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ABSTRACT : The reaction between fluorooleflns 1 and 10s and benzenesulfenyl 
or selenenyl halides 6 1s found to be solvent-dependent and gives in most 
cases predominaptlylbhe regjqlsomer B.The structure of adducts 8 and 9 are 
ascertained by H, F and Se NMR spectroscopy. Compounds 8 are easily 
halogenated and treatment of the products wth magnesium or zinc leads to 
the desired polyfluorovinyl sulfides and selenides 10. A second route of 
synthesrs of these reagents results from the reactlo" <rf fluorovlnylllthio- 
derivatives 11 with benzenesulfenyl or selenenyl halides. Olefin 10s is 
also obtained from the selenoacetal Bt of trrfluoroacetaldehyde. 

INTRaxxrIoN 

For more than 40 years, fluorinated olefins 1 have been of interest III organic chemistry 
(1) 

especially because of their industrial applications and their particular reactivity. The classical 

work of Bartlett has demonstrated the radical character of the thermal [2+2] cycloadditlon 

reactions between fluorinated oleflns and olefins or dlenes (2) . Recently, we showed that capto- 

dative oleflns 2, favouring radical intermediates 3, react easily with var~cms known 1 and new 

fluoroolefins 10 to afford substituted cyclobutanes 4 in good to high yields (3) . Furthermore, some 

of these new reagents can be considered as potential synthetic equivalents of the highly unstable 
(4) difluoroketene 5 . 
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RESOLTS Am DIscaSSI(3N 

We wish to report hereln the synthesis of some new fluorinated vlnylsulfides and selenldes 10 via 

two distinct ways. The first route investigated involves the addition of benzenesulfenyl or 

selenenyl halides 6 to fluaroolefins 1 and 1Oe followed I" some cases by mono- or dihalogenation of 

the CH or CH2 moieties. The polyhaloderlvatives 6 are then subjected to dehalogenation by the use 

of magnesium or zinc to give the desired olefins 10. The second route involves the reaction between 

the fluorinated vrnyllithium reagents 11 and benzenesulfenyl or selenenyl halides 6. 

P' 
F2C=C 

R AX (6) 
A,$ ,R’ 

d 
‘R2 

F2C- C-R2 
k 

J_or 11 A = 5, Se 

2 R : H 

Halagenation 

Metal 

FpI= c’ 
‘AR3 

Metal ! 
R2= Cl 

Route A 
A 

10 
= S1 Se 

lR1 Alkyllithium 
F2C=C 

‘R2 Rz. H, Cl [ F2qi 3 
d /R’ 

F2E= C 

‘AR3 

!.I 
A- S, Se 

Route B 

TABLE I : Reaction conditions, yields and ratios of regioisomers 8 and 9 (Route A] 

entry starting R' R2 R3A X Solv. TQ("C) Adducts Yield (S) 

olef1n time (hrs) 8 9 

a la 

b la 

c la 

d lb 

e lb 

f lb 

g lb 

h lb 

i le 

7 1C 

k 1Oe 

I. 1005 

m lee 

n lof? 

H H C6H5S Cl CH2C12,601151 

H H C6H5Se Cl CH2C12,40(15) 

H Ii C6H5Se Br CH2C12,40(15) 

F Cl C6H5S Cl CC14,130(15) 

F Cl C6H5Se Cl CH3CN,60(15) 

F Cl C6H5Se Cl cc14‘130(18) 

F Cl C6fi5Se Br CH3CN,60(15) 

F Cl c&if5se Br cc14,100(15) 

Cl Cl C6H5Se Cl CH3CN,85(15) 

Cl Cl C6ti5Se Br CH3CN,85(15) 

H SeC6H5 C6H5Se Cl CH3CN,25(24) 

H SK6H5 C6H5Se Cl CCl4,80(72) 

H SeC6H5 CgH5Se Br CH3CN,25(24) 

H SeC6H5 C6H,.,5e Br ca4,80(72) 

85 (&I 15 WI 

100 f8b) O(9b) 

100 (8cl O(9c) 

75 (Ml 25 (4d) 

loo(&) O(9e) 

94(8af 619e) 

100 (8f) O(9f) 

lOO(8f) O(9f) 

100C8gl Omgl 

lOO(8hl O(9h) 

32(8i) 6819i3 

55(8i) 45(9i) 

15(8jt 85t9j) 

9OCSj) lO(9j) 

8OfRef.9dl 

90 (Ref.!%) 

91(Ref.%) 

64 

92 

351a) 

95 

89 

92 

94 

94 

85 

96 

86 

(a) Compound 12 was also isolated L" 51% yield (see text) 
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Route A 

Methylene chloride solutions of l,l-dlfluoroethylene la are known to react with sulfenyl or 

selenenyl halides 6 to give predominantly or exclusively the regioisomer 8 
(5dl We observed the same 

tendency In carbon-tetrachloride solutzon. Reactions between olefins lb, lc and 10~ and 6 are 

conducted in solvents of different polarity. According to the usually proposed mechanism 
(5) (i.e. 

involvement of eplsulfonium or episelenonium ions 7)‘ the addition is favored in acetonitrlle 

compared to carbon tetrachloslde (see Table II. 

