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Summary 

A mechanism IS proposed for the symmetrlzatlon of arylmercurlc salts m 
the presence of chelating agents The roles of the chelating agent and auxiliary 
ilgand (which IS necessary tn most cases) are considered The proposed mechanism 
mcludes three maln steps (1) dlssoclatlon of the arylmercurlc salt, (II) forma 
tlon of a reactive cornpIe\ between the lonlzed arylmercurlc salt and the che- 
lating agent, (1~) an electrophlllc substitution at a C-Hg bond via a two elec- 
tron, three-center bond type transItIon state 

Introduction 

Most of the studies of the mechanism of symmetrlzatIon of organomercunc 
salts have involved RHgX In which R IS an alrphatlc group m reactlons carried 
out in the presence of ammonia The exact nature of thrs reactlon and the 
role of each of the reactants are stlli unresolved [ 21 

Reutov, Nesmeyanov et al [3-121 have shown that there IS retention of 
conflguratlon dunng the cleavage of the C-Hg bond Reutov and Beletskaya 

[ 5 71 have reported the reaction to be second order In the alkylmercurlc halide, 
second order tn ammonia (at least a 15 fold excess of ammonia is needed), 
reversible m each step and InhIbIted by the product Jensen [2, 131 concludes 
that the reaction IS stereospecific. the kmetlc expressIon for the reaction rate 
IS R = h[NH,]’ [ RHgBr]‘, the reactlon IS u-reversible, the ammonia has an un- 
portant role m the course of the reactlon, m addition to formmg a complex 
with the mercunc salt produced 

l For part IV see ref 1 
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Reutov et al [9-12,14-171 suggested a four-center type translhon state 
for the reachon but Jensen [ 2). who IS cntlcal of ths descnphon, suggests a 
“two-electron three-center bond” type transltlon state We have been concerned 
mth the symmetnzahon of axylmercurlc salts, In the presence of a chelatmg 
agent, such as ethylenedlamlnetetraacehc acld(EDTA) and an auxdlary lrgand 
nucleophlle as represented m eqn 1, and have undertaken a detaki study of 
the mecharusm 

2ArHgX + Che n”c’eophBe* Arz Hg + Hg Che (1) 

Che = chelatmg agent 

We descnbe below our observations on the role of each of the reactants and 
our proposed muIt step mechanism for the symmetrlzation 

Results 

Ionlzahon of the arylmercunc salt (_+rHgY) ~5 an nnportant feature of the 
symmetnzahon process The yield under Identical condlhons, benzene/H,0 
(95/5) mixture for C,H,HgX falls m the order (X =) NO,, CIO, (95%) > OAc 
(90%) > OH (80%) > BOz (60%) > BzO (45%), Cl (45%) > Br (20%) (No reac- 
tlon occurs for X = I ) 

Because of the solubillty characterlstlcs of the cbelatmg agent (sodium 
salt) the reachon IS carried out under basic condltlons Addltlon of excess 
hydrorlde Ions slows down the reachon (as shown m Table V m ref 18) AddI- 
fan of common Ion, e g OAc- to the reactlon mLvture of SHgOAc, causes a 
slmllar decrease m rate (Table 1) Furthermore, addltlon of Cl- or Br- Ions to an 
aqueous reactlon uuxture stops the symmetnzahon process because of unmechate 
preclpltatlon of ArHgCl or ArHgBr The symmehlzatlon rate 1s affected by the 
nature of the reachon medium with mL\tures of organic solvents and water, the 
rate and yield decrease along with the dlelectnc constant of the organic solvent 
(Table 2) 

An aqueous solution of phenylmercunc acetate has an absorption at h = 
241 nm (log E = 2 02) at this wavelength The IJV spectra of aqueous solutions 
of phenylmercunc acetate and EDTX Na, m various ratios show the complex 
ArHg EDTA s formed (see Fig 1) 

TABLE 1 

CDMMDh ION EFFECT DN THE REACTION YIELD AFTER 15 h¶lN AT A CONSTANT pH (11 42 : 0 02) 

