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Scheme 1 Reactions between Lewis base-stabilized borabenzene and dienophiles
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Fig.1 Molecular graphs of some transition states and products obtained from theoretical charge dis-

tribution, along with the numbering system for some key atoms, in which the small dots are

denoted as bond critical points
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Table 1 Bond length(nm) of two new forming bonds for transition states

Bond TSla TS1b TS2a TS2b TS3a TS3b TS4a TS4b
Cl1—C4 0.2289 0.2352 0. 1982 0.2692 0.2264 0.2262 0.2021 0.2587
C2—B3 0.2210 0.2878 0.2298 0.2897
C2—C3 0. 1986 0. 1681 0.2065 0. 1681

Bond TS5a TS5b TS6a TS6b TS6¢ TS7a TS7b
Cl1—C4 0.2174 0.2220 0.2020 0.2236 0.2294 0.2690 0.3422
C2—B3 0.2221 0. 2445 0.2777
c2—C3 0.2024 0. 1927 0. 1882 0.2089
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B EAE A DG, 55— AR AT BRI X P A B RER RS CO,Me S+ E 1Y Lewis 81 HEF 15
FHTE LAY 5 1750 IR 0 U P i Rk BE BRI S Lewis B AY VAR B AR T B0 X S8 A0 T AR TS A (il
UR BN NSy i3 aa S = Y C A TTN S RO D@ A e = =R IR =9 %A RN Y B i3 B 2 S P G SN
SRS LT A0 A A SR SR AH B AE HL. ol 4n, 7 TS2b (TS4b) F1 TSTh H, 43 BIAFE 77 F N Y
C—H---0 5 C—H---C MEAH.
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SR 53R 1 AR B S S A — 3, BIVPRASHT A USHE ) B 2 A Xk g ) B I B A L
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Table 2 Electron densities(p) at bond critical points of new forming bonds

for transition states( a.u. , in gas phase)

Bond TSla TS1b TS2a TS2b TS3a TS3b TS4a TS4b
Cl1—C4 0. 050 0. 045 0. 090 0.024 0. 053 0.053 0. 082 0.029
C2—B3 0. 053 0.017 0. 046 0.017
C2—C3 0. 090 0. 169 0.077 0. 169

Bond TSSa TSSh TS6a TS6b TS6¢ TS7a TS7b
Cl1—C4 0. 063 0. 058 0. 086 0. 056 0. 051 0.023 0. 007
C2—B3 0. 054 0. 036 0.020
c2—C3 0. 085 0. 104 0.114 0.070
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POAHXS B, WAR, IXLEREREUE 7 5 Rm B AW AR e fhhe . RN fLfE 22 K SO Y fig fit AR 1k
5 B3LYP/6-31G(d) /KL AIAH R AR AL 4 AR L4, B3LYP/6-311 + G(d,p)//B3LYP/6-31G(d) ¥k
AR/ FIRIE AW . U AR i A X B8 8 15 (— MR 13 ~25 kJ/mol ), {RUR [T HRKSF-
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A OSHERR B R], PR, SCrR 3L B AY RE R ARJE 48 B3LYP/6-31G(d) /K ERIPRALEs R (5%
FAGRERLIE). SCRF-B3LYP/6-31G(d)//B3LYP/6-31G(d) ¥ T E LRI, 5H AR AL,
BRI SE 48 R ER 73 SN AR CH, CL, 35571 rh A s R X 25 PRDYE— 2 {HLI AL RE 22 1Y 22 1] — FBOAS e
17 kJ/mol.
Table 3 Relative energies AE(kJ/mol) of complexes(COM) , transition states( TS) and products(P)