Compound 12 is formed in 51% yield in the reaction between olefin lb and benzeneselenenyl chloride 

6b in CClqf6). Reaction between olefln lc and 6b in (*_‘I4 proceeds only at 140°C and led to 

intractable mixture. 

/F no’c 
F$=C * 

'Ii 
CgHsSeCI 

c Cl& 
C&SeCF2CFClSeCgH5 

lb - bb - 
12 t51%%1 - 

The observed regioselectlvlty leading to the isomer 8 can be rationalised considering polar and 

sterlc effects in the transItion state for the ring openlng of intermedlate 7. Whereas the relative 

stabiiisation of a positive charge on a 
+ 

established (7afb), 

CF2R group compared to +CFClR and +CC12R is not clearly 

a difluoromethyl substltuent certainly destablllses more than CPClR or CCl2R a 

catlon on the carbon in u-posItIon. The observed direction of ring opening is also in agreement 

with sterrc arguments for the attack of X-. In the case of the intermediate 7 formed from 

l,l-difluoroethylena la the positive charge IS clearly better stabilised zn +CF2CH2R than in 

+CH2CF2R(7b-d). 

Sterlc effects also favor the formation of isomer 8. It is noteworthy that, in the case of olefrn 

IDe, the selectivity 1s reversed when passing from acetonitrile to carbon tetrachloslde fsee 
Table I entries m and n). 

addition rate of sulfenyf 

the following qualitative 

Furthermore halide substitutents on oleflns 1 clearly slow down the 

and selenenylhalides as compared to (8) ethylene . Based on our results, 
scale of reactivity of ethylene and oleflns 1 toward 6 1s proposed : 

H2C=CH2 >> F$=CH:! > F$=CFCI >> bC= ccl* 

The structure of the adducts and their regiochemlstry are asszgned by means of 19 F and 
77 
Se NMR 

spectroscopy. For example, the 19 F-NM? spectra of regioisomers 8e and 8f shows ABX patterns due to 

the presence of asymmetrlc centers. The corresponding proton-decoupled 
77 
Se-NMR spectra shows 

patterns having a 2x2x2 multiplicity resulting from the coupling between the selenium atom and the 

three different fluorines tone two-bonds coupling f*J=SOHz) and two three-bonds couplings f3J=10Hz 

and 3J=6-8Hz)]. Product 8g was also compared to an authentic sample obtained by chlorination of 

adduct 8b (see balow). In the case of the adducts of the olefin lOe, all 1 
H, 

19 
f and 

77 
Se NMR 

spectra show the presence t9i,9j) or the absence (8i,8jt of an asymmetric center. 

Adduct 8a as well as the trifluoromethylcompounds 8k, 81 and 8r are halogenated In fair to good 

yield by usrng either sulfuryl chloride, N-chloro or N-bromosucclnlmlde (NCS and NBS) (Table II). 

when a carbon tetrachloride solution of compound 81 was reacted with sulfuryl chloride at O*c a 

quantitative yield of the selenurane 13 1s isolated as colorless crystals. Refluxinq 13 in CC1 
4 
or 

CH3CN for 28hrs led to product 80. Adducts 8d and 8b were also dichlorlnated to 8s and 8g in qcod 

yields by using 2 equivalents of sulfuryl chloride. 
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TABLE II : Halogenatlo" of compounds B 

Compound Product 

(yield 8) 

Rl R2 R3A X Halog. 

