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1. REVIEWS AND BOOKS 

The organomercury volume of the Houben Weylseries on organo- 

metallic compounds has appeared (1). Covered in great detailarethe 

preparation and reactions of organomercurials of all types, but tables 

of individual compounds and their properties are not given. For a review 

of this book, see ref. 2. 

Reviews have covered the following aspects of organomercury 

chemistry: 

- NMR spectra and structures of organomercury compounds (3) 

- Vibratioel spectra of organomercurials (in Russian) (4) 

- The reactions ofmercuric salts withorganoboranes andboronic 

acids (5) 

- The biological activity of organomercurials (6) 

- The biological cycles of mercury in the environment(7) 

- The chemistry of organomercurials in aquatic systems (8) 

2. PREPARATIONOFORGANOMERCURYCOMPOUNDS 

Organometallic reagents have been used widely in the synthesis of 

organomercurials during the course of their development, and new examples 

of such syntheses were reported during the past year. 

Organolithium and organomagnesium reagents served inthe prepara- 

tion of novelmercurials containing bicyclic fluorocarbon substituents 

(9): 

2 WSb 

’ 
Hg 

References p. 279 
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(via KOH in DMSO) 

The lithium reagent derived from an allylcarborane reacted with 

mercuric chloride to place the mercury atom on the 
3 

carbon atom (10): 

Ph Ph ,CH=CHCHzHgCl 

n-BuLi HgCl, 

gem-Dichloroallyllithium reacted with mercuric chloride to give exclu- 

sively t&e a,7 - dichloroallylmercurial (IL): 

n-BuLi 

Ph,PbCH,CH=CClr F Li(CCl,CHCH,) 
-8 o0 

H.&l, 
* CClz=CHCH,HgC1 

A sulfur-functional mercurial was prepared by the organolithium route 

(12) : 
iigc1, 

2 PhSCH,Li A Hg(CH,SPh), 

An anionic intermediate also must have been involved in the mercuration 

of polyfluorobenzenes in basic medium (13): 
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2 C6F,H +HgBr, 2--t20H- .p> (C6F&Hg +4 Br- l !-2 H,O 

This reaction, which was carried out in aqueous tert-butanol, also was 

usedtoprepare unsymmetricalmercurials, ArHgCbF,, with Ar=Ph and 

p-CH,&H,. Perfiuoroalkyl-carbanions reacted with mercury (II) tri- 

fluoroacetates to give bis(perfluoroalkyl)mercury compounds (14): 

DMF 

Hg(o,ccF,), tz (CF~),C=CF, +2 KF h C(CF,),CI,Hg 

THF 

CF3Hg0,CCF3 +(CF,),=CF, +KF h CFsHgC(CF,), 

CFsHgO,CCFs +CFsCBr=CF,+CsF .h CFaHgCBr(CFs), 

Hg(OzCCF3), +CF,CrCCP, +2F- F HgCC(CF,)=CFCFs12 

Inprevious surveys the useful conversion oforganoboranes to 

organomercurials by reaction with mercuric acetate has been mentioned, 

and this subject has been reviewed (5). This reaction worked well 

with primary alkylboranes, but the transfer of secondary alkyl groups 

was not effective under the reaction conditions used. Larock now has 

developed conditions which serve reasonably wellinthe preparation of 

secondary alkylmercury compounds fromboranes. The reaction of a 

tri-set-alkylborane with mercuric methoxide in THF was rapid, but only 

one ofthethree alkylgroups wastransferedto mercury (15), e.g.: 

THF 

(cycle-GH,,),B + Hg(OMe), ______3 cycle-C6H1rHgCl 

+(cyclo-CgHl&.BOMe 

0 
5 T i + B,% HgCl, +2NaOMe 

References p. 279 
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-9 considerable excess of mercuric methoxide was required because of 

extensive reduction of this reagent to metallic mercury under the re- . 

action conditions. Mercuric methoxide is much more stable in methanol 

than in THF, and a suspension of this reagent in MeOH reacted with 

tri-set-alkylboranes to give monoalkylmercurials. However, all three 

aLky1 groups on boron were not utilized. In the case of tricyclohexyl- 

borane, one-half of the cyclohexyl groups was transfered to mercury 

when four molar equivalents of mercuric methoxide for one of the borane 

were used. This stoichiometry in the case of tricyclopentyl- and 

tri-exo-norbornylborane, however, led to transfer of only one organic 

group from boron to mercury. A free radical mechanism was proposed 

for these reactions on the basis of rather indirect evidence: 

Hg( OMe), .-> MeOHg’ + MeO’ 

MeOHg- A MeO- + Hg 

MeO’ + R,B H MeOBR, + R’ 

R’ + Hg(OMe), _._ _..A> RHgOMe + MeO’ etc. 

Mercury(I) tert-butoxide in tert-butanol proved to be a more effective 

reagent, reacting with tri-set-alkylboranes to transfer two of the alkyl 

groups on boron to mercury (16): 

(RR’CH),B + 3 Hg(OCMe& 

MesCOH 

-> ZRR’CHHgOCMe, 

The results of this work are summarized in Table 1. The stereochem- 
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istry of this process has been studied in THF solution and found to 

involve reaction with inversion of configuration at carbon (17): 

(C%LC , H J3,D6 
H 

H’ 
C---r. 

