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REVIEWS AND BOOKS 

"The Chemistry of Mercury", a 288 page book edited by 

1% 

192 

202 

C-A- McAuliffe (l), contains an excellent chapter by A.J. 

Bloodworth on organomercury compounds. In addition, there are 

chapters devoted to the history of mercury and its compounds, 

the structural inorganic chemistry of mercury and the biochem- 

istry and toxicology of mercury and its compounds. For a re- 

view of this book, see (2). 

A review on the chemistry of a-nitro-organoelement com- 

pounds covers 02N-C-Hq type compounds (3); the utilization of 

halomethyl- and a-haloalkylmercurials as divalent carbon trans- 

fer agents was reviewed by Nefedov, D'yachenko and Prokof'ev (4). 



L. !.?Kk.CJAtWTIoN OF ORG-ANOMFRCURY COMPOUNDS 

r 

A. Reactions of Elemental Mercury and Amalgams 

The reaction of elemental mercury with pentfluorobenze1 

in antimony pentafluoride solution at 70°C gave (C6F5)2Hg ir 

30% yield (5). It is believed that this reaction proceeds 

with initial oxidation of elemental mercury by SbF5 to give 

Hg3 
2-b 

(Gillespie, 1973) and that the latter is the active 

mercurating species. 

A reexamination of the reactions of 1,2-dihalobenzenes 

sodium amalgam has been carried out by Massey and his cowork 

(6) - In all experiments, the isolated product was the orthc 

phenylenemercury trimer, 1. In some cases, ortho-terphenyl- 

enemercury dimer, (C6H4CSH4C6H4Hg)2, was a by-product. No 

evidence for the previously reported (Wittig, 1958) ortho- 

phenylenemercury hexamer was obtained. The action of sodium 

amalgam on 2,2'-diiodobiphenyl in THF gave no organomercury 

products. 

B. Reactions of Orqanometallic Reagents with Hq(I1) 

Derivatives 

The reaction of 2,2'-dilithiobiphenyl with mercuric 

chloride in diethyl ether 

was claimed, on the basis 

rather than a tetramer as 

Other examples of the 

may be cited, and some of 

below. 

gave ortho-biphenylenemercury, whit 

on mass spectrometry, to be a trime 

reported previously (Wittig, 1954) 

organolithium synthesis of mercuria 

the more striking examples are give 
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Li(CC12CHCH2) + HgC12 .a> ClHgl 

(ref. 7) 

CH*=CHCl 
-11oO 

Li 

+ B CH2=C(C1 

HgC12 
>I 

n-BuLi 
(ref- 8) 

/ 
HgX2 

XHgCCl=CH* (, 

2 (PhS) 2CHLi + %Br2 h Hg[CH(E 

(ref. 9) 

(PhS).yZHLi f PhHgCl p> PhHgCH( 

(ref. 9) 

(MejSi)3CLi t MeHgBr / ME 

(ref. 101 

@+-Li 

.CNRelCO I 
co 

+ HgBr2 / 
(ref. 11) O( 



Fe 

& 

-I- HgC12 

(ref_ 12) 

(R = CHNMe2) 

Me 

Organoboron compounds and organic derivatives of the Gro 

IV elements also transfer groups to mercury. 

Boron 

B2H6 
CH2=C=CH2 ,p> 

(ref. 13) 

NaCl 

ClHgCH2CH2CH2HgC1 

/ 

MaLi 

MeHgCH2CH2CH2HgMe 

Hg(OAc)2 NaCl 

Me2C=C=CHB(OMe)2 h -> Me2C=C=CHHgC1 

(ref. 14) 

Me 

Me c “\ Me / Hg (OAc) 2 NaCl Me 

/ 
B-CH=CH-C 

\CH 

A -> ClHgCH=CH-C' 

0 2 (ref. 14) \CH 

Me 
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H20 
NaBPh4 f 

203 
HgCl2 / 203HgPh2 

(ref _ 15) 

203 
HgC12 

Ph203 HgCl 

Silicon 

PhSix3 + HgY2 ./ PhHgY 

(ref. 16) 

(X = F, Cl, OMe, OEt, OAc; Y= Cl, Br, I, CN, OAc, OBz) 

Cleavage of PhSiF3 was the most facile, occurring at 25 ' with 

mercuric acetate and mercuric cyanide, at 60-65 
0 

with mercuric 

halides and phenyimercuric acetate. With mercuric oxide, the 

following reaction takes place: 

benzene 

2 PhSiF3 + 
Hg"(s) 

-> Ph2Hg f (FSSi)20 

Tin 

Et2SnAr2 -I- 2 Hg(OAc12 p> 

(ref. 17) 

Et2SnAr'2 + 2 ArHgOAc -p> 

(ref. 17) 

2 ArHgOAc + Et2Sn(OAc)2 

2 ArHgAr' + Et2Sn(OAc)2 

(Ar, Ar' = Ph, p-MeC6H4, p-C1C6H4, l-CloH7) 

R3Sn02CR' + HgC12 ,A>RHcgCl 

(ref. 18) 
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Ph3Sn02CR + Hq(OAc)2 2 Ph2Hq 

(ref. 18) 

EtdSn f Hg(02CR)2 ./ EtHq02CR + Et3Sn02CR 

(ref. 19) 

(A rate study, with R = Me, Et, t-Bu, ClCH2, MeOCH2, ClCH2CH2_ 

It was concluded that eletrophilic attack by the mercuric 

carboxylate on tetraethyltin is the dominant process.) 

The cleavage of transition metal-alkyl or -aryl u bonds 

by %X2 has been of recent interest from the point of view of 

mechanism, but such reactions usually offer no preparative 

advantages. New examples include a kinetics and mechanism 

study of Fe-C cleavage (20): 

CpFe(C0J2R f HgX2 -->CpFe(CO)2X f RWX 

(Here R = primary alkyl, aryl; x = cl, Br, 1) 

With secondary, tertiary, allylic and benzylic iron derivatives 

another mode of reaction was observed: 

CpFe(C0)2R f HgX2 p> CpFe(C0)2HgX f RX 

Cobalt-carbon bond cleavage (kinetics and mechanism) by Hg(I1) 

was studied by two groups: 

(H20)Co(dmqH)2(CH2)4Co(dmgH)2(H20) t Hq2+aq --> 

(ref. 21) 

(H20) (dmgH) 2Co (CH2) $Ig 
+ 

H92+aq 

\L + 
HqCH2CH2CH2CH2Hq+ 

Referencesp.234 



The intricacies of methyl group cleavage from methylcobalamin 

by Hg(II) in aqueous media were studied by means of stopped- 

flow techniques (22) _ 

C. Extrusion Reactions 

Decarboxylation, desulfination and desulfonation of Hg(I1) 

carboxylates, sulfinates and sulfonates, respectively, i.e., 

extrusion of carbon dioxide, sulfur dioxide and sulfur tri- 

oxide, has found occasional use in organomercurial synthesis- 

Thermal decarboxylation is particularly valuable in the prepar- 

ation of polyhaloarylmercurials. Deacon and his coworkers (23) 

have used this procedure in the synthesis of polybromophenyl- 

mercury compounds: 

pyridine 

(XC6Br4C02)2Hg .> (XC6Br4)2Hg f 2 CO2 

(X = Br, p-F, p-Cl, p-Me01 

pyridine 

C6H5Hg02CC6Br5 / C6H5HgC6Br5 + CO2 

pyridine/nitrobenzene 

(p-?JeC6Br4C02)2Hg ./ @-NeC6Br4)2Hg + 2 CO2 

molten NaCl 

(o-MeC6Br4C02)2Hg -> ->o-MeC6Br4HgC1 

Hg(O2CCP312 

also: 

(C6Br5)2Hg + HgX2 .B 2 C6Br5HgX (X = Cl, Br) 

Perbromodiphenylmercury shows remarkable thermal stability: it 

can be heated to 400°C without decomposition- 

The mercury(I1) o- and- m-carborane-1-carboxylates 2 and - - 

1 have been prepared (24). The uncomplexed Hg(I1) g-carborane- 
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[B10H10(HC2C02) 12Hq- 2~ (L = phen-H20, bipy, Ph3P, py) 

2 - 

[HC(B,,H,,)CCO,l,H9-2L (L = phen-H20) 

3 - 

l-carboxylate decomposed at room temperature to Hg(1) salts, 

but the m isomer was stable_ - Complexes 2 and 3 decarboxylated - - 

when heated above their melting points, giving the corres- 

ponding biscarboranylmercury derivatives- 

The decarbosylation processes shown below proceeded with 

racemization of the optically active starting materials (25): 

0 

sz202 
NaCl 

II HgCl 

-- 

Hg (02CPh) 2 NaCl 
0 

f 

II 
HgCl 

2 
A------+ 

This is in line with the known radical mechanism of such 

processes. Of interest also is a spectroscopic study of the 

photolytic decarbosylation of mercuric trifluoroacetate (26) - 

Upon UV irradiation, this compound decomposes to give tri- 

fluoromethyl radicals. At room temperature these combine to 

produce C2F6, but at -196OC, bis(trifluoromethyl)mercury is 

formed: 

hv, -196' 

Hg(02CCF3)2 p> CO2 i- 'CF3 + -Hg02CCE3 

hv, -196O 

CF3Hg02CCF3 

co2 + -CFJ t 

< (CF3)2Hg 



A synthetic application of the SO2 extrusion reaction has 

been reported from the metallocene series (27)x 

(OC)SMn 

HgBr2 

so 2_Na+ .-> (OC)SMn 

-@ 

gBr 

+ so2 f Na+Br- 

The stereochemistry of such SO2 extrusion processes (Peters 

reaction) has been studied (28): 

H I 
S02HgCl 

(1:l) 

c 

CMe2 
I 

Since the products were found to be stable to the reaction 

conditions in control experiments, sulfur dioxide extrusion 

must proceed via a stereochemically labile intermediate. Free 

radical intermediates could not be implicated and the mechanism 

remains unknown, ; 

D_ Electrochemical Procedures 

Anodic oxidation of carboxylic acids serves in the pre- 

paration of Hg2(02CR12, and in the same study it was found that 

decarboxylation of mercury(I1) carboxylates could be initiated 

electrolytically (29)_ Thus, electrolysis of a solution of 



mercuric acetate in acetic acid containing 

loo0 in a cell with graphite electrodes at 

methylmercury(II1 products in yields up to 

acetate was formed as a by-product. 

14'7 

potassium acetate at 

0.5 amp and 18V gave 

47%. Mercury(I) 

Electrolysis of 1-iododecane in DMF with R,N*C104- 

supporting electrolyte, using a mercury cathode and potentials 

more positive than the polarographic maximum, gave di-g-decyl- 

mercury in substantial yield (30). Of interest is the purifi- 

cation of this product by gel permeation chromatography. The 

following scheme was suggested: 

RCH21 + e- -> RCH2- + I- 

RCH - 
2 

> RCH2- (ads) 

RCH2 -(ads) + Hg ->RCH2Hg- (ads) 

2 RCH2Hg- (ads) p> (RCH~)~~ f Hg 

Similar electrolytic reduction of 1,4- and 1,5-dibromoalkanes 

using a mercury cathode (low cathode potentials, aprotic media) 

gave solid products which were believed to be organomercury 

polymers of type 4 (31)_ 

-+ Hg(CH2) ,-Hg- (CH2)n+x 

E. Photochemical Procedures 

Photolysis of aliphatic amino acids of type RCH (NH2)C02H 

(R = Me, Me2CH, Me2CHCH2, Me3C) in aqueous medium in the 

presence of mercuric chloride gave methylmercury(I1) species 

(32). Presumably, photofragmentation of the amino acids gives 

methyl radicals which then react with Hg(II)_ The environ- 

mental implications of such processes are obvious. 

More work has been published on the photochemical trans- 

formation of mercuric sulfide in aqueous medium containing 

acetic acid to methylmercury(I1) (33) _ 
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The first tetraalkylmercurate(I1) compound, 5, has been 

prepared (35): 

4 Me3P=C=PIIe3 L HgC12 -> 
2[Me3P---CH---PMe3]Cl 

+ 

Me 

I 
Me 
I 

Me - P 7 

2- 

Hg 

-P-Me 

I I 
Me Me 

6 - 

3. USE OF ORGANOMERCURY COMPOUNDS IN SYNTHESIS 

A. Synthesis of Organometallic Compounds 

1. Reactions of Mercurials with Elements 

Full details have been provided concerning the synthesis 

of perfluorophenylytterbium compounds by the mercurial route 

(36)x 

THF 
K6F5) 2Hg i- Yb p> (C6F5)2Yb-4THF 

room temp_ 

propane-1,3-ditmagnesium bromide) has been prepared in 

solution by the mercury displacement reaction in the presence 

of magnesium bromide (13): 

THF 
MeHgCH2CH2HgMe f Mg t MgBr2-> BrMgCH2CH2CH2MgBr 

2. Reactions of Mercurials with Element Halides and 

Hydrides 

The equations below summarize new examples of this long 

established procedure. 
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hexane, O°C 
q-BX2 

Fe i- 

& 

BX3 ~/ Fe 

(ref. 37) 

DME 

Hg(CN)2 + Et3SiC1p> 2 Et3SiCN -I- HgC12 

(ref. 38) 

Hg (02CR) 2 + 2 Et3SiX -p> 2 Et3Si02CR f HgX2 

(ref. 38) 

(X = Cl, Br, I) 

Glockling and Sweeney have investigated the use of mercurials 

for partial alkylation of Group IV tetrahalides (39)_ A 

selection of their results is given below. 

80°, 2h 

2 Me2Hg + SnC14 -p> Me2SnC12 

Me2Hg i- SnC14 a> MeSnC13 

130°, 8h 
4 Me2Hg + SnC14 ./ Me3SnCl 

Similar reactions were carried out with SnBr4 and Sn14. 

llO-150° 
Me2Hg + GeX4 .>MeGeX3 

(X = Cl, Br) 

loo', 3d 

Me2Hg + SiId --> MeSiI3 + Me2Si12 

In similar fashion, Me3SiCH2GeX3 (X = Cl, Br), Me3SiCH2SnX3 
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(X = Cl, Br, I) and (Me3SiCH2)2SiX2 (X = Cl, Br, I) were 

prepared by appropriate reactions of (Me3SiCH2)2Hg. Similar 

preparations were carried out with (Me3GeCH2)2Hg. 

Other examples of mercurial-based organogermanium and 

organotin preparations were reported: 

llo" 

(CF3)2Hg + GeBr4 .-> CF3GeBr3 (55%) + (CF3)2GeBr2 (22%) 

(ref. 40) 
t (CF3)3GeBr (18%) + (CF3)4Ge (4%) 

A reaction at 150°, 2 (CF3)2Hg + GeBr4, gave (CF3)2GeBr2 (lo%), 

(CF3)3GeBr (65%) and (CF3)4Ge (20%). 

