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Abstract: A new competitive kinetic method to obtain the relative rates of intramolecular hydrogen abstraction
versus intermolecular deuterium abstraction has been developed and used to measure the rates of the relatively
slow unimolecular 1,5-hydrogen abstractions by 1,1,2,2-tetrafluoroalkyl gRELCH,CR.CF*) and 1,1,2,2,3,3-
hexafluoroalkyl (XCHCH,CF,CF,CF,*) radicals. Substituents at the site of-8 abstraction (X= CH3;O—,

CH3S—, CH;—, CgHs—, CH3C(0O)O—) have only a moderate effect, with the rate constants for 1,5-shifts in

the 10 s~! range. Values oky andkp for bimolecular hydrogen/deuterium transfer fresBuMe,SiH(D) and
MesSiSiMeH(D) are reported along with measures of side-chain H transfer from the deuterated silanes.

Introduction can be varied with respect to its electronegativity and radical
stabilizing ability. 1,1,2,2-Tetrafluoroalkyl radicals such &s
have been shown to be only slightly less reactive than

perfluoroalkyl radicalsk,e = 0.43 for addition to styrené)and

Bimolecular hydrogen transfer is utilized kinetically as a
critical chain-transfer step in synthetically useful free radical
chain processésn principle,anyhydrogen atom source within
the reaction medium, including the reactants, the H-transfer

agent side chains, or the solvent, is capable of transferring an ~ XCHzCH;CH,CF,CF5® 15 shit XCHCH,CH,CFCFH
H-atom to propagating radicals. For most good chain reactions 1 1 6-H shift .

involving alkyl radicals, the rates of such competing hydrogen XCH,CH,CF,CF,CF,e . XCHCH,CF,CF,CFH
transfer processes are slow compared with the usual very fast 2

propagating processes of addition, cyclization, rearrangement,

or atom transfer. The reactivity of fluorinated radicals toward it is therefore assumed that the hexafluoro radical sy&eviti
hydrogen abstraction is so much greater than that of alkyl have essentially “perfluoro” reactivity. The unimolecular 1,5-
radicals that it seemed prudent to evaluate and quantitate thehydrogen shifts oflL and 2 should have larger absolute rate

degree of their expected enhanced rates-efHGeactivity?2 In
preliminary studies of the reaction of45SiH with perfluoron-
alkyl radicals, about 5% of the hydrogen transfer was found to
come from the ethyl side chamRlso, in commercial poly-
merizations H-transfer from €H bonds of surfactants and
initiators can be the main source of polymer inhibition or low
molecular weight product as a result of terminating chain
transfert Hence, there is considerable scientific and practical
interest in determining the rates of chain transfer to perfluoro-
alkyl radicals, and in developing structuractivity relationships
where none currently exist.

As a first step in examining selectively the influence of
structure on the rate constants of-B abstraction, we chose
to examine tetrafluoro- and hexafluoroalkyl radical systedms
and2, which should undergo 1,5-hydrogen shifts quite readily,
and where the substituent X (GHCHsS, CHO, AcO, and Ph)
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constants than analogous bimolecular ones, and thus the study
should be appropriate for our continued development of
methodology for accurate measurement of increasingly slow
processes of fluorinated radicéls.

1,5-Hydrogen transfer reactions from-€& bonds are quite
commonly observed processes for heteroatom-centered radicals,
and they form the basis for name reactions such as the Barton
and the Hofmannr Lofler—Freytag reactiongSubstituent effects
on the rates and selectivity of such reactions are quite well
understood:®0In recent years, the use of 1,5-hydrogen shifts
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Table 1. Rate Data from Competition Experiments To Determine Hydrogen Abstraction Rate Constants for Various Silarfés at 25

silane slopeki/Kaad intercept r? ka/IPM 112
reaction withn-C,F¢" 9
t-BuMe,SiHP 0.0625 (£0.003) 0.00740.006) 0.998 4.940.8)
MesSiSiMeH® 0.400 £-0.004) —0.002 (£0.002) 0.999 3146)
(CF:CHp-CHy)3Si—He® 0.027 (:0.004) 0.00240.016) 0.984 2.140.6)
reaction with GHg-CoF4* €
t-BuMe,SiHP 0.0095 (-0.0010) 0.0024£0.008) 0.990 1.9£0.4)