. , 

‘D THF 
D 

HdOAc), 
THF 

NaCl/H,O 

BrL 

D 
C,H,N 

CfCrr,), 

HpCL 

D H 

D 

9 

H 

CiCH,), 

An interesting vinylic mercurial has been prepared by cleavage of an 

alkene-1, I-diboronic acid ester (18): 

.o 2 HgCl,, NaOAc 

Me,C=C(B ) 2 
> 

‘0 
Me,C=C(HgCl), 

Silicon-carbon bond cleavage also has been used in mercurial 

preparation (19): 

OH 

SiMes 

+ 2 PhHgOH 

I 
CMe, 

80” ; (MesCG > Hg 

CMe3 

i- PhrHg t- 2 Hz0 
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This reaction proceeds via initial formation of the 2-trimethylsilyl-4, 

6-di-tert-butylphenoxy radical (ESR evidence), which subsequently 

undergoes (formal) mercuridesilylation. 
Other examples were given, 

including: 

qSiMe2Ph 1 OH / 

SiMe,P h 
759 

+ PhHgOH 4 

\Y 

dMe3 
CMe, 

(Me3cf)1 ) Hg 

2 

?SiMe,Ph 

HgPh 

dMe3 

In diglyme at 20°, aryl mercoxides can be formed: 

OH 

SiMe, diglyme 

t 2 PhHgOH F H,O + Me3SiOH 

20” 

GMe, 

(R=CMes. SiMe,) 
i 

x 

OH 
+ Ph,Hg 

HgCl 

CMe, 

References p. 279 
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Tin-carbon bond cleavage also serves in mercurial preparation: 

CHCls 

Ar,SnEt, f Hg(OAc)a B Ar,Hg i Et,Sn(OAc), (ref. 20) 

(Ar=Ph, p-MeCbH;, p-C1C6H4, 

P-BrC&t, U-C,&,) 

MeCN 

n-Bu,SnCH,CH,CH=CH, fHgC1, v CH,HgCl+n-BugSnC1 

Here the attack occurs at the C=C bond(21): 

+ Cl 
Hg -_ 

Bu,Sn _> Bu,Sn : . 

Bu,Sn+ f 
D- 

CH,HgCl BuJSn 

VHgC' 

A small amount of CH,=CHCH,CH,HgClwas formed in this reaction as 

Well. (Cyclopropylcarbinylmercuric chloride was found to rearrange 

on standing (75% after 6 days) to CH,=CHCH,CH,HgCl). 

An NMR study has shown that CF,HgO,CCFs reacts withtrimethyl(tri- 

fluoromethyl)tin inbenzene at room temperature to give CFsHgCH, and 

Me,(CFs)Sn02CCFs. The organotinbutnotthe organomercuryproductwas 

isolated (22)_ Similarly, cis-MeZPt(PPh3), readily methylated CF,HgClin - 

chloroform solution (22). 

Organocopper reagents havebeen usedinthe synthesis ofvinylic 

mercurials, which in turn were used in vinyl halide preparations (23). The 
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.R = H 

R = p-SOzG6H,Br 

X = Co(dmgH)Zpy 

~(CH,), 
H 

Q 

D 

H’ D 

HgCl 

threo 

It is unusual for electrophilic metal-alkyl cleavage by Hg(L1) to proceed 

with inversion; almost all other cases examined involved reaction with 

retention of configuration at carbon. For instance, the cleavage of 

cyclopentadienyl(threo- 3,3-dimethylbutyl-1, Z-dz)dicarbonyliron by 

mercuric chloride in benzene was found to proceed with retention of 

configuration at carbon (25). An e_xplanation in terms of the rather 

severe steric factors associated with the macrocyclic ligand of the 

cobaloxime was offered. The dealkylation of another type of o-alkyl- 

cobalt complex, I_, has been studied by Magnuson and Weber (26). 

CH, i 
‘ 
i 

CH3 

I 

R = CHX, CZHj, n-G,H,, n-C4Hg, 

CH,CbH, 

Bg = (CH,),. (C&l, 

The relative rates of aIky1 transfer to Hg(II) were found to be: 

Me >> Et > PhCH, > n-Bu - n-Pr, and an SE2 mechanism was suggested 

to be operative_ The dealkylation of pentaaquo(pyridinomethyl)chrom- 



icm(LLL) ions by mercurous ion in aqueous medium 

cess, with direct attack of HgZ2+ at the methylene 

H-A 
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also is an S 
E 
2 pro- 

carbon atom (27). 

:’ -#-- CH,Cr(H,O)I' + Hg,?+ - > 

‘&..A 

A 

- -i-f- 

/Hg-Hg 

CH;' 

=--Cr(H,O& 

CH,Hg+ + cr(H20)53i -+Hg 

A 
In contrast, the reactionof mercurous.ion with pyridinomethyl derivatives 

of Fe(CO),CjH; andMn(CO)S and of methylcobaloxime involve a cleavage 

process in which the small concentration of mercuric ion in the 

HgL-+ + Hg'*+HgO equilibrium is the active reagent(27). 

