%36 B 3 T HL ik 2% 2 Eird Vol.36 No.3
2020 4 3 A CHINESE JOURNAL OF INORGANIC CHEMISTRY 435-442

SR DEC S Y {E1L RNA B8R —EeZEl4
HpPNP 7K 7 i 3¢ [ Sz LI

E o otk HOH R A EER
(EHFERFAFFR KT RARERMFEELELZRE M 510006)
ChHrHBIRFAFERLIFR M 510641)

E . RS EZ R B3LYP JriEWESE 1 B DTS 5 W 4 16 7K A T 2 RNA B R — TR 2 BL W) 2358 T k4 firg A 2R 6 1k 2 T
(HpPNP)F 2 R HLIE LA K Hp (o7 JROAR ik 4 1 J5i R4 1 0SS 17 RE 42 B S e 310 95 2R e T I 284 IS 7 L s Rl A £ (SBC) ML B R AT
RIS AR (DPC 5 4 5 HpPNP FE 80U 5 A0 OURC (v 2l 09 1 P25 45 4, 28 1th P-O B IBT 205 T8 ™ ) . 5 T A AL 00 INp A LE 35 0 vl 1
HRCAR 22 1 R 5 A (D PR 490 F) 8 e BB A0 S 12 BB 22 46 49%0~34% . 1 W8 A (D P 7 490 v 37 B4 VR v 1 BB 280 o i e 25 e IR S Iz RE 22
AR TR 7K e T LB B AT

KR . WRIE B RNA; 2- 8T A- ML R L BRI IR 5 /KL, IR I8,
RESES. 0614.711 CEAARIRAS . A XEHS . 1001-4861(2020)03-0435-08
DOI:10.11862/CJIC.2020.064
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Abstract: The mechanism of catalytic hydrolysis cleavage of RNA phosphodiester analogue 2-(hydroxypropyl)-4-
nitrophenyl phosphate (HpPNP) by corrole manganese () complex were studied by density functional theory
B3LYP method. And the influence of the reaction energy barrier for the property and number of the meso-
substituents were also investigated. The results show that the fracture reaction is carried out by special base
catalysis  (SBC) mechanism, and the corrole manganese(lll complex forms a unique transition state structure of
double hydrogen bond and double coordination with HpPNP, and then the product is formed after the P-O bond is
broken. Corrole manganese (Il complexes with electron-absorbing substituents can reduce the energy barrier by
4% to 34% compared with that without catalyst. The electron absorbing substituent effect in corrole manganese(lll)

complexes can significantly reduce the reaction energy barrier and promote the hydrolysis fracture reaction.
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Fig.1 ~ Structures of corrole manganese(ll) complexes
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Fig.2 Schematic diagram of HpPNP hydrolysis reaction mechanism of corrole manganese(ll) complex
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Fig.3 Optimal configurations of reactant, transition state and product with some bond length (nm) during

HpPNP hydrolysis catalyzed by complex 1
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Table 2 Selected bond lengths of reactants 1~5

Complex Substituent d(Mn-0,) / nm d(Mn-0,) / nm d(P-0,) / nm d(P-0,) / nm
2 -NH, 0.200 6 0.579 9 0.176 3 0.422 3
3 -C,Hs 0.197 6 0.586 6 0.177 6 0.420 8
4 -OCH; 0.195 8 0.648 3 0.178 1 0.424 6
1 -CeF's 0.195 7 0.569 0 0.176 2 0.420 3
5 -CN 0.193 6 0.576 4 0.176 5 0.419 7




53 A AR IR AR (DAL A i1 RNA B2 8 2514 HpPNP (4 7K fifk 1 24 5 1o L3 439

FROEE L T RE T Y 3G 5 P 5 O, 18] 19 1 1T 32 7 14
K, R — BT BRI X BC & P AT LB BRI
S X2 A LA P T L 4 T BB AT 40 B, BAR
Bl W3R 50 IR AT LU H | PR 9 0 H - 000
AR R A BUERE T R, b S PUERE T U
HOMO Uil &= 2250 fii 72 R0 45 28 B LUMO #1118 &=
Ty AE B R A M (% iE B WL Supporting
information) .,

XF £ AN BE A WAL HpPNP 7K i 50 6 22 47
o3 BRI W3k 6., 3 b B0 s B U I

HL 7 B8 1 1 3% 5% HpPNP 7K fi# BE 22 1 104.81 kJ -
mol (% -NH, Bt &5 4 2)F% (% %2 63.76 kJ -mol (% -CN
BCA 4 5), T D0 e BROAR R o 3 AR S D g
2 AR K A BN AT

