
Journal of Fluorine Chemistry, 53 (1991) 213-231 213 

Received: February 6, 1991; accepted: June 20, 1991 

RlW!l!IONS OF POIXFLUOROARYL BROMIDES AND IODIDE WI!l!H C-, Sl-, 
Ce-, Sn- AUDPb-EIJX!CROPHIIEANDTRIS(D IlAmnAMIN0)PHOSPHINEs[~ 1 

V.V.BARDIN*, L.S.PRESSMAN, L.N.ROGOZA and G.G.FURIN 

Institute of Organi. Chemistry, 630090 Novosibirsk (U.S.S.R.) 

Su?dMARY 

The reaotions of polyfluoroaryl bromides ArFBr or iodides 
ArFI with P(NRq2)3 and R3MX (R = alkyl; Y = Si, Ge, Sn, and Pb; 
X = Cl, Br) led to the formation of ArFMR3. The reaotions of 
C6F5Br with P(NEt2)3 and C-eleotrophiles (CH31, C6F5CF3 and 
(cF~)~c=cFc~F~) gave the produots of pentafluorophenylation of 
these substrates. 

INTRODUC!CION 

In 1980 Marohenko and his oo-workers reported the synthesis of 
CX$3iMe3 (X= Cl, Br) and CC13SiMe2C1 by the reaotion of CX4 with 
P(NR'2)3 and methylohlorosilanes Me3SiC1 or Ye2SiCl2 [2l. More 

reoently, Ruppert and oo-authors [3-61 showed that CF3Br and 
perohlorofluoromethanes react with P(NEt2)3 and alkylohlorosila- 
nes to form (perhalomethyl)alkylsilanes. Eleotrophiles may also 
inolude trimethylsilyl azide, trimethylsilyl thiooyanate [7l, 
alkyl- and arylhalides of germanium, tin, lead, arsenio, selenium 
161, phosphorus [6-111, perfluorinated olefins, ootafluorotoluene 
[121, arogl ohlorides [13l and benzaldehyde 1141. However; all 
these reaotions were performed using perhaloalkenes [7,11,131 or 
trihalomethanes [15,161. Only Ruppert has mentioned in ref. [61 
the possibility to oarry out pentafluorophenylation using 
bromopentafluorobenzene and P(NJ3t2)3 but he did not give any 
partioular examples. In the oontext of our researoh on the 
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synthesis and reactivity of polyfluoroaromatio derivatives of the 

IV Main Group elements, we have studied the reaotions of poly- 

fluoroaryl bromides and iodides with P(NR*2)3 and alkyl halo 

derivatives of silioon, germanium, tin and lead, as well as some 

C-eleotrophiles. 

RESULTS AND DISCUSSION 

Treatment of a mixture of bromopentafluorobenzene 1 and 

ohlorotrimethylsilane with an equimolar amount of tris(diethyl- 

amino)phosphine in pentane or hexane at room temperature led to 

trimethylsilylpentafluorobenzene 2 and preoipitation of the 

phosphonium salt. 

C6F5Br + ClSi?de3 + P(NEt2)3 - C6F5SiMe3 + P(NEt2)3BrCl 

1 2. 

Varying the reaation temperature (O-70 'C) and duration 

(I-4 h) did not change the yield of compound 2. The solvent 

effect was much more pronounoed: under the same oonditions (20 - 

22 'C, 1 h) the yield of silylbenzene 2 deoreased from 63-68 % 

(pentane, hexane, diohloromethane) to "30 I (benzene, aoeto- 

nitrile) (Table 1 ). 

Substitution of tris(diethylamino)phosphine with tris(di- 

methylamino)phosphine or tris(dibutylamino)phosphine led to a 

slightly deoreased yield of the target produot 2. At the same 

time, attempts to replaoe P(NR*2)3 with triphenylphosphine or 

triethylphosphite were unsuccessful. It should be noted that 

inertness of pentafluorobenzene derivatives C6F5R (R = H, F, Cl, 

Br, OCH3 [171, CN, C6F5 [181, CF3, N02, H [191) towards P(OEt)3 
at room temperature had been observed earlier. Only prolonged 

heating above 100 'C gives the products of phosphorylation of 

polyfluoroarenes (the Arbuzov reaotion). On the other hand, 

pentafluoropyridine, ootafluorotoluene and methylpentafluoro- 

benzoate reaot with P(NEt2)3 in ether at O-20 'C to form the 

respeotive perfluorinated 4,4'-biaryls, whereas the less eleotro- 

philio pentafluorobenzene and hexafluorobenzene do not reaot with 

P(NEt2)3 even when boiled in benzene 1201. In our experiments, 

the oompounds C6F5MR3 (MR3 = Si?de3, GeEt3) did not ohange in the 
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presence of P(NEt213 or the P(NEt2)3-P(NEt2)3C1Br mixture, though 

C6F5SnMe3 was slowly transformed in the presence of P(NEt2)3 to 

C6F5H (20 'C). 