Extrusion of CO, and SO, from mercury(LL) carboxylates and 

sulfinates continues to play a role in the synthesis oforganomercurials. 

The mercury(D) saltoftetrafluoroterephthalic acid was found to undergo 

exothermic decarboxylation at around 325' in vacuum (2ga): around 425" 

demercurationtook place: 

FF- - 
-kgIl- +nHg -I n 
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The decarbokylation of2 was much more facile: 
- 

CO,HgI 140" 2n CO, + n HgIr 

F F 

2 - 

F F 
The Hg(1) tetrafluoroarylene polymer expected from the decarboxylation 

of the Hg(1) salt oftetrafluorophthalic acid was not stable: 

{02J-JGo2Hg-Hgj- 3250 > F F 2nCO_, +nHg 

+ f)&+n 
I 

F F 

F F 

The thermaL decarboxylation of mercuric tetrafluoronicotinate also has 

been described (28b): 

Hg (-$$ 

235-'/0.1 Torr 

Iv 
48 

/=== 
2 

F F 

F F 

F F 
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Decarboxylation also served in the preparation ofbis(benzimidazolyl)- 

mercury (29): 

Thermal elimination of sulfur dioxide from a mercury(H) sulfinate was 

used inthepreparation of?-mercurated azobenzenes (30): 

HgCl 

i- so, tNaC1 

The following 2-(arylazo)arylmercury compounds were prepared by this 

route: Z-(ArN,CbH,)HgCl, with Ar=2'-MeCbH,, 3'-MeCbH,, and 3',5'- 

BraC6Hs. and 2-(ArN,C6H,-4-Cl)HgCl, with Ar=2'-MeC6H,, 4'-MeCbH, 

and 3',5'-Br,C6H3. 

Electrochemical syntheses oforganomercurials are based on 

reactions of elemental mercury with electrochemically generated free 

radicals. Brown and Taylor have demonstrated that virtually quantitative 

yields of dialkylmercurials result on cathodic reduction of ethyl and 

e-butyliodides at mercury in ethanol solution at low current densities (31). 

Rapid linear potential scan voltammetry following reduction at constant 

potential confirmed the intermediacy of adsorbed ethyl radicals in the 

case of ethyl iodide. Diphenylmercury could notbepreparedbythis 

Referencesp.279 
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procedure since further reduction ofphenyl radicals occurs too readily_ 

Other workers found that the controlled potential electroreduction of 

Q.~J-dibromoalkanes (Br(CHZ)nBr, with nZ 4). using a stirred mercury 

cathode, resulted in excellent yields of symmetrical dialkylmercurials 

(32). 

em, Hg, DhJF 
Rr(CHz)nBr > c CH&=Q&,J% 

(n= 4, 5, 6, 7, 12) 

Radicals generated by diacylperoxide decomposition also alkylate 

metallic mercury (33): 

SO-130", solvent NaCl/H,O 
RC-0-0-$R +- Hg >h 

:: 

RHgCl 

CJ 

(R= n-Pr, n-CsHrr, n-CsH,,, some aryl) 

RHgCl yields, however, were nothigh. 

Mercuration of functional organic compounds has longbeenusedto 

prepare organomercurials, but in many cases, especially those reported 

before the adventofmodernphysicaland spectroscopic methods, the 

nature and structure ofthe products was uncertain. One such product 

was the so-called “ethane hexamercarbide”, the product of the mercura- 

tion of ethanol by alkaline mercuric-oxide (Hofmann, 1898). This now 

has been shown to be a methane derivative by Grdeni: and his co- 

workers (34). The ethanolmercuration product was found to dissolve 

completely in aqueous carboxylic acids. Crystalline products were ob- 

tained from acetic andtrifiuoroacetic acid solutions and these were shown 

to be the respective C(HgO,CR), compounds.by X-ray crystallography(Fig. 

I shows the structure of C(HgOLCCF~),). Thus “ethane hexamercarbide” 
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Figure 1. The structure of C(HgO,CCF,),. From D. Grdeniz , B. 

Kamenar , B. Korpar-Eolig, M. Sikirica and G. Jovanovski 

(J, Chem. Sot., Chem. Commun. (1974) 646). 

is the hydroxide of a polymeric oxonium ion containing C-Hg-(OH)+-Hg-C 

bridges formed by condensation of C(HgOH),. It is not clear by what 

reaction course this material is produced by the alkaline mercuration 

of ethanol. 

