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Mercuration of pentafluorobenzene under basic conditions in aqueous tert- 
butanol by tetrabromomercurate(I1) ions, phenylmercuric chloride, and p-tolyl- 
mercuric chloride yields bis(pentafluorophenyl)mercury, (pentafluorophenyl)- 
phenylmercury, and (pentafluorophenyl)~p-tolylmercury respectively, in a single 
simple preparative step. Cleavage of bis(pentafluorophenyl)mercury with iodide 
or bromide ions in alcohols or aqueous alcohols gives pentafluorobenzene, tetra- 
halogenomercurate(I1) ions, and base. Under alkaline conditions, tetrahalogeno- 
mercurate(I1) ions are reduced to mercury by ethanol or methanol. Decomposi- 
tion of (pentafluorophenyl)phenylmercury by iodide ions has also been studied. 

Introduction 

Some acidic hydrocarbons can be mercurated under basic conditions [ 21, 
and the method is of particular importance for the synthesis of alkynylmercury 
[2,3] and trihalogenomethylmercury 14-71 compounds. In general, arenes are 
not sufficiently acidic to be mercurated in alkaline media [2], but the method 
is suitable for some polyfluoroarylmercurials [S-lo], e.g. bis(2,3,5,6-tetrafluoro- 
pheny1)mercur-y [S, 91 and bis(4-methoxytetrafluorophenyl)mercury [lo] _ A 
preliminary account has been given of applications to pentafluorophenylmercu~ 
rials 181, and we report full details of these simple and convenient preparations. 
Cleavage of the mercurials with halide ions, essentially reversal of the syntheses, 
is also described. (For a preliminary report, see ref. 11.) 

*For wart XVIII see ref. 1. 
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Results and discussion 

(a). Preparations of pentafluorophenylmercurials 
Bis(penta.fluorophenyl)mercury has been prepared by reaction of mercuric 

chloride, an excess of lithium bromide, pentafluorobenzene, and sodium hydrox- 
ide. 

c 

2 CSFSH + HgBrz- + 2 OH- + (CsFs)2Hg + 4 Br- + 2 HZ0 (1) 

Aqueous tert-butanol was the most satisfactory solvent, but low yields of mercu- 
rial were still obtained with water alone (see Experimental). Ethanol or metha- 
nol cannot be used, as they are oxidised by alkaline tetrabromomercurate(I1) 
ions (see below). Maximum yields were obtained using either an excess of hy- 
droxide ions or of pentafluorobenzene, the former being preferable in view of 
the cost of the polyfluoroarene*, and the minimum excess of lithium bromide 
(mol. ratio LiBr/HgC12 = 15/l, giving [12] predominantly HgBri-) necessary 
to prevent significant precipitation of mercuric oxide. Although both penta- 
fluorobenzene [13] and bis(pentafluorophenyl)mercury [14] undergo nucleo- 
philic substitution with hydroxide ions, the high yield of mercurial obtained when 
using an excess of base shows that fluoride elimination is unimportant under 
the present conditions_ 

The simplicity and convenience of the single preparative step, coupled with 
the good yield and easy purification, should make mercuration under basic con- 
ditions the preferred route to bis(pentafluorophenyl)mercury. Of the many re- 
ported syntheses [15] (for preparations subsequent to the review [15], see refs. 
16-18), the Grignard method [ 191, the reaction of pentafluorophenylhydra- 
zine with mercury and mercuric oxide (requiring prior preparation of finely 
divided mercury [ 20]), preparation and symmetrization of pentafluorophenyl- 
mercuric trifluoroacetate [21], and reaction of pentafluoroiodobenzene with 
mercury 1223, appear the most suitable for medium-to-large scale quantities. 
The first three have the disadvantage of two preparative steps [19-211, whilst 
the last has a more difficult procedure (sealed tube at elevated temperatures) and 
a longer reaction time [22] than the present method, which has the further ad- 
vantage of using the cheapest source (cost/m01 basis) of the pentafluorophenyl 

group- 
(Pentafluorophenyl)phenylmercury and (pentafluorophenyl)-p-tolymer- 

cury have been obtained by reaction of the corresponding arylmercuric chlorides 
with pentafluorobenzene and sodium hydroxide in aqueous tert-butanol. 

