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Summary 

The fortnatlon constants for CH,HgCl,- at 26°C (0 31 i/mole), and for 
CH,HgBr,- at 26°C (0 91 I/mole) and at 60°C (0 70 l/mole) m ethanol solution 
have been determined from the vanation of Hg NhIR chemical shift (by INDOR) 
with composltton of methylmercunc halide-hthlum halide solutions These 
data have been employed m a reekammatlon of the ‘one-amon” and “two aruon” 
catalysed reactlons of mercuric bromide with alkylmercunc bromides 

Introduction 

In a most important senes of papers [l-6] Hughes, Ingold and theu co- 
worhers establtshed the stereochemical aId klnetx features of substitution m 
simple alkylmercunals by simple mercury electroph!les Their mechanlshc 
mterpret.atlon LS In dispute [7], but the mam thrust of the counter argument 
concernmg the apphcatlon of the concept of mlcroscoplc reverslbd1t.y has been 
shown to be erroneous [ 81 Whatever the subsequent Interpretation, the ekpen- 
mental fmdmgs are of great Importance, m particular the observation tn some 
cases of catalysis by halide Ions The mterpretatlon of this catalysis and Its 
analysis mto mdlvldual rate steps IS hampered by absence of formatlon constant 
data for the species mvolved appropnate to the condltlons of the reactions 

Various methods are avalable for the determmatlon of formatlon constants, 
e g conductI\@ and polarography, but these are dlfflcult for non aqueous 
systems and we concluded that the variation of ‘99Hg NMR chemical shift of 
the methylmercurlc halide m solutions contammg llthlum hahde at concentrations 
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comparable mth those of the kinetic studies would be the most appropriate 
method of mvestlgatlon 

Expenmenta! 

Methylmercunc chlonde and bromide were punfled as described previous 
!Y 191 AR grade llthlum salts were used wlthout further punflcatlon Ethanol 
was absolute CR (Merck) 

‘99Hg NMR spectra were obtamed m the INDOR mode by u-radiation of 
the high field component of the methyl group doublet In the proton spectrum 
[lo]. The PS-100 spectrometer was operated m the frequency sweep mode 
mth the field locked at the solvent CH, group for methylmercurlc chlonae, the 
solvent OH-group for methylmercurIc bromide at 26°C and the solvent CH,- 
group for the studies at 60°C These lock posltlons were dlctated by the complex 
nature of the spectrum of the solvent (“‘CH,CHzOH and CH3’*CH20H are 
present at concentrations of ca 2 mo!/l, which 1s twice that of the methylmer 
cunc halide and consderably greater than CH,‘99HgX ) The uradlatron 
frequency was denved from a Rohde and Schwarz BNB4144803 Synthesizer 
swept by a ramp voltage from a Hewlett-Packard HP 3304A umt and monitor 
ed by a Hewlett-Packard HP 5244L Counter \wvlth an eight dlgt read-out DI 
methylmercury In a capdhary was used as an external reference In the first 
(wlthout added lithmm halide) and the last (maImurn llthlum hahde) measure- 
ments of each series 

TABLE 1 

‘991igCHEMlCXL SHIFTS hIETHYLh7ERCURIC CHLORIDE IY ETHXWOL (&C) 

ICH+WII [ LICI I L2 “3 6 

(rnolll) (molll) (Hz) (Hz) (mm) 

Rel (mexpl. no 1) 17909280 

1 0 0998 

2 00991 

3 0 0388 

4 0 0907 

5 0 0989 

6 0 0987 

7 0 0986 

8 0 0973 

9 0 0978 

10 0 0983 

11 0 0979 

12 0 0979 

13 0 0976 

14 0 0973 

16 0 0974 

16 0 0967 

Ret (m erpf.. x10 16) 