125O, 67h 
(CF,),Hg + SnBr, ,p> CF-$nBrs 

(ref. 40) 

No trifluordmethyl-silicon bromides were 

was heated with silicon tetrabromide. 

(54%) + (CFs)$nBr2 

(19%) 

produced when (CF3)2Hg 

(q7-& Hg + R3Sn-SnR3 (ref. 9-SnR3 

(R = Me, Et, 

n-Bu, Ph) 

Mercury reagents also have found application in the synthesis 

of organic derivatives of Group V elements and of tellurium. 

ICH2HgI + F2PI e F2PCH21 t Hg12 
r ._ 

5 MePH2 + 5 (PhCH2)2Hg 
(ref 

cycle-(MeP) 5 + 1OPhMe t 5 Hg 
. - 

5 R&H2 i- 5 (PhCH2)2Hg ->cyclo-(R3s)5 + 1OPhMe + 5Hg 

(R = Me, Et) 

References p_ 234 
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MeSbH2 + (PhCH2)2Hg -p> l/x (MeSb)s + 2 PhMe + Fig 

Me2AsH + (phCH2)2Hg ->Ile2AsAsMe2 + Me2AsCH2Ph 

MeMC 1 
2 + (PhCH2)2Hg ->&Ie(C1)MCH2Ph + PhCH2HgCl 

(M = P, As) 

MeAs12 -I- (PhCH2)2Hg -->M~A~(CH~P~)~ + Hg12 

2 Me2AsI f (PhCH2)2Hg ->2 Me2AsCH2Ph + Hg12 

(RC&) 2Hg + TeC14 [ref (*C6H4) 2TeC12 

(R = p-MeO, p-Me, H, p-Br) 

Cl 
I 

(RC6H4)2Hg t 2 p-MeOC6H4TeC13 ..,' p-MeOC6R4TeC6RqR 
(ref. __ 

(R = H, p-Me) Cl 

Organomercurials also have played a role in synthetic transitiol 

metal organic chemistry. 

Ph2Hg c Au(CO)Cl .(ef PhzAuHgCl 
r _ 45) 

(The product of this reaction, when dry, explodes violently, 

giving biphenyl, metallic gold and phenylmercuric chloride). 
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PPh, 

p&G 
I.1 

(CO) 3 

(i-1 = Mn, Re; 

x = Cl, Br) 

VHgC1 
1M 

' ' 'PPh 
OC co 3 

+ Pt(Ph3PJ3 
C6H6 >$qGt-i 

20" 
ST 

(ref. 11) 
(CO13 

i- Ha 

vpt ‘p”:.$l 

+ Pt(PPh3j2 
-A\ 

(ref. 46) 
oc co PPh3 

(M = Mn, Re) 

Pd2[(PhCH=CH) ,C=ol, / 

Me /” 

( +-!il:,,, 
Fe 

Maitlis and his coworkers have studied reactions of diphenyl- 

mercury with norbornadiene complexes 
of platinum and palladium 

(II) chlorides and related complexes (47). 

References P. 331 



63 / / 
‘M’ 

Cl’ ‘Ph 

Ph2Hg 
(M = Pd) 

HgCl 

Allylic mercurials have found further application as well (48) 

Pt (Ph3P) 4 =,H2 

CH2HgCl ._> [R'-C+'t(PhjP)2]C1 

(ref- 48) k-3 

R' 

(R,R’ = H,H; H,Me 

H,Ph; Me,H 

Ph,H; AC,Me) 

but: 
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K[PtCl;(CH2=CH2)] + 2 CH2=CHCH2HgC1 .-----+/CH~=CHCH~CH~CH=CH~ 

MeOH 

t Pt f 2 HgCl2 + KC1 

+ C2H4 

B. Applications in Organic Synthesis 

1. Halogenolysis and Related Processes 

Halogenolysis of the C-Hg bond has found useful applica- 

tions in the synthesis of organic halides- Deacon and 

Farquharson have reported the synthesis of polyhaloaromatic 

compounds by this procedure: 

(p-ZCSBr4)2Hg + 12 (or 1; p-ZC6Br41 

(2 = F, Cl, Idr,.Me, OMe) 

DMF 

ZC6Br,HgC1 + I2 (or I,-) F ZC$r,I 

(ref. 23) 

(Z = o-Me, m-OMe) 

ZC6(Hg02CCF3)5 f 5 Br3 - -p> ZC6Br5 f 5HgBr2 t 

(ref. 49) 

(Z = 0, m, p-Me, F, Cl, Br, 
5 CF3C0; 

MeO, N02, CF3, H) 

H2° 
ZC6(Hgo2CCF3)4C02H t 4 Bry >ZC6Br4C02H + HgBr2 

(ref. 49) 

(Z = as above) 
+ 4 w3co; 

ZC6(Hg02CCF3)5 f 5 13 

DMF, r-t. 

ZC6(Hg02CCF3)5 + 5 Cl2 ZC6C15 

(ref. 50) 



The permercurated arenes r-iere obtained by the permercuration of 

the respective substituted arene with mercuric trifluoroacetate 

at high temperature. The results of the study of ref. 50 are 

given in Table 1. 

AYXZle Hg(02CCF312 Tcrnp. Pol>-~ercurated Polviodo- Yield Polychloro- Y-ield 

mol per mol (OC) arcnc .zrene (n! (21 zre?e fill (5) 
arene 

_---- - 

C6HSN02 7 240 C6 (t!g02CC? j) $:02 C615S02 50 

C6HSHqCl 15 200 C6 WqO*CCF3) 6 

c6=6 
55 

CsHgHgCl 7 130 C 
6 
Ei(EicO2CCF ) _ 

3 3 
C6!i15 51 

T c6w~02cci-3 16 + CSIS J 

C6H5Br 7 180 C6(Iiq02CCF3),;Br C61i?W 55 

o-BrC6H4C0211 12 

8 

7 

15 

7 

15 

7 

8 

7 

7 

16 

230 C‘I$?r 10 

o-C1C6H4C02H 225 C615C1 66 

o-FC6Ei4CO2H 215 C6(Hg02CCr3)5F C6ISF 12 

o-FC6E4CO2H 225 C6(Hq02CCF3) $ C615F GO 

o-CF3CsH4C02Z 245 C615CF3 i5 

o-CF3C6H4C02R 

p-CH30C6H4C02H 

C6H5C02iia 

245 15 

180 

C6(Hq0,CCF3)$F3 

c6(iiqo2cci‘3)50c~I_ 
3 

C6EigO*CCF3 1 5C02::a 

7 C6 (IIq02CCF3 I 6 

C615CF3 

C61iOCU3 

C615C02fi 

A CGIO 

61 

200 26 

4; 

C6H5C02Na 180 C6 (Hg02CCF3)5C02zJa 

+ C6fHg02CCF3)6 

p-CH3C6H4S02Na 180 C6(Hg02CCF3)SCH3 C615Ci':3 40 

Naphthalene 180 

c6c15:io, 

tGCls 

cpc1 
5 

.J. C&l 5 

C6C153L- 

cppr 

C‘C15F 

C6C150Ctf3 

C6C15C02ti 

f C6C16 

C6C15CH3 

C10c18 

63 

56 

t0 

61 

50 

11 

46 

46 

+ CIOHCIJ 9 

alobtained after cleavage of C6(Hg02CCF3)5X with sodium triiodide in dirnethyl- 

formamide at room temperature for 3 days (X = CH3 or OCH3), 7 days (X = H or Br). 

or 14 days (other examples)_ 

b)Obtained after cleavage of C6(Hg02CCF3)SX with chlorine in dimethylformamide at 

room temperature for 3 h except when X = OMe where the reaction time was 8 h. 



The cleavage of diarylmercurials, ArHg, with Ar = Ph, 

p-ZIeC H 
6 4' p-FC6H,, with bromine trifluoricie in the presence of 

BF3 
-0Et2 at around -4OOC proceeded as shown, giving the resoec- 

tive diarylbromonium salts (51) z 

2 Ar,Hg + BrF3 + 3 BF3-OEt2- [Ar,Brl [BF~I + 2 ArHgBF, 

2. Radical Transfer Reactions 

The reduction of organomercuric halides and carboxylates 

with sodium borohydride has been shown to be a process which _ 

involves radical intermediates. (See previous Annual Surveys 

of Organomercury Chemistry_) 

NaBH 
RIigS 

4 
> RHgH ->RIIg- + H- 

L 
R- i- Hg 

Giese and his coworkers have shown that when such reductions 

are carried out in the presence of appropriate olefins, the 

organic radicals may be trapped (52): 

RHgX t >C=C( 
WaBH4 

> R-d-L 

Y I ’ Y 

Examples were given for cyclohexyl-, g-hexyl- and tert-butylmer- 

curie halides. Olefins which reacted in this manner included 

CH2=CHCN, CH2=CHCOMe, CH2=CHCHO, CH2=CHPh, CH2=CMeCN, 

CH2=CMeC02Me, CH2=CC12, and others .with electron-withdrawing 

substituents. The success of this olefin alkylation procedure 

is very dependen-t on the reaction_ conditions, as detailed 

studies showed. Further studies were devoted to the regio- 

selectivity (531, stereoselectivity (54), temperature effects 

on selectivity (55) and polar effects (56) in this. radical 

addition process. 

Dialkylmercurials also can induce the radical polymeri- 

zation of vinyl monomers. The resulting polymers contain RHg 

end-groups. When such RHg-terminated polymers are treated with 

a catalytic amount of SnCl, -5H20 in the presence of another 

vinyl monomer, block copolymers are produced (57)_ It was 

References p_ 231 
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suggested that the RHg termini of the original polymer are 

activated toward further radical propagation by the SnCl4 as 

shown below_ 

I I 
-CHgR •t 

I 
SnCl4 p> RHgCl t SnC13- -L -C- 

I 

3_ Transition-Metal Catalyzed Processes 

In general, transition metal-catalyzed organomercurial 

reactions proceed via organotransition metal intermediates which 

are formed either by substituent transfer from mercury to the 

transition metal or by oxidative addition of the mercurial to 

the transition metal center. The rhodium-catalyzed substituent 

dimerization of vinyl- and of arylmercurials gives symmetrical 

1,3-dienes and biaryls, respectively (58): 

R H Rh(I), HMPA R 
2 >c=c( > >c=c 

a 

25', 6h 
H + HgC12 -I- Hg 

H HgCl 
\ 

H C=C' 
/ \ 

H R 

The most effective catalysts were found to be RhCl3-nH20 and 

C12Rh2(CO),/LiCl. Table 2 presents the examples reported. 

The biaryl synthesis required higher reaction tempera- 

tures: 

O-5% C1*Rh2(CO)4 

2 ArHgCl 

4LiC1, HMPA, 80°, 24h 

> Ar-Ar + HgC12 + Hg 

Results are shown in Table 3. A disadvantage of these reac- 

tions is that HMPA is required as solvent, a material which is 

carcinogenic in rats and causes testicular atrophy. The cata- 

lytic cycle shown below was proposed. Such coupling also was 

found to _be catalyzed by (Ph3P)3RhC1 (59). Here also, HMPA 

RHgCl + RhCl -p> RhR + HyC12 

RhR + RHgClp> R$hHgCl 

R2RhHgC1 p> R-R + RhCl f Hg 

(Continued on P_ 161) 
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Table 2. _ S:mthesis of 1,3-urenes (5a). 

Vinylmercurial CZXZllyst" Solvent DleIle Yield,% 
b 

mC13-@*0 FiJiPA 

[C1Rh(C01*12 

_:-Y 

+, cc=, ,- H 
/’ 1. 

H 
)2 

T%F 

(CH3) ,c if 
_1 \ c=c I’ 

,,’ ‘x 
H Zr'gCl 

CH3C% CHp 
3 

c=c 
,' 

H HgCl 

RhCl,‘nii20 

IC1Rh(C0)212 

iNPA 

TW 

RhC13-SK20 

[ClPh(CO) 212 

H.li_?_'I 

THF 

RhCl3-nH,O 

IC1RhK02:12 

Ci13 (CHZ) 3 

\=,; 

H’ ‘1 2 

(CH3) y=, H 
‘c=c .’ 

/ 

/I’ 
H 

)2 

65 

100 

84 

a5 
100 

99 

9a 

103(88) 

100 

CH3CHZ 

‘c-2 /cE2cH3 24= 
II' 

'. 

‘) 2 
35= 

i‘l 
\< ‘--.c=c YH / / 

H \I 2 

(90) 

THF (97) 

.=2) 1% "rhodium" and 2 equiv. of lithium chloride per vinylmercurial. 

b) GLC analysis (isolated yield). c) Reactions rur~ at 75OC. 
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Table 3. Synthesis of Biaryls (58). 

Arylmercuric 

Chloride 

Biaryl Isolated 

YieLd, D 

0 /\ I* 
- 

I2 

CH30 12 

HgCl 

HO 

m HgCl w)2 

co HgC1 

HgCl 

c-k / \ 
0 )2 

r?i s 
)2 

84 

92 

88 

88 

53 

40 

94 

70 

96 
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Table 4. (Ph3P13RhC1-Catalyzed R2Hg *R-R Conversions (in HMPA) 
(59) 

R in R2Hg Temperature Reaction Time % Yield of 

(OC) (Hr.1 Product 

Ph 80 4 100 

PhCsC 50 1 95 

(El-PhCH=CH 70 1 99 

p-MeC6H4 80 4 86 

p-C1C6H4 SO 4 91 

PhCH2 130 8 44 

proved to be the solvent of choice. Results are collected in 

Table 4. Di-n-butyl-mercury did not react. - Such coupling of a 

mixture of diarylmercurials, Ar Hg and Ar' 
2 2Rg, gave a nearly 

statistical mixture of biaryls: 

Rh (I) 
Ph2Hg t (p-MeC6H412Hg p>l Ph-Ph f 2 Ph-C6H4Me-p 

f 1 p-MeC6H4-C6H4Me-p 

This requires a mechanism of the type shown below. 

