CRLENE R R PR (AR Vol.55 No.3
2016 4= 5 H ACTA SCIENTIARUM NATURALIUM UNIVERSITATIS SUNYATSENI May 2016

o - PRI R Pl
BRI A 5 PR TP B

—ETAEBRTESRL

Fed, Aug’, HEFR', B4R
(1. BRIFEFRALFFR, FH Gk 137000;
2. GIIFIEFRITFAMFFR, T Gk 137000;
3. OWIFEFRMEFL, T4 @ 137000)

B E: RAETHESHTIEAS I Y, {6 ONIOM (MP2/6 -311 + +G (3df, 3pd): UFF) //ONIOM
(B3LYP/6 =31 +G (d, p): UFF) #E/AKY, WF5E T AR R ST 4R R R L BE AR AUOK AT N, o - NRARE TAEHE
WU TR RS TF IR AS RN, RSGEEWFIE K AR RS 8 8 SWCNT Py, F-Hi% 48 I [i
I a b BIANIEIE, aMiEEFM C LBRTFES RUIEHE B N O bliERFM C WBEFHEE LKA O
FEIE N, HAEmTT I . SWONT ROFLARHUN, [N fELBM%; 6 SWCNT (5, 5) W, a@iffm
22247 198.7 kJ - mol ™', LY EAIAAE I By BL e 42 266. 1 kJ » mol ™' B FEAK, b BB R mE e 285.0 kJ -
mol ™', Hu AL URTE I3 1Y 5 i E 42 326. 6 kJ - mol T LA I B ARRAT . ZEHLRM . R IAN o - IWEBRTEYN KL
Y3 Y T AR 1 R 2 B LR N SR TR MR RSB /N RST KA S 3T o — T 2R TP 78 I
o7 14 R A VT

KB : PR o - NEBR; BRIVKE; %2 MBI ; ONIOM Jidk; fihie; s

HESES: 0641.12 XEERER: A XEHRS: 0529-6579 (2016) 03 —0122 -09

The chiral transition mechanism of «-Ala confined in
the different sizes of armchair SWCNT

——Based on using amino as the proton transfer bridge
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Abstract: The reaction mechanism of a-Ala chiral transition confined in different sizes of armchair SWC-
NT, which achieved based on using amino as the proton transfer bridge, was studied using the combined
method of quantum mechanics and molecular mechanics at ONIOM ( MP2/6-311 + + G (3df, 3pd) :
UFF) //0ONIOM (B3LYP/6 -31 +G (d, p): UFF). The result of reaction channel analysis showed
that armchair SWCNT two channels a and b in different sizes were both found in the chiral transition reac-
tion. Moreover, the amino N was used as a transfer bridge of the proton in the chiral carbon in the chan-
nel a, and that in the channel b the carbonyl O and amino N were successively used as a transfer bridge

of the proton in the chiral carbon. The calculation of potential energy surface showed that the smaller the
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pore size of SWCNT, the lower the reaction energy barrier. In SWCNT (5, 5), the highest energy bar-
rier (198.7 kJ - mol ™") was obviously lower than that (266.1 kJ + mol ') of the single in channel a,

and the highest energy barrier (285.0 kJ + mol ') in channel b was significantly lower than that (326. 6

kJ - mol ™) of the single. The result implied that the chiral transformation of a-Ala in the biological

channels was mainly achieved by using amino as the proton transfer bridge, and that for the chiral transi-

tion of a-Ala, the confinement effect of the smaller size of nanotubes reactor in catalysis was more obvi-

ous.

Key words: chiral transition; a-Ala; CNT; DFT; our own N-layered integrated molecular orbital +

molecular mechanics methods; perturbation theory; transition state
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Table 1

Zero — point vibration energies, transition state imaginary frequency, single point energies, total energies and relative

energies of the stationary points of chiral transition processes in channel a where a — Ala is confined in the different sizes of nanotubes

