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SlJMiMARY 

An investigation of the reactions of some perlluoroaromatic compounds with 
organomagnesium compounds has been made. It was found that the expected 
substitution products arising from simple nudeophilic reaction between a perfluoro- 
aromatic and an organomagnesium compounds are not the only products formed 
during these reactions. The anomalous products formed apparently resulted from an 
intermediate metallation reaction. Decafluorobiphenyl (x moles) when allowed to 
react with ethylmagnesium bromide (4x moles) afforded the expected 4-ethylnona- 
fluorobiphenyl and 4,4’-diethyloctafluorobiphenyl and the anomalous 4-hydronona- 
fluorobiphenyl, 44’dihydrooctafluorobiphenyl and 4-ethyl-4’-H-octafluorobiphenyl. 
It has been shown that the intermediate organomagnesium compounds formed can 
be derivatized with trimethylchlorosilane to yield perfluoroaryltrlmethylsilanes. The 
effect of changing stoichiometry of reactants on product distribution is discussed_ 

Perfluoroaromatic compounds are known to undergo ring fluorine substitution 
when allowed to react with a variety ofnucleophiles (e.g.,CH,0Na’,RLi2, C6F,0Na3, 
C6F5SK1; NH3’, RNH25, etc.). 

Ar,+Nu- -+ Ar,Nu+F- (1) 
Appropriate ring substituents may compete to exclude the products of nucleophilic 
substitution. For example, organolithium and organomagnesium compounds react 
with bromopentafluorobenzene6*7 and pentafluorobenzenes to produce the cor- 
responding (pentafluorophenyl)organometallic compound. With the former, this 
occurs through a halogen-metal interconversion and with the latter, through a hy- 
drogen-metal interconversion. 

We have recently reported’ an exception to the nucleophilic reaction of an 
organomagnesium compound with hexafluorobenzene (I)_ When diethylmagnesium 
(_K moles) was allowed to react with hexafluorobenzene (_x moles) in a tetrahydrofuran 
medium at room temperature, in addition to the expected aIkyIated product ethyl- 

* Presented at the 156th National Meeting of the American Chemical Society held in Atlantic City, New 
Jersey, September 1968. 
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pentafluorobenzene (II), an appreciable yield of 44’diethyloctafluorobiphenyl (III) 
(24%) was obtained. 

(1) 03) WI) 

To our knowledge, this was the second example of a perfluoroaromatic com- 
pound undergoing two different types of reactions with one nucleophilic reagent’. 
To explain the products of the reaction, we therefore suggested that besides the normal 
expected alkylated product (due to nucleophilic reaction) an intermediate penta- 
fluorophenylmagnesium compound resulting from metalation of hexafluorobenzene 
(I) may have been formed. Such an intermediate organometallic compound could react 
further with the hexafluorobenzene (I) to produce decatluorobiphenyl (V). Subsequent 
reactions with the diethylmagnesium could account for the alkylated product ob- 
served_ We now wish to report our further observations on the above mentioned 
anomaly_ 

A reexamination ofthe room temperature reaction ofethylmagnesium bromide 
with hexafluorobenzene (I)’ in THF produced the expected normal product, ethyl- 
pentalluorobenzene (II) (73x), and the anomalous- 4,4’-diethyloctafluorobiphenyl 
(III) (10%). Pentafluorobenzene, as previously reported*, also was observed. Ethyl- 
pentafluorobenzene (II) failed to undergo any reaction with ethylmagnesium bromide 
thus indicating that it is not an intermediate in the formation of the anomalous 
product, 4,4’-diethyloctafluorobiphenyl (III). 

(I) (11) UII) 

o- F cp, + c&p?gBr~ No reaction (4) 

If diethyl ether, rather than tetrahydrofuran, is used as the solvent, no apparent 
reaction occurs between ethylmagnesium bromide and hexafluorobenzene (I) within 
24 h. However, in 1,2_dimethoxyethane (DME), the reaction between ethylmagnesium 
bromide* and (I) is nearly 90% complete (based on unreacted hexafluorobenzene) 
within 30 min at room temperature. The anomalous product, 4,4’-diethyloctafluoro- 
biphenyl (III) is formed in only 6% yield and its yield does not increase with longer 
reaction time. Ethylpentafluorobenzene (II), formed initially as the major product 
in DME, is, however, slowly consumed to produce 1,4-diethyltetrafluorobenzene (IV). 
This substantiates our suggestion made above that ethylpentafluorobenzene (II) is 
not a precursor to (III).. 