aErrors are given as® ® Method A: Reactions were initiated witlert-butyl hyponitrite at 33-37 °C in BTB. ¢ Method B: Reactions were
UV-initiated in Pyrex tubes in 1,4-bis(trifluoromethyl)benzene af@59 Rate constants were determined by using the absolute rate of addition of
C;F15 to 1-hexene obtained by Iffkfia = 7.9 (£0.7) x 10° M~t st at 254 2 °C).Y” ¢ The rate constant was determined by using the absolute rate
of addition of GHsC,F4 to styrene Kaga = 2.0 (0.1) x 10’ Mt s at 25+ 2 °C) obtained by Ifg.

of reactive (sp) carbon-centered radicals has become a popular Such competitive sources of H-transfer had to be quantitatively
method of “radical translocatior?®,12 and there is structure evaluated, and to the extent possible, minimized.

reactivity data available for such reactions of vinyl radicals. Choice of Solvent.The problem of competitive H-transfer
Our earlier investigations of the reactivity of fluoroalkyl  from solvent in studies of slow reactions of highly fluorinated

radicals revealed that perfluorealkyl radicals, probably  alkyl radicals can be virtually eliminated by using either 1,3-

because of similar advantageous transition state polar characyy 1 4-pis(trifluoromethyl)benzene as solvéthe less expen-

teristics, have a reactivity which approaches thaedfbutoxyl sive 1,3-isomer (“BTB") was used in these studies.

with respect to hydrogen abstraction fronBusSnH (e ~ 1) Choice of Reductant.A silane reducing agent that will give

i ~ 2,3 -
anoIIkElgsll(—jl.(k,ﬁ “[90'1)' In?eedﬁ perlflu?rogalkyl r?nd tetrafrl]ulo rise to minimal side chain hydrogen transfer is required. Silane
roaikyl radicals, because of such polar factors, have muc arger(Csz)g,SiD should have a rate constant for bimolecular D-

— 1 - 1 -
:j%tealclg Tsrtsgit:a(lglf-c) gor.l—2| gbstrlaggtlogéggnpflgan tlkg:?m transfer that would be sufficiently small at the concentrations
and R)C/:HCH A 2'4 81667 at'25X°C4 ’Polar effects' W>c<)uld é)e required for pseudo-first-order behavior<(80-fold excess) to
2 L X ) . allow significant competition from intramolecular 1,5-H-transfer.
expected to also enhance the rates of hydrogen abstréicion . ) . .
However, an earlier study of the importance of side chain

C—H bondsby fluorinated radicals, and it was of interest to |\ ¢ 000 (GHx)sSiD indicated a ratio of [RI)/[R/D] =
determine the relative importance of polar and thermochemical - : : s & Simi .
influences of substituents on such rates 0.13 for its reaction witm-C;F5* in ber_lzen .Similarly, ratios
’ of 0.17—0.19 for the analogous reactions of RCI* radicals
Results and Discussion with (CzHs)sSIiD were observed. Because such large amounts
o S ] of hydrogen-containing product derived from thide chainof
Kinetic Methodology. Within this study of intramolecular  the D-transfer agent are undesirable in these studies of intra-
hydrogen shifts, we introduce a new kinetic method. This mglecular H-transfer, alternative D-transfer agents possessing

method was made feasible because of the significatitute-  far |ess propensity to donate H-atoms from their side chains
rium isotope effect observed for tA8F NMR chemical shift were sought.

of a—CF,H versus the analogousCF,D signal. For example,

in 1,3-bis(trifluoromethyl)benzene as solvent, the signal for
CH3(CHy)3sCRCF,H (6 —136.7, d2Jry = 53.9 Hz) is baseline
resolved from the signal for GiICH,)sCF,CF,D (6 —137.4, t,
2J[:D =8.0 HZ).

Therefore, in principle, it is possible to carry out a competition
between intramolecular, 1,5-H transfer to form a product with
a —CFH group (i.e.,3H) and a bimolecular D-transfer from
R3SID to form a product with aCF,D group (i.e.,3D), where
the relative amounts &H and3D provide a direct measurement
of ku-15kp. Another advantage of the use of bimolecular
D-transfer is that the slower rate of such D-transfer due to the
primary isotope effect allows the intramolecular 1,5-H transfer
to compete more effectively.

