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SUMMARY 

Phenyl(fluorodibromomethy1)mercm-y has been prepared by reaction of 
fluorodibromomethane, phenylmercuric chlqride and sodium methoxide or potassium 
tert-butoxide in THF at low temperature. This organomercury reagent is an excellent 
source of fluorobromocarbene, releasing CFBr within 20 min at 80” or with 4 days 
at room temperature. The addition of PhHgCFBr,-derived CFBr to the C=C bond of 
10 olefms and to the C=O bond of (CF,Cl),CO and the insertion of CFBr into the 
Si-H bond of triethylsilane are described. Reduction of Et,SiCHFBr with tri-n- 
butyltin hydride gave Et,SiCH,F. 

INTRODUCTION 

In previous papers of this series we have reported new organomercury reagents 
which serve in the generation of difluorocarbene’, fluorochlorocarbene2p3 and (tri- 
fluoromethyl)chloro- and (trifluoromethyl)bromtiarbene4. Our continued interest 
in the chemistry of fluorinated carbenes prompted the present investigation of the syn- 
thesis and chemistry of phenyl(fluorobromomethyl)mercury, a compound which 
would be expected to be a CFBr precursor. 

The generation of fluorobromocarbene by the Doering-Hoffmann rdutti, in 
the presence of olefms to give gem-fluorobromocyclopropanes, already has been re- 
ported by several group~~-~~. But, as in the case of oiher dihalocarbenes, develop 
ment of the alternate organomercury-based preparation of the divalent carbon species 
not involving basic reaction conditions and not fraught with n&prod&tive side 
reactions seemed a worthwhile objective *. In the abstince of a. synthetically useful, 
direct route to monofluorocarbene *, such further development of alternate routes td 

..* For PeLXseeRef. 1. 
*t FOG a discussion of the advantages of theorganomercury route in dihalocarbene generation and a 

general review of this area, see ref. Il. 
F Schlosser and H&z9 have reported the direct generation of CHF (or the respective carbetioid)‘by 

reaction of an brganolithium reagent with CHFBr, but when CHF was generated in this &anner_in the’. 
presenk of olefins, the tluoroc~clopropane yields were quite low. 
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CFBr was-of special interest, since reduction of the C-Br bond in the CFBr-derived 
product can be effected easily and in excellent yield5*7-g. 

RESULTS AND DIS&JSSIOEj 

The general procedure for the synthesis of phenyl(trihalomethyl)mercury 
compounds involves the reaction of the appropriate- haloform with potassium tert- 
butoxide (usutilly as the mono-tert-butanol solvate) in the presence of phenylmercmic 
chloride in THF medium at -25” ‘l’. Application of these exact conditions to the re- 
action with fluorodibromomethane did ndt give PhHgCFBr,. Experiments in which 
the temperature; solvent system and ‘base were varied led to two pr0cedure.s which 
gave this organomercury reagent in reproducible and acceptable yields, eqns. (1) and 
(2). THE;. -65’ 

PM-&Cl + Me&OK + CHFBr, 7 PhHgCFBr, (1) 
(2 equiv. (35-40%) rHF. -25” 

PhHgCl+NaOMe+CHFBr, - PhIIgCFBr, (2) 
(2 equiv.) W-55 %) 

Phenyl(fluorodibromo~ethyl)mercury was isolated as a crystalline solid which 
melted at 85-W (rapid heating) and decomposed at 94”. As the solid, it is stable for 
longer periods at (P but decomposes slowly at room temperature. In solution, it is 
quite unstable In particular, oxygenated solvents such as ketones, ethers and alcohols 
can induce its spontaneous, exothermic decomposition_ For instance, sudden, exother- 
mic decomposition occurred (reproducibly) when a sample of PhHgCFBr, was 
placed in a flask which had been washed out with acetone but not completely dried. 
The marginal solution stability of this mercurial requires that all operations during 
its synthesis, isolation and purification be carried out with maximum dispatch. 

Our previous work has shown that the rate of phenylmercuric halide (PhHgX) 
ehmin~tion from a phenyl(halodichloromethyl)mercury compound (PhHgCCl,X) 
increases as the halogen, X, is changed : F < Cl-z Brt I1 ‘*r3_ Thus it was to be expect- 
ed that PhHgCFBr, would be a more reactive dihalocarbene source than PhHgCFCI,. 
Such was the case, and, in fact, this mercurial was found to be the most reactive of all 
the halomethyhnercurials whose divalent carbon transfer reaction involves elimina- 
tion of phenylmercuric bromide which we have examined thus far. For example. 