We have previously shown3 that decafluorobiphenyl is a more reactive sub&_ 
strate towards nucleophiles than hexafluorobenzene. In our present study, the reaction 

* A solution of C,H5MgBr prepared in dimethoxyethane was found to contain only 30% of the calculat+: 
amount of Br- ion. See experimental section for details. 1,. 
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+ 25+?“9Br 
Et& 

r-t _ 
- No reaction 

C.& MgBr (DME) 
N 

// 

(I) (ItI 
76 % 

(5) 

TABLE 1 

RESULTS OF THE REACTION : Q-&MqX 

C3H5MgX X 
(moles) 

Solv. React. Yields (O/_) 
time (h) 

R=F R=F R=H R=F R=H R=Et 
R’=F R’=H R’=H R’=Et R’=Et R’=Et 

0.050 Br 0.0125 

0.025 Br 0.0125 

o.oson 

0.025 

Br 0.0125 

C,H, 0.0125 

0.050 Br 0.0125 

0.050 Br 0.0125 

THF 0.5 28 9 0 56 0 9 
4 0 14 0 22 25 41 

24 0 0 10 0 4.5 45 

THF 0.5 
4’ 

24c 

THF 24’ 

THF 0.5 10 9 0 58 5 14 
4’ 0 6 3 0 40 32 

24’ 0 0 6 0 40 32 

Et,0 24 85 0 0 17 0 0 
48 76 0 0 27 0 0 

240 44 0 0 53 0 4 

DMEb 0.5’ 

51 5 0 42 0 2 
4 - 
0 : 

0 54 3 22 
0 20 3 29 

0 0 3 0 37 47 

0 0 0 0 13 80 

@ Prepared from triple sublimed magnesium. b Entire reaction run at room temperature. c Insoluble ma- 

terial obtained. 

between decafkorobiphenyl (V) and ethylmagnesium bromide in tetrahydrotiran 
yielded a complex mixture of products (see Table 1). The composition of the reaction 
mixture varied with the stoichiometry of the reactants. Thus when ethylmagnesium 
bromide (4x moles) was allowed to react with decafluorobiphenyl (V) (x moles) in 
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tetrahydrofuran, a nearly quantitative yield of a mixture of compounds was obtained. 
Besides the normai alkylation products, reduction products where fluorine was 
substituted by hydrogen, were observed. The possible competing reactions are 
summarized as follows : 

(El) (pm) 

By comparing product ratios (Table 1) at different reaction times, it can be seen 
that alkylation to produce 4-ethylnonafluorobiphenyl (VI) and 4,4’-diethylocta- 
tluorobiphenyl (III) predominated in the early stages of reaction. Reduction products 
leading to the Ghydrononafluorobiphenyl (VII), 4,4’-dihydrooctatluorobiphenyl 
(VIII) and PethyM’-hydrooctafluorobipheny1 (lX) appeared during the Iater stages 
of the reaction once the alkylated products were formed. In order to gain further 
insight into the reaction scheme, 4-ethylnonafluorobiphenyl (VI) (x moles) was al- 
lowed to react with an excess of ethyhnagnesium bromide (6x moles). The reaction 
was complete within 4 h and produced a surprisingly high yield (83-96o/0) of the re- 
duction product 4-ethyM’-hydrooctafluorobiphenyl (IX). Only 5-13oA alkylation 
occurred to produce the 4,4’-diethyloctafluorobiphenyl (III). 

In order to show that the reduction proceeded through an organometallic inter- 
mediate, as suggested in eqn. 7, the reaction mixture was treated with trimethyl+ 

: :. 
* After hydrolysis. 

: 
_:_: 
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chlorosilane. Subsequent work up yielded the expected product, 4-ethyl-4’-(trimethyl- 
silyl)octafluorobiphenyl (X) : 

A simiIar reduction of 4-hydrononafluorobiphenyl (VII) by ethylmagnesium 
bromide occurred. Thus after 48 h, the reaction between 4-hydrononafluorobiphenyl 
(VII) (x mole) and ethylmagnesium bromide (4x moles) produced a 55% yield of 
4,4’-dihydrooctafluorobiphenyl (VIII), 21% of 4-ethyM’-hydrooctafluorobiphenyl 
(lX) and go/, unreacted starting material (VII). 