Silanes are the preferred reducing agents because of their
relatively slow H-transfer rates from silicon combined with the
excellent chain propagating properties ofSR radicals. The
silanes (CECH,CH_)sSiD and (cyclopropyBSiD were chosen
because of the supposed high dissociation energies of their side
chain C-H bonds, but these silanes did not prove advantageous.
The global value oky for (CFsCHoCHy)3SiH is 2.1x 10 M~
s1at 25°C (Table 1), which is about 2.5 times slower than
that for E§SiH and might have made it a suitable H-transfer
agent!® Nonetheless, (GGEH,CH,)3SiD could not be used for
our studies because, quite surprisingfyave more side chain
H-transfer than E4SID ([RiH]/[R:D] > 1). Likewise, because
(cyclopropyl}SiD yielded a [RH]/[R:D] ratio slightly higher
than EtSID ([RH]/[R:D] ~ 0.6)), this silane also was not further

s XCHCH,GHGF,GFoH P XGHDGH,GHGF G H pursued.as a potentl_al [_)-transfer agent. _
/ 3H Two silanes that did give lower [R]/[R¢D] ratios than Ef

XCH,CH,CH,CF,CF 2 SiD weret-BuMe,SiD ([RiH]/[R¢D] = 0.02 and 0.07, respec-

1 Ko[RsSID] tively, for reaction withn-C4Fy* and n-C,HyCF,CF,* in BTB)
and MeSiSiMeD ([R¢H]/[R¢D] = 0.04 for reaction witn-C4F¢*
in BTB). These two silanes have quite different reactivities as
H-transfer agents, withBuMe,SiH having a global reactivity
similar to that of E4SiH (ky = 4.9 x 1® M~ s71) and Me-

XCH,CH,CH,CF,CF,D 3D

Because of the slow rates of the intramolecular H-shifts of
interest, however, some of the observed XCH,CH,CF,CFHH

(3H) product W_'" |neV|tany_ derive f_rom altematlve_hydmgen (13) Notably, this observed decrease in rate contrasts with the similar

atom sources in the reaction medium, most specifically from reported increase in the rate constant for H transfexityl radicalsfrom

the side chains of the silane reductant and from the solvent. the “fluorous” reductant (RRH,CH,)sSnH}“ and this difference undoubtedly

reflects the opposite nature of polar influences for H abstractionssby R
(11) Curran, D. P.; Shen, W. Am. Chem. S0d.993 115 6051. (electrophilic) versus R(nucleophilic). The proximity of the three GF
(12) (a) Curran, D. P.; Xu, 3. Am. Chem. Sod.996 118 3142. (b) groups in (CECH,CHy)sSiH is apparently sufficient to have a detrimental

Borthwick, A. D.; Caddick, S.; Parsons, PT&trahedronl992 48, 10655. impact on the expected polag’R+++H+--Si®* transition state.
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Table 2. Rates of Hydrogen and Deuterium Abstraction by Fluorinated Radicals from Silanes in 1,3-Bis(trifluoromethyl)benzege2at 25
°C. Kinetic Isotope Effects

silane ky/M-1sta slope ku/kp? kp/M~1sta intercept
reaction with GFg* ©
MesSiSiMe—X 3.1 (£0.6) x 109 2.4240.24 1.3 £0.4) x 10° 0.10+0.16
t-BuMe,Si—X 4.9 (£0.8) x 1¢° 3.31+0.14 1.49 £0.30)x 10° 0.08+ 0.10
reaction with GHsCF,CF,*
t-BuMe,Si—X¢ 1.9 #0.4)x 1° 3.45+ 0.10 5,5&1.3)x 10¢ 0.01+ 0.08

aErrors are given asa P UV initiated in quartz at 25C. ¢ Reaction was initiated at 35C with tert-butyl hyponitrite.