Pentafluorophenylation of ohlorotrimethylsilane with bromo- 

pentafluorobenzene in the presence of P(NEt2)3 provided suitable 

model for the preparation of the respeotive derivatives of germa- 

nium, tin and lead. Bromotriethylgermane and ohlorotriethyl- 

germane are easily arylated at room temperature, forming 

triethylgermylpentafluorobenzene 3 in the 54-73 % yield. The 

yields of trimethylstannylpentafluorobenzene 4 and trimethyl- 

plumbylpentafluorobenzene 5 were somewhat lower. The length of 

unbranohed alkyl chain does not affect the outoome of the reao- 

tion, as illustrated by the preparation of tributylstannyl- 

pentafluorobenzene 6 from C6F5Br, BrSnBu3 and P(NEt2)3 in the 

67 96 yield. 

c6F5BP + R3MX + P(EEt,)3 p C6F5MR3 + P(NEt2J3BrX 

3-6 

III = Ge R = Et X = Cl, Br 3; M = Sn R = Ye X = Cl 4; 

Y=Sn R=Bu X=Br6; M=Pb R=Me X=Cl5 

A preparatively significant aspeot of this reaotion is the 

effect of substituents in the aromatic ring on the reactivity of 

the aryl bromide. Substitution of the fluorine atom in the ~-PO- 

sition of bromopentafluorobenzene by the CN group only slightly 

affeots the yield of the arylation produot 10 of chlorotriethyl- 

germane as compared to the yield of the oorresponding penta- 

fluorophenyl derivative 3. But inoreased electron-donating 

character of substituent R in aryl bromide 4-RC6F4Br results in 

the lower reaotion rate and/or decreased yield of the target pro- 

duct. This is exemplified by syntheses of compounds 11 and 12. 

4-R-C6F4Br + ClGeEt3 + P(NEt2)3 - 4-RC6F4GeEt3 + P(NEt2)3C1Br 

7-9 10 - 12 

R = CN(7, IO), Pr0(8, 111, C5H,0N(9, 12) 
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TABLE I 

Reactions of 4-R-C6F4Br with R3MX and P(NFA,):, 

ArFBr R,,MX P(NEt2)3 Solvent Time Yield 

UlUlOl mm01 nlIIIO1 ml h x 

1 

50 

1 

50 

1' 

50 

12 

25 

1 

25 

13 

50 

1 

50 

13 

50 

1 

50 

13 

50 

1 

25 

1 

50 

14 

24 

Me3SiC1 

55 

Me3SiCl 

50 

Me3SiCl 

50 

55 

50 

50 

He3SiC!l 

25 25 

Me3SiC1 

25 

Ye3SiCl 

50 

Me3SiC1 

50 

Ye3SiC1 

50 

Me3SiC1 

50 

Ye3SiC1 

50 

25 

50 

50 

50 

50 

50 

Me3SiC1 P(NMe2 

25 25 

Me3SiCl P(NBu2 

50 50 

Et3GeC1 

24 24 

)3 

)3 

pentane 

120 

hexane 

120 

hexane 

120 

pentane 

60 

pentane 

60 

CH2C12 

120 

ether 

120 

THF 
120 

benzene 

120 

MeCN 

120 

pentane 

65 

pentane 

I50 

pentane 

50 

I 

I 

I 

1 

4 

I 

1 

I 

1 

1 

1 

I 

I 

2 63 

2 67 

2 50 

2 51 

2 44 

2 68 

2 40 

2 39 

2 32 

2 29 

2 40 

2 40 

3 54 

(continued) 
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TABLE1 (&.) 