3C H5Mg13r 

48l-l r-- BrMg+-@Mg- H30e H-H 

t!nm 
(10) 

55% 

@+Wr , 

UX) 
21 % 

It can also be seen from Table 1, that the reaction products from decafluoro- 
biphenyl and ethylmagnesium bromide made from either triply sublimed magnesium 
or ordinary Grignard grade magnesium were similar. Thus it appears unlikely that 
catalysis by impurities present in the magnesium are responsible for the reduction 
process. 

The effect of stoichiometry can also be seen from Table 1. Reaction between 
ethyhnagnesium bromide (2x moles) and decafluorobiphenyl (V) (x moles) produced 
approximately 50% yield of the ethylated products, 4-ethylnonafiuorobiphenyl (VI) 
and 4,4’-diethyloctafluorobiphenyl (III) after 24 h. However, in addition to these 
products, there was a substantial amount of insoluble material produced. The infrared 
spectrum and wide melting point range (softens 255, melts 330°) suggested a mixture 
of alkylated perfluoropolyphenylenes (quarterphenyls or higher). 

Table 1 also indicates that substituting diethyhnagnesium for ethylmagnesium 
bromide does not appreciably alter the composition of the reaction products. 

In an attempt to improve the yield of reduction products, by minimizing those 
of substitution, we have examined the reactions between decafluorobipheny1 and a 
series of organomagnesium compounds of varying structure and reactivity. Iso- 
propylmagnesium bromide is known to be a poorer nucleophile than is ethyhnagne- 
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sium bromide for reasons of steric hindrance. Use of such a reagent should minimize 
alkylation and hopefully increase reduction. However, the reaction between deca- 
fluorobiphenyl (V) and isopropyhnagnesium bromide yielded a complex reaction 
mixture. Partial analysis by a combination of vapor phase chromatography and mass 
spectroscopy suggested the presence of alkylated products, reduced products and 
higher molecular weight polyphenylenes. No yield of reduction products could be 
determined from such a complex mixture. The reaction between phenylrnagnesium 
chloride (or bromide) and decafluorobiphenyl (V) yielded only the substitution 
products 4-phenylnonafluorobiphenyl (XI) and 4,4’-diphenyloctafluorobiphenyl 
(XII). The reaction was very slow at room temperature as indicated by the fact that 
only 62% of the decafluorobiphenyl was consumed in 4 days. Finally, the reaction 
between methyhnagnesium chloride and decafluorobiphenyl yielded 4-methylnona- 
fluorobiphenyl (XIV), 4,4’-dimethyloctafluorobiphenyl (XV) and an unexpected 
product* bis(nonafluoro-4-biphenylyl)methane (XVI). No reduction products were 
detected. The latter compound XVI is believed to have been formed by the metalation 
of the monosubstituted product XIV by methyhnagnesium chloride followed by 
subsequent reaction with decafluorobiphenyl. 

(PI an (x31) 

+ CH, cl2) 

The above results indicate that the type of Grignard reagent has a definite 
effect on the yield of reduction products. Thus far, our studies indicate that ethyl- 
magnesium bromide produces the highest yields of reduction products_ 

In an attempt tc determine the origin of these anomalous reduction products, 
we have examined the reaction between ethyhnagnesium bromide (6x moles) and 
4-ethylnonafluorobiphenyl (VI) in more detail. We have previously mentioned that 
this compound (VI), produced the highest yieId of the reduction product 4-ethyl-4’- 

* More detailed information on this type of reaction will be presented at a later date. 
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hydrooctafluorobiphenyl (lX) (83-96x). If in this reaction metalation occurred by 
a halogen-metal interchange, then ethyl fluoride would be one of the products. 

Analysis by mass spectroscopy of the evolved gases indicated the absence of 
ethyl fluoride but did show the presence of ethane and ethylene in nearly equal 
amounts as well as a trace of butane *. This led us to consider the possibility of re- 
duction of the carbon-fluorine bond by hydride transfer from the b-carbon of 
ethylmagnesium bromide followed by the loss of fluoride ion. A mole of ethylene is 
produced in this manner. Reductions of carbonyl compounds by this type mechanism 
are well knowng. In the presence of excess Grignard reagent, the acidic hydrogen is 
abstracted forming ethane and the organomagnesium reagent (XIII). Hydrolysis of 
(XIII) would lead to the observed 4-ethyl-4-hydrooctafluorobiphenyl (TX). 