0 000 17894430 1789-l221 000 
0 0387 1189-l464 17894255 1 90 

0 0712 1789-l491 1789-1282 3 -lo, 

0 0970 17894507 17894299 -I 33 

0 1330 17894538 l-894331 6 08, 

0 1651 1789456-l 17894356 7 51 

0 1941 17894585 17894376 8 655 

0 2265 17894613 17891404 1022 

0 2639 17894636 17894428 1153 

0 2873 17894658 17894446 1266 

0 3215 17894679 17894470 13 89 

0 3856 17894724 17894513 16 39 

0 4503 17894764 17894555 1887 

0 5106 17894806 17891597 20 83 

0 5648 1789484-l 17894633 23 26 

0 6394 17894890 17894679 256-l 

17909280 
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Red ts 

Results of methyhnercunc chlonde and bromide are gwen m Tables 1 and 
2 respectively The reference resonance occurs at the same frequency m each 
case for the hthlum halide Free and maxImum soluttons However It 1s at different 
frequencies for the three sets of euperunents due to the different loched fields 
The frequency for the reference at a field strength corresponding to tetramethyl- 
s&me at 100 000 MHz LS 17910771 (+-4) Hz McFarlane [ll] reports 17910670 
Hz for a neat sample 

The frequencies of the central pair (1~~ and v,) of the 199Hg quartet are hst- 
ed The mean of these LS the mercury chemical shift from which the hthlum 
halide mduced changes, 6, are obtamed The difference between each paz LS 
‘J( ‘H-‘99Hg) and were found to be 209 +- 1,205 + 1 and 206 + 1 5 Hz for the 
three sets of eupenments, essentially as observed In the proton spectra 

Presuming no dlssoclatlon or assoclatlon In the absence of added Ilthmm 
hahde, the chemical shift given by evpenment 1 IS that of the methylmercunc 
halide (6,) Then 

Ethanol, 26” CH,HgCl 876 6 ppm to high field of (CH,),Hg (ext ) 

Ethanol, 26” CH,HgBr 380 1 ppm to high field of (CHI),Hg (cut ) 

Ethanol, 60” CH,HgBr 380 6 ppm to high field of (CH,):Hg (ekt ) 

For the equrlibnum 

TABLE 2 

‘99Hg CHEMICAL SHIMS hlETH\ LWERCURIC BROhlIDE IY ETH4NOL 

ICH3HgBrl ILlBrl 26 C 60°C 

(molll) (molll) 

“2 “3 6 “2 “3 6 

(Hz) (Hz) <PPm) (Hz) (Hz) CPPrn) 

Ref (merit no 1) 17909243 17909314 

1 0 0641 0 0000 17892538 17892333 000 17892599 17892395 000 

2 0 0635 0 OJ68 17892584 17892380 6 93 17892640 17892435 6 06 

3 0 0636 0 0670 17892649 17892-1-14 9 -I7 17892696 17892492 8 32 

4 0 0635 0 0997 17892725 17892519 13 12 17892762 17892558 1149 

5 0 0632 0 137-I 17892794 17892590 17 36 17892829 17892620 15 20 

6 0 0630 0 1722 17892865 17892659 31 32 17892884 17892681 18 80 

7 0 0626 0 2138 17892908 17892703 25 89 17892927 1789271-l 12 03 

8 0 0626 0 2407 17892957 17892752 27 62 17852980 17892774 24 33 

9 0 062-l 0 2727 17893008 17892804 30 40 17893026 17892822 27 32 

10 0 0622 0 3050 17893059 17892852 33 22 17893068 17892863 29 94 

11 0 0619 0 3385 17893151 17892911 35 97 17893160 17892954 32 26 

12 0 0617 0 3997 17893230 17893029 41 52 17893241 17893034 37 31 

13 0 0610 0 -I739 17893307 17893102 45 87 17893309 17893102 41 84 

14 0 0607 0 5312 17893378 17893172 49 75 17893384 17893176 -1566 

15 0 0603 0 5953 17893443 17893239 53 76 17893452 17893243 49 75 

Fief (In expL. no 15) 17909243 1790931d 



286 

CHxHgX + X- “=’ CH,HgX,- 

a--x b-x x 

x = &(a - x)(b -x) = Kf6(a -ix) 

Lf 6 3 a and/or KI 1s small 

Only one mercury resonance and one methyl g-roup proton resonance are 
observable so that the reactlons Involved In the equtltbnum are rapId on the 
NMR tune scale These resonances occur at the welgbted average of those of the 
components of the equlllbnum Hence 

6 + ~3~ = tiO(a - r)/a + 6,x/a 

6 = K,b(S, - 60)/(1 + K*b) 

Where 6, 1s the chemical shift for CH,HgYI- 

6-l = (6, - SJ’ + &‘(a, - 6,)-‘6-’ 

which eves by least squares analysis 

Ethanol, 26” CH,HgCl 6-1 = 0 0066(? 0007) -I- 0 0210(? 0001-)b_’ 
Ekperlments 5 16 

