
Tehhcdron L.&us, Vol. 35. No. I, pp. 10951098. 1994 
Elscvicr Science Ltd 

RintedinGrut3ritain 
oo40-4039194 $6.oo+o.00 

004O-4039(93)E0382-T 

Regiospecific Replacement of Fluorine by Hydrogen in an Aromatic Ring 
Induced by a Rare Earth Organometallic 

Glen B. ken*. Craig M. Forsyth and Junhui Sun 

Depprarent Of chuni. M0nash Univcxsity. ClaytOn. Victmia. Ause&a 3168 

Abstract: Rntafluombenzoic acid reacts with YbQ~(dme) to yield. after hydrolysis. 2.3.4.S 
tctraHuorobenzoic acid. Commsi0n ia near quaatitative witb activated magnesium m a comhmantmdthereis 
evidence far catalytic tumovc8 In ytterbium on additi00 of a cyclopeatadime source. Rcductioa of 2.a 
F&@C@H to o-Fcg)14co2H and of o_FC$I4CeH to F’Kt&H hss aho been a&ii. 

Carbon-fluorine bond activation by an organolanthanoid was first observed in the compltx redox 

aansmetallation reaction between metallic samatium and bis(pentafiuorophenyl)mercury in tetrahydrotkan.1 

Subsequently we have shown that pentafluorobenzoic acid reacts with bis(pentatluorophenyl)ytte&ium to give, 

after hydrolysis, 2.3.4,5-tetmfluorobenzoic acid, 2 and the reaction was extended to other C-halogen bond 

activations.3 However, although dehalogenation was regiospecific, the reactions were generally far from 

quantitative even with excess of the organolanthanoid, necessitating inconvenient separation of reactant and 

pmduct acids,= and forcing conditions could not be used owing to the thermal instability of Yb(C&h? We 

now report that regiospecific defluorination of pentafluorobenzoic acid can be achieved with the readily 

available5 and thermslly stable6 Y~QQ (Cp = cyclopentadienyl). that the reaction can be made near quantitative 

by addition of a corcductant. and that catalytic turnover can be achieved by addition of a cyclopentadicne 

SOUrCe. 

Treatment of pentafluorobenzoic acid with bis(cyclopentadienyl)( 1,2&nethoxyethane)ytterbium(II)~ in 

pure, dry tetrahydmfuran under purified N2 (see Table 1 for amounts of reagents and conditions) gave, after 

appropriate hydrolytic work up, 2,3,4$-tetratlucrobenzoic acid. 
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The characteristic violet-purple colour of the organolanthanoid was usually discharged rapidly on mixing the 

reagents. Despite the evident speed of reaction, conversion was incomplete even with a 

ybcpz(dme):C&CO# ratio of 4:l (Table 1). Rapid, but incomplete reaction was also obmed at -78“C 

giving a similar yield to a comparable reaction at room temperature. Although kadiation with white light has 

been shown to facilitate intermolecular C-F activation between Ln(C5Me5)2 (Ln = Sm, Eu or Yb) and 

hexafluaubenzene in ether.7 it had no effect on the yields in the present reactions. 
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Table 1 Reactions of C$F&O2El with Ybc&(dm) in &aahj&fma 

0.5 1.0 RT, 1 min 17 76 

1.0 1.0 RT, 1 min 29 59 

2.0 1.0 RT, 1 min 45 46 

4.0 1.0 RT, 1 h 70 18 

1.0 1.0 RT, hv, 30 min 28 57 

1.0 1.0 -78% hv, 1 h 32 58 

1; attetnpts to achieve quantitative conversion, tk effects of coreductauts, Zu, Yb. Mg, and activated (by 
12) magnesium were investigated. Conversion was improved with the fmt three magents, but was still 

incomplete (e.g. entry 1, TabIe 2). With activated ~~e~urn as cxmxiuctant, near quautitative yields wen 

obtaimd (Table 2, entries 2,3) and there was no residual C&COZH. Addition of a small amount of iodine 

directly to a maction mixtum without magnesium led to reduced yield and some loss of sclaxivity, CoIlsistcnt with 

the observation2 that YbI2 reduces C&C!@H to a mixture of o-and p-HGjF4co2H 
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Although activated magnesium alone is cwMially wrcactive G’abk 2. entry !J), it enaweS nearquantltative 
dcfluorlnation to be achkvcd with a ybcpr(ame):QF$O2H mole ratio of 9.5~1.0 flable 2, entry 6), i.e. less 

than the minimum stoichitic ratlo of 1: 1. thereby providing evidence that catalytic turnover of the 

~~~~~ species is possibk- With a lower YbC&(dme):C&C~H ratio (0.2:1.0), substantial 

~~W~~~~~~ haease in the amount of activated magnesium flabk 2, entries 7,8). 

However~bothnearquantitative- ‘on to Q-HC&C@I-I and catalytic tumovez could be achieved with this 

ratio (0.2~1.0) of reagents by addition of a cyclopcntadicne sounx, cithcr thallium(I) cyclopcntadicnidc or 
cyclopcntadkxw monomer (Table 2, entries 9,ll). Them is no signifkant reaction with activated magnesium and 
TlCp in the absence of YbCp#me) (Tabk 2, entry IO). 

It is also possibk to dcflnorinatc o-fluarobenzoic acid and mmove one fluotine from Z,~~~ic 
acid by reaction with YbCp@ne) (0.2 mmol0.0 mmol RCQH), activated magnesium, and thallous 
cyclapentxlkni&. NcarquantMive yields of bewok and ~fluomMuoic acid rcsptively were obtained, a8ain 

withevidaKeforcatalytictumwcr crable 3). 

0-Flwmbenwk acid has only slight reactivity with YbQ-~(dme) alop or with activated magnesium and TlCp 

alone, and is reported to be unmactive towards Yb(QjF5h.3 With mom vigorous conditions, both fluorines can 
be removed fmm 2&difluo&c11wic acid (Table 3). 

Tabk3 Reactions of RCOSI @ = o-FC&a or 2,6-F&$%) with YbCp&ime), activated magmsimn and 

Tlcpintccrah~fumn’ 



The rcgiospecificity of the defluorination (1) c&n be explained by initial acidolysis giving 

cyclopentadicaylytterbium(II) pcntiuombcnzoatc, which then undergoes intmmolecular &eon mnsfer and 

fluoride &stmc&n in a favourable cyclic six mcmbaed transition state 1. The retWing radical 2 am abstract Bn 

hydmgen atom from cyclopcntadienc ur thf giving a 2,3.4.5-tct&hmrobzoate ligand. Alternatively. 2 may 

undergo further reduction, cspcciaUy in the presence of the corcductant activated magnesium, to give a highly 

c&ionic vtallic 3, which can be pmtonated by CpH. or on hydrolysis. 

C6F5C021 
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Mg 

Y~F(CP)(O~CC#~H-~) H+ o-HC6F4C02H 

In summary, YbCp#ne) can induce regiospccific C-F activation, which is quantitative with activated 

magnesium as a coreductant, and can be catalytic in the organoytterbium reagent with an added cyclopentadiene 

SOUfcc. 
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