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Fluoro-olefin Chemistry. Part I 1  .l Some Reactions of Perfluoro- 
3-methylbut-I -ene under Ionic and Free-radical Conditions 

By Robert N. Haszeldine,' Ilyas-ud-D. Mir, and Anthony E. Tipping, Chemistry Department, University of 
Manchester Institute of Science and Technology, Manchester M 6 0  1 QD 

The reactions of hydrogen bromide, N-bromobistrifluoromethylamine, methanethiol, and trimethylsilane with 
perfluoro-3-methylbut-1 -ene under free-radical conditions proceed by attack by Bra, (CF,),N-, Mess, and Me,Si. 
exclusively a t  the terminal CF, group. Fluoride ion rearranges the olefin to perfluoro-2-methylbut-2-ene, and 
methoxide ion affords a complex mixture of products derived from both the reactant and rearranged olefins. Di- 
methylamine gives the unexpected 1 : 1 adduct, (CF,),CH*CF,.CF,.NMe, and the corresponding arriide 
(CF,),CH*CF,.CO~NMe,. Catalytic hydrogenation of the olefin proceeds normally to give 1 H.2H-3-trifluoro- 
methylheptafluorobutane. 

THE free-radical reactions of trifluoroiodomethane and 
iodine with perfluoro-3-methylbut-1-ene (1) give complex 
mixtures of products arising via trifluoroniethyl radical 
or iodine atom attack on the terminal CF, group of the 
olefin.2 Irradiation of olefin (1) gave mainly a mixture 
of dimers which were identified as open-chain alkenes., 
Some further reactions of the olefin have now been 
studied . 

Free-radicaZ Additions.-The olefin and bromine, 
exposed to sunlight, gave 1,2-dibromo-1,1,2,3,4,4,4- 
heptafluoro-3-trifluoromethylbutane (2) (84y0), while 
irradiation of a mixture of the olefin and hydrogen 
bromide (1 : 3 molar ratio) afforded hydrogen (40y0), 
bromine, the dibromide (2) (53%), and l-bromo-1,1,2,3,- 
4,4,4-heptafluoro-3-trifluoromethylbutane (3) (46%). 
(CF,),CFCF:CF, (CF,),CF.CFBrCF,Br (CF,) ,CF.CHFCF,Br 

(1) (2) (3) 

The photochemical reaction with N-bromobistrifluoro- 
methylamine gave a complex mixture of products from 
which only the hydrazine (4) (36y0), the 1 : 1 adduct (5 )  

(CF,),N.N(CF,\, (CF,),CFCFBrCF,-N(CF,), 

(CF,) ,CF.CHF.CF,-SMe (CF,) ,CFCHF-CF,~SiMe, 
(6) (7) 

(20% based on olefin, 17% based on amine), the dibro- 
mide (2) ( ISYO), and perfluoro-2-azapropene (ca. 5%) 

(4 (5) 

Br., (CF,),N*, MeS, and Me,Si* radicals thus attack the 
terminal CF, group exclusively as did CF,* and I-.2 
Since these radicals all add bidirectionally to hexa- 
fluoropropene it would appear that the more bulky 
(CF,),CF group effectively prevents radical attack at  the 
central carbon atom of (1). 

Nucleophilic A dditions.-Caesium fluoride in dry 
sulpholan at  85 "C converted (1) into perfluoro-2-methyl- 
but-2-ene (8) (72%) and thence, via carbanion (9), 
2H-2-trifluoromethyloctafluorobutane (10) (14%), while 
reaction in moist sulpholan gave (8) (6%) and (10) 

(73%). The absence of (11) suggests that the inter- 
mediate carbanion (12), if formed, is short lived and 
eliminates fluoride ion rather than abstracting a proton. 

Sodium methoxide and (1) in sulpholan at  100 "C 
gave (8) (14y0), (10) (40%), (11) (4%), 2-methoxy- 
1 , 1 , 1,4,4,4-hexafluoro-3-trifluorornethylbut-2-ene (13) 
(25o/b), and 2-methoxy-l,1,1,2,4,4,4-heptafluoro-3-tri- 
fluoromethylbutane (14) (7%) (Scheme 1 ) ;  a number of 
minor unidentified products were also formed. Com- 
pound (14) is known to be formed (92%) by the reaction 
of olefin (8) with methanol at 100 "C., 

. .  
Hf  

(1 )  f F- (CF,) ,CF.CI;.CF3 F- (CF,) ,CF*CHF*CF, 
I (11)  

v F- H '  
(CF,),C:CF*CF, -+ (10) 

(8) 

(CF,) ,C:C(CF,).OMe 
(13) 

SCHEME 1 

were identified. In  contrast, the photochemical re- The interesting features of the reaction are (i) the high 
actions with methanethiol and trimethylsilane gave the yield (51 yo) of saturated products, (ii) the non-detection 
1 : 1 adducts (6) (96%) and (7) (87y0), respectively. The of olefin (18) an expected major product, (iii) the high 
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proportion (86%) of products arising from the rearranged 
olefin (€9, and (iv) the formation of the hydrogen fluoride 
adduct (11). Both olefins (1) and (8) are thus more 
susceptible to fluoride ion attack than to methoxide ion 
attack under the conditions employed. 

