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Abstract

Abstract

Protein reversible phosphorylation, an important regulatory mechanism in general,
plays a crucial role in almost all of the life process such as cell signal transduction,
differentiation and cell growth. All the proteins are phosphorylated by protein kinase
family, and dephosphorylated by phosphatases. Thus far, 518 kinds of protein kinases have
been found in human beings. Protein kinase A (CAMP-dependent protein kinase, PKA),
catalyzes the transfer of y-phosphate of ATP to protein substrates at serine, or threonine
residues. And its crystal structure was first eclucidated in 1991, as a represent of kinase
family.

In this dissertation, novel inhibitors of PKA are obtained by database virtual
screening or de novo designed, and then synthesized by multi-step organic synthesis.
Autodock 4.0 and Dock 6.4 software are chosen as high through-put virtual screening
tools and used upon the high performance distributed computation. Thirty-five crystal
complexes of PKA containing inhibitors are studied to establish one set of evaluable
parameters between the 1Cs, values and binding energies. It is implied that two
requirements should be fulfilled for the purpose to design molecules with potential
inhibition activity: the lowest calculated binding energy should be lower than -7.5 kcal
mol™, and the overall energy of van der waals forces, hydrogen bonding, desolvation
should be less than -9.0 kcal mol™. With this standard evaluation in hand, eight candidate
molecules are screened out by Autodock and Dock study of American National Cancer
Institute small molecular library. In addition, one kind of novel organophosphorus P-C
compound is de novo designed by introducing phosphate group into triphosphate binder
corner of ATP active pocket, which will improve the interaction and the binding energy of
potential inhibitors. Also, the activity of PKA was tested by stable isotope y-PO,-20-ATP
MALDI- MS technology.

Furthermore, one novel phosphoryl transfer mechanism of protein kinase was
proposed as “volleyball” mechanism, which is quite different from normal in-line attack
mechanism. Ninety-two atoms model is established and simulated by Gaussian software.
The result shows that: “volleyball” mechanism may undergo five intermediates to cover

the phosphoryl transfer process. The formation of y-PO3-NH,-Lys168 intermediate (11
n
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kcal mol™) is considered as an energy favorable step. However, the most challenging mix
anhydride five-coordinated phosphorus intermediate is a high energy species (31.7 kcal
mol™), which could be considered as a transition state, but not an intermediate. So the
“volleyball” mechanism should be rationally revised according to the simulation results.

Also, we have developed a novel type of pyrrolidine dedrivative as a catalyst bearing
chiral phosphoproline functions, which works well as a bisfunctional organocatalyst to
promote the asymmetric Michael addiction of ketones to nitrostyrenes. The reaction takes
place smoothly with perfect diastereo- (up to > 99:1 dr) and high enantioselectivity (up to >
96% ee ) in the presence of a low loading of this catalyst (5 mol%).And anti-SR
Transition state has the lowest barrier which controls the stereoselectivity, in agreement
with experimental results.

The analysis of the fragmentation of a-hydroxy-p-amino phosphonate esters (6a-6f)
designed as inhibitors of protein kinase A was studied. An interesting proton migration
mechanism in the cleavage of the P-C bond is investigated by ESI-MS. A possible
rearrangement mechanism is proposed and verified by ICP-HRMS using isotope
D/H-exchange technology and additionally checked by detailed DFT calculation based on
Gaussian software. The result clearly indicates that this mechanism proceeds by a
five-membered ring concerted transition state with activation energy 11.3 kcal mol™ for
the compound 6f. The overall reaction is endothermic with an energy 13.2 kcal mol™. The
effect of different substituents and different metal ions for rearrangement of these esters is
studied by experiment and theory. It is concluded that this rearrangement process is

energetically unfavorable and hence only occurs in the mass spectrometer.

Keywords: Protein Kinase A, inhibitor, “Volleyball” mechanism, Michael addition
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Abbreviations

Abbreviation Meaning

Ac acetyl

Boc tert-Butyloxycarbonyl
Bu-t tert-Butyl

DMF N, N-dimethyl formamide
DMSO dimethyl sulfoxide

Et ethyl

Me methyl

Pr-i isopropyl

TFA trifluoroacetic acid

TEA triethyl amine

IBX o-iodoxybenzoic acid
DMPH dimethyl phosphonate
DEPH diethyl phosphonate
DIPPH di-isopropyl phosphonate
DBPH dibenzyl phosphonate
DOPPH diphenyl phosphonate
DPPH diphenyl phosphate

PKA Protein kinase A or cCAMP-dependent protein kinase
TS transition state
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