LA Bk A A UL R F B Y
BEGR | P-O, B BE 1 I W B D | 5 A e S P
2 F1 5 1 P-0O, B IE INAE 43 51 0.006 7 #1.0.001 5
nm, FECAK R ST AR AT A R
[ P-O, B4 5 4 Jo %) MR 16 R i an L 54 2 AN
5 1Y P-0, B B A E 43 514 0.187 2 A1 0.203 6 nm,

5

White: hydrogen, Gray: carbon, Blue: nitrogen, Purple: manganese, Red: oxygen, Orange: phosphorus

K5 R 2~5 i B JLIL L4 ia K
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Table 3 Selected bond lengths of transition states of reactants 1~5

Complex Substituent d(Mn-0,) / nm d(Mn-0,) / nm d(P-0,) / nm d(P-0,) / nm
2 -NH, 0.231 2 0.236 0 0.183 0 0.235 1
3 -C,Hs 0.225 5 0.231 4 0.184 0 0.228 3
4 -OCH;4 0.225 8 0.224 7 0.183 7 0.225 0
5 -CN 0.218 3 0.196 2 0.178 0 0.216 1

F 4 AEHACERAKRE MalDESIH EQ)
Table 4 E(2) of Corrole Mn(l) complexes with different meso substituents
kJ-mol™
Complex 2 3 4 1 5
RC P-0, 1 143.06 1 104.57 1 082.79 1242.30 1195.27
TS P-0. 1 045.30 1 072.09 1 066.86 1 115.02 1 145.11
TS P-0, 194.58 228.44 250.09 286.96 304.14
x5 AEAHAEAKE Mn(DE S8 HIERE
Table 5 Orbital energies of corrole Mn(l) complexes with different meso substituents
a.u.
Complex 2 3 4 1 5
Substituent -NH, -CoHs -OCH; -Cel's -CN
Evono 0.052 2 0.028 7 0.018 8 —-0.003 9 -0.020 3
Eimo 0.070 9 0.077 8 0.081 9 0.069 2 0.059 0
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Table 6 Reaction energy barriers of hydrolysis reaction of the complexes with different substituents

kJ - mol™
Complex 2 3 4 1 5
Energy barrier 104.81 92.09 81.49 77.23 63.76
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Fig.7 Optimized geomeltrical structures of transition states of reactants 1, 6a~7b
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Table 7 Selected bond length parameters of reactants 1, 6a~7b

Complex d(Mn-0,) / nm d(Mn-0,) / nm d(P-0,) / nm d(P-0,) / nm
6a 0.197 0 0.566 0 0.177 6 0.4157
6b 0.196 9 0.579 4 0.177 3 0.417 3
7a 0.196 4 0.570 1 0.176 8 0.417 8
7b 0.196 0 0.564 9 0.177 0 0.4153
1 0.195 7 0.569 0 0.176 2 0.420 3
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Table 8 Selected bond length parameters of transition states of reactants 1, 6a~7b

Complex d(Mn-0,) / nm d(Mn-0,) / nm d(P-0,) / nm d(P-0,) / nm
6a 0.226 7 0.223 3 0.183 5 0.224 9
6b 0.228 9 0.220 7 0.183 1 0.222 6
7a 0.230 1 0.2156 0.182 3 0.221 2
7b 0.226 4 0.217 3 0.182 1 0.224 7
1 0.229 0 0.209 6 0.181 1 0.220 6

F9 AEHAEAKRE Mn(DE & 480 — R IR E L 88
Table 9 E(2) of corrole Mn(l) complexes with different meso substituents
kJ-mol™

Complex 6a 6b 7a 7b 1

RC P-0, 1102.52 1 106.36 1 126.00 1122.75 1 242.30

TS P-0O, 1 076.22 1 084.30 1101.43 1042.12 1115.02

TS P-0, 250.38 264.43 281.23 247.54 286.96

R 10 AR AEU I HE Mn(DEE & ¥ 0 B8 BE

Table 10 Orbital energies of corrole Mn(l) complexes with different meso substituents

Complex 6a 6b 7a 7b 1
Evovo 0.0152 0.013 9 0.003 7 0.004 4 -0.003 9
Evvo 0.076 6 0.078 1 0.074 1 0.074 2 0.069 2

F 11 AREBRELS KRR B KR BE

Table 11 Reaction energy barriers of hydrolysis reaction of the complexes with different substituents

kJ - mol™
Complex 6a 6b Ta 7b 1
Energy barrier 85.74 85.56 82.26 82.04 77.23
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Supporting information is available at http://www.wjhxxb.cn
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