Agent 

H Cl 
'6"gS 

F S02C12 

a1 80(Q) H Cl C6H5Se F S02C12 

81 80(53) H Cl C6H5Se F NCS 

81 @(69) H Br C6H5Se F NBS 

Ba @I931 H Cl 
'gHgS 

Cl so Cl 
2 2 

aa ar (88) 
C2H5S 

Cl 
C2H5S 

F so Cl 
2 2 

Thlocompounds 8d,n,q,r and 8 were subjected to dehalogenation by using magnesium to furnish the 

desired fluorovinylsulfldes lOa-1Od in good yields (Table III). However, when selenenyl adducts &If 

or Bg were reacted with magnesium, only complex mixtures of products were obtained 
10 . Adduct Be 

afforded in this reaction trans-1,2-dlfluoro-2-chlorovlnyl phenyl selenlde 14 in 410 yield beside 

diphenyldiselenlde, a small amount of olefin 10f and other unidentified compounds. ReactIon between 

adduct 8f and ?.lnc I" the presence of catalytic amount of tltanlum tetrachloride (11) furnlshed 

olefins 10f and 1Og 1" 48 and 16% yield along with diphenyl diselenlde 1" 19% yield. 

TABLE III : Synthesis of olefins 10 by dehalogenatio" of compounds 8 (A=S, R2=C1) 

Reagent R1 R3 X Yield(%) 

an H 
'gH5 

F 7B(lOa) 

ss H 
'6"5 

Cl B2(lOa) 

ed F 
'gH5 

Cl 75 (lob) 

as Cl 
'gH5 

Cl 65(1Oc) 

8r 
'2"gS C2H5 

F 7O(lOd) 
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Route B 

Fluorooleflns 1 are metallated with alkylllthium compounds at low temperature to afford 11 

either via direct deprotonatlon [lal'] or VXI halogen-metal exchange [lb,lc 13.] The quenching 

of 11 with carbonyl campounds gave the expected sll.ylic alcohols 
(11,12)* When 

lithioderivativns 11 were reacted with benzenesulfenyl chlorrde 6a or benzeneselenenyl bromide 

6~. the corresponding fluorovinyl sulfide 1Oa or selenldes 1Oe.g were obtalned, albeit in low 

to faxr yields (Table IV) 
(141 . 

P1 
F2C= C 

‘RZ 

Alkylllihium ,R’ 
FzC=C 

\ 
Ac6H5 

r ro 
A = S, Se 

TABLE IV : Yields of olefins 10 synthesized from vinyllithlum lntermedlates 11 

11 Rl R2 C6H5AX Yield (%) 

a H H C6H5SC1 30 (LOa) 

a H H C6H5SeBr 55 (me) 

b F Cl C6H5SeBr 17 (1Of) 

c Cl Cl. C6H5SeBr 9 (log, 

2,2_Difluorovinylphenyl selenide 1Oe is also obtained an 74% yield from the reaction between the 

selenoacetal of fluoral Et and n-butylllthium at -1lO'C. The starting 8t LS synthesized from 
bromoderlvatlve 8p and sodium phenylselenolate in 64% yield and from the reaction between the 9:l 

mixture of adducts 8j and 9j and potassrum fluoride in 61% yreld. Attempts to obtain diselenoacetal 

8t by established procedures (15) failed (sulfuric acid method) or gave only the hemrselenoacetal 15 

m 81% yield fzznc chloride procedure). 

F3C-CH(SeC6H5)2 
n Buli 

F2C=CHScC6H5 

Q!. l& 

FJC- CHBrSeE6H5 . C6HSSeNa 

f&F! 

Br F2C - Ctl (Se C6tl5& 
KF, Crown l18,6) 

CH3 CN 

81 + 9J (9:1) - - 

The use of these new fluorolefms as synthetic equivalents of the difluoroketene 5 is under study 

now. 
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3 13 
10.6 HZ, J'(Se-F) = 6.8 Hz]. C-NMR (proton decoupled) : 6 = 108.5[CFCl,Dt,'J(C-F) = 346 Hz, 

*J(C-F) = 34 Hz)], 119.6[CF2,Td, 
1 2 
J(C-F) = 312 HZ, J(C-F) = 38 Hz], 125.4[ipso], 129.3[ortho], 

130.7[para], 138.0[meta]. IR(fllm) : v = 3070, 1580, 1475, 144'3, 1190, 1160, 1060, 1000. 855, 74'3, 

-1 
720, 690 cm . MS(EI) : 354 and 352(m/e); 319 and 317, 273, 223, 197, 157, 77. Found : C = 27.32, 

H = 1.45, Cl = 10.13%. Requires : C = 27.26, H = 1.43, Cl = 10.06%. 