PhHgCBr, and PhHgCClBr, transfer CBr, and CClBr, respectively, to olefins at 
SO”, and about two hoursare required for complete reaction’&. Such transfer could 
also be effected at room temperature with these mercurials, but correspondingly 
longer reaction times, about 15-16 days, were necessaryL5. In contrast, with PhHg- 
CFBr,, CFBr transfer to olelins is complete within 20 min at 80” in benzene solution 
and within four days at room temperature. gem-Fluorobromocyclopropane yields 
were good to excellent. The reactions of this mercurial with olelins are summarized in 
Table i. 

As expected, reaction of CFBr with terminal monosubstituted olelins, with 
&s-l&disubstituted olefins and with cyclic olelins resulted in formation of two iso- 
mers In the case of cyclohexene, the tsvo isomers were formed in a ratio of 1.9/l, with 
preference for that isomer with the bromine atom. syn to the tetramethylene bridge. 
[(I)j(II) 1.9]_ The (I)/(II) ratio was 1.7 when CFBr was generated by the CHFBrdMe,- 

.- : 



TABLE 1 

RtiCTIONS OF PHENYL(&UORODIBRO~OMETIiYL)MERCURY 

‘Carbenophiie Product Yield (%) 

4 days at ’ 20min 
room temp. at 80” 
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CI) (II) 

COK route5*‘. (1.8 in our hands). The isomer assignment was confirmed by treitment 
of the (I)/(II) mixture produced in a PhHgCFBrJcyclohexene reaction with quinoline 

-at2W5 . Only one isomer survived, and on the basis of halocyclopropane stabilities l 6, 
this would be expected to bc the one with the anti bromine substituent, (II). The addi- 
tion. of CFBr to olelins occurs stereospecifically, as shown by the results obtained 
with cis- and rrans-2-butene A single 1-fluoro-1-bromo-2,3-dimethylcyclopropane 
isomer was obtained from the trans olefin, while reaction with the cis olefm gave two 
such isomers which were different from the trans-2-butene-derived product. 

Noteworthy among the reactions listed in Table 1 are those with trichloro- 
ethylene, vinyltrimethylsilane, acrylonitrile and vinyl acetate. The first two are olefins 
which are only poorly reactive toward dihalocarbenesX4*“, while acrylonitrile and 
vinyl acetate are base-sensitive and, furthermore, trap the trihalomethyl anion inter- 
mediate when the dihalocarbene is generated by the haloform/base procedure. While 
the CFBr adduct yields of the first three of these olelins obtained with PhHgCFBr, 
are only moderate, the fact that these reactions are observed at all speaks strongly for 
the special advantages of this organomercury reagent. 

Phenyl(fluorodibromomethy1) mercury-derived CFBr was found to insert 
into the Si-H bond [eqn. (3)], a reaction which opens a useful route to monofluoro- 
silanes [eqn (4)]. [Analogous chemistry has been developed with the PhHgCCl,Br, _-n 
(n=O-2) reagentsis_ J 

29.4 days 

PhHgCFBr, + Et,SiH - Et,SiCHFBr + PhHgBr (3) 
(87 %) 

(68 % after 20 min at 80°) 

Et,SiCHFBr+ n-Bu,SnH + Et,SiCH,F + n-Bu,SnBr 
(74% based on PhHgCFBr,) 

(4) 

Another dihalocarbene reaction developed with our phenyl(trihalomethyl)- 
mercury reagents is the synthesis of oxiranes from highly halogenated carbonyl com- 
pounds1g.20_ Phenyl(fluorodibromomethyl)mercury also was found to add CFBr to 
the C=O linkage [eqn- (5)-J_ 

(CF,Cl),C=O + PhHgCFBr, x (CF,Cl)2Cr,CFBr + PhHgBr (5) 
0 

(74 %) 