OAc- 
2 C&iglgOAc - IOn-BuNHz+ EDT4 hl4 -(‘&Hs)zHe 

Added OAc- WY) Yteld 
(from C~HSH~OAC (bf)) (5) 

- 55 
10 48 
50 37 

100 30 
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TABLE 2 

EFFECT OF SOLVEhT ON THE SYVhlETRIZATION OF C6H5Hg0 4c 

2 C&I,0 ‘.c + EDTA N4 + 10 n BuNH: -*(C&i5)~Hg 

orgamc 5olvenL = Y ieldb 

(S) 

ACelOne 27 
Et.h~Ol 20 
DUSO 19 
THF 12 
DIOXZIIW 12 

a Orgame sol~entfli~0 = 7/I (r/v) * Al&r 15 mm 

ia 
00 

210 240 260 2+0 2&o 290 3do 
b(m) 

F-cc 1 UV SpeCt,Z, Of CgHsHg EDTA CO”lPkX 111 YJIOU ratios Or CbH,HfZOAc and EDTA NQ m aqueous 

solution (a) C6A5HgOAc alone 0x1 CgHgHf304C/EDTA Nz..q 3/l (M/M, (c) C~HSHgOAc/EDPA Naq 211 
(bl/M) (d) CgH5HgOAclEDT4 N4 111 (M/W 



The symmetnzatlon proceeds faster and with higher yields when EDTA 
IS present than when detarev (dlethylenetnammopentaacetlc acid (HOOCCH,)? 
N(CH~)N(CH&OOH)(CH,),N(CH,COOH)~) or detarol (IV-hydrouyethylenedi- ’ 
ammoethanetnacehc acid HOCH2CHI HOOCCHZN(CH~)N(CH&OOH)~) IS 

present as shown by Fig 2 for the symmetnzatlon of phenylmercunc acetate 
with n-butylamlne as auxrl?ary Ilgand 

The above three chelatmg agents were also used U-I symmetnzatlons of 
phenybnercunc acetate In which an excess of sodium thlocyanate was used as 
the auxiliary hgand Addltlon of thlocyanate to phenylmercunc acetate solution 
before addltlon of a chelatmg agent, causes the preclpkatlon of phenylmercunc 
thlocyanate On the other hand, addltlon of the thlocyanate to phenylmercunc 
acetate solubon contammg a chelatmg agent causes copreclpltatlon of phenyl- 
mercunc thlocyanate and dlpbenylmercury Both the relahve and the absolute 
amount of the two compounds m the precipitate are functions of the effwency 
of the cbeiatmg agent and of its concentration m the reaction mLnture, provided 
a constant mIttal concentrahon of the thlocyanate IS used Table 3 summarizes 
the results obtamed after 5 mm reaction hme m the symmetrlzatlon of phenyl- 
mercunc acetate UI the presence of various amounts of EDTA, detarex and 
detarol with an excess of NaCNS to prowde the auslllary hgand 
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TABLE3 

INFLUENCE OF THE CHEI.,P,TINC 9GENT (NATURE AND CONCENTRATION) ok, THE 

SY~IETRI~~TION YIELDI~ T~~EPRESENCEOFEXCESSTHIOC\ AhATE 

2 C5HsHgOAc + Cbe Cz (Cf,H,)?Hg 

chelatmg Cbe (bl)l 
agent C,H5HgOAc (\I) 

(C,H5)2% 
m product 
nuxturea b 
(C) 

Yield of 
fC6Hsk?Hg’ 
r=ob) 

0 23 313 125 110 
EDTA 050 168 51 0 24 0 

1 00 45 66 0 85 

0 25 93 200 52 
Del..Wex 0 50 52 63 0 110 

1 00 3-l 74 0 69 

0 25 185 8-l 44 
De~yol 0 50 39 72 0 81 

1 00 30 56 4 -?6 

= 4f1er 5 mm b CalcubLed from the C H and N tIemental analyns 

F;lg 3 Lnfluence of EDTA Na coocenhahon OKI the symmetrUaLlon of Cfl5HgOAc ID aqueous solution 
fpH 11 45 = 0 05) and u1 the presence of prpendme [pipendLne/C~H,HgOAc 5/I (PJ/AJ)] 0 alter PO b 