Structures E,pyve/a u E /a u E ./au AE,,/ (kJ-mol') [ /em™
S@ SWCNT (5, 5) 2.357 98 -319. 801 63 —-317.443 65 0.0
aTS1@ SWCNT (5, 5) 2.356 56 -319.796 40 —-317.439 84 10.0 615.22
aINT1@ SWCNT (5, 5) 2.358 03 -319. 802 53 -317.444 50 -2.2
aTS2@ SWCNT (5, 5) 2.351 96 -319.720 77 —-317.368 81 196. 5 1 635. 67
aINT2@ SWCNT (5, 5) 2.357 73 -319. 750 68 -317.392 95 133.1
aTS3@ SWCNT (5, 5) 2.351 97 —319.720 55 -317.368 58 197. 1 1 635.72
aINT3@ SWCNT (5, 5) 2.358 03 -319.802 10 -317.444 07 -1.1
aTS4@ SWCNT (5, 5) 2.35273 -319.792 53 -317.439 80 10. 1 625. 96
aR@ SWCNT (5, 5) 2.354 51 —319. 805 24 -317.450 73 -18.6
S@ SWCNT (6, 6) 2.355 02 —-319.789 83 -317.434 81 0.0
aTS1@ SWCNT (6, 6) 2.354 56 -319.785 22 -317.430 66 10.9 617.52
aINT1@ SWCNT (6, 6) 2.358 02 -319.793 59 -317.435 57 -2.0
aTS2@ SWCNT (6, 6) 2.351 95 -319.707 65 -317.355 70 230.9 1635. 20
aINT2@ SWCNT (6, 6) 2.357 69 -319.746 76 -317. 389 07 120. 1
aTS3@ SWCNT (6, 6) 2.351 96 -319.707 32 -317.355 36 231.8 1 635.62
aINT3@ SWCNT (6, 6) 2.358 03 -319.793 22 -317.435 19 -1.0
aTS4@ SWCNT (6, 6) 2.349 35 -319.779 97 —-317.430 62 11.0 624.77
aR@ SWCNT (6, 6) 2.350 87 -319.791 42 —317.440 55 -15.1
S@SWCNT (7, 7) 2.726 57 —-319.742 97 -317.016 40 0.0
aTS1@ SWCNT (7, 7) 2.725 11 -319.736 39 -317.011 28 13.4 609. 92
aINT1@ SWCNT (7, 7) 2.726 49 —319.742 95 -317.016 46 -0.2
aTS2@ SWCNT (7, 7) 2.720 61 -319.635 70 —-316.915 09 266.0 1671.37
aINT2@ SWCNT (7, 7) 2.725 86 -319.697 32 -316.971 46 118.0
aTS3@ SWCNT (7, 7) 2.720 87 -319. 635 54 -316.914 67 267. 1 1672.27
aINT3@ SWCNT (7, 7) 2.726 84 —319.742 90 -317.016 06 0.9
aTS4@ SWCNT (7, 7) 2.726 48 -319.737 59 -317.011 11 13.9 159. 45
aR@ SWCNT (7, 7) 2.726 66 —319.744 44 -317.017 78 -3.6
S@ SWCNT (8, 8) 3.101 93 -319. 621 87 -316.519 %4 0.0
aTS1@ SWCNT (8, 8) 3.100 54 -319.614 79 -316.514 25 14.9 602. 60
aINT1@ SWCNT (8, 8) 3.101 88 -319.621 44 -316.519 56 1.0
aTS2@ SWCNT (8, 8) 3.096 03 -319.514 24 -316.418 21 267. 1 1 659. 04
aINT2@ SWCNT (8, 8) 3.101 13 -319.577 57 -316.476 44 114.2
aTS3@ SWCNT (8, 8) 3.096 15 -319.513 82 -316.417 67 268. 5 1 676.23
aINT3@ SWCNT (8, 8) 3.102 06 -319.621 39 -316.519 33 1.6
aTS4@ SWCNT (8, 8) 3.101 63 -319.615 93 -316.514 30 14.8 150. 15
aR@ SWCNT (8, 8) 3.101 96 -319.622 16 -316.520 20 -0.7
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Fig. 4 Potential surfaces diagram of chiral enantiomers transition in channel a where o — Ala is confined in the armchair SWCNT
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; W p A Q/eV K/ nm
AERL AR A/ 6N 13H 13H—1C C1—N6
aINTI@ SWCNT (5, 5) 0. 673 20 ~0. 644 776 0. 156 430 0. 108 696 0. 143 434
aINTI@ SWCNT (6, 6) 0.807 90 ~0. 625 060 0. 156 483 0. 108 699 0. 143 440
aINTI@ SWCNT (7, 7) 0.942 50 ~0.561 976 0. 158 006 0.109 637 0. 145 379
aINTI@ SWCNT (8, 8) 1.077 20 ~0.561 968 0. 158 676 0. 109 585 0.145 878
aINT1 ~0.569 791 0.158 515 0.109 597 0. 145 925
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Fig.5 The main stages of chiral transition process of the channel b, namely the first three steps of process where