The mercuration of acetonitrile by mercuric acetate above 120” 

gave polymercurated products, in particular (AcOHg),CCN (35). The 

monomercurated acetonitrile also mercurates acetonitrile: 

AcQHgCH,CN + CH3CN 
reflux 

B (AcOHg),CHCN + (AcOHg)3CCN 

Monomercurated acetonitriles were prepared by the organolithium route: 

References p. 279 
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-7 o* 
2 LiCH,CN -I- HgCl, p> Hg(CH,CN), -I- CLHgCH,CN 

THF 
(20%) (6%) 

and by a dehydration reaction: 

H,NOH- HCl RN=C=NR, DMF, 20° 
Hg(CH,CH=O), > ClHgCH,CH=NOH 

(R = cyclohexyl) 

ClHgCHrCN 

CH3CN 
ClHgCH?CN 

LZO-23 
Hg(CH,CN), 

3 

Mercuration of the more acidic (CF3),CHCN was considerably more 

facile (36): 

HZO, 20” 
2 (CF,),CHCN i Hg(ok), .-B :(CF,),C(CN) jzHg + 2 HOAc 

(96%) 

Finally, it has been found that the photomethylation of inorganic 

mercury species is photosensitized by basic mercuric sulfate (37). The 

latter is formed in a redox process when solid sulfur is present in the 

mercuric ion-containing aqueous solution. 

3. USE OF ORGANOMERCURY COMPOUNDS IN SYNTHESIS 

A. Organometallic Synthesis 

More examples of the metal displacement reaction, in which the 

action of the more electropositive metals on diorganomercury compounds 

results in Formation of mercury (or of an amalgam) and the organic 

derivative of the electropositive metal, have been described: 

Li 

(CH,=CHCH,CH,),Hg u CHz=CHCHZCHzLi (ref. 38) 
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Li, E&O C I hr 
fCH2=CH( CH,),12Hg ___3_ [CHz=CH(CH,),Li] -3 CH,Li 

(ref. 39) 

Li, cyclo- 
( CH,=CH(CH,),SiMe,)2Hg _> [ CH,=CH(CH,),SilMe,Li) 

pentane 

1 

(ref. 40) 

Li, THF 

(PhSCH,),Hg ____3 PhSCH,Li (ref. 12) 

I 

M, cyclohesane 
(Me,SiCH,),Hg ________3 Me,SiCH;?M (ref. 41) 

(M = Na, K, Rb, Cs) 

Mg, THF 

(Me,CCHAHg h (Me,CCHAMg (ref. 42) 

Zn, xylene 
(PhSC%LHg w (PhSCW,Zn (ref. 12) 

M 
CCH,=CH(CH,)nCH&Hg _~_j IcHL=CH(C~r)n~HzjL~ (ref. 43) 

(n= 0, 1, 2; M = Mg, Zn) 

(The magnesium compound where n=3 cyclized totally to form bis- 

(cyclopentylmethyl)magnesium, while the analogous zinc compound con- 

tained 10% of bis(cyclopentylmethyl)zinc). 

M 

R,Hg B R,M (M = Ca, Sr, Ba) (ref. 44) 

(R = PhCH,, CH,=CHCH,, cyclopentadienyl, indenyl, PhC=C, Ph, 

References p. 279 
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p-tert-CsHrrCbH, and CH,=CH 

(Me,SiCH,),Hg 
Al, toluene, 110” 

> (MesSiCHz)sA1 

Al 
( CH~=CHCH~CH,),H~ -> (GH,=cHCH,GH,),A~ 

(ref. 45) 

(ref. 46) 

M 
(CHz=CHCH,CH,CH,),Hg _> (cH,=cHcH,cH,cH,),M (M=AI, Ga) 

(ref. 46) 

M 
c ‘=&=CH(CH2),l,Hg _: CCH~=CH(CH~)~],M d ( o- CH&iM 

(M=Al, Ga, In) 
(reL 39) 

Al 

R,Hg > R,Al (R = n-Bu, n-C5H11) (ref. 46) 

In, xylene, 1000 

RzHg i Y R,In (R= CHs, Ar) (ref. 47) 

(An especially reactive grade of metallic indium, obtained via alkali 

metal reduction of indiumtrichloride, was used). 

The transmetalation reaction was used to prepare 1,2-dilithio- 

ferrocene (48) : 

Metal hydrides also react with organomercury compounds to give 

organometallic products : 
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THF HsO+ 

Ar,Hg +- B,Hb ___31 > ArB(OH), (ref. 49) 

THF HsO+ 
ArHgCl + B,Hb d I ArB( OH), 

(Ar = Ph, p-MeOCbH,, p-CH,CgHa, p-ClCbH,, Z-furyl, 2-thienyl) 

The high yields (generally better for the diarylmercurials) obtained 

make these very useful preparative reactions. 

(CICH=CH),H~ i 11-a+5hH _> n-BusSnCH=CHCl (ref. 50) 

(86%) 

(ClCH=CH),Hg f n-Bu,GeH L n-BusGeCH=CHCl (ref. 50) 

(Me,CHO),PCuH f R,Hg -3 (Me,CH0)3PCuR f RH + Hg (ref. 51) 

(R = CH,CH=O, CH,C(O)alkyl, p-Me,NC6H4) 

More examples of the well-known ability of diorganomercurials to 

partially alkylate metal and metalloidal halides have been reported: 

(PhCH,),Hg f SnXd 
benzene 

> PhCH,SnXs + PhCH,HgX (ref. 52) 

(X= Cl, Br, I; an NMR study) 

(CH+ZH),Hg + F,PBr ._> CH,=CHPF, l CH,=CHHgBr (ref. 53) 

(Me,CH),Hg •t F,PCl _> Me2CHPF, + Me,CHHgCl (ref. 54) 

CH,Cl,, -3 5” 
Me,Hg + 2 WC16 . 

