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Olefin—bromine Ji complexes have been known for a long 
time to be the first species resulting from the interaction of the 
two reagents1 and have been shown to be essential intermediates 
of olefin bromination,2 being the direct precursors of the 
bromonium—bromide (or polybromide) ion pairs whose collapse 
leads to the final dibromide products (Scheme 1). Nevertheless, 
little experimental data exist for these Ji complexes, mainly 
because of their very high rate of ionization, which usually 
makes them detectable only by fast spectrokinetic methods, such 
as the "stopped-flow" technique.23 These methods, however, 
provide information only about the formation constants and 
electronic absorptions and not about the nature of these Ji 
complexes. Theoretical calculations4 indicate that charge 
transfer is almost negligible, and does not provide significant 
stabilization. Dispersion energy is the main driving force for 
binding.4 In agreement with this are the results obtained for 
ethylene—BrCl and ethylene—CI2 complexes with a new gas 
phase microwave spectroscopy technique,5 showing that the 
structural parameters of both olefin and halogen are not 
significantly changed on complexation and that the interaction 
of the Ji orbital with the halogen is weak. 

(£)-2,2,5,5-Tetramethyl-3,4-diphenylhex-3-ene (1) is a steri-
cally congested stilbene which is not brominated but, in contrast 
to its inability to give a silver complex,6 forms a stable n 
complex with Br2 at the olefinic double bond, which does not 
further react to a bromonium ion, and is therefore amenable to 
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Scheme 1 

conventional UV-vis and NMR measurements in solution. 
These measurements allowed us for the first time to exclude a 
significant perturbation in the charge distribution of the complex. 
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The formation of a Ji complex between 1 and Br2 (eq 1) was 
revealed by the appearance of a new UV-stable absorption band 
centered at 280 nm when the olefin and Br2 were mixed in 1,2-
dichloroethane. Such a band was not observed in solutions 
containing Br2 and a large excess of toluene, showing that the 
site of complexation of 1 was not the phenyl ring but the olefinic 
double bond. The absorbance of the new band increased linearly 
when [1] was increased up to 1.5 x 10"' M at constant [Br2] = 
2.3 x 10~3 M and when Br2 was increased up to 2.5 x 1O-2 M 
at constant [1] = 2 x 10-3 M, pointing to a 1:1 stoichiometry 
for the 1—Br2 complex. All data obtained for solutions of 1.5 
x 10~3 to 1.5 x 10-' M olefin and 1.3 x 10~3 to 2.7 x 10_l 

M Br2 between 10 and 30 0C in the 270-370 nm wavelength 
range, where both the formation of the complex and the 
disappearance of Br2 were observed, as well as at 450 nm, where 
only Br2 disappearance was monitored, were simultaneously 
fitted using a previously described nonlinear least-squares 
procedure (NLLSQ)>7 Values of AH = -3.25(0.13) kcal 
mol~' and AS = —10.6(0.5) eu were obtained, corresponding 
to Kf = 1.2(0.1) M"' at 25 0C. The maximum molar extinction 
coefficient was emax

 = 5.6(0.5) x 103 M -1 cm-1 at Amax = 280 
nm. The root mean square (rms) of the residuals of the fit was 
0.034 abs units. The highest correlation coefficient, r, between 
the thermodynamic parameters and the molar extinction coef
ficients was reassuringly as low as 0.247. 

The quality of this fit confirmed the 1:1 stoichiometry of the 
complex and excluded the formation of a bromonium—Br3~ 
species of 1:2 stoichiometry. An equilibrium between olefin— 
Br2 complexes and bromonium polybromide salts had been 
found in solutions of adamantylideneadamantane and Br2.8 Thus, 
(£)-2,2,5,5-tetramethyl-3,4-diphenylhex-3-ene is the first re
ported example of an olefin whose interaction with bromine is 
limited to Ji complex formation.9 

A comparison of the obtained thermodynamic parameters with 
those reported3c for the 1:1 complex of (£>2,2,3,4,5,5-hexa-
methylhex-3-ene with Br2 shows that the substitution of two 
methyls with two unconjugated phenyl groups'0 at the double 
bond results in a ca. 70-fold decrease in Kf and a 2.5 kcal mol-1 

decrease in the absolute value of AH, probably due to the larger 
steric requirements of 1.' 

