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Abstract: Conditions for conducting competitive expcriments involving slow reactions of
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abstraction from Et,SiH is reported [(5.0 £0.4) x 10° M"'s'], as are the rate constants for addition
of the n-C,Fse radical to CH,=CHCH,C,F, [1.15 £ 0.11) x 10° M"'s ] and to CH,=CHC.F;
26+0.2) x 10° M's"] at 25°C. © 1998 Elsevier Science Ltd. All rights reserved.
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comprehensive laser flash photolysis and competition-based kinetic studies of their alkenc addition and

hydrogen abstraction reactions,"” we now are proceeding to extend such studies to substrates of lower
yarog

In the earlier work, it was demonstrated, for example, that highly electrophilic perfluoro-n-alkyl radicals
exhibit dramatically enhanced reactivity, relative to the analogous hydrocarbon radicals, in their additions to
that there was a quite
respectable correlation of k.qq with the ionization potentials of the 13 terminal olefins studied."

It was therefore expected that the nt-bonds of the relatively electron-poor olefins, CH,=CHCH,C,Fs and

oalkyl substituents f} and 0., respeciively, to the terminal nt-bond,

should be significantly less reactive than 1-hexene in undergoing additions by the highly electrophilic n-Rgp*

limi iary competiti 1 Gchxi nents confirmed this EXpecica trend, it Q"‘Ck‘xy became
apparent that our normal approach for carrying out competition studies would not allow good quantitative data

to be obtained for these systems. These preliminary studies demonstrated that, when measuring rates of such

of significance when one is measuring rates of fast reactions, but which can undermine the results from studies

of slow reactions.
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For example, in studies of fast reactions, it was our normal procedure to use CsDs as the solvent,
without significant resulting problems. In the current study, however, products of radical addition to benzene
were observed when it was used as solvent, thus lowering the yields of products from the desired competition
processes and complicating the ’F NMR specira of the product mixtures to an unacceptable level.>

Another complication can arise when hydrogen atoms are donated to Rg* from sources other than the
added Et;SiH.> When both of the competitive processes under study are relatively slow (~ 10°M's™), then one
has to worry about either the solvent or the alkene substrate itself competitively providing H-atoms to Rp».* In
practice, one can readily determine when problems of this nature are intervening, because, in such situations the
intercepts of the plots of [reduction product)/[addition product] versus [Et;SiH)/[alkene] (which are used to
obiain kyfk,qq ratios) will deviate significantly from their ideal vaiue of zero.

In order to obtain reliable data, one must strive to control these side reactions and thus to eliminate the
problems which cause the non-zero intercept. Problems deriving from the solvent can usually be controlled.
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Numerous solvents have been care
exhibiting little propensity to either give up H-atoms or undergo addition by Rge. They are
trifluoromethylbenzene, 1,4-bis(trifluoromethyl)benzene, and 1,3-bis(trifluoromethyl)benzene. '
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In the light of our present enhanced understanding of those factors which can contribute to inaccuracy

in these competition studies,'” we have gone back and reassessed all of our earlier experimental determinations

of ky values for H-transfer to n-Re». So doing, we have found that all but one conformed reasonably to our
criteria for an ideal competitive process, that being the measurement of the relatively smali ky for Ei;SiH. In

spite of the good mass balance obtained in that study,’ and in spite of the good correlation coefficient for the

plot of the data, the intercept deviated significantly from zero, and, because we had not maintained [1-hexene]
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We have now reexamined this competition, using the competition depicted in Scheme 1 and
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Scheme 1. Competition System for Determination of &y for Et;SiH
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data in Table 1 indicate, mass balances were good, the correlation coefficient was good, and the intercept was
small, but significant. Ratios obtained from individual points were also not indicative of any significant
problematic trend. Lastly, the '’F NMR spectra of the crude product mixtures reflected formation of the

reduction product 1, and the addition product Z as the only products containing fiuorine. Thus, one can be

confident that the obtained slope accurately reflects the ratio of ku/kaaq.

Table 1. Competition data for the photoinitiated reduction of perfluoro-n-
butyl radical by triethylsilane versus its addition to 1-hexene in 1,3-

~ bis(trifluoromethyl)benzene at 25 °C.
[CsFol]  [1-hexene] [Et;SiH/[1-hexene] [11/[2] Yield (%)

0.0431 0.463 4.330 0.283 96
0.04306 0.459 3.828 0.254 96
0.0441 0.468 3.319 0.220 94
0.0457 0.457 2.826 0.187 95
0.0431 0.468 2.234 0.155 94
0.0388 0.446 1.837 - 0.126 94

intercept = 0.012

correlation coefficient = £ = (.999
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nt for H-atom abstraction from ali sources other than the added

If one assumes that ky' is the rate const
reducing agent, Et;SiH, then the expression which describes the ratio of reduction product, 1, to addition

product, 2, is eq (1).

