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Summary 

Phenyl(l-bromo-1.8,2,2-tetrafluoroethyl)nwrcury has been prepared by 
reaction of phenylmercurrc chloride and 1-bromo-1,2,2,24etrafluoroethane 
wth sodmm methoxrde m THF at -35”. Thus mercurral readily transferred 
CF,CF to carbenophiles at 155”. With olefins good yields of genr-fluoro(tri- 
fiuoromethyl)cyclopropanes were obtamed and with triethylsilane Si-H inser- 
tion gave Et,SiCHFCF,. On reaction wth throbenzophenone, the intermediate 
thurane underwent loss of sulfur to give Ph,C=CFCF,. A similar observation 
was made in the reactions of PhHgCFBrCO,Et with thiohenzophenone and 
thiofluorenone. Phenyl( 1-bromo-1 ,2,2-trdiuoro-Zethosyethyl)mercury also 
was prepared, but this compound did not eshibit divalent carbon transfer 
reactivity. 

Introduction 

!Uuch work has been devoted to the synthesis of reagents which can be 
used in the generation of fluorinated carbenes and to the reaction chemistry of 
fluorinated carbenes [2,3]. The chemistry of difluorocarbene is well developed, 
bis( trifluoromethyl)carbene has received much attention and an organosilrcon 
precursor to trrfluoroethylidene, CHFCF, is avarlable [ 41. However, no useful 
route to tetrafluoroethylidene, CF,CF, had been developed. 
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Pen~fluoroethyltrifluorosilane had been found to decompose at 180”. 
@Gg silicon tetraf!uoride and a mixture of cis- and bans-2-perfluorobutene. 
An a-elimination process appeared to be involved since decompositions carried 
out in the presence of hydrogen bromide and trimethylsilane gave CF,CHFBr 
and Me8iCHFCF,, respectively [5]. Yields of these insertion products were 
not given. In any case, until a better synthesis of this silicon compound is avail- 
able, GFSSiFx cannot be considered a pratica! CF$F source. Evidence has been 
presented that pentafIuoroethy!tetrafluorophosphorane decomposes at 240” to 
form PFS and tetra.f!uoroethy!idene 161, but this temperature is too high to 
permit useful application of this compound iri synthesis. 

Several organomercury compounds which are potential sources of teba- 
fluoroethylidene had been reported previously but none had been esamined for 
divalent carbon transfer reactivity. Most were prepared by mercuric tluoride 
addition to polyfluoroolefins in liquid HF or AsF3, e.g., (CF,CFBr)2Hg [7], 
(CFsCFC!)zHg [S], CF,CFClHgC! [9]. and (CF$F?):Hg [8]. While nothing 
appeared to be known concerning the behavior of the first three on being heated, 
it had been shown [lo] that bis(pent.af!uoroethy!)mercury decomposed at 250” 
to give metallic mercury and perfluoro-n-butane, an obviously homolytic process. 

In a previous study we had developed PhHgCClBrCF3 as a useful CF,CC! 
source [ 111, and we felt that CF,CFC!- and especiaIly CF,CFBr-substituted 
mercury compounds merited investigation as possible tetratluoroethylidene 
sources. In view of the statement by AMrich et a!. [ 121 that the lower bis(po!y- 
fluoroa!kyl)mercurtis are volatile and theu vapors toslc, we chose to direct 
our studies to mercuria!s of type PhHgCFXCF,. These would have the advantage 
of being non-volatile. Furthermore, their decomposition by a-elimination would 
give the insoluble and easy-to-remove phenylmercuric chloride or bromide. 
Reactions of mercuric fluoride carried out in !iquld hydrogen fluoride or arsenic 
trifluoride are not without their potential hazards. For this reason we felt that 
an alternate synthesis of such CF,CFX-substituted mercurials would be desirable. 