1 

150 

1 

50 

1 

50 

0 

42 

9 

32 

9 

16 

14 

19 

14 

19 

143 

30.5 

15' 

5 

Et3GeBr 

150 

Me3SnC1 

50 

B"3 
SnBr 

50 

Et3GeCl 

42 

Et3GeCl 

32 

Me3SnC1 

16 

Me3SiCl 

20 

Me3SiCl 

50 

Et3GeC1 

40 

Et3GeBr 

12.5 

185 

54 

50 

42 

32 

16 

20 

50 

35 

12.5 

pentane 

390 

pentane 100 

ether 30 

pentane 

110 

pentane 

100 

pentane 

100 

pentane 

50 

pentane 

50 

pentane 

50 

CH2C12 

30 

hexane 

50 

1 3 73 

0.25 4 50 

1 6 67 

3 

4 

4 

11 47 

9596 88 

127 44 

g5 56 

13 40 

2.5 15 68 

15 38 

17 14 

16 52 

18 64 

' At 70 '0 2 At 0 'C 3 After the reaction the solvent was 

distilled off at reduced pressure, the residue extraoted with 

pentane (3x30 ml), pentane distilled off, the mixture was passed 

through a short A1203 column and the residue distilled in vacuum 
4 After the solvent has been distilled off, the residue was 

steam distilled, the organio layer dried with CaC12 and distil- 

led. 5 Conversion of the substrate The produots include 

3-piperidino-1,2,4,+tetrafluorobenzene, yield 20 96 7 Yield 

for the changed substrate. 
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A similar picture was observed in the arylation of chlorotri- 

methylstannane by I-bromo-4-piperidinotetrafluorobenzene 9 which 

gave after 4 h 1-trimethylstannyl-4-piperidinotetrafluorobenzene 

13 and the starting substrate 9 (56 I conversion), whereas C6F5Br 

was practically completely converted to stannylbenzene 4 in less 

thanlh. 

Bromobenzene, 4-fluorobromobenzene and 3-bromobenzotrifluo- 

ride did not react with C1SiMe3 in the presenoe of P(NEt2)3. 

Due to the deactivating influence of electron-donating 

substituents R in aryl bromides 4-RC6F4Br on the arylation rate, 

substitution of bromine in 1,4-dibromotetrafluorobenzene 14 by 

the trimethylsilyl and subsequently by the triethylgermyl groups 

has been carried out. Treatment of fluorinated dibromobenzene 14 

with one equivalent of ClSiMe3 or ClGeEt3 and one equivalent of 

P(NEt2)3 gave I-trimethylsilyl-4-bromotetrafluorobenzene 15 or 

I-triethylgennyl-4-bromotetrafluorobenzene 16 respectively. 

Increased amount of C1SiMe3 and P(NEt2)3 to 2.5 equivalents per 

one equivalent of dibromobenzene 14 led to the formation of a 

mixture of products of substitution of one and two bromine atoms 

by the SiMe3 groups. In a large excess of chlorotrimethylsilane 

and P(NEt2)3 in boiling hexane, only 1,4-bis(trimethylsilyl)- 

tetrafluorobenzene 17 was formed. 

1 C1SiMe3 + 1 P(NEt,)? 

11' 4-BrC6F4SiMe3 

15 

1,4-C6Br2F4 2/, 13 + 17(2_7:1) 

5 C1SiMe3 + 5 P(NEt2)3 

l 1 .4-WMe3)2C6F4 

17 



The reaction of bromine-containing silylbenzene 15 and ger- 

mylbenzene 16 with P(NEt2)3 , bromotriethylgermane, or chloro- 

trimethylsilane respectively gave I-trimethylsilyl-4-triethyl- 

germyltetrafluorobenzene 18. This oompound was also obtained by 

germylation of 4-lithio-l-trimethylsilyl-2,3,5,6-tetrafluoro- 

benzene with ohlorotriethylgermane. 

4-BrC6F4SiMe3 + BrGeEt3 

4-BrC6F4GeEt3 + C1SiMe3 

I-SiMe3-4-GeEt3C6F4 

18 

An attempt to perform the stepwise pentafluorophenylation of 

dimethyldiohlorosilane proved to be less successful. With the 

ratio 1 : P(NEt2J3 : C12Sibfe2 = l:l:l, the products were ohloro- 

dimethylsilylpentafluorobenzene 19 and bis(pentafluorophenyl)- 

dimethylsilane 20 (yields 2 and 60 % respectively). When the 

relative amount of dimethyldiohlorosilane was inoreased six-fold, 

the yield of compound 19 slightly inoreased, but the main product 

remained to be tetraorganylsilane 20. 

m-Et2 13 

C6F5Br + Me2SiC12 ) C6F5SiMe2C1 + (C6F5J2SiMe2 

-P(NEt2J3C1Br 19 20 

The predominant formation of compound 20 may be attributed to 

inoreased mobility of the halogen atom in C6F5SiMe2C1 as oompared 

with that in bfe2SiC12 (of. 121 I). 