(H) OX) 

This mechanism could conveniently account for the absence of anomalous 
products in the reaction with phenyhnagnesium halides and methylmagnesium 
chloride which do not possess a B sp3 hydrogen attached to an sp3 carbon atom. 

In the case of hexafluorobenzene (I) and ethylmagnesium bromide, the organo- 
metallic intermediate (XIV), whose existence is indicated by the presence of penta- 
fluorobenzene’, could react further with starting material to produce decafluoro- 
biphenyl (V) which is then alkylated to form the observed 4,4’-diethyloctafluoro- 
biphenyl (III)_ 

cx&?l (II CE) uul 

As an alternative to the hydride transfer mechanism, we have considered, 
after taking note of the highly colored nature of these solutions (deep blue to purple), 
the possibility of an electron transfer mechanism *. Such a transfer (or transfers) of an 
electron from the Grignard reagent to the perfluoroaromatic substrate would result 
in a radical anion or a dianion. Loss of fluoride (in the case of the dianion) would lead 

* The butane observed by mass spectroscopy could have arisen during the synthesis of ethylmagnesium 
bromide by Wurtz coupling of the Grignard reagent with unreacted ethyl bromide. Examination by mass 
spectroscopy of a simulated reaction (no perfluoroaromatic substrate) of ethylmagnesium bromide showed 
only a small amount of ethane. No butane could be detected. 
* The ability of Grignard reagent to act as electron donor to aromatic systems has been previously 
noted”*“. 

J_ Organometnl. Chem., 22 (1970) 25 l-263 



258 W. L. RFSPESS, C. TAhlBORSKI 

to a simple perfluoroaromatic anion. In the case of ethyhnagnesium bromide, the 
radical fragment could disproportionate to ethane and ethylene or couple to form 
butane. Higher molecular weight polyphenylenes could arise from the radical anion 
dimerization followed by loss of fluoride ion as shown. 

RMg* +@I THF_R.Q: R”gX - xfe; 

R’ 8 R’ 
Mgx MgX 

(16) 

- + MgXF 

R= C2H5 
X= St- a- sH5 

R’= F . C&. t - C$-kJ6F4- , etc. 

RI&F + FaRI- R*mR* __c 

F F i F F F F F 

These highly colored organometallic solutions have been investigated by 
electron spin resonance techniques in an attempt to observe the presence of radical 
anions. Positive results have not been obtained as yet. 

The inconclusive results have not allowed us to exclude either of these mecha- 
nisms in the case of reactions of ethylmagnesium bromide with perlluoroaromatic 
substrates. We are, however, currently carrying out further investigations which, it is 
hoped, will allow such distinctions to be made. 

Thus far, we have demonstrated that under certain conditions, perfluoro- 
aromatic compounds can undergo metalation by certain Grignard reagents to yield 
as intermediates, organomagnesium species capable of further reactions. It is con- 
ceivable that under the proper conditions the concurrent alkylation of the fluoro- 
aromatic may be minimized_ If such is the case, then reduction of perfluorinated 
aromatics by certain Grignards may provide a synthesis procedure for producing 
useful perfluoroarylmagnesium intermediates directly from the more readily available 
perfluoroaromatic compounds_ 

EXPERIMENTAL 

All organometallic preparations were carried out under an atmosphere of 
oxygen-free nitrogen. Tetrahydrofuran (THF) was freshly distilled from calcium 
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hydride prior to use. 1,2-Dimethoxyethane (DME) was freshly distilled from lithium 
aluminum hydride. Nuclear magnetic resonance spectra were obtained using a Varian 
A56-60 spectrometer. Chemical shifts are reported in ppm from fluorotrichloro- 
methane or tetramethylsilane as internal standards. 

