole
ring that forms two hydrogen bonds with the kinase domain hinge, a
dihydropyrimidine-like ring that is relatively solvent exposed, and a terminal
fluorophenyl moiety that docks in a pocket formed between the P-loop and the
side chain of active site Lys220. These rings thus occupy the so-called adenine,
ribose, and polyphosphate subsites of the active site, respectively. The
biochemical data for GSK466317A, GSK317354A, GSK270822A, and
GSK299115A (Table 2) can thus be interpreted on the basis of the co-crystal
structure of GSK180736A with GRK2. GSK466317A, 2 logs less potent than
GSK180736A, contains a chloro substituent on the indazole benzene ring, a
dihydropyridone instead of a dihydropyrimidine, and a trifluoromethyl instead of a
fluoro substituent on the phenyl ring. Manual modeling predicts that the chloro
group can be accommodated, but its dihydropyridone ring will not be able to form
a hydrogen bond with the P-loop and the trifluoromethyl group is likely too bulky
to fit in the polyphosphate subsite. GSK270822A, which exhibits about the same
potency as GSK466317A, has a dihydropyridone ring and a bulky terminal
naphthalene group that is also likely excluded from the polyphosphate subsite.
GSK317354A, about 1 log less potent than GSK180736A, retains a
dihydropyrimidine central ring but has a trifluoromethyl pyridine in place of the
carbonyl oxygen of GSK180736A. Because this group is modeled to project out
of the active site, its lower potency may result from steric clashes with nearby
residues or less favorable solvent interactions. The addition of a second halogen
to the terminal phenyl of GSK299115A can likely be accommodated, but, as in
the case of GSK466317A, its pyridone ring cannot form a hydrogen bond with the
P-loop. Thus loss of the P-loop hydrogen bond can be construed to cause ~10-



fold less potency of inhibition. Interestingly, these chemical differences do not as
strongly affect potency for inhibition of GRK1 and GRKS5, and in some cases
even seem to improve potency (Table 2). This could be interpreted to mean that
these compounds do not bind to these enzymes in an analogous manner.

GSK2163632A also contains three ring systems, but they bind in a fundamentally
different way than those of GSK180736A. Its central pyrrolopyrimidine ring
system forms three hydrogen bonds with the hinge in the adenine subsite, and its
thiophene carboxamide occupies the ribose subsite and interacts directly with the
P-loop. The tetrahydroquinoline group extends along the hinge towards the large
lobe where it is capped by residues in the AST loop. This last region is referred to
as the “AST subsite” because it occupies a region of the active site that would
normally contain residues from the AST in the active conformation of an AGC
kinase. A similar region has been exploited to enhance the affinity of inhibitors of
other kinases such as ERK5 (V. Beneficial interactions with AST loop may thus
prove to be critical for the development of inhibitors selective for GRKS. There
are four related compounds in this study that provide the basis of a structure
activity relationship: GSK2110263A, GSK2220400A, GSK1713088A, and
GSK1326255A (Figure 1b). Absence of the gem-dimethyl substituent on the
tetrahydroquinoline core of GSK2110263A decreases the potency for GRK1
inhibition, but does not affect potency against GRKS, confirming that the higher
potency of GRK1 for GSK2163632A likely derives in part from the interactions
with GRK1-specific residues in the AST. GSK2220400A lacks the gem-dimethyl
group and has a methyl pyridine carboxamide in place of the thiophene
carboxamide, which results in 100 fold lower potency against GRK1 but only a
slight reduction in potency against GRK5. Thus it may be that the P-loop of
GRK5 does not adopt the same “tucked under” conformation as seen in the
GRK1 structure. Both GSK1713088A and GSK1326255A have a propyl
piperidine moiety in place of the tetrahydroquinoline and a fluoro substituted
pyridine carboxamide substituting for the thiophene carboxamide of
GSK2163632A. These changes increase the 1Csy against GRK1 by 2-3 logs, but
do not affect GRKS5 inhibition. Thus, GRK5 seems less sensitive to changes in
the ribose and AST subsites than GRK1. GRK2, like GRKS, is relatively
insensitive to these modifications, and some of them even decrease the ICsq (e.g.
up to 1 log for GSK1326255A). Thus GRK2 may favor bulkier groups in its ribose
subsite when a pyrrolopyrimidine is bound in the adenine subsite, although other
explanations involving the other arm of the inhibitor are possible. Notably, PKA
was not measurably inhibited by these compounds. This could reflect the unique
sequence and the more ordered nature of the PKA AST region relative to those
of GRKs @, which could more efficiently compete for binding with this class of
inhibitors.
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Supporting Table 2. DSF Screening Results for GRKS
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GW683768X
407900