Methoxide ion in methanol gave (11) (24y0), 2- 
methoxy-1 , 1 , 1,3,4,4,4-heptafluoro-3-trifluoromethyl- 
butane (15) (28:4), an unidentified methyl ester (ca. 

was it  the olefin (CF,),C:C(CF,)*NMe, which could have 
arisen from (8). 

Olefin (1) reacted with sodium methanethiolate in 
sulpholan at  90 "C to  give unchanged (1) (66%), (10) 
(47 yo), (1 1) (3 yo), an unidentified saturated compound 
(ca. Byo) ,  and a small amount of a mixture of higher 
boiling olefinic products [i.r. bands at  5.86, 6.03, and 6.13 
pm (CC str.)]. The non-detection of compounds 

MeOH 
(1) + MeO- (CF,),CF.CF-CF,.OMe --+ (CF,) ,CFCHFCF,.OMe 

(16) IF- 
(CF,) ,C:CFCF,*OMe 

(18) 
MeOH 

(1 8) + F- + (CF,) ,~CF,°CF,.OMe -W (CF,) ,CHCF,*CF,*OMe 
(17) 

(1) --w (ll),  (8), (14), (13) as in Scheme 1 
MeOH 

(13) + F- --t (CF,),CF-C(CF,).OMe -W (CF,),CFCH(CF,)*OMe 
(15) 

SCHEME 2 

12%) [ w / e  59 (loo%, CO,Me-'), A,,,,. 5.50 pm ( > G O  str.)], 
methyl formate (lo%), (14) (14y0), a mixture of 1- 
methoxy-1 , 1,2,3,4,4,4-heptafluoro-3-trifluoromethyl- 
butane (16) (5%) and unidentified components (6%), and 
l-methoxy-l,l,2,2,4,4,4-heptafluoro-3-trifluoromethyl- 
butane (17) (6%) (Scheme 2). 

Major features of this reaction are (i) the detection of 
the methanol adduct (16), (ii) the isolation of the hydro- 
gen fluoride adduct (1 1) in reasonably high yield, (iii) the 
absence of unsaturated compounds as major products, 

containing the SMe group and the formation of the re- 
arranged hydrogen fluoride adduct (10) as the major 
product show that the olefin is more susceptible to 
fluoride ion attack than to thiolate ion attack under the 
conditions employed. The absence of the expected 
product (CF,),C:CF*CF,*SMe is surprising since fluoro- 
olefins generally react readily with alkanethiolate ion to 
afford the corresponding unsaturated ~ u l p h i d e . ~  

A mixture of olefiii (1) and an excess of hydrogen 
passed over a palladium-alumina catalyst a t  room 

Me N H  
(1) + Me,NH --.t (CF,),CF.CHF.CF,.NMe, --L (CF,) ,C:CF-CF,.NMe, 

(21) - H F  
1 ,  

Mr2NH 
(21) 4- F- + (CF,),C.CF,CF,-NMe, -W (CF,) ,CH*CF,CF,*NMe, 

(19) . .  
hydrolysis 

(19) - (CF,),CH.CF,CO.NMe, 
(20) 

SCHEME 3 

(iv) the isolation of the ether (17) showing the inter- 
mediacy of olefin (18), and (v) the direction of fluoride 
ion attack on olefin (13) indicating that the tertiary 
carbanion (CF,),CF*C(CF,)*OMe is more stable than the 

Of the adducts (16) and (11) and the absence Of major 
olefinic products illustrates the ready proton abstraction 
from methanol by the intermediate carbanions. 

The reaction of dimethylamine with olefin (1) at rowm 
temperature gave unchanged (1) (45 yo), the rearranged 
1 : 1 adduct (19) (55y0), "-dimethyl-2,2,4,4,4-penta- 
fluoro-3-trifluoromethylbutyramide (20) (10 yo), and an 
unidentified olefin (ca. 30/,) (Scheme 3). 

temperature gave unchanged (1) (97(yo recovered) and 
the adduct (Cli,),CF*CHF*CHF, (94%). 

EXPERIMENTAL 

The techniques and instrumental methods were as 

containing Silicone SE 30 oil, Kel-F 10 oil, trixylyl phos- 
phate (TXp), or dinonyl pllthalate p ~ p )  (20%) on Celite 
were used. 