Ethanol, 26” CH,HgBr 6-l = 0 0067(x 0001) + 0 0071(r 0OOO)K 
Experunents 7 15 

Ethanol, 60” CH,HgBr 6-l = 0 0059(+0 0002) + 0 0084(+ oool)b- 
Evperlments 7-15 

For the excluded data b IS not substantially greater than a, and there are 
devlatlons from the above lmear relatlonshlps quantitatwely as expected 

The quantities pertammg to the equlllbria are 

Ethanol, 26” CH,HgCI RI = 0 313 C 0 032 l/mole, S, - b. = 153 f 15 ppm 

CH,Hg&- 124 ppm to high field of (CH,)?Hg (ekt) 

Ethanol, 26”CH,HgBr KI = 0 938 5 0 014 l/mole, 6, - 6, = 149 + 2 ppm 

CHIHgBr2- 231 ppm to high field of (CH,),Hg(ext) 

Ethanol, 60” CH,HgBr KI = 0 702 + 0 016 l/mole, 6, - ZiO = 170 5 6 ppm 

CH,HgBr2- 211 ppm to high field of (CH,)?Hg (ext.) 

Although no results have been reported for non aqueous solutions, the 
behawour of mercunc hahdes m aqueous solutions has been thoroughly studled 
and there IS some mformatlon concernmg methylmercunc hahdes (Table 3) 
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TABLE 3 

DISSOCL4TION 4UD ASSOCIATION LN AQUEOUS SOLUTIONS 

HgClz = ClHg+ + CI- 
HgBr> = BrHs+ + Cl- 
H&l? + Cl- = H&13- 
H&l 3- + Cl- = HI@@- 
HgSrI + Br- = Hg13rj- 
HgBr,- + Br- = HgSt$- 
CH IHgCI + CH,Hf + CI- 
CH,HsBr = CH,Hg’ + Br- 

hd = 5 x 10-7 mol/l [ 131 
hd = 5 y 10+ mO!/l [ 121 

hf = 9 molll 1121 
hf = 1 X lo’- mol/l [ 121 
hy = 2 X lo1 mol/I [It!! 
hf = I X 1O’molflI12~ 
h’d q 6 X low6 mOi/l [ 131 

hd = 4 X IO-‘mol/l I131 

[ 12, 131 It would be antmpnted that for non aqueous solutions, particularly 
those In which solvatlon of the halide IS poor, the already unfavourable dlssocla 
tlons WI.U have smaller hrd values but the assoclatlon reactIons will be favoured 
as 1s the case for the sdver halide complexes (Table -I) [l-l] 

Llthwm bromide suppresses the rate of reactlon of mercuric bromide with 
bls(2-butyl)mercury m acetone solution such that the klnetlc data can be fltted 
to an evpresslon corresponding to the removal of an amount of mercuric 
bromide equwalent to the added Ilthwm bromide, 1 e essentially complete com- 
plexatlon and negh@ble eiectrophtiwlty for HgBrS- [ 21 From the data for 
all three species lnltlally -I X lOa mol/l in acetone solLltlon (25°C) one may 
deduce that K, = 1 5 Y lo5 for 

HgBr, + Br- * HgBrS- (K,) 

HgBr, + Br- = HgBr4’- (K,) 

and that K2 IS not significant 
For ethanol solution (35”) there are no mdicatlons of slgnlflcant comple\a- 

tlon m the renctlon of 2-butylmercurlc bromide with bls(2-butyl)mercury al- 
though there LS a modest, positwe salt effect for which llthlum bromide IS almost 
as effectwe as Ilthlum perchlorate and four times as effective as llthlum nltrate 
I31 

The salt effect of hthwm nitrate on the reaction of methylmercurlc bromide 
and mercunc bromide (ethanol, 100°C) IS somewhat larger than m the above 
case [ 41, but the effect of llthlum bromide (ethanol, 60°C) IS dramatlc [ 51 The 
behawour IS ascrlbed to catalysis and IS observed beyond two equwalents of 
Ilthlum bromide so that both ‘one-anlon ‘ and “two-anIon” catalysis IS mvolved 