0 alter 12Omu-1 3 after30mm n alter 15mm 
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T4BLE 4 

INFLUENCE OF EDTA Na_, RELATIVE CONCENTRATION CN THE SYhlMETRIZ4TION OF 
Ca5HgOAc a 

EDTA Na 
2 C&l5HgOAc + LO n BuNH: ‘(C,H5)2H~ 

EDTA - N~Q (MH)/CbH5HgOAc t \I) 

It was found that the concentration of the chelatrng agents has a marked 
effect m mcreasmg both the reactlon yield and rate when it IS increased up to a 
molar ratlo of 0 5/l (chelatmg agent = arylmercunc salt), but Farther Increase 
In this ratlo, leads to a decrease In the reactlon rate with no slgnlflcant change 
III yield Thts behavlour IS tilustrated m Fig 3 for the symmetnzatlon of phenyl 
mercunc acetate bvlth EDTA Na, with plpendlne as auxlllary llgand 

The same effect IS observed when F BuNHz IS used as an au\lhary llgand 
(Table 4) and also In the absence of an auvlllary llgand (Table 5) With ammonia 
as an auxdlary Irgand, the reactlon reaches completion (95% yield) after a few 
seconds and no sultable method was found for followmg Its process Replacmg 
the ammonia hydrogens by alkyl grclups on gomg to pnmary and secondary 
ammes causes a decrease m the reactlon rate and lowers the yield The sym- 
metrlzatlon 1s slower Hlth pnmary than with secondary ammes present, whde 
nucleophdes contrurung no ammo group have even greater retarding effect 
(see Fig 3 and Table VII of ref 18) 

Increasing the amount of the auxiliary lrgand up to a molar ratlo of 5/l 
(auxhary hgand = arylmercunc acetate) causes an mcrease, both m the sym- 
metrxzatlon yield and rate Further Increase of ihls ratlo slows the reactlon but 

TABLE 5 

SYWMETRJZ9TION OF m (CH~I$!,,H~Ht?.OAc IN THE PRESENCE OF EDT.4 NZQ 4ND THE ABSENCE 
OF NUCLEOPHILEa b 

EDTA N.q 
2m <CH&$~H3HgOAc +[m (CH3)&,H31zHe 

EDTA Nq WM’~_(CH~)+,H~HI~OAC (u) Ywld = 
vw 

05 24 

075 16 
la0 8 
1 25 6 

=InaH,O/EtOH(3/2 V/V)muture bAtacoDsLant~H(1145+005) =After15mm. 



has no effect on the yield These flndmgs are summarized m Rg 1 of ref 18 
For the arylmercunc acetates, the greater electron releasing power of the 
substltuent C$,H,HgOAc the higher IS the rate and the yield (after 24 h) (see Fig 
3 of ref 18) Addltlonal electron donating substltuents also further Increase the 
rate (CH,),C,H, > (CH,),C,H, > CH,C,H, > C6H, 

The same yield (45 f I%, after -I5 mm at pH 11 4) was obtamed for the 
followmg pass of reactlon systems 

Phenylmercurlc acetate moved with plpendme for either one mmute or 24 
h, before addmg EDNA Na, 

Phenylmercurlc acetate moved with EDTA Naq for either one minute, or 
24 h, before addmg pipendme No nng lsomenzatlon was found dunng the 
symmetnzatlon of substituted arylmercunc salts, e g ortho- or par-u-substituted 
salts yield the dl-ort’lo or dl-para symmetrlzahon products, respectively 