Perfluoro-3-methylbut-l-ene was prepared by the free- 
radical addition of 2-iodoheptafluoropropane to  trifluoro- 
ethylene and dehydroiodination of the resultant major 1 : 1 
actduct, (CF,)2CF*CHF*CF21.6 

Reactions of PerfEuoro-3-rnetl~ylbut-l-ene.-(a) With bro- 
mine. A mixture of the olefin (2.32 g, 9.29 mniol) and 

amides, '.g. CHF2*CF.',*NEt2 - ampoule (ca. 100 cm3) and exposed to sunlight until the  
CHF2*C0'NEt2-4 The unidentified Olefin, Of type colour of the bromine had disappeared (6 h),  gave unchanged 
(CF3)2C:CFR Or (CF,),C:C(CF,)R [A,,,. 6-94 Pm (c:c olefin (1.32 g, 5.28 mmol, 57% recovered) and 1,2-dibromo- 
str.)] , was not compound (21) since a CF, absorption in 1,1,2,3,4,4,4-heptafEuoro-3-t~ifEuorounethylbutune (2) (1.38 g, 
the 19F n.m.r. spectrum at  ca. 20 p.p.m. was absent; nor 3.37 mmol, 84%) (Found: C, 14.7; F, 46.1%; M + ,  410. 

tertiary carbanion (CF3)2c*CF(CF3)*oMe* Formation described in earlier papers in this series. G.1.c. columns 

Amines Of the RFCF2*NR2 are hYdrolYsed bromine (0.65 g, 4.07 mmol), sealed igq ~ ~ c u O  in a Pyrex 
the 
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C,F,,Br, requires C, 14.7; F, 46.4%; &I, 410), b.p. (Siwolo- 
boff) 124 "C; m / e  412, 410, and 408 (2%, M+) ,  331 and 329 
[54, ( M  - Br)'], 243, 241, and 239 (54, [M - (CF,),CF]+), 
181 (74, C4F7+), 131 and 129 (90, CF,Br+), 93 (47, C,F,+), 
and 69 (100, CF,+); 19F n.m.r. 6 -7.5 [6 F, dm, (CF,),CF, 
JCFSqF 12.6 Hz], -22.0 (2 F, AB m, CF,Br, JAR 174 Hz), 
49.0 (1  F, I n ,  CFRr), and 93.0 [l F, m, (CF,),CF). 

(b) W i t h  hydrogen bromide. A mixture of the olefin 
(4.63 g ,  18.5 mmol) and hydrogen bromide (4.37 g, 54.0 
mmol), irradiated (63 h) and the resultant material shaken 
with mercury in uacuo to remove bromine, gave (i) hydrogen 
(0.039 g, 19.5 mmol, 40% ; M ,  2.0), (ii) unchanged hydrogen 
bromide (0.48 g, 5.92 mmol, 11%) which was shown (i.r.) 
t o  be contaminated with a small amount of silicon tetra- 
fluoride, and (iii) a mixture (6.73 g, 18.35 mmol) of two 
components in the ratio 46 : 54, which were separated by 
g.1.c. (4 m SE30 a t  80 "C) and identified as l-bromo-1,1,2,3,- 
4,4,4-he~taJluoro-3-trifluo~omethylbutane (3) (2.62 g, 8.45 
nimol, 46o/b) (Found: C, 18.2; H, 0.5%; M+, 331. C5- 
HF,,Br requires C, 18.1; H, 0.3% M ,  331), b.p. (isoteni- 
scope) 79.7 & 0.5 "C; Yn/e 332 and 330 (0.3%, M+) ,  251 
[89, ( M  - Br)+], 131 and 120 (16, CF,Br+), 113 (16, 
C,HF,+), and 69 (100, CF,+), lH n.m.r. T 4.92 [dq, CHF, 
J F , ~  42.0, J F , ~  (vic) 10.2; JR,F, 10.2 Hz], 19F n.m.r. 
6 -17.6 (2 F, m, CF,Br), -4.0 and -0.6 [6 F, m, (CF,),- 
CF], 109.3 [l F, m, (CF,),CF], and 120.0 (1 F, dm, CHF), 
and the dibromide (2) (4.06 g, 9.90 mmol, 53%). 