RHgCl + C6F5H + OH- + RHgC6FS + Hz0 + Cl- (R = Ph or p-MeCBHe ) (2) 

In previous preparations, Grignard (R = Rh) [19] or decarboxylation 1231 (R = 
Ph or p-Me&H,) methods were used. (Pentafluorophenyl)phenylmercury re- 
quired more purification (several recrystallizations) than reported [ 191 for the 
compound from the Grignard synthesis (vacuum sublimation), but we have found 
that both the Grignard and the decarboxylation [23] products require several re- 
crystallizations. In any case, the simple procedure and short reaction time for 

*Cu1~entlyE14/100~from BristolOrganics. 



315 

TABLE 1 

YIELDS (46) OF PRODUCTS FROM CLEAVAGE OF BIS(PENTAFLUOROPHENYL)MERCURY= 

ReaCtiOXl Hg$ Base 
t- 

HgI4 BZSe Base BaSe 
time (in EtOH) (in EtOH/HZO 3/2) (in MeOH) (in t-BuOHIHZO 3121 
(mm 

1 32 29 35 35 (98)b 23 19 (97)b 
5 72 69 80 80 52 

10 52= 49c 88d 86d 92 72= 
15 84 85 a3 
30 0 2 55 52 82 92 
60 42 35 

120 61 99f 

aYields calculated on the basis of reaction (3). b% acid consumed. when HCl. mol. ratio (C~F=J )2Hk/HCl 
= 112. added. Corresponding yields of pentafluorobenzene: c1005-. dlO95. e77%. fYield of Hg 1: 96%. 

mercuration under basic conditions should make it the preferred route to these 
aryl(pentafluorophenyl)mercury compounds. 

(b). Cleavage of bis(pentafluorophenyl)mercury with halide ions 
Reaction of bis(pentafluorophenyl)mercury with an excess of iodide ions 

in alcohols or aqueous alcohols gives tetraiodomercurate(I1) ions, pentafluoro- 
benzene, and base [reaction (3); X = I] *_ 

(C6FS)2Hg + 4 X- f 2 Hz 0 (or 2 ROH) + Hgz - + 2 C6FSH + 2 OH- (or 2 OR-) 

(3) 
With increasing reaction time, yields of tetraiodomercurate(I1) ions and 

base (Table 1) from cleavage in ethanol or aqueous ethanol increase to a maxi- 
mum (< loo%, even though corresponding yields of C,F,H show that cleavage 
is quantitative), and then decrease owing to further reaction giving mercury 
metal and acetaldehyde [reaction (4); X = I]. 

Hgg- + 2 OH- + CH,CH,OH -+Hg+4X-+2H,O+CH,CHO (4) 

Reduction of tetraiodomercurate(I1) ions to mercury in alkaline aqueous etha- 
nol has been independently demonstrated, the number of hydroxide ions con 
sumed per tetraiodomercurate(I1) ion being 2.2, consistent with occurrence of 
reaction (4) and some contribution from reaction (5). 

HgI: - + 3 OH- + CH,CHO + Hg + 4 I- + 2 H,O + CH,CO; (5) 

Reduction of mercuric oxide by ethanol at 150” has been reported [25], but 
does not occur under the present conditions, hence a halogenomercury(I1) spe- 
cies is essential for reduction to occur. The yields of base from cleavage in meth- 
anol (Table 1) show a pattern similar to those in ethanol, hence solvent oxida- 
tion again occurs, though the reaction is slower than for ethanol. By contrast, 
cleavage proceeds straightforwardly in aqueous tert-butanol giving near quanti- 
tative yields of base and HgI, 2 - Decomposition by iodide ions is accelerated _ 

* 
Subsequent to owz preliminary communication Ill]. cleavage of the mercurial by iodide ions in 
N.N-dimethylformamide has been briefIy reported (241. 
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markedly on addition of hydrochloric acid (Table 1). The mercurial is stable to 
acid cleavage in the absence of added halide ions (see Experimental, and ref. 19). 