In addltlon to the uncatalysed reactlon 

TABLE-l 

SILVER HALIDElHALlDE COVPLEXnTION a 

AgCi + Cl- = ACCIZ- hf = 35x 105 8X IO’ 2 5 X 1Ol3 mol/l 
Aar + Br- * A&r:! 4 x107 .I x 1010 5 X 10f3mol/l 

u Ref 14 
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0 
CH,HgBr + HgBr2 “A 

two reactlons could be responsible for the “one-anion” catalysis, I e 

(1) 

CH,HgBr f HgBr,- % 

CHxHgBr2- + HgBr2 kg 

and three for the “two anlon” catalysis, I e 

k 
CH&IgBr + FigBra’- - 

(IAl 

(1B) 

(1C) 

CHSHgBr2- + HgBr3- 2 (ID) 

CHSHgBr,‘- •t HgBr, 5 

and w~thm each set these are klnetlcally mdlstmgurshable Thus 

(1E) 

hA[CH,Ha@r][HgBra-] + ka[CH,HgBr2-][HgBr,] = 

( 

k,kA 
- + kB 

h’f ) 
[CH3HgBr2-][HgBr-1 (2) 

and 

k,-JCHaHgBr][HgBr4’-] + kD[CH,HgBr2-)[HgBrl-] f lzEICH,HgBr,?-)[HgBr2] 

kzkc Gb = -+kD + 
Kf 

7 [ CH,HgBr*-][ HgBr3- 1 
I 

(3) 

(R; 1s the formation constant of CHJHgBrJ’-) 

Assummg. as mdlcated from studies of related reactlons, that K, IS substantial 
and K, >> K2, Kf S- K;, then for [L&I, < [ HgBr2 Jsr where the subscnpt ‘s’ 
lndlcates stolchlowetnc concentration, (cf [ 51) 

‘LOrze-utuon ” catalysrs 

him&f 

) 

[ LW, 
k ohs = Rate/[CH,HgBrl,[HgBr21, z k! f 7 -k? [HgBrzl, * 

I 

G&l Lad: 
K,([HgBrzl, - [L*rl,) (4) 

where k’, = kg+ kgKI/Ke 

k’, = k,, + kER:IK, -r kcKzlK, 

and for [ LLBr], > [ HgBrz], 
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“Two anion ” catalym 

k 
6’ k',KI 

obs = + - + I&K,( [ LSr], - [ HgBrz],) 
K,([LIB~I,- [J%Brzl,) K, (5) 

Only four kobs values were reported for the “one-an~on” remon and only 
two of these were employed m the graphIcal presentation of the catalysis 151 
The latter correspond to 

(h’,K, - I&!) 

K, 
=30X10-JImol-‘s-‘,k~=25X 10-51mol-‘s-1 

and the former, for higher concentrations, to 

(k’BKf - k!) 

K, 
= 2 7 X 10mJ I mol-’ s-l, k$ = 13 8 X lo-’ I mol-’ s-’ 

The discrepancy between these values of kp and that observed, 0 5 X 10m5 1 mol-’ 
s-’ for the uncatalysed reactlon IS larger than could be accounted for by salt 
effect alone Kowever a salt effect somewhat larger than that observed for 
lithium nltrate with a contrlbutlon from the third term of eqn 4 ~11 reproduce 
the observed data If 

k’,K,IK, = 3 3 X lo-“ I mol-’ s-‘, /:bKf/K, - 3 X Y.0m5 1 mol-’ s-l 

There LS sufflclent data wlthm the ‘two-anlon” reson for analysts by means of 
eqn 5, which sves a good performance with the first term negllgble and 

k’,K,/R, = 3 5 x lOba I mol-’ s-l, 12; K, = 5 5 Y 10S3 I2 moi-’ s-’ 

These results mdlcate that K, = 1 8 X 10’ 1 mol-’ and that kb/kb = 12 With 
the value of KI found m the present studies 1~; = 8 5 X lo-’ 1 mol-’ s-‘, to be 
compared with k, ’ = 5 X lo-’ 1 mol-’ s-‘, and 1~‘~ = 8 X 10m3 I mol-’ s-’ 

Sunllar stu&es are reported for the uncatalysed reactlons of ethylmercurlc 
bromide (100” and 73°C) and the catalysed reactlon of neopentylmercurrc 
bromide (100°C) [ 61 In the latter case the “one-anion” regon 1s fitted by 

k ohs = 4 X lo-’ + 2 9 X 10mJ [ LrBr],/[HgBr:!], I mol-’ s-’ 

and the “two anion” regon by 

k ,,bs = 3 1 x lo-” + 1 2 X 10-j ([LlBr], - [ HgBr?],) I mol-’ s-’ 