AE[B3LYD/6311 + AE[ B3LYP-SCRF/
‘ AE AE + ZPE
Reaction G(d,p)//B3LYP/631G(d) 631G(d)//B3LYP/631G(d)
COM TS P CoM TS P COM TS P COM TS P
1a 131.38  —40.25 137.15 -22.76 143.39  —14.10 139.54  —28.07
1b 181.67  0.29 188.07  20.38 194.81 26.57 198.70 24.23
2a 73.76  -86.06 75.44  -77.19 87.28  -62.68 71.09  -77.91
2b  -27.91 91.13 -33.47 -25.02 95.35 -22.13 -18.87  106.57 -9.41  -6.99 92.34  -14.77
3a 133.01  —46.65 139.12 -29.29 144.68  —21.38 142.67  —32.30
3b 183.38  0.79 190.92 21,92 196.15 26.74 196. 36 19.33
42 -29.92 66.94 -98.78 -25.94 70.21 -88.95 -20.30  84.47  -70.63 —11.38 74.89  -81.96
4b  -23.26 94.68 -36.15 -20.50 98.70 -23.10 —13.81 111.42  —-12.47 -6.23  100.96  -21.21
5a 128.83  11.59 133.72 25.90 138.41 32.30 135.27 20. 88
5h 176.98  53.35 182.80  70.84 188.28 75.14 191.75 71.13
6a -28.03 61.25 -21.63 -24.94 66.82 -9.46 -22.05  72.80 -6.36  -8.66 67.32  -13.56
6b  -33.97 121.75 42.76 -31.09 127.19  56.44 -28.07  134.31 58.16  —11.17  129.45 58.99
6c  -33.97 133.76 S51.34 -31.09 138.45 65.23 -28.07 143.34 65.77 -11.17  131.38 59.41
7a  -5.40 -4.60 -265.39 -3.31 -2.18 —-252.50 3.64 6.49 -241.04 -1.05  -1.05 -259.41
6b 9.37 -223.22 12.43 —208.78 20.88  -200.00 11.34  -208.20
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LUMO ., 0 FOREZ 22 5 HOMO 1, -LUMO,,,,, (G -0 26667 0. 01881

diene Dimethylacetylenedicarboxylate| C,(CO,Me), 7 -0.28913 -0.05486

AIRESZE I LFHTR], B X R/, AT g ,2-dicyanoethylene[ C, H, (CN), ] -0.30723 -0. 11265
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BAMT 2 FiY co,Me 25 B J& T (9 Py 8{ PMe, [ 2 8] (940 T AF . B AE TS2b |
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C—H--0 5% C—H---N MHEAEH, (HAXFEE, X S AR Ve /).

WS4 EER , CO,Me F1 CN HUCEEE A F T Diels-Alder SO BY#EFT, 1H CO,Me FEH X K& 2.
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C—H---N FHEAEFHA H---N FEE 435104 0. 2521 F1°0. 2526 nm, A A BRI 5L 5 B H 195 22 0] 43 551 A
0.011 F110.010 a.u. ), MfE TS6c FRANTFAEZRMIA C—H---N MHEAER. %R 7, Wiz s 1k
AE 22122 BI1R 14. 60 kI/mol, N 1 H AR 22 500/08 , X AR AT BB R R TE TSTh HAFEfE 4 F 1N
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TS7a HHNAT SR AH BAE .
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Scheme 1 ATLAEH, [ 3 5N 1 225 LA 4 500 2 W22 5MXEF5 B JRFELAAY Lewis
BANIE], MR 1, 2 KR 3 BRI LUE Y, ROV 3 5N 1 Z LA RN 4 500 2 Z [817E
I ML FE R ) 7 T B 25 AR N, AR Lewis B Py Al PMe, AYMEFRRARAAMRIAY. S48, B 5
FURIE 6 43 5 RN 1 5 [ W 2 A LT AL B, ARSI 0 2072 511 Diels-Alder N 5 225
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Theoretical Study of the Diels-Alder Reactions of Lewis
Base-Stabilized Borabenzenes with Dienophiles

WANG Yan'?, FANG De-Cai'* , LIU Ruo-Zhuang'
(1. College of Chemistry, Beijing Normal University, Beijing 100875, China;
2. College of Chemistry and Chemical Engineering, Xinyang Normal University, Xinyang 464000, China)

Abstract Density functional theory (DFT) calculations at the B3LYP/6-31G (d) level of theory were em-
ployed to study the mechanism and the potential energy surface of Diels-Alder reactions between Lewis base
stabilized borabenzene and dienophiles. The solvent effect and substituent effect were also considered. The re-
sults indicate that some of the reactions take place in a simple concerted way, while other reactions will form
an intermolecular complex first and then proceed through a concerted transition state to obtain final products.
The studies on the solvent and substituent effects reveal that the CH,Cl, solvent will elevate the activation bar-
riers, while CO,Me or CN groups on C atom of acetylene or ethylene may lower the activation barriers consid-
erably. The Diels-Alder reactions forming one C—B bond and one C—C bond are always more favorable than
the corresponding Diels-Alder reactions forming two C—C bonds, both thermodynamically and kinetically,
which is in agreement with experimental observation.

Keywords Borabenzene; Diels-Alder reaction; Reaction mechanism; Density functional theory
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