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The reductive cleavage of chloro- and polychloroacetamidégNadimethylformamide gives new insights

into the nature of the in-cage ion radical cluster formed upon dissociative electron transfer. Within the family
of compounds investigated, the electrochemical reduction leads to the successive expulsion of chloride ions.
At each stage the electron transfer is concerted with the breaking of-t#@& Bond and acts as the rate-
determining step. The reduction further leads to the formation of the corresponding carbanion with the injection
of a second electron, which is in turn protonated by a weak acid added to the solution. From the joint use of
cyclic voltammetric data, the sticky dissociative electron-transfer model and quantum ab initio calculations,
the interaction energies within the cluster fragmeri®s CI7) resulting from the first electron transfer to the
parent RCI molecule are obtained. It is shown that the stability of these adducts, which should be viewed as
an essentially electrostatic radical-ion pair, is mainly controlled by the intensity of the dipole moment of the
remaining radical part and may eventually be strengthened by the formation of an intramolecular hydrogen
bond, as is the case with 2-chloroacetamide.

Introduction CHART 1

The properties of molecules may be manipulated by injection 0 Ia O Ib 0 I
or removal of an electron leading to structural changes that could
be as substantial as bond cleavage or bond formation. Such CIH,C NH, CIH,C N(Me), CIH,C N(Et),
electron transfers can be triggered in various ways, electro-
chemically}? photochemically, by homogeneous electron 0 2a

donors or acceptorst® or by means of pulse radiolysisThe
fact that so many chemical reactions can follow or accompany CLHC NH

electron transfer is the basis of the synthetic value of electron- ’

transfer chemistry. Questions dealing with the fundamentals of 0 3a 0 3
chemical reactivity are also raised in this field such as the )]\
concerted or sequential character of electron transfer and CLC NH, ac N(Me),

accompanying chemical events.

Electron-transfer chemistry also irrigates more applied fields,
for example the area of sensors and biosensors, which bothrecent results concerning the electrochemical reduction of
involve the transduction of the presence of a molecule into an polychloromethanes, polychloroethanes and polychloroetifenes,
electrochemical signal. Another, more prospective field, con- the first objective of the work presented here was to pursue
cerns molecular electronics, where the understanding of thethese investigations by deciphering the exact mechanisms by
structural changes coupled to charge transfer will be central in which a family of chloro- and polychloroacetamides, which are
the design and working of devices including redox centers yigely used as pesticides and herbicileme dechlorinated
connected by molecular wires. In a different vein, a large body (Chart 1). For this purpose we studied the heterogeneous
of work has been recently devoted to the study of the reduction at glassy carbon electrodesljN-dimethylformamide

degradation mechanisms of common chlorinated and poly- . ;
i . . (DMF) of 2-chloroacetamidel@), 2-chloroN,N-dimethylacet-
chlorinated solvent and to the nature of the ensuing products |n( . . . :
gp amide (Lb), 2-chloroN,N-diethylacetamidel(c), 2,2-dichloro-

various environmental situations, since these compounds rep- < k ’ -
resent one of the main groups of environmental pollutants acétamideZa), 2,2,2-trichloracetamide3g) and 2,2,2,-trichloro-

present in soils and underground waters of many industrial’sites. N:N-dimethylacetamide30).

The results so far obtained in this domain stressed the \yhen charge transfer is coupled to a bond cleavage reaction,
|mportance .Of a more systematic analysis of reaction me.(.:ha'the two events may occur concertedly (concerted dissociative
nisms coupling charge transfer to a strong molecular r_nc_)d|f|ca- electron transfer, CDET) or in two successive steps, the electron
tion, namely a bond cleavage, and of a structusactivity i fer then | ,d' ¢ ¢ ol ies that ’I .