SiSiMeH being considerably more reactivey(= 3.1 x 10° the temperature of all of the rate constants which have been
M~1s71), as expectedd derived from laser flash photolysig? As will be described in

In lieu of using very expensive perdeuteriosilane reducing greater detail in the intramolecular competition section below,
agents, it was decided to ugeBuMe,SiD, with its lower the slopes obtained in these competition studies eximibit
H-transfer rate constant, as the bimolecular D-transfer agent forvariation between the temperatures of—2% °C, within
our competition studies designed to look at unimolecular 1,5- experimental errorTherefore a slope (Kkagg oObtained at 45
hydrogen transfer, and to correct for any side-chain transfer (vide °C can be used with a,kq obtained by Ifp at 25C to obtain

infra). a value for ky at 25°C.

Determination of ky Values of Silanes.The values of The rate constant for hydrogen abstraction froBuMe,-
bimolecular hydrogen atom transfég;, were determined for  SiH by a tetrafluoroalkyl radical was determined by means of
the reaction oh-C4Fg* with three silanes [(CJEH,CH,)3SiH, a similar competition experiment with 1-bromo-1,1,2,2-tet-

t-BuMe,SiH, and MgSiSiMeH] by means of kinetic competi-  rafluorohexane as the substrate and styrene as the alkene. Again,
tion experiments utilizing the competition between H-abstraction the value ok,qqfor addition of CHCH,CF,CF,® to styrene had
from the silane versus addition of the radical to 1-hexene as been determined by Ifpkfgq = 2.0 @0.1) x 10’ M~1 s71].5

depicted in the scheme below. The values oky that were obtained from the slope are, of
courseglobal rate constants, meaning that they are the sum of
lRSH] M rate constants for H-transfer froms&H, including from the
o TBHN.3337%C o, Redn si_de chain However, combining the v_alues f&F side chaitko
rare RySH, 1herene 40 Keaal1-hexene] . d!scussgd earlier with t_hlm/kD values m_T_abIe 2 s_hows_ th_at
S——————= n-C4Fg-CH,CH-C4H, side chain transfer can lignoredbecause it is negligible within
l ) the error limits (0.6%, 1.7%, and 2% foBuMe,SiH/n-C4F¢*,
RoSiH MesSiSiMeH/n-C4Fy", and t-BuMeSIH/RCRCF,", respec-
Nn-C4Fg-CH,CHp-CyHg tively). Therefore, théy values in Table 2 will be taken to be
Addn the values for Si-H transfer.

Determination of kp Values of Silanes. Kinetic Isotope

Reactions were initiated thermally by irt-butylhyponitrite Effects. The kinetic deuterium isotope effecti(kp) for the
(t-Bu—O—N=N—-O-t-Bu) (TBHN) at 33-37°C in BTB,'° or reactions oh-C4Fg* with RsSiD versus BSiH were determined
by photoinitiation at 25t 2 °C. For each silane, the ratios of for the two silanest-BuMeSIiD (ku/kp = 3.31 + 0.14) and
reduced product [Redn] to addition product [Addn] were MesSiSiMeD (ki/kp = 2.4+ 0.3), via a series of competition
obtained for a series of runs using increasing ratios e5[R]/ experiments in whici-C,4Fsl was allowed to react with varying
[1-hexene] with large excesses of bothS®H and 1-hexene  ratios of [RSiH]/[RsSiD] in BTB. The ratios of hydrogen-
being used to maintain pseudo-first-order conditions. A constant containing product r-C4FgH) versus deuterium-containing
concentration of 1-hexene was maintained so that H-transfer product (-CsFoD) were obtained for each run frofF NMR
from alkene would not contribute significantly to the slopet spectra of the product mixture, and plots 0i4FgH]/[n-C4FeD]
only to the interceptA plot of the experimental values of versus [RSiH]/[RsSiD] gave a slope that equaldgkp. By
[Redn]/[Addn] versus [BSiH]/[1-hexene], according to the  maintaining the total concentration o§&H + RsSiD constant,
equation below, gave straight lines, the slopes of which were one can be sure that hydrogen abstraction from the side chains

equivalent to the ratios dé/kaga of the silanes does not contribute to the slope, but only to the
. intercept value, according to the equation below. The intercept
[Redn]/[Addn]= ky/kqq % [RsSiH)/[1-hexeneH values that were obtained (Table 2) are consistent with expecta-
Kiy (from 1—-hexenehKadd tions based on the evaluation of side chain reactivity discussed

earlier.