The 1H and 13C NMR spectra of 1 (0.1 M) in dichlo-
romethane-cfe at —35 0C showed respectively a singlet at «5 0.68 
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Table 1. 1H and 11C NMR Chemical Shifts (ppm) Calculated by 
the IGLO Method 

C 
Il 

ethylene 

131.48 
6.51 

ethylene in 
Ji complex geometry 

133.04 
6.60 

Ji complex 

133.21 
6.79 

and an aromatic multiplet at 6 7.22, 7.24, 7.245, 7.265, 7.28, 
7.30, 7.305, 7.325, and 7.34 ppm and tert-buly\ carbon signals 
at 32.38 (CH3) and 37.31 ( > C < ) , aromatic carbon signals at 
125.62, 126.46, and 130.59. and quaternary aromatic and olefinic 
carbon signals at 143.70 and 144.75 ppm. Both the 1H and the 
13C spectra remained absolutely unchanged after addition of a 
2-fold molar excess of Br:. Under these conditions and on the 
basis of the thermodynamic parameters determined in the very 
similar 1,2-dichloroethane solvent, about one-half of the olefin 
was present as a complex with Br:. These spectra showed no 
change during several hours, confirming that the JI complex 
did not react further to a bromonium species, for which large 
downfield shifts in both the 1H and the 13C NMR signals were 
expected."1 2 

In order to explain the observed fact that adding bromine to 
the solution of the title olefin in dichloromethane-d: does not 
lead to any observable change in the 13C NMR spectrum, we 
performed ab initio energy and chemical shift calculations on 
the parent model system ethylene + Br:. 

The geometries of ethylene, bromine, and the JI complex of 
ethylene with bromine were optimized at the MP2/6-31G* level 
of ab initio theory using an Ahlrichs SVB basis for bromine.11 

The heat of complex formation was found to be exothermic by 
3.1 kcal/mol (including ZPE). Our results confirm the T-shaped 
Ci1 structure of the complex found earlier.4 The distance 
between bromine and the JI plane is 2.92 A.14 In agreement 
with calculations of Kochanski at al.,4 the charge that is 
transferred during complex formation is rather low (0.06 
electrons). IGLO chemical shift calculations1'' were performed 
using ab initio calculated geometries. The results are sum
marized in Table 1. To exclude basis set superposition errors 
we used the counterpoise method"1 within the IGLO calcula
tions. 

The calculation indicates that a 1.7 ppm downfield shift as a 
result of complex formation should be observed. However, the 
change in chemical shift is due almost exclusively to the 

(11) (a)Bellucci, G.; Bianchini, R.; Chiappe. C; Ambrosetti. R.; Catalano, 
D.; Bennet. A. J.; Slebocka-Tilk. H.: Aarts. G. H. M.; Brown. R. S. J. Org. 
Chem. 1993. 58, 3401. (b) Bennet. A. J.: Brown. R. S.; McClug. R. E. D.; 
Klobukowski. M.; Aarts. G. H. M.; Bellucci. G; Bianchini. R. J. Am. Chem. 
Soc. 1991. IU, 8532. 

(12) The bromonium ion formation produces a downfield shift of 23 
ppm in the olefinic carbons of adamatylideneadamantane in dichlo-
romethane-<A. 

(13) Schafer. A.: Horn. H.; Ahlrichs. R. J. Chem. Phys. 1992. 97. 2571. 
2577. 

(14) A recent ab initio calculation of the ethylene-Br? system has also 
shown the formation of a 1:1 ethylene-Br? complex. The distance of 
bromine from the Ji plane is. however, higher (3.523 A) than that found in 
the present calculation (Cossi. M.: Persico, M.; Tomasi. J. J. Am. Chem. 
Soc. 1994. 116, 5373). 

(15) IGLO (individual izauge for localized orbitals); for a review, see: 
Kutzelnise. W.; Fleischer. U.: Schindler. M. NMR 1990. 23. 165. 

(16) Boys. S. F.: Bernardi. F. MoI. Phys. 1970. 19. 53. 

Communications to the Editor 

Figure 1. PM3 energy-minimized conformation of the (£>2,2.5,5-
tetramethyl-3,4-diphenylhex-3-ene—Br? JI complex. 

geometry change that is induced by steric effects of the bromine 
(see "ethylene in n complex geometry", Table 1). Charge 
transfer, which is very weak (see above), accounts for only 0.17 
of the total change of 1.7 ppm. Thus it can be concluded that 
in the sterically extremely congested title olefin only a very 
small change in chemical shifts is to be observed on Ji complex 
formation, which is in agreement with our observations. 

Further information about the reasons why the bromination 
stops at the n complex stage was given by a PM3 calculation 
of the 1-Br : complex. Both phenyl rings are perpendicular to 
the JI plane of the double bond, and the ortho hydrogen atoms, 
together with the tert-bu\y\ groups, prevent a further approach 
of bromine (Figure 1). 

In conclusion, the results of the present investigation provide 
the first experimental evidence, corroborated by theoretical 
calculations, that the olefin—bromine complexes formed as the 
first products of the interaction of the two reagents are actually 
of the Mulliken "outer" type. 
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