relationship, that will lead to predictive rules. Following our r.an's er then leading to _a rangible species . a ceav_es !n a

distinct and purely chemical step endowed with an activation
* Corresponding author e-mail: robert@paris?.jussieu.fr; cyrille@ barrier (_Sequent'al dISS_OCIatIV.e electron trans_fer’ SDlET)'_
paris7.jussieu.fr. Sequential cleavage of ion radicals may occur in a homolytic
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Figure 1. Energy as function of the intramolecular reorganization for

or heterolytic manner, and in both cases the cleavage amountghe cleaving system RX- 1e", with (dotted line) and without (full
to an intramolecular dissociative electron-transfer reaéféne-12 line) interaction betyveen the fragments, along a sequential (left, a) and

The two pathways (CDET vs SDET), well identified and @ fully concerted (right, b) pathway.
illustrated on both the experimental (homogeneous and hetero-
geneous (electrochemical) thermal reactions, homogeneous The pieces of evidence on hand so far were obtained by
photoinduced reactions) and theoretical sides, are sketched ingoking at the systematic modulation of the charge-transfer
Scheme 1. After the cleavage has taken place, another energyinetics among various families of compounds and at the
minimum is represented in Scheme 1 and in the potential energyensying modulation of in-cage cluster interaction energies. The
diagram of Figure 1, corresponding to an ion-radical adduct eyistence of these interactions in a polar condensed medium
which may or may not survive in a polar solvent. When existing, yere thus probed and illustrated first by varying the nature of
this adduct, resulting from a charge-dipole attractive interaction the solvent molecules surrounding the substrates, then by
between the cage fragments before they diffuse out, may beyeeping the remaining radical constant while changing the
viewed alternatively as " anion radical or as forming a weak  |eaving anion and finally by keeping the leaving anion constant
three-electron bond. If such interactions are expected to decreasghjle changing the nature of the remaining radical. It has been
or even to vanish in polar liquid, several recent experimental spown that upon electrochemical reduction of 4-cyanobenzyl
studies have confirmed their existence, at least when a partialch|oride, the interaction energy within tt€H,PhCN, Ct) pair
positive charge is induced on the remaining radical part, thanks gecreases with solvent polarity (from 135 meV in 1,2-dichloro-
to the presence of a strong electron-withdrawing substittfent. ethane to 40 meV in formamide), in line with an increasing

This is, for example, the case during the electrochemical so|yation ability toward the leaving chloride aniéiiin another
dehalogenation of carbon tetrachloride and 4-cyanobenzyl tamily of three haloacetonitriles (NCGM; X = Cl, Br, 1), for
chloride. Albeit small in magnitude (typically a few tens of hjch jon-radical pairs in DMF survive, the interaction rapidly
meV), these interactions may strongly affect the dynamics of jecreases from Cl to Br and | thus showing a decreasing
the dissociative charge transfer to the parent molecule. This correlation with the halide radid4.Keeping the leaving group
enhanced reactivity has been modeled through a modificationjgentical, it has been demonstrated that the intensity of the
of the dissociative electron-transfer theory (CDET) taking int0 jnteraction decreases as the polar character of the remaining
account the formation of a weakly attractive cluster en route to ragical decreases: comparison within a family of polychloro-
the products Rand X~ when starting from the parent RX.  methanes and polychloroethanes indeed indicate the following

Potential energy curves describing both reactant and productsyder of cluster interaction energies upon departure of a chloride
are modeled by Morse curves and lead to a quadratic activationgnion, C4C—CCls (Do ~ 190 meV)> CCly > CHCls, Cly-

(activation free energyAG*)—driving force (standard free HC—CCl; > CH;Cl,, ClbHC—CHCl,, CIH,C—CHC, (Dgecr-

energy:AG®) relationship as given in eq 1 = 75 meV), in line with the expected inductive effeétShe
, examples so far explored clearly indicate the formation of an
AGH = (v/Drx = v/Drx )"+ 4 5 electrostatic, endothermically cleaving ion-radical pair, which
4 should be regarded asaaion radical strongly influenced by
AG® — Dy 2 the nature of the solveit?16Additional experimental examples
1+ : Q) would be welcome to get more insights into the dynamics of
(vDrx — +/Dg., )+ A the cleavage reaction, but it would also be valuable to explore

