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1. Introduction

Work dealing with the influence of an oriented external electric field (OEEF) on the reactivity of organic compounds has increased in recent years. This
type of external stimulus, called a "smart reagent", makes it possible to control the kinetics and selectivity of a reaction.|1| In this study,|2| we investigated
the influence of an OEEF on the mechanism of double proton transfer in the pyrazole-guanidine complex. This reaction is concerted in the absence of an
OEEF, but its potential energy profile exhibits a broad plateau in the region of the transition state, suggesting a strongly asynchronous mechanism.|3]

2. Conventions and methods

> AXe z
The reaction studied is the = 270 @ F, conversion
double proton transfer in the P- F,<0 e Gaussian _au_ MV.em T ® DFT wB97X-D/6-311++G(2d,2p)
pyrazole-guanidine  complex ] H H 1218 8882 3822 — Gaussian(9
. TN T . .
under electric 4ﬁelds F. from g riq’ s N N o He N{ o 0006 20 o e ELF Topology
0 to 100x10™* au along the =N 2 | >7NH2 30 0.008 41.19 -
. o N =N, TopMod
proton transfer axis. “Hy™ QH Hg=oxmee NQH 100 0.010 51.40

3. Without electric field 4. Effect of the Oriented External Electric Field
e Potential energy profile : Concerted meca- e Potential energy profile with electric field
nism e F-0

—
P
n

=-20

. 1 . : 15 -
TS region 10 FE < 0 _,-"'_ -.'}. —=—F =40

Reactant region €———» ] .I 1 —s—F =60 |

12 € ) 15 I g “
E L :7 ..ii FJ : 'BD 12 n
10 -I-:S e 10 ; 5 —-—FJ—-’IDD |
L S 91

L &
5 i W " %

)]
| 1

(0]

-

=}

— =
Oy

o
22I0] uoroeay

Potential energy (kcal/mol)
(V]

B M OO N OB O ®
L L l L l L l ! l
Potential energy (kcal/mol)

U,
L

(g}
r—‘

Potential energy (kcal/mol)
o

Emax

h\—
IRs § ., PS |10 N 0
| ' | ' | i ri i | ' | ' |'15 )

-6 4 -2 0 2 4 6 Reaction coordinate (amu'’?.bohr)

Reaction coordinate (amul2. bohr)
F, < —-20 =— Concerted — Stepwise F, >0 7 = Width of the plateau \,

* Principal component analysis of IRC struc-

* Bond Evolution Theory
tures

F,=—-80 F, =440

- Wandering proton H, Wandering proton Hy, | Wandering proton
 Wandermg proton H:  H, and H, Wandering proton Hs

| o

1 0 0.8 -0,6 04 -0,2 0,0 0,2 0,4 0,6 0,8 1,0

e

b

=
L= 5]
|

=h g
| 1 | 1
=" =" ="
— P 8
P

Eavy atom coordinate
PC2

Potential energy
(kcal/mol)

Potential energy
(kcal/mol)

=
1 | 1
m oo

]
]

F F

{\ -
\ e

__ "min | Tmax_ . g _ V(N1H) TS V(N4.H )
20.0  -10.0 0.0 10.0  20.0 5 4.0- = 354 o = » 0
PC1 2 4 E;V{N*I,HE] = 1] Jida_.:l,.i.r_t.tigi—df.lfhfhfhﬁlfhafiui&diai—&ﬂﬁﬂﬂﬂﬂﬂ-m A
Proton transfert coordinate -L:,ﬂ 2 ’I] _"?’? WV ,_.;.;.;.-,.:;.;.:-.-.-.-.-.-.- Tl E.. 5 ’5 : Feees—e . V(NT)
. o) o g-' 2,5—- - 2.0 j — o0, I
Both protons are transferred in the transition B 2 U IVINBH)
. = ’ o )
state region = 154 = 10
o g 5 . E{H} " fxﬂjx# M L,
. Q ™~ — BV Aty e B B gy b iﬁtgp—i}i—ttt I
* ELF Analys:[s E 0.5 i HA 1.0 0,8 EI B [] 4 [],2 EI 0 0.2 0.4 0.6 0,8 1,0
alone the reaction path K 0.0 Reaction coordinate (amu!’2.bohr)
g P F, = +40
12 - Wandering proton H, Wandering proton Hy V U

=k
=
1

S ‘..‘," S

R F., = 40, two wandering protons —

2,0 A5 1,0 0,5 0,0 0,5

VINTH ) - v NG " :, F, < 0, only one proton is delocalized at a time

oo
]

=1}
]

Potential energy
(kcal/mol)

]
bl

=

§ 3sYINTH, Synchronous

= 3,[]_' A fl—fh—ﬁ—if&—a—&—i—a—mm-i-a-a-g:g-m-a-a-a-a-a-m-m-a-a-a-ﬁ

gq 2,5- V{ ] - ot 0 D *’*'ﬁ = '

Q@ 2,0 5 PP

? 1,5 V(NS } ViH E .

g 10 )P E *V(H ) s :

- 1 : _ 7 ! " r b :

E E’g__ Eﬂ‘ﬂk—#—ﬂ—ﬁ”ﬁ#ﬁ “ :‘ * *H*H*—*—*—f’*g 5 . CO n Cl USIONS

E‘” 20 F 45 10 05 00 05 10 15 F 2,0 _ . . . . .
= Reaction coordinate (amu!2.bohr) We have provided a detailed analysis of the effect of an OEEF on an atypical mechanism: the plateau

reaction in the Pyrazole-Guanidine complex (asynchronous concerted mechanism). The electric
field is a "smart reagent" that allows us to modulate the nature of the reaction mechanism to transter
protons stepwise, or in a concerted synchronous manner. It is a powerful tool for analyzing the
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arrangement of primitive processes in concerted mechanisms.