Results and discussion 

Pheny!(l-bromo-1,2,2,2_tetrafluoroethyl)mercury was prepared in general- 
ly good (~65%) yields by a variation [ 131 of our standard procedure [l-l] for the 
preparation of phenyl(trihaIomethyl)mercury compounds (eqn. 1). This nicely 
crysealline compound, m.p. 121-122”, proved to be an escellent source of tetra- 

PhHgCl + CF,CHFBr + NaOCH, (In CH,OH) THF’-35”* PhHgCFBrCF, + 

NaC! + CHJOH (1) 

5uoroethy!idene, as indicated by its reactions with several olefins (eqn. 2) and 
with triethylsikme (eqn. 3). The results are summarized in Table 1. 
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TABLE 1 
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TABLE 1 (contmued) 

Olefin Yield of Cs’do~ropane Ywld ~nalysrs found (caled.) f‘%) 
PbHsBr product’ f%) 
(5) 

. 
,,& Carbon Hydrogen 

‘.‘L,i. 

h,,;’ 
i 

(3.1 Part) 
I’ -I. ‘i i , 1.3621 

Wr,%id=C-: w 16 
‘.“,‘y 11.91 (41.98) 6.18 (6.(u) 

__ 
---_ ,--: 

L-f- \_ (1 Pal.0 1.3690 

P7HgCFBrCF3 + 
155O 

E13Sti-i 
2a h 

PhHqBr + EtjSnC+FCF3 !3) 

Phenyl( l-bromo-1,2,2,2 -tetrafluoroethyl)mercury was more reactive as 
a CF,CF source than was the CF,CCI source, phenyl(l-bromo-l-chloro-3,2,2,2-tri- 
fluoroethyl)mercury, whose transfer reactions required reaction times of about 
5 days at 140” [ II]_ However, the SO” reaction temperatures whrch sufficed in 
the carbene extrusion of the PhHgCCI,Br,_, [15] and of PhHgCCIZF [ 131 were 
insufficient in the case of PhHgCFBrCF,, and it was found convenient to carry 
out its reactions in sealed tubes at 155” for about 24 h. 

In those reactions with olefins where addition of CF&F could result in 
formation of two cyclopropane isomers, both were formed, with one predominat- 
ing. It would appear that the isomer which is preferred is the one with the tri- 
fltioromethyl group in the less hmdered antr posrtron. Thus, in the case of 
9-fl--loro-9-h-ifiuoromethylbicyclo[6.l.O]nonane, obtained by reaction of 
PhHgCFBrCF, with cyclooctene, compound I was the major and 11 the minor 
isomer formed. These assignments are based on the 19F NhlR spectra of the 

(I) cl31 

isomers. In the spectrum of the more abundant isomer, I, the CF, resonance 
was a sharply defied doublet (Y( FF) S Hz) at -M-l ppm relative to herafluoro- 
benzene. The syrl fluorine substituent signal was not resolvable into the theoret- 
ical triplet of quartets, but rather appeared as a rounded multiplet at 67.8 ppm. 
Measurirng the width of the multiplet at 1/6th height (34 Hz) and equating this 
to the sum of three times the quartet coupling plus two times the triplet coupl- 
ing constant led to an approsimate value for the triplet coupling constant of 

5 Hz (J(HF),,,, )_ Similarly, the spectrum of the less abundant isomer, 11, show- 
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ed the CF:, resonance as a sharp doublet with J(FF) 8 Hz at -92.5 ppm. The 
anti fluorine resonance appeared as a broad symmetrical signal centered at 
23.2 ppm (70 Hz width at 1/6th height) instead of as a resolved triplet of 
quartets. Using the same calculation gave an approximate J(HF),, of 23 Hz. It 
is well known that in fluorocyclopropanes J(HF),,, > J(HF),mnS [ 161, and these 
calculated coupling constants are of the expected order to substantiate the 
postulated isomer assignments. We note also that the addition of CF&F to 
olefins is stereospecific. Thus, the reaction of trans-4-octene with PhHgCFBrCFJ 
gave a single product, while the reaction of cis-Coctene with this reagent gave a 
5.811 mixture of two isomers. 