Analysis of residual solution m those evpenments m which the fmal yield 
(after 96 h) reaches only 80’S, reveals the presence of starhng matenal which 
does not react further but which can be preclpltated quanhtatlvely as ArHgCl 
by adding HCI Furthermore, addition of further starting material after the 
reaction has ceased leads to formatlon of more symmetrtzahon product 0~ the 
other hand, no more symmemzahon is brought about by addmg more EDTA m 
Nh or auzzuxy hgand 

Dlscusslon 

Based on the results of thw work and related studies [ 1, 181 we propose 
below a mecharusm for the symmetrtzatlon process of arylmercunc saI= in the 
presence of a chelating agent together with (or m some cases tn the absence of) 
an auxrllary hgand 

The overall reactlon (eqn 1) can be dwlded into 3 mam steps 
Ionlzatlon of the arylmercunc salt ArHgX * ArHg’ + X- 
Complexatlon of the arylmercunc catlon with the chelatmg agent 

tiHg+ + Che”- s ArHgChe”-” 
Electrophlllc substitution at the C-Hg bond ArHg’ + ArHgChe”-” + 

ArHgQ + H&he”-” 

ionlcatron 
The lonlzatlon process IS an essential step In the fist stages of the reaction 

Compounds having a covalent Hg-X bond (e g phenylmercurlc lodlde [ 191) 
do not symmetrize under these condlt;ons The need for mltlal loruzatlon ES 
Indicated by the followmg observations 

Changng of the anion m C,HSHgX from X = 0.4~ or NO3 to anlons such 
as borate, benzoate or chlonde which form a partly covalent bond [19] causes 
a decrease m the reactlon yield 

With ArHgOAc, mcreasmg the pH above 11 5 causes a decrease m both 
yield and rate The decrease results from the reachoh between ArHg’ and OH- 
to form ArHgOH which IS less lonlzed than ArHgOAc [ 191 

In a mL.ture of water and organic solvents, use of organic solvents havmg 
a low dielectnc constant, e g THF or dlouane, leads to lower rates and yields 
than use of acetone, ethanol, or DMSO which have higher dlelectnc constants 
(see Table 2) 
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Addltlon of anlons such as carbonate, thlocyanate, sulftde, and thlosulfate 
causes the preclpltatlon of the corresponding arylmercunc salts 

It LS worthwhlle to note that the Influence of both thtosulphate and thlo 
cyanate (whtch can also serve as an auxlllary Itgand) on the course of the 
reaction 1s a function of the pH, theu concentration to that of the arylmercurlc 
salt and the presence or absence of EDTA Na, 4ddltlon of thlosulphate to 
PhHgOAc solution before addltlon of EDTA Na! or at an acldlc pH causes 
Immediate preclpltation of (PhHg)&O, On the other hand, addWon of the 
same amon to a basic solution of PhHgOA,. or after the addltlon of EDT-4 Na. s20, 3- 

leads to FormatIon of the complex 
L/ 

[ 1 PhHgr which partIc!pates in the 

‘s,o, 

syrnmetrlzatlon 
The addltlon of thlocyanate to a reactlon mixture contnlnlng EDTA NaA 

causes the formatlon of symmetrlzatlon product wlthout formatIon of aryl 
mercuric thiocyanate only If It IS added in no more than five fold excess relative 
to the arylmercunc salt At higher ratios. a substantlnl amount of PhHgCNS IS 

copreclplhted wtth the symmetrlzatlon product 
The extstence of the reversible lonlzstlon reactlon 15 revealed also by the 

common ion effect found In the symmetrlzatlon process (Table 1) The reversible 
lontzatlon process IS further Indicated by the fact that In no case does the sym 
metr.zatIon yield the stolchlometrx amount of dlarylmercurv compound, even 
though unchanged 4rHgX IS foulld after a long reaction time, when no further 
Increase in the yield IS takmg place The formatIon of ?uqHg tenas to shift the 
equtltbrmm fgr the ionlzatlon process to the right by reducing the amount of 
free 4rHg’ catlons, this leads to a progressive Increase In the anIon concentration 
whrch m turn causes the reversible assoclatlon reactlon to predommate Hence 
the whole symmetrlzatlon process IS self retarded 