L Rhcl - L RhCl 
3 72 + L 

Cl 

R2Hg i- L2RhCl -3 L$h-HgR 

R 

.-> R-R f 2 L2RhC1 f R2Hg + Hg 

Cl 
I 

L2Rh-HgR + 

I 

Cl 
t 

L2Rh-HgR' ,-> R-R' + 2 
I 

L2RhCl + RHgR' i- Hg 

R R' 

Referencesp.234 _ 
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Scheme 1 

Lr2 PdCL4 
- p?-CSC-&!-Cl 1 co ( R-C=C$Hg R-C=C-6d-CL 

I 
[ &O 1 

+ [HPdCl] 
I 

R’OH 
R-C=C-COOR’ - 

[ HPkL] 

I 

I R’OH 

R, ,COOR 
c=c, 

R’OOC’ H 
+ [HPdCl] 

+ [HPdCL] 

I 

I? COOR’ 
RrOOC-&- 6-H 

Ct+d l!l 

+ 

+ 

1 R’OH 

COOR’ 

R-C-CH2COOR + [HPdCt] 

&OOR’ 

R, pyH 
R’OOC’ 

+ [HPdCL] _R’OH 
‘COOR’ 

I 
[HPdCl] 1 

t 
. I ROOC COOR’ 

R-k -6-H 
A &CL 1 

R’OH 

FtoOC ‘FOOR’ 

R-C-C-H 

fl &OR’ 

+ [HPdCL] 



The kinetics of this process were studied- The following 

mechanism was suggested: 

ClCH=CHHgCl 

ClPdCH=CHCl 

ClPdCCH=CHCl 

: 

Pd t 2 FeC13 

b PdC12 -ClPdCH=CRCl + HgC12 

~CO.------G ClPdCCH=CHCl 

:: 

+ ROH - R02CCH=CHC1 f Pd 

p>PdC12 + 2 FeCl, 
L 

Unsymmetrical ketones can be prepared 

aryl iodide with an arylmercuric halide in 

nickel tetracarbonyl (62) I 

benzene, 60-70' 

by reaction of an 

the presence of 

ArI f Ar'HgX t Xi(CO), e-> Ar:Ar' 

0 

Product yields were good, but this synthesis has the disadvan- 

tage that it requires use of the highly tosic nickel tetra- 

carbonyl as a stoichiometric reagent. 

A _. Miscellaneous 

The reaction of a-ketomercurials with acyl chlorides gives 

enol esters (63): 

0 

0 
II MO 

OlR 

&I RC 
'Cl 

(R = Me3C,PhI 

? 0 
MeCH2CH2C RC@ 

( 
\ 'Cl 

/ 
W2Rg > MeCH2CH2C=CHCH2CH2Me 

MeCH2CH2 I 
02CR 



165 

5-Oxy-functional ethylmercuric halides react with aromatic 

compounds in the presence of Lewis acids. A mixture of products 

generally results (64). 
OMe OMe 

OMe 

0 c 
CH3 
I 

MeO-CHCH,HgBr 

. 

AlCl 3' S°C 

(48% total yield) 

(6.5%) 
(13%) 

CHMe2 

OMe OMe 

0 CH*cH2cH3 0 

(13%) 
(13%) 

CH~CH~CH~ 

OMe OMe 

(23.5%) CH CHMe 
21 
OMe 

(30%) 

Similar reactions were carried out with CH3CH(OH)CH2HgBr and 

CH3CH(OAc)CH2HgBr. Best results, in terms of introducing func- 

tional substituents into the aromatic ring, were obtained using 

boron trifluoride diethyl etherate as catalyst: 

O;<e OMe 
CH3CH(OAc)CH2HgBr 

BE3 
-OEt2 

-I- OXe 
(96% yield) 

CH2yHCH3 

OAc 

References p. 234 



The reduction of substituted 2,8-dithia-4,10-diaza-1,7-di- 

mercuracyclododecanes is of preparative utility (65): 

N 
,c* 

S 
-S-<N--CA, 

N R 6% /\ N 
HH 

- )_ N 
S ’ \ 

CH3 
(R = H, Me) 

7 

Thioacetamide reacted with 7 to give 8 and decomposition pro- - - 

ducts of y- 

R3c\NH 

Q- 

NH 
/\ 
- 

N=&S-Hg-S-&H3 

R 

The oxidation of benzilbis(toluene-p-sulfonyl)hydrazone 

with mercuric acetate resulted in formation of 10 (66). When - 

PhC=NNHS02Ar 

1 
zfg (Ok=) 2 Ph-c ,N 

PhC=NNHS02Ar HOAc 
1) 

Ph-C 
)V i- ArS03H 

(reflux) \N 

(Ar = p-MeC6H4) kHS02Ar 

1c - 

this reaction was carried out in cold acetic acid, the unstable 

organomercury intermediate involved in this process, 11, could 

be isolated. This decomposed to give 10. - 



HgOAc 
I 

Ph-C=N-&S02Ar 
I 

Ph-C=N-NH-S02Ar 

167 

I1 - 

C. Halomethyl-Mercury Compounds 

A review which covers the chemistry of this class of Com- 

pounds, with emphasis on questions of mechanism, has been pub- 

lished (4)_ 

New divalent carbon transfer reactions of phenyl(trihalo- 

methyl)-mercury compounds with olefins have been reported: 

PhHgCCl2Br 

C6H6 

(ref. 67) 

b&AC OAc 

Ar H PhHgCBr3 
Ar 

\ / \c 
jH 

c=c 
/ \ H' \C+Ar 

H Ar PhN02 

(Ar = p-02NC6H4) 
*r/ 'Br 

(ref. 68) 

Ph CH=CH2 
/ 

PhkTjcLH 

PhHgCBr3 

C6H6 

H2 
(ref. 70) 

(2 isomers) 
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lG6 

Xc2 
3 
SiCH=C:ICO xe 

2 

Reactions were carried out with the pure cis and trans isomers 

and, as expected, were found to be stereospecific (71). 

RCH=CH2 
PhHgCFBr2 
---_- 

(ref. 72) 

(R = mesityl, C6F5, 

PhO, c6"5) 

PhHgCC12Br 
l?e3SiCH- CHCO,Ie 

* 

c6'f6 
\/ .- 

RCH - 

\/ 

CH2 

A 
F Br 

CO Me 
2 PhIIgCX3 

C02Me (X = Cl, Br) 

(ref. 73) 

X @ 
C02Me 

)' . 

the "tough" cases where con- These examples generally represent 

ventional dihalocarbene generating systems don't work well or 

not at all. 

(mixture of svn and anti 

isomers) 

/ 

Gc 

C02Me 

C02EIe 
X 

X 
f Y 

X 
C02Ne 

Further examples of insertion reactions of PhHgCX3-derived 

dihalocarbenes have been reported by Weidenbruch and his co- 

workers. Into silicon hydrides: 

120° 
(ne,C),SiH + PhHgCC13 

(ref. 
(Me3C)3SiCHC12 (53%) 

120° 
(Me3C) 3SiH f PhHgCBr3 - (Me3C)3SiCHBr2 (54%) 

(ref. 74) 
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Into Group IV halides (75): 

NaI, 120° 
c13si-sic13 +- PhHgCC12X _____) c13Csic12sic13 

(S = Cl, Br) 

Mar, loo0 
GeCl, i- PhHgCC12Br v C13GeCC13 

In contrast: 

SnC14 + PhHgCC12Br - PhSnC13 f 

CC13HgCC12Br 

CCl3HgBr + Ccl2 

(isolated Hg 

product) 

NaI, 105O 
Br3Si-SiBrj + PhHgCC13 p Br3SiSiBr2CC12Br 

NaI, 120° 
SiBr4 + PhHgCC13 - Br3SiCC12Br 

NaI, 9o” 
GeBrq + PhHgCC13 ____t_ Br3GeCC12Br 

Similar Ccl2 insertion into Group IV tetraiodides was not suc- 

cessful. 

The reaction of PhHgCC13 with bromoform at 80' gave a 

3:1:8 mixture of HCCl3, HCC12Br and HCClBr2. Presumably, a 

sequence of steps of the type shown below was responsible for 

the formation of these products (76) t 

PhHgCC13- PhHgCl f CCL2 

ccl* f HCBr3 -- CBrZ + HCC12Br 

CBr2 -I- PhHgCl- PhHgCC1Br2 

Referencesp. $34 
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Bis(2-chlorovinyl)mercury also underwent what 

e-elimination when treated with Cu(I)/triisopropyl 

combinations (6) = 

r-t. 
Hg(CCl=CH2)2 f 2 (R0J3P-GUI - 2 MC!CH-cur f 

appears to be 

phosphite 

(R0)3P-HqCl 
2 

and, 

+ (Roy? 

Hg(CCl=CH2)2 + (ROJSP2CuH + HC-CH + Hq c (R0)3P-Cucl 

+ (RO)$' + CH2=CHc1 

The acetylene presumably was formed by rearrangement of a 

CH2=C: intermediate. The bis(a-chlorovinyl)mercury was prepared 

by the organolithium route. Bis(G-chlorovinyl)mercury showed 

similar elimination chemistry: 

Hg(CH=CHCl)2 + (R0)3PCuI--+ 2 HC-CH-CuI + (RO)3PHgC12 

+ (RO)qP 

Here, of course, it is a-elimination which takes place. 

4. MERCURATION OF UNSATURATED COMPOUNDS 

The most important organomercury application in organic 

syntheses involves the (solvo)mercuration of olefins, dienes, 

acetylenes, cyclopropanes and aromatic compounds followed by 

reactions which replace the mercury substituent by hydrogen, 

halogen or other 

curia1 is formed 

presence and its 

structure of the 

functions. In many instances, the organomer- 

in situ and is never isolated at all. Its -- 

structure in those cases are inferred from the 

organic product. 

A. Olefins 

Full-details have been provided of the matrix isolation/IR 

spectroscopy studies by Nakamoto and his coworkers on mercury 

halide/olefin systems (HqX2, with X = F, Cl, Br, I; olefin = 

C2H4. CSHS. 1,3-butadiene) (77)_ 1:l Complexes were prepared by 
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cocondensation of mercuric halide vapor with the olefin diluted 

with argon on a ca. lO@K cesium iodide IR window. Evidence also - 

was obtained for a ZHgCl-lCH2=CH-CH=CH2 complex. The IR spec- 

troscopic results were discussed in terms of a side-on structure 

in which the olefin plane is parallel and its C=C axis perpen- 

ciiculzr to the _X-Hg-X axis, with appreciable overlap of the 

ethylene 2p pi MO and the vacant metal orbital: 

The 1~1 HgC12/1,3-butadiene complex was suggested to involve 

side-on coordination of iigCl2 to one of the C=C bonds of the 

diene_ The 2rl complex was depicted as 12. Such interaction - 
may well play a role in the olefin solvomercuration reaction. 

/ 
---Hg 

I 

Structural effects on reactivity in the oxymercuration re- 

action have been studied by a Canadian group (78). The transi- 

tion state of the oxymercuration of olefins which do not contain 

strongly resonance electron-donating substituents (e.g. ethylene) 

was indicated to be bridged and with very little positive charge 

on carbon, 13. On the other hand, - olefins with strongly reson- 

I’ f ‘1 
H2C-===CH 

2 
13 - 
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ante electron-donating substituents (e.g. cyclopropyl) reacted 

via a transition state which resembles an open carbonium ion_ 

Some relative and absolute rates of olefin methoxymercuration 

are given in Tabl_ 4a and 5. The solvation of the transition 

state in the oxymercuration of cinnamic acid in alcohol medium 

has been investigated by Balyatinskaya (79)_ Available data 

were used to calculate transsolvation coefficients of HgX 
+ 

intermediates and of the activated complex. 

Our coverage of the solvomercuration of olefins is not 

meant to be exhaustive. Now that the solvom.ercuration/demercur- 

ation sequence has become a routine organic operation, there are 

Table 4a. Relative rates of methoxymercura- 

tion of alkenes by H~(OAC)~ in MeOH at 25OC 

(78) ------------------------------------------- 

Alkene 

Cyclohexene 

Norbornene 

l-Octene 

c-PrCH=CH2 

c-PrCMe=CH2 - 

cz-PrCPh=CH2 

- c-Pr2C=CH2 

cis-4-Octene 

cis-3-Hexene 

tert-BuCH=CH2 

tert-BuCMe=CH2 

tert-Bu2C=CH2 

k 
rel 

1.0 

4.6 

7.4 

700 

350 

15 

700 

0.22 

0.58 

0.067 

0.50 

<@.005 

many examples of its application tucked away in the organic 

literature. We mention some which caught our attention during 

the past year. 

The oxymercuration/demercuration of various methylenecyclo- 

hexanes, 14 - 23, was investigated by French workers (801, with -- 
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18 - 

+A-‘. 9 

J-..J 
15 - 

19 - 

/Y- 

Q----J 
16 - ,.: a 

20 

..y- 

0 
17 - 

Y i ‘- y / -- OR TX .’ OR 

(R = H, Me, COMe) (R = H, CONe) 

22 - 23 - 

particular emphasis on stereochemistry. Methoxymercuration of 

4,6-0-benzylidene-D-allal, 24, gave 25 and 26. Demercuration - - - - 

of these products with sodium borohydride produced the anomeric 

methyl 4,6-O-benzylidene-2-deoxy-D-ribo-hexopyranosides 27 and - - 

28, together with various elimination products (81). Also re- 

Hg(OAcj2 

.P 
MeOH 

HO HO 

24 - 25 26 - - 

NaBH, 

I I 
OCR2 

Rh<..e P:-(&~~~~ 

HO RO 

27 28 - - 

ported-have been the oxymercuration/demercuration of e-y- 

eudesmol, 29, which gave 30 and 31, - presumably via 32 and 33 -- - 

(821, and of 17-methylene-5a-androstan-38-yl acetate (83). 

Russian workers have described further studies on the cycliza- 



Table 5_ Direct measurement of rates of methoxy- 

mercuration of alkenes by uv spectroscopy in MeOH 

at 25OC (78) -____-_________-____----_______--~_______~____--- 

Xethosvmercuration 

Alkene k2(&-l) k 
rel 

CH2=CH2 1.04 0.50 

g-BuCH=CH2 2.06 1.0 

tert-BuCH=CH2 0.058 0.026 

tert-BuCMe=CH2 0.50 O-24 

- c-PrCH=CH2 840 410 

c-PrCMe=CH 2 4300 2100 

- c-Pr2C=CH2 5500 2700 

c-PrCH=CHMe(Z) 1.37 0.67 

c-PrCH=CHMe(E) O-G4 0.31 

Cyclohexene 0.50 0.24 

Norbornene 5.3 2.6 

tion of geranylacetone, 34, by mercuric trifluoroac.etate. 

- 

HgOAc 
32 - 

HgOAc 

ti 
‘7 , 

0 

34 - 
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followed by reduction of the mercurial formed with sodium 

borohydride (84) - 

The ethoxymercuration of 2-ethoxyacrolein gave carbonyl- 

functional mercurials (85) : 

Hg (OAC) 2 (HC104) 

EtOH/CH2C12 

i AcOHgCH CCH(OEt12 
211 

\ 0 

/ KC1 
CH2=C 

\ 
ClHgCH CCH(OEtI2 

211 
0 

KC1 
-__t- ClHgCH2$-CH=O 

0 

Some examples of the mercuration of enoxysilanes have been re- 

ported: 

HgO 
Hg 

Bg(oAc12 

(ref. 63) 

0 
II 

MeCH2CH2CH2, .H 

"="CB 

HgO 
XeCH2CH2CH2CL 

_-_-_-~ ( 
/ 

CH12Hg 

I?e SiO MeCH CH 
3 

CH Ye 
2 2' 

Hg (OAc12 2 2 
(ref. 63) 

; 

Y 

il 
Me3C 

\ HgO 
lYe3CC 

\ 
HgBr2 

Me3CC\ 
C=CHNe = ( 

i / 
CH12Hg p* 

/ 
CHHgBr 

Me3SiO Bg(OAc)2 Me Me 

(ref- 86) 

Oxyimercuration of alkenylsilanes has been studied (87). 