o — Ala is confined in the SWCNT (5, 5)
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E . :Esp + E/PVI-i+%%@£§%{$/%é@:§\ﬁﬁ%, 0,
23, #HL S@ SWCNT(5,5) .S@ SWCNT(6,6) .S
@SWCNT(7,7) #1 S@ SWCNT(8,8) BUREHE, N «a
— PR AE RS L Y AN KA PR T3 A S o7 et R A o
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W3,
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Table 3 Zero — point vibration energies, transition state imaginary frequency, single point energies, total energies

and relative total energies of the stationary points about the first three steps of a — Ala chiral transition processes in

channel b at the MP2/6 -311 + + G (3df, 3pd) //B3LYP/6 -31 +G (d, p) level

Structures Epye/a. u E /a.u E,./au AE,,/ (k] +mol') I /em™
S@SWCNT (5, 5) 2.357 98 -319. 801 63 —317. 443 65 0.0
bTSI@ SWCNT (5, 5) 2.356 53 -319. 795 80 -317.439 27 11.5 209. 55
bINT1@ SWCNT (5, 5) 2.357 08 -319. 802 83 -317.445 75 -5.5
bTS2@ SWCNT (5, 5) 2.351 31 -319. 688 50 -317.337 19 279.5 2051. 92
bINT2@ SWCNT (5, 5) 2.357 00 -319.763 02 —317. 406 02 98.8
bTS3@ SWCNT (5, 5) 2.353 57 -319.742 75 -317.389 18 143.0 777. 34
bINT3@ SWCNT (5, 5) 2.357 73 -319. 750 68 -317.392 95 133. 1
5@ SWCNT (6, 6) 2.355 02 -319. 789 83 -317.434 81 0.0
bTS1@ SWCNT (6, 6) 2.353 74 -319.783 75 -317.430 01 12. 6 209.91
bINT1@ SWCNT (6, 6) 2.354 96 -319.791 41 -317.436 45 -4.3
bTS2@ SWCNT (6, 6) 2.351 43 -319.674 19 -317.322 76 294.2 2 136.52
bINT2@ SWCNT (6, 6) 2.357 12 -319.756 32 -317.399 20 93.5
bTS3@ SWCNT (6, 6) 2.353 68 -319.733 07 -317.379 39 145.5 874. 11
bINT3@ SWCNT (6, 6) 2.357 69 -319. 746 76 -317.389 07 120. 1
S@SWCNT (7, 7) 2.726 57 -319.742 97 -317.016 40 0.0
bTS1@ SWCNT (7, 7) 2.726 10 -319. 736 90 -317.010 80 14.7 210.26
bINT1@ SWCNT (7, 7) 2.726 26 -319.742 24 -317.015 98 1.1
bTS2@ SWCNT (7, 7) 2.720 37 -319. 615 69 -316. 895 32 317.9 2 061.32
bINT2@ SWCNT (7, 7) 2.725 76 -319.711 12 -316.984 22 84.5
bTS3@ SWCNT (7, 7) 2.722 72 -319.679 44 -316.956 72 156.7 874. 11
bINT3@ SWCNT (7, 7) 2.725 86 -319. 697 32 -316.971 46 118.0
S@SWCNT (8, 8) 3.101 93 -319. 621 87 -316.519 94 0.0
bTS1@ SWCNT (8, 8) 3.101 05 -319. 615 05 -316. 514 00 15.6 210.93
bINT1@ SWCNT (8, 8) 3.101 62 -319. 620 68 -316.519 25 1.8
bTS2@ SWCNT (8, 8) 3.095 79 -319. 493 54 -316.397 75 320. 8 2 079. 61
bINT2@ SWCNT (8, 8) 3.101 25 -319.589 73 -316. 488 48 82.6
bTS3@ SWCNT (8, 8) 3.098 04 -319.557 76 -316. 459 72 158.1 867. 50
bINT3@ SWCNT (8, 8) 3.101 13 -319.577 57 -316.476 44 114.2
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Fig. 6 Potential surfaces diagram about the first three steps of o — Ala chiral transition processes
in channel b where o — Ala is confined in the SWCNT
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