A reaction of PhHgCFBrCFX with thiobenzophenone was carried out with 
the espectation that a thiirane, III, would result. However, this was not the 
product obtained; instead Ph&=CFCF, was isolated tn high yield. Presumably 
the thikane was formed but underwent sulfur atom extrusion at the somewhat 
high reaction temperatures (eqn. 4). Sulfur extrusion of this type has been ob- 

PhHqCFBrCF, * Ph2C = S - PnHqBr 7 Pll / 

served in the reaction of PhHgCCllF with thiobenzophenone [ 131. The reaction 
of PhHgCCl,Br with thiobenzophenone resulted in formation of stable 2,2di- 
chloro-3,3diphenylthiirane whose thermolysis at 200” gave l,l-dichloro-2,2di- 
p:lenylethylene and elemental sulfur [ 171. That the general type of reaction 
depicted in eqn. 5 can be useful in the synthesis of novel fluoroolefins was shown 
by a reaction carried out between thiobenzophenone and PhHgCFBrCO,Et [18] 
at 125” m a sealed tube. Here again the intermediate thiirane (IV) was not 
stable under the reaction conditions and Ph,C=CFC02Et was obtained in 50% 
yield. A similar reaction carried out with thiofluorenone gave V in low yield. 

That the extrusion of a fluorocarbene from an organomercury precursor 
is faster than the extrusion of the corresponding chlorocarbene has already 
been demonstrated for a number of cases: CBrF vs. CBrCl [19], CCIF vs. Ccl? 
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1131, FCC02Me vs. CICCOzMe [ 181, and the most likely reasons for this have 
been discussed [ 191. In the present instance we have another example: CF,CF 
vs. CF,CCI and we reiterate our belief that it is the stabihzing effect of the 
fluorine substituent on the incipient carbene which is the decisive factor leading 
to this enhanced reactivity. 

In conclusion, we report the preparation of phenyI( I-bromo-1,2,2-trifluoro- 
2-ethoxyethyl)mercur-y by our standard procedure (eqn. 5). Although about 
one-half of this mercurial had decomposed, giving phenylmercuric bromide, after 

PhHgCl + CHBrFCF20C2H, + Me,COKMe,COH -+ 

KCI + 2 MexCOH f PhHgCFBrCFzOC,HS (5) 

it Aad been heated in cyclooctene for 18 h at 145”, no product from the reaction 
of cyclooctene with FCCFzOCIHS was formed. It is likely that the carbene re- 
arranged to CF2=CFOC,H, instead. This system was not examined further since 
no preparative applicability was apparent. 

Experimental 

Geneml commenk 
All reactions were carried out in flame-dried glassware under an atmosphere 

of prepurified nitrogen. Gas-liquid chromatography (GLC) was used to 
esamine reaction mixtures, isolate samples for product characterization and for 
yie!d determination (internal standard method). Commercial Hewlett-Packard 
F & M Model 700,720, 5754 and 776 gas chromatographs were used. 

‘H NMR spectra were recorded using a Varian Associates T60 spectro- 
meter, 19F NMR spectra wrth a Hitachi-Perkin-Elmer R20-B spectrometer at 
56.446 MHz. Proton chemical shifts are recorded in 6 units downfield from 
internal tetrarnethylsihme, r9F chemical shifts in ppm relative to internal hexa- 
fluorobenzene*. Infrared spectra were determined using a Perkin-Elmer 457A 

spectrophotometer. 