Polyfluoroaryl bromides in the reactions with P(NFk2)3 and 

halides R3SiX may be substituted by polyfluoroaryl iodides. Iodo- 

pentafluorobenzene and 4-iodoheptafluorotoluene 21 treated with 

chlorotrimethylsilane and P(NEt2)3 were readily transformed to 

the respective trimethylsilylarenes 2 and 22. 

4-IC6F4R + Me3SiCl + P(NEt2)3 - 4-Me3SiC6F4R + P(l?Et2)31Cl 

2 (R=F) 

22 (R = CF3) 
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Chloropentafluorobenzene remained unchanged in these conditions. 

In addition to synthesis of polyfluoroaromatic derivatives of 

Si, Ge, Sn and Pb, we have oarried out pentafluorophenylation of 

some C-electrophiles and thus shown the utility of the reaction 

for the preparation of polyfluoroaryl derivatives of all the IV 

Main Group elements. 

Bromopentafluorobenzene reacts with iodomethane and P(NEt2)3 

to form 2,3,4,5,6-pentafluorotoluene and pentafluorobenzene in 

yields 20 and 32 56 respectively. In the reaction mixture, con- 

current processes of formation of phosphonium salts 23 and 24 

seem to occur. The former salt oan arylate iodomethane and, being 

a strong base [ pKa(C6F5H) = 23 [22] 1, it can also react with 

the salt 24, giving pentafluorobenzene and, possibly, ylide 25. 

According to the data reported in ref.[231, ylides of such type 

are weaker nucleophiles than methylenetriphenylphosphorane 

and do not markedly react with polyfluoroaromatics in these 

conditions (cf. 1241). 

1 Me1 C6F5Br + P(mt2)3 + C6P5- G(NEt2)3Br - C6F5CH3 + P(NEt2) 3BrI 

23 
+ 23 

CH31 + P(NEt2)3 - CH3P(N-Et2)3 I-- C6F5H + CH2=P(NEt2)3 + 

24 25 

It should be noted that the ability of bromopentafluoroben- 

zene to be oonverted to pentafluorobenzene in the presenoe of 

P(NEt2)3 and a source of H+ (water) has been shown by a special 

experiment. 

using P(NEt2)3, we have managed to oarry out pentafluoro- 

phenylation of perfluorinated aromatic oompounds and olefins. In 

the presence of P(NEt2)3, bromopentafluorobenzene arylates octa- 

fluorotoluene and perfluoro-2-methylpentene-2, giving perfluoro- 

4-methylbiphenyl and perfluoro-2-methyl-3-phenylpentene-2 

respectively. 
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C6F5CF3 

C6F5Br + P(NEt2)3 

4-CF3C6F4C6F5 + P(NEt2)3FBr 

u (CF3)2C=y-C2F5 + P(NEt2)3FBr 

66F5 

EXPERIMENTAL 

The NMR spectra were reoorded on the Bruker WP 200 SY and 

AC 200 instruments ('H at 200 MHz, internal standard TMS; "F at 

188.3 MRz, internal standard C6F6) (310 X CDC13 solutions). The 

IR spectra were recorded on a Specord M 80 instrument in a thin 

layer. The GLC analysis was carried out on an LKhM-72 chroma- 

tograph (15 X SE-30 or SKTFV-803 on the Cbromosorb W, programmed 

heating, oolumn 400x0.2 mm). Known oompounds were identified by 

GLC and the NMR speotra by oomparison with authentic samples. 

Syntheses using P(NEt2)3 were performed in dry 

Table 2 and Table 3 present the NMR and IR 

new oompounds respectively, and Table 4 lists 

temperatures and analytioal data. 

l-Bromo-4-vrovoxvtetrafluorobenzene 8 (nc) 

argon atmosphere. 

spectral data of 

boiling (melting) 

To a solution of 183 g-atom of sodium in 150 ml of anhydrous 

propanol was added 158 mm01 of bromopentafluorobenzene. The mix- 

ture was refluxed for 6.5 h, then cooled, poured into 0.8 1 of 

5 51: HCl, and extracted with dichloromethane. The extract was 

dried over CaC12, the solvent distilled off and the residue 

distilled in vacuum to give 24 g (53 X) of oompound 8. 

