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Abstract Due to the different reactivity of hydrogenation reaction by metal-free FLPs catalyst for 2,3-disubstituted
2H-1,4-benzoxazine, we explored the reaction mechanism by density functional theory calculations. We have chosen three
kinds of substrates with different hydrogenation reactivity as the prototype substrates and toluene as the solvent to calculate
the potential energy profile for the FLPs-catalysed hydrogenation reaction at M06-2X/6-311+ +G(d,p) level with polarized
continuum model (PCM) to simulate the solvent effect. From the potential energy profile, we found that when B(C¢Fs); en-
counters with 2,3-diphenyl 2H-1,4-benzoxazine (10) or 2-methyl-3-phenyl 2H-1,4-benzoxazine (1p) in toluene, it mainly
generates the mixture of Lewis acid-base adducts and Frustrated Lewis Pairs, which has almost similar stability suggesting
the transformation of each other by intermolecular rearrangement. However, it reveals big difference when the B(CgFs); en-
counters with 2,3-dimethyl 2H-1,4-benzoxazine (1q), where the Lewis acid-base adducts is the preference rather than the
mixture of Lewis acid-base adducts and Frustrated Lewis Pairs or Frustrated Lewis Pairs since the lower stability energy. Due
to the big energy gap (10.9 kcal/mol) between Lewis acid-base adducts and Frustrated Lewis Pairs, the generated Lewis ac-
id-base adducts could not transform into Frustrated Lewis Pairs in the FLPs-catalysed hydrogenation of 1q at 298 K. That is
the main reason why 1q is an inert substrate for the hydrogenation catalysed by FLPs. Natural Bond Orbital, Mulliken charge
analysis and the proton affinity energy of N4 site was carried out to assess the electric effect of substituent at C3 on N4 site. It
reveals negligible effect of substituent at C3 on N4 charge (basicity) and thus proposes that steric hindrance effect is the ma-
jor factor affecting the stability energy of Lewis acid-base adducts and Frustrated Lewis Pairs. This is confirmed further by
calculative investigation about the substituent effect (-CH,CHj;, -CH(CHj3), and C(CHs);) on the stability of Lewis acid-base
adducts and Frustrated Lewis Pairs in 2-methyl-3-substituted 2H-1,4-benzoxazine, where with the increased steric hindrance
effect, Lewis acid-base adducts tend to have similar stability with Frustrated Lewis Pairs even though less stability. These
results clearly illustrate the elusive phenomenon in our previous experiment and may provide new insight for the design of
another novel FLPs-catalysed hydrogenation reaction.
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NBO charge Mulliken charge

C3 N4 C3 N4
1o 0.292 —0.473 0.146 —0.371
1p 0.290 —0.477 0.194 —0.391
1q 0.319 —0.489 0.110 —0.354
-CH,CH; 0.324 —0.492 0.120 —0.349
-CH(CHa), 0.326 —0.491 0.167 —0.348
-C(CH3)3 0.326 —0.498 0.227 —0.360

BEAh, AT EHAT S T A 1o, 1p Al 1q X HT
(RIS FIRE 7T LLPANY N4 7 OB PE R 5255, FRATELH ke
BEA, 2 E A 10, 1p A 1q I HETE AL
S N4 AL b T JE R TR A B B RE, /53] 1R
TORAMABE(PA). W3R 2 P, (L&Y 1o, 1p A 1q X T
H' (155 A0 5 51K 254.6, 255.0 F1255.1 keal/mol, JLF-
FHIA], RHIX 3 ML -S4 N4 AL AR ME R A AR [F], XA
FATE I NBO 15 & Mulliken L 434745 F ) N4 47
KR AT 2 R IR DAHENINAE. FLPs fEAL Y
2,3- B 2H-14- 28R A AL N R 3 S A AR
R BEL RSS2 X e o2 AR 3 A - 17 R RS 1P AT BA 2L
.
R2 M06-2X/6-311++G(d,p)IHH K FHEEY 1o, 1p A 1q
AL AT I g DL H SRR, HP Ll H RN R T
iy
:l:z\tble 2 Computed energy of compound 1o, 1p and 1q in both neutral
and protonated form as well as the proton affinities (PA) for 1o, 1p and

1q, respectively, at M06-2X/6-311+ +G(d,p) level with the energy for
proton being taken as zero

Neutral form  Protonated form

PA (kcal/mol)
(Hartree) (Hartree)
1o —900.9 —901.4 254.6
1p —709.2 —709.6 255.0
1q —517.5 —517.9 255.1
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Table 3 The Gibbs free energies (kcal/mol) of 2-methyl-3-substituted
2H-1,4-benzoxazine, The free energy is relative to that of the B(C4Fs);+
2-methyl-3-substituted 2H-1,4-benzoxazine

Gibbs free energy, G AG
adduct FLP (Guadaver— Grrp)
1q —23.5 —12.7 —10.8
-CH,CH; —23.1 —12.8 —10.3
-CH(CHs), —143 —15.1 0.8
-C(CH;); —17.5 —12.3 5.1
1p —19.7 —18.6 —1.1
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