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ALKALINX METAL FLUORIDES IM GRAPHITE - NEW CATALYSTS IN 

ORGANIC SYNTHESIS. I. REACTIOMS OF POLYFLUOROAROMATIC 

COMPOUNDS WITH 0- AMD lWUJCiXOpHILIC AGENTS 

V.V. AKSEMOV, V.I. VLASOV, V.I. DAMILKTPJ, P.P. RODIONOV 

and G.M. SFIIWCKO 

Institute of Organic Chemistry, Movoeibirsk, 630090 (USSR) 

SUMMARY 

The paper reports the use of new catalysts - alkaline me- 

tal fluoride8 in graphite of the general formula C#F, where 

WLi, Ma, K, Rb or Cs, in the reactions of polyfluoroaromatic 

compound8 with aromatic OH-acids and piperidine. These com- 

pounds are shown to have a high activity in the above processes, 

exceeding that of sunilar free fluorides of alkaline metals. 

IRTRODUCTION 

In recent years there ha8 been growing interest in the ca- 

talysts applied t0 insoluble Support8 1.2 . Such Catalytic c I 
systems have some advantage8 over the unsupported catalysts 

when used in organic prOCe88e8 l the possibility to be recyc- 

led, ea8e of their separation from the reaction mixture and 

regeneration, performing synthesis in flow systems, and hig- 

her ecological "purity". 

As supported catalysts, alkali metal fluorides on inor- 

ganic supports are widely used now [3-53. The use of sup- 

ported ionic fluorides in base-CatalySed proceeaee ( elimina- 

tion, alkylation, arylation, COndenSatiOnS, etc. 1 allow8 to 

carry them out in relatively mild conditions, tith high se- 

lectivity and good yields. Supported alkali metal fluoride8 

may have considerably changed properties and catalytic acti- 

vity. Thus tetrabntylammonium fluoride supported on alumina 
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proved to be less hygroscopic than the free fluoride. At the 

same time, this supported catalyst 1s less ectlve in sow 

alkylatlon rezc7aom 5 , [I ,1ce3s potasswm fluoride suppor - 

ted on alumina is more active in these reactions than the 

free fluoride. This demonstrates the possxbillty of signLfi - 

cant modification of the activity of supported catalysts. 

The compounds generally used a6 support8 (matrices ) are 

zeolites, silica gel , and alumina 
c 1 3, 6 . A prospective 

and acceesible support for various catalysts is grsptite. It 

has layered structure, with linkages between carbon layers 

being very weak, which allows to intercalate there various 

compounds. There are graphite intercalates of acidic ( RK03 , 

H2S04, HS03F, SbF5, AsF5, etc.) and basic compounds ( alka - 

line metals 1 [7, 81. 

RESULTS AND DISCUSSIOR 

We have first obtained graphite intercalation COmpOUndS 

of alkaline metal fluorides. These compounds are obtained by 

the reactions of perfluoroorganic compounds with pre-formed 

alkaline metal graphite intercalates in the inert atmosphe - 

re 9 . L-1 
Alkaline metal fluorides in graphite are the free- flo - 

wing and slightly caking ( upon storage ) compounds of the 

general formula CnMF (n=8,10,12,24,36,48,60, M=Li,Na,K,Rb,Cs), 

whose compoeition has been confirmed by the elemental (Table 

1 ) and radiometric (Table 2 ) analyses data [I 9 . Alkaline 

metal fluoride graphite intercalates appeared to be far 

leas hygroscopic than the free fluorides ( Table 3, Fig.1 1. 

This allows to use them as catalysts of organic reactions 

without preliminary dehydration and grinding before the 

reaction, and without inert atmosphere. 

We have shown alkaline metal fluorides in graphite to be 

effective catalysts of some aromatio nucleophilic aubstitu - 

tiOn reactions. Thus, in the presence of these compounds, 

pentafluoropyridine reacts in mild conditions with pentafluo- 

rophenol ( Table 4 ) to form the previously described corn - 

pounds I - v bl 
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TABLE 2 

Concentration of alkaline metals in m/graphite determined 

by the X-ray radiometric method 

MF / graphite Found of metal Calculated of 

(%'o) metal ( % > 

CsRE’ 25.28 25.36 

C8RbF 42.56 42.62 

C8CsF 53.50 53.59 

W/graphite 
- 
CH3CN, 80°c 

I II 

pc6"5 

f 
0c6"5 +F5C60 Oc6"5 -. 

