JIAIC[S

COMMUNICATIONS

Published on Web 02/14/2003

Polarizability Effects and Dispersion Interactions in Alkene-Br » m-Complexes
Cinzia Chiappe,*T Heiner Detert,* Dieter Lenoir,§ Christian Silvio Pomelli,' and
Marie Francoise Ruasse*”
Dipartimento di Chimica Bioorganica e Biofarmacia, Usrsitadi Pisa, 1-56126 Pisa, Italy, Institut'fuOrganische
Chemie, D-55099 Mainz, Germany, Institiit fikologische Chemie, Postfach 1129, D-85778 Neuherberg bei
Minchen, Germany, Dipartimento di Chimica e Chimica Industriale,Jgrsitadi Pisa, 1-56126 Pisa, Italy, and
Interfaces, Traitements et Dynamique des 3gst Uniersite Paris 7, 75005 Paris, France
Received July 10, 2002 ; E-mail: cinziac@farm.unipi.it

Weakly bound molecular complex&3the formation of which Table 1. Calculated and Experimental Parameters Related to
is contrary to normal rules of valenéyplay an important role in ~ Several Alkenes and Bromine z-Complexes in DCE

chemistry, physics, and biodisciplines, like energetics of enzymatic CEP-121G (d,p) 6-311+G*
reactions. Charge-transfer (CTC) or electron deramceptor (EDA) o |pa ds o P K A
complexes have been postulated in many common organic reac- Ou au eV au au eV Mt oom ey ref

tions? although evidence for their involvement on the reaction 1 —228 1697 7.95 12866 172.3 8.09 147 270 2350

coordinate is generally weak. However, in electrophilic aromatic 2 —2.88 240.2 7.27 1727.7 242.0 7.38 1850 270 9700 6h

F I i7ati ithin 3 —2.88 228.3 7.48 1672.4 2295 7.64 768 267 9100 6¢C
substitutions, the role of the preorganization of the reagentswnhln4 258 2140 737 15548 2194 751 289 272 18000 6g

these Complgxes has been stressed rgcently by R%I’ﬁthe 5 —218 1455 7.76 1086.9 147.5 7.88 84 272 23000 6d
preorganization... can lead to a determined viable transition-state6 —2.44 201.5 7.16 1436.8 221.2 7.27 9.71 260 4960 6b

structure, which hitherto may be discounted owing to the high 7 —2.68 266.1 7.43 1940.5 274.7 7.08 1.6 272 48000 6f
8 —0.96 67.7 879 5428 695 895 0.47 287 5500 6a

endergonic driving forces™ _ _ 9 —061 726 935 6018 745 951 03270 14
Electrophilic halogen addition to alkenes is another reaction for 10 —0.57 72.1 9.30 595.8 74.2 9.45 0°15 14
which the immediate formation of an olefin-bromimecomplex a|n agreement with the experimental or previously calculated (refs 10b
(“outer” complex} has been known for a long tinteRecently, it 3¢, 11) IgPs, for example} IPexF;= s eV;4pcha|c= 7)/.49 B P 100
has been shown that 1:1 olefinBcomplexes are essential 8.94 eV;9 IPey, = 9.48 eV.P At 25 °C. ¢In CCls. 9 In Freon 113 (ref 5).

intermediates in these additiohs. With the exception of4,1° 8,3 and 9,1 the IP values for the
Br, Brzorsoent ppy Br considered olefins have not been measured but can be calculated.
— B B L K, A _ke, 4 Calculations have been performed initially at the B3LYP/CEP-121G
n-complex ki Br (d,p) level (see Supporting Information). The molecular geometry

i0As? indi . was optimized, and the IP values were computed as the difference

Geome_try calculatio S |nd|cated_ that the charge transfer is between the electronic energy of the neutral olefin and that of the
very low, in qgreement with the r.ot.atlonal spectrum of the thY'e”e‘ radical cation at the same geometry (vertical ionization enéffy).
Brz complex in the gas phaseThis is true for ethylene and similar At the same geometry, the IP values were also calculated at the
compounds but is not necessarily true for other olefins. Experimental 4, vp/6.31 1+ (d.p) level. No satisfactory correlation has been
data on spectral characteristics and association constants for thes owever found b,etweeNF. and the calculated IP values '
complexes ar e fscalrce, mainly due to the very high ra'.[e of their To anéllyze the substituent effects kg we have first used the
subsequent ionization. Fot-complexes between bromine and Taft—Topsom equatiof This model has been recently apphéd
simple linear alkenes, a linear correlation betwéesrc and the with success to some thiocarbonyldomplexes
donor |0n|zat|qn potential, IP, ha§ been fOL?nd,acco.rdanC(.a with If we exclude the two tetrasubstituted alkenes bearing flexible
the usual Mulliken theory# Herein, we report the first evidence alkyl chains 6 and 7), able to shield the double bond to JBr
of a direct relationship_ bety\_/een associqtion constafspf the approacH?c the K vaIL’Jes including those previously reported
m-complexes and polarizability of the olefins, whereas the expected for 9 and ’10 © 1-hexene,;L0 4-methyl-pent-1-ene) in Cglare