1,1,2-trichlorcr2,2-difluoroethyl phenyl selenide 8g : Chromatography (eluent : petroleum-ether) 

and distillation gave 8g as a colorless liquid, b.p.: 55-57“C/O.O2 Torr. 
1 
H-NMR : 6 = 

7.4-7.55(3H,m), 7.82(2H.m). 
19 

F-NMR : 6 = -58.9(2F,s); (CD3CN) : 6 = -56.5(2F,~). IR(film) : 

1480, 1440, 1240, 1170, 1010, 
-1 

" = 3095, 3080, 2975, 2945, 2865, 1580, 820, 740, 69Ocm . HS(E1) : 

324(m/e); 289, 157, 77, 51. 

l,l-dichloro-2-broPo-2,2-diflwroethyl phenyl selenide 8h : Isolation as for 8g led to d colorless 

liquid, b.p.: 70-73°C/0.02 Torr. 
1 
H-NMR : 6 = 7.61(3H,m), 7.9Of2H.m). "F-NMR(CD3CN) : 6 = -50.1 

-1 
(2F.s). IR(film) : v = 3070, 1580, 1480, 1440, 1150, 990, 745, 690 cm . MS(E1) : 370 and 368(m/e); 
351 and 349, 157, 77, 51. 

1-phenylselenyl-2-chloro-2,2-difluoroethyl phenyl selenide 8i and 1-chloro-2-phenylselenenyl- 

2,2-difluoroethyl phenyl selenide 9i 
(18) : The excess of 2,2-dlfluorovinyl phenyl selenide 9e was 

distilled and the crude product was subjected to a rapld chromatography (eluent : cyclohexane/ 

ethylacetate (95/S) and kept as a carbon tetrachloride solution at -20°C (the pure mixture of 

adducts decomposed at room temperature within a few days); a yellow 011. 'H-NMR : 8i : 6 = 4.65 

[lH,t,3J(H-F) = 10.5 Hz], 7.2-7.4tlOH.m). 9i : 6 = 5.36[1H,dd,3J(H-F) = 13 Hz, 
3 
J(H-F) = 9.7 Hz] 

7.15-7.3(5H.m), 7.4(3H,m), 7.66(2H,m). "F-NMR : 8i : 6 = -48.7[2F.d]; 9i : 6 = -70.2(1F,W), 

-72.9(1F*,W); *J(F-F*) = 200 Hz. 
77 

Se-NMR : 8i : 6 = 454.9(2Se.s); 9i : 6 = 516[Se-CFCl,t, 
3 
J(Se-Fj = 5 Hz], 578.6[Se-CF2,dd, 

2 
J(Se-Fl) = 7 Hz, 

2 
J(Se-F2) = 25 Hz]. IR(film) : v = 3075, 3060, 

1580, 1475, 1440, 1235, 1180, 1150, 945, 740, 690 cm -l. MS(EIJ : 412(m/e); 393, 377, 255, 157, 77. 

1-phenylselenenyl-2-brm-2,2-difluoroethyl phenyl selenide 8j and 1-brcno-2-phenylselenenyl- 

2,2-difluoroethylphenyl selenide 9j (18) : Isolated as above as a rather unstable yellow oil which 

was kept at -20°C in carbon tetrachloride solution. lH-NMR : 8j : 6 = 4.68[1H,t,3J(H-F) = 11.5 Hz], 

7.2-7.4(10H,m); 9j : 6 = 5.30[1H,dd,3JlH-Fl = 9.3Hz. 3J(H-F*) = ll.lHz] , 7.2-7.6(10H,m). 19 
F-NMR : 

8j : 6 = -41.9[2F,d]; 9j : 6 = -46.2(1F,Dd), -47.7(1F*,W); *J(F-F*) = 196 HZ. 77Se-NMR : 8j : 

6 = 461.9(s). IR(fllm) : u = 3075, -1 
3060, 1580, 1480, 1440, 1230, 1180, 1135, 940, 740, 690 cm . 

MS(CI/IBl : 459 and 457(M+Hl+; 301 and 299, 221 and 219, 157, 77, 51. 

2,2,2-trifluoroethyl phenyl selenide dichloride 13 : Sulfuryl chloride (0.27 g, 2 mnoles) was added 

dropwise to a carbon tetrachlorlde solution (10 ml) of 2,2,2-trifluoroethyl phenyl selenide 81 (19) 

(0.478 g, 2 mmoles) at O°C and stirring was continued for 1 hour. Evaporation of the solvent gave 

colorless crystals, : 86OC (diethylether). m.p. 1 : 6 H-NMR = 4.7[2H,q,'J(H-F) = 8.7 Hz] , 7.4(3H.m), 

7.83(2H,m). "F-NW? : 6 = -58.4(d). IR(CH2C12) : " = 3040, 2980, 1580, 1480, 1445, 1400, 1285, 

1260, 1220, 1135, 1065 cm -1 . MS(EI) : 310(m/e); 275, 240, 192, 157, 77. Found : C = 30.99, 

H = 2.30%. Requres : C = 30.99, H = 2.289. 