(c) W i t h  N-bronzobistrifluoromethylanzine. A mixture of 
the olefin (2.74 g, 10.93 niniol) and the N-bromo-amine 
(2.02 g, 8.71 mmol), mixed in the vapour phase in a Pyrex 
bulb (ca.  5 dm3) and irradiated (70 h), gave (i) a mixture 
(0.24 g, 1.42 mmol) of perfluoro-2-azapropene (ca. 0.2 mmol, 
ca. 59/,), NN-bistrifluoromethylamine (trace), unchanged 
N-bromo-amine (ca. 1.1 mmol, ca. 13% recovered), un- 
changed olefin (trace), and an  unknown Component (ca. 0.1 
mmol) with an i.r. band a t  4.40 pm (C-N str.), (ii) a mixture 
(3.32 g, 12.75 mmol), which was shown by g.1.c. (4 m SE 
30 a t  50 "C) and i.r. and n.ni.r. spectroscopy to consist of 
unchanged N-bromo-aniine (0.74 g, 3.2 nimol, 37% re- 
covered), unchanged olefin (1.75 g, 7.0 mmol, 64% re- 
covered), tetrakistrifluoromethylhydrazine (4) (0.24 g, 
0.80 mmol. 36y0), and an  unidentified component (0.59 g, 
1.75 mmol) present in the ratio 25 : 55 : 6 : 14, (iii) a higher 
boiling fraction (0.77 g) which was separated by g.1.c. 
(4 m SE 30 a t  125 "C) into its four components (ratio 
14 : 40 : 37 8) ; a mixture (0.06 g, 0.24 mmol) of unchanged 
olefin (0.02 g, 0.07 mmol, 1% recovered) and an unidentified 
component (0.04 g, 0.17 mmol); 2-bromo-l,1,2,3,4,4,4- 
heptafluoro- 3-trzfluoromethylbutyl-NN-bistrifluoromethyl- 
amzne (5) (0.36 g, 0.74 mmol, 20% based on olefin, 17% 
based on aniine) (Found: N, 2.7; F, 62.8. C,F,,BrN 
requires N, 2.0; F, 63.00,/,), b.p. (Siwoloboff) 129 "C; 
nz/e 383 [l",,,, (A1 - BrF)'], 202 [42, (CF,),N-CF,+], 181 
(39, C4F7'),  114 (38, C,F,N+), and 69 (100, CF,+); 19F 

n.1n.r. 6 -24 6 [6 F, q, (CF,),N, J c ~ , , ~ ~ - ,  16.0, J(;F,.I.' 
16.0 Hz], -7.1 [6 F, m, (CF,),CF], 5.7 (2 F, AB m, CFAFR, 
JArl 228 Hz), 55.7 ( 1  F, m, CFBr), and 94.7 [l F, dm, 
(CF,),CF, J F . F  38.0 Hz]; the dibromide (2) (0.28 g, 0.68 
mmol, IS:/, on olefin, 15% on amine); and an  unidentified 
compound (0.07 g ,  0.12 mmol), lSF n.m.r. 6 -20.4 [6 F, 

CF,), 52.2 (1 I;, CF), and 108 (1 F, CF), and (iv) a non- 
volatile residue (ca. 0.4 g). 

(d) With nzethanethiol. A mixture of the olefin (2.24 g, 
8.90 mmol) and methanethiol (1.37 g, 28.6 mmol), irradiated 

(CF,),N], -4.8 (3  F, CF,), -1.8 (3 F, CF,), 33.9 (2 F, 

(18 h) with the tube shaken and the lower portion of the 
tube shielded from the U.V. radiation, gave (i) hydrogen 
(0.022 g, 11.0 mmol, 87%; M ,  2.0), (ii) a mixture of un- 
changed olefin (1.55 g, 6.19 mmol, 69% recovered) and un- 
changed methanethiol (0.16 g, 3.31 mmol, 12y0 recovered) 
as shown by g.1.c. (4 m Kel-F 10 at 22 "C), and (iii) a 
mixture (1.39 g) which was separated by g.1.c. (SE 30 a t  
100 "C) into its two components (ratio 25: 75) identified 
as methyl 1,1,2,3,4,4,4-he~tafluoro-3-tri~uo~omethylbutyl sul- 
Phide (6) (0.80 g, 2.7 mmol, 96%) (Found: C, 24.4; H,  
1.5%; M+, 298. C,H4F,,S requires, C, 24.2; H, 1.35%; 
M ,  298), b.p. 117 "C; m / e  298 (28%, M'), 181 (25, C4F7+), 
110 (22, C,H,F,S+), 97 (87, CF,.SMe+), 69 (100, CF,+), 
59 (46, C2H,S+), 47 (27, MeS+), and 32 (46, CHF+ and S + ) ;  
lH n.m.r. T 5.06 [l H, ddt, CHF, JR,F (gem)  42.0, J H , ~  
(vic) 12.0, J H , c F ,  8.0 Hz] and 7.78 (3 H, s, SMe), 19F 6 -4.4 
(3 F, m, CF,), -0.74 (3 F, m, CF,), 10.1 (2 F, AB m, 
CFAFU, JAB 230 Hz), 109.0 [l F, m, (CF,),CF], and 125.3 
(1 F, m, CHF) ; and dimethyl disulphide (0.59 g, 6.28 mmol, 