fairly well correlated = 0.995) with o,, the polarizability
y M M M constants of the substitueft¢Figure 1) with a negative sloped
! : : ¢ = —1.65+ 0.06). To evaluate more accurately the polarizability,
(o), that is, the aptitude of the electronic cloud to undergo
>€=ZL >>_‘>_c§ 2:>=<:§ Q deformation under the action of an electric field, we performed ab
initio calculations on the olefind—10 at the B3LYP/CEP-121G
s 6 7 * (d,p) and B3LYP/6-31% (d,p) level. Very similar values were
found at both level$®
On the basis of the computedand IP for alkene and Brthe

strength of the induced dipoténduced dipole dispersion interac-
tions (ds, atomic units) has been therefore calculated:

parallel trend betweehvcrc or log Ke and IP is not observed for
the considered set of olefins.

The UV spectral data anér values of ther-complexes of
alkenesl—8 and By, determined in this work and previously by

our group, are listed in Table 1. 3 IP,IP,
d=> 0,0, == 1)
T Dipartimento di Chimica Bioorganica e Biofarmacia, UniversitaPisa. 2 |P1 + |P2
’; Institut fur Qrganische Chemie.
Institut fur Okologische Chemie. ith i i — —
' Dipartimento di Chimica e Chimica Industriale, UnivetsiiaPisa. with |ndgxes 1 and, 2 for bror,nme,t( 30.35 auf Ip=0.387 eV)
U UniversiteParis. and olefin, respectively. Again, with the exceptiorbaind7, fairly
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Figure 1. Correlation betweeKg andoy.
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Figure 2. Correlation between lor and ds.
good correlations were obtained when Idgvalues were plotted
versus computed or ds values ¢ = 0.970 and 0.973)¢1Figure 2.
These correlations strongly suggest that interactions different
from the dispersion ones (e.g. steric interactions, molecular motions,
charge transfer, and/or inductive effects) vary little from one system
to another. It is noteworthy that for crowded alkedes, the term
in IP of eq 1 does not vary significantly, ands the dominant term,
whereas the opposite is observed &r10. Equation 1 is there-
fore more general than the usual Mulliken analysis and is able to
account for the substituent effects of both linear and caged alkenes
In agreement with the nonexclusive role of IP on the stability of
thesesr-complexes is also the extremely low, if any, variation in
the complex absorption maximunin{ay).t” Furthermore, the value
of Amax for the cyclohexene-Brcomplex shows a surprising red
shift with respect to the tetrasubstituted olefihglthough, at least
for planar complexes, the separatwhetween donor and acceptor
(d = e?/w), may affect the absorption maximum, B3LYP calcula-
tions seem to exclude this latter hypothé§iBeviations from the
linear (Mulliken) correlation are, however, not necessarily excep-
tional and can suggest a variation in the inner/outer chafaétafr
the complex on going from linear to caged alkenes.
Finally, we want to underline that the, value found here can
be used to estimate the contribution of the substituent effects on
Kr to the overall value Opexp (Kexp = Kekik/(k-i + kc)). Because
kinetic data for bromination of simple ethenes sugesiat the
reactivity ratios of these olefins are scarcely affected by the solvent,
and only a modest solvent effect has been observelg we
can evaluate that the polarizability effects && contribute
approximately to 75% of the overall change in rate due to changes
in alkene structurepqexp) = —2.151° It is noteworthy that in the
addition of ICI to alkenes, an irreversible reaction, the substituent
effects on the 1:1 ICl-alkene complexes contribute to the overall
change in rate by ca. 249 .This may suggest a more important
return in olefin bromination or a charge development in the
m-complexes of caged alkenes larger than those of linear alkenes
In olefin 4, the calculated distances between the two homoallylic
protons, which are directed towardBare 4.51, 5.08, and 5.32 A
in the unsubstituted olefinyz-complex, and bromonium ion,
respectively. At variance with ethylene for which practically no
rehybridization has been calculated on going from olefin to the

complex, in4 a significant rehybridization at the carbon occurs
already in ther-complex, suggesting an “inner” character more
important than that in complexes of linear alkenes. In conclusion,
the present data reveal that the stability of the-@efin z-com-
plexes is affected by both the donor ionization potential and the
polarizability of the G=C bond. Equation 1, taking into account
both effects, is able to describe these transient species better than
the Mulliken analysis. Furthermore, the comparison of the data
suggests that the magnitude of the charge transfer within these
complexes depends significantly on the polarizability of the olefins.
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