The value ok,gqwas taken to be that of addition ofC7F15°
to 1-hexene (7.% 0.7 x 1P M~tsat 25+ 2 °C) which had  [N-C4FgH]/[n-C,FD] = Ky /ky x [R3SiH)/[R;SID] +
been determined by laser flash photolysis (FpjThe derived Ky—side chaifKo
rate constants for hydrogen abstracti&g) (@re given in Table
1. These rate constants, as well as all other rate constants in Similarly, the ky/kp value for the reaction of the tetrafluo-
this paper which are derived from competition studies, are roalkyl radical, n-C4HyCF.CFy, with t-BuMe;SiH(D) was
reported in the tables at a temperature of22 °C, which is determined to be 3.4% 0.10.
With ky/kp values andky values now obtained, the values

(14) Horner, J. A.; Martinez, F. L.; Newcomb, M.; Hadida, S.; Curran,

D. P. Tetrahedron Lett1997 38, 2783. for kp in Table 2 were calculated. It is these valuekgffor
(15) Lusztyk, J.; Maillard, B.; Ingold, K. UJ. Org. Chem1986 51, t-BuMe&;SiD with RCRCF,* [kp = 5.5 @#1.3) x 10* M1 s
2457. and with n-C4Fg" [kp = 1.45 (£0.30) x 10° M1 s which

(16) Mendenhall, G. DTetrahedron Lett1983 24, 451. . . . L .
(17) Avila, D. V.. Ingold, K. U.; Lusztyk, J.; Dolbier, W. R., Jr.; Pan, will be used in the intramolecular competition studies to be

H.-Q.; Muir, M. J. Am. Chem. S0d.994 116, 99. described below.
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Table 3. Kinetic Data for the 1,5-H vs Intermolecular-D Transfer Studies of Tetrafluoroalkyl Raditais],f,2 and the Hexafluoroalkyl
Radical,2a?

entry? radicaP X slope intercept k1510 s1¢
1 la CH;O— 0.070 ¢-0.006) 0.01140.008) 3.9¢1.3)
2d la CHsO— 0.068 (-0.010) 0.0124£0.016)
3 la CH;O— 0.072 (-0.006) 0.03240.012)
& 1la CHsO— 0.053 (-0.004) 0.013£0.008) 2.9¢1.0)
5 1b Ph- 0.115 (0.014) 0.00740.034) 6.3 {2.3)
6 1c CH,COO— 0.008 (-0.0012) 0.0274£0.002) 0.444:0.17)
7 1d CHsS— 0.063 (-0.006) 0.05240.012) 3.5¢1.2)
8 1f9 CHs— 0.023 (-0.002) 0.02940.004) 1.3 £0.4)
9 2a CH;O— 0.046 (-0.004) 0.01340.010) 6.8 {£1.5)

a Reactions were initiated wittrans-bis(tert-butyl)hyponitrite (TBHN) in 1,3-bis(trifluoromethyl)benzene at-337 °C unless otherwise noted.
b Procedures for preparation of precursor halidizs; e and 5a,b, are described in the Supporting Informatiérrors are reported as;2¢ The
reaction was done at 4%. ¢ Initiated by UV, in quartzf The reaction was done in GDOOD. 9 Precursodf was prepared as described in ref 5.

Table 4. Summary of Rate Data for 1,5-Hydrogen Shifts of Tetrafluoroalkyl Radidasd,f, and Hexafluoroalkyl RadicaRa, at 25°C

radical X ku-1g103s12 Ki—1,5 per H{10Ps712 Krel RSP S° st ¢
la CH;O— 3.9 #1.3) 1.95 ¢0.70) 3 53 —0.27 —0.78
1b Ph— 6.7 (2.3) 33E1.2) 5 7.8 -0.01 -0.18
1ic CH:COO- 0.44 (£0.17) 0.22 £0.09) 0.3 2.4 +0.31 -0.19
1d CHaS— 3.5(1.2) 1.75 (-0.6) 2.7 5.6 —0.00 —0.60
1f CHs— 1.3 (£0.4) 0.65 (-0.2) 1 33 -0.17 -0.31
2a CH:0— 6.8 (+1.5) 3.4 ¢0.8) 5.3 -0.27 -0.78

aErrors are given ase ® Reference 22 Reference 239 The value given is that calculated for @HCH—. € The value given is that calculated
for the formate group.

