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Background Density Functional Theory

A quantum mechanical method used to calculate the energetics and ap- M06-2X G ) imizat £ g
. . _ _ _ proximate the geometry. The total energy of the system is expressed as-phase optimizations of the energy and geom-
The vitamin K cycle What is known about this reaction? as a functional of the electron density. The Born-Oppenheimer approxi- . |5 part of a group of hybrid functionals in DFT §t1r1y +E)(r3(g|(|jf82pe)clles |Welre carmied out at e BSLYRE
: : : : : 2p) level.
ma’ilon makes the calculation of the wave function feasible for large + A popular method for calculations in the computational community P

The carboxylation of a substrate analog containing a 3-fluoroglutamate systems. | _ - Developed by Prof. Truhlar’s group at University of Minnesota, to further improve Kohn- T - o - .
0 residue leads to loss of hvdroaen fluoride. The treatment of a similar The electronic structure calculations were done using Kohn-Sham DFT Sham DET Vitamin K and its derivatives were modeled using 2,3-di

: ydrogen fiuoride. " : : : methyl-1,4-naphthalenediol as the base structure.

substrate analog (without the fluorine) in tritiated water under conditions sche;ne, \;yherle t??r;“)ta: er;ergydofa _T“'t"e'eCtrO”'C system is expressed « |s accompanied by a set of Gaussian functions to describe the whole molecules elec-
i ific i ' UM as a functional of the electron density.

/ 1 g‘lfgéztgpﬁgon leads to stereospecific incorporation of tritium into the y trons — The protein side chains were modeled as follows:

NAD{PH | . The partition of electron energy according to Kohn-Sham equation: , N * glutamate side chain was modeled using propanoate
_ b NH “, —ET Vv J XC i fini i K ' anion;

VIORGT] or Cuinons mdicese MNH H bane NH E=E"+EV+E'+E (infinite basis set)j ! exact solution of _ _ _

wrtrm inhitateon NAD(PFY me o — WB . W\nl@ ET = kinetic energy of electrons AR . the Schrédinger ;tryptophan Waz rlnoddele'd Uls\;ng 3;rﬂethy|lndgle,

v ,/ o Oy, COg o NH F LJHH X O0g NH EV = nuclear-electron and nuclear-nuclear interactions : \  equaton ysine was modeled using /v-acetyllysinamide.

o X o (/P i E’ = electron-electron repulsion aug-ce-pCVQZ- L . , o

c ] /’ H EXC = electron correlation represented by the quantum mechanical ex- cc-pVTZ el Optimizations of the energy and geometry for selected
1 \ = Conclusion: there is a very strong base generated in the reaction, change —correlation energy. 6-311++G(2dff, 2pd) — |qterme_d|ates were carried ogt using the gug-cc-pv’Fz ba-
aH % and this base deprotonates the Glu side chain to generate a carboxyl- ! sis set in the gas phase, and in THF medium (the dielec-
6-311++G(d,p)— tric constant of THF approximates the dielectric constant

Hg) Optimizations of seelcted intermediates in the gas-phase

n . . . . .

1 ate dianion that reacts with CO, to give the carboxylated (Gla) residue. : - : )

\\\ 2 ./\. m:_l"lj)l\’m 229 g (&) Born-Oppenheimer Approximation 6-311G in the interior of a lipid bilayer membrane).
- (d’p)_ //’/
! - = “NHY H “NH H Ce "~ EJIEJ This assumes that the electrons follow the motion of nuclei instanta- 6-311G+
=% bara WE L— 1 neously — i.e. the distribution of electrons remain stationary with respect -
o - Wﬂh@ el 6-31G- were also carried out at the B3LYP/auc-cc-pviz level.

__,HH _F..HH o //,/

to a particular nucleus while it moves. This allows to separate electronic

_,.-HH . . . .
motion from nuclear motion expressing the energy as a function of nu- 3-21G+
clear coordinates. STO-3G I , | I | I RS i
B _ _ . _ HF MP2  MP3 QCISD MP4 QCISD(T) (full CI)
The Dowd base strength amplification mechanism The Zheng and Bruice mechanism
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\ 1 The primary difference between this mechanism and the Dowd base
o strength amplification mechanism is in the product of the oxygenation
R of the naphthyloxide anion. In the Zheng and Bruice mechanism, the
attack of the anion on oxygen is at the 2-position; in the Dowd base
AR strength amplification mechanism, it is at the 4-position. Both generate
thnfih hydroxide anion in a highly hydrophobic environment.
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Putting it all together: a combined energy profile for the radical mechanisms
Putting it all together: energy levels for species involved in the mechanism — \
effect of basis set on the computed energy (in a.u.) of selected species oo 06 = 5 o0l
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- . B3LYP/6-311G++(2df,p) [gas phase] o:(; oo~ eoI@ Ho—~ - - T
»—CONH; ®  )—CONH, MOG6-2X/aug-cc-pviz [gas phase] O O O © 0L HO-C HO OH O
HoN(H2C)4 HaN(H2C)4 M06-2X/aug-cc-pvtz [in TH F] —267.9417 —267.2262 —267.1430 —267.9036 —455.8823 —456.5563 H,O
_630.0644 _630.4304 —267.6935 —267.0174 —267.6916 .
: ' J \ ) —267.6961 —267.0412 —267.6984
) } H N C?\I « The initial step of the reaction mechanism involves a highly endothermic deprotonation of the naphthohydroquinone by the free amine. This reaction is found to be much less endo-
0, ©00H H,O CO, Oon S @ S thermic i.f_a carboxylgte anion is located close to the_ _amine. - |
_150.3785 _151.0020 _76.4626 _188.6573  —75.8208 * The addltlon. of the dioxygen molecule_ to the 4- p03|t|oq of the anion is thermodynamically preferrgd. | |
_76.4262  The Dowd dioxetane occurs as a relatively low energy intermediate, but a hydroperoxyenolate anion is lower energy still.
—76.4318 —403.2694 —402.6168 —402.6965 « The dehydration of the quinone epoxide hydrate is only slightly exothermic, which may allow it to be reversible.
N J 405 8430 405 3008 « Formation of the peroxyester dianion is a strongly endothermic reaction, and probably does not occur in the cell.
X ' ' ) « Hydrogen atom transfer from tryptophan to either the Dowd dioxetane or the hydroperoxyenolate lowers the energy of the reaction by at least 0.045 a.u. (28 kcal mol)