III IV v 
It is interesting to note that lithium and sodium fluorides 

in graphite show marked activity in this reaction ( Table 4, 

Nos. l-5, 6-8, 11-15 1, whereas the respective free fluorides 

only slightly initiate this reaction ( cf. [lo]). As expec - 

ted, more active catalysts for the reaction of pentafluoropy- 

ridine with pentafluorophenol are potassium, rubidium, and 

caeaium fluorides in graphite ( Table 4, Nos. 19-24, 29-32, 

35-38 1. 
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36.0 

z $ 33.0 
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$ 30.0 
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: 

P 21.0 

% 

E 18.0 

z 

15.0 

12.0 

9.0 

6.0 

KF/gmphite 0 

RbY/graphite CD 

CsF/graphite 8 

Exposure time, h 
Fig. 1. Variation of the mass of alkaline metal fluoride and 

graphite samples in air (mass 1.0000 g, T=23OC, moisture 28-30%) 
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Interaction of 4-nitrophenol with pentafluoropyridine in 

the presence of fluoride graphite intercalates leads to the 

formation of 4-(4(-nitrophenoxy)-2,3,5,6-tetrafluoropyridine 

(VI) in a high yield (Table 5). In this reaction the cataly - 

tic activity of fluorides in graphite also exceeds that of 

the free fluorides (cf. [II] ), the most active initiators 

being the fluorides of higher metala (K,Rb,Cs) in graphite. 

It should be noted that the above reactions require the 

smaller (1.5-2 times aa small) amount of intercalated fluo - 

ride (considering pure fluoride) per 1 mole of the aromatic 

substrate. 

Potassium and caesium fluoridee in graphite also effecti- 

vely catalyae the reactions of other phenols and naphthola 

with pentafluoropyridine. 

Ohs 

+ ArOH 
C#F, DMF 

5 h, 80°C 
> 

VII - IX 

MoK, Artyield of VII-IX,%)= I-C,CF7(71), 2-C,,F7 (63) , 

4-CH3CgF4 (78). 

M= cs ( Ar (yield of VII-IX,%> = I-C lOF7 (791, 2-C10F7 (701, 

4-CH3C6F4 (87). 

Hence the catalytic activity of alkaline fluoride metale in 

graphite in the reactlo- of aromatic OH-acids with pentaflu- 

oropyridine increases in the series. C8LiF N- C$?aF< C#F< 

<C8RbF = CgCsF , which ia similar to the activity sequence 

of free fluorides ueed ae baeic catalysts [ 1 12 . The solvent 
alao has some effect on the activity of fluorides in graphite. 

Thus in acetonitrile, the product yields in the reaction of 

pentafluoropyridine both with pentafluorophenol (Table 4) 

and 4-nitrophenol (Table5) are much smaller than in DMP. 

This must be due to the higher eolubility of alkaline metal 

fluorides in the latter eolvent 13 . Cl 
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Potassium fluoride in graphite also catalyses other aro- 

matic nucleophilic substitution reactions. Thus in its pre - 

sence, octafluorotoluene reacts in mild conditiona with an 

equimolar amount of piper&line, giving l-trifluoromethyl-$- 

N-piperidino-2,3,5,6-tetrafluorobeneene (X> in a high yield 

CF3 
H CF3 98% 

X 

One of the important advantages of alkaline metal fluo- 

rides in graphite aa catalysts is the poaaibility of their 

reuse aa bases in organic reactione. In the reactions of 

pentafluoropyridine with phenols they may be ueed at least 

three times without additional regeneration (Table 4, Koa.4, 

5,9,10,1?,18,25,26,33,34,39,40, Table 5, NOS. 7,8,15,16,23, 

24,28,29,32,33). Thus, with KF /graphite used for the third 

time, the reaction of pentafluoropyridine with phenols pro- 

ceedrr for more than 5O%(Table 4, No. 26, Table 5, No.24 1. It 

should be noted that the activity of higher alkaline metal 

(K,Rb,Cs) rluorides in graphite reused in the reaction de- 

crease6 to a greater extent than that of lithium or eodium 

fluoridee in graphite ( Table 4, Nos.25,26,33,34,39,40, cr. 

Noa.7,8,15,16). This may result from the higher hygroscopi - 

city of the former group of reagents as compared with the 

latter one. 

It was intereating to compare the activity of alkaline 

metal rluoridecl in graphite with that of the respective fluo- 

rides applied to other supports. For comparison we prepared 

potaesium and caeeium fluorides on alumina, which are efrec- 

tioe catalyst8 for many organic reactions 3,4 . 
[ 1 

Potaesium and oaesium fluoridea on alumina also proved to 

be effective catalyst8 for the reaction of pentafluoropyridi- 
ne with pentafluorophenol, but in activity they are still 

second to the respective graphite interoalatea(Table 4, Noe. 
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20,23, cf. ETos. 45.46, nos. 37,38 cf. Roa. 49,501. It is 

interesting to note that the catalytic activity of fluorides 

on alumina upon their reuse decreases to a much greater extent 

than that of the respective fluorides in graphite(Table 4, 

Nos. 25,26 cf. Mos. 47,48, Nos. 33,34 cf. Nos. 51,521. Such 

a difference between the activities of alkaline metal fluori- 

des in graphite and on alumina may be explained by the charac- 

ter of fluoride inoorporation into support. In the case of 

alumina, fluorides occupy exclusively the surface of the 

support, whereas in graphite the guest specie8 also penetrate 

between the carbon layers. Evidently, the fluoride located 

on the surface is desorbed quicker in the reaction than that 

intercalated between the layers , which gradually diffuses 

onto the surface of support. On the other hand, the surface- 

located fluorides undergo more side-reactions, leading to 

general deactivation of a catalyst. It was shown that pure 

graphite and alumina do not initiate the above reactions 

(Table 4, Nos. 44,531. 