K4 [EtSiH] k'[Other H-atom sources] 1]

- 1
Keaglalkene] kogdlalkene] (2] et
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n the special situation where the alkene addend is the only reasonable other H-atom source, the

equation reduces to eq (2), where the slope will equal ky/k.yg, and the intercept will equal ky'/kue.
, . 1 ~
ki [Et2SiH] . ki _ m eq(2)
Kaadlalkene) Kadd 1l
Taking the slope to be equal t0 kikua, and using the 1fp-obtained value of kuq for the addition of -

CFis* to 1-hexene (7.9 £ 0.7 x 10° M’ 2 one obtains a value of 5.0 (#0.4) x 10° M!s! as the rate constant

(ky) for abstraction of a hydrogen atom from Et;SiH by a generic n-Rg* radical. This value differs slightly from
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which we had reporied in 1555.
Although one must be careful about giving the intercept too much quantitative significance, following

through with the above logic leads to the conclusion that ky'/kaaa = 0.012, with the rate constant for H-atom

abstraction from 1-hexene therefore being ca. 9 x 10*M's™. Brace independently obtained a very similar value

of 0.01 for the ratio of ki '/kaa for 1-heptene in 1963," so we can be reasonably confident about our

interpretation of the data in this case.

Addition Ofﬂ-C4F9' to CH;=CHCH2C4F9 and CH2=CHC4F9.
The competitive studies of addition of perfluoro-n-butyl radical to the relatively unreactive alkenes,

4,4,5,5,6 6.7 7.7-nonafluoro-1-1
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trifluoromethyibenzene and 1,3-bis-(trifluoromethyl)benzene, respectively, using Et;SiH as the hydrogen
transfer agent as per Scheme 2. Because of the strengthening effect of a perfluoroalkyl group on neighboring

Scheme 2. Competition Studies to determine k.4 values for alkenes 3 and 4

Et,SiH CEH
// ki “‘ 9 C4FoCH,CH,R
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C-H bonds,"* neither alkene was expected to donate hydrogen atoms at a rate competitive with Et;SiH, and the

this expectation.

Table 2. Competition data for the photoinitiated addition of perfluoro-n-butyl radical to
4,4,5,5,6,6,7,7,7-nonafluorcheptene (3) versus its reduction by triethylsilane in
a,o,0-trifluoromethyl-benzene at 25 °C.

[C&Fd]  [CH,=CHCH,C.,Fs]  [Et:SiH)/[3] [1}/[5) Yield (%)
0.043 0.541 2.44 1.11 92
0.043 0.619 1.98 0.894 84
0.043 0.699 1.624 0.728 99
0.043 0.752 1.423 0.668 98
0.045 0.654 1.591 0.754 106

Slope = 0.434 (10.02)

Intercept = 0.04 (£0.04)

r2=0.992
Tabie 3. Competition data for the photoinitiated addition of perfiuoro-n-butyi radicai

bis(trifluoromethyDbenzene at 25 °C.

[C4Fol] [CH,=CHC,Fy] [Et;SiH}/[4] [1]1/(6] Yield (%)
0.051 1.558 0.385 0.80 100
0.052 1.566 0.479 0.902 96
0.047 1.569 0.570 1.118 99
0.050 1.565 0.699 1.302 95
0.051 1.567 0.820 1.58 95
0.049 1.570 1.012 2.00 91

Clans — 1 02 740 NON
DIVUPC = 1.70 \LU.U7)

Intercept = 0.01 (+0.06)
rz2=0.992
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Comparative Reactivities of Fluorinated and Unfluorinated 1-Alkenss
KaaaM ') Koo
NN 7.8 (0.7 x 10° 30
Z~CiFo 1.15 (0.11) x 10° 4.4
ACF, 2.6 (0.2) x 10° 1
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It can be seen that p m a pert U au(yl substituent proxxmalc 0 a ierminai ®-bond has a sxgnmcanl
detrimental effect with respect to its reactivity towards addition by a perfluoro-n-alkyl radical. This effect is no
doubt largely the result of the large inductive electron-withdrawing effect of the perfluoroalkyl substituent on
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Rp* radical is ~ 7 times smaller than that for its respective addition to 1-hexene, Indeed, its rate constant is less
la

than that for addition of Ry~ to the acknowledged electrophilic olefin, acrylonitrile (kua = 1.6 x 10° M''s™

