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&unmary : The reaction of alkenes with N-bromosuc&imide and triethylamine 
trls(hydrofluoride) produces tic-bromofluoroalkanes (1) with high yields. As long as 
the addition to the double bond is sterically unhindered, bromine and fluorine get 
attached with very high regioselectivity, the latter halogen occupying the more substi- 
tuted, carbocatlon stabilizing position. 2Fluoro-1-alkenes give l-bromo-22-di- 
lluoroalkanes (4). The heavier halogen may be removed by base promoted dehydro- 
fluorination, to afford fluoroolellns (2), or by reduction with tributyltin hydride, 
leading to mono- or diBuoroalkanes (e.g., 5). 

in the preceding article ~1 an improved access to fluoroolellns is described. The method relies on a four step 

sequence : epoxidation of an allcene, ring opening of the epoxide by addition of hydrogen fluoride, conversion of 

the resulting fluorohydrin to the p-toluenesulfonate and finally base promoted elimination. We realized that the 

same goal could be reached more directly. The simultaneous addition of a bromine and a fluorine atom to a 

carbon-carbon double bond is a facile and strictly urni-periplanar process 12, ‘1. The subsequent selective elimina- 

tion of hydrogen bromide should cause no difllculties. 
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The results confirmtxl the expectation. When treated with N-bromosuccinimide and triethylamine 

tris(hydrofluoride), cis- and tmrw6dodecene gave ho- and, respectively, u@ro-6bromc+7-fluorodcdecane 

(la) in almost quantitative yield. Dehydrobromination proceeded smoothly with potassium lut-butoxide in tetra- 

hydrofuran at 0 ‘C to afford Q- and Q-6-fluoro&Iodecene @a), respectively. In the same way, frmwkxtene 

was converted to uy&v4bromo&flwmoctan e (lb) and to Q4fIuoro4octene (Zb). 

H R F R.. H R.. R R 

R H R Br “$ Br F -H 

l rythro-1 E-2 

a R=H,&; b: R = H,C3 

One crucial problem had still to be clarifledz the re.gioselectivity of bromonium fluoride addition to asymmetric, 

notably terminal alkenea The scarce literature data available were not very encouraging : Iphenyl-1-propene 

was reported to produce a 11: 89 mixture of 2-bromo-1-fluoro-lphenylpropane and 1-bromo-2-fluoro-lphenyl- 

propane 1’1. Fortunately, the bromine-fluorine addition turned out to perfectly regiosele-ctive, as it should, if 

suitable reaction conditions were chosen. Thus, l-decent gave pure l-bromo-2-fluorodecane (lc) and styrene 

pure 2-bromo-1-fluorol-phenyl-ethane (Id). The treatment with potassium rtut-butoxide led to 2-fluoro-l- 

decene (2c) and 1-fluoro-I-phenylethylene @I, a-fluorostyrene). 

! F 

R-CH=CH2 - R-CH-$H, - R-&CH, 

Br 

1 2 

c: R = H,,C,; d: R = H& 

Steric bulk may jeopardize the regioselcctive outcome of the bromonium fluoride addition. 3,3Dimethyl-l- 

butene &es a 9 : 91 mixture of I-bromoMluoro-3Jdiiethylbutane (1~) and 2-bromel-fluoro-3,ldimethyL 

butane (Jc), 2.4,~trimethyl-I-pentene a 84 : 16 mixture of 1-bromo-2-fluoro2,4,4+imethylpentane (lf) and 

2-bromo-1-fluoro-2,4,4,-trimethylpentane (3f). 

F Br 
R-$=CHs - R-&CH, + R-&CH, 

R’ ii’ br k k 

1 3 

e R = IH$I$; R’ = H; fz R = (H&C-CH2; R’= CH,] 
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In all ordinary cases, the fluorine gets exehk+eIy attached to the more substituted olefinic carbon atom which 

can better sustain the transient positive charge. This rule holds alsO for branched olefins of the l,l&rialkyl- 

ethylene type f41. GeranioI, for example, is quantitatively converted to (E)-6-bromo-7-fluoro-3,7-dimethyl-2- 

octen-l-01 (E-lg). 