VPC analyses were carried out on an F and M Model 810 or F and M Model 
700 Gas Chromatograph using an 11 ft. 150/, polyphenylether on Chromosorb P for 
reactions with hexafluorobenzene and a 6 ft. 10% Apiezon L on Chromosorb W for 
reactions with decafluorobiphenyl 

Preparation of organometallic reagents 
Ethylmagnesium bromide was prepared from Grignard grade magnesium and 

ethyl bromide in THF and DME solutions. Preparation in DME was accompanied 
by copious precipitate formation. When an aliquot of the supernatant (total base 
concentration 1.35 N) was hydrolyzed in standard hydrochloric acid and then titrated 
with standard silver nitrate solution, using potassium chromate as an indicator, the 
concentration of bromide ion (total halide less standard HCl) was found to be 0.37 N. 
The precipitate is evidently an etherate of magnesium bromide. 

Phenylmagnesium bromide and isopropyhnagnesium bromide were prepared 
in THF from Grignard grade magnesium and bromobenzene and 2-bromopropane, 
respectively. 

Diethylmagnesium was prepared fromdiethylmercury and magnesium turnings 
in THF solution. 

The concentration of these solutions were determined by the technique 
described by Watson and Eastham lo However, a slight modification of the technique . 
was required for THF solutions. Titration by a xylene solution of set-butyl alcohol 
led to gelatinous precipitates which failed to give reproducible end points. If, however, 
anhydrous diethyl ether was added to theTHF solution before titration, the precipitate 
formed was granular and did not appear to effect end point determination*. 

Reaction of ethylmagnesirrnr bromide in tetrah>~drofkran with hesajlrtorobenzene (I) 
Ethylmagnesium bromide (33 ml of a THF solution containing 0.050 mole) was 

added rapidly at room temperature to a mixture of hexafluorobenzene (I) (4.657 g, 
0.025 mole) and ethylbenzene (1.621 g, as internal standard). After 24 h, an aliquot was 
withdrawn, hydrolyzed in aqueous hydrochloric acid, extracted with pentane and 
analyzed by VPC. Analysis indicated the presence of hexafluorobenzene (I) (19%), 
pentalluorobenzene (6%) and ethylpentafluorobenzene (69%). Another reaction 
using hexafluorobenzene (I) (4.649 g, 0.050 mole) and ethylmagnesium bromide 
(0.050 mole), after 7 days, showed the presence of ethylpentafluorobenzene’ (II) (73%) 
and 4,4’-diethyloctafluorobiphenyl (III) (10%); m-p. 60-61°. (Found: C, 54.00; H, 
2.81; molwt. by high resolution mass spectroscopy, 354. C,6H,oFs calcd. : C, 54.25; 
H, 2.85%; molwt., 354.) 

* Even this moditication failed for solutions ofdiethylmagnesium, methylmagnesium chloride and phenyl- 
magnesium chloride. The concentration of these reagents was determined by the method of House and 
Respess”. 
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Reaction of ethylpentafluorobenzene (II) with ethylmagnesium bromide in tetrahydro- 
furan 

Ethylmagnesium bromide (17 ml of a tetrahydrofuran solution containing 
0.027 mole) was added at room temperature over 2-3 min to a solution ofethylpenta- 
fluorobenzene (II) (4.909 g, 0.025 mole) and ethylbenzene (2.159 g as internal standard) 
dissolved in THF (10 ml). After 48 h, analysis of an aliquot by VPC did not show the 
presence of 4,4’-diethyloctafluorobiphenyl (III). A small peak was observed and pre- 
sumed to be (by retention time) l&diethyltetrafluorobenne. 

Reaction of ethylmagnesium bromide in diethyl ether with hexafluorobenzene (I) 
Ethylmagnesium bromide (35 ml of diethyl ether solution containing 0.050 

mole) was added at room temperature to a solution of hexafluorobenzene (I) (9.292 g, 
0.050 mole) and ethylbenzene (4.853 g, as internal standard) in diethyl ether (5 ml). 
Analysis by VPC of an aliquot taken after 24 h indicated no reaction had occurred. 