1-Bromo-4-viveridinotetrafluorobenzene 9 (nc) 

A solution of 120 mm01 of bromopentafluorobenzene and 300 mm01 

of piperidine in 100 ml of ethanol was refluxed for 9 h. The 

solution was then cooled, poured into 0.5 1 of 10 51: HCl. the 

organic layer was separated and the aqueous layer extracted with 
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TABLE 2 

NMR spectral data 

Com- 'H (ppm) "F (ppm) 

pound 

(no) 
$,6 F3,5 

6' 

a 

9 

10 

11 

13 

15 

16 

la 

212 

223 

l.52(CH2), l-33-l.20(2CH2), 0.87(CH3) 41.4 1.39 

4.13(OCH2), l.78(CH2), 1.00(CH3) 27.3 6.56 

3.18(4H), 1.65(6H) 25.6 12.2 

l.10(GeEt3) 38.3 29.3 

~.I~(ocH~), l.78(CH2), l-15-0.99(CH3, GeEt3) 33.6 5.40 

3.16(4H), 1.61(6H), 0.41(Snh¶e3) 37.3 11.8 

0.40(SiMe3) 35.5 28.2 

l.10(GeEt3) 36.4 28.4 

l.08(GeEt3), 0.38(SiMe3) 33.5 (M'BB') 

23.6 44.7 

0.42(SiMe3) 21.4 36.3 

’ 0(F): 9.03(F4) 2 B(F): 105.1(CF3) ' 6(F): 105.5(CF3) 

ether (100 ml). The combined extracts were washed with water, 

dried over CaC12 and the solvent was distilled off. Recrystal- 

lization from ethanol gave 21 g (84 46) of compound 9. 

4-Iodohevtafluorotoluene 21 fnc) 

To a stirred suspension of 30 mm01 of Ag20 in 280 ml of iodo- 

methane, 20 mm01 of 4Aydrazoheptafluorotoluene was added in 

portions. The mixture was refluxed with stirring for 40 min. then 

filtered and the excess of iodomethane was distilled off. The re- 

sidue was distilled in vacuum to give 23 g (33 I) of product 21. 
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Chlorodimethvlsilvlrentafluorobenzene 19 

A mixture of 57 mm01 of C6F5Stie20Et, 10 mm01 of C6F5SiMe2C1 (see 

[251) and 0.2 g of anhydrous zino chloride in 75 ml of AcCl was 

stirred for 2 h at 20 'C. Vaouum distillation gave 11 g (74 %) 

of silylbenzene 19, b.p. 40-45 ‘C at 3 mm Hg (lit. 95 'C at 32 

mm Hg [261). 

TrimethvlsilvlDentafluorobenzene 2 

A. CL typtccrl procedure . Bromopentafluorobenzene, chlorotri- 

methylsilane and pentane were plaoed into a three-necked flask 

provided with a dropping funnel, a stirrer and a reflux condenser 

with a calcium chloride tube. Then a solution of P(NEt2)3 in an 

equal volume of pentane was added dropwise with stirring in dry 

argon atmosphere. The mixture was stirred for 1 h at 20-22 'C, 

then filtered and the solvent was distilled off at reduced 

pressure. The residue was filtered if necessary, and vacuum 

distillation gave compound 2 1271. 

The reactions of all aryl bromides with R3M and P(NEt2)3, as 

well as the reactions of aryl bromide 1 with C1SiMe3 and P(NR’2)3 

(R*= Me, Bu) were performed in a similar way. The reaction 

products 3 [281, 4 [291, and 12 1301 were described earlier. 

B. To a solution of 50 mm01 of iodopentafluorobenzene and 50 

mm01 of ohlorotrimethylsilane in 100 ml of diohloromethane, a 

solution of 50 mm01 of P(NEt,), in 15 ml of dichloromethane was 

added. The mixture was stirrid'for 1 h 

was distilled off at reduced pressure, 

pentane and the solvent distilled off. 