the influence of intramolecular factors different from the
wherel is the solvent reorganization enerd@x is the bond electrophilicity of the remaining radical and from the nature of
dissociation of the reactant RX aridk x- is the interaction the leaving group on the interaction. Such effects may occur
energy within the ion-radical palf. The interference of this last  under the form of intramolecular hydrogen bonds. In the family
term through its square root makes it potentially important. If of chloroacetamides investigated here, if one considers for
the sticky interaction amounts to ca. 1%[@fx, then a decrease  example the 2-chloroacetamide derivatid&)( the hydrogen
of about 15% of the intrinsic barrier will ensue, thus accelerating atoms borne by the nitrogen bear a partial positive charge and
the reaction to an experimentally detectable amount. Severalmay interact with a negatively charged fragment. Consequently,
recent experimental works have indeed confirmed the reality the leaving Ct produced upon electrochemical dechlorination
of such interactions and the applicability of the model. These may interact with the acetamide radical more strongly than it
examples mostly concerned heterogeneous reactiridput does with N,N-dimethylacetamide radical (obtained frohi
two homogeneous electron-transfer examples have also beemeductive dechlorination) in which the hydrogen atoms in the
found1® methyl groups are much less positively charged. This effect,
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OTC AT T C oA mD for which the following equation appliés
40 0]
0 B 30 1 "= 0.446 x FSCy/Dgangan l'%
20 204
] ] while in the case of the acetamide the overall number of
hE 1073 electronsn is given by
0 0
o b fv':':(‘h-);ﬂ Y SR AT "= 1 x 0.496x FSCy/Dypstar “R—FT”
- < 2 -1 -1.5 -2 =25 -3
60 50
o4 WA 4O_E e AT wherei, is the peak curren§is the electrode surface arezf,
] is the bulk concentratior) is the diffusion coefficient, ana
407 2a 30 Ic is the scan rate. The transfer coefficiemf,was obtained from
305 . the peak-widthEp» — Ep:
203 1
10 10 o= 1.856|TZ—T /(Ep,2 ~E) )
0] 07
P IR\ A2 N I AL ) The kinetics of the reduction is under the control of the electron
Lol s oS 25 transfer, as indicated by the small valuesxgfwhich is below
T C WA m) P @A mw 0.35 at all scan rates. The smallness of the transfer coefficient
R RE also strongly suggests that charge transfer and bond breaking
R I Sk ) are in fact concerted (CDET)Moreover, there is no second
40 403 wave before the discharge of the supporting electrolyte, meaning
303 307 that the acetamide resulting from cleavage is not reduced in
20 20 the available potential window (this point was further checked
104 104 with an authentic sample of acetamide). Since the standard redox
o o potential of this latter compound should be close to that of the
Y BEE—LALT.EON B E— A ) chlorinated substrate, a sequential reduction process (SDET)
4 s 2 25 3 4 s 2 25 03 would have implied am value greater than 0.5, thus providing