Reaction of ethylmagnesium bromide in dimethoxyethane with hexajluorobenzene (I) 
Ethylmagnesium bromide (40 ml of a DME solution containing 0.050 mole) 

was added at room temperature over a lo-min period to hexafluorobenzene (I) 
(4.65 g, 0.025 mole) and ethylbenzene (1.81 g as internal standard) in DME (10 ml). 
The reaction was slightly exothermic, the temperature reaching 50”.After 30 min, VPC 
analysis of an aliquot showed the presence of 4,4’-diethyloctafluorobiphenyl (III) 
(6%),ethylp en a t fl uorobenzene (II) (76%) and hexafluorobenzene (I) (12%). On longer 
reaction time, the hexafluorobenzene (I) was consumed (O%, after 24 h) and ethyl- 
pentafluorobenzene (II) reacted further to form diethyltetrafluorobenzene (IV). 
(Found : C, 58.62 ; H, 5.12 ; mol.wt. by high resolution mass spectroscopy, 206. 
C ,,H 1OF4 czlcd. : C, 58.25 ; H, 4.89% ; molwt., 206.) The “F NMR spectrum ex- 
hibited only one type of fluorine at 164 ppm (CFCl, internal standard). We presume 
the orientation to be para based on NMR analysis and considerable literature prece- 
dence for the preference of para attack by nucleophiles on monosubstituted penta- 
fluorobenzenes. Longer reaction time did not increase the yield of 4,4’-diethylocta- 
fluorobiphenyl (III)_ e 

General procedure for reaction of ethylmagnesium compounds with decalfluorobiphelzyl 
(V) 

A solution of the ethylmagnesium compound was added to a solution (in the 
same solvent as the organometallic reagent) of decafluorobiphenyl (V) and ethyl- 
benzene (used as an internal standard) which had been cooled in an ice water bath. 
Sufficient solvent was used in dissolving standard and decafluorobiphenyl (V) to 
make the total volume of reaction 50 ml. After 4 h, the ice water bath was removed and 
for the remaining time, the reaction proceeded at room temperature. Aliquots were 
taken periodically, hydrolyzed in aqueous hydrochloric acid, and extracted with 
pentane. In all cases, the solutions developed deep bluish-purple colors. Experimental 
results are presented in Table 1. 

Reaction of ethylmagnesium bromide with 4-ethylnonafluorobiphenyl (VI) 
4-Ethylnonafluorobiphenylf (VI) (1.04 g, 0.003 mole) and ethylbenzene 

l Unpublished studies, C. Tamborski and E. J. Soloski; prepared through the reaction between ethyl- 
magnesium bromide and decafluorobiphenyl; m.p. 56-57O. 
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(0.515 g as internal standard) in THF (6 ml) was added over a period of 5 min to an 
ice cooled solution of ethylmagnesium bromide (12 ml of a THF solution, 0.017 mole). 
The reaction mixture turned a deep purple. VPC analysis of a hydrolyzed aliquot 
sample taken 4 h after addition showed the presence of 4-ethyl-4’-hydrooctafluoro- 
biphenyl (IX), 84%, (Found: C, 51.74; H, 1.89; mol.wt. by high resolution mass 
spectroscopy, 326. C14H6F8 calcd.: C, 51.55; H, 1.85%; molwt., 326.) and 4,4’- 
diethyloctafluorobiphenyl (III), 13%. 

The reaction was repeated using ethylmagnesium bromide (12 ml of a THF 
solution containing 0.017 mole) and a THF solution of 4ethylnonafluorobiphenyl 
(VI) (1.04 g, 0.003 mole) and ethylbenzene (0.712 g, as internal standard). A small gas 
trap was attached to the nitrogen exit line to allow sampling of effluent gases. After 
4 h the gas trap was removed and analyzed by mass spectroscopy_ In addition, an 
aliquot sample was removed from the reaction mixture and analyzed by VPC. This 
analysis indicated the presence of 4-ethyl-4’-hydrooctalluorobiphenyl (IX, 96%) and 
4,4’-diethyloctafluorobiphenyl (III, 5%). T rimethylchlorosilane (2.20 g, 0.041 mole) 
was then added in THF (10 ml) and the reaction was allowed to warm to room tempera- 
ture. After 16 h, the entire reaction was hydrolyzed with 4 N HCI and extracted with 
pentane. Analysis by VPC indicated the presence of a new component identified as 
4-ethyl-4’-(trimethyIsilyl)octafluorobiphenyl (X). No 4-ethyl-4’-hydrooctafluorobi- 
phenyl (IX) remained. A sample of (X) was collected by VPC, mass spectrometer 
analysis measured t?r/e 398, calculated 398. The ‘H NMR spectrum exhibited a triplet 
at 0.29 ppm [J(H-o-F) 2 Hz] for Si(CH,),, a triplet at 0.81 ppm (J 7 Hz) and a broad 
quartet at 1.73 ppm (for CH,CH,). The “F NMR showed multiplets at 128 ppm 
[o-F to Si(CH&], 140 ppm, and 146 ppm (o-F to CH,CH,). 