References R_ 334 
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o-Allyliron compleses reacted with mercuric chloride as shown, 

the mercuration process being accompanied by a CI to i; rearrange- 

ment (89): 

CH* 

-__f Fe (CO) 2- II 
C / \ 

H C/<gCl2 
/\ 

H H 
Cl-Hg-Cl 11 

a Fe(C0) 
: a \ 

* ii‘H2 A- 

/C 
H 'C' 

H&l 
/X 

H H PF6- 

Fe 

. 

(CO) 2_iH2 

Cl- 

Similar chemistry occurred with CpFe(C0)2CH2CMe=CH2, but 

CpFe(C0)2-CH2R compounds where R = CH=CNe2, CH=CHPh and CECPh 

underwent slow Fe-C cleavage on treatment with mercuric chlor- 

ide. Both types of reaction were observed with CpFe(C0)2CH2CH= 

CHCH 
3- 
Wercuration of 35 and 36 with mercuric chloride in diethyl - - 

ether at reflux gave pyrylium and thiopyrylium salts 37 and 38, - 

respectively (90). 

H ,Ph H Ph 
'C 

Ph Ph 

36 - 

Ph,? HgCl 
C' 

Ph,? 
C' 

HgCl 

Ph Ph 
f 

HgC13- 

37 38 - - 

Mercuration of terminal olefins with mercuric trifluoro- 

acetate in the presence of 78 - 87% hydrogen peroxide in di- 

chloromethane gave a mixture of 5-mercurialkyl hydroperoxide 

References p. 234 
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and bis-:-mercurialkyl peroxide (91): 

R 
\ 

CEE2Cl 
2 

C'CH2 
/ f H20* f Bg(O2CC';)2 M CFjC02BgCH2CR200M 

a’ 
39 

i 

CF3C02EIgCEf2CR200CR2CEE2Eig02CCF3 

The hydroperoxide 39 could - 

tions, and in this manner, 

participate in further peroxymercura- 

the mixed species CF3C02HgCH2CMe 
2- 

OOCHPhCH2Hg02CCF3 was prepared. The mercurated peroxides which 

were characterized are shown in Table 6. A brief study of their 

chemistry was made. Selected reactions are shown below. 

CF3C02H 

CF3C02HgCH2CMePh00H -p> CF3C02HgCH2;Me + PhOH 

0 

pyridine 
C1HgCH2CHR-0-0-CHRCH2HgCL p> ClHgCH 

211 
CR f ClHgCH2CH(OH)R 

0 

Br2 
ClHgCH2CHR-0-0-CHRCH2HgCI /BrCH2CHR-0-0-CHRCH2Br t 2 HgClBr 

Table 6. 6-Mercurialkvl hydroperoxides and 

bis-3-mercurialkyl peroxides (XHg-CH2-CR1R2-O-OR) 
----__-_--__-----------~~----~~-~-~~~~---~~~~~-----~~~-_-------- 

Parent alkene(s) X R1 R2 R M-p. c"c, 

Phenylethene OAc Ph H H 115-116 

2-Methylpropene CF3-CO2 Me Me H 83 

2-Phenylpropene CF3'C02 Ph Me H 90-91 

Ethene Cl H H CH2-CH2-HgCl I-49-150 

Propene CF3-CO2 Me H C-Me-CH2 -Eig-02C-CF 
3 

109-110-5 

Phenylethene Cl Ph H CHPh-CH2-HgCl 148-150 

2-Methylpropene CF3-CO2 Me Me CMe2-CH2 -Hg-02C-CF3 122.5-124 

2-Methylpropene CF3-CO2 Me Me CHPh CH2 -Hg-02C-CF3 96-97 

and phenyl- 
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Intramolecular aminomercuration of unsaturated cyclic 

aziridines has been reported by French workers (92). The 

era1 scheme shown below r.~as followed. 

gen- 

been 

(Y- = x- or solvent) 

B. Acetvlenes -- 

The acetoxymercuration of substituted l-aryl-l-propynes has 

investigated (93): 

Hq(OAC)* KC1 
%H4, , 

HqCl 

XC6H4C'CCH3 - p> c=c 

HOAc /\ 
AcO 

CH3 

t 

=fjH4 OAc 

'c=c 
/ 

/ \ 
ClHq 

CH3 

In general, both isomers were formed (Table 7). Trans stereo- 

chemistry was observed, without exception. Noteworthy is the 

preference for AcO- attack at the benzylic position, a tendency 

41 - 

4G - 

which decreases as substituents are introduced which decrease 

the ability of the aromatic ring to stabilize an adjacent posi- 

tive charge. A mercurinium mechanism was favored: 

,HgOAc 
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Table 7. Yields and Isomer Ratios: Aceto_xymercuration of 

Substituted I-Aryl-l-propynes (93). 

X in XC6H4CsCCH3 

p-O>Ie 

p-Me 

I?-= 

H 

p-Cl 

p-Br 

m-Cl 

40/41 Ratio -- Crude Yield (40 f 42) - 

only 40 - 
14.0/l 

8.7/l 

2-85/l 

2.9/l 

1.95/l 

1.1/l 

93 

89 

a5 

84 

80 

83 

50 

A study of the kinetics and mechanism o f the Hg(II)-catalyzed 

hydration/isomerization of 2-butyn-l-01 has been carried out. 

An organomercury mechanism was found to obtain (94): 

2-i- 
fast 

Hg 
aq 

f CH3CZCCH20H + H20 m--j[CH&-y=CH2]+ f H30+ 

CCH~;-$=CH~I -I- i- CH3C%CH20H + H20 + Hg(,C+'CH3)2 + H,O+ 

0 Hg II 

cH2 

isomerization 
2 

Hg (,_/-CR312 
CH &_H 

3 2 
f H20 

ii 
CH2 

f [CH~;-$=CH~I+ 

0 Hg 

kydration 
z-CH CCH2CH20H + [CR3;-C=CH21+ 

311 
0 0 Hg 

Mercurial 42 was isolated and characterized in a separate exper- - 
iment. Catalysis also was effected with 43 _' which was prepared 
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by adding 4-penten-l-01 to the reaction solution. 

r- 

HgCH C;;/CH*-CH* 
*\ I 

0-CH* 
L 

43 
I 
+ 

C. Cyclopropanes 

Shabarov and his coworkers have continued their studies of 

cyclopropane mercuration. In the acetoxymercuration of the 

isomeric l-cyclohexyl-2-phenylcyclopropanes complete inversion 

of configuration did not occur at the site of acetate ion at- 

tack (95). The cyclopropyl group of 2-cyclopropylfluorene is 

more readily opened by mercuric acetate than are those of aryl- 

cyclopropanes (Ar = H, p-Ph, p-Me3C) (96); 

A nitro grouponan aromatic ring deactivates a cyclopropane 

ring toward reaction with mercuric acetate (97): 

Hg (OAc) 2 

--------_-& no reaction 
HOAc 
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Hg ( OAc : */HOAc 
Z&Cl 

+ 

i 

/ 

Br2/CHC13 

‘Ne CH 
2 

In methanol the methyl ether was produced rather than the ace- 

toxy derivative. These reactions required more strenuous con- 

ditions (perchloric acid catalyst, elevated temperatures) than 

are usually needed for the solvomercuration of arylcyclopro- 

panes. Also reported was: 

1) Hg (OAc) 2/ 

CHCH2CH2HgC1 

AA= 

Here also a reaction temperature of 100' was required. When 

the reaction was carried out in methanol, a reaction tempera- 

ture of 65' sufficed. 

D. Aromatic Compounds 

Deacon and Farquharson have continued their studies of 

the permercuration of arenes and of the further reactions of 

the permercurated products (50): cf_ Table 1 in Section 3-B. 
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It is noteworthy that benzoic acid and substituted benzoic 

acids were at least partially, often totally, decarboxylated 

under the rather strenuous reaction conditions (180-245'C), 

while p-toluenesulfonic acid lost sulfur trioside- The results 

R 

HgX 

+ 5Hgx2 -- 

(X = 02CCF3) 
HgX 

E&X 

of a detailed study of this aspect are given in Table 8 (49). 

The ease of decarboxylation during permercuration increases in 

the order p-XC6H4C02H 5 m-XC6H4C02H < o-XC6H4C02H, regardless 

of the nature of X. A four-center SE2 transition state with 

some polar character, 44 and e, was suggested. Here transi- - 

S+,O\ 
o=c. 

_. ~.Hg02CCF3 
._* 

X (Hg02CCF31, 

44 45 - - 

tion state 44 is facilitated by inductive effects of electron- - 

withdrawing substituents and 45 by inductive - 

tron-releasing substituents. 

The permercuration of ferrocene has been 

sian workers (9S): 

Hg (02CCF3 1 2 

[C5H512Fe h Fe[C5(Hg02CCF3)5]2 

effects of elec- 

reported by Rus- 

KC1 

HgCl)532 

Fe[C5(Hg02CCF3)512 + 5 13- 
H2° 

> Fe[C51512 
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Table 8. Permercuration and bromodemercuration of mono- 

substituted benzoic acids (49). (Amounts of 10 mm01 of acid and 

70 nun01 of mercuric trifluoroacetate were used.) 

X in Permercuration* Yield(%) of Yield(%) of 
XC6H4C02H temperature ("Cl XC6Br4C02H C6Br5X 

o--Me 

m-Me 

p-Me 

m-F 

P-F 

o-cl_ 

m-Cl 

p-c1 

o--B?= 

m-Br 

p-Br 

o--Me0 

m-ZeO 

p-Me0 

o-NO 
2 

m-NO 
2 

p-NO2 

o-CF 
3 

m-CF3 

p-Cp3 

H 

H 

180 

180 

200 

210 

210 

200 

200 

200 

200 

200 

200 

180 

200 

180 

240 

240" 

240 

245 

245 

245 

180 

215 

25 

57 

c-o-5 

20 

57 

3 

63 

58 

12 

52 

52 

-- 

19 

-- 

-- 

11 

37 

-- 

2 

6 

65 

38 

58 

28 

84 

45 

23 

80 

26 

27 

65 

25 

30 

73 

53 

70 

55 

61 

43 

56 

76 

74 

221 

50. 1 CgBr6 

*Reaction times c. 3 min. for o-Me0 and p+MeO, c. 20 min. for 
reactions at 240-245O, and 5-10 min. for others. 

The much greater reactivity of ferrocene in the permercuration 

reaction is striking- Mercuration of other n5-cyclopentadienyl 

complexes has been described: 



(ref. 46) 

'=12 * VHgCl 

,Mn 

OC Go 
‘PPh 

(Also with the Re 
3 

complex) 

ml 

OC’do ‘PPh3 

Pentafluorobenzene is readily mercurated to give (C6F512Hg 

in good yield by Hg2F2, HgO and Hg(02CCF312 in antimony penta- 

fluoride solution (5). 

Alkyl phenyl ethers containing organosilicon substituents 

in the alkyl group have been mercurated (99): 

- 
X3Si(CH2)n-0 -c3 

- \ , Y i- H~(O_AC)~, X3Si(CH2),-0 . -Q 1 1 Y 

HgOAc 

X n Y - - - 

Me 1 o-OLMe 

Et 1 H 

Me0 1 H 

Me0 3 H 

Et0 1 p-Me 

(When Y = H, the mercuration product was the para isomer.) 
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2 Ffg(0Ac)2 

HgOAc 

Kinetic data suggested that the action of mercuric ion on 

pyrocatechol in acetic acid results in oxidation and subsequent 

mercuration (100): 

OH 0 

OH 
II 

FIOAC 
f 2 Hg(OClO,), ---- - ~-- -+ 

+ Hg2 (OC103) 2 

+ 2 HClO, 

0 0 
II II 

0 
I ,+O + Hq(OCBD3)2 ___f_ + HC104 

ReSoicinol was trimercurated to give 46. - 

OH 

HqOC103 

46 - 

The kinetics of the redox mercuration of fifteen other benzene- 

dials were studied. Also reported has been the mercuration of 

aryl(aryliminoIthiazolidones, 47, (101) and of the 0, m_ and p 

isomers of the HOC6H4CD2Co cation (102). 



47 
Z = m-F, p-F, m-SO 

A 2' P-NO,, 

m-OH, p-03, o-OH, p-OH_ 

The reaction of phenylmercuric hydroxide with phenol 48 

resulted in part in a mercurated product (103): 

OHgPh 

exe 3 

+ (Me3Ge)20 

f Hz0 

1 
I 

n 

49 - 

i Ph2Hg + H20 

+ (Ele3Ge) 20 

Polymer 49 is the hydrolysis product of the initially - 
product, 50_ The polymer reacts with HCl to give 51. - 

formed 



_?Jso reported was: 

Oh OHqPh 

PhHgOii 

+ (Me3Gej20 

Finally, arene mercuration products are intermediates in 

mercuric salt-catalyzed nitration of toluene (104): 

FH3 
CH 
i 3 

Hg(OAc)2 t - > HgOAc 

02N 

230 f HgO_k 

5_ ORGANOFUNCTIOXAL ORGANOMERCURY COMPOUNDS 

The reaction of diaminocyclopropenium perchlorate with 

mercuric acetate gave a cationic diaminocyclopropenylidene com- 

plex (105): 

K2* 

D 

0 - 
Cl04 

R2N 

R = Me2CH 

Hg(OAcj2 

,-"'*j+-Hq-4'"' 2C104 

120° R2N' 
NR2 

52 - 

The large J( 13=_199 Hq) coupling constant (2508 Hz) observed in 

the l3 C NMR spectrum of this product served to show that sp 

hybridization of mercury was involved. Some reactions of 52 - 



lS9 

. 1 

were carriea out: reactions V:ith iodine, with sulfur and with 

acid gave 53, 54 and 55, respectively. 

clod- 
51 

clod- 
- 

53 - 55 - 

Sulfur-functional mercurials were studied by Chivers and 

Ram (9). It was found that Hg[CH(SPh)2]2 undergoes C-Hg bond 

homolysis on thermal decomposition: 

slow 
HglCHGPh)212 -(PhS)2CH- f (PhS)2CHHg- 

fast 
(PhS)2CHHg- A (?hS)2CH- + Hg(0) 

The final products of decomposition at 150°C in vacua were 

(PhS)3CH, (PhS)2C32, (PhS),CHCHGPh)2 and elemental mercury. 