‘9yLJH 

Br 

E-lg 

Fluorine is known to stabilize carbenium ions by an electron donating resonance effect isI. This led us to predict 

for 2-fluoro-1-alkenes an enhanced reactivity and a perfect regiocontrol in electrophihc addition processes. 2- 

PIuoro-1-decene (Ze) and 1-fluoro-1-phenylethylene (2d) did indeed react quite smoothly with N-bromosuccini- 

mide in the presence of triethylamine tris(hydrofluoride) to afford 1-bromo-2,2&Iuorodecane (4c) and 2- 

bromo-1,1-difluoro-1-phenylethane (4d) as the exchrsive products. 

F F 

R-&CH, - R-&CH2-Br 

k 

2 4 

c: R = H,,C, ; d: R = H,C, 

As already demonstrated previously 131 61, treatment with tributyhin hydride allows to replace bromine by a 

hydrogen atom without affecting adjacent carbon-fluorine bonds. In the same way, we were able to reduce 

2-bromo-l,l-difluoro-1-phenyIethane (46) to 1,1-dithroro-l-phenylethane (5, cr,a-ditluoroethyIbenne). 

o- 

F 

- ’ \ &CH, - 
; 

4d 5 

EXPERIMENTAL. PART 

Generalities : see preceding articIe.f’J - Typical ‘H-NMR spectra of vie-bromofluoroalltanes reveal some 
anomahtics as illustrated by a few examples below (see figure). In particular, the left-hand and right-hand parts 
of the a-fluoromethine signal are not identical. This phenomenon can serve as a sensitive probe for conforma- 
tional analysis. As computer simulations iq reveal, only the conformer in which the two unequal aIky1 substituent 
at the fluoromethme/methyleac axis occupy UN&periplanar positions exhibit such an asymmetry (a twin signal 
composed of a doublet of doublets on the low-field side and of a triplet on the high-geld side). In this array, one 
methylene hydrogen is gut&e with respect to the fluorine atom and unti with respect to the fluoromethine 



4258 H. !~JGA et at. 

hydrogen atom, white the other methylene hydrogen has the opposite spatial relationship to the same vicinal 
neighbors. In each of the two other staggered conformations one methylene hydrogen is gauche with respect to 
both nuclei of the fiuoromethine group. Under these circumstances a symmetrical metbine (H,) signal must 
result (doublet of triplets in the case. of an WI&periplanar H,F-, doublet of doublets of doublets in the case of an 
an&periplanar H,HH;interactions). 

Frgurc. ‘H-Nuclear magnetic resonance subspectra of ti-bromofluoroalkanes 

a) tvytko-lb : CHF- b) crylhro-la : -CHF- c) r&o-la : CHF- 

d) lc : -CHF- e) lc: -Cf$Br f) 4s : -@&X$-CF2- 

1. yic-Bromofluoroalkancs 

General procedure : At 0 ‘C., triethylamine tris(hydrofluoride) (32 mL, 32 g 020 mol) in dichloromethane (50 
mL) was added dropwise, in the course of l5 min, to a suspension of N-bromosuccinimide (21 g, 0.12 mol) in 
dichloromethane (50 mt), in which the olefin (0.10 mol) had been dissolved. After 2 h of additional stirring at 
0 “C, the reaction mixture was absorbed on silica gel (58 g) which was dried by evaporation and poured on top of 
a column tIkd with fresh silica gel (150 g) and hexane. Elution with hexane and distillation afforded the product, 
the purity of which was checked by gas chromatography (50 m OV-1701,100 -* 190 ‘C). 

erylhro-6-Bromo-7-ttuorad&.cane (em-la) : 92% (diastereomeric purity 97%); mp -23 to -22 “C, bp 110 - 
111 “C/3 mmHg; n: 1.4587. - ‘H-NMR (CDC 
(4 H, m), 1.3 (12 H, m, narrow), 0.90 (6 H, 

: 450 (1 H, d of symm. m, I p 48.7), 4.02 (1 H, symm. m), 1.8 
. - MS : 166 (S%, Mt - Ha - HF - l), 125 (5%). 111(32%), 

97 (50%), 55 (100%). - Analysis : talc. for C&QBrF (26723) C 53.94, H 9.0% found C 53.68, H 9.10%. 

