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Fluoro-olefin Chemistry. Part 17." Thermal Reaction of
Hexafluoropropene with 2-Trifluoromethylbutane and

1.1.1-Trifluoropentane

Terry Davies, Robert N. Haszeldine, and Anthony E. Tipping *
Department of Chemistry, University of Manchester Institute of Science and Technology,

Manchester M60 1QD

Reaction of hexafluoropropene with 2-trifluoromethylbutane (1) and 1,1,1-trifluoropentane (2) in the
range 260—295 °C gives as major products the 1:1 adducts CF;CHMeCH,CH,CF,CHFCF; (10) and
CF3;CH,CH,CHMeCF,CHFCF; (14), respectively, formed via hydrogen abstraction from C—-H bonds y
to the CF; group. However, dehydrogenation to give 1H.2H-hexafluoropropane (6) and the alkenes
CFacMe CHMe (7) [from (1)] and CF;CH,CH,CH:CH, (22) [from (2)] is a competing reaction which
is more important the higher the temperature The alkene (7) reacts further to give CF;CMe:CHCH,CF,-

CHFCF; (9) and the cyclopentane CF3CMeCH20H CFZCFCF3 (1 8) while the alkene (22) undergoes

cyclodimerisation with hexafluoropropene to afford CF3CFCF2CH2CHCH2CH CF3; (11) and then the

1
dehydrogenation product CF3CFCF2CHZCHCH CHCF, (13). A further product from the alkane (2) is
the olefin CF;CH:CHCH,CH,CF,CHFCF; (12) formed via hydrogen abstraction from a §-C—H bond.
Reaction does not occur between 1.1,1-trifluoro-4-trifluoromethylpentane and hexafluoropropene at

295 °C.

Thermal and photochemical reaction of hexafluoropropene
with n-butane gives both 1:1 and 2:1 adducts;!? the
former compounds are precursors of the 2: 1 adducts. The
structures of the 2 : 1 adducts indicated that the C;HF, group
in the 1 : 1 adducts had a strong deactivating influence on the
reactivities of C-H bonds in the «- and B-positions to the
group.

The CF, group has a comparable electron-withdrawing —/
effect to that of the C3HF; group, but being less bulky should
sterically hinder reaction at the «- and B-C-H bonds to a
lesser extent. Therefore the reactions of hexafluoropropene
with 2-trifluoromethylbutane (1) and 1,1,l-trifluoropentane

RFCH MeCH;CH; RFCHchchchg
(1) R = CF; (2) R = CF;
(3) R = CF;CHFCF, (4) R¢ = CF;,CHFCF,
CF,;CH,CH,CHMeCF,
)

(2), the CF; analogues of the major n-butane-hexafiuoropro-
pene | : 1 adducts (3) and (4), were investigated under thermal
conditions. In addition the thermal reaction of hexafluoro-
propene with 1,1,1-trifluoro-4-trifluoromethylpentane (5) was
also carried out in order to determine the effect of two CF;

CF;CHFCHF, CF;CMe:CHMe
() )
CF;CMe:CHCH,CF,CHFCF;
)

| R
CF;CFCF,CH,CHCH,CH,CF;
an

f ) .
CF;CFCF,CH,CHCH!CHCF,
(13)

groups in the alkane on the reactivities of the various C—H
bonds.

Results and Discussion

Initial reactions involving the alkanes (1) and (2) at ca. 290 °C
(4d) prompted an investigation at lower temperature and the
results obtained are given in Tables 1 and 2.

All the reactions gave tariand multicomponent mixtures
from which only the major components were isolated.

The major products from the reactions of both alkanes were
1:1 adducts, but a totally unexpected observation was that
dehydrogenation to give 1H,2H-hexafluoropropane (6) and
alkenes was a competing reaction, the extent of which in-
creased with increasing temperature.