2)[CI])OCc2cccc(c2)F)ncn3)o1.[Cl]
COC(Nc1nc2cc(cec2[nH]1)Oc1cec(cc1)NC(Nc1ceee(c1)C(O
)=0)=0)=0.[CI]
C1Cc2cc(ccc2C1=C1C(Nc2ccecec12)=0)0
c1ccc2ce(c1)nc1c3cec(C(0)=0)cdccec(C(n12)=0)c34
c1cc(ceccicicoc2e1c(N)nen2)NC(Ne1ee(cee1F)C(F)(F)F)=0
c1cc2c(cec(c3c(cdcec(ccd)F)nc(N)s3)n2)nct
C(Cn1cenc1)Cn1ec(C2=C(C(NC2=0)=0)Nc2ccccc2)c2ccce
c12

C(=C1C(Nc2cceec12)=0)c1cec[nH]1

c1ccc2c(c1)e(c[nH]2)C1=C(C(NC1=0)=0)c1c[nH]c2ccceec12
C(=C(C(C=CC1F)=CC=1)N1)(C(C1=NC1)=CC=1)CN(CC(C
1)0)CC1
CC(C)N1CCN(CC1)c1cee(c(c1)OC)NecInc(c2ec[nH]c2n1)Ne
1ccc(cc1C(N)=0)F
C(CNC(c1ccec2e(c1)C(C(N2)=0)=NNc1ccc(cc1)S(N)(=0)=0
)=0)c1c[nH]cn1

C(=C1C(Nc2ccecec12)=0)c1c2ccecc2[nH]c1[Cl]

C(=C1C(NC(=0)S1)=0)c1ccc2c(c1)ncen2
CCNC(=0)OC(CNC1C#CC(=CC(N=CN2)=C3C=2NC(C=CC
(OCC(C=CC=C2F)=C2)=C2[CI])=C2)S3)C1
c1cc(ce(c1)O)ct1ec(Ne2ecce(cc2)S(N)(=0)=0)[nH]n1
CN(C)C(=O)OC(CNC1C#CC(=CC(N=CN2)=C3C=2NC(C=C
C(OCC(C=CC=C2F)=C2)=C2[CI])=C2)S3)C1

C1=C(c2ccc(cc2)0)0c2cc(cc(c2C1=0)0)0

C(=C1C(NC(=0)S1)=0)c1ccc(c2nc3ccecc3s2)o1
C1CC1n1c2ccnce2ncicic(N)non
Cn1cc(C=C2C(Nc3ccenc23)=0)c2cceec12
C1CC1Nc1ncec(c2cnn3c2cec(n3)N2CCOCC2)n1
Cn1cc(C2=C(C(NC2=0)=0)c2ccc(cc2[CI])[Cl])c2ccecc12
c1cc(cc(c1)Ncincec(Nc2ecee(c2)F)n1)C(N)=0.[Cl]
CS(c1cecec(CNe2ce(enc(Ne3ceccdc(CCC(N4)=0)c3)n2)C(F)(F
)F)c1)(=0)=0
Cc1cc(cc(C)c1C=Cc1cc(cnc1)C(=0)OC(C)(C)C)O
C(c1cee(ce1)etnc(c2eec(c(c2)O)[Cl])c(c2cence2)[nH]1)N.[CI