r&eo6-Brnmo-7-ftuorododecane (Ihreo-la) : 90% (diastereomeric purity (97%); mp -8 to -7 ‘C; bp 112 - 114 ‘C/ 
3 mmHg; n: 1.45%. - ‘H-Nh4R (CDC : 4.46 (1 H, ddt, I47.7,8.6,35), 3.98 (1 H, dddd, / 22.2.,7.5,6.6,3.4), 
1.89 (2 H, q, I7.5), 1.8 (1 H, m), 1.7 (1 m), 1.3 (12 H, m), 0.92 (6 H, t,I6.9). - MS : 166 (3%), 55 (100%). - 
Analysis : talc. for CtzHwBrF (26723) C 53.94, H 9.05; found C 53.79, H 9.11%. 

erylltro4Bremo-S-ftuomoctaue (erylhro-lb) : 97% (diastereomeric purity >99%); bp 40 - 41 “C/3 mmHg; n20 
1.4441. - ‘H-NhfR (C De) : 4.52 (1 H, d of symm. m, Jt, 48.7), 4.92 (1 H, symm. m), 1.7 (8 H, m, broad), O.& 
(3 H, t, J 7.4). 0.95 (3 d, t, 17.4). - MS : 111 (2%, Mt - LBr, - HF), 69 (8%), 55 (100%). - Analysis : talc. for 
CsH,eBrF (211.12) C 45.51, H 7.64, found C 45.58, H 785%. 

l-Bromo-2-ttnoredecane (1~) : 86%; mp -16 to -15 “C, bp 81 - 83 ‘C/3 mmHg; n20 1.4486. - 
4.64 (1 H, d of symm. m, I 

‘H-Nh4R (CDCIJ: 
48.0), 3.47 (2 H, dd, 119.2, 5.2), 1.7 (2 H, m), 1.4 @ H, m), 13 (10 H, m, narrow), 

0.88 (3 H, m, t-like, J - F- MS : 150 (4%). 55 (100%). 
H 8.43; found C 50.29, H 8.16%. 

- Analysis : talc. for Ct,H20BrF (239.17) C 50.22, 



Vicinal bromofluoroalkanes 4259 

2.Bromo-1-fluoro-l-pbenyletbPne (ld) : 93%; bp 76 - 77 ‘c/3 mmHg, I$ 1.5430. - ‘H-NMR (CaDa : 7.4 (5 H, 
3.66 (1 H, ddd, I 15.3, 11.2,7.8), 3.58 (1 H, ddd, I26.0, ll& 4.4). - MS : 204 

Analysis : cd. for WBrF (203.06) C 47.32, H 3.97, found C 

47.51, H 3.98%. 

2.Bromu-1.fluoro-3,3dime@lbutane (3e) : 63% (9% regioisomeric contaminatiw, by gas chromatography); bp 
67 - 68 ‘C/ 288 mmHg. - ‘H-NMR (CD : 4.80 (1 H, ddd, J - 32,105, - 6), 4.67 (1 H, ddd, I - 32, - 10, 
- 6). 4.08 (1 H, ddd,I 16.5,a.S X3), 1.15 (9 s). 

1.Brumo-2-fluoru-2,4,4-trhethylpentane (11) : 71% (16% regioisomeric contamination, by gaschromatography); 
bp 31-33 “C/ 5 mmHg. - ‘H-NMR ( : 357 (1 H, dd,/l3.2,10.7), 3.46 (1 H, dd,J 175,10.7), 1.82 (1 H, 
dd, J 18.3, l.5.0), 1.70 (1 H, dd, J 1.56 (3 H, d, J 21.5), 1.05 (9 H, d, I0.8). - Analysis : talc. for 
CsH,,BrF (211.12) C 45.51, H 7M, found C 45.84, H 7.82%. 