Cleavage with bromide ions [reaction (3); X = Br] is very incomplete in 
aqueous tert-butanol, consistent with the preparation of bis(pentafluorophenyl)- 
merc_J in good yield by the reverse reaction (1). In aqueous ethanol, tetrabromo- 
mercurate(II) and hydroxide ions obtained from cleavage are consumed by 
reaction (4), which is faster for X = Br than X = I. With added acid, cleavage is 
virtually quantitative in both solvents. 

Removal of highly electronegative groups from mercury by halide iohs ap- 
pears to be a fairly general reaction, and has alsd been observed for perfluoro- 
aLkylmercurials [24,26,27], phenyl(trihalogenomethyl)mercuria_ls 127,283, some 
mercurated phenols [ 291, and cr-mercurated sulphones [30], aldehydes 1311, 
carboxylic acid esters [24, 311, and ketones [31] _ 

(c). Cleauage of (pentafluorophenyl)phenylmercury with iodide ions 
(Pentafluorophenyl)phenylmercury is rapidly cleaved by an equivalent 

amount of sodium iodide in aqueous acetone. 

PhHgC6F5 + I- + Hz0 + PhHgI + OH- + C6F5H (6) 

However, decomposition with a large excess of iodide ions (mol. ratio, NaI/- 
PhHgC6F5 = 67/l) in aqueous ethanol gives tetraiodomercurate(II) ions and di- 
phenylmercury as major products, due to disproportionation (7) followed by 
the cleavage reaction (3) (X = I). 

2 PhHgCGFs + Ph,Hg + (CbF&Hg (7) 

The alternative route, reaction (6) followed by (8), can be ruled out since 
phenylmercuric iodide is not symmetrized by iodide ions [ 32 ] . 

2PhHgI+2r+HgI;-+Ph*Hg (8) 

No disproportionation of (pentafluoropheny1)phenylmercm-y in refluxing aqueous 
acetone or aqueous ethanol was observed with reaction times similar to those for 
cleavage, but catalysis of reaction (7) by halide ions is likely [see e.g. halide in- 
duced disproportionation of (pentachlorophenyl)(pentafIuorophenyl)mercury 
[33]), and would be far more pronounced with the large excess of iodide used 
in aqueous ethanol. 

(d). Possible mechanisms for mercuration and cleavage 
Since mercuration under basic conditions [reactions (1) and (2)] is the 

reverse of cleavage by halide ions [reactions (3) and (6) respectively], the mech- 
anisms must be closely related. In basic alcoholic media, pentafluorobenzene 
yields pentafiuorophenyl carbanions [ 34]*, which can react with a halogeno- 
mercury(I1) species in the mercuration step. This is represented in Scheme 1 for 
(C6Fs )zHg. 

*Deprotonation is far faster than nucleophilic displacement of fluoride 1341. perhaps explaining the 
the absence of significant competition from fluoride elimination in the present syntheses [section 
@)3. 
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(a). Using an excess of sodium hydroxide. A soln. of lithium bromide hydrate 
(3Og, ca. 290 mmole), mercuric chloride (5.4 g, 20 mmole), sodium hydroxide 
(4.9 g, 122 mmole), and pentafluorobenzene (6.8 g, 40 mmole) in 200 ml 
aqueous tert-butanol was stirred vigorously and heated under reflux for 4 h. 
(The mercuric and lithium salts were dissolved before addition of sodium hydro- 
ide.) The reaction mixture was filtered, and the filtrate was poured into a large 
volume of. water precipitating bis(pentafluorophenyl)mercury, which was recrys- 
tallized from aqueous methanol (yield 7.9 g, 75% based on HgCl, ), m.p. 141- 
142”, lit. [19] m-p. 142”, mixed m.p. (with a sample obtained by the Grignard 
method [ 19]), 141- 142”. The infrared spectrum of the product was identical 
with that of the authentic compound obtained by the Grignard method [ 19 J . 
The yield was not increased by a longer reaction time or a larger excess of lith- 
ium bromide. 

(b). Using an excess of pentafluorobenzene. A soln. of lithium bromide 
hydrate (22.5 g, ca. 220 mmole), mercuric chloride (4.9 g, 18 mmole), sodium 
hydroxide (1.6 g, 40 mmole), and pentafluorobenzene (9.0 g, 54 mmole), in 200 
ml aqueous tert-butanol was stirred vigorously and heated under reflux for 4 h, 
further pentafluorobenzene (4.5 g, 2’7 mmole) being added after 2 h. Treatment 
and purification as in (a) gave the mercurial (69%), identified as above. The 
preparation can also be effected using mercuric oxide in place of mercuric 
chloride and sodium hydroxide. 