Preparation of I-bromo-1,2,2,2-tetrafluoroethane 
The procedure used by Miller et al. [20] for the preparation of l-chloro- 

1,2,2,2-tetrafluoroethane was adapted to the preparation of this compound_ A 
450 ml stainless steel cylinder, fitted with a hoke valve and cap, was charged 
with 104 g (0.64 mol) of bromotrifluoroethylene, 200 ml of 92% formamide, 
64 g of powdered anhydrous potassium fluoride and 5 steel balls for agitation. 
The cyclinder was warmed with continuous stirring in an oil bath at 70-75” for 
2 days. V.Jlatiles were then distilled into a 100 ml 3 neck flask fitted with a 
dropping funnel and a dry-ice condenser topped by a nitrogen inlet. The excess 
bromotrifluoroethylene was brominated by the addition of 3 ml of bromine 

and irradiation of the reaction mixture with a 275 Watt photoflood lamp for 
30 min. The excess bromine was destroyed by the addition of 60 ml of saturated 
aqueous sodium sulfite. Volatiles were then d.kztilled onto anhydrous sodium 
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sulfate to dry and theninto a steel cylmder for storage. Total yield of l-bromo- 
1,2,2,2-tetrafluoroetane was 76.3 g (65%). The NMR spectral data for this 
compound agreed with those reported by Sharp and Coyle [5]. 

Prepnmtion of phenyl(l-bromo-1,2.2,2-tetrafluoroethy1)mercw-y 
A flame-dried, nitrogen-filled, two-liter three-necked flask, equipped with a 

mechanical stirring assembly, constant pressure addition funnel and Claisen 
adapter fitted with a low temperature thermometer and a dry-ice condenser, 
topped by a nitrogen inlet was charged v&h 75.0 g (0.24 mot) of phenylmercuric 
chloride, 96 g (0.53 mol) of 1-bromo-1 ,2,2,%tetrafluoroethane and 850 ml of 
of tetrahydrofuran (freshly distilled from sodium benzophenone). The reaction 
mixture was cooled, with stirring, to -35”. At this point a solution of sodrum 
methoside, prepared by dissolving 6.1 g (0.26 mol) of sodmm metal in 50 ml 
of absolute methanol and diluting with 150 ml of dry tetrahydrofuran, was 
added over a ten minute period. After the addition was complete, the reaction 
mixture was allowed to warm to room temperature over one hour. The contents 
of the flask were then transferred to a three liter srngle-neck flask, and the 
volatiles were stripped off under reduced pressure. The residue was taken up in 
1200 ml of benzene and 100 ml of water, transferred to two quart bottles and 
centrifuged. The two liquid layers were filtered, the organic layer was separated, 
dried over anhydrous sodium sulfate, filtered and benzene removed by rotary 
evaporation under reduced pressure to yield 74.0 g of white crystalline solid, 
m.p. 110-114”. The material was dissolved u-r a solutron of 70/30 wt.% hesane- 
methylene chloride, filtered through a 2 inch bed of silicic acid, solvent stripped 
under reduced pressure to give 70.5 g of product, m-p. 120-122”. 

Recrystallization from 400 ml of hesane yielded in two crops 69.6 g (64%) 
of pure phenyl(l-bromo-1,2,2,2-tetrafluoroethyl)mercury, m-p. 121-i22”, as 
dense colorless prisms up to 4 cm in length. Anal. found: C, 20.95; H, 1.21; 
Br, 17.61. C,H,BrFJHg calcd.: C, 20.99; H, 1.10; Br, 17.46% 

IR(CCI,): 3180m. 3170m, 3140(sh). 3000~. 1968w, 195Ow. lS91w, 1871w, 
lSlOw, 1575w, 1482m. 1433s. 1343(sh), 1335w, 1302(sh), 1271vs, 1242w, 
1194vs. 1167~s. l!I84w, 1047s, 1028m, 1002m, 905s, 728m, 700s cm-‘. 

‘H NMR (CDCI1) 6 7.1-7.6 ppm, complex multiplet, (aryl protons), down- 
field from TMS. 

19F NMR (CDCIJ): PhHgC_FBrCF> (t of q, lF), 22.64 ppm downfield from 
hesatluorobenzene, J( F-F) 15 Hz, J(Hg- F,) 515 Hz; PhHgCFBrCE, (t of d, 
3F) 85.98 ppm downfield from hesafluorobenzene, J(F-F) 15 Hz, -/(Hg-F,r) 
71 Hz. 