5.6 g (46 4s) of compound 2. 

at 20-22 'C, the solvent 

the residue extracted with 

Vaouum distillation gave 

Similarly, 19.8 mm01 of 4-iodoheptafluorotoluene 21, 26.7 

mm01 of Me3SiC1 and 23.5 mm01 of P(NEt2)3 in 13 ml of diohloro- 

methane were refluxed for 0.5 h to give 4.2 g (73 %) of 4-tri- 

methylsilylheptafluorotoluene 22 (no). 
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TABLE 3 

Infrared spectral data 

Com- 

pound 

(nc) 

Frequency, cm 
-1 

6 

8 

9’ 

10 

11 

13 

15 

162 

18 

212 

22 

2964, 2872, 2864, 2856(C-H), 1636, 1512, 1466, 1420, 1378, 

1368, 1360, 1292, 1272, 1210, 1184, 1158, 1078, 1056, 1024, 

962, 876, 868, 780, 696, 674, 606, 512 

2972, 2908, 2884(C-H), 1632, 1512, 1508, 1502, 1390, 1348, 

1280, 1156, 1148, 1114, 1056, 1046, 992, 962, 952, 944, 

932, 910, 834, 768 

2940, 284a(C-H), 1632, 1486, 1452, 1384, 1226, 1106, 1004, 

972, 876, 836, 784 

2960, 2908, 2876(C-H), 2244(C=N), 1636, 1466, 1400, 1382, 

1278, 1256, 1228, 1010, 962, 832, 786, 714, 618 

2956, 2920, 2908, 2892, 2876(&H), 1638, 1494, 1484, 1448, 

13a8, 1376, 1368, 1348, 1264, 1210, 1154, 1096, 1014, 968, 

940, 714, 708 

2936, 2852(C-H), 1636, 1604, 1540, 1504, 1472, 1468, 1452, 

1384, 1228, 1168, 1156, 1100, 1000, 952, 944, 900, 778, 

712, 540 

2960, 2904(C-H), 1626, 1490, 1480, 1440, 1420, 1416, 1382, 

1368, 1258, 1236, 1024, 994, 950, 934, 922, 848, 792, 788, 

772, 720, 700, 634, 586, 500 

2956, 2936, 2908, 2a76(C-H), 1452, 1444, 1440, 1380, 1228, 

1022, 944, 900, 590 

2960, 2908, 2876(C-H), 1420, 1396, 1254, 1226, 1014, 976, 

952, 934, 916, 840, 770, 632, 590, 544, 436 

1641, 1485, 1400, 1323, 1196, 1176, 1154, 975, 920, 710 

2964, 2908(C-H), i656, 1596, 1516, 1456, 1420, 1322, 1274. 

1258, 1182, 1150, 970, 948, 936, 850, 796, 772, 748, 736, 

712, 632 

’ At KBr 2 At Ccl4 
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A solution of 35 mm01 of P(NEt2J3 in 10 ml of CH2C12 was added 

dropwise to a boiling solution of 31.5 mm01 of 4-bromotetra- 

fluorobenzonitrile [311 and 35 nun01 of chlorotriethylgermane in 

40 ml of dichloromethane. The mixture was refluxed with stirring 

for 40 min, then cooled, the solvent was distilled off at reduced 

pressure, the residue was treated with 8 ml of cone. HCl and 

extracted with dichloromethane. The extract was dried over the 

mixture of K2C03 and CaC12 and the solvent was distilled off. 

Distillation in vacuum afforded 6.2 g (59 X) of compound 10. 

Trimethvlnlumbvluentafluorobenzene 5 

To a boiling solution of 50 mm01 of 1 and 55 mm01 of Me3PbCl in 

200 ml of dichloromethane was added with stirring a solution of 

55 mm01 of P(NEt213 in 20 ml of CH2C12. The mixture was then 

stirred for 2 h at 22-25 'C, the solvent was distilled off, the 

dark residue was extracted with hexane (3x200 ml), the solvent 

was distilled off at reduced pressure and the residue distilled 

in vacuum to give 9.4 g (45 9s) of compound 5, b.p. 90-92 'C 

at 4 mm Hg (lit. 40-45 'C at 0.01 mm Hg [321). 

[ 

A solution of 100 mm01 of P(NEt2)3 in 20 ml of hexane was added 

to a solution of 20 mm01 of 1,4-dibromotetrafluorobenzene 14 and 

100 mm01 of ohlorotrimethylsilane in 10 ml of hexane. The mixture 

was refluxed with stirring for 3 h, then oooled and filtered. 

After hexane was distilled off at reduced pressure, the residue 

was dissolved in 40 ml of CH2C12, then washed with 15 96 HCl (2 x 

40 ml), with water, and dried over CaC12. The solvent was 

distilled off, and the residue distilled in vacuum to give 2.0 g 

(35 %) of solid compound 17, m-p. 52-53 'C (from MeOH) (lit. 