(c). Effect of omission of tert-butanol. A mixture of pentafluorobenzene 
(4.0 mmole) and an aqueous solution (20 ml) of mercuric chloride (2.0 mmole), 
sodium hydroxide (4.75 mmole), and lithium bromide hydrate (ca. 25 mmole) 
was heated under reflux for 4 h giving bis(pentafluorophenyl)mercury (17%). 

Synthesis of (pentafluorophenyl)phenylmercury by mercuration under basic 
conditions 

A suspension of phenylmercuric chloride (6.3 g, 20 mmole) in aqueous tert- 
butanol (100 ml) containing sodium hydroxide (0.97 g, 24 mmole) and penta- 
fiuorobenzene (4.4 g, 26 mmole), was stirred and heated under reflux for 45 
min, the arylmercuric halide dissolving after 5 min. The reaction mixture was 
cooled and poured into a large volume of water precipitating (pentafluoro- 
phenyl)phenylmercury, which was recrystallized several times from carbon tetra- 
chloride (yield 3.0 g, 33% based on PhHgCl), m.p. 161 - 162”, lit. [19] m.p_ 
164”, mixed m.p. (with a sample m.p. 161- 162” obtained by the Grignard 
method [19]), 161- 162” _ The infrared spectrum of the product was identical 
with that of the authentic compound obtained by the Grignard method [19] _ 

Synthesis of (pentafiuorophenyl)-p-tolylmercury by mercuration under bask 
conditions 

Similarly, p-tolyhnercuric chloride (0.66 g, 2.0 mmole), sodium hydroxide 
(0.50 g, 12.5 mmole), and pentafluorobenzene (0.34 g, 2.0 mmole) in 20 ml of 
aqueous tert-butanol gave (reaction time, 15 min) (pentafluorophenyl)-p-tolyl- 
mercury (0.55 g, 60%, from hexane), m.p. 171 - 172”, lit. [23] m-p. 170 - 172”. 
(Found: C, 34.6; H, 1.9; F, 20.3. &H,F,Hg cakd.: C, 34.0; H, 1.5; F, 20.7%.) 
The infrared spectrum was identical with that of an authentic sample obtained 
by decarboxylation 1231. 
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Cleavage of bis(pentafluorophenyl)mercury with halide ions 
Yields and products were generally unaltered when the reactions were 

carried out under nitrogen. A nitrogen atmosphere was used to prevent water 
absorption during cleavage in anhydrous t-butanol. 
(a). Reactions with iodide ions. For reactions in Table 1, a soln. of bis(penta- 
fluorophenyl)mercury (0.50 mmole) and sodium iodide (33 mmole) in 20 ml of 
the appropriate solvent was heated under reflux. [When acidic conditions were 
required (Table l), HCl (1.0 mmole) was added.) The reaction mixture was-then 
cooled in ice and the alkali formed (or unreacted acid) was determined volume- 
trically. After filtration to remove mercury (reactions in ethanol or methanol) or 
unreacted mercurial, the yield of tetraiodomercurate(I1) ions was determined 
by precipitation as bis(methyltriphenylarsonium) tetraiodomercurate(I1) [ 421. 
Identities of products from representative reactions were confirmed by melting 
points [42] and infrared spectra [43]. The precipitation procedure was found to 
be near quantitative (2 96%) in the solvents used. Yields of pentafluorobenzene 
were determined by ultraviolet spectroscopy and gas-liquid chromatography, 
the compound being distilled from the reaction mixtures during the final 5 min 
of reaction time. No other volatile fluorocarbons were detected. Cleavage of the 
mercurial in ethanol for 30 min yielded acetaldehyde, which was swept from the 
reaction mixture with nitrogen and was isolated as the 2,4_dinitrophenylhydra- 
zone 1443 (identified by thin-layer chromatography). Reaction of the mercurial 
(0.50 mmole) with dried (120”) then silica gel) sodium iodide (2.0 mmole) in 20 
ml of refluxing anhydrous tert-butanol (twice distilled from calcium hydride) 
for 30 min gave base (27%) and HgIi - (29%). The corresponding reaction in 
aqueous tert-butanol gave base (62%). 