Reactions of phenyl(l-bromo-1,2,2,2-tetmfluoroethyl)mercury with olefins 
A typical esample, the reactron of this mercurial with cyclooctene, IS 

described below to illustrate the procedure used. AI1 reactions listed in Table 1 
were carried out under these conditions, with variations in reaction time noted 
in the footnotes. In ail cases where possible we noted the formation of both 
syn and anti isomers which were resolvable by GLC and have been separately 
characterized. 

A 70 ml flame-dried, nitrogen-filled Pyres bomb tube was charged with 
6.98 g (15.3 mmol) of the mercurial, 5.8 ml (45 mmol) of cyclooctene and 
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7 ml of dry benzene, immersed in liquid nitrogen, evacuated to 0.2 mm Hg, 
degassed by one freeze-thaw cycle and sealed. When it reached room tempera- 
ture, the mkture became homogeneous. The sealed tube was heated in a tube 
furnace at 155” for 24 h. The bomb was cooled, opened and the white crystal- 
tine solid which had formed was filtered and washed with hexane to give 5.26 g 
(96%) of phenylmercurlc bromide, m.p. 276.278”, and traces of elemental 
mercury. The filtrate was trap-to-trap distilled (50” at 0.2 mm) and the lower 
boiling components were removed at atmospheric pressure by distlllatlon 
through a Widmer column. The residue was examined by GLC (20% SE-30, 
158”) and found to contain the desired 9-fluoro-9.trifluoromethy!bicyc!o[6.1.0]- 
nonane in 98% yield, with an isomer ratlo of 3.4/l in order of increasing retention 
time. Samples of both isomers were isolated by GLC (15 ft Apiezon L, 150”). 

Major isomer: 9-syn-~uoro-9unli.tr~uoromethy!b~cyc!o[6.1.0]nonane. 
(I) rzg 1.4052, eluted first on Apiezon L and SE-30. 

Minor isomer: 9-ant~-fluoro-9-syn-trinuoromethy!bicyc!o[6.l.O~nonane, 
(II) n’Dj 1.4110, eluted second on Apiezon L and SE-30. 

The 19F NMR spectra of each isomer are gnren in the dlscussion section. 
The ‘H NMR and the IR specka were not especially informative. The combined 
isomers were analyzed: found: C, 57.19; H, 6.83. C,,,H,,F., calcd.: C, 57.13; H, 
6.71%. 

Reaction ofpllenyl(l-brom~l,I,_,_- 3 3 ‘3 tetrafluoroethyljmercut-y with triethyldane 
Essentially the same procedure was used in the sealed tube reaction (24 h 

at 155”) between 7.02 g (15.3 mmo!) of the mercury reagent and 9.7 ml (60 
mmo!) of triethyisllane (PCR, Inc.) in 5 ml of dry benzene. The tube was cooled 
and opened and hesane was added. Filtration removed 3.33 g (61%) of phenyl- 
mercuric bromide. Trap-to-trap distillation of the filtrate (100” at 0.15 mm) 
was followed by GLC (20% SE-30, 158”) examination of the distlllete. The 
desired product was present in 53% yield, triethylbromosilane in about 4% 
yield. EtXSiCHCFCF,, nz,j 1.3840; ‘H .NMR (in CC!,): 6 1.30-0.45 (m, 15H, 
Et,Si) and 4.62 ppm (d of q, lH, J(HF,) 45.0 Hz, J(HF,) 11.0 Hz, CHCF,). 
Found: C, 44.41; H, 7.54. &H,,F,Si calcd.: C, 11.42; H, 7.46%. 