53-55 'C 13311, b.p.lOO 'C at 13 mm Hg. 

c l-Tri et 

A. To a solution of 15 mm01 of I-trimethylsilyl-2,3,5,6-tetra- 

fluorobenzene in 20 ml of ether was added, with oooling (-60 OC) 
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and stirring during 20 min, 16 ml of 1.4 Y EkiLi in hexane. The 

suspension was stirred for 30 min, then a solution of 15 mm01 of 

Et3GeC1 in 5 ml of ether was added to it dropwise. The tempera- 

ture was raised during 1 h to room temperature, the reaction 

mixture was treated with 50 ml of 5 I HCl, the organio layer was 

washed with water, dried over CaC12, and the solvent distilled 

off. Vaouum distillation gave 2.3 g (35 %) of compound 18. 

B. A solution of 12 mm01 of P(NEt2)3 in 5 ml of pentane was 

added dropwise to a stirred solution of 9.8 mm01 of aryl bromide 

16 and 15 mmol of ohlorotrimethylsilane in IO ml of pentane. As 

shown by the "F NbfR data, after 2 h of stirring at 20 'C, the 

ratio of substrate 16 to product 18 was N 1:l. Pentane was 

distilled off and the residue was heated for 1 h at 40-45 'C. The 

mixture was oooled, applied to a short A1203 oolumn and eluted 

with pentane. After the solvent has been distilled off, the oil 

that had separated was again passed through the A1203 column. 

Vaouum distillation gave 1.8 g (48 X) of product 18. 

Reaction of bromoDentafluorobenzene 1 with P(NEt2)3& 

dichlorodimethvlsilane 

A. The reaotion of 50 xs101 of bromopentafluorobenzene, 300 

mm01 of SiMe2C12 and 50 nxnol of P(NEt2)3 in 120 ml of pentane was 

carried out acoording to a typioal prooedure. Vaouum distillation 

gave a mixture of 10 nmol of silane 20 and 3 mm01 of silane 

19 (yields 40 and 6 I respectively) (b.p.122 -124 'C at 7 mm 

Hg) (silane 20 boils at 140-144 'C at 14 mm Hg [343). 

B. Similarly, the reaction of 50 xx1101 of bromopentafluoro- 

benzene, 50 mm01 of diohlorodimethylsilane and 50 mm01 of 

P(NEt2)3 afforded a mixture of 15 mm01 of silane 20 and 1 mm01 

of silane 19 (yields 60 and 2 46 respeotively). 

Reaction of CgFgBr with CHlI and P(NEt2)3 

Aooording to a typioal prooedure, the reaation of 50 mm01 of 

bromopentafluorobensene. 100 mm01 of iodomethane, 50 mmol of 

P(NEt2)3 in 120 ml of pentane led to a mixture of 1.82 g (20 X) 

of C6F5CH3 and 2.65 g (32 %) of C6F5H (GLC data). 
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TABLE 4 

Analytioal data 

Corn- B.p. Found/Requires, % Formula 

pound ('C at rmn Hg) 

(no) C H F Br N 

6 157(6) 

8 9slOl(9) 

9 41-42' 

10 

(from EtOH) 

128-129(5) 

11 85-87(4) 

13 

15 

116-120(7) 

42-44' 

105-107(17) 

16 122-125(5) 

18 

212 

128-130(5) 

68-71(15) 

22 51-52(6) 

47.4 6.36 20.9 c18H15F5sn 
mmm 

37.9 2.38 26.6 28.3 CgH7BrF40 

~2.44zz27.9 

42.5 3.42 24.8 25.6 

Tn3.2-024.425.6 

46.9 4.40 22.3 

Tam22.8 

CllHl oBrF4N 

4.41 C13H15F4GeN 

m 

49.1 6.07 21.2 C15H22F4Geo 
mmm 

42.7 4.75 18.5 3.86 Cl 4H1gF4NSn 

zY?xxJK?! m 
36.1 3.03 24.8 27.0 CgHgBrF4Si 

35.92.99?!!=26.6 
37.6 3.91 18.1 20.7 C12H15BrF4Ge 

yYxw791720.6 

47.5 6.50 19.2 C15H24F4GeSi 
z?z!i;Tz419.9 

24.5 39.0 C7F71 
zzi w 

41.4 3.12 45.6 CloH9F7Si 
41.43.1oZD 

kp. 2 Iodine: Found 36.6 %, requires 36.9 % 

perfluoro-4-methvlbiwhenvl 

The reaotion of 50 nmol of bromopentafluorobenzene, 150 mm01 of 

ootafluorotoluene, 50 mol of P(Ngt2)3 and 120 ml of pentane 
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performed according to a typioal prooedure gave 9.5 g (50 56) of 

perfluoro-4-methylbiphenyl, b.p. 85 'C at 5 mm Bg (lit. m.p. 