Figure 2. Cyclic voltammetry on a GC electrode, in DME 0.1 M an additional clue that the CDET mechanism is indeed fol-
: ) . 18 \\/j -
NELBE, + PhOH (L eq wilia Ibandic 2 eqwihow 3eqwin (0, oo om0 OT8 SNSRI B
3aand3b). Scan rate: 0.2 V/s. Temperature: 5. On the vertical : C o . .
axis, the current is normalized versus concentration. observed witHla. In both cases, the wave is bielectronic and is
just slightly more positive than witha. The dynamics of the
reduction process is again controlled by the electron-transfer
induced by the molecular structure, may lead to the tuning of step, and for the same reasons evoked hdtte CDET pathway
the cleavage dynamics in the series. Searching for such effectsjs followed.
their possible role and influence in the reaction dynamics was With 2,2-dichloroacetamide?), two successive irreversible
the second objective of our study. For this purpose, we will two-electron waves are obtained. The second of these is the
take advantage of the synergistic use of a sticky dissociative same as the single wave observed wiit) thus showing that
electron-transfer model and of quantum ab initio calculations the reduction product dfais indeed the monochloroacetamide
in the interpretation of the experimental data. la As expected along the same lines, the voltamograms for
the two trichloroacetamide®a and3b exhibit three irreversible
bielectronic waves, due to the successive cleavage of the three
C—Cl bonds. In all cases charge transfer kinetically determines
Heterogeneous Reductive Cleavage of Chloro- and Poly-  the first cleavage step. The symmetry faaidor all polychloro-
chloroacetamides. Typical cyclic voltamograms of the six acetamides2a, 3a, and 3b) ranges between 0.30 and 0.36,
acetamide derivatives studied, obtained in DMF at low scan strongly suggesting that a CDET reaction is followed with all
rate on a glassy carbon (GC) electrode, are shown in Figure 2.three molecules. The general reaction sequence for the various
In all cases, the number of waves equals the number of chlorinesubstrates is summarized in Scheme 2.
atoms borne by the parent molecule. All the waves are Analysis of Cleavage Dynamics through the Application
bielectronic, provided that a small amount of acid is added to of the Sticky Dissociative Electron-Transfer Model.Coming
the solution. This also ensures that no secondary father-sonnow to the quantitative analysis of the cleavage reaction
reaction between the bases generated upon the reductive proceslyynamics of the first €Cl bond, we may apply the dissociative
and the starting compound occurs. In the case of 2-chloro- electron-transfer model, which allows for the existence of
acetamide 1a), the voltamograms exhibit a single irreversible attractive interactions in the clustered produét$As recalled
wave, corresponding to the cleavage of the@ bond. The in the Introduction, a quadratic activation-driving force relation-
acetamide radical formed upon charge transfer accepts a secondhip applies in such a case (eq 1), and the introduction of a
electron since it is intrinsically more easily reducible than the parameteDg x- that represents the interaction energy within
starting neutral, and the carbanion is protonated from the addedthe radical-ion pair has the effect of decreasing the intrinsic
phenol, thus leading to a two-electron wave. The stoichiometry barrier and consequently of increasing the reaction rate. Briefly,
of the wave was inferred from comparison with the fully the relation between the activation free energya*, and the
reversible wave of a standard redox compound (benzoquinone),standard free energ\G°®, is obtained from the intersection of

Results
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the free energy of the reactant and product systeésasand
Gp, respectively

Gr= DRXY2 + /IO(Y)XZ (3
2
Ao Dr.x-
Gp=AG" ~ Dy + D1 = 4[5 = V| +

AgM@ = X)? (4)

which are both a function of two reaction coordinakeandY.

Xis a nominal charge borne by the molecule, varying from 0
to 1, serving as an index for solvent reorganizatigrstands

for bond breaking, being expressed, in the framework of a Morse
curve approximation, by

Y=1—exp[-BY — Yrx]
with
B = v(27Pul/Dry)?

wherey is the bond lengthyrx is the equilibrium value oy in
the reactant system,is the frequency of the cleaving bond,
is the reduced mass, amky is the bond dissociation energy
of the starting moleculély(Y), the solvent reorganization energy,
which is a priori a function of the elongation coordinatearies
between a “reactant value”&x (whereagyx is the equivalent
hard sphere radius for the reactant) and a “product valuag;-3/
corresponding to chloride solvatiomd-, the ionic radius of
Cl- equals 1.81 A},
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aX) = (0Gr/dY)/(0Gp/Y) thus leading to the set of the three
following equations

AG" = Gg' — Gy(X = 0,Y = 0) = Dy Y2 + 1,'X (6)
Drx.
Y*=(1— oo )x* (7)
RX
D 2
o Re, X~
AG® = Dg.x+ | Drx{1~ 4/ 5 Ao f(2X 1)
RX

(8)

In deriving the free energies from eqs 3 andig(y) was kept
constant. It indeed appears in practice that the solvent reorga-
nization energy at the transition state can be considered as
approximately constant over the whole range of driving forces
investigated (see data in Table 1), even if the density of electric
charges on the molecule representedXbyand the elongation
coordinateY* vary when the driving force is modulated, as it
can be seen from eqs 7 and 8.