,- 2 MeWCls + HgCl, (ref. 55) 

References p_ “‘79 
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MerHg i, WOCZ, 
CH,CL, -29 

> 2 MeWOCl, + HgCL, (ref. 5.5) 

RuCl), + RCH=C(R’)CH,HgCZ 
MeOH 

> R’ i- HgClz 

In this series of reactions, R, R’= H, H: Me, H; H, Me; Ph, H; H, Ph; 

IMe, MeC(0) (56). 

x 
(ref. 30) 

> 

CL 
2 

Hg 

F: 2 
(Ref. 30) 

N 
+ (E~,zJ),AKz, > N 

(M=Pd, Pt) 
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(Ref. 30) 
> 

a 

Hg 
N 2 

(ref. 30) 

A 

f (OC),MnCl -p> 

I 

0 3 \ 
Mn(CO), 

N / 
*N 

In contrast to the above reactions with PdCl,, reaction of ClHgCH,CN and 

Hg(CH,CN), with palladium(H) chloride gave stable donor-acceptor 

complexes (-C=N+Pd bonding mode) without cyanoalkyl group transfer 

from mercury to palladium (35). 

Other reactions of transition metal compounds with organomer- 

curials which do not involve halide displacement have been reported: 

(Ph,P)nPt i- RHgX .-> (Ph3P),PtRX + Hg f (n-2) PhaP .(ref. 57) 

(n= 3, 4) 

(R = Me, MeO,CCH,, p-MeCg&, (p-MeOC6H+),C=CH, ferrocenyl) 

References p_ 279 
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Reaction with diphenylmercury gave (Ph3P)2PtPh,. 

(Ph3P)nPd -t p-MeC6H,HgGI __c3 (PhsPLPd 
#-=I 
‘CbH,Me-p 

f Hg (ref. 57) 

These reactions proceed by way of oxidative addition, giving initially 

(Ph,P)zPt(X)HgR. which extrudes mercury under the reaction conditions. 

(ref. 58) 
Hg[C(N,)CO,EtJ, + BrMn(CO)S ____3 0 Ol3 

tic’ 

I 

/“\ 
(OC),Mn M&CO), 

‘C’ 

d 
/ * 

Et0 0 

(92%) (98%) 

AuPPh,- 

MeAuPPh3/HBF4 -GDU 
- Fe AuPPh, 

or ClAuPPh,/AgB F4 w - 

(ref. 59) 

The reaction of methylidynetricobalt nonacarbonyl with arylmer- 
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curials, preferably under an atmosphere ofcarbonmonoxide, resulted 

in arylation ofthe apical carbon atom of the cluster complex (60): 

Ar 

-i-Ar Hg L -> +ArH +Hg 

(CO), 

Typical results are shown in Table 2. Alkylation of the apical carbon 

atom using dialkylmercurials was muchless favorable, requiring very 

long reaction times to give, at best, moderate yields. A remarkable 

carbon-halogenbond reduction occurred whena -haloalkylmercury com- 

pounds were allowed to react with HCCo,(CO)s (60): 

benzene 

RYH-HgX i-HCCO,(CO)~ B RCH,CCO,(CO)~ 

Br 

(R = H, 59% product yield: R = MesSi, 70% product yield) 

TABLEZ. Preparation ofRCCo3(CO), Complexes by Reactions-of 

Organomercurials with HCCO,(CO)~ (ref. 60) 

OrganomercuriHl* RinRCC~~(CO),Produced $ Yield 

(Cd%),Hg 

(p-C%OC&),Hg 

(p-CH,C&,),Hg 

(m-CHaC&&Hg 

C6H5 93 

p-C&OC&, 64 

p-C&C&, 92 

m-CH,C&, 96 

References p. 279 
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TABLE 2 - continued 

to-‘=H&&,),Hg 

(p-CGP,),Hg 

(m-CG&JIHg 

(o-ClC6HJZHg 

(m-FC&q)zHg 

b-BrC&)$g 

bIGH;),Hg 

(&FS),Hg 

(C6H5CH,),% 

CbH,HgB r 

p-FCbHAHgBr 

~-HzNC&,HgC1 

p-ClC&HgBr** 

a-C IOHiHgB &sic 

( m Hg 
Cr 

oc’ 1 Lo 
c 
0 

CH,OCH,CH,HgCL 

(n-C,H,,),Hg 

o-CH:,c& 49 

P_ClC6H, 83 

_?I-C1C6H, 93 

o-C1C6H, 57 

m-FC6H, 85 

p-&C& 86 

P-IC&, 52 

C6F5 69 

C.&C& 75 

C6H5 58 

P_FC6% 57 

p -H,N C6H, 26 

P_ClC6H, . 54 

cx-CloH? 11 

Gr 

oc’ ] ‘co 
C 
0 

24 

.;1 

CH,OCH,CH, 32 

n-C&II1 32 

Reactions were carried out under an atmosphere of carbon mono- 
o-xi de unless otherwise specified. 