1-chloro-2,2,2-trifluoroethyl phenyl selenide 80 : A carbon tetrachlorlde solution (10 ml1 of 

selenide dichloride 13 IO.622 g, 2 mmoles) was refluxed for 28 hours. Evaporation of the solvent 

gave an oil which was purified by chromatography (eluent : petroleum ether) and distilled as a 

colorless liquid. b.p. : 48-50°C/0.3 Torr. ‘H-NMR : 6 = 5.27[1H,q,3J(H-F) = 7.2 Hz], 7.4(3H.m), 

7.77(2H,m). "F-NMR : 6 = -71.8(3F,d,3J(F-H) = 7.3 Hz]. IR(film) : ” = 3075, 2980, 1580, 1480, 

1445, 1303, 1255, 1120, 1100, 770, 745, 690 cm -1. MS(EL) : 274(m/e) ; 239, 157, 77. Found : c= 
35.25, H = 2.30%. Requires : C = 35.13, H = 2.21@. The same selenide 80 was also prepared by 

irradiation of a carbon tetrachloride solution (15 ml) of 2,2,2-trifluoroethyl phenyl selenide 81 
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(1.4 g, 5.86 nrmoles.1, N-chlorosuccinimide (0.865 g, 6.48 mnoles) and 5 mg of azobisisobutyronitrile 

with a 100 watts high-pressure lamp for 4 hours. Filtration of succinimide and evaporation of the 

solvent gave the crude product which was purified as above. 

1-brcmo-2,2,2-trifluoroethyl pbenyl salenide 8p : By using the same selenlde 81 and 

N-bromosuccinimide, the above procedure pernutted to get product 8p as a colorless liquid, b.p. : 

45-4?'=C/O.3 Torr. '"-NMR : 6 = 5.14[l",q,3J("-F, = 8.8 Hz], 7.4(3H.m), 19 
7.70(2H,m). F-NMR : 6 = 

-69.7(d). "Se-NMR : 6 = 513.3[q,3.J(Se-Fl = 4 Hz]. IR(film) : v = 3070, 2980, 1580, 1475, 1440, 

1285, 1250, 1170, 1100, 
-1 

745, 690 cm . MS(E1) : 320 and 318(m/e); 239, 219, 157, 77. Found : C = 

30.43, H = 2.22%. Requires : C = 30.02, H = 1.90%. 

Chlorination of thiocapounds EL, 8a and 8m : General procedure : Sulfurylchloride (0.3 g, 

2.3 mmoles) in methylene chloride (8k 
(201, (k(9d) ) or carbon tetrachloride (m 

(21) ) was added 

dropwise to a solution of the appropriate thiocompound (2.3 mmoles) In the same solvent at O°C. 

Stirring was continued for 2 hours at room temperature and the resulting mixture was then poured in 

water (50 ml) which was extracted with methylene chloride (3x10 ml). The extract was washed with a 

saturated sodium hydrogenocarbonate solution, then with brine and dried over magnesium sulfate. 

Evaporation of the solvent gave a residue which was purified by chromatography using petroleum 

ether as eluent, and distillation. 

1-chloro-2,2,2-triflwxoethyl phenyl sulfide 8n : A colorless liquid, b.p. : 93-9S°C/17 Torr. 

'H-NMR: 6 = 5.26[1H,q,3.J(H-F) = 6.6 Hz] , 7.4(3H,m), 7.62c2H.m). 19 F-NMR : 6 = -76.4 (d). IR(CC14) : 

v = 3030, 2970, 1575, 1480, 1440, 1300, 1250, 1170, 1120, 1080, 1025, 1000, 920, 865, 730, 690, 
-1 

670 cm . MS(E1) : 226(111/e); 191, 157, 109. Found : C = 42.37, H = 2.62, S = 14.08, Cl = 15.72% 

Requires : C = 42.29, H = 2.66, S = 14.14, Cl = 15.64%. 

1,2-dichloro-2.2-difluoroethyl phenyl sulfide 8q : A colorless llquld, b.p. : 60-62°C/0.1 Torr. 

'H-NMR : 6 = 5.30[1H,t,3.J(H-F) = 7.4 Hz] , 7.7cSH.m). "F-NMR : 6 = -57.4(2F,d). IR(film) : v = 

3070, 2970, 1580, 1480. 1445, 1265, 1195, 1145, 1110, 1080, 1020, 970, 820, 775, 740, 720, 
-1 

690 cm . MS(E1) : 242(m/e); 207, 191, 143, 109, 51. 

