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Fig.2  Structures of cofactor PQQ and TTQ
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Structure of 20 reactants considered and the transition state (TS)
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Table 1 Calculated total energies of the reactants and the transition states, classical reaction activation energies,
charges on the attacked carbonyl carbon and angles ¢ (OCN) in the transition states

No Euw (reactant)* Ew(TS)* AES Oc* ¢(OCN)*

1 —193. 19589 —249. 71032 148.9 0. 640 94. 53

2 —309. 94685 —366. 46314 144. 1 0. 640 95. 07

3 —308. 71896 —365.22733 164. 8 0. 584 94. 44

4 -307. 49277 -363. 99709 175.5 0. 522 93.16

5 —383. 96236 —440. 49910 90. 4 0. 541 97. 02

6 —381. 50659 —438. 03248 118.9 0. 478 96. 27

7 —-497. 04111 —553. 56622 121.0 0.491 96. 16

8 -513. 11731 —569. 63899 129.9 0. 490 96. 00

9 —552. 44095 —608. 96237 130. 6 0. 499 95.91
10 - 568. 49529 —625. 01630 131.7 0. 495 95. 89
11 —535. 18682 —-591. 71017 125.6 0. 508 96. 24
12 —590. 55497 —647. 07860 124. 8 0.511 96. 07
13 —-551.22399 - 607. 75043 117.5 0. 500 96. 49
14 —551. 22428 -607.75018 118.9 0. 504 96. 40
15 —590. 54447 —647. 08299 85.8 0. 492 97. 26
16 - 606. 58540 - 6063. 12672 78. 4 0. 492 97.37
17 —682. 82726 —739. 36287 93. 4 0. 502 97. 37
18 —698. 86871 —755. 40696 86. 5 0. 502 97. 46
19 - 682. 82144 —739. 35848 89.7 0. 498 97. 44
20 —871. 43778 -927.97675 84. 6 0. 498 97. 50

a)energy of reactant and transition state(a. u. ); b)classical reaction barrier (kJ*mol~'); c¢)charge on the attacked carbonyl carbon(e);

d)angle ¢(OCN) in the transition state(°)
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Fig. 4

Plots of reaction activation energy against the NPA charge on the attacked carbonyl carbon(a) and

the angle ¢ (OCN) in the transition state (b)
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Theoretical Studies on the Nucleophilic Additions of Mimic Compounds of Pyrroloquinoline
Quinone with Ammonia*

Wang Yan-Hua"? Zou Jian-Wei’ Hu Gui-Xiang® Zheng Ke-Wen® Yu Qing-Sen"*

( 'Department of Chemistry, Zhejiang University, Hangzhou — 310027; *Key Laboratory for Molecular Design and Nutrition
Engineering of Ningbo City, Ningbo Institute of Technology, Zhejiang University, Ningbo — 315104;  *College of Biology and
Environment Protection, Zhejiang Shuren University, Hangzhou — 310015)

Abstract  Nucleophilic additions of a series of mimic compounds of pyrroloquinoline quinone (PQQ) and their
analogues with ammonia were investigated at the B3BLYP/D95(d, p) level of theory in order to study the rela-
tionship between structure and reactivity. It is demonstrated that: (1) for the monocarbonyl system, the elec-
trophilicity of the carbonyl carbon affects significantly the reactive energy barrier; (2) for the biscarbonyl sys-
tem, the hydrogen bond, formed at the transition state between the hydrogen of the nuclephilic reagent ammonia
and the ortho-carbonyl oxygen is crucial for reaction activation energy; (3) while the fused ring has little effect
on the reactive barrier, the reaction activation energy can be significantly reduced by the hydrogen bond between
H of ammonia and N1 atom in the fused hetercycle. Quantitatively, a good linear correlation has been found
between the reaction activation energy and the angle ( ¢ (OCN) ) between the attacked carbonyly and the N atom

of the nucleophilic NH; at the transition state.

Keywords:  Cofactor PQQ,  Density functional theory,  Nucleophilic addition, = Hydrogen bond
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