Similar thernolysis of PhHgCH(SPh)2 at 120°C gave elemental 

mercury, diphenylmercury, (PhS13CH and (PhSj2CH2. No evidence 

for a carbene pathway, i.e., PhHgCH(SPh)2 -->PhHgSPh f 

EESPh, was Eound _ 

The reaction of dimethylsulfoxonium methylide, Ele2~(0)-CH2-, 

with methylmercuric chloride gave a product which was assigned 

the structure [Me2S(0)CH2HgXe]C1 (106). Reactions of this 

ylide with 1,2 and 3 molar equivalents of mercuric chloride 

resulted in formation of adducts, [Me2S(0)CH21n-HgC12, with 

n = 1, 2 and 3. The structures of these could not be determined. 

Already mentioned in Section 2-F is the novel mercury/phosphorus 

ylide complex 5 (351, which was isolated in the form of pale 

yellow, air-sensitive crystals_ The low 199 Hg-C-1H coupling 

constant observed in the proton NMR spectrum of 5 was in line 

with the assumed sp 
3 

hybridization of its mercury atom. 

Further results on the chemistry of mercurated diazoalkanes 

have been reported by Lorberth. A new, explosive mercurated 
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(MeHg) *CN2 

f 

Ye0 C 
2 \ 

CO 2Me 
c--_-c’ 

> / \ 

Me02CCgCC02Me 
MeHg-C+N, ‘N-HgMe 

Me02CCGCC02Me 

HgMe 

N 

Me0 C 
i: 

\ 
2\c-_N\ 

,, 1 

Me02C s 

-; AWle 

-c -.\, 
L\ 

COpMe 

57 - 

13C 
NMR spectroscopy has been used to establish the C-Hg 

bonded structures of Me3CC(0)CHMeHgBr and (9e3CC(0)CHMe)2Hg 

(86) - Reactions of mercuric oxide with diethyl malonate, ethyl 

acetoacetate and ethyl cyanoacetate (but not with malononitrile) 

gave Hg-C bonded products, Hg[CH(C02Et)R12 (R = C02Et, C(O)Me, 

CN, respectively) (110) _ -Also reported were the following 

preparations: 

/ 
c (0) R C(O)R 

CH2 
-I- 

'C(O)R' 

HgX2 - (XHg)2C< 

C(O)R' 

R,R' = OEt, OEt X = Cl, Br, 

OEt, Me OAc 

LMe, Me 

R 

RCH2CN i- HgX2 B (XHg)2C' 

\CN 

(R = Et02C, CN; X = Cl, OAc) 

Detailed studies of the IR, NMR and mass spectra of these 

products were reported. 
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6. TXRCURY-CARBOX BOXD REACTIOXS 

Those C-Hg bond reactions which have demonstrated synthet 

utility have been discussed in Section 3. 

A discussion_ of the R2Hg/EIcj mercur> exchange reaction has 

been presented in terms of qualitative molecular orbital con- 

siderations (111). The authors contend that these confirm the 

mechanism which they proposed previously on the basis of kine- 

tic, stereochemical and electrochemical studies: 

R--g-R 
J 

Rx-Hg-R Hg-R 

* \ I 
b!q i-_ * = I f 

ef R -H3 

Hg / d- 

R-Hg*-R 
, I 
R---HgfR 

Reutov and his coworkers have described further studies of the 

substituent exchange reactions between organomercurials: 

R2Hg + HgYZe RHgY t RHgz 

(Y, Z = organic or inorganic substituent). 

Equilibrium constants have been determined by a polaro- 

graphic method for the R2Hg/Hg(CN)2 (Table 9) and various 

R2Hg/R*HgY systems (Table 10) in DMF solution (112). In the 

latter system the equilibrium is displaced to the right, i.e., 

to RHgX f RHgR', in those cases where the electronegativity of 

R is lower than that of R'. An approach which considers both 

the complexing properties of the organomercury(I1) cations and 

the stability of the carbanions of the exchanging groups, R- 

and RI--, served to explain these results. Solvent effects on 

the disproportionation reaction: 

K 
2 C6F5HgC6H5 \ (C,F,),Hg f (CSHS12Hg 

have been investigated by the polarographic method (113). At 

20°C, in the presence of O.lM R4Nf salt, the following equili- 

brium constants (K x 103) were determined: in DMF containing 
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Table 9. The Equilibrium of Exchange Reactions 

Hg(CN)2 t HgR2$ 2RHgCK in D&IF in the Presence 

of 0.1 :.I Bu4~C10 4 (initial concen-trations of organo- 

mercurb- compounds 1 x 10 
-2 

H) (112). 

Reaction No_ R in R2Hg Temp. 
Re 

1 Ph2C=CH 25O >lOO 

2 CH3OCOCH2 100 a.3 

40 3.8 

3 C85 100 3.6 

4 PhC-C 100 1.1 

Table lo. The Equilibrium of the Exchange Reactions between 

Organomercury Compounds and Organomercury Salts in DMF in the 

Presence of 0.1 i-l Bu4?lC104 at 25Oc (112). 

Reaction Reaction 
NO_ 

Ke 

9 

10 

Ph2Hg f CH30COCH2HgBr;IPhHgCH2COOCH3 f PhHgBr 1.7 

Ph2Hgt CH3COCH2HgBr=PhHgCH2COCH3 f PhHgBr 2-Z 

Ph2Hg f C6F5HgBrZPhHgC6Fg + PhHgBr 24 

(C6F5)2Hg + C2H5HgBrzC6F5HgC2H5 + C6F5HgBr <<l 

C6F5HgPh + PhHgBrZC6F5HgBr f Ph2Hg G 1 

C6F5HgPh + PhHgOCOCF3~C6F5HgOCOCF3 -I- Ph2Hg << 1 

C6F5HgC2H5 + C6H5HgCl ZC6F5HgC1 + (C2H5)2Hg (< 1 

ZC6F5HgC1 t C2H5HgPh (a) << 1 

C6F5HgPh t C2H5HgCl- Polaro- 

ZC6F5HgC2H5 + PhHgCl > (b) L g raphic 

(a) 

i 

method un- 

C6F5HgC2H5 + PhHgX- 
ZC6F5HgPh + C2H5HgX suitable 

(X=Br, I, CF3COO) 
t'C6F5HgX + PhHgC2H5 (b) << 1 

C6F5HgPh f- C6F5BgC2H5 :(C6F5)2Hg f PhBgC2H5 0.07 

added I-, 19+2; in D&GO, 11~1; in sulfolane, 4.6'0.5; in CH3CP3, 

4_6+0_5; in DMF, 4.3-0.5. The effect of iodide ion on the 

rates of such exchange reactions was investigated as well (114). 

Added iodide ion accelerated exchange in the Ph2Hg/(PhCX),Hg 

system, retarded it in exchange reactions of Ph2Hg with Hg(CN)2, 

fig12 and HgBr2 and had practically no effect in the Ph2Hg/ 
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Hg (Ccl31 2 system. 

discussed. 

Calculations 

Possible explanations of these results were 

have been carried out to assess the steric 

effect of a neopentyl group (compared with that of a methyl 

group) in the RHgBr/HgBr* substituent exchange reaction in 

ethanol (115) _ Both the one-Br- and two-Br- catalyzed reaction 

were considered. The calculations using the s_ymmetrical, bi- 

cyclic model with two bridging bromide ions, 58, (Jensen and 

Rickborn, 1958) provided good agreement with experiment in the 

\ Br 
,/- cc 

\ 

/ ,Br 
-Hg 

C 
,._ \ 
cr‘- / \ 

/t 
‘Hg “.Rr 

Br 

58 - 

case of the one-anion catalysis. The observed Me3CCH2HgBr/ 

MeHgBr rate ratios in the case of the two-anion catalyzed pro- 

cess agreed well with that calculated for a symmetrical, cyclic 

transition state, 59_ - 

--Br 

59 - 

The cleavage of cyclopentadienylmercuric bromide in 

aqueous solution containing bromide ion by perchloric acid has 

been the subject of a kinetic study (116). A mechanism involv- 

ing fast, reversible complexing of Br- to the mercury atom 

(giving RHgBr2-, RHgBrS2- and even RHgBrg3_] followed by rate- 

determining acidolysis of the C-Hg bond in these complexes was 

indicated. (A study of the substituent exchange reactions, 

i-e,, exchange reactions with HgX2, RHgX and R2Hg, of cyclo- 

pentadienylmercury could be of considerable interest in view 

of the high reactivity of these compounds, due in large part to 

the pronounced carbanionic nature of the cyclopentadienyl sub- 

stituent.) 
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14 
C-Scrambling 

14 
in the products of the cleavage of CH3CH2CH2- 

CH2HgC10 
4 

by trifluoroacetic acid showed that at 35'C the 

only scrambling processes were those involving successive 1,2- 

hydride shifts in classical l- and 2-butyl cations (117): 

H+ 
CH3CH2CH2 14CH2HgC10, ->CH3CH2CH214CH2Hgi 

- Hg 

CH3CH2CH214CH2+ 

+ 14 
+ 

CH3CH2CH2 14ch2+ ;_~CH~CH~CH c~3 X& CH3CHCH214CH3 

At higher temperatures (50' or 72*C), however, equilibrating 

protonated methylcyclopropanes appeared to become involved. 

The reactions of p-tolylmercuric acetate with NO+ and NO 
f 

2 
salts have been examined by Stock and Wright during the course 

of their study of the Hg(II)-catalyzed nitration of toluene 

(104). 

CH3 OHgOAc i- NOlBF4 
- 

sulfolane 

------+CH3 

25' 

NO 

(96%) 

sulfolane 

CH3 
HgOAc f NO2 -> HgOAc 

25' / 

(major product) 

f lesser amounts of 

-- 7 

’ ‘$NO CH3--\ 
\ 2 
1-X 

and 



but: 

HgOhc i- HNO 3 (cold, free of 

r---- 

CH Jy '+- HcjOAc J- 

-. 

f HNO 
3 

'?&HqOAc 

.\-' i - 
3 (cold) ,CH3 ; 

.-_:/ 

X0 
2 

It appears that NO+ undergoes the nitrosodemercuration reaction 
1- 

with arylmercuric acetates, but, on the other hand, NO2 under- 

goes nitrodeprotonation rather than nitrodemercuration. 

The complicated chemistry which occurs in R2Hq/CC14 systems 

has been investigated in great detail by Nuqent and Kochi (118. 

119, 120)- These reactions can be initiated photochemically or 

with radical species obtained by peroxide thermolysis. Evi- 

dence was presented for a free radical chain process which in- 

volves B-hydrogen abstraction from R2Hg by trichloromethyl 

radicals, followed by elimination and fragmentation of alkyl- 

mercury radicals and by subsequent chain transfer with carbon 

tetrachloride: 

ccl4 .-> C13C- 

H-CMe2CH2HgR + C13C- _ -CMe2CH2HgR + HCC13 

-CMe2CH2HgR -3 Me2C=CH2 i RHq- 

RHg- ____3 R- -i- Hg(0) 

R- -I- CC14 -.> RCl + C13C- 

etc. 

B-Hydrogen activation toward radidal abstraction is very 

favorable- Thus the B-hydrogen atom in HCMe2CH2HgCH2CMe3 is - 

600 times more reactive than a given hydrogen atom in cyclo- 

hexane, a B-hydrogen atom in CH3C&,CH2HqCH2CMe3 about 100 

times more reactive, and even the B-hydrogens in CF13CH2HgCH2CMe3 

4.4 times more reactive- This translates into a primary:sec- 
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0ndary:tertiary H reactivity ratio of 1:22:139. In henzoyl 

peroxide-initiated reactions of dialkylmercurials in carbon 

tetrachloride, alkylmercuric chloride and benzoate are formed. 

It was shown that the chemistry shown in Scheme 2 was involved 

in their production. In contrast to primary and secondary di- 

alk~lmercurials, di-tert-butylmercury reacts spontaneously with 

carbon tetrachloride in the absence of an initiator (120). A 

charge-transfer interaction between Ccl4 and (Me3Cj2Hg IgaS 

Scheme 2 

lnltlatlon 

PC1 f co* + CL3 c- - 

( PCO,), - PC020 

PC02HgR + R. - 

Propagation 
Hg, R(-H) 

.r 
%2-Q CHCL 3 C2Ck5 C&l, + RCL 

RCl CCL, RHgCL R2Hg 

Termlnatlon: 
2ckJc. - c2CL6 
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shown to be the rate-limiting step: 

E 

R2Hg -+ CC14L [R2Hg-+ CC14'-] 

I 

RHgCl 

c13c- +- We3C) 2Hg e HCC13 

Me3CHg- _ &1e3C- + Hg (0) 

!-le C- 
3 

C Ccl, __1_3 Me3CCl 

etc. 

i-R- f c13c- 

t Me2C=CH2 + Me3CHg- 

f Cl 
3 
c- 

Me3CHgCC13 was shown to be a discrete, transient intermediate: 

sH2 
c13c- t (Me3C)2Hg /Me3CNgCC13 f Me3C- 

Pulse radiolysis of benzylic mercurials - (C6F5CEt2J2Hg, 

(CF3C6H4CH212Hg, (C6H5CH212Hg - resulted in formation of the 

benzyiic carbanions, ArCH2-, and the radicals ArCH2Hg- (121). 

Both species were observed spectrophotometrically. In the 

presence of sodium tetraphenylborate ion pairs, ArCH2_Na+, werf 

produced. 

The rate of reductive demercuration of RHgCl (-----,RH) by 

sodium borohydride is greatly slowed down by the presence of a 

nitro substituent (122). Thus the reduction of 60a-63a was -- 

exceptionally slow compared to that of similar compounds with- 

out a nitro group. 

60 at R = Me - 

b, R = AC 

c,R=H 
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Ne2CHaNc2 

61 5, R = Me - 

b, R = AC 

c,R=H 

62 ar R = Me - 

b, R = AC 

c,R=H 

63 - 5, R = ?;Ie 

b _, R = AC 

c,R=H 

Compounds 60b-63b have a carbon-bound acetoxy group which is -- 

another potential site for attack by sodium borohydride- In- 

deed, this reagent does reduce 60b-63b to the alcohols 6Oc-63c -- -- 

without reaction at the mercury function_ These results were 

explained in terms of an increase in the strength of the Hg-C 

bond resulting from intermolecular donor-acceptor interaction 

between the mercury atom and the nitro group. In favor of 

such a view is the following observation: The reaction of 64 - 

with sodium borohydride gave 65 in 72% yield, along with a 25% - 

recovery of 64. On the other hand, the reaction of 64 with - - 

64 

65 - 

References P. 234 



200 

sodium borohydride in the presence of 6G ~avc alcohol 

655 yield. The demercuration product was obtained in 

yield. 