Reaction carried out under an atmosphere of dry nitrogen. 
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benzene 

(RCHI),Hg +HCCo,(CO), F RCH,CCO,(CO)~ 

(R = H, 77% product yield; R= Me, 88'$ product yield) 

Nothing is known at the present time about the mechanism of these 

reactions_ 

B. Organic Synthesis 

Electrophilic cleavage ofthemercury-carbonbond has been used 

often as a route to various organic compounds, mostly organic halides. 

Some new examples have been published. 

Thetetrafluorophenvlenemercury polymer was a source ofl,4-di- 

substitutedtetrafluorobenzenes (Z8a): 

HX, 150 

I 2, 150" 

> 

ClSO,H 

150” - 

F F 

H H 

F F 

F F 
L- 

F F 

Referencesp.279 
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NOzC1 :- .,T .: 
2’ 52 NO, 

1. t. 

F 

NOCl 
> 

F F 

ON 1 \-NO Q 

Trihalomethylketones were obtained by halogenation ofmercurated 

diazoketones (61): 

(R&I, Cl, Br) 

The previously unknown classes ofp- andu-carbonyl- p -halo-per- 

oxides were made accessibleby halogenolysis of@ and cr-carbonyl- 

@ -mercuri-peroxides (62): 

ygy X, (X= Cl, Br, I) 

RCHCHC(O)R' > RCHCHXC(O)R' 

&3CMe3 &OCMe3 
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(R = Ph, UMe) 

YHgCH,$Z(Me)C(O)R 

00CMe3 

X, (X= Br, I) 
> XCH,y(Me)C(O)R 

OOCMe, 

(R = Me, OMe) 

These mercurials were available via osymercuration of appropriate -- 

a, /3 -unsaturated ketones and esters. 

Useful C-Hg cleavage reactions have been described in ferrocene 

chemistry (48) and in benzenechromium tricarbonyl chemistry (63): 

Cr(COL 

(R = Me,N, MeO, Me, H) 

and for indazole and benzimidazole systems (29): 

I 
2 
(C= Br, I) 

X 

References p. 279 
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(R = Me, Ph) 

Organomercury intermediates also are involvea in new ester 

syntheses. A reaction sequence of olefin (RCH=CH,) hydroboration, alkyl 

transfer from the trialkylborane to a mercuric carboxylate, Hg(O,CR’),, 

and iodinolysis gave high yields of esters, RCHzCHzO,CR’ (Table 3), 

presumably by the mechanism shown below (64). The last two steps 

this sequence were confirmed when it was shown that IHgOAc reacts 

T-butyl iodide in the presence of 10% boron triacetate to give n-butyl 

3RCH=CH, + BH, 3 (RCH,CH&B 

(RCH,CH,),B + 3Hg(oLcR'), -3 

RCH,CH,HgO,CR’ t B(OLCR’)3 

RCH,CH,HgOzCR’ i- I,-+ RCH,CH,I + IHgO,CR’ 

IHgOLCR’ f B(OzCR*)3 + IHgB(OZCR’)4 

IHgB(OLCRr)4 + RCHzCH21 + 

RCH,CH,O,CR’ + HgI, + B(0,CRR’)3 

of 

with 

acetate in 887’0 yield. Highly substituted olefins cannot be used in this 

synthesis. This organic halide-based ester synthesis has been studied in 

detail (65). Carboxylic acids or their esteis also can be prepared by 

the transition metal-catalyzed carbonylation of organomercurials in the 

presence of water or an alcohol, e.g. (66): 
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CO/MeOH, (PhsP),RhCl catalyst 
EtHgOAc 3 EtCO,Me (66%) 

Bis(triphenylphosphine)palladium dichloride also catalyzed these reactions. 

Nefedov, Sergeeva and Eidus have continued their series of papers 

on the carbonylation of organic compounds in the presence of mercuric 

acetate. The Hg(OAc)L- catalyzed carbonylation of amines had been 

reported previously (67). Dialkylamines gave N,N-dialkyl formamides and 

the substituted urea, while aniline gave N, N’-diphenylurea. In further 

studies (68), the carbonylation of preformed mercuric acetate-amine 

complexes was examined in order to shed more light on the R,NH/CO/ 

Hg(OAc), reaction_ The mercuric acetate/piperidine complex in piperi- 

dine reacted with carbon monoxide (95 atm) to give CsH,c,NC(0)OC(O)CHs. 

The mechanistic discussion is rather speculative, considering its 

meager experimental support. The propionic acid amide and small 

amounts of the corresponding formamide were formed when carbonylation 

of /3-aminoethylmercuric acetates was attempted (69). The following 

reaction course was suggested: 

R,NH f Hg(OAc), f C,H, -3 R,NCH2CH,HgOAc i- HOAc 

+ 
R,NCH,CH,HgOAc d R,N- -t Hg f AcO. 