The contents of the gas trap were analyzed by mass spectroscopy and indicated 
nitrogen, THF, ethane (1 l%), ethylene (8%) and butane (< 1%). A blank analysis of 
the Grignard solution itself showed only the presence of a trace of ethane presumably 
from hydrolysis. 

Reactiozz of 4-izydrozzonajlrrorobiplzenyl (VII) with edzylrzzagnesium bronzide 
A THF solution (12 ml) containing 4-hydrononafluorobiphenyli3 (VII) 

(3.163 g, 0.01 mole) and ethylbenzene (1.300 g as internal standard) was added over a 
5 min period to ethylmagnesium bromide (28 ml of a THF solution containing 
0.040 mole)which had been cooled by an ice-water bath-A deep purple color developed 
during the reaction_ VPC analysis of an aliquot taken after 48 h showed the presence 
of 4-hydrononafluorobiphenyl (VII) (9%), 4,4’-dihydrooctafluorobiphenyl (VIII) 
(.55x), PethyM’-hydrooctafuorobiphenyl (IX) (21x), and a small amount of solid 
material (insoluble in THF) which was not further characterized. 

Reaction of decajZrcorobipIzenyZ (V) wit/z methyltnaglzesiu,n chloride 
Methylmagnesium chloride (19 ml of a THF solution containing 0.051 mole) 

was added over a 20-min period to a THF solution (3 1 ml) of decafluorobiphenyl (V) 
(4.18 g, 0.0125 mole) and ethylbenzene (1.68 g as internal standard) that had been 
previously cooled by an ice-water bath. A deep red color developed. After 4 h, the 
ice-water bath was removed. An aliquot was removed after 24 h and analyzed by VPC 
following hydrolysis with 4 N HCl. Only 2% decafluorobiphenyl (V) remained. Three 
major products were detected. Samples of each were collected from the same reaction 
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run on a larger scaIe. The first product eluted was 4-methylnonafluorobiphenyl (XIV) ; 
m.p. 8%91° ; mol.wt. by mass spectroscopy 330, calcd. 330. Its ‘H and “F NMR were 
the same as that of an authentic sample (see next experiment). The second product 
eluted was 4,4’-dimethyloctafluorobiphenyl (XV); m.p. 1415-147~ ; mol.wt. by mass 
spectroscopy 326, calcd. 326. Its ‘H and “F NMR were the same as that ofan authentic 
sample. The third product eluted is thought to be bis(nonafluoro-4-biphenylyl)- 
methane (XVI); m.p., 185-187” ; mol.wt. by mass spectroscopy 644, calcd. 644. Its 
“F NMR exhibited fluorine resonances at 161.0 (multiplet), 150.3 (triplet), 141.0 
(multiplet)and 137.7 (multiplet). Its ‘H NMRexhibited at 6.58 ppma singlet resonance. 
Both the ‘H and lgF NMR are consistent with the proposed structure. 

Tlze preparation of 4-methylrzonaflzlorobiphenyl (XIV) 
A solution of 4-hydrononafluorobiphenyl(l5.80 g, 0.050 mole) in diethyl ether 

(150 ml) was cooled to -76O. Methyllithium (42 ml of a diethyl ether solution con- 
taining 0.050 mole) was added to form 4-lithiononafluorobiphenyl’. To this soiution 
was added methyl iodide (10.73 g, 0.076 mole) in diethyl ether (50 ml). Analysis, by 
VPC, of an aliquot taken after 2 h indicated no reaction had occurred. At this point, 
THF (50 ml) was added and the reaction mixture allowed to warm slowly to room 
temperature. The entire reaction mixture was treated with 4 N HCl and extracted with 
diethyl ether. After drying (MgS04) and removal of solvent, a brown solid was ob- 
tained. This material was sublimed (70’/0.02 mm) to give a white solid. VPC analysis 
showed the presence of unreacted starting material (N 10%) and one other product. 
Isolation (by preparative VPC) of this product afforded a white solid (m-p. SS-90”), 
Cmethylnonafluorobiphenyl (XIV). (Found : C, 47.30 ; H. 0.95. C13H3Fg calcd. : 
C, 47.29 ; H, 0.92 %.) Its “F NMR exhibited fluorine resonances at 162.4 (multiplet), 
15 1.6 (triplet with further splitting), 142.8 ( multiplet), 140.7 (multiplet) and 138.4 ppm 
(multiplet). Its ‘H NMR exhibited a triplet at 2.40 ppm [.J(H-o-F) 2 Hz]. 