N’

the smallest rate constant for alkene addition that ave yet measured, cither by ifp or by competition

"":T‘
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methods. Being able to obtain an accurate measure of this relatively small rate constant was an essential step in
g our competition studies to increasingly slow reactions of perfluoroal
Indeed, within our current studies of inter- and intramolecular C-H abstraction processes we have now been

able to reliably measure rate constants in the 10° range!” These results will be reported in the near future.
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EXPERIMENTAL

General Procedure for the Kinetic Competition Experiments of Hydrogen Abstraction from
Triethylsilane versus Addition to Olefins.

Into each of a set of pyrex NMR tubes flushed with nitrogen was added a known volume of the solvent.
The quantities of silane, olefin, and perfluoro-n-butyl iodide in each sample were varied, with the respective
amounts being weighed to determine their concentration. A thin, sealed glass tube containing a solution of
(trifluoromethyl)trimethylsilane in C¢Ds was placed in each tube as an external standard for measuring yields by
’F NMR. Each NMR tube to be used for kinetics was frozen in i-PrOH/CO, mixture and subjected to three
successive freeze-pump-thaw cycles followed by pressurization with nitrogen, and then finally sealed with a
rubber septum and secured with parafilm tape. The tubes were then subjected to UV photolysis in a Rayonet
reacior {254 nm) ai room temperature uniil there was compleie consumption of siarting maierial, as moniiored

by "F NMR. The ky/k.qq ratios were determined from the plot of [Reduction Product)/{Addition Product] (as
determined by '’F NMR) versus [Et;SiH]/[Olefin]. Yields were determined by integration of product

1,1,1,22,2,3,3,4,4,8,8,9,9,10,10,11,11,11-Octadecaflucroundecane (5). "H NMR & (CDCl) 2.17 (i,

4H, CH,CF,, ’JHF =18.5 Hz, *Jim = 7.8 Hz), 1.96 (m, 2H); F NMR (CeDe) 6 -81.5 (1, 6F, 7 =9.7 Hz), -
115.2 (t, 4F, J = 13.3 Hz), -124.6 (t, 4F, J = 4.8 Hz), -126.3 (m, 4F); HRMS (CI) Calcd for C,;HsF,; ([M-
HF]") 460.0120; Found: 460.0096; LRMS (EI) m/z 461 (1 %) [M-F]*, 441 (3) [MH-2HF]*, 421 (2) [MH-
ALTIETY 9Q1 FAAY 2710000 DT (100N 207 (D1 177 (1A 1A 71Q) 1TAR /11Y 1127120 Q8 71Q) QA4 (1A} AQ
DEIL ] 5 LTk \N ], LT L \&VU )y 471 \LUY), LU \&i1 ]y, 211 \177)y AUIT \LUJy 170 \11J, £1T1J)y, 7I0\17), OF (14U, UF
an.
1117‘)11441‘12&001“1[\1[;(\;«:; araflunradacana (&Y TH NMR ( NYRDAD (i - 174 A7
’l’l,‘,";”.},"’"’l,l ’U,KI,J’I’J.V".V,IV N L VEULLALIUUL ULV LGLEy \V} AL LVNAVAAN \\/U\rl } A7 b a"TI \lll, ' 1 4o 'I’, .7
Hz); F NMR (CDCL) & -81.56 (t, 6F, J = 9.8 Hz), -115.45 (tm, 4F, J = z), -124.8 (m, 4F), -126.54
(m, 4F); *C NMR (CDCl;) 8 23.0 (tm, CHy, J = 22.9 Hz) 106-124 (m, CF,, CF; signals); HRMS (CI) Calcd
4‘ (MAALY ALIETN AN QOT7Q- BEnnnd: AV4& 0Q7 DAQ (BT saafo AAL (2IY AT (1NN rllu_’)U]:f] AN
Oof \,|0113l 16 \LAVIER-203X ) ) 420,77 17, FUULIUL. LU77 17U, LANIVL) \DL) T 9T \JJy, &7 \(LUU) [IVIXI-LEA0 | , U/

(79) [MH-3HFY*, 357 (23), 277 (20), 257 (39), 213 (78), 195 (38), 163 (82), 145 (34), 113 (41), 95 (53), 69
(38).

The characterizations of all other products have been reported previously.'®’
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