(a) 2-Trifluoromethylbutane (1).—The 1: 1 adducts (8) and
(10) are considered to be formed by a chain mechanism ini-
tiated either by C—C bond cleavage or hydrogen abstraction
from a y-C-H bond in the alkane (1) involving thermally
activated hexafluoropropene as postulated previously '3
[Scheme 1, where R™ is any radical formed by C—C bond
cleavage of (1)].

The intermediate radical (15) undergoes bidirectional ad-
dition to hexafluoropropene with major attack occurring on
the terminal CF, group (ratio ca. 3:1) as found for other

CF;CHMeCH,CH,CF(CF;)CHF,
®

CF;CHMCCH;CH;CF;CHFCF;
(10)

CF;CH:CHCH,CH,CF,CHFCF;
(12)

CF;CH,CH,CHMeCF,CHFCF,
(14)
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RH
CF;CHMeCH,CH, + C;F¢H: —» (6)

(1) + [CsFJ* (5)

1)
— C3Fs + 2R’* —— R’C;Fss —» (15) + R'C;FsH

(15) + C3Fs —» CF;CHMeCH,CH,CF,CFCF; + CF;CHMeCH,CH,CF(CF;)CF,

l(l)

(10

¢(l)

®

Scheme 1.

Table 1. Reaction of hexafluoropropene with 2-trifluoromethylbutane (1) (1 : 3 molar ratio; 96 h)

Products (%) *

Temp. Recovered Recovered — -
0 [OXVA GsFs (%) (6) @) ® (CsH,Fo)t )] (10
292 83 27 33 16 3.5 4.5 4 10
280 82 42 12 6.5 14 7.5 6 43
260 94 86 2 Trace 22 2 2 70
* Based on C;F, consumed. ¥ Compound not fully characterised.
Table 2. Reaction of hexafluoropropene with 1,1,1-trifluoropentane CH
(2) (1: 3 molar ratio; 96 h) (16) +C,F, —» CH/ kQ\CM CFy —» Mechs
orod . e 2 (CMeCh F,—/FCF,
ts (%
Temp. Recovered Recovered roducs % - CF. —-—CC'FCF
{®) Q)¢ GF ¢y © a1 12 a3 4 z 3 lRH
295 78 35 27 16 6 1 35
277 82 62 20 10 3 3 52
260 93 80 15 6 3 3 64

* Based on C;F¢ consumed.

1) + [CsFe]* —=(7) + (6)

(7) + [CsFe]* —» CF;CMe:CHCH, <> CF;CMeCH:CH,
(16)

lc;Fg
)

(1
CF,CMe:CHCH,CF,CFCF, —%» ®

Scheme 2.

alkyl radicals, e.g. n-butyl (ratio ca. 4:1).! 1:1 Adducts
formed via hydrogen abstraction from C—H bonds « or B to
the CF,; group were not detected. This observation is in
agreement with the results obtained from reaction of the n-
butane-hexafluoropropene adduct (3) with hexafluoropropene
and indicates that the deactivation of the «- and B-C—H bonds
in compounds (1) and (3) is due to the —1 effect of the fluoro-
alkyl groups and steric effects are relatively unimportant.

The other identified products, 2-trifluoromethylbut-2-ene
74 and 5,5,6,7,7,7-hexafluoro-2-trifluoromethylhept-2-ene
(9), are probably formed via dehydrogenation of alkane (1) by
thermally excited hexafluoropropene (Scheme 2).

The remaining product CgH-Fg is almost certainly the
cyclopentane (17) as indicated by its 'F n.m.r. spectrum;
8¢ +6.4br (s, 3 F, CF;), —0.5 (td, 3 F, CF/;,CFCF,), —32.6
and —38.4 (AB, 2 F, CF,, J 252 Hz), and —102.7 p.p.m.
(mult, 1 F, CF). The groups CHF and CHF, were absent and
the AB coupling observed was of the magnitude expected for
a cyclopentane but not for a cyclobutane (ca. 220 Hz). The

C7Mecr=3
F,—/FcF,
an

Scheme 3.