+ =,H, 
R,N*iCO d R&O d R&H&H,- 

:I 
0 

t + 
R,NCjCH,CH,- +R,NH + R,NCCH;CH, + R,N- 

0 2 

R&&O+ R,NH > R,NCH=O + R,&- 



165 

The yields of propionamides (from diethylamine, piperidine and aniline) 

were high. The reactions couldbe carried out in a two-step manner 

(R,NH -+C,H, + Hg(OAc), at25", 30 atm, then reaction with CO at190°, 

60-100 atm) or in a one-step mode. 

It has beenpointed out to your reviewerthatmuch of the work on 

the carbonylation of organic compounds in the presence of mercuric 

acetate r'eported in1972-1973 by this Russian group (see previous surveys 

for summaries:J. Organometal. Chem., 62 (1973) 53; 75 (1974) 30) 

had beenpublished previously byD.M. Fenton in the period1966-1969 

in the form of United States patents assigned to the Union Oil Company of 

California (70). The content of these patents is summarized briefly 

below: 

U.S. patent 3,277,061 (Oct. 4, 1966):preparation of substituted ureas. 

400 psig, 200" 
RR*NH -?-CO +Hg(OAc), p> (RR'N),CO (t some RR'NC(O)Me) 

With diamines, polymeric ureas were obtained. 

U.S. patent3,227,740 (Jan. 4, 1966):preparation of symmetrical dialkyl 

carbonates. 

400 psig, 110-220" 

2 ROH +CO +Hg(OAc), > (RO),C=O +Hg +2 HOAc 

Polycarbonates were obtained in this manner from diols. 

U.S. patent 3,227,7+&l (Jan; 4, 1966): preparation of unsymmetrical 

carbonates_ 

400 psig, 220° 

ROLGHgOAc +R'OH > RO-C$OR'+Hg +HOAc 

0 

Referencesp.279 
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U.S. patent 3,654,337 (Apr. 4, 1972): preparation of dialkyl carbon- 

ates by another mercury-based route. 

2 ROH -I- CHX, + HgO p> (RO),C=O + Hg f 3 HX 

(X= Cl, Br) 

U.S. patent 3,316,290 (Apr. 25, 1967): preparation of fl -alkoxy- 

propionate esters. 

800 psig, 200” 
2 ROH i- C,H, + CO f Hg(OAc), > ROCH,CH,CO,R f Hg 

+ 2 HOAc 

(Also reactions in which propene and cyclohexene were the olefins used). 

U.S. patent 3,337,436 (Aug. 22, 1967): preparation of bis(B -alkoxy- 

alkyl) ketones _ 

ROH -i- C,H, -I- CO -I- Hg(OAc), -I- HgO 
(Me,COOCMe,) 
h (RoCH,CH,),C=O 
600 psig, 2000 

U.S. patent 3,480.66? (Nov_ 25. 1969): oxidative carbonylation of 

aromatics. 

CO,H 

NaOH 
-+ Hg(OAc), .zz aq. 

200” 

(isomer mixture) 

The reactions of organomercurials with dicobalt octacarbonyl and 

nickel tetracarbonyl are known to give ketones. A more “exotic” metal 

carbonyl derivative, (OC)$rC(OMe)Ph, has now been shown to react with 
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phenylmercuric bromide to give benzophenone and metallic mercury (71). 

Vinylmercurials have found new application in organic synthesis. 

Reaction of di-cis-propenylmercury with the palladium complex 3 re- - 

sulted in a coupled product (72): 

OAc .-I- 
CH3\ 

H’ 
Hg B 

QPdpy, 

3 

$3 CH3 

wzPdC1 c=c/ 

H’ ‘H 

NaBH, 

,CH3 

H’ 
c=c 

\H 

Of interest was the observation that some palladium derivatives, e. g., 

Cl,Pd(CHSCN),, reacted with bis-cis-propenylmercury to give a 7’8:17:5 - 

mixture (E-20% yield) of c>,g-.cis,trans- and trans,trans-2,4- -- -- 

hexadiene. A much more efficient coupling was induced ,catalytically 

by (Ph3P),Pd with high stereoselectivity (73): 

References p. 279 
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-3, 
H, 

H 

czc’ 
(Ph,P),Pd, MeOH c=c’ 

H’ ‘H 
Hg 

CH3 
> ‘c= c/. 

H’ 
‘CH, 

2 
‘H 

(92% isomeric purity) 

CH3; /H 

H’ 
c=c, 

> 
Hg 

(Ph3P)Pd, MeOH CH3 lc = C,H 

‘C=G’ 

H 

2 H’ 
H’ ‘CH, 

(96% isomeric purity) 

Such coupling aIso can be effected photochemically in some instances, 

e.g. (35): 

HdGH,‘W, hV Hg + NC(CH,),CN 

Another example of the use of arylmercuric halides to generate 

reactive arylpalladium intermediates has been reported (74): 
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A witches' brew containing an alkylmercuric halide, three,molar 

equivalents oftert-butyIlithium and one ofn-BusPCuI in THF at -78" 

resulted in the formation of a reactive reagentbelievedto incorporate 

all three metals which approximates LiCuR, reagents but which does not 

undergo conjugate addition to ",p -unsaturated ketones (75). Some of 

the alkyltransfer reactions of this '*reagent" were shown to proceed with 

retention of configuration ofthe carbon atom originally bound to 

mercury. Some typical reactions are shown in the schemes below. 