67 in - 

only 21% 

Bis(cyclopentadienyl)vanadiwn~II~ was found to reduce 

organomercuric halides (123): 

hesane 
2 (CsH5J2V -i- 2 RHgCl 

2o" 
> (C5H5J2VC1 f Hg + R2Hg 

(R = Ph, Me3SiCH2, We3SiCH2) $eSiCH,) 

The demercurative rearrangement of some g- and p-mercurated 

N-nitroso-N-alkylanilines has been studied (124): 

R H R 
'N' “N 

AH 

/ HgOAc 
(2 = H, Me, Cl) NaN02 

HOAc 

J 
R 
\N' 

NO R 
. N-’ 

H 

*I_ 
/,_.' . . . H2SoA 
i 

-3 

z 
HgOAc A0 



20: 

Hg (OAc) 2 

~-- _. ‘> 

(2 = Xe, Br) 

/ 
NaN02 / 

HOAC ’ 

/ 

R 
'N' 

,HgOAc 

R H 

~.,,,A, 

/j 
'-\,.,,..- ' 

Z 

R H 
'N' 

An intramolecular process was indicated since these reactions 

proceeded even in the presence of sulfamic acid or urea which 

would intercept nitrous acid if it were to be involved as an 

intermediate. The kinetics of these demercurative rearrange- 

ment reactions were studied at varying acid concentrations. 

The para position is more reactive than the ortho as the reac- 

tion below demonstrates. This demercurative rearrangement also 

H2S04 

Me 
‘N’ 

*H 

I 
-2 

', _ 
, HgOAc 

\ 

4 

k-0 

could be effected by W irradiation of the mercurated N-nitro- 

soanilines in aqueous or alcoholic medium- Quantum yields for 

such processes were determined. 

NMR studies of ligand effects on the redox demercuration 

of B-hydroxypropylmercurials: 

CH3CHCH2HgL/CHJCCH3 + Hg(O) i- H+ •i- L- 

I II 
OH 0 
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Table 11. Stability constants of mercury(I1) complexes at 

25.00°C in a 3 mol dm -3 sodium perchlorate medium (128). 

Ligand loa i: 
H 

-1 log 21 log 52 log $1 
2 

1)Formate 3.907'0.002 3.66+0_01 7.10+0.01 0.22 

2)Acetate 5.011=0.002 

3)Propanoate 5.161=0.002 

4)Chloroacetate 3.028'0.003 

5)Cyanoacetate 2.654'0.001 

6)Hydroxyacetate 3.923t0.002 

7) 3-Hydroxybu- 4.757=0.004 
tanoate 

8)4-Hydroxybu- 4.985=0.005 
tanoate 

9)Methoxyacetate 3.74310.002 

4.2210.01 5.45IO.03 

4_15*0_01 8_44-eO.O2 

4.33*0.01 8.80~0_03 

2.95-'0.02 5.61+0.02 

precipitated 

3.60=0.01 7.05kO.01 

4.25,10_01 8.36kO.01 

4.34r0.01 8.45~0.01 

3.5450.02 6.91-O-03 

-0.01 

-0-14 

-0-14 

0.29 

0.15 

0.15 

0.23 

0.17 

10)3+1ethoxypro- 4.707=0.003 4.24-o-02 8.45=0.03 0.03 
panoate * * 

log $I log B2 

Hvdroxide 14.22 -3.44~0.02 -6.24?0.03 -0.64 

or methanol, giving diphenylmercury. IR, 

spectroscopic investigations were carried 

Et, i-Pr, t-Bu, Ph, . CH2CH20H) and Hg(SR)2 

of Hg(II) and RBg(II), and their solution 

Raman and proton NMR 

out on PhHgSR (R = Me, 

and dithiol complexes 

behavior was studied. 

PhHgSR and Hg(SRJ2 (R = Et, t-Bu, Ph) dissolve as monomers in 

chloroform. The stability constants of the Hg 2i/HOCH2CH(SH)- 

CH2SH (BAL) (1.-l and 1:2) complexes have been determined (132). 

This ligand, although it has only two donor sites, forms a more 

stable complex with mercuric ion than does EDTA. The formation 

of dimeric Hg(I1) thiolate ions in aqueous solution, derived 

from MeSHgOAc and its pyridine or 4-methylpyridine complexes, 

has been described (133). Presumably, double MeS bridging, as 

in 68, is involved. 

Me 

Me 
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Equilibrium constants have been determined by an WIR pro- 

cedure for the reaction of phenylmercuric acetate with 2,6- 

dimethylthiophenol and its triphenyllead and triphenyltin 

derivatives (134)- The results of this study provide another 

example of the strong affinity of mercury for sulfur bonding: 

PhHgOAc + Lv,OAc + 

ME? Me 

M - 

H 

Ph3Sn 

Ph3Pb 

Solvent 

HCC13 

HCC13 

HCC13 

PhNO2 

CgHgN 

K - 

>lClO 

>lOO 

5.3+0.5 

9.3*1-o 

>lOO 

An interesting solvent effect was observed. 

S-Bonded phenylmercury(I1) derivatives of L-cysteine and 

DL-penicillamine have been prepared_ Both decompose to give 

diphenylmercury when their suspensions in benzene are stirred at 

room temperature (135). Mercury(I1) derivatives of some thio- 

steroids, e-q., 69 and 70, have been reported by Canadian - 

workers (136). They decomposed in solution and in the solid 

state as shown for 69. - 
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(X = Cl, Er) 

69 - 

+ (HSHgSJn 

i?Iercury(II) benzimidazole-2-thiolates have been prepared (137): 

Hq + 2PhC-CH 
\ 2 

H 

71 - 

References p. 234 
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Some reactions of 71 were examined: - the action of NaI/I2 gave 

disulfide 72- -' benzoyl chloride produced the N-benzoyl deriva- 

tive 73 and reaction with Hg(C'CPh)2/PhN=C=S gave 74. - - 

73 

An anionic MeHg(I1) complex of the cis-1,2_dicyanoethylene 

dithiolate ion, 75, has been characterized (138). The cyclic 

structure shown is not secure, and it may be that the two Hg-S 

74 - 

bonds are not equal in length (as in MeHgS2CNEt2). 

The reaction of C(HgOAc)4 or C(Hg02CCF3)4 with aqueous 

methylmercaptan gave C(HgSMe14, while reaction with aqueous 

hydrogen sulfide produced CHg4S2, a yellow, amorphous solid 

(139). The latter, very likely a three-dimensional coordination 

polymer, contains 91.33% Hg, a record for an organomercurial. 

Both compounds, like all C(HgX), species, are very stable ther- 

mally, decomposing endothermally between 350 and 400°C. Sulfur, 

selenium andtellurium-containing mercurate salts have been 

prepared and studied (140): [Ph4P12[Hg(EPh) 41 (E = S, Se, Tel ; 
[Ph4P13[Hg2(SePh)7], [Ph4P15[Hg3(TePh)lll. The crystal and 

molecular structure of [Ph4PI[Hg(TePh)31 was determined by 

X-ray diffraction (141). The structure of the anion is shown 

in Figure 1. 



Figure I. Structure of the Anion in IPh4Pl [Hg(TePh)31. 

cu. Behrens, K. Hoffmann and G- Klar., Chem. 

Ber., 110 (1977) 3672) 

Table 12. Equilibrium Constants for the Methylmercury(IIJ- 

Imidazole System (142). 

NMR pH titration 

PKA 

Log Kl 

PK2 
Log K3 

Log Kd 

PKA 

Log Kl 

Imidkole 

7.13 7.10+0.02 

6.93+0.04 7.14+0.03 

9.61x0.2 9.6520.1 

8.26~0.2 8.18'0.1 

11.76 11.79*0.1 

N-Methylimidazole 

7.18 

6.96 

References p_ 231 



xethylmercury imidazole species which are formed in aqueous 

solution, 76 -' - 77 and 78, have been investigated (142). Their 

solution equilibria were determined potentiometrically and their 

formation constants were determined independently by NNR experi- 

ments. _Although imidazole has a large relative affinity for 

MeHg(II), SH functions bind mercury more strongly. 

51 
'I-- 

H 

\ 
/ f \ 

H&L---'. 
V' 

MHqCH3 

H H 

76 77 - - 

CH3Hq+ + 

"1 

Him \LCH3HqHIm 
f 

(76) - 

78 - 

I(2 \ 
CH3HgHIm+ \p CH3HgIm f H+- _ (77) 

Y 

-I- t 
‘3 

CHjHg CH3HgIm ,L(CH3Hg)21m 
-t 

(78) - 

Methylmercury bis(trimethylsilyl)amide and mercury bis- 

bis-(trimethylsilyl)amide are useful reagents for the introduc- 

tion of MeHg and Hg functions into molecules by reaction with 

OH, NH and other protic functionality. Glockling and Mahale 

(143) have used the former to prepare CH Hg(II) 3 
derivatives of 

several oximes and phenols: 

CHO CHO 

OHgMe 



CH=NYOH 

80 - 

82 - 

dH 0 
HgMe 

The nitrone structures 80, _ 81 and 82 (rather than the alternate _ 

O-Hg structures) were considered more probable but remained un- 

proven. No evidence for the benzenoid-quinonoid tautOIWriSm 

previously claimed (Minkin et al., 1974) for 79 could be detec- 

ted by UV, IR and NMR. Thus this equilibrium must be called 

into question. 
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Reactions of [(Me3Si)2N]2E1g with compounds 

C-H bonds provided C-fig derivatives (144) : 

containing activated 

[(MejSi)2N]2Hg + 2 CH2(C02Et)2~H~[CH(COZEt)2]2 f 2(Me3Si),NH 

Similar reactions with CH2(CN)C02Et, CH2(CN)2 and CH,(CCCH3)2 

gave Hq[CH(CNjC02Et]2, Hq[CH(CN)2]2 and HqlCH(COCH3)212, res- 

pectively. 

MeHqN(SiMe3) 2 and Hg[N(SilMe3)212 also react with halides o 

the Group IV elements, e-g.: 

Hq[N(SiMe3)2]2 + 2 HSiC13 ---_32 (Me3Si)2NSiHC12 + HqC12 

The reactivity of the halides decreases in the order: SnC14> 

GeCl4>SiC14; in the silicon series: HSiC13>MeHSiC12>SiC14> 

MeSiC13 (39)_ Table 13 gives some results. 

Tobias and his coworkers have reported Raman difference 

spectroscopic studies on the binding of CH3Ha(II) to l-methyl- 

thymidine, thymidine-5 '-monophosphate, DNA models and native 

DNA (145)_ The CH3Hg(II) derivatives of l-methylthymidine and 

dTMP have the N-Hg bonded structure, 83a and b_, respectively. 

83 a, - R = CH3 

b _, R = deoxyribose 

monophosphate 

B. B-Mercurated Carboranes 

Two Russian groups have reported on the synthesis and 

reactivity of B-mercurated carboranes (146, 147). Such com- 

pounds result on reaction of carboranes with Hg(02CCF3)2 or 

Hg(02CCH3)2/HC104- _ o- and m-Carborane react with mercuric - 

trifluoroacetate at room te_mperature, the former exothermally. 

On the other hand, E-carborane reacts only at higher tempera- 

ture. Polymercuration is possible (up to five HgX substitu- 

ents) under forcing conditions. The mercury substituent is 

introduced predominantly (80-90%) in the 9 position of the g- 
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carboranes, with lesser amounts of 8-substitution, according 

to brominolysis-esperiments. m-Carborane reacts more selec- 

tively, giving the 9-m.ercurated isomer in 99% yield. Dimer- 

curation gives the 9,lO isomer i98%). Compared with the C- 

mercurated carboranes which have been investigated extensively 

(see previous mercury Annual Surveys), the B-mercurated car- 

boranes are more reactive- Thus they react readily with mer- 

curic chloride, bromine and hydrogen chloride at room tempera- 

ture, e.g., in the o-carborane series: - 

H-C -C-H 

\/ 
0 Cd/Hg , acetone 

B10HgHgC2CCF3 

k-c-qy_ ) 2Hg HgC12’ acetone > H-Cq;Jdgcl 

HCl, acetone 

. 

' H-cW-H 
i- 

B10H9HgCl 

Br 2' CC14 

h 
H-C\O/C-II 

B10H9Br 

The chloromercuri derivatives may be alkylated. The resulting 

unsymmetrical diorganomercurials are easily disproportionatedr 

H-C- 
\O/c_" 

FWgx B-C -C-H 
> 

B 10HqHgCl (R = Ne, Et) 

H-c\Vc-H 

100°C, 1 nun Hg 

2 
Hg 

BIOHgHgEt 
+ Et2Hg 

Polarographic studies of B-mercurated 0, m and p-carboranes 

have bten reported (148). 

References p_ 234 
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Mercurial Group IV 
finlide 

IXei!q:: (SiXe3) 2 sic1 4 

iiG[S(Si!!e ) I 
322 SXCl I 

G&l, 

StlCl 4 

ifSiC13 

::I&iSiCl2 

?!eSiCl 
3 

4d, 160' 

30 Fin., 20' 

5 rin., 2oc 

5 Fin., 23' 

Gil , 80' 

9rl. 160 

42, 160” 

30 ?lir.., 2oc 

5 CLrl-, 20 5 

3k. 202 

5h. 160; 

102, 160: 

!Xe3Si) 2?:SIC1 
3 (711 

(XejSi)2XGeC13 (911 

(:Ie3Si)2SSnClj (89) 

(Xe3Si12SSiHCl2 (831 

(:-:e3Si) 2XSi?le!iC1 (en) 

(Xe3Si),SSi'reC12 (691 

(!4e3Si) ,PSxCl 3 (72) 

(Xe3Si) 2::GeC13 (73) 

(:-'e3Sif2:!SnC1 3 (78) 

(I.le3Si)2NSiWZ12 (75) 

(:;l+z3Si) 2NSiI-ieHC1 (67) 

(!-k3Si)2SSi>leC12 (63) 

C. Mercurials with Group IV Substituents 

A new silylmercurial, bis(tri-tert-butylsilyl)mercury, has 

been prepared and its IR, 
1 
H and l3 C EJMR spectra have been 

studied (149) z 

0 

(Me3Cj2Hq + 2 (Me3C)3SiH 85 [(&1e~~)~Sil2Hq +2C4H10 

Perfluorophenylsilanes are much more reluctant to react 

with di-tert-butylmercury, and under the reaction conditions 

(greenish crystals) 

demercuration of the initially formed silylmercurial takes 

place (144): 

180-200°C 

Men(C6F5)3_nSiCMe3 + Hg 
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However, when [ (Xe3Si) 2X] 2Hg is used in place of di-tert-butyl- 

mercury, the synth_esis succeeds: 

27C°C 

2 Me 2 (C F )SiH 65 f C(Xe3Si) 2N&,Hg > (Me2 (C6F5) Sil2Hg 

i 2 (Me3Si) 2NH 

200°C 

2 Et(C6F5)2SiH + [(Xe3Si)2N] 2Hg A EEt(C6F5)2Si12Hg 

+ 2 (Me3Si) 2NH 

Bis(trimet~ylsilyl)~ercury has found application in the 

preparation of (?le3Si)2Nq and (Me3Si) 3Al: 

DNE 
\ 
0 

(FIe3Si)2Hg f Xg ,p> (iXe3SiJ2Yg- 
7 

+ Hg 

(ref. 150, 151) /" 

THF 
3 (!le3Si12Hg f 2 Al > (>Ie Si) 

3 3 
Al-THF i 3 Hg 

(ref- 152) 

The reaction of bis(trispentafluorophenylgermyl)mercury with 

praeseodymium in DME at room temperature gave the ionic com- 

plex {[(C,F513Ge12Prlf CHgCGe(C6F5)313}-, 84 (153). The - 

reactions of the latter with HCl spoke 

cated structure: 

THF 

84 i- HCl- - 

2o" 

Y!(C$~)~G~I,H~ f (C6F,I - 

Group IV mercurials are sources of 

way of Hg-M 
IV 

bond homolysis- In a new 

silyl)-mercury was found to react with 

in favor of the indi- 

3GeH + [(C6F,13Ge]2PrC1 

Group IV radicals by 

e_xample, bis (trimethyl- 

tetraphenyldiphosphine 

by a UV-induced radical chain mechanism (154): 

(Me3Si) 2Hg h" 2 Me3Si- + Hg(O) 

Me3Si- f Ph2P-PPh2 -> 3 Ne SiPPh 
2 

i- Ph2P- 

Ph2P- + (Me3Si)2Hg-> Me3SiPPh2 + Hg + Me3Si. 