Bis(pentafluoropheny1)mercur-y was recovered unchanged after being heated 
under reflux in aqueous ethanol, with or without added acid, using conditions 
similar to those of the cleavage reactions. When pentafluorobenzene (1.0 mmole), 
sodium hydroside (1.0 mmole), and sodium iodide (33 mmole) in 20 ml of aque- 
ous tert-butanol were heated under reflus for 3X h, base (9%) was consumed. 
(b). With bromide ions. Cleavage reactions were carried out in a similar manner 
to those with iodide ions. In aqueous ethanol, mercury was deposited, and yields 
of base were 3-12X for reaction times of 10 min to 4 h. The yield of pentafluoro- 
benzene was 53% after 1 h. With added HCl, 96% of the acid was consumed in 30 
min. In aqueous tert-butanol, no mercury was deposited, and base (24%) and 
tetrabromomercurate(I1) ions [26%, determined gravimetrically as (MePh,As)z- 
HgBrit [ 373 ; 85-90% of HgBrz- is precipitated] were obtained after 2 h. The 
yield of pentafluorobenzene was 35% after 1 h. There was little change in the 
yield of base from 30 min to 6 h. With added acid, 87% was consumed in 15 min, 
and 96% in 30 min. 

Cleavage of (pentafluorophenyl)phenylmercury with iodide ions 
(a). In aqueous acetone. (Pentafluorophenyl)phenylmercury (0.50 mmole) 

and sodium iodide (0.50 mmole) in 20 ml aqueous acetone were heated under 
reflux for 10 min yielding base (77%). Addition of water precipitated phenyl- 
mercuric iodide (SO%, after being washed with carbon tetrachloride to remove 
PhHgC,F,), m-p. 270”, lit. [45] m-p. 264 - 266”, the infrared spectrum being 
identical with that of an authentic sample prepared from phenylmercuric acetate 
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1461. Under similar conditions, bis(pentafluorophenyl)mercury (0.25 mmole) 
and sodium iodide (0.50 mmole) gave base (54%). 

(b). In aqueous ethanol. (Pentafluorophenyl)phenyImercury (0.50 mmole) 
and sodium iodide (33 mmole) in refluxing aqueous ethanol (20 ml) for 10 min 
.gave base (90%) and tetraiodomercurate(II) ions (68%), determined after remo- 
val of the white precipitate obtained during titration of base. Extraction of the 
precipitate with boiling hexane gave a residue of phenylmercuric iodide (ea. 
20%; infrared identification), m.p. 267 - 268” (after vacuum sublimation), and 
evaporation of the solvent to crystaIIiz&tion gave diphenylmercury (50%), m-p. 
124”, ht. [47] m-p. 125” (infrared identification 1483). 

Reaction of tetrahalogenomercurate(II) ions with alkaline aqueous ethanol 
(a). Tetraiodomercurate(II) ions. Mercuric iodide (0.50 mmole), sodium 

iodide (33 mmole) and sodium hydroxide (1.0 mmole) in 20 ml aqueous etha- 
nol were heated under reflux giving mercury metal. After 1 h, base (34%) and 
mercuric iodide (42%, as Iigz-) remained, and after 4 h, 7% and 17% respective- 
ly, remained. The amounts consumed were hot significantly affected when a 
nitrogen atmosphere was used, and no reaction occurred on omission of ethanol 
or base. ln the absence of sodium iodide, base was consumed and mercury and 
mercurous salts were obtained_ No reaction occurred between mercuric oxide 
(commercial, freshIy precipitated, or precipitated “in situ”) and refluxing aque- 
ous ethanol in the absence of halide ions. Qualitative tests showed that alkaline 
tetiaiodomercurate(I1) ions oxidise methanol_ 

(b). Tetrabromomercurate(II) ions. On reaction of mercuric bromide (0.50 
mmole), lithium bromide (33 mmole), and sodium hydroxide (1.0 mmole) in 
20 ml refluxing aqueous ethanol, 93% of the base was consumed in 30 min. 
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