Intramolecular 1,5-Hydrogen Abstraction Rate Constants. the slope at 25also would be the same, it is therefore legitimate
Rates of intramolecular hydrogen abstraction were determinedto usekagqVvalues which were obtained in Ifp experiments at 25
by competition experiments where the unimolecular 1,5- °C to calculateky-1 5 values at 25°C, using the competition
hydrogen shifts of 1,1,2,2-tetrafluoropentyl! radicaly were data obtained at 3338 °C.
allowed to compete with their bimolecular abstraction of  Substituent Effects on Rate ConstantsFrom the data in

deuterium fromt-BuMe,SiD (Table 3). Table 4 the order of reactivities is PhOCH; ~ SCH; > CH3
A > OAc, which correlates reasonably well with the relative
XCH,CHoGH,CF5CFBr TEE:;D'BTAB XCH,CH,CH,CF,CF,® abilities of the substituents to stabilize free radidélsut even
dat 3337 °C ! though they do not correlate as well, transition state polar
Kirs R,SID interactions cannot be ruled out. In all likelihood, both factors

/——‘X'CHCHZ"”?C"?CF?“ T XCHDCH,CH,CR,CRAH contribute to the observed tredd.
3H .
Ki.side chain[RaSiD] - The smaller slope (0.053) observed farwhen the competi-

1

_ tion is carried out in perdeuterio acetic acid (Table 3) is
NS0l CHLOH.CH.GF,GF.D consistent with the transition state for D-abstraction from the
YASRPASRrASIrA Al
3D silane having more polar character than that for the 1,5-H
abstraction from carbon. Therefolkg, should be affected more
The small residual side chain H-transféf {size chai) from than ky—1,5 when one switches from BTB to the much more
t-BuMe,SiD should be reflected by the intercept of the plot of polar solvent, acetic acid.
[RiH)/[R¢D] versus 14-BuMe,;SiD], with the slope providing Therangeof observed reactivities for the series of tetrafluo-
unambiguously the ratio oki-15kp. (Any bimolecular H- roalkyl radicalsla—d,f is quite narrow, with phenyt and

transfer from the substrate would have an impact only on the methoxy substituents increasing the rate of hydrogen abstraction
intercept sinceonstantconcentrations of the substrate were used gyer that of an ordinary secondary-& only by factors of 5

in kinetic studies.) . and 3, respectivel§£ This range of reactivities is comparable

Indeed, good straight !lnes Wer'e obtained for the ploBef][ (19) Fischer, H. InfSubstituent Effects in Radical Chemistiiehe, H.
[3D] versus 1f-BuMe,SiD. The intercept values were small  G., Janousek, Z., Merenyi, R., Eds.; Reidel: Dordrecht, 1986; pp-123
and, within experimental error, consistent with the sige chaif 142.

; ;- (20) The rate for 1,5-hydrogen shift in the hexyl radical ¢QEH,)4-
ko values (0.020.07) that were obtained from control experi CHyr in the gas phase at 26 (7—15 s )?Lis about 2 orders of magnitude

ments that examined the degree of side chain H-transfer in thesjower than that fotf, which likely reflects a favorable polar effect in the

reaction of tetrafluoroalkyl bromide derivatives witBuMe,- transition state for hydrogen shift itf.
SiD .18 (21) (a) Watkins, K. W.J. Phys. Chem1973 77, 2938. (b) Dbg S.;
' Bérces, T.; R&, F.; Marta, F.Int. J. Chem. Kinet1987, 19, 895.
. . ) (22) (a) Pasto, D. J.; Krasnansky, R.; ZercherJOOrg. Chem1987,
[BH] _ ki1 S11 + Kitside chain[1RSID] - Kiv-16 . Kitside chain 52, 3062. (b) Bordwell, F. G.; Zhang, X.-M.; Alnajjar, M. 8. Am. Chem.
[3D] kp[1]{R3SiD] ~  ko[RsSID] ko So0c.1992 114 7623. (c) Brocks, J. J.; Beckhaus, H.-D.; Beckwith, A. L.