The unexpectedly high reactivity of PhHgCFBr, as a CFBr transfer agent 
merits further discussion. In previous work, we had prepared and studied the CFCI 
transfer chemistry of PhHgCFCl 22_ Initially, on the basis of reactions with olefins 
whose rate was followed by thin layer chromatography, its reactivity had been estima- 
ted as being comparable to that of PhHgCCl,, but later work3 showed PhHgCFCl, 
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to be about four times more reactive than PhH&CCI,. From these results it ,w&.tld 
appear that the presence of a fluorine substituent on the incipient carbene ,carbon 
atom favors the a-elimination process in phenyl(trihalomethyl)mercury compounds_ 
This observation finds ready accommodation in our views of the nature of the a- 
elimination process as developed thus far. On the basis. of evidence from rate stu- 
dies21*22, transition state (III) was suggested for the carbcne extrusion reaction..Fur- 

Br 
.- \ 

P,--H&& 
AX 

'Y 

Km 

ther studies of the reactivity of PhHgCClzPh (which was highly reactive)‘3 and com- 
pounds such as PhHgCC12C02CH324 and PhHgCClBrCFS4 (which were rather 
unreactive as divalent carbon transfer agents) led to the proposal” that the rate of the 
divalent carbon extrusion process is determined in large part by the stabilization 
available to the incipient carbene. The stability of singlet state carbenes is a function 
of the substituents on the carbon atom, with substituents which can donate electron 
density to the vacant carbon p orbital via p,-pz dative bonding providing special 
stabilization26. For halogen substituents, such stabilization increases in the order 
Ic Brt Cl< F, and these ideas then serve to explain the ‘enhanced” reactivity of 
PhHgCFCI, and PhHgCFBr,. 

As mentioned above, the reduction of gem-lluorobromo- (and fluorochlo- 
ro-) ‘*‘*” cyclopropanes serves as the most useful route to monofluorocyclopropanes. 
A previous report by Japanese worker? claimed that the reduction of the syn and 
anti isomers of 7-fluoro-7-bromonorcarane [(I) and (II)] with tri-n-butyltiir hydride 

(IPI (PJ 

(58”, 30 min, no solvent, no catalyst) occurred stereospecifically. A 1.7/l (I)@) 
mixture was reported to give a 1.8/l mixture of (IV) and (V), respectively, and reduc- 
tion of pure (II) with tri-n-butyltin hydride was claimed to give onZy (V). In our hands, 
tri-n-butyltin hydride reductions of 74 uoro-7-bromonorcarane were highly stereo- 
selective but not stereospecilic (Table 2). 

TABLE 2 

REDUCTION OF 7-FLUORO-7-BROMONORCARANE WITH TRI-n-BUTYLTIN HYDRIDE 

7-Fluoro-7-bromonorcarane isomer 7-Fluoronorcarane produced 

(I)+(II) (1.8 (I),/(II) ratio) (IV)+(V) Cl.43 (IV)/(V) ratio] 
(I) (99 % pure, by GLC) (IV)+(v) [9/l (IV)/(v) ratio1 
(II) (99 o/o pure. b’y GLC) (IV)+(V) [l/7.3 (IV)/(V) ratio] 
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EXPERIMENTAL 

General comments 
All,reactions were carried out in &me-dried glassware under an atmosphere 

of dry nitrogen. Solvents and liquid starting materials were carefully dried, usually by 
distillation from an active hydride or benzophenone ketyl. Infrared spectra were ob- 
tained using Perk&Elmer 237B, 257 or 457A grating infrared spectrophotometers. 
‘H NMR spectra using a Varian Associates T60 spectrometer. Chemical shifts are 
given in 6 unit& ppm downfield from internal TMS. “F NMR spectra were obtained 
using a Perkin-Elmer R2OB spectrometer operating at 56.446 iMHz GLC was used 
extensively in this work to analyze reaction mixtures, determine product yields and 
isolate pure samples of products. 