CsFe
(2) —» CF,CH,CH,CHMe ———»

(18)
CF3CH,CH,CHMeCF,CFCF;

i(z)

(14)

Scheme 4.

'H n.m.r. spectrum was uninformative although it confirmed
the absence of CHF and CHF, groups.

Cyclopentane (17) is an expected product from reaction of
the allyl radical (16) with hexafluoropropene (cf. reaction of
the allyl radicals CH,:CMeCH,, CHMe:CMeCH,, and CMe,:
CMeCH, %), ic. Scheme 3. An attempted photochemical
reaction surprisingly gave only unchanged reactants.

(b) L1,1,1-Trifluoropentanc (2).—The only 1:1 adduct
isolated was compound (14) formed via hydrogen abstraction
from a y-C—H bond to give the intermediate radical (18), i.c.
Scheme 4.

I:1 Adducts formed by insertion into x-, -, or 3-C—H
bonds were not detected although it is considered that alkene
(12) is formed via abstraction of hydrogen from a §-C—H bond.
Such 8-hydrogen abstraction was expected because the reac-
tion of hexafluoropropene with the n-butane adduct (4) at
300 °C gave 2: 1 adducts resulting from y- and 8-hydrogen
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(2) ——= CF,CHK,CH,CH,CH,

cH
S CaFg
CFiCHCH  CH,
R
“},} /CFz CF,(CH,),CF,CFCF,
FC

I (19)

CFy (2)
19)

CF,CH,CH(CH,),CF, CHFCF, CF,(CH,) CF,CHFCF,
(20) (21)

I |

Hlabstraction

(12)
Scheme 5.

abstraction in the ratio 7 : 1.! This ratio is in close agreement
with the product ratio (14): (12) == ca. 6: 1 for reaction at
295 °C (Table 2).

The absence of adducts formed via «- or B-hydrogen
abstraction is further confirmation that the deactivation of
the «- and B-C—H bonds in the n-butane adducts (3) and (4) is
a result of electronic rather than steric factors. Deactivation of
the «- and B-C—H bonds in the alkane (2) towards abstraction
by chlorine atoms has been reported previously.®

Initial abstraction of a 8-hydrogen atom could give alkene
(12) by two distinct mechanisms (Scheme 5). Of the two
mechanisms that involving rearrangement of the intermediate
radical (19) to radical (20) is perhaps more likely, because there
appears to be no sound reason why adduct (21) should undergo
dehydrogenation while the major 1 : 1 adduct (14) apparently
does not.

The remaining two products, the cyclobutanes (11) and (13),
are considered to arise via initial dehydrogenation to give the
alkene (22), i.e. Scheme 6.

(c) 1,1,1-Trifluoro-4-trifluoromethylpentane (5).—An at-
tempted reaction between the alkane (5) and hexafluoropro-
pene at 295 “C (91 h) gave only unchanged reactants. The
C-H bonds in this alkane are all either « or B to a CF; group
and hydrogen abstraction by thermally excited hexafluoro-
propene is not favourable.

Experimental
The techniques used are as described previously.! N.m.r.
Chemical shifts quoted as positive are to low field of the
references [external CF;CO,H (*F) and SiMe, (‘H)]. Mol-
ecular weights were determined by Regnault’s method.

The reactant alkanes were prepared * by the following
routes:

CF,1
MeCH:CHMe — = CH,CHICHMeCF; + CFyCH,CHICHMeCF,

HllZOO‘C HllZOO'C

m (5)

CF41 H1
. —_— (2)
EtCHICH, u—y’ CF;CH,CHICH,CH, 700°C
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() + [CsFs]* —» CFsCH,CH,CH:CH, GFe
(22) e
an 555 1)
Scheme 6.