Thus, the alkaline fluoride metals in graphite are the 

new effective prolonged-aotivity catalytic systems for the 

reactions of polyfluoroaromatic compounds with the 0- and N- 

nucleophilic agents. These compounds have some advantages 

over the free alkaline metal fluorides and known supported 

catalysts, which allows to hope for their extended use in 

fine organic synthesis. 

EXPEHIMEMTAL 

Starting compounds - pentafluoropyridine (b.p. 8%84'C), 

l-CloF70H (m.p. 103-104°C), 2-CloF70H (m.p. 124-126~~1, and 

C6F50H (b.p. 144-l45'C >, produced at a pilot plant Of the 

Novosibirsk Institute of Organic Chemistry. 

4-Nitrophenolisa commercial product recrystallised from 

ethanol (m.p. 112-113°C 1. 

4-CH3C6F40H was prepared act. to [14] (m.p. 50-51OC). 

CH3CMisa commercial product purified by distillation 

over P205 , stored over the freshly calcinated 46 molecular 

sieves. 



DMF was purified by diatlllation and stored over the 
freshly calcinated 41 molecular sieves. 

The alkaline metal fluorides on A1203were prepared 
act. to [3] . 

The GLC analysis was carried out on the LKhM-7A instru- 
ment with thermal detector and linear programming of tempera- 
ture in the 50 - 270°C range at the rate of 10°/min., 4x4000 
mm column, stationary phaae - 15% of silicone S!d-54, SKTFT-803 
or SE-30 on the W-DIES cbromoeorb or N chromatone. Carrier 

gas - He (60 ml/min), the quantitative analysie of mixturea 
wae carried out by the internal standard method. Mxture 
components were identified by adding authentic samples. 

X-Ray radiometric determination of alkaline metal concen- 
tration in alkaline metal fluoride/graphite intercalates 

Metal concentrations were determined by comparing the 
analytic line intensity of the sample with that of a refe- 
rence. 

For potaaeium concentration determination, the Q, and 
K.(, linea were used, with the energy of 3.313 and 3.310 keV 
respectively. For excitation of the characteristic Kd radia- 
tion of potassium, the Fe55 radioieotope ~89 taken with the 

excitation energy of 5.9 kev. For excitation of the Kd, and 
K,(2 linea of rubidium with the energies of 13.353 and 13.333 
keV reapactively, the CdlOg source was used with the energy 

of 22.54 keV. The analysis for caeeium wa8 carried out accor- 
ding to the K+ and Kd2 lines with the energies of 30.968 and 
30.620 keV respectively. For excitation of the oharacteriatic 

241 radiation of caerrium, the 59.536 keV line of Am isotope 
was u8ed. A8 a radiation deteotor, the silicon-lithium semi- 
conductor detector BRDK-l-50 wae used, having a 350 eV resolu- 
tion on the 5.9 keV line. The radiation source was placed into 
a cylindric collimator to produce a narrow beam end defend the 
detector from the direct light. The secondary radiation waa 
recorded by the LP-4900 analyzer. 
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The calibration diagram wa8 plotted for references with 

preset concentrations by the least-equarea method, using five 

pointa. 

Measurements have been carried out at the Laboratory of 

Physical Method8 of Investigation, Novosibirsk Institute of 

Geology and Geophysics. 

Reaction of Polgfluoroeromatic compounds with nuoleophilic 

agents in the preeence of alkaline metal fluorides applied 

on insoluble support (Al 

(8tgpical experiment). 

2-3' or intercalated into graphite) 0 

A sample of oatalyrst and 8-10 ml of lsolvent were placed 

into a flask, and stirred for 8-10 min. at room temperature, 
whereupon 0.01 mol of the reagent (phenol, napthol, or pipe- 

ridine) was added. The mixture was stirred for further 5-10 

min., then 0.01 mol of polyfluoroaromatic substrate in 10 ml 

of a solvent was added. The mixture was kept at 80°C for some 

time (see Table8 4 and 51, whereupon it was washed with 5% HCl 

and filtered. The precipitate on the filter was washed with 

two 5-7 ml portions of the solvent and two 10 ml portion.9 of 

sulphuric ether. The catalyst wa8 dried for 2 h at lOO-120°C 

to be recycled. The reaction mixture was neutralised with 5% 

HC1 aolution (So-100 ml), extracted with eulphuric ether 

(3x10 ml>, and dried over MgS04. Then the eolvent was distil- 

led off, and the residue analyaed by GIL!. 

Conditiona and reaulta of the experiments are listed in 

Tables 4 and 5. 
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