Prepartition of jluorodibromomethane2’ 
A 500 ml three-necked flask, equipped with a mechanical stirrer and a Claisen 

head fitted with a thermometer and a West condenser leading to a receiving flask, was. 
charged with 1 kg (3.96 mol) of bromoform and 256 g (1.50 mol) of antimony trifluoride. 
The reaction flask was immersed in an oil bath at 120°, the mixture was stirred for 5 
min and then 10 ml of bromine was added. After a short while, the dark red reaction 
mixture became homogeneous and a mixture of the fluorodibromomethane and 
bromine began to distil into the receiving flask. The initial exotherm resulted in a head 
temperature of 100”. but most of the distillate came over at 60-80”. A small amount of 
water was pipetted away from the distillate (650 g) which then was treated cautiously 
with 1-decene to remove the bromine. The product was obtained by careful distilla- 
tion through a Widmer column. The yield was 479 g (62 %); b-p. 64-65O, n&’ 1.4680; 
Iit.28.29 b.p. 64.9”, n;’ 1.4685. 

Preparation of phenyl(jluorodibromomethyl)mercury 
(a). Sodium methoxide procedure_ A 500 ml three-necked flask equipped with a 

mechanical stirrer, a nitrogen inlet tube, a low temperature thermometer and a pres- 
sure-equalizing addition funnel was charged with 37.5 g (0.12 mol) of phenylmercuric 
chloride, 39.0 g (0.20 mol) of fluorodibromomethane and 100 ml of dry THE This 
mixture was cooled to - 29. The addition funnel was charged with sodium methoxide 
solution ffrom 3.0 g (0.13 g-atom) in 50 ml of methanols and this solution was added 
dropwise with stirring over a period of 20 min while the temperature was maintained 
at -230 to - 25”. The reaction mixture was stirred for another 5 min and the resulting 
gray, opalescent mixture was evaporated at reduced pressure to semi-dryness. This 
residue was shaken vigorously first with 300 ml of benzene and then 150 ml of dilute 
HCl was added and the mixture was shaken vigorously again. After phase separation, 
the benzene layer was dried over anhydrous magnesium sulfate. The aqueous phase 
was washed with benzene and the combined benzene extracts were then evaporated 
to dryness. The white residue was extracted with 300 ml of hexane. After the extracts 
had been evaporated to about 75 ml, filtration gave 31 g (55%) of PhHgCFBr,. It 
must be emphasized that the.instability of the product in solution necessitates that all 
steps of this procedure be carried out as rapidly as possible and that the preparation 
of PhHgCFBr, once started, be continued without interruption_ Temperatures 
above 2P must be avoided. 
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Phenyl(fluorodibromomethyl)mercury was isolated as a white, crystalline 
solid Its melting point is dependent on the rate of heating. Slow heating simply results 
in slow decomposition. With rapid heating (ca. lQ”/min) and placing the sample in the 
melting point apparatus about 10” below its melting point, a clear melt was observed 
at 8~5-88~. At 94” the sample decomposed rapidly, turning black and evolving a gas. 
(Found: C, 17.39; H, 1.21; Br, 34.83; F, 3.92. C,H,Br,FHg c&d.: C, 17-04; H, 1.08 ; 
Br, 34.11; F, 4.15 %.)IR (NujolmuQcm-‘): 3050 w, 303Ow, 1435m, lOlO& 8405 800s. 

(b). Potassium tert-butoxide procedure. A flask equipped as described in (a) was 
charged with 0.10 mol of phenylmercuric chloride and 150 ml of dry THF. The mixture 
was cooled to about - 25” and 14.5 g (0.13 mol) of unsolvated potassium tert-butoxide 
(MSA.. Corp.) was added with stirring from a solids addition funnel (100 ml THF 
rinse). The mixture was stirred for 15 min at -29 to give a green-gray suspension. 
The latter was cooled to - 550 and 39.0 g (0.2 mol) of ffuorodibromomethane was 
added rapidly. The resulting mixture was stirred under nitrogen at - 55” for 5 min 
and then was evaporated to dryness under reduced pressure The solid residue was 
extracted with 200 ml of dichloromethane and 300 ml of hexane. Evaporation of the 
combined extracts gave 23 g of gray solid which was extracted again with 200 ml of 
dichloromethane and 300 ml of hexane. Evaporation of the extracts to 100 ml, additiop 
of another 200 ml of hexane and subsequent evaporation to 50 ml was followed by 
filtration to give 15.5 g (35%) of PhHgCFBr2. 