Reaction of Hexafluoropropene with 2-Trifluoromethyl-
butane (1).—(a) At 280 °C. A mixture of the alkane (4.10 g,
33.0 mmol) and hexafluoropropene (1.65 g, 11.0 mmol),
heated in vacuo in a Pyrex tube (ca. 300 cm?®) at 280 °C (96 h),
gave (i) a low-boiling fraction (0.64 g, 4.8 mmol; M, 152) which
was shown by i.r. spectroscopy and g.l.c. (4 m Kel-F at 20 °C)
to be unchanged hexafluoropropene (0.63 g, 4.7 mmol, 429
recovered) contaminated with traces of 1 H,2 H-hexafluoropro-
pane (6) and cis- and trans-perfluoro(l,2-dimethylcyclo-
butane), (ii) an intermediate fraction (3.54 g), shown by g.l.c.
(8 m TXP at 40 °C) to consist of four components (ratio;
trace: 3:42:1) identified as a mixture of cis- and trans-
perfluoro(1,2-dimethylcyclobutane) (trace), (6) (0.11 g, 0.72
mmol, 12%), unchanged (1) (3.40 g, 27.0 mmol, 82% re-
covered), and 2-trifluoromethylbut-2-ene * (7) (0.005 g, 0.4
mmol, 7% on alkane) by their g.l.c. retention times and the
i.r. and 'H and " F n.m.r. spectra of the mixture; &y (Z-
CF;CMe*=CH*Me®) 1.22 3 H, s, H,), 1.18 (3 H, mult, Hy),
5.63 (1 H, mult, H.), and (E-CF;CMe*=CH°Me®) 1.28 3 H, s,
H,), 1.20 (3 H, mult, H,), and 5.24 (1 H, mult, H,) p.p.m., (iii)
a higher-boiling fraction (1.44 g) shown by g.l.c.(8 m TXP at
60 °C) to contain four major components (A—D) in the ratio
11:6:5:32 and a number of minor components, and (iv) a
tarry carbonaceous residue which was not examined further.

The four components (A—D) were separated by g.l.c.
(3.5 m TXP at 100 °C) to give 1,1,2-trifluoro-2,5-bis(trifluoro-
methyl)hexane (8) (0.27 g, 1.0 mmol, 14% on C;F,) (Found:
C, 35.0; H, 3.1%; M, 276. CgHF, requires C, 34.8; H, 3.3%;
M, 276), b.p. 120 °C, m/z 276 (trace, M *) and 207 [100%, (M
— CF3)*], n.m.r.bands for CF,*CH*Me“CH,*CH,*CF'(CF;f)-
CH"FAF® at 8¢ +2.9 3F, d, F., Jva 8 Hz), —1.0 (3 F, mult,
F,), --55.8 and -57.1 (2F, AB mult, F, and Fg)and —109.2
(1 F, mult, F¢) and &,; 0.90 (3 H, d, H, Joc 6.2 Hz), 1.6 to 2.1
(4 H, mult, Hy and H,), 2.60 (1 H, mult, H,), and 5.68 (1 H,
td, Hy,, Jan.n 54.0, Jrn 4.0 Hz); a compound tentatively identi-
fied as 1,1,2-trifluoro-2,3-bis(trifluoromethyl)-3-methylcyclo-
pentane (18) (0.14 g, 0.50 mmol, 7.5%) (Found: C, 34.9; H
2.7%. M*, 274. CgH,F, requires C, 35.0; H, 2.6%;; M, 274),
b.p. 124 “°C, m/z 274 (12%, M*) and 173 [100, (M —
C,HF,)*]; 5.5,6,7,7,7-hexafluoro-2-trifluoromethylhept-2-ene
(9) (0.12 g, 0.45 mmol, 6%) (Found: C, 34.7; H, 2.7%;, M*,
274), b.p. 126 °C, m/z 274 (34%, M*) and 123 (100, CsH.Fs*),
n.m.r. bands for CF;*CMe*.CH*CH,*CFAFBCH°F'CF;® at
& 159QBF,s, F,), +1.6 (3 F, mult, F;), —30.1 and —33.4
(2 F, AB mult, F, and Fg, J,g 280 Hz), and —134.0 (1 F,
dmult, F;, Jo¢ 44 Hz) and 8, 1.16 (3 H, s, H,), 2.65 (2 H, td,
Hg, Jap-a 17, Joa 7 Hz), 444 (1 H, ddquin, H,, Ji. 44, J,. 12,
Jge = Jge 6 Hz), and 5.90 (1 H, tmult, H, Jo. 7 Hz); and 1,1,1,-
2,3,3-hexafluoro-6-trifluoromethylheptane (10) (0.87 g, 3.15
mmol, 43%) (Found: C, 34.7; H, 3.1%; M*, 276), b.p. 129 °C,
mfz 276 (trace, M*) and 65 (100%, C,H;F,*), n.m.r. bands
for CF;*CH°Me*CH,*CH,*CFAFBCH'F*CF;" at & +3.0
(3F,d, F,, Joa 8.4 Hz), +1.8 B F, qd, Fy, Jogn = Jan 11, Jg,
6 Hz), —32.1 and —34.5 (2 F, AB mult, F, and Fg, Jag 272
Hz), and —134.0 (1 F, dmult, F,, J;, 44 Hz) and 3,4 0.92 3 H,
d, H, Joc 7.8 Hz), 1.6 to 2.1 (4 H, mult, Hy and H), 2.6 (1 H,
mult, Hy), and 4.48 (1 H, ddquin, Hy, Jy¢ 44, Juc 11, Jae = Jy¢
6 Hz).

