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Abstract: Aryl-substituted amides of isomeric 6,7- and 7,8-dihydroxyisoquinoline-3-carboxamides (2 and 3)
were prepared. Divergent structural requirements were observed for inhibiting p56ick and epidermal growth factor
receptor (EGFR) protein-tyrosine kinases (PTKs), with the 7,8-dihydroxy substitution pattern being essential for
p56ick activity, and the arylamide being required for EGFR potency. The work presents a useful approach toward
the design of inhibitors which can discriminate between different PTKs.

Kinase mediated phosphorylation of hydroxyl-bearing amino acid residues within certain proteins is a key
component of the complex mechanism of cellular signal transduction. Tyrosyl residues represent particularly
important substrates for such enzymes, with protein-tyrosine kinases (PTKs) playing central roles in the
regulation of cellular activation and mitogenesis. The association of aberrantly or overly expressed PTKs with a
number of proliferative disorders makes inhibitors of specific PTKs appealing as antineoplastic therapeutics. 1.2
However, the development of PTK inhibitors is hampered by both a lack of information regarding the three
dimensional characteristics of any PTK and by a lack of clarity on the mechanisms of action for many known PTK
inhibitors. Solution of the X-ray crystal structure of the catalytic domain of the serine/threonine-specific protein
kinase A (PKA) provided useful insight into the design of PTK inhibitors due to the high degree of homology of
PKA with PTKSs at the catalytic domain.3 Based on the PKA results, a PTK catalytic site would be expected to
resemble a deep planar cleft. This is consistent with the ability of a number of PTK inhibitors to assume a high
degree of planarity.! Predicated on the premise that extended planarity may be an important determinant for
interaction at PTK catalytic sites, we have recently prepared a series of planar bicyclic analogues as

conformationally constrained mimetics of the broad styryl-based class of PTK inhibitors typified by

a-cyano-3,4-dihydroxycinnamamide 1.45
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As shown above, isomeric 6,7- and 7,8-dihydroxyisoquinoline-3-carboxamides 2 and 3 were designed to
represent the two 180° rotational conformers of 1. Initial testing in the lymphocyte-specific PTK p56ick indicated
that the open-chain prototype 1 exhibited an ICsp value of 20 UM while the 6,7- and 7,8-dihydroxyisoquinolines
2a and 3a (R = H) showed ICsg values of 1900 and 0.5 pM respectively.4 In order to further explore structural
features which would enhance PTK selectivity and affinity of the hydroxylated isoquinoline nucleus, note was
taken of the frequent occurrence of a second aryl nng in many PTK inhibitors (Figure 1). Aryl 3-carboxamides
were therefore prepared of both 6,7-dihydroxyisoquinoline (2) and 7,8-dihydroxyisoquinoline (3), and these
analogues tested for inhibitory potency in p56!ck and epidermal growth factor receptor (EGFR) PTK preparations

(Table 1).
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Figure 1. Examples of PTK inhibitors containing two aryl rings. Quercetin 4° and Piceatannol 5’
are natural products, while arylamide 6® is a synthetic derivative of cinnamamide 1.

Two significant SAR conclusions can be drawn from this study. First, it is evident that the 7,8 -
dihydroxyl substitution (3a - d) is a critical determinant for inhibition of p5o6lck. All 6,7-dihydroxy isomers (2a -
¢) were essentially inactive against this PTK regardless of amide substitution. Equally interesting is the apparent
insensitivity of p561ck inhibition to the type of amide substitution. An alternative finding is indicated with EGFR
PTK, where activity is independent of hydroxyl substitution. In this PTK the major structural requirement for
activity is the presence of an aryl-substituted amide. While primary amides 2a and 3a had low activity, all aryl
amides bad good potency, with little difference between either 6,7-dihydroxylated (2b - ¢) or 7,8-dihydroxylated

(3b - d) isomers.
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The divergent and independent SAR criteria for activity against the p56lck and EGFR PTKs has important
implications for the design of kinase-specific PTK inhibitors, and has in the present case resulted in the
development of two inhibitors which have the ability to discriminate between p56ick / EGFR PTK; 3a being
selective for p561ck and 2c being selective for EGFR. More importantly, this work highlights the value of using
conformationally inflexible pharmacophores for the elaboration of highly specific inhibitors. This latter fact is
consistent with a decreased ability of such analogues to conform to structural variations between different

enzymes. These principles are presently being applied toward the development of new PTK-specific inhibitors.

Table 1. Inhibition of protein-tyrosine kinasesa

ICso (UM) ICsp (uM)
EGFR pS6** EGFR pS6«
o) — 0 E—
HO.
S R
N NH, >100 1900 N NH, >100 0.5
OH
2a 1) 3a o
HO
N S
N—Q 56 600 NO 7.7 1
o ~N H o ~N H
OH
2 4 3b 0O
) 3.1 >1000 ) 1.4 1
T I,:;/\CE /N H/\@
HO HO
OH
2¢ 3¢
X /\/©
S
b I;‘I 1.4 40
I.K) Lo
OH
3d

2 Immunopurified enzyme preparations were utilized as previously described for EGFR PTK? and p56ick PTK.6

Compounds were prepared as described.10
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