1-chloro-1,1-his ethylsulfenyl -2,2,2-trifluoroethane 8r : A colorless liquid, b.p. : 42-44V/O.O5 
Torr 'H-NMR : 6 = 1.22(6H.t), 2.83(4H,q). lqF-NML : 6 = -73.4(s). MS(EI) : 238(m/e) ; 203. 

Double Chlorination of capounds 8a and 8b : Sulfuryl chloride (1.19 g, 8.8 mmoles) in methylene 
chloride & or carbon tetrachlorlde 8b (5 ml) was added dropwise at room temperature to a solution 

(5 ml) of 2-chloro-2,2-difluoro-ethylphenyl sulfide Eatqd) or a solution (5 ml) of the selenoanalog 

8b in the same solvent. The solutions were then refluxed for two hours and the product 8s and 6g 

were isolated as for the monochlorlnated compounds En, 8q and 8~. 

1,1,2-trichloro-2.2~difluoroethyl phenyl sulfide 8s : A colorless liquid, b.p. : 59-61°C/0.2 Torr. 
1 
H-NMR : 6 = 7.49(3H,m), 7.52(2H,ml. 19 F-NW : 6 = -59.26(s). IR(film) : v = 3060, 1575, 1475, 

-1 1445, 1380, 1310, 1160, 1070, 1010, 925, 870, 830, 760, 745, 710, 690 cm . MS(EI) : 276(m/e); 241, 

191, 143, 109, 51. Found : C = 34.59, H = 2.10, S = 11.64, Cl = 38.05%. Requires : C = 34.62, H = 

1.81, S = 11.55, Cl = 38.32%. 

1,1,2-trichloro-2,2-difluoroethyl phenyl selenide 8g : See physical and spectral data above. 

Dehalogenation of coppounds 8d. En, 8r and 8s : General procedure : Magnesium (84 mg, 3.5 mg at) 

were placed In THF (1 ml1 and catalytic amounts of iodine and 1,2-dlbromoethane were added. After 

discoloration, the solution was cooled to 0°C(8n, 8d. 8s) or to -10°C(8q, Br). A THF solution 

(5 ml) of 8 (3,2 nnnoles) was then added dropwise and stirring was continued overnight at room 
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temperature. The mixture was poured in cooled 5% sulfuric acid (100 ml) and extracted with 

dlethylether 0x20 ml). The organrc layers were washed with a saturated sodium hydrogenocarbonate 

solution (SO ml) and dried over magnesium sulfate. Evaporation of the solvent gave the crude 

product which was purified by distillation. 

2,Z-difluorovinyl pbenyl sulfide 1Oa : A colorless liquid, b.p. : 58-6O*C/15 Torr (litt (22) : 

68-69QC/ll Torr). lH-NMR : 6 = S.4[1H.dd,3J(H-F 
cx= 

) = 0.5 Hz, 
3 
J(H-Ftransl = 21 HZ], ?.2-?.6(5H,ml. 

IQ?-NMR: 6 = -76.1(1F,ddf, -79.6[1Ff,dd>; 2J(F-F ) = 19.2 Hz. fR(CIi2C12t : v = 3070, 1705, 1655, 
-1 

1585. 1540, 1480, 1445, 1315. 1265, 1175, 1090, 1025, 960. 785, 735, 705, 690 cm . 

1,2,2-triflwmvinyl pbsnyl sulfide lob : A colorless liquid, b.p. : 57-6O”W1? Torr. 1 
H-NMR : 6 = 

7.2(5H,m). 19F-NMR : 6 = -88.4(1F,dd,trans to S-phenyl), -1O6.7(lF,dd,cls to S-phenyll, 
-149.6 ppn(lF,dd,C-1 fluorine); 2 J = 44.4 Hz, 3 J(trans) = 123.9 Hz, 3J(cis) = 34.8 Hz. IR(CH2C12) : 

u = 3050, 3000, 1740, 1590, 1480, 1310, 1140, 1050, 1030, 1000 -1 
cm + MS(EII : 1~We); 109. 

1-chloro-2,2-difluorovinyl pbenyl sulfide 10~ : A colorless liquid, b.p. : 88-9O*Cf17 Torr. 1 H-NMR: 
6 = 7.30-7.4(5H,m). "F-NMR : 6 = -73,95(1F,d), -8O.O(lF,d); Jgem = 10.1 Hz. IRfCCl4) : \) = 3060, 

1695, 1585, 1475, 1440, 1295, 1020, 945, 685 cm -1 . MSGI) : 206(m/e) i 156, 128, 109, 77. 

l-ethyltbio-2,2-difluorovinyl ethyl sulfide 1Od : A colorless liquid, b.p. : 70-?2°C/1? Torr 

(Lit'21' : 85-87"C/45 Torr). ++NKR : 6 = 1.27(6H,t), 2.70<4H,q). 19F-NMR : 6 = -72.01s) : 

v = 2995, 2940, 2870, 1670, 1450, 1380, 1270, 1160, 1120, 1005, 975, 720 
-1 

IR(CHC131 

cm . 