(e) W i t h  trimethylsilane. A mixture of the olefin (2.10 g, 
8.40 mmol) and trimethylsilane (1.80 g, 24.4 mmol), sealed 
in a silica ampoule (ca. 100 cm3), with the lower portion of 
the tube covered, and irradiated (135 h), gave (i) hydrogen 
(0.002 g, 1.14 mmol, 27y0), (ii) unchanged trimethylsilane 
(1.18 g ,  16.0 mmol, 57% recovered), and (iii) a mixture 
(2.38 g), which was separated by g.1.c. (4 m SE 30 a t  95 "C) 
into its two components (ratio 2 : 98), identified as hexa- 
methyldisilane (0.02 g, 0.13 mmol, 0.1%) and 1,1,2,3,4,4,4- 
heptafluoro-3-trifluoromet~zylbutyltrimetlzylsilane (7) (2.36 g, 
7.3 mmol, 87%) (Found: C, 30.0; H, 3.4; F, 58.1. C,- 
H1,Fl,Si requires C, 29.7; H, 3.1; F, 58.6y0), b.p. (Siwolo- 
boff) 142 "C; wz/e 231 [a%, ( M  - SiMe, - HF)'], 163 
(11, C4HF,+), 81 (23, C2F3+), 77 (88, Me,SiF+), 73 (100, 
Me,Si+), 69 (44, CF,+), and 45 (30, C,H,F+ and MeSiH,+); 
lH n.m.r. T 1.80 (1 H, dm, CHF, J H , p  43.8 Hz) and 6.55 
(9 H, s, Me,Si) p.p.m. to high field of external benzene, 
19F 6 -4.4 (3 F, m, CF,), -1.0 (3 F, m, CF,), 49.6 (2 F, 
AB m, CFAFB, JAB 369 Hz), 113.2 [l F, m, (CF,),CF], and 
131.6 (1 F, m, CHF). 

( f )  W i t h  caesium fluoride in sulpholan. A mixture of the 
olefin (0.535 g, 2.14 mmol), caesium fluoride (0.20 g, 1.30 
mmol), and dry sulpholan (3 cm3), sealed in a Pyrex am- 
poule (100 cm3) in vacuo and the ampoule shaken a t  85 "C 
(23 h) , gave a mixture of perfluoro-2-methylbut-2-ene (8) 
(0.38 g, 1.53 mmol, 72%) and 2H-2-trifluoromethylocta- 
fluorobutane (10) (0.09 g, 0.29 mmol, 14%), in the ratio 
84 : 16 as shown by n.m.r. spectroscopy. 

(8) W i t h  caesiumfluoride in moist sulplzolan. A mixture 
of the olefin (1.06 g, 4.24 mmol), caesium fluoride (1.2 g, 
7.9 mmol), and moist sulpholan (3 cm3), treated as in the 
previous experiment, gave a mixture (0.90 g, 3.36 mmol) 
which was shown by g.1.c. (4 m Kel-F 10 a t  22 "C) to  be a 
mixture of three major components (ratio 4 : 7 : 84) and four 
minor components (5% of fraction); the three major 
components were separated by g.1.c. (as above) and identi- 
fied as (i) unchanged perfluoro-3-methylbut- l-ene (0.03 g, 
0.13 nimol, 3% recovered) ; (ii) perfluoro-2-methylbut-2- 
ene (8) (0.06 g, 0.24 mmol, 6%); and (iii) 2H-2-trifluoro- 
methyloctafluorobutane (10) (0.78 g, 2.9 mmol, 73%) (Found: 
C, 22.3; H, 0.5. C5HF11 requires C, 22.2, H, 0.4y0), b.p. 
(isoteniscope) 35.7 &- 0.5 " C ;  m / e  251 [210,/,, ( M  - F)+], 

113 (31, C,HF,+), and 69 (100, CF,+); lH n.m.r. 'c 6.68 
[ t s e~ te t ,  (CF3)2CH, JH.CF, 12.7, JH.(CFJ,C 6.9 Hzl, 

50%) * 

201 [22, ( M  - CF,)+], 163 (22, C4HF6+), 119 (24, C2F5+), 
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lgF 8 -14.6 [6 F, m, (CF,),C], 8.5 [3 F, septet, J~F,,(CP,),~ 
5.7 Hz], and 38.0 [Z F, octet, CF,, JcF,,(cF,),c 12.7 Hz]. 