32-33 'C [351). 

Perfluoro-2-methvl-3-vhenvlventene-2 

Similarly, the reaotion of 50 mm01 of bromopentafluorobenzene, 

80 mm01 of perfluoro-2-methylpentene-2, 50 mm01 of P(NEt2)3 and 

100 ml of pentane afforded 13.5 g (64 4s) of the produot, 

b.p. 43-45 'C at 15 mm Bg (lit. 130-132 'C 1361). 

Reaction Of c&Er with H>o and P(NEt2)3 

A solution of 50 mm01 of P(NEt2)3 in 20 ml of pentane was added 

to a mixture of 50 mm01 of C6F5Br, 50 mmol of water and 100 ml of 

pentane. After 1 h, the preoipitate was filtered off and the 

filtrate was distilled to give 2.85 g (34 I) of C6F5H. 

Reaction of bromobenzene. 4-fluorobromobenzene and 3- 

bromobenzotrifluoride with P(Nx2)3 and ClSiMeg 

A solution of 50 mm01 of aryl bromide and 47-54 mm01 of chloro- 

trimethylsilane in 100 ml of pentane was treated with a solution 

of 55 mm01 of P(NEt ) in IO-15 ml of pentane or ether. The mix- 
23 

tLII'e was BtiRwd at 20-22 'C for 1 h (4-FC6B4Br, 3-BrC6B4CF3) or 

50 h (C6H5Br) and the solvent was distilled off at reduced 

pressure. Vaouum distillation afforded the starting aryl bromides 

in 84-90 % yields. 

Reaction of chloropentafluorobenzene with P(NMe2)3 or P(NEt2)3 

and C1SiMe3 

A solution of 46 mm01 of P(NMe2)3 or P(NEt2)3 in 10 ml of pentane 

was added dropwise with stirring to a solution of 40 mm01 of 

ohloropentafluorobenzene and 46 mm01 of ohlorotrimethylsilane in 

40 ml of pentane. The mixture was stirred for 1 h at 20-22 'C. 

the yellow solution was oarefully treated with 20 ml of oono. 
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HCl. the organio layer was washed with water, dried over CaC12 

and the solvent was distilled off. As shown by GLC and NMR, the 

residue oontains ohloropentafluorobenzene in addition to 

@We:,)20 and pentane (reoovery 91-94 Ss). 

Reaction of compounds 2, 3 and 4 with P(NEt2)3 and P(NEt213BrCl 

In the NMR tube were plaoed 0.2-0.3 g of oompound 2, (3 or 4), 

0.5 ml of pentane and 0.4 g of P(NEt2)3. The mixture was stirred 

and allowed to stand at 20-22 ‘C. Aooording to "F NMR data, 

after 50 h oompounds 1 and 2 remained unohanged, while C6F5SnMe3 

was slowly transformed to pentafluorobenzene (C6F5SnMe3 : C6F5H = 

9:l). Treatment of these solutions with (Et2N)3PC1Br (20 'C, 2 h) 

did not lead to any ohanges in their "F N?.AR speotra. 

Reaction of P(OEt) 3 with CgFBBr and MejSiCl 

A solution of 50 mm01 of P(OEt)3 in 30 ml of pentane was added 

dropwise with stirring to a Bolution of 50 mnol of bromopenta- 

fluorobenzene and 50 mm01 of Me3SiCl in 100 ml of pentane. The 

mixture was stirred for 1 h, and the solvent was distilled off. 

As shown by "F NMR data, a single fluoroaromatio oompound in the 

residue was bromopentafluorobenzene. 

Reaction of PPh3 with CeFBBr and Me3SiCl 

A solution of 65 mnol of PP% in 50 ml of diohloromethane was 

added dropwise to a solution of 50 mm01 of bromopentafluoroben- 

eene, 65 xnnol of Me3SiC1 in 100 ml of diohloromethane. The mixture 

was stirred for 1 h, the solvent distilled off, the residue ex- 

traoted with pentane (2x20 ml), and pentane distilled off. Aooor- 

W to "F HHH data, the residue oontained only bromobenzene 1. 

1 Preliminary oormm,&oation: V.V.Bardin, L.N.Aparina, 
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