We use these equations to test the applicability of the model
to the compounds investigated and to determine the interaction
energies in the fragment cluster. The experimental data for the
plots AG * vs AG® were obtained from the shape and location
of the voltammetric waves. Derivation of the activation free
energy at the peak potential was done accordi® to

e ) o

wherev is the scan rate arld is the diffusion coefficient (taken

as equal to 1 cn? s tin average)a. is the transfer coefficient
and is extracted from peak-width through eq 2. The preexpo-
nential factor is taken as equal to the electrochemical collision
frequency

AG )

peak=

Z*' = (VRT22M)

whereM is the molar mass. The experimental standard free
energies at the peak were estimated through eq 5 by tdking
= Epeak

In these determinations, the bond dissociation entropies and
the bond dissociation energies of the neutrals were calculated
by quantum chemical calculations, by means of a DFT calcula-
tion method particularly suited to the estimation of BDEs for
chloro and polychloro compounds (see the Quantum Chemical
Calculations section). Error bars were further put Dg x-
values, and ensuing errors were estimated through

(10)

3 — vDrx-/Dryx

1+ PPy

ADg.x-~

The standard free energy of the reaction leading to complete The AGpeal[AG -ax Plots were fitted with modeling curves

dissociation E: electrode potentialE gy g.ix_:
tential of the RX/R+ X~ couple) is given by

standard po-

AG® =E — Epypox- = E+ Dpy = TAS — Ej-

®)
where AS’ is the bond dissociation entropy ai.,  is the
standard potential of the*¥~ couple.

The transition state (quantity marked wit) is characterized

as the intersection minimum of reactant and product surfaces.

This intersection is defined b@g¥ = Gs* and Gr/3X)/(3Gp/

generated from eqs-8. After choosing a test value f@g: x-

and a starting guess value fdé between its reactant and
product boundaries, application of egs 6, 7, and 8 leads to a set
of values for AG*, AG®, and /13 in a rapidly converging
procedure. TherDg x- was varied, and the procedure was
repeated, until a good agreement was reached with experimental
data over the whole range of driving force. The results are shown
in Figure 3 and gathered in Table 1. One can see there is a
good agreement between the theoretical predictions and the
experimental data points, thus validating the ‘sticky’ CDET
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TABLE 1: Parameters for the Application of the ‘Sticky’ CDET Model to Chloro- and Polychloroacetamides

Ze? Epeal TAS® E(F)ZX/R-JrX*d Ao Drx' Drx 9
compd (cmls) o (V vs SCE) (eV) (V vs SCE) (eV) (eV) (eV)
la 6497 0.29-0.30 —2.425 0.33 —1.356 1.17 3.5@ 0.05 0.150+ 0.025
1b 5689 0.270.32 —2.275 0.30 —1.231 0.97 3.34t 0.05 0.100+ 0.020
lc 5136 0.28-0.34 —2.325 0.33 —1.213 0.97 3.36: 0.05 0.085+ 0.020
2a 5513 0.34-0.36 —2.102 0.33 —1.033 1.03 3.18 0.05 0.090+ 0.020
3a 4928 0.34-0.36 —1.745 0.34 —0.628 1.07 2.78 0.04 0.040+ 0.015
3b 4552 0.28-0.31 —1.610 0.35 —0.700 0.92 2.86 0.04 0.080+ 0.015

aHeterogeneous collision factor (see tektht 0.1 V/s. ¢ Standard entropic term of the reaction RXR® + X* at the temperature of the experiméht.
d Dissociative standard potential from eq®®veraged solvent reorganization energy at the transition state (for each compound, variations do not
exceed 3% in the covered range of driving forcé§ubstrate bond dissociation energyon-radical interaction energy.