(E)&Bromo-7-fluoro-2,7dimetbyl-2-octen-1-o1 (E-lg) : %W, isolation without distillation; II: 1.4921. - *H- 
NMR (CDC$) : 5.50 (1 H, thex, 16.7, 1.3), 4.18 (2 H, d, I7.0), 3.88 (1 H, ddd, J 11.5 8.4, 2.0), 2.39 (1 H, symm. 
m), 2.15 (2 H, symm. m), 1.86 (1 H, s), 1.80 (1 H, symm. m), 1.69 (3 H, d, J l.O), 1.56 (3 H, d, I18.5), 1.49 (3 H, 
d, I 18.0). - Analysis : cak. for Ct&IleBrFO (253.16) C 47.45, H 7.17; found C 49.23, H 7.05%. 

l-Bromo-2fdifiuorodecane (4c) : 85%; mp -8 to -7 ‘C, bp 62 - 63 “C/5 mm% I$ 1.4339. - ‘H-NMR 
(CDCS): 352 (2 H, t, J 13.1), 2.02 (2 H, symm. m), 1.48 (2 H, symm. m), 1.3 (10 H, m, narrow), 0.89 (3 H, t, I 
6.9). - Analysis : talc. for C,,,HH,,BrF, (257.16) C 46.71, H 7.45; found C 46.71, H 7.69%. 

2-Bromo-l,ldifiuoru-1-phenylethane (4d) : 90%; bp 63 - 65 
(5 H, m), 3.75 (2 H, t,ll3.9). - MS : 222 t 220 (ll%, M+ 

rnmH# I$ 1.5126. - ‘H-NMR (CDCQ : 7.5 
r t Br]), 127 (100%). - Analysis : talc. for 

CsH,BrFz (221.04) C 43.47, H 3.19; found C 43.68, H 3.06%. 

2. Renlacement of Bromine bv Hvdrpoes 

1,1-Ditluoro-1-phenylethane (5) : A mixture of 2-bromo-1,1-diiuoro-I-phenylethane (3.3 g, 15 mmol) a?{ 
tributyltin hydride (5.2 g, 18 mmol) was kept 2 h at 60 “C. DiiFtion affoJded a colorless liquid; 1.35 g 5 
(63%); mp -61 to -60 “C; bp 64 - 65 “C/40 mmHg; nz 1.4517. - H-NMR (CDC&) : 7.5 (2 H, m), 7.4 (3 H, 
m), l.% (2 H, t, J 18.2). 

3. FluoroolefinS 

General procedure : The vie-bromofluoroalkane (50 mmol) was added to a solution of potassium ted-butoxide 
(6.7 g, 60 mmol) in tetrahydrofuran (50 mL). After 5 h at 0 “C, the fluoroolefm was isolated by distillation under 
reduced pressure. 

(2)-6-Fluoro-6-dodecene (Z-2a) [‘I 91 : 91% (97% stereoisomeric purity). 

(E)4-Fluoru-6-dodecene (E3a) [‘* 9l : 94% (%% stereoisomeric purity). 

[E)-4-Fluoro-hctene (E3b) : 82% (> 99% stereoisomeric purity), bp 66 - 68 “C/80 mmHg; nzo 1.4061. - 
H-NMR (CDCl$ : 5.01 (1 H, dt, I22.9,8.0), 2.19 (2 H, dt,I 23.4,7.3), 1.90 (2 H q / 7.5), 1.54 (2 8 hex, J 7.3), 

1.37 (2 H, hex, I7.3), 0.94 (3 H, t, I7.3), 0.90 (3 H, t, J 7.3). - MS : 130 (22%, hi+;, 101(44%), 81% (67%), 73 
(39%), 59 (100%). - Analysis : talc. for CsHlsF (X30.21) C 73.79, H 11.61; found C 73.77, H 11.67%. 

2-Fluoro-ldecene (2~) [*I : 88%. 

I-Fluoro-1-phenylethylene (2d) : 75%. mp -40 to -38 “C; bp 67 - 68 “C/30 mmHg; II: 1.5222. ‘H-NMR (C Dd : 
7.6 (2 H, m), 7.5 (3 H, m), 5.03 (1 H, dd, 149.8, 3.5), 4.85 (1 H, dd, I 18.0, 3.5). - MS : 122 (lOO%, M+j, 101 
(27%), % (45%). - Analysis : cak. for C&F (122.14) C 78.67, H 5.78; found C 78.58, H 5.92%. 
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