J.; Richardt, C.J. Org. Chem1998 63, 1935.
- - 23) Hansch, C.; Leo, A.; Taft, R. WChem. Re. 1991, 91, 165.

Temperature Dependenc_e of SlopeAs mentioned earlier, EZ4§ The competition of intramolecular versus intermolecular hydrogen
and as seen from the data in Table 3, the slopes atB88 at abstraction for phenyl derivative was accompanied by a lower yield of the
45° are virtually indistinguishable. Since it can be assumed that reduced products. The reason for that was an observed competitive
intramolecular cyclization of the fluorinated radical onto the aromatic ring

(18) The results of these competition experiments are very reproducible to form a tetrahydonaphthalene product, a process that will be discussed in
from run to run, with similar slopes being obtained even when one does more detail in a subsequent publication. The overall mass balance remained
not use absolutely fresh silane. excellent.
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to that observed by Curran and Shen for substituent effects in Experimental Section

1,5-hydrogen migrations Of. vinyl radic@f'* B'ec_:ause their study General. *H NMR (CDCl;, TMS internal reference) andF NMR

was run fm 80C, .versus this work at 25C, it is unfortunately (CDCl;, CFCk internal referenceg negative upfield) spectra were

not possible to directly compare absolute rate constants for theyecorded at 300 and 282.33 MHz, respectively, on a Varian VXR-300

two studies. The compact range of reactivities for both our gpectrometer unless otherwise indicated. UV spectra were recorded on
an HP8452A UV/VIS spectrometer.

E.E E_E Synthetic proceduresfor all substrates used in the kinetic studies
? 80°C can be found in the Supporting Information.
x— @\ X oH Competition Kinetics. The competition kinetic reactions were done
H H in 1,3-bis(trifluoromethyl)benzene (BTB) as a solvent if not otherwise
Ky g/ 8" stated.
- General Procedure for the Competition Experiment of Hydrogen

6
“;;;‘(12*,;3 g;}gs Abstraction from Silanes versus Addition to Olefins.Each NMR

tube of the series, provided with a capillary glass tube containing a
. . . . solution of CFC} in C¢Ds as an external standard for measurifig
system and that of Curran is consistent with low activation R was flushed with nitrogen. Into each tube a known volume of

energy, high entropic-demand processes, which therefore shouldhe solvent was added. The concentration of the reactants was

exhibit little substituent-based selectivity. determined according to weight-0.001 g), the volume of silane was
It is interesting to compare the unimolecular rates for 1,5-H varied, and the concentration of other reagents was kept constant
shift of methoxy-substituted radicah [3.4 (£0.8) x 10° s71] through the series of tubes (Method A). The concentrations of both

with a preliminary value recently obtained fdwimolecular the silane and olefin were changed in Method B. Each tube was sealed

abstraction byn-C4Fg* from the CH groups of diethyl ether with a rubber septum, secured with Parafilm tape, frozen in liquid
K per hydroger= 5.5 (£1.2) x 108 M1 5-1].26 The rate constants nitrogen, and subjected to three successive frepaenp—thaw cycles

are very similar, suggesting similar activation parameters for followed by pressurization with nitrogen and warming up to room
y » Sugg 9 P temperature. The tubes were then subjected to UV photolysis in a

the intra- and 'nterm()le_(:u'ar reactions. It Shpuld be noted that Rayonet reactor at room temperature for the UV-initiated reactions, or
because of theoncentration dependencéthe bimolecular rate, \yere done at 33:537.5°C in the presence of dert-butylhyponitrite®

the obsewedrate for bimolecular €H abstraction byr-CsFg’ as a radical initiator for the thermally initiated reactions until the

could be faster or slower than the unimolecular rate2af sufficient consumption of starting material was determineé?B\NMR.

depending on the concentration of the organic substrate. Product ratios for the various concentrations of silane and olefin allowed
Hexafluoro- versus Tetrafluoroalkyl Radicals. The greater ~ the determination of the/ka ratio. Yields were determined by

reactivity observed for hexafluoroalkyl radic24 (a factor of ~ integration of product signals versus the resonance of CFCI

1.7 times faster thanla) is consistent with the general See the Supporting Information for detailed information about

specific competition studies, along with tables of kinetic data (Tables

observation that such radicals are “perfluoro-like” and thus
?(;?;?I\ngfgarlﬂglr era?jlﬁgllspggfe?(g?nﬁzdtlxg ggéﬁgzzgl_ogous General Procedure for the Competition between Hydrogen
. ) o ! . Abstraction from R 3SiH and Deuterium Abstraction from R3SiD.