E-1,2-difluoro-2-chlorovinyl pbenyl selenide 14 : Following the above procedure, the reactIon 

between adduct 8e and magnesium afforded compound 14 as a colorless liquid, b.p. : 60-65VfO.3 
1 

Torr. H-NMR : 6 = ?.3(3H,mi, 7_56(2H,ml. lgF-NMR : 6 = -104.3(lF,d), -123.0ffF,d); 3J(F-F) = 

145 Hz. IR(film) : v = 3060, 1660, 1580, 1480, 1440, 1180, 805 cm -I. f+lS(EI) : 254(m/e); 219, 157, 
77, 51. 

Reaction between 1-chioro-2-brm-1,2,2-trifluoroetbyl. phenyl selenide 8f end zinc in the presence 

of TiCl 
4 

: 3 Drops of TK14 were added to a mixture of l-chloro-Z-bromo-1,2,2-trlfluoroethyl phenyl 

selenlde 8f (0.705 g, 2 mmoles) and powdered zinc (0.49, 6 mg-at.) in dry THF (16 ml) at -1cXPC 

fdiethylether, dry ice, liquid nitrogen). The mixture was then warmed up to room temperature and 

poured in water (100 ml) followed by extraction with methylene chloride (3x20 ml). The organic 

layer was washed with brine (50 ml) and dried over magneelum sulfate. Evaporation of the solvent 

gave the crude product which was distllled to give a 3:l nuxture of 101 : 1Og. They were separated 

by gas-chromatography using SE30 column ffi%Chrom. WAW/GHCS 80/100 or 40/60). 

Reections between litbiated reagents 11 and benzene aelanenyl bmmzide 6c : General procedure : 

A cooled (O°C) ethereal solution (100 ml) of C6if5SeBr (7.08 g, 30 mnoles) was added dropwise to a 

solution of lla, lib or llc [30 mmoles, prepared according to refs (12), 113a) and 113b,c)] at 

-1OOQC. -llO°C and -125°C. respectively. StIrrIng was continued at the same temperature for 15 

minutes after the addition was completed and the solution was then aLlowed to reach the room 

temperature. The mixture was poured in water (100 ml) and extracted with dlethylether (3x50 ml), 

The organic layer was washed with brine (100 ml) and dried over magnesium sulfate. Chromatography 

using petroleum ether as eluent and distillation afforded olefins l&z, 1Of of 1Og. 

2,2difluorovfny2 phenyl salenide 1Oe : A colorless liquid, b.p. : 4O-4S°C/0.6 Torr flztt f5a) : 
35-36°C/0.5 Torr). ‘Fi-NMR : 6 = S.Z[lH,dd, 3JiH-F ) = 2.4 

Hz, 
3 

l*F-NMR : 6 = -75,4(1E‘,dd), -77.6(1F,dd): *.I = 24'::. IR{film) 
J(H-Ftrans 1 = 24.6 HZ], 7.3(5H,m). 

: \I = 3075, 1695, 1580, 1475, 1440, 
1290, 1150, 945, 735, 690 cm -l. HStEI) : 22O(m/ef ; 157. 77. 



4318 S. Pn2n-w ef ol. 

1,2,2-trifluorovinyl phenyl selenida 1Of : A colorless liquid, b.p. : 66-6S"C/lJ Torr. 1 H-NMR : 6 = 

7.25(m,5H). 
19 

F-Nm : 6 = -89.9(1F,dd,C-1 fluorine), -107.3[1F,dd.C-2 fluorine (Z-relatlonship with 

the SeC6~5 substltwntl], -151.3[1F,dd,C-2 fluorine (E-relationship wrth the SeC6H5 substltuent)]; 
2 
J = 49 Hz, 3J 

3 
trans 

= 130 Hz, Jcis = 38 Hz. IR(CH2C12) : u = 3090, 3060, 1735, 1580, 1480, 1440, 

1300, 1130, 1015, 690 cm -l. MS(E1) : 238(m/e); 219, 157, 77. 

l-c~~ro-2,2-diflwrovinyl phenyl ee1enid.e lcq : A colorless liquid, b.p. : JO-J2’C/lJ ‘MI-~. 