Reaction of phcnyl(I-brcmo-1,,,,,- 0 0 3-tetrafluoroethyl)mercury uxth thiobenzo- 
phenone 

The same procedure was used in the sea!ed tube reactlon (40 h at 155”) of 
7.08 g (15.5 mmo!) of the mercurial and 3.13 g (15.9 mmo!) of thiobenzophenone 
1211 in 15 ml of dry benzene. The blue color of the thioketone was discharged 
during the course of the reaction and a dark brown reaction mixture containing 
suspended solids, including elemental sulfur, was formed. The tube was cooled 
and opened and f.he mixture was filtered. The solid was washed with hexane to 
leave 4.73 g of PhHgBr (85%) contaminated with traces of elemental sulfur. 
The filtrate was chromatographed (12 inch alumina column, hesane eluant); 
the dark brown impurities and elemental su!fur were retained on the column. 
The hesane solution was concentrated and esamined by GLC (UC W98,175”). 
The product, identified as Ph,C=CFCFx, was present in 31% yield. It had rzg 
1.5221. 19i? NMR (in CCL): 6 97.9 (d, J 9 Hz, 3F, CF,) and 34.1 ppm (q, J 
9 Hz, lF, =C-F). This product is a known compound, &“1.5180 [22]. 
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Reaction of phenyl(bromofLuorocarboathoxymet!~yl)me.rcury with thiobenzo- 
phenone 

A sealed tube reaction was carried out (23 h at 125”) between 2.76 g (6.0 
mmol) of the mercury compound and 1.0 g (5.0 mmol) of thiobenzophenone 
in 6 ml of benzene. The bright blue solution became yellow in color during the 
heating period, and on cooling solid precipitated. Filtration gave 1.71 g (89%) 
of PhHgBr, m.p. 276-278”. The flltrate was chromatographed (6 inch silicic acid 
column, benzene eluant) to give 55 mg (34%) of elemental sulfur and an oil 
whose NMR spectrum showed the presence of an ethyl group. Crystallization 
from ligroin resulted in white crystals (0.67 g, 50%, m.p. 37-38”) of Ph&=CFCOzEt. 
Another recrystallization from lgrom raised the m-p. to 37-38.5”. (Found: C, 
75.21; H, 5.59. C,,H,,O,F calcd.: C, 75.54; H, 5.59%). IR(m Ccl,): u(C=O) 
1728 cm-‘. ‘H NMR (in CCL,): 6 1.0 (t, J 7 Hz, 3H, CH;), 3.65 (q, J 7 Hz, 3H, 
CH,) and 7.25 ppm (m, lOH, Ph). 

A similar reaction between 10 mmol of the mercurial and 10 mmol of thio- 
fluorenone in 10 ml of dry benzene was carried out. The init’kxlly deep-green 
solution became deep-green-brown and inhomogeneous during the heating period 
of 24 h at 130”. Filtration gave 2.09 g of gray solid with m-p. > 340”. The organic 
materials were dissolved in 70/30 hesane-dichloromethane ,-d chromatographed 
(10 inch sillcic acid column). The first material to elute was the desired product, 
v (0.271 g, 10%). Recrystallization from methanol gave product with m-p. 
77-79”. (Found: C, 75.98; H, 4.88. C,,H,,O,F calcd.: C, 76.11; H, 4.88%) 
‘H NMR (in Ccl,): 6 1.37 (t, J 7 Hz, 3H, CH,), 4.18 (q, J 7 Hz, 2H, CH,) and 
7.05-8.70 ppm (m, SH). 

Prepcration of phenyl(l-bromo-I,~,~-trifluor~.B-et~~o.~yett~yi)mercu~ 
4 500 ml, three-necked flask equipped with a mechanical stirrer, an addition 

funnel, a thermometer and a nitrogen inlet tube was charged with 15.65 g (50 
mmol) of phenylmercuric chloride. 13.45 g (65 mmol) of CHBrFCF20C2Hi 
1231 and 150 
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no high boiling products were present. The filtrate was trap-to-trap distilled. 
An NMR spectrum of the 2.4 g pot residue showed starting organomercury 
compound to be present. 
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