Complex formatton 
Foltowlng the lonlzatlon step, the XrHg’ cation forms a complex with the 

chelating agent (step 2) Compleves of Hg” with different llgands (poly or 
mono-dentate) mcludlng EDT4 are described In the literature [ 20 231 In add1 
tlon, compleves of PhHg’ with various nucleophties are bow-n [ 24-261 Although 

no complexes of arylmercunc salts with chelating agents are described In the 
Irterature, the enhancement In the UV absorption of A.rHgX m the presence of 
EDTA - Na, (as 1s shown m Fig 1 For phenylmercunc acetate) lndlcates the 
formatlon of such a complex 

Formally the symmetrlzatlon hhes place through a reactlon between two 
electrophdes (_kHg’) bvlth expuislon of the Hg’+ catlon The contnbutlon of 

EDTA - Na to this process IS to convert one of the electrophlles into a nucleo 
phtie through complex formatlon 

Thz reverslbtity of this step IS mdlcated by the observation that an excess 
of chelattng agent, e g [chelatmg agent]/[ArHgX] > 0 5 decreases the rate but 
has no effect on the yield (Tables 5 and 5 and Fig 3) Ths result mdlcates that 
a reversible, l/l (chelatmg agent/ArHg+) complex IS formed The highest rate 
1s obkuned when [ ArHgX], = Z[chelatmg agent], 
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Excess of chelatmg agent reduces the concentration of A.rHg+ (via compleua- 
tlon) and hence slo.vs the reactIon, but because of the reverslbllrty of the com- 
plexatlon no change In the fmal yield IS observed Furthermore, the fIndIng that 
the yield IS unaffected by the order of IntroductJon of the reactants, shows that 
the two mltlaJ steps (ronlzatron and complex formation) are reversible 

Efectrophdlc srlbstitlrtion 

This step mvolves an electrophillc attach of ArHg’ on a chelate havmg a 
nucleophrl~c character 

The three factors which Influence the nucleophlle and the electrophlle are 
described below 

Tfzc influence of the cfzelatrn g agent on the tzlrclcophrl~c~t~ of tfle formed 

chefate The factors lnfluenclng both the stablllty and reactlvlty of the 9rHg 
Chc-“” are consxtent with those known for Hg Che-“‘? The analogy IS exphn 
ed by Jensen [ 21 who has suggested that the btructure of 4rHg’ IS basIcally 
4.r’- Hg”“‘) which IS slmllar to Hg’* EDTA, a hexadentate chelatmg agent, 
forms a chelate having four stable five member rmgs, formally reducmg the charge 
on the mercury atom by four charge units Detarol, a five dentate chelating 
agent, IS less effective than EDTA since It forms a chelate having only three 
heterocycllc rings and reduces the formal charge by only three charge units Thus 
correlation between number of rings In the chelate, formal reducclon of charge 
on the mercury atom and efflclency In the sqmmetnzatlon IS manlfested m 
Table 3 and also In the results obtaned with NT4 and 91IDA [ 181 The same 
ekplanatlon accounts for the fact that no symmetrlzatlon tahes place m the 
presence of Ilgands In which the carboxyllc groups are replaced by albyl, cyan0 
or alcoholic groups [ 181 

Arylmercurlc salts sqmmetrlze less effectwely with detarex than with EDTA 
present This LS because the surplus negatwelv charged coordlnatlon dentates 
form an envelope which traps the electrophrle before It reaches the reactJon 
center, VIZ the C-Hg bond 

When the chelating agent carries large groups (DATA) [ 181, sterlc effects 
prevent the formation of a stable complex with ArHg’ [ 2-11 and no symmetri- 
zatlon tahes place 