(h) W i t h  sodium methoxide in sulpholan. A mixture of 
the olefin (2.31 g, 9.23 mmol), sodium methoxide (0.90 g, 
16.0 mmol), and dry sulpholan (5 cm3), sealed in a Pyrex 
ampoule (ca. 40 cm3) and the ampoule shaken and heated a t  
100 "C (85 h), gave (i) a mixture (1.41 g, 5.45 mmol) which 
was separated by g.1.c. (8 m T.X.P. a t  22 "C) into its four 
components (ratio 39 : 6 : 2 : 53) identified as a mixture of 
unchanged perfluoro-3-methylbut-1-ene (0.25 g, 1.02 mmol, 
11 yo recovered) and perfluoro-2-methylbut-2-ene (8) (0.27 g, 
1.10 mmol, 14%) in the ratio 48 : 52 (n.m.r.); 3H-2- 
trifluoromethyloctafluorobutane (1 1) (0.08 g, 0.33 mmol, 
4%), m/e 251 [3%, ( M  - F)+], 250 [S, ( M  - HF)+], 181 
(46, C4F,+), 131 (25, C,F,+), 113 (13, C,HF,+), and 69 
(100, CF,+), lH n.m.r. T 5.29 [dquintet, CHF, JH,&' (gem) 
43.5, JR,F (vie) 6.0, JH,CF, 6.0 Hz], lSF 6 -3.6 [3 F, m, 
CF, in (CF,),C], -1.4 [3 F, m ,  CF, in (CF,),C], 0.5 (3 F, 
m, CF,), 111.6 [I F, m, (CF,),CF], and 135.5 (1 I;, dm, 
CHF); an unknown compound (0.03 g, 0.12 mmol); and 
2H-2-trifluoroniethyloctafluorobutane (10) (0.78 g, 2.88 
mmol, 35%), and (ii) a higher boiling fraction (0.84 g, 3.30 
mmol) which was shown by g.1.c. (4 m D.N.P. at 70 "C) 
to contain three major components (ratio 13 : 62 : 19) and 
four minor components of shorter g.1.c. retention times (5% 
of fraction). The three major components were separated 
by g.1.c. (4 m D.N.P. at 70 "C) and identified as 2H-2- 
trifluoromethyloctafluorobutane (10) (0.11 g, 0.42 mmol, 
5%) ; 2-methoxy-3-tr~~uoromethylhexa~u~robut-2-ene ( 13) 
(0.53 g, 2.02 nimol, 25%) (Found: C, 27.6; H, 1.3; F, 
65.2%; M+, 262. C,H,F,O requires C, 27.5; HI 1.15; 
F, 65.3%; &I, 262), b.p. (isoteniscope) 82.7 & 0.5 "C, 
A,,,. 6.03s, (C:C str.) pm; m/e 262 (4474, M + ) ,  243 [46, 
( M  - 209 (40, C5F70i-), 193 (29, C,H,F,O+), 184 
(38, C,HF,O+), 178 (27, C,F,O+), 159 (100, C,F,O+), 131 
(45, C,H,F,O+), 100 (29, C,F,+), 93 (30, C,F,+), 91 (23, 
C,HF,O+), 81 (25, C,F,+), 78 (42, C,F,O+), 69 (83, CF,'), 
59 (28, C,FO+), and 31 (40, CF+ and MeO+); lH n.m.r. 
z 6.45 ( s ,  OMe), 19F 6 -18.92 [3 F, qq, CF,, J C E ' 3 , C ~ 7 ,  (cis) 
14.4, ~ w - 3 , c ~ ~ 3  (gem) 10.0 Hzl, -16.60 [3 F, 9, CF3, JCF,.CF, 
(gem)],  and - 11.80 [3 F, q, =C(CF,).OMe] ; and 2-niethoxy- 
1,1,1,2,4,4,4-heptafluoro-3-trifluoroniethylbutane (14) (0.17 
g, 0.60 mmol, 7%) (Found: C, 25.4; H, 1.6. Calc. for 
C,H,F,,,O: C, 25.5; H, 1.4y0), which was identified by a 
comparison of its n.ni.r. spectra with those r e p ~ r t e d . ~  