Referenccsp. 234 
etc. 
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(Z4e3.Si)2Hg-derived trimethylsil>rl radicals apparently reacted 

with phosphite esters in part by attack at oxygen: 

&Ie3Si- + (R013P .-> Ne3SiOR f (RO12P. 

Bis(trimethylsilyl)mercury did not react with Ph2P(O)PPh2. 

Ph2P(O)P(O)Ph2, Ph2P(O)CH2Ph or (Et0)2P(OICH2,Ph on irradiation 

A rather stable stannyl radical has been generated from a 

mercurial precursor and its ESR spectrum was studied (155) : 

f (PhCMe2CH213Snl2Hg L> 2 (PhCMe2CH2)3Sn- i- Hg(O) 

The stannylmercurial, yellow crystals with mp lld"C, was pre- 

pared by reaction of the hydride, (PhCMe2CH213SnH, with di- 

tert-butyl-mercury. 

The W-induced reaction of bis(trimethylgermyl)mercury 

with perfluorinated ketones (C~F~C(~ICF~, (c6~5)2co. C6~5C(o)- 

is a free radical process (156): 

fi 
R 

P ?GeEt3 
f 2 C6F5CR -h" 2 C,F,&- - 

1 
-\ C6F5C-CC6F5 

Et Get! ’ Et3Ge0 
3 

R 

The initially formed radicals, which may be observed by ESR, 

dimerize. Fluoranil reacts with bis(triethylgermyl)mercury at 

-78' even when the system is not irradiated: 

OX x0 f (Et3Ge)2Hg 

F F 
W + 

g-Chloranil reacts with bis(triethylgermyl)mercury 

similar fashion (1.57): 

OGeEt3 

at -8O'C in 
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f (Et3Ce)2Hg F 

'oGeEt3 

Cl 

f Hg 

EPR showed radical intermediates to be involved. 3,5- and 3,6- 

Di-tert-butyl-1,2-benzoquinone reacted similarly with (Et3Si)2- 

iig and (Et3Ge)2Hg, giving 85. 

CMe3 

(X = Si, Ge) 

CWe3 

85 - 

Methyl(tri_methylsilyl)mercury and bis(trimethylsilyl)mer- 

cury react with Group IV halides (39): 

160°C, 2 weeks 
MeHgSiMe3 L SiC14-> 

2ooc, 30 min. 

Me3SiC1 (89%) + MeSiCl (74%) 

i Hg (100%) 

MeHgSiMe3 + GeC14 m lMe3SiC1 (93%) f MeGeC13 (79%) 

+ Hg (92%) 

20°C, 5 min. 
MeHgSiMe3 + SnCl 4 .-> Me3SiCl (100%) + MeSnC13 (71%) 

+ Hg (95%) 

160°C, 2 weeks 
(Me3Sij2Hg + Sic14 p> Me,SiCl (100%) 

2o”c, 30 min. 
(Me3Si.12Hg + GeCl4 h 

2 

+ Me3SiSiC13 (62%) -I- Kg (91%) 

PIe3SiC1 (100%) f Me3SiGeC13 

(47%) 

+ Ge2C16 (48%) + Si2Me6 (43%) 

+ Hg 

2o"c* 5 min. 
(Me3Si)2Hg -t SnC14 ,- 

ReferencesP.234 

Me3SiC1 (85%) + SnC12 (89%) 

+ Hg 
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These reactions are believed to proceed 1:ri.a intermediate mer- 

curials, MeHgMCl 3 and iXe3SiHcjYClj (T-1 = Si, I;e, Sn), which then 

undergo demercuration under the reaction conditions. 

Further Group IV mercurial/_mercurated diazoalkane reaction 

have been reported b\ 1 Vyazankin and his coworkers (156): 

(Et3M)2SiHg + Hg[C(N, )C(O)R]2/ 2 Rt3NHgC(N2)C(0)R 

(2.i = Si , Ge; R = Xe, Et, Ph, 

OMe, OEt) 
2 Et MC(N2)C(0)R + 2 Ha 

3 

(Et3Ge12Hg f Et3GeC(N2)C(0)CH3 (EtjGe)9C$CH3 + Hg 

0 

The latter reaction involves (formal) insertion of the carbene 

Et3GeCC(0)CH3 into the Ge-Hg bond. Similar reactions with 

diazo esters result in the formation of ketenes (159): 

cu 
(Et3W *Hg i Et3M'C("2)C02Et - Et3M\C=C=0 i- Et3M0Et + Hg 

Et3M ,/ 

(P-1, M’ = Si, Si 

Ge, Si 

Ge, Ge 

Ge, Sn 1 

In this reaction a labile intermediate, 86, the product of - 

(formal) Et3M'CC02Et insertion .into the XI-Hg bond, very likely 

is involved. Reactions of bis(triethylgermyl)mercury with mer- 

cury derivatives of acetylacetone, diethyl malonate and ethyl 

MEt3 

I 
Et3M-Hg-C02Et 

I 
M'Et5 

86 - 

cyanocetate resulted in redistribution and subsequent demercur- 

ation (144): 
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(Et3Ge12Hg + Hq[CH(tCH3)2]2 

O ~HF, 65* 

2 Et3GeHgCH(~CH3)2 

0 

\ 

65' 

2 Et3GeOC=CHCCH3 + 2 Hg 
I g 
We 

Similarly: 

(EtjW2Hg -i- HT(~HCO~E~)~ 2 Et3GeCHC02Et + 2 Hg 

z z 

(2 = C02Et, CX) 

benzene 
(Et3Ge)2Hg + Hg(C~2cN)2/ 2 Et3GeCH2CN f 2 Hg 

THF 
(Et3Ge12Hg + ClHgCH2CN _ Et3GeCH2CN + EtjGeCl i 2 Hg 

The reacticn of potassium cyanide, in the presence or the 

absence of a crown ether, with bis(triethylgermyl)mercury in 

THF or acetonitrile at room temperature results in formation of 

hexaethyldigermane and elemental mercury (160). The reaction 

course shown below was postulated. 

(Et3Ge)2Hg + CN- BEt3GeCN + Hg + Et3Ge- 

Et3Ge- + Et3GeCN /Et3Ge-GeEt3 + CN- 

When such a reaction was carried out with (Et3Si)2Hg, the silyl- 

mercurial, rather tbzn Et SiCN, 
3 

reacted with the triethylsilyl 

anion which is generated, to give silylmercurates of the type 

KnIHg(SiEt3)n,21 (n = 1,2), and Et 
3 
SiCN could be isolated. 
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EtHgGeEt3 reacted with KC&! to qi-;e Et6Ge2, diethylmercury and 

elemental mercury. 

Bis[tris(pentafluorophenyl)germ~~l]mercury reacts readily 

with Pt(Ph3P13 to give complexes of type 87 (161) - - 

PPhj 

(C6F5) 3Ge-it-HgGe (C6~5) 3 
I 
PPh3 

87 - 

Also reported were z 
PPh 
I 3 

t Pt(Ph3PJ3 & (C6FS)3Ge-Pt-HgEt 
i 
PPh3 

PPh 

I 3 
I(C6F5)3Sn] 2Hg f Pt(Ph3P)3 k (C6Fs)3Sn-Pt-HgSn(C6Fg)3 

I 
PPh 

3 

These complexes are air-stable- They are, however, photolabile 

and react with bromine, hydrogen chloride and hydrogen. 

benzene 

(C6Fs) 3GePt(Ph3P) 2HgGe(C6F5J3 + 2 Br2 > 

(C6F5j3GePt (Ph3P] 2Br f (C6F5j3GeBr + Hg2Br2 

8. COMPLEXES OF ORGANO%ERCURIALS 

Graddon and Mondal have investigated the thermodynamics of 

the interactions of Lewis bases with oryanomercuric halides 

(162). Alkylmercuric halides form reasonably stable complexes 

with bidentate bases (o-phen, TMEDA) in benzene solution, but 

the stability of the complexes which are formed in benzene be- 

tween RHgX and heterocyclic bases is very low. On the other 

hand, more stable, dimeric adducts, [RHgX-PBu312, are formed 

with tri-n-butylphosphine, Stronger complexes could be obtained - 

with trichloromethylmercurials, CC13HgC1 and (CC13j2Hg, and 

Lewis bases such as nitrogen bases, tetrahydrothiophene and 
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pyridine N-oxide. However, in reactions of these mercurials 

;qith phospiines secondary processes intrude: symmetrization in 

the case of CC13HgCl and reduction to Hg(0) in the case of 

(cc13)2Hg. I:1 Adducts of l,lO-phenanthroline with Hg(Cx)2, 

PhHgCN, PhHgCrCH, PhHgCECMe, Hg(CECMe)2, PhHgECCH2C1, 

Hg(C'CCH2C112, PhHgC-CPh and Hg(CzCPh)2 have been prepared and 

studied by IR spectroscopy 1163). The phenyl(alkynyl)mercurials 

were obtained by a redistribution reaction: 

benzene, reflus 
Ph2Hg + Hg(C-'CR)2 >2 PhHgC-CR 

A Swiss group has investigated the interaction of methylmer- 

curie hydroxide with l,lO-phenanthroline, as well as with 

2,2'-bipyridine, terpyridine and pyridine-2=azo-4-dimethyl- 

anilin-e (kinetics using the temperature jump relaxation method) 

(164)_ Chelate complexes are formed; their reactions with 

hydroxide ion to CH3HgOH are extremely rapid. 2,2'-Bipyridine 

complexes 05 bis(o-phenylcarboranyl)mercury (88b) can be - 

easily oxidized on a stationary platinum microelectrode (165): 

88 

(a, R = H; &, R = Ph) 

+ 
'B' 

10HIO 

The uncomplexed carboranylmercurials, however, are resistant to 

oxidation under these conditions. 

A dipole moment study produced data which were inter- 

preted in terms of weak intramolecular coordination between 

mercury and oxygen functionality in 89 and 90 in benzene medi- - - 

um (166). In ethyl acetate, only 90 gave evidence of such an - 
interaction- NO hint of intramolecular coordination was found 

in dipole moment studies of CF3CH2CH2HgX and (02N)8CCH2CH2HgX 

compounds. 

References p. 234 
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CH3C-------IigX i/@-----117 
\ / CH ;-& \ 
CH2-CH2 0 --c1i2 

89 90 - - 

Bromide ion complexes of cyclopentadienylmercuric bro- 

mide are readily formed in agueous solution (116): 

K-750 - 
C5H5HgBr l Br .FC5HgHcBr2- 

EC: 100 

C5H5WBr2 f Br- > ~5~5~g~r3*- 

3- 
Evidence even was obtained for the formation of C5H5HgBr4 . 

Cyclopentadienylmercuric bromide thus appears to be a stronger 

Lewis acid with respect to bromide ion than any other RHgBr, 

stronger even than mercuric bromide, perhaps as a result of the 

pronounced anionic character of the cyclopentadienyl substitu- 

ent. 

Finally, complexes which are formed between benzylmer- 

curie halides and bis(cyclopentadienyl)zirconium dihalides 

should be mentioned. The nature of these complexes remains 

unknown (167). 

(n-C5H5)2ZrX2 t 3 PhCH2HgX 
cc14, 5o"c 

> 

(?i-C5H5)2ZrX2'3PhCH2HgX 

9, STRUCTURAL, STUDIES OF ORGANOMERCURIALS AND RELATED MERCURY 

COMPOUNDS 

A refinement of the crystal structure of diphenylmercury 

has been reported (168) _ Figure 2 shows the structure. The 

C-Hg bond distance is 2.085(7) ii. Also determined have been the 

crystal and molecular structures of [(Me3Si13C]2Hg (10) (Figure 

3); d(C-Hg) = 2.142(4) A, and of (CF,),Hg (169) (Figure 4); 

d(C-Hg) = 2,118 ii_ In the crystal of (CF3j2Hg, which is made 

up of discrete, monomeric molecules, there are six intermolec- 
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Figure 2. Crystal Structure of Diphenylmercury, 

viewed along b_ (from D_ Grdenic', B. - 

Kamenar and A. Nagl, Acta Cryst. 8, 

33 (1977) 587) 

ular Hg-F contacts of 3.181(7) z per mercury atom. This dis- 

tance is long, but the authors consider that "interactions 

between nonbonding fluorine 2p orbitals and unfilled mercury 

6p orbitals and/or coulombic attraction between oppositely 

charged fluorine and mercury atoms appear to be significant." 

This view finds support in details of the vibrational spectrum 

and the high (163'C) melting point (relative to (CH312Hg). 

The crystal structures of two mercurated diazoalkanes, 

Hg[C(N2)C02C2H512 (170) and Me3CHgC(N2)C02C,H5 (l?l), have been 

determined by X-ray diffraction (Figures 5 and 6;. Russian 

workers have reported the crystal and molecular structure of 

N-phenylmercuri-N,N' -di-p-tolylformamidine (172) (Figure 7). 

This compound, as well as others of this class, were prepared 

References p_ 234 
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Figure 3, Crystal Structure of C(Me3Si)3C12Hg 

(from F. Glockling,. N. S. Hosmane, V. B. 