The rnfluence of tfze aroma&/c sllbstrluent and the nature of the aurdraw 

irgand on the nucleophrlrcrty of tftc chelate The electron donating ability of 
the aromatic substttuent has a substantJa1 effect on the nucleophlllclty of the 
chelate Thus effect IS evident u-r the -orrelatIon between the nature of the 
substltuent and the rate and yield When the aromatic ring bears more than one 
electron donating group (kylyl, mesltyl. duryl, etc ) a highly nucleophtilc 
chelate IS formed which reacts wth the weah electrophllo (ArHg’) In the 
absence of an n~~~xd~ary bgand When the aromatic rmg bears an electron with- 
drawmg group (Cl or Br) or even weah electron donating groups (CH,, OCH,, 
N(CH,),) the nucleophrhclty of the formed chelate LS too small to allow the 
symmetnzatlon In these cases the presence of an auhrllary lrgand (ammonia, 
amme, etc ) rs needed The aukdIary IJgand donates I~ZG lone-pax electrons to 
the mercury atom m the chelate and enhances the C-Hg bond nucleophihclty 
so that attack by the weak electrophde can take place 

At IOW concentratrons the auxiliary bgand contrIbutes only slightly to the 
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enhancement of the nucleophklty of the chelate, and hence the efflclency of 
the process 1s low An mcrease m the reactlon rate and yield 1s observed upon 
mcreasmng the au_ullmy hgand concentration up to a ratlo of 5/l (molar ratio 
of auxiliary ilgand/ArHgX) A further Increase of that ratlo causes a decrease m 
the reaction efficiency (Fig 1 of ref 18) possibly due to a decrease m the 
electroph&clty of ArHg+ because of Its assoclatIon with surplus auxhary 
llgand These hndmgs are .n agreement with those described by Jensen [2] 

The overall efficiency of an austilary llgand IS determmed by two opposmg 
effects 1t.s ability to enhance the nucleophticlty of the formed chelate and 1t.s 
ability to reduce the electrophllwky of ArHg’ 

Eiectrophdrc substltutlon The thud step of the reactlon mvolves cleavage 
of a C-Hg bond (m the arylmercurlc salt) and formatlon of a new C-Hg bond 
(m the symmetrlzatlon product) The fact that no lsomenzatlon occurs evludes 
an SE1 mechanism This conclusion 1s m agreement with those of other mvestlga 
tars [3,10-12.14 161 Accordmg to Nesmeyanov et al , 13, -i ] a back side SE2 
route IS also excluded Reutob [9 12, 14-171 has proposed a four center, concert- 
ed transltlon state This mechamsm, which according to Jensen [2] has not been 
confumed, seems unlikely m our system because of stenc Interference by the 
bulky chelate 

In the bght of our work, It seems that a three-center two electron transitIon 
state of the type shown ,n Scheme 1, best describes the mechamsm of the 
electrophtilc substltutlon step This mechanism IS consistent with Jensen’s 
descnpbon of the transltlon state for the symmetnzatlon of alkylmercuric satts 
[2] and with Olah’s conceptlon of (3 bond nucleophlllcity 128, 291 

SCHEUE 1 

+ 1-n 

ArHg- -I- 
I 

Al- 

72 - n 

- 2-n 

PI-gAr - Hg(Llgand) 

Expenmental 

Ma tenals 
Phenylmercurx salts, PhHgX (where X = NO,, OH, OAc, OBz, Br, I) were 

C P grade, commercially avalable materials The other arylmercunc salts were 
prepared by establtshed methods All the arylmercunc salts were recrystallized 
from organic solvents 

The hgands, EDTA, detarex, detarol, were obtamed as commercial samples 
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as the free acids, and were converted mto the suttable sodium salts by addmg the 
necessary amount of NaOH solution All the ammes were commercial samples 
of C P grade, and were freshly dlstllled before use 

Methods and instruments 
All the compounds mentioned were analyzed by the followmg methods 

meltmg point. elemental analysis, PMR (Var~an T-60), IR (Perks-Elmer grid 
IR model 457), mass spectra (Vanan Mat model 311 m&s spectrometer) and 
UV (Vanan Cary 17 spectrophotometer) 

pH measurements were carried out with a Coleman hletnon IV pH meter 

Procedures 
For deta& of esperunental procedcres see ref 18 
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