]
CS(CCNCc1cc(c2cee3ce(c2)c(Nc2cec(cc2)OCc2ccccc2)nen3
yoc1)(=0)=0.[CI]

c1ccec(ce1)c1ec(C(N)=0)c(NC(N)=0)s1
COC(Nc1nc2cc(cec2[nH]1)Oc1ccec(c1)NC(Nc1cc(cec1F)C(
F)(F)F)=0)=0.[CI]

C1=C(C(c2c(ce(cc201)0)0)=0)c cec(ce)O
C(CNc1nece(C(N)=0)c(Nc2ceec(c2)C(F)(F)F)n1)N
Celec(c2cceee2n1)NC(Net ce(cee10C)[CI])=0
C(=C1C(Nc2ccceet2)=0)Nct cec2c(c1)NC(N2)=0

Cc1ccc(cc1Nc1cenc2ecc(cc12)S(C)(=0)=0)0
c1cc(C(Ne2nc3cc(cee3[nH]2)Oc2ccc(cc2)NC(Nc2cc(cecec2F)
C(F)(F)F)=0)=0)oc1.[CI]
CC(=C(C1C(=CC=C(F)C2)C=2)C(=0O)NC(C=CC(NN=C2)=C
23)=C3)NC(=N1)C(=CC=C1C(F)(F)F)C=N1
C(c1cee(ce1)[CI))Nec1ncee(c2enn3c2ccen3)nt
CCc1c(c2cenc(NC3CC3)n2)c2ccecnn2ni



2.21

2.19

217
214

212
2.1
2.08

2.08

2.06

2.03
2.01

Amino-5-iodo-7-(b-
D-
ribofuranosyl)pyrrolo
[2,3-d]pyrimidine
TX-1918; 2-((3,5-
dimethyl-4-
hydroxyphenyl)-
methylene)-4-
cyclopentene-1,3-
dione
JNK Inhibitor II;
SAPK Inhibitor II;
Anthra[1,9-
cd]pyrazol-6(2H)-
one

ART 16145605
GSK PKI Collection

AOP 16327220
GSK PKI Collection
GSK PKI Collection

BAS 00385194
GSK PKI Collection

GSK PKI Collection
Water

(EMD)

Calbiochem
(EMD)

Calbiochem
(EMD)

Asinex
GSK

Asinex
GSK
GSK

Asinex

GSK
GSK

655203

420119
ART
16145605
GW622055X
AOP
16327220
GSK969786A
GW396574X
BAS
00385194

GSK326090A
SB-739452

C(=NC=N1)(C(=C1N(C1)C(C(C(C2C0)0)0)02)C=11)N

Cc1oc(C=C2C(C=CC2=0)=0)cc(C)c10

c1cec2e(c1)C(c1ceee3c1c2n[nH]3)=0

CCN(CC)Cc1c2ccenc2[nH]c1c1cence
CCS(c1cec(c(c1)Ne1nee(c2eceec2[Cl])o1)OC)(=0)=0

CCN(CCN(C)C)Cc1c2ccenc2[nH]c1c1ccc(cc1)F
C(c1ccee(c1)F)Oc1cec(cc1[CI)Nc1c2cc(c3cecco3)sc2nen1
CC(C)=Cc1cccc2c1C(C(N2)=0)=NNc1ccc(cc1)S(N)(=0)=0

C(c1cee(cc1[CI)[CI)Oc1ccec(C=C2C(NC(=0)S2)=0)c1
CC(OC(C=C1N(C=N2)C3=C2C=CC(OCC(CCN(C)C2)C2)=

C3)=C(S1)C(N)=0)C(=CC=CC1)C=1C(F)(F)F
C1CC1C(Nc1c2cc(c(c3cecco3)nc2[nHIn1)[Br])=0O
O

18 compounds that are not commercially available are omitted from the table.
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