(b) At other temperatures. Two further reactions using the
same quantities of reactants as in experiment (a) and heated at
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292 and 260 °C (96 h), respectively, gave the results shown in
Table 1.

(¢) Under photochemical conditions. A mixture of alkane (1)
(1.16 g, 9.15 mmol) and hexafluoropropene (0.46 g, 3.05
mmol), sealed in vacuo in a silica tube (ca. 15 cm®) and ir-
radiated with a Hanovia S500 medium-pressure lamp at a
distance of ca. 15 cm (160 h), gave only unchanged reactants.

Reaction of Hexafluoropropene with 1,1,1-Trifluoropentane
(2).—(a) A1 295 °C. A mixture of alkane (2) (3.91 g, 31.0 mmol)
and hexafluoropropene (1.50 g, 10.0 mmol), heated in vacuo in
a Pyrex tube (ca. 300 cm®) at 295 °C (96 h), gave (i) a low-
boiling fraction (0.57 g, 3.7 mmol; M, 153) consisting of
unchanged hexafluoropropene (0.53 g, 5.5 mmol, 55% re-
covered) and traces of 1H,2H-hexafluoropropane (6) and
cis- and trans-perfluoro(l,2-dimethylcyclobutane) [i.r. and
g.l.c. (4 m Kel-F at 20 °C)]; (ii) an intermediate fraction (3.29
g), shown by i.r. spectroscopy and g.l.c.(8 m TXP at 40 °C) to
consist of (6) (0.29 g, 1.8 mmol, 27%) and unchanged (2) (3.00
g, 23.8 mmol, 78% recovered); (iii) a high-boiling fraction
(1.13 g) shown by g.l.c. (8 m TXP at 60 °C) to be a multi-
component mixture containing four major components
(E—H, ratio 10:4:1:21), and (iv) a carbonaceous residue
which was not examined further.

Compounds (E—H) were separated by g.l.c. (3.5 m TXP at
95 °C) to give: 1,2,2-trifluoro-1-trifluoromethy!-4-(3,3,3-tri-
Sfuoropropyl)cyclobutane (11) (0.29 g, 1.1 mmol, 16%;) (Found:
C,35.3; H,29; M, 274. CgH,F, requires C, 35.0; H, 2.6%; M,
274), b.p. 116 °C, m/z 274 (1%, M*) and 77 (100, C;H;F,*),