A mixture of the 
olefin (2.27 g, 9.10 mniol), sodium methoxide (0.90 g, 16.0 
mmol), and methanol (5 cm3), sealed in a Pyrex ampoule 
(ca. 40 cm3) and the ampoule shaken and heated at 100 "C 
(70 h),  gave a mixture (1.40 g, 6.75 mmol), which was shown 
by g.1.c. (8 m T.X.P. at 22 "C) to contain five components 
(A-E) in the ratio 52 : 12 : 20 : 9 : 7, and a higher boiling 
mixture, which was treated with phosphorus pentaoxide 
at room temperature (1 h) to remove methanol, and the 
resultant material (0.79 g, 2.10 mmol) was shown by g.1.c. 
(4 m D.N.P. at 62 "C) to contain seven components (A, B, 
D-H) in the ratio 27 : 12 : 2 : 6 : 24 : 19 : 10. Components 
A-E were separated from the first fraction by g.1.c. (8 m 
T.X.P. a t  22 "C) and components E-H were separated from 
the higher boiling fraction by g.1.c. (4 m D.N.P. a t  62 "C) and 
were identified as : (i) unchanged perfluoro-3-methylbut- 
l-ene (1.07 g, 4.29 mmol, 47% recovered); (ii) 3H-2- 
trifluoromethyloctafluorobutane (1 1) (0.31 g, 1.15 mmol, 
24%) ; (iii) a compound tentatively identified as Z-methoxy- 
1,1,1,3,4,4,4-heptafluoro-3-trifluoromethylbutane (15) (0.38 

(j) W i t h  sodium methoxide in methanol. 

g, 1.35 mmol, 28%), mle 281 [lo%, ( M  - €I)+], 251 [3, 
( M  - OMe)+], 181 (21, C,F,+), 113 (14, CF,*CH*OMe+), 
69 (100, CF3+), and 31 (18, MeO+); IH n.m.r. T 6.84 (m, 
fCH and OMe), lBF 6 -2.9 (3 F, m, CF,), -2.0 (3 F, m, 
CF,), -0.5 (3 F, m, CF,), and 112.0 [l F, m, (CF,),CF]; (iv) 
an unidentified methyl ester (0.6 mmol, ca. 12yo), m/e  159 
( 5 % ,  C,F,-CO,Me+), 131 (7, C,F,+), 81 (10, C,F,+), 69 (99, 
CF,'), 59 (100, CO,Me+), 50 (1 1, CF,+), and 31 (31, MeO+) ; 
lH n.m.r. T 4.35 (1 H, m), 6.53 (3 H,  m, OMe), and 7.08 
(2 H, m), lSF 6 -0.4 (6 F, XF,) and 0.5 (1 F) ;  (v) methyl 
formate (0.03 g, 0.47 mmol, loyo), which was identified by a 
comparison of its i.r. spectrum with that of a known pure 
sample; (vi) 2-methoxy-l,1,1,2,4,4,4-heptafluoro-3-trifluoro- 
methylbutane (14) (0.19 g, 0.70 mmol, 14%); (vii) a 
mixture (0.16 g, 0.57 mmol, 11%) containing l-methoxy- 
1,1,2,3,4,4,4-heptafluoro-3-trifluoromethylbutane (16) (5%)  
as shown by n.m.r. spectroscopy, A,,,. 5.60 and 5 . 6 8 ~  
(CX or C:O str.) pm, IH n.m.r. T 6.60 (11 H) and 5.30 [l H, 
dtd, CHF, J H , P  (gem) 42.6, J H , c $ ~ ~  8.0, J H , F  4.0 Hz], laF 

lF), 37.9 and 38.9 (ca. 4F), 109 (lF, >CF), and 132.9 (lF, 
din, CHF), mle 263 (12%, C5HF90Me+), 229 (7, C,HF,O+), 
213 (6, C4HF70Me+), 131 (8, C3F,+), 113 (19, C,HF,*OMe+), 
81 (100, CF,-OMe+), 69 (63, CF,+), and 31 (10, OMe+); and 
(viii) 1 -met/zoxy- 1,l , 2 , 2 , 4,4,4- heptafluoro- 3-trifluoromethy E- 
butane (17) (0.08 g, 0.29 nimol, 6%) (Found: C, 26.0; H, 
1.4. C6H4F1,0 requires C, 25.6; HI 1.5y0), mle 263 [30y0, 

C,F,OMe+), 113 (48, C,HF,+), 81 (100, CF,*OMe+), 69 (65, 
CF,+), 47 (19, CFO'), and 31 (13, MeO+); IH n.m.r. T 6.48 
(1 H, m, 3CH) and 6.62 (3 HI s, OMe), lSF 6 -13.15 [6 F, 
tdt, (CF3)2C1 JcF',,cF, 11-8, JCP,,H 7.5, JUF,.CF~ 5.5 HzI, 
16.9 (2 F, m, CF,-OMe), and 38.6 (2 F, m, CF,). 