Reaction of phenyl(fluorodibromomethyl)mercury with olefins 
The room temperature and 80” -reactidns with cyclohexene are described in 

detail to illustrate the procedure used. 
A 50 ml three-necked flask equipped with amagnetic stirring unit and a nitrogen 

inlet tube was charged with 2.34 g (5 mmol) of the mercurial, 2.5 g (30 mmol) of cyclo- 
hexene and 10 ml of dry benzene. The reaction mixture was stirred at room tempera- 
tnre for 3 days, at which time thin layer chromatography14 indicated that the mercury 
reagent had been consumed_ Filtration of 1.55 g (87 %) of phenylmercuric bromide, 
m-p. 286-288O, was followed by trap-to-trap distillation of the filtrate at 0.05 mmHg 
(pot temperature to 25”). GLC analysis (8.5 ft. 20 % General Electric Co. SE-30 column 
at 120”) indicated the presence of two products in yields of 32 and 58 T’, respectively, 
in order of increasing GLC retention time. The products were collected using pre- 
parative GLC (12 ft. 10% Carbowax 20M column at 150°) and identified as (II) and (I) 
respectively; cf: Table 3. 

In the 80” reaction, the same reaction apparatus was charged with 4.05 mm01 
of the mercurial, 30 mm01 of cyclohexene and 10 ml of dry benzene. The flask was 
placed in a preheated oil bath (85-90’) and the reaction mixture was heated to reflux- 
with stirring under nitrogen, over a period of 5 min. Even before the reflux temperature 
was reached, the initially homogeneous reaction mixture became heavily clouded with 
phenylmercuric bromide. The reaction mixture was_ heated at reflux for 20 min. A 
work-up identical to that used for the room temperature reaction gave 1.35 g (94%) 
of phenylmercuric bromide and (II) and (I) in yields of 30 0/0 and 50 %. respectively. a 
(I)/(B) isomer ratio of 1.75. 

The reactions with other olelins (Tables 1 and 3) were carried out in a similar 
manner using 5-10 mm01 of mercurial and 30-60 mm01 of ole!in. In those cases where 
two isomers were expected, GLC did not separate them using the columns available 
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to us However, in some cases (c$ Table; 1) the presenceof two isomers was established 
us&$ “F NMR spectroscopy. In the case of acrylonitrile the reaction mixtures ‘in 
both the room temperature and 80” reactions became dark broth and.polyacryloni- 
trile was formed. 

.The.lgF NMR spectra (obtained in CCI, solution) follow. Chemical shifts are 
given in ppm uptield from-internal fluorobenzene). 

1-Fluoro-2,2,3$ichloro-1-brom_ocyclopropane: 16.0 (d, J(HF,,;) 20.2 Hz, rel. 
area 1.95) and 27.6 ppm (s, reL area 1). 

l;Fluoro-1-bromo-2-acetoxycyclopropane: 24.8 (m, ret area 1) and 42.5 ppm 
(t, J(HF,) 14.1 Hz, reL area 1.5). 

l-Fluoro-1-bromo-2-cyanocycIopropane : 20.8 (t, J(HF,,) 14.1 HZ rel. area 
1.9) and 26.4 ppm (m, rel. area 1). 

1-Fluoro-l-bromo-cis-2,3dimethylcyclopropane : 7.5 (t, J(HFEiS) 20 HZ rel. 
area 1.7) and 48.2 ppm (s, rel. area 1). 

1-Fluoro-1-bromo-rrans-2,3_dimethylcyclopropane: 28.5 ppm (d, J(HF,,) 
21.2 Hz). 

Reaction of phenyl(jluorodibromomethyl)mercury with sym-tetrajluorodichlroacetone 

Using the procedure described above, a reaction of 4.70 g (10 mmol) of the 
mercurial and 12 g (60 mmol) of the acetone derivative in 10 ml of benzene was carried 
out at room temperature for 4 days. Phenylmercuric bromide was obtained in quan- 
titative yield. The expected oxirane (cf: Table 3) was obtained in 74 % yield IR (liquid 
film): 141Os, 1235vs, 1185vs, 114Os, 107Os, lOOOvs, 88Ovs, 850~ 83Om, 755w, 
725m 7OOw, 690m, 66Om 645m, 625m and 600m cm-‘. “F NMR (in CC14): 
multiplets at 28.1 (CF,CI) and 15.1 ppmdownfield from fluorobenzene (cyclopropyl F). 

