
to get direct indications about deprotonation of 3 and its
analogues with less CF3 groups.33

Acidity. The results of experimental and computational
acidity determination of 1, 5, 6, 7 and a number of related
compounds in different media are given in Table 1.

pKa measurement of 3 was unsuccessful in all condensed
media except in DMSO. Detailed results (E, H, G) of the
calculations and Cartesian coordinates of these compounds are
given in Supporting Information.

It is interesting to compare the acidity of compounds
containing C6(CF3)5 group with acidities of compounds contain-
ing pentacyano-, pentanitro- and trinitrophenyl groups. From
Table 1 and Table 2 (see also 3.6 in Supporting Information) it
is seen that three nitro groups and five CF3 groups have nearly

the same influence to an acidity but much less compared to
five cyano or nitro groups.

3. Discussion

3.1. Synthesis. Pertrifluoromethylation of Hexaiodoben-
zene. The formation of 1a‚K+ on pertrifluoromethylation of C6I6

could be rationalized as follows. Considering the nucleophilicity
of DMI and the fact that step-by-step trifluoromethylation of
C6I6 includes formation of the highly activated to nucleophilic
substitution pentakis(trifluoromethyl)iodobenzene C6(CF3)5I, we
propose that the formation of 1a‚K+, presumably includes a
Vielsmeier-type intermediate (Scheme 4), generated from DMI
and C6(CF3)5I. Due to the bulkiness of the pentakis(trifluoro-
methyl)phenoxy group the intermediate probably exists pref-
erentially in the phenoxide form. Subsequently it undergoes ion-
exchange with potassium bromide to afford 1a‚K+ and bro-
moimidazolidinium iodide. This is one possible reaction pathway.
C6(CF3)5I can also react with some other oxygen containing
substances (copper oxide, traces of water) in solution.

Deprotonation of 3. The acidities and deprotonation/meta-
lation reactions of CF3-substituted benzenes have been studied
and it has been found that the reactivity and reaction route

(30) Kütt, A.; Leito, I.; Kaljurand, I.; Sooväli, L.; Vlasov, V. M.;
Yagupolskii, L. M.; Koppel, I. A. J. Org. Chem. 2006, 71, 2829-2838.

(31) (a) Bordwell, F. G. Acc. Chem. Res. 1988, 21, 456-463. (b)
Bordwell, F. G.; Algrim, D.; Vanier, N. R. J. Org. Chem. 1977, 42, 1817-
1819.

(32) Bordwell, F. G.; Algrim, D. J. Am. Chem. Soc. 1988, 110, 2964-
2968.

(33) Schlosser, M.; Mongin, F.; Porwisiak, J.; Dmowski, W.; Büker, H.
H.; Nibbering, N. M. M. Chem. Eur. J. 1998, 4, 1281-1286.

TABLE 1. Results of Experimental and Computational (DFT
B3LYP 6-311+G**) Acidity Determinations in Different Mediaa

compound
∆Gacid

(exp)
∆Gacid

(calcd)
pKa

(AN)
pKa

(DMSO)
pKa

(water)

Phenols
C6(CF3)5OH (1) 298.7 290.2 10.46 3.1 1.32
4-CF3-phenol 330.1b 325.2 25.54 14.6 8.68c

3-CF3-phenol 332.4b 328.2 26.50 15.1 8.95c

2-CF3-phenol 332.2 327.1 24.88 14.4 8.42
3,5-(CF3)2-phenol 322.9b 318.3 23.78 13.2 8.26
phenol 342.3b 339.2 29.14d 18.0e 9.95c

Anilines
C6(CF3)5NH2 (5) 310.8b 312.2 24.59 12.5
4-CF3-aniline 346.0b 345.1 27.0f

3-CF3-aniline 349.6b 348.8 28.2f

2-CF3-aniline 347.1
3,5-(CF3)2-aniline 340.6b 338.7 25.7f

aniline 359.1 359.4 30.6e

Toluenes
C6(CF3)5CH3 (6) 318.9 317.6 28.7h 13.9
4-CF3-toluene 359.8 357.7
3-CF3-toluene 362.0 363.0
2-CF3-toluene 359.9
3,5-(CF3)2-toluene 354.3 352.0
toluene 373.7 374.9 43e

Benzenes
C6(CF3)5H (3) 331.1g

328.4i
332.4 20h

4-CF3-benzene 380.1
3-CF3-benzene 380.8
2-CF3-benzene 379.0j 378.2
1,3-(CF3)2-benzene 365.0j 363.6
benzene 390.9b 393.3

Phenylmalononitriles
C6(CF3)5CH(CN)2 (7) 280.9 8.86
2,3,4,6-(CF3)4-

C6HCH(CN)2
k

286.8 10.45

a This work, if not specified otherwise. b Reference 27. c Reference 28.
d Value 27.2 has been published in ref 29, however, we consider our value
29.14 more reliable for reasons outlined in ref 30. e Reference 31.
f Reference 32. g Approximate value from one single measurement ((1
kcal‚mol-1). h Approximate value ((1 pKa units). i Value obtained from
the correlation of pKa value of THF/Et2O/DME vs ∆Gacid. j Reference 33.
k Synthesis of this compound is described in Supporting Information.

TABLE 2. Results of Acidity Calculations (DFT B3LYP
6-311+G**) of Related Compounds

∆Gacid PA(Aj)

1,2-(CF3)2-benzene 368.0 376.2
1,4-(CF3)2-benzene 366.6 374.2
1,2,3-(CF3)3-benzene 357.3 365.2
1,2,5-(CF3)3-benzene 354.4 362.4
1,3,5-(CF3)3-benzene 351.9 360.0
1,2,4,5-(CF3)4-benzene 344.4 352.8
2,4,6-(NO2)3-benzene 337.5 342.4
2,3,4,5,6-(NO2)5-benzene 310.4 318.1
2,3,4,5,6-(CN)5-benzene 323.2 331.9
2,4,6-(CF3)3-phenol 302.5 310.4
(CF3)5C6O (radical) 290.2 297.8
2,4,6-(NO2)3-phenol 293.5 301.4
2,3,4,5,6-(NO2)5-phenol 275.8 284.5
2,3,4,5,6-(CN)5-phenol 276.5 282.1
2,4,6-(NO2)3-aniline 314.3 321.8
2,3,4,5,6-(NO2)5-aniline 291.0 300.4
2,3,4,5,6-(CN)5-aniline 297.8 305.6
2,4,6-(NO2)3-toluene (TNT) 307.5 315.1
2,3,4,5,6-(NO2)5-toluene 297.7 304.2
2,3,4,5,6-(CN)5-toluene 300.4 308.5

SCHEME 4. Possible Reaction Pathway to 1a‚K+

Functionalized Pentakis(trifluoromethyl)phenyl DeriVatiVes
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