A mixture of the olefin (1.31 g, 
5.24 mmol) and dimethylamine (0.31 g, 6.9 mmol), sealed 
in vacuo in a Pyrex ampoule and shaken a t  room temper- 
ature (10 m) gave (i) unchanged olefin (0.59 g, 2.34 mmol, 
45% recovered), (ii) unchanged dimethylamine (ca. 0.04 g, 
ca. 0.9 mmol, 13% recovered), (iii) a higher boiling fraction 
(0.56 g), Amx. 5.62m ( G O  str.) and 5.94m (C:C str.) pm, 
which was shown by n.m.r. spectroscopy to be a mixture of 
NN-dimethyl-3-trifluoromethyl-1,1,2,2,4,4,4-heptafluoro- 
butylamine (19) (0.46 g, 1.57 mmol, 55%), lH n.m.r. 
-2.73 (1 HI tseptet, CHI J H , ~ F ,  11.7, J H , C F ,  8.2 Hz) and 
4.22 (6 H,  m, Me,N) p.p.m. to high field of external benzene, 

6.8 Hz], 24.6 (2 F, m, CF,N), and 33.2 (2 F, octet, C-CF,- 
C) , 2,2,4,4,4-pentafluoro-NN-dimethyl-3-trifluoromethyl- 
butyramide (20) (0.08 g, 0.29 mmol, loyo), lH n.m.r. 1.80 
(1 H I  tseptet, CHI JH.CF,  11.0, J=,CF, 8.2 Hz] and 3.60 
(6 H I  s, Me,N) p.p.m. to high field of external benzene, 
leF 6 -14.6 [6 F, td, (CF,),C, JCF,,CF, 11.0 Hz] and 29.6 
(2 F, octet, CF,), and an unidentified olefin (ca. 0.02 g) 
present in the ratio 80 : 15 : 5, and (iv) an involatile residue 
(ca. 0.4 g) which was soluble in water and gave a positive 
test for fluoride ion. 

A mixture of the olefin 
(2.30 g, 9.20 mmol), sodium methanethiolate (1.06 g, 
15.2 mmol), and sulpholan (10 cm3), sealed in vucuo in a 
Pyrex ampoule (ca. 40 cm3) and the ampoule shaken and 
heated a t  90 "C (68 h), gave (i) a mixture (2.09 g, 8.04 
mmol) which was separated by g.1.c. (8 m T.X.P. a t  22 "C) 
into its four components (ratio 76 : 1 : 18 : 5); unchanged 
olefin (1.53 g, 6.11 mmol, 66% recovered), 3H-Z-trifluoro- 
methyloctafluorobutane (1 1) (0.02 g, 0.08 mmol, 3%), 

6 -14.7 (CU.  3 F), -3.5 (3 F), -0.9 (3F), 7.3 (2F), 9.3 (CU. 

( M  - F)+], 201 (33, C,HF,+), 181 (17, C4F7+), 131 (27, 

(k) With  dimethylamine. 

"F 6 -15.6 [6 F, tdt ,  (CF3)2C, J c ~ - ~ , c F ,  ( v ~ c )  11.7, J ~ F , , c P ,  

(1) With  sodium methanethiolate. 
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2H-2-trifluoromethyloctafluorobutane (10) (0.39 g, 1.44 
mmol, 47 yo), and an unidentified saturated compound 
(0.15 g, 0.41 mmol, 13y0), (ii) a higher boiling olefinic 
fraction (0.07 g), Amx. 5.86m and 6.03~ (CX str.) pm, (iii) 
dimethyl disulphide (0.06 g, 0.6 mmol), and (iv) a non- 
volatile residue. 

(m) Hydrogenation. The olefin (2.26 g, 9.05 mmol), 
slowly passed admixed with an excess of hydrogen through 
a Pyrex tube (50 m, 1.5 cm i.d.) containing a catalyst of 
palladium on alumina at room temperature (30 m), gave 
unchanged olefin (2.19 g, 8.74 mmol, 97% recovered) and 
l H , 2 H - h e p t a f l u o r o - 3 - t r i o r o m e t ~ y Z ~ ~ t u ~ e  (0.07 g, 0.29 mmol, 
94%) (Found: C, 24.0; H,  1.1. C,H,F,, requires C, 23.8; 
H, 0.8%), m/e 233 [1%, ( M  - F)+], 182 [14, ( M  - CHF,)+], 
113 (38, C,HF,+), 95 (19, C,H,F,+), 83 (81, CHF-CHF,+), 
69 (91, CF,+), 51 (100, CHF,), and 32 (40, CHF+), 1H n.m.r. 
7 4.40 [l H, t t ,  CHF,, J H , F ,  (gem) 54.0, J H , F  (vZC) 5.0, 

J H , H  (vic) 5.0 Hz] and 5.52 [l H, dm, CHF, JH,F (gem) 
44.0 Hz], lSF 6 -2.5 (3 F, m, CF,), 0.1 (3F, m, CF,), 51.8 
(2 F, dm, CHF,), 111.5 (1 F, dm, CHF), and 112.5 (1 I;, m, 
CF) . 

[7/1420 Received, 3rd August, 19771 
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