Correctmg for the value of k~K,[LLSrl,/K,([HgBr,], - [ LlBr],) yields 
k; = 3 X 10S5 1 mol-’ s-l, which WIN mclude any salt effect enhancement, 
kLKfIK, = 3 X lo4 I mol-’ s-’ and kbKr = 1 2 X 10m3 1’ mol-2s-’ Takmg 
K, = 1 5 X lo2 I mol-’ at 100°C yields k;K, = 4 5 X lo-* I’ mol-’ s-’ and 
k;lk; c= 40 

As a general mecharustlc prmciple, where a number of evperlmentally 
mdlstmgulshable steps may be postulated, only the mmunum required to account 
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for the observed behawour should be retuned In the case of “one-anion” 
cataJysls reactlon 1A IS rejected on the grounds that all precedents lndlcate 
HgEir3- has negll@ble electTophlllc character relative to HgBr,, I e I$ > k,, 
whereas lt 1s readily appreciated that CH,HgBr?- IS a supenor substrate to 
CH,HgBr, I e kB > izs Thus fzh may be ldentlfied with Iz, 

Reactton 1C may be excluded from conslderatlon In the case of “two amon 
catalysis since HgBr4’- can have no electrophlhc power Reaction 1D could be 
slgndicant If CH,HgBr?- were sufficiently reactive to bnng out any weak electro- 
phlllcky m HgBr,- Companng IL’* and k’, shows that if this were so HgBr-. 
would only be about one power of ten more reactive than HgBr,- This does 
not seem to be the case for ‘ one anlon” cntalysls nor where catalysts IS absent 
However such 3 reactrvlty rat.10 IS reported In the case of 2 pyndmomethyl- 
pentacarbonylmanganese [ 151 On the other hand one might then antlclpate 
a smaller difference between HgBr2 and HgBr,- towards CH,HgBr,‘- leadlng to 
a slgnlflcant “three amon” catalysis The data do not appear to requtre such a 
term The “two anion” process is thus most reasonably identlfled as reaction lE, 
I e fz’D = f:,h’;lK, 

4choowledgements 

We are grateful to the Australian Research Grants Committee for support- 
mg thus work, 3nd particularly for the award of 3 research fellowshIp to one of 
us(VL) 

References 

1 H 6 Charman. E D Hughesand C h ingold J Chcm Sot (1959) 2523 
2 H B Charman E D Hughes and C h tngold J Chem Sot (1939) 2530 
3 H 6 Charman ED Hughes Ch logoldand FG Thorpe J Chem Sot 1121 (1961) 
z E D Hughes C K Ingold F C Thorpe and H C Volger J Chem Sot (1961) 1133 
5 H Et Charman ED Hughes C h losold and H C Vol~er J Cbem Sot (1961) 11-l? 
6 E D Hughesand tl C Volger J Cbem Sot (1961) 2359 
7 F R Jensen and B Rwkbom Electrophtic SubsLltuuon of Orsrummercunats \lcGraw HLU N Y 

1968 D S Matteson Organometal Chem Rev 9 4 (1969) 263 
8 \f H Abraham D Dodd hl D Johnson E S Len.= and R 4 \lore O’F.vrall J Chcm Sot B (19711) 

762 
9 DC hfcWdh.am and P R Wells. J Organometal Chem 85 (1975) 335 

10 P J Barme) DC h1cWiltu.m and P R V+etls J Maa Resonance 2 (1970) 235 
11 W !ifeFarlane m Determuubon of Organtc Structures bv Pbrs~cal hletbods F C Nschod and J J 

Zuckermvl (Ed%) 1971 Acsdemlc Ne% York VoI 4 Ch 3 p 169 
12 Y Maxus Acla Chem Scvld 11 (1957) 599 
13 C Schv arzenbach and M ScbeUenberg Helv Cbm~ AcLa 48 (1965) 28 
14 R Alexander E F F Ko Y C hlac and A J Parker J Amer Chem Sot 89 (1967) 3703 
15 P Dodd hf D Johnson and N Wmtecton J Cbem Sot A (1971)910 