| ]
n.m.r. bands for CF;*CF°CFAF2CH,*CHCH,*CH,'CF* at
8 +11.9 3 F, t, F,, J; 10.2 Hz), +3.0 (3 F, mult, F,;), —31.0
and —34.0 (2 F, AB mult, F, and Fg), and —106.1 (1 F, mult,
Fs) and 8y 1.7 (2 H, mult, H.), 1.05 (4 H, complex, H. +
Hy), and 2.5 to 2.7 (I H, mult, Hy); 1,1,1,6,6,7,8,8,8-nona-
fluoro-oct-2-ene (12) (0.12 g, 0.44 mmol, 6%) (Found: C,
35.3; H, 2.5%; M*, 274), A, 5.90 um (CC str.); m/z 274
(7%, M*) and 77 (100, C;H;F,*), n.m.r. bands for CF;*CH®.
CH®CH,*CH,*CF,'CH*F"CF;' at8¢ +11.1 3 F, d, F., Ju, 6.0
Hz), —3.0 3 F, mult, F,), —31.0 (2 F, mult, F,), and —133.0
(1 F, dmult, F,, J;» 44 Hz) and 3,4 1.7 to 2.1 (2 H, complex
H,), 2.2t0 2.5(2 H, mult, H,.), 4.60 (1 H, dmult, H,, J,,; 44 Hz),
5.64 [1 H, dq, He, J. (trans) 16, J,, 6.0 Hz], and 6.10 (1 H,
mult, H.); 1.2.2-trifluoro-1-trifluoromethyl-4-(3,3,3-trifluoro-
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prop-1-enyl)cyclobutane (13) (0.02 g, 0.08 mmol, 1%) (Found:
C,35.6; H, 2.09%; M*, 272. CgH,F, requires C, 35.3; H, 1.8%;
M, 272), Ay 5.90 pm (CIC str.), m/z 272 (1%, M*) and 122
(100, CsHsF;*), n.m.r. bands for

| —
CF;*CH®.CH°CH®CH,*CF*BCF'CFs* at § +11.0 3 F, d,
F., Joa 6.0Hz), +1.1 3 F, td, F;, Jag¢ 10.5, J;, 6.0 Hz), —24.0
and —41.0 2 F, AB mult, F, and Fg),and — 104 (I F, complex,
Fr), and 8y 2.2 to 3.6 2 H, complex, H¢), 2.6 to 3.1 (1 H, com-
plex, Hy), 5.48 [1 H, dq, Hy, J., (frans) 16, J,, 6.0 Hz], and 6.18
(1H, dd, H,, J4. 7.0 Hz); and 1,1,1,2,3,3,7,7,7-nonafluoro-4-
methylheptane (14) (0.64 g, 2.32 mmol, 35%,) (Found: C, 34.8;
H, 3.2%; M*, 276. CsHgF, requires C, 34.8; H, 3.3%; M, 276),
b.p. 130 °C, m/z 276 (trace, M *) and 65 (100%,, CsHs*), n.m.r.
bands for CF,*CHPF°CF,CH*Me"'CH*CH,"CF,! at 8¢ +11
(3 F, mult, F)), +3.0 3 F, mult, F,), —40.1 (2 F, complex,
F4), and —138 (1 F, dmult, F,, J,. 46 Hz) and 6, 0.88 (3 H, d,
Hi, Je 7.5 Hz), 1.6 to 2.2 (4 H, complex, H; + H,),2.4 to 2.7
(1 H, complex, H.), and 4.54 (1 H, dmult, Hy, J., 46 Hz).

(b) At other temperatures. Two further reactions were
carried out at 277 and 260 °C (3 : | ratio of alkane: C;F,) and
the results obtained are shown in Table 2.

Thermal Reaction of Hexafluoropropene with 1,1,1-Trifluoro-
4-trifluoromethylpentane (5).—A mixture of the alkane (5)
(0.44 g, 2.26 mmol) and hexafluoropropene (0.11 g, 0.75
mmol), sealed in vacuo in a Pyrex tube (ca. 25 cm®) and heated
at 295 °C (91 h), gave only unchanged reactants (98% re-
covered) and a small carbonaceous residue which was not
examined further.
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