Reaction of phenyl(fluorodibromomethyl)mercury with triethylsilane 
Using the procedure described above, 4.7 g (10 mmol) of the mercurial and 

7.0 g (65 mmol) of triethylsilane (PCR Inc.) in 15 ml of benzene were allowed to react 
for four days at room temperature_ Phenylmercuric bromide was isolated in 98% 
yield. The yield of Et,SiCHFBr (cf Table 3) was 87 %_ IR (liquid film): 2940 $2920 s, 
288Os, 1460~ 1415m 138Ow, 13OOm 1240m, 114Ow, 1105vs, 765s(sh), 735s and 
680 m cm- I. ‘H NMR (in Ccl,) : 6 0.79 (m, 15H, Et,Si) and 6.45 ppm (d, lfi, J(H-F) 
46 Hz, CHFBr). 

A similar reaction carried out at 80” for 30 min gave phenylmercuric bromide 
in 88% and Et,SiCHFBr in 68% yield. 

Reduction of triethyl(fluorobromomethyl)silane 
The distillate from the reaction of 10 mm01 of PhHgCFBr, and 60 mmol of 

triethylsilane in 15 ml of benzene was charged into a 50 ml three-necked flask equipped 
with a reflux condenser, a magnetic stirring unit, a pressure equalizing addition funnel 
and a nitrogen inlet tube. Tri-n-butyltin hydride (3.2 g, 11 mmol) was added dropwise 
with stirring during 1 h and the reaction mixture subsequently was stirred at room 
temperature overnight Trap-to-trap distillation (0.05 mmHg and 25O) followed. The 
liquid residue was distilled to give 3.4 g (92 %) of tri-n-butyltiri bromide, b-p. 8688O/ 
0.07 mmHg n$ 1.4980. The trap-to-trap distillate contained triethyl(fluoromethyl)- 
silane and the yieId was determined (GLC) to be 74 %. A sampIe of the product was 
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is&&l by-preparative &C;@ 1.4142. (Found i C, 56.55; H, 11.47. C,H17FSi Cal&l. : 
.-C-,-56;@; &‘:11;56%_.)-I% (liquid-film): 2960s; 2&s, 2870%: 1480s; 1470s; ,1425s;- 
~139Orn.~~3KI~+250~ 1225% 1005 s, 98Os,77Osand725~~cm-~_ ‘HNMR(in CCLJ:. 
6 0_81~@1,1%, @,Si).and 4.40 ppm (d, 2HJ(J-I-E) +3 Hz, CHIF). .. 

: 

~R&ucti~ _of 7-j&ro_7-bromo&c~ with tri-n-butyltin hydride 
A 10 ml ff ask eQuipped .with a. magnetic stirring unit and a constant pressure 

addition funnel tq@ped with a nitrogen inlet tube was izharged i;vith 2.0 g (10.3 timol) 
of 7-fltior&7+br_omonorcarane (1.8/l mixttie of (I) and (II), prepared by the Doering- 
Hoffmann procedure in 37% yield). The flask w& immersed in an oil bath at 600 and 
3.3 g (11.4 mmol) .of tri-ti-butyltin hydride was added dropwise with stirring during 
15 min. -The mixture Was stirred at 60” for 30 min and then was trap-to-trap distilled 
at. 0.05 mm_Hg (ptit ten&. to 500). *he pot. residue was short-path distilled to give 2.9 g 
(78%) of n-Bu,SnBr, b.p. SO-85”/0.05 mmHg, &’ 1.5010. The-trap-to-trap distillate 
was analyzed by GLC (8 ft. 20% SE-30 column at 1 loo). The yield of the two 7-fluoro- 
porcarane isomers was 97 % and the isomer ratio [(IV)/(V)] was 1.43 (8 ft. 15 % Carbo- 
wax 20M at 600). Both isomers were collected. 7-anti-Fluoronorcarane, ngs 1.4353; 
7-syn-fluoronorcarane, n g5 14390. The lR and lH NMR spectra agreed with those _ 
reported by Ando .er a1.‘. 

.The 7-lluoro-7-bromonorcarane isomers were separated using a 6 ft 10 % 
Carbowax 20M column at 150” and each was obtained in 99 % isomeric purity. Each 
isomer was separately reduced with tri-n-butyltin hydride using the procedure describ- 
ed above. The results of these experiments are summarized in Table 2. 
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