'H-NNR : 6 = 7.20(m,5H). "F-NM : 6 = -75.09(1F,d), -78.3(lF,d); 2J = 15.6 Hz. IR(film) : V = 
-1 3090, 3060, 1700, 1580, 1480, 1440, 1265, 1010, 690 cm . MS(U) : 2sdw.d; 235, 219, 2me 157, 

77, 51. Found : c = 37.89, H = 2.38%. Requires : C = 37.90, H = 1.99% 

1-phenylselenenyl-2,2,2-triflwroethanol 15 : Phenylselenol (3.14 g, 20 mnoles) was added at room 

temperature to a suspension of zinc chloride (0.681 g, 5 mnoles) in carbon tetrachloride (10 ml), 

followed by gaseous trifluoroacetaldehyde (23) (1.96 g, 20 mnoles). The resulting mixture was 

stirred overnight and poured in 5% aqueous hydrochloric acid (20 ml). The aqueous phase was 

extracted once with ether (15 ml) and the extract was washed with 10% sodium hydrogenocarbonate 

(15 ml) with water (15 ml) and dried ever magnesium sulfate. Evaporation of the solvent and 

dlstillatlon gave first the unreacted phenylselenol and then compound 15 as a colorless 011 which 

crystallized upon standing, b.p. : 60°C/0.01 Torr, m.p. : 32OC. 'H-NMR : 6 = 2.65(1H,d) , 5.3tlH.m). 
7.32(3H.m), 7.64(2H.m). "F-NMR : 6 = -76.36(3F,d.J = 7.1 Hz). IR (CH Cl 1 

-1 2 2 
: ” = 3550, 3080, 2980, 

1580, 1480, 1440, 1390, 1310, 1250, 1180, 1110, 1070, 850, 690 cm MSlCI/IB) : 313(H+57)+; 
25J(M+l)+; 236, 157, 77. 

l-phenylselenenyl-2.2.2~triflwroethyl pbenyl aelenide Et : A 509 aqueous sodium hydroxide solution 

(0.34 ml, 5.22 nxnoles) was added at room temperature in a benzene solution (10 ml) of phenylselenol 

(0.82 g, 0.53 ml, 5.22 mmoles) and the resulting mixture was stirred for 5 nnnutes and then cooled 

down to OOC. A tetrahydrofuran solution (10 ml) of 1-bromo-2,2,2-trifluoro-ethylphenyl selenide 8p 

(1.66 g, 5.22 mmoles) was added dropwise and stirring was continued at O°C for four hours. The 

mixture was poured in water (60 ml) and extracted with methylene chloride (3x25 ml). The combined 

organic layers were washed with brine (100 ml) and dried over magnesium sulfate. Evaporation of the 

solvents, chromatography (eluent : petroleum ether) and dxtillation afforded Et as a pale yellow 

011, b.p. : 98-100°C/0.005 Torr. '"-NW7 : 6 = 4.4S(lH,q) , 7.32(6H.m), 7.6(4H,m). "F-NMR : 6 = 
-65.6[3F,d,3J(F-H) = 8.4 Hz]. IR(film) : u = 3065, 1580, 1475, 1440, 1280, 1240, 1150, 1090, 740, 

-1 
690~ . MS(E1) : 3%(m/e); 239, 219, 157, 77. Found : C = 42.73, H = 3.05%. Requires : C = 42.66, 

H = 2.81%. The same compound was also obtained by refluxing for 22 hours an acetonitrile solution 

(8 ml) of potassium fluorrde (0.87 g, 1.5 nmolel and a 9:l rmxture of adducts Sj : 9j (0.758 g, 

1.5 nmnle of Sj). The same work-up and purification as above led to compound Et. 

Treatment of selennacetal 8t with n-butyllithium : A solution of 1-phenylselenenyl-2,2,2-trifluoro- 

ethyl phenylselenide (0.4 g, 1.02 mmole) in 10 ml of a 5:3:3 mixture of tetrahydrofuran, 

dlethylether and pentane was cooled dc,wn to -110~ (pentane, dry ice and liquid nitrogen) and a 

solutron of 1.56 N n-butylllthium in hexaoe (1.58 ml, 1.02 mnolel in 10 ml of the same 5:3:3 

mixture of THF/Et20/ pentane was then added dropwise. Stirrlng was continued for 15 minutes at 

-1lO'V and the mixture was warmed up to room temperature, washed with a 10% aqueous sulfuric acid 

solution (20 ml), water (20 ml.) and 10% aqueous sodium hydrogenocarbonate solution (20 ml) and 

dried over magnesium sulfate. Evaporation of the solvent and dlstlllation gave fluoroolefn 1Oe. 
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