CRCF;* undergoes ®xocyclization 3.9 times faster than  \,ch as described above, reactions were carried out in BTB solvent
CH;=CHCH,CH,CR,CF;* and abstracts H from-BusSnH 2.2 and were initiated by either UV-irradiation in quartz tubes or thermally
times fastef.?” at 35°C with di-tert-butylhyponitrite as initiator. Keeping the total
. concentration of silanes constant, the ratio o§JmRi]/[RsSiD] was
Conclusions varied within each series, and the ratios ofufR]/[RueD] were

The most important conclusion from this work is that determined by integration of theCFH and—CF.D signals in theé°F
techniques have been devised to obtain an accurate and reliabl&MR (6 —136.7 versus-137.4, respectively).
measure of the rate constants of the relatively slow 1,5-hydrogen See the Supporting Information for detailed information about
transfer processes of fluorinated radicals in solution. Very few specific competition experiments, along with tables of kinetic data
absolute rate constants have been previously reported for(Tables 8-10). y
intramolecular hydrogen transfer processes in solution. General Procedure for Competition of Intramolecular, 1,5-H

7 bstraction versus Intermolecular Deuterium Abstraction from
The results indicate a reasonable, but rather compresse

. . - . -BuMe,SiD for 1,1,2,2-Tetrafluoropentyl Radicals la-d,f and
impact of substituents at the site of-@ abstraction. The rate 1,1,2,2,3,3,-Hexafluoropentyl Radical 2aThe reactions were carried

constants of these 1,5-shifts are in the® 50* range, and oyt at 35°C with di-tert-butylhyponitrite as initiator. Ratios ot RyeH/
although such processes are likely much faster than those ofn-RyD for intramolecular hydrogen abstraction versus intermolecular
the analogous hydrocarbon radicals, they are not nearly fastdeuterium abstraction fromert-butyldimethylsilaned were determined
enough to be competitive with thee«aheptenyl cyclization by integration of the-CFRH d¢ —137 (d,J = 54 Hz) and—CF.D, d¢
reactions of fluorinated alkenes, which have been observed to—137.7 (t.J = 8 Hz) resonances in tHé- NMR of the tetrafluoroalkyl
proceed with rate constants ofL0” s~1.28 As observed earlier ~ Products, and the signals at £+6 —138.8 (d,J = 54 Hz) and CED

by Curran and Shen for 1,5-hydrogen shift processes of vinyl ¢ ~139:5 (1, J = 8 Hz) resonances in thé’F NMR of the
radicalst! the rates of intramolecular, 1,5-hydrogen transfer for nexafluoroalkyl product.

tetrafluoro- and hexafluoroalkyl radicals appear to be of a similar ~ Acknowledgment. Support of this research in part by the
magnitude to their analogous bimolecular rates forHC  National Science Foundation, including a GOALI supplement,
abstraction. is acknowledged with thanks.

(25) Dimethylamino-substituted substratéd,and5b, did not undergo Supporting Information Available: Procedures for syn-

the kind of clean free radical chain processes which would allow reliable . o
rate data to be obtained. P thesis of substratedia—e and 5a—b, specific procedures for

(26) Shtarev, A. B.; Dolbier, W. R., Jr.; Smart, B. E. Unpublished results. competition experiments, and tables of kinetic data (PDF). This

(27) Dolbier, W. R., Jr.; Rong, X. X.; Bartberger, M. D.; Koroniak, H.;  material is available free of charge via the Internet at
Smart, B. E.; Yang, Z.-YJ. Chem. So¢Perkin Trans. 21998 219. htto://oubs.acs.or

(28) Dolbier, W. R., Jr.; Li, A;; Smart, B. E.; Yang, Z.-¥. Org. Chem. p-iip ) -01g.
199§ 63, 5687-5688. JA9830344