Tile preparation of 4,4’-ditnethyloc~ajhtorobiphe~zyl (XV) 
Methyllithium (85 ml of a diethyl ether solution containing 0.102 mole) was 

added to a cold (0”) solution of decafluorobiphenyl (16.70 g, 0.050 mole) in diethyl 
ether (30 ml). After 30 min the ice-water bath was removed and the reaction stirred at 
room temperature for 3 h. At this time, the entire reaction mixture was hydrolyzed 
with 4 iV HCl and extracted with diethyl ether. The extracts were dried (MgSOJ and 
the solvent removed to give a brown solid. Sublimation of this material (90°/0.03 mm) 
yielded a white solid. Recrystallization from petroleum ether yielded 4,4’-dimethyl- 
octafluorobiphenyl (XV); m-p. 145-147O. (Found: C, 51.65; H, 1.92. C14H6Fs calcd.: 
C, 51.55 ; H, 1.85x.) Its “F NMR exhibited fluorine resonance at 143.4 (multiplet) and 
140.6 ppm (multiplet). Its ‘H NMR exhibited a triplet at 2.38 ppm [J(H-o-F) 2 Hz]. 

Reactiozz ofphenylmagnesinnz bromide and chloride with decaflrrorobiplzenyl (V) 
Phenylmagnesium bromide (35 ml of a THF solution containing 0.050 mole) 

was added over a 15:min period to a THF solution (15 ml) of decafluorobiphenyl (V) 
(4.187 g, 0.0125 mole) and ethylbenzene (1.938 g, as internal standard) that has been 
previously cooled in an ice-water bath. After 4 h, the ice-water bath was removed. An 
aliquot sample taken after 4 days, hydrolyzed in 4 N HCl, and analyzed by VPC 
showed the presence of decafluorobiphenyl (V) (38%) and one other component. 
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THF-insoluble material was also observed. A similar result was obtained with 
phenylmagnesium chloride and decafluorobiphenyl. The component detectable by 
VPC, was isolated ; m-p. ZOO-201°. (Found : C, 55.14; H, 1.38 ; mol.wt. by mass spec- 
troscopy, 392. C18H,F, calcd.: C, 55.12; H, 1.28; mol.wt., 392.) This corresponds to 
Gphenylnonafluorobiphenyl (XI). The THF insoluble material was recrystallized 
from hot benzene to yield 4,4’-diphenyloctafluorobiphenyl (XII); m-p. 279-281”, 
calcd. 450. (Found : C, 63.92; H, 2.28 ; mol.wt. by high resolution mass spectroscopy, 
450. C&H l oFs calcd. : C, 64.01; H, 2.24% ; mol.wt., 450.) Its “F NMR (in hot benzene) 
exhibited fluorine resonances at 143 (multiplet) and 1.39 ppm (multiplet). Its ‘H NMR 
exhibited a singlet resonance at 7.19 ppm_ 

Reaction of isopropylinagrtesiuln bromide with decajluorobiplzenyl (V) 
Isopropylmagnesium bromide (60 ml of a THF solution containing 0.049 

mole) was added over a lo-min period to a THF solution (10ml) ofdecafluorobiphenyl 
(V) (4.190 g, 0.0125 mole) and ethylbenzene (1.568 g, as internal standard) that had 
been previously cooled in an ice-water bath-After 4 h, the ice-water bath was removed. 
A pale orange coloration developed slowly. After 3 days, an aliquot was removed, 
hydrolyzed in 4 N HCl and analyzed by VPC. Analysis showed the presence of deca- 
fluorobiphenyl (V) (43%) and a complex mixture of products. One of these products 
was 4-hydrononaffuorobiphenyl (VII) (6%) by VPC retention time. Another com- 
ponent, isolated by VPC, was analyzed by a mass spectrometer, measured m/e 630, 
calculated for perfluoroquaterphenyl630. Its VPC retention time was also identical to 
perfluoroquaterphenyl. 
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