CCl; > CCly > CHCI, CLbHC—CClz > CHyCl,, ClL,HC—
CHCl,, CIH,C—CHCl. Such an observation also holds true in
a polychloroacetonitrile series. However, at variance with these
E 1 previous findings, it is observed that in the series 23, 3a,
ol m 5] 1b the sticky interaction decreases with the number of chlorine
atoms borne by the carbon bearing the leaving group in the
5 5 parent molecules, with values 8fz- x- equal to 150, 90 and
o AG,(eV) S — ﬁGp(CW 40 meV, respectively. The same observation holds true when
SR ety T g _1'_? _1'_1 ] passing fromlb to 3b, since the interaction energy drops from
100 to 80 meV. Despite the small differences between these
1 AGT (V) 1467w values, the accuracy on the determination of the interaction
i ? energies (see Table 1) shows that these trends are meaningful.

To understand these variations, we looked at the gas-phase
) Te clusters formed betweetR and Ct upon electron-transfer
calculated at the same level as the computed bond-dissociation
energies (see the Quantum Chemical Calculations section). Even
a@ﬁ(cV) aGg(ev) if the surrounding polar solvent molecules may alter the structure
e anns nenns nanns IR LARES RIS RERE of theseo-ion radicals, in particular the €©Cl bond cleaving

e SRR e S distance and the chlorine atom location, such calculations may
give important clues on the pairing structures as a function of
the number of chlorine atoms on the parent molecule and of
) ] the substituent borne by the nitrogen atom of the amide group.
- . b Briefly, the clusters were identified as minima on the potential
i3] 3a G energy surfaces associated with the reductive cleavage of the
[ ] substrates (RCk 1e”) and the negative charge appears to be
5 5 mainly borne by the chloride leaving anion. The minima
; AG(eV) - AG,(eV) corresponding to the one-electron reduction of substrates
S s e S Rl B AT 1b, 2a, 3a, and 3b are all sketched in Figure 4. The dipole

-1.3 -1.2 -1l -1 -12 -1.1 -1 -0.9 . .

moments g) of the acetamide radicals were also computed from

Figure 3. Activation—driving force plots obtained from the variation thei timized tri d . | ith the clust
of the peak potential with the scan rate using eqs 5 and 9 (blue dots) eir oplimized geometries and are given along wi e cluster

and from the application of eqs-® (parameter values from Table 1) ~ configurations in Figure 4 (acetamide radicals resulting from
for all six acetamide derivatives. complete dissociation and acetamide moieties inside clusters

almost have the same geometrical features).

mechanism and the values found for the interaction energies e look first at the effect of the substituent borne by the
between the caged fragments. nitrogen atom. Comparing the minima obtained for the reduction
of laandlb, the main difference does not arise from difference
in the polar character of the remaining radical but rather from

With all six compounds, the analysis of the data shows that the fact that upon CI leaving in 2-chloroacetamide, an
there is formation of a fragment cluster upon dissociative charge intracluster hydrogen bond formed between &hd one of the
transfer. The interaction energies in the radical-ion pairs are two hydrogen atoms borne by the nitrogen, strengthens the sticky
measurable despite the polar character of the solvent and are irinteraction, which consequently increases from almost 100 meV
the range of the values previously obtained with polychloro- Up to 150 meV, thus giving an additional stability of about 5
methanes and polychloroethanes, as well as with 4-cyanobenzykJd/mol to the caged fragments, a magnitude that seems reason-
chloride. The fact the acetamide radicals formed upon cleavageable for this type of interaction. When passing frdito 1c
are polarized together with the magnitude of the sticky interac- (cluster not shown), the sticky interaction just slightly decreases,
tions reinforce the idea that such adducts should be viewed aswhich is likely the consequence of a looser structure at the
being mainly electrostatic radical-ion pairs rather than covalently cluster level, due to the presence of the more bulky ethyl groups
bound molecules. In the polychloroalkyl series, it was shown attached to the nitrogen atom.
that the interaction increases with the number of chlorine atoms We may discuss now the effect of the number of chlorine
borne by the molecule, parallel to the electrophilicity of the atoms present on the parent molecule. On going fibrto 3b,
remaining radicaf. The following order of clustering energies one can see that the polarity of the radical moiety within the
was obtained, in line with the expected inductive effectGi cluster is reduced, and at the same time a looser structure at