Mahale, J. J- Swindall, L- Wagos and 

T. J. King, J. Chem. Res. (S) (1977) 116) 

as shown below. In the crystal there are two independent 

PhHgOH + ArNH' A ArN 
1-L. 

I 
\biAr' f Hz0 

HgPh 

molecules which have different structures. 

Two biologically important organomercurials have been e: 

amined by X-ray diffraction: (DL-methioninato)methylmercury 
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Figure 4. Crystal Structure of Bis(trifluoromethyl)mercury. 

(from D. J_ Brauer, H. Bfirger and R. Eujen, J. 

Organometal. Chem., 135 (1977) 281) 

(Figure 8) (173) and (DL-penicillaminato)methylmercury (Figure 

9) and r.-DL-penicillaminato-bis(methylmercury) (Figure 10) 

(174). In all three compounds there appear to be weak inter- 

actions between mercury atoms and nearby oxygen or sulfur 

atoms. 

The crystal and molecular structure of 3-triphenylphos- 

phino-3-mercura-i,2-dicarbadodecaborane has been determined 

(Figure 11) (175). The mercury atom is bonded to boron, not 

to carbon. 

(Continued on p- 228) 
Referencesp. 23.S 



Figure 5. Xolecular Structure of Hg[C(N2)C02C2H512. 

(from R. A. Smith, M. Torres and 0. P. Strausz, 

Can. J. Chem., 55 (1977) 3527) 

C(12J 

Figure 7. Structure of the crystallographically independent 

molecules of N-Phenylmercuri-N,N'-di-p-tolyforma- 

midine. (from L. G. Kuz'mina, N. G. Bokii, Yu. 

T. Struchkov, V. I_ Minkin, L. P_ Olekhnovich and 

I. E. Mikhailov, Zh. Strukt. Khim., 18 (1977) 122) 
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Figure 6. Molecular Structure of Me3CHgC(N2)C02C2H5_ 

(from R. A. Smith, M. Torres and 0. P. Strausz, 

Can. J. Chem., 55 (1977) 2752) 

References p. 234 



Figure 8. Molecular Structure of CDL-Methionato)methylmercury 

(from Y. -S. Wang, A. J. Carty and P. C. Chieh, 

J. Chem. Sot., Dalton Trans. (1977) 1157) 

C&b) 

S(b) 
@ii O(lb) 

Hs(Ib) 

<al 

C (6b) 

I 
C(4a) 

Figure 9. Molecular Structure of (DL-Penicil.liminato)methyl- 

mercury PIonohydrate. (The two unlabelled atoms are 

oxygen atoms 0E water of crystallization.) 

(from Y. -S. Wong, A. J. Carty and P. C. Chieh, 

J. Chem. Sot., Dalton Trans. (1977) 1801) 
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Figure 10. Molecular Structure of u-DL-Penicillaminato- 

bis(methylmercury). 

(from Y.-S. Nong, A. J. Carty and P. C. Chieh, 

J. Chem. Sot., Dalton Trans. (1977) 1801) 

@c 
Figure 11. Molecular Structure of 3-Triphenylphosphino-3- 

mercura-1,2-dicarbadodecaborane. 

(from H. M. Colquhoun, T. J. Greenhouqh and 

M. G. 8. Wallbridge, J. Chem. Sot., Chem. Comm. 

(1977) 737) 
References P. 234 



10- SPECTROSCOPIC STUDIES Of ORGAXOXERCURIi?LS 

_A . Vibrational Suectroscopy _- 

The vibrational spectra of gaseous, liquid and solid di- 

methylmercury (1761, of gaseous and solid bis(trifluoromethyl)- 

mercury and of its solution in acetonitrile (1691, of phenyl- 

mercuric chloride, bromide and iodide and of diphenylmercury 

(177) and the IR spectrum of 2- and 3-chloromercurifuran in 

carbon disulfide (178) have been reported. Japanese workers 

have studied solvent effects on the Raman spectra of the mer- 

curic halides (173). 

B_ Electronic Absorption Soectroscoov 

The electronic absorption spectra of the bis-n-tricarbonyl- 

chromium derivatives of some diarylmercurials revealed a linear 

relationship between the extinction coefficients of the longer 

wave length absorption band and the ci f constants of the sub- 
P 

stituents in the phenyl groups (180). Indian workers have re- 

ported studies of the UV spectra of g- and e-halomercuriphenols 

(181) and Russian workers have investigated the electronic ab- 

sorption spectra of (Et3Si)2Hg and (Et3Ge)2Hg (182) - 

C. Nuclear Magnetic Resonance Spectroscopv 

'H and 13C NMR studies have been carried out on MeCH(OH)- 

CH2HgCl and Me2C(OH)CH2HgY (Y = OAc, Cl, Br, SCN, I, CR), with 

emphasis on nuclear spin-spin coupling constants (183). 13C 

NEIR studies have been reported on [(cH~=cH(cH~)~],&J (n = 2,3,4) 

and di-g-butylmercury. One, two and three-bond lggHg-13C 

coupling was observed (184). 13 C NMR studies also were 

carried out on mercurated diazoalkanes (MeHgC(N2)C02Et, 

HgEC(N2)C02Et12, (MeHg)2CN2) (1951, oxymercuration products 

of norbornene derivatives, 9J. 92, 93 and 94,(186) and of 

(Me3Si12Hg, (Et3Si12Hg, [(Me,C) ,Sil$& and (Me3C12Hg (187). 

cb / 

_OAc 

HgOAc 

91 - 

I & _AC 
(X = OAc, Cl) 

HgX 

92 - 
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‘3 

d--? 

XIig i 

j__ HgOAc ;i‘ i 
(X = OAC, Cl) 

93 

.+ 

\\ - 
94 ‘O - 

Detailed studies of the 9!R spectra 05 cyclohesylmercurialk 

(RfigOAc, RHgCN, RHgPh, R2fig, trans-4-XeRHgOAc; R = cycle-CSHll) 

ha\,e been reported by Barron, Doddrell and Kitching (188). 

Determination of conformational A-values (Table 14) showed that 

for this wide range of cyclohexylmercurials the axial conformer 

is preferred. 

Full details have been provided concerning the 
13 

C NMR 

spectra of mercurated carbohydrate derivatives (189; cf. J. 

Organometal. Chem., 143 (1977) 284 for last year's Survey for 

data and discussion). The "'Hg-'H and 1ggHg-13C couplings in 

the proton and 
13 

C NMR spectra of the series of methyl 2-deoxy- 

2- mercuri-D-pyranosides which were investigated served to 

delineate the angular dependence of 
3 
J and 

4 
J couplings. 13C 

Chemical shifts, 
199 13 

Hg- C coupling constants, half-wave reduc- 

tion potentials and w(C=C) integral intensities have been dis- 

cussed as evidence for 

(190). Such data were 

CH2=CHCH2HgC1 

95 - 

c--T; conjugation in allylic mercurials 

given for mercurials 95-100. -- 

- - 

; -I- \ zgc1 

-_*' 

97 - 

99 - 

CR2HgCl 

96 - 

i-g- 
\ Hg 
2 

100 



230 

A linear dependence has been found of lJ( lgg Hg- 13C) and 

*.J(IH-C-IggHg) for dibenzylmercury in various solvents, an 

observation which provides support for the idea that electronic 

factors are responsible for changes in spin-spin coupling con- 

stants on solvation of orqanomercurials (191). Other, more 

specialized NMR studies of methylmercury compounds have been 

reported (192, 193). 
199 

Hg NMR studies of cyclohexylmercurials have been carried 

out (188). Table 15 brings the observed chemical shift values. 

Table 14. Conformational A-Values for Mercury-Containing 

Groups in Cyclohexylmercurials, HgY,in CyclohexylHgY (188). 

Group Solvent Temp. K Measure- A-Valuea 
("K) (ax/eq) ment 

HgOCOCHXb CD2Cl 
2 193 

HgOCOCH3 b 
CD2C12/py -d5 193 

HgCNC CD2C12 193 

HgCNC CD,Cl,/py -d5 193 

CD2C12/py -d5 193 

l-84 

l-70 

2.25 

l-99 

1.53 

2.14 

1.38 

1.40 

1.50 

l-54 

1.58 

l-64 

l-51 

1.81 

l-52 

1.38 

1.35 

1.54 

cl 

c2' 6 

c4 

cl 

'2,6 

=4 

c1 

'2,6 

c4 
CN 

cl 

'2,6 

=4,5 

c4 

cl 

'2,6 

c3,5 

c4 

-.235 

-.204 -_25=.06 

-_312 

-_265 

-.164 -.24?._08 

-.293 

-.124 

-.129 

-.156 -.14+.02 

-.I_66 

-1.76 

-.191 

-.159 -.19+.04 

-.229 

-a161 

-.124 -_14%.03 

-.115 

-.166 

For (C6Hlr)2Hg (CD2C12zpy -d5) Cl intensities indicate (a,a) iS 

%40-45%; with (e,e) and (a,e) each about 25-30%. 

a) A =!?,FO=RTlnK b) 22-62 MHz. c) 67.89MHz. 
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Table 15. lggfig Chemical Shifts of Cyclohexylmercurials (188). 

Compound Solvent Tempera- Shifta 
ture(°K) 

C6H11HgOCOCH3 

trans-4-CH3- 

C6H1OHgOCOCH3 

C6H11HgCN 

(C6H11) 2Hq 

&zL 

HqCl 

0CH3 

Toluene/pyridine 

Cy2Cl2/pyridine 

CHC13 

Toluene 

CH2C12/pyridine 

Toluene/pyridine 

CH2C12/pyridine 

CH2C12/pyridine 

CHC13 302 

CHC13 302 

350 -618 

320 -614 

303 -610 

303 -632 

245 -64s (e) -556(a) 

215 -633(e) -556(a) 

303 -678 (e) 

350 -222 

320 -217 

303 -216 

303 -209 

230 -249(e); -154(a) 

210 -240(e); -150(a) 

350 ,105 

320 +109 

303 +J_28 

230 +54(a); +172(a) 

210 +58(e); +172(a) 

200 +61(e); +173(a) 

303 t252 

220b +219(e?); +35l(a?) 

210b t222(e?); +349(a?) 

-386 

-365 

) 
z 

Rererenced to drphenylmercury in chlorotorm 
a and e assignments not proven 

INDOR methods were used to obtain the 199 
Hq NMR spectrum of 

cyclopentadienylmethylmercury, CH3HgC5H5 (194). Equal coupling 

to all five cyclopentadienyl protons was observed, which estab- 

lishes that intramolecular exchange is responsible for the 

fluxional nature of this molecule. 

References p_ 134 
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D_ Nuclear Quadrupole Resonance SpectroscoPJ 

The 55 Xn and 35 Cl or 81 Br ?;qR spectra of _ztang2nocenyk!Ier- 

curiais of 

ured (27). 

type 101 (X = Cl, Br, C5H,Nn(CO) 3) have been meas- 

101 

E. Photoelectron Spectroscopy 

The helium(I) photoelectron spectra of some dialkylmercury 

compounds have been repcrted (120). The ionization potentials, 

as defined in the equation below, are given in Table 16- It is 

ID 
R-Hg-R p> R-Hg-R-+ i e- 

apparent that increased chain-branching at the B carbon atom 

does not markedly affect ID, but that increased a-branching 

markedly lowers ID- 

Table 16. Effect of a- and G-Branching on the Ionization 

Potentials of Dialkylmercury Compounds (120ja 

u-Branching &Branching 

R in R2Hg I.P.(eV) R in R2Hg I.P.(eV) 

Methyl 9-33 Ethyl 8.45 

Ethyl 8.45 n-Propyl 8.29 

i-Propyl 8.03 i-Butyl 8.30 

t-Butyl 7.57 neo-Pentyl 8.30 

a) First vertical ionization potentials by He(I) photoelectron 
spectroscopy. 
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F. Mass Spectroscopy 

70 eV MFZSS spectra of dialkylmercury compounds (except for 

dimethyfmercury) show mostly mercury-free fragments. On lower- 

ing the ionizing voltage to 20 and 15 eV., mercury-containing 

fragments become more important. Chemical ionization spectra 

serve better to give mercurial ions. Tll'hen methane is the re- 

agent gas, 
i 

molecular ions, R2Hg- , are abundant, with lesser 

ions being (R2HgH - H2jL,- (R2HgH - RH)+ and (R2HgH - RCH3)+. 

Using methane/water as the reagent gas, the oxomercurial cation 

WigOH 
-I- 

becomes important. When isobutane 2s the reagent gas, 

the major ions observed are R2Hg-+, (R2HgBu - ,RH)+, (R2HgBu - 

RCH/ and (R2HgBu - HBu)+ (195). 

A mass spectroscopic study of the photoionization of di- 

phenylmercury has been reported (196). 

11. PHYSICOCHEMICAL STUDIES OF ORGANOLMERCURIALS 

Dipole moment studies on compounds of type R2Hg (R = Me, 

Et, Ph, CH2=CH, PhCZC) and RHgX (R = Ph, Me, Pr, Bu, C,H15, 

CH2=CHj X = Cl, Br, I) (197) and cis- and trans-CiCH=CHHgX 

(X = Cl, Br, I) (198) have been reported. 

A polarographic study of the specific solvation (in CH9CN, 

DMSO, DMF, HMPA and tetramethylurea) of carboranylmercurials of 

type 102, 

(199'). 

of (PhCsC)2Hg and of PhHgCC13 has been carried out 

It was found that the better the donor properties of' 

the solvent, the more difficult was the electrochemical reduc- 

tion of the mercurial_ The carboranylmercurials could not be 

reduced at all in the presence of 2,2'-bipyridine. Such effects 

were not seen with dibenzylmercury and thus seem to be confined 

to the more Lewis acidic R2Hg compounds- 

102 

CNDO-MO calculations have been carried out on methylmercur- 

ic halides (200). 

References P_ 234 
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12. ANALYTICAL ASPECTS OF ORGAUOMERCURY CHEMISTRY 

Among the studies devoted to the analysis of organomer- 

curials were the following: 

Nanogram TLC analysis of phenylmercury compounds (201). 

Mechanism of reaction GC of phenylmercury compounds (202). 

GC analysis of organomercurials (15). 

GC determination of inorganic and organomercury compounds in 

biological samples (203). 

Liquid-liquid distribution of ZH3HgX and PhHgX (X = Cl, Br, I) 

between 0-15 HCl (and 3M HCl! and fourteen different organic 

solvents using 203Hg-ta&ed mercurial5 (204). 

Removal of elemental mercury and mercury compounds from gases 

and solutions (review) (205). 

Analytical applications of g-hydroxymercuribenzoic acid (206). 

Determination of mercury and CH3Hq(II) in fish (205). 

Microassay of mercury in organic substances (208). 
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