G eV 67 v
4 A p(e\f) p(c )

=)
7%
[

|

2a

0.3 0.3

7 AG:(EV) 4 AG:(cV)

Discussion
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Figure 4. Gas-phase ion-radical cluster®{( CI") formed upon the
reduction of chloroacetamidds, 1b, 2a, 3a, and3b, at the B3P86/
6-311++G(2df,p) level of calculation (interatomic distances in A,
dipole momentsy, in D).

the level of the cluster is found, which may be ascribed to
repulsive interactions between the two chlorine atoms and the
leaving chloride anion, thus leading to a smaller valuBgfx-.

As mentioned earlier, a striking feature is the decrease of the
interaction energies along the seriég 2a, 3a lon-radical
clusters are almost planar (Figure 4) for all three substrates,
and the weakest interaction is found widh and amounts to
only 40 meV. With this latter derivative, the dipole moment of
the remaining radical is the weakest of all six acetamides, and
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reaction medium. These sequences thus yield to acetamides. The
dynamics of the concerted charge-transfer/bond-breaking reac-
tion was analyzed through the sticky concerted dissociative
electron-transfer model. In all cases, ion-radical interaction in
the product cluster resulting from cleavage are quite significant
and are associated with a large decrease of the contribution of
intramolecular reorganization to the intrinsic barrier. These
interactions are jointly controlled by the electrophilicity of the
intermediate radical, the more-or-less loose structure inside the
fragment cluster, eventual repulsive interactions between the
leaving chloride and the remaining chlorines, and finally by an
intramolecular hydrogen bond that may give an additional
stability to the pair, as is observed with 2-chloracetamide where
the sticky interaction is largest.

Experimental Section

Chemicals.N,N-Dimethylformamide (Fluka>99.5%, stored
on molecular sieves and under argon atmosphere), the supporting
electrolyte NEtBF, (Fluka, puriss), 2-chloroacetamide (Aldrich),
2-chloroN,N-dimethylacetamide (Merck 98%), 2-chloroN,N-
diethylacetamide (Merck 98%), 2,2-dichloroacetamide (Al-
drich > 98%), 2,2,2-trichloracetamide (Aldrick 98%) and
2,2,2 -trichloroN,N-dimethylacetamide (Frinton Lab) were used
as received.

Instrumentation. The working electrode was a 3-mm
diameter glassy carbon electrode disk (Tokai) carefully polished
and ultrasonically rinsed in absolute ethanol before use. The
counter electrode was a platinum wire and the reference
electrode an aqueous SCE electrode. The potentiostat, equipped
with positive feedback compensation and current measurer, used
at low or moderate scan rates, was the same as previously
described! All experiments have been done at 28, the
double-wall jacketed cell being thermostated by circulation of
water.

Quantum Chemical Calculations

the cluster configuration suggests that repulsive interactions  All the calculations were performed with the Gaussian 98
between the leaving anion and the chlorine atoms are maxi-series of program® The DFT (B3P86) method and the
mized, thus leading to less stable caged fragments, despite thes-311++G(2df,p) basis set were used, in particular for calcula-
fact that like with1a, an intramolecular hydrogen bond may tion of bond-dissociation energisMinimum energy structures
stabilize the interacting fragments. The cas@afs somehow were fully optimized. Frequency calculations were made to
unique since two distinct clusters are found on the potential verify that the structures were minima (no imaginary frequen-
energy surface en route to dissociation (Figure 4, paasd cies) and to evaluate thermodynamical functions.

II). The more stable cluster (pdiy has a similar structure to
the one calculated for the reductiond, with a strong dipole
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