*pc.n5 

H endo 1 

HgBr 

I 1. ? IcuPBu, , -7tX” n THF 

1 2. 3(CH3)3CL~. -76 
D 

4 - 3cy1 .-ia” 

H - 70 % 

4 

H 

CH3 [CuLiti9]- (C(CH313 I3 

C 95% endo endo 

> 5% exo 

5PhN02 

-45% 

CKH& 

95% endo 

5% exe 



3 Cir I -78O 
‘3 ’ 

- 70 % [CuLiHg] - tCtCS,l, I3 ccc 

i 
H H H 

Also, some oxymercuration products of olefins can be used in this 

reaction, but this does not appear to be a generally useful variation_ 

1) 2 Bu3PCuI 

2) 5 MeiCLi 

.p 

3) Mel 

41% Yield 

(98+% trans) 

G. Halomethyl-Mercury Compounds 

Since their ititial development as dihalocarbene sources in 1962, 
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the phenyl(trihalomethyl)mercury reagents have enjoyed a clear superi- 

ority in application over the haloform/metal alkoxide system of Doer- 

ing and Hoffmann, which generally is usedinhydrocarbonmedium. Many 

olefins which the latter system was not able to cyclopropanate were 

readily converted to dihalocyclopropanes, usually in high yield, by 

the PhHgCXs reagents (1, 76). The recently developed(Makosza; 

Stark?.) phase transfer catalysis variation of the Doering-Hoffmann 

procedure, theR,N+X- -catalyzed haloform/fOo/ aqueous NaOH/olefin 

reaction, has been shownto be successful in many cases wherethe 

conventional Doering-Hoffmann reaction fails (77), and thus some of 

the unique advantages of the phenyl(trihalomethyl)mercury compounds 

have been lost. Nevertheless, thePhHgCXs compounds still have some 

unique applicability. For instance, some of the more electrophilic olefins, 

such as acrylonitrile, intercept the CX, -intermediate when the phase 

transfer procedure for CXz generation is attempted in their presence; 

this is not a problem with the thermal generation of CXz from PhHgCX, 

since the trihalomethyl anion is not an intermediate. Also, some olefins 

(e.g., polychloroethylenes) are unreactive toward phase transfer-gen- 

erated Ccl, butreactreadily with PhHgCXs. The phenyl(trihalomethyl)- 

mercurials are clearly superior as reagents for inserting CX, into C-H 

bonds, and some.oftheir other CXztransfer reactions to poor carben- 

ophiles may notbe available via the HCX,/SO% NaOH/R,N+X- system. 

Carbenes oftype CFsCCland CF,CF, which are readily generatedbythe 

organomercuryprocedure, willnotbe accessible by the phase transfer 

catalysis route since the anionic intermediates undergo halide elimination 

to form an olefin faster than they form the carbene. 

Among the cyclopropanation reactions of the phenyl(trihalomethyl)- 

mercury reagents reported during the past year are the following: 

Referencesp.279 
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Ph\ ,H 
c=c 

H’ ‘CO,Me 

PhHgCCl,Br H 
> COzMe 

(ref. 78) 

Me,C=CHCO,Me 

Me,CCH=CH, 

PhHgCCl,Br Me H 
> Me 

T? 

COiMe 
(ref. 78) 

GlCl (38%) 

PhHgCBr3 MqC 
> 

u 

Br 
H Br 

(45%) 

(ref. 79) 

n-Bu 
‘ccc’ 

SiMe., 

H’ ‘H 

PhHgCCl,Br 
,, n-Bu SiMe, (ref. 50) 

H H 

D ,C =CH, 

CF,=CH, 

PhHgCBr, 
> 

PhHgCBr, 
3 

(autoclave) 

(ref. 81) 

(ref. 82) 

PhHgCC&Br 

Ph Ph h Ph (ref. 83) 

dH,Ph dH,Ph (19%) 



-0 
/ \ 

PhHgCCl,Br 

Ph Ph h 
AS 

+Me,CCl 

(ref. 83) 

A study ofthe.effect of the solvent on the relative rate constant 

value k(cyclohexene)/k (I-heptene) for reaction of these olefins with 

PhHgCCl,Br-derived dichlorocarbene at 80” i's summarizedin Table 4 (84). 

The lack of a solvent effectwhichwas observed corarms earlier 

work atM.1.T. 

The PhHgCF,/NaI reagent has been.usedto effect interesting.CF, 

additions: 

80' 
+ PhHgCF, +r\JaI _L_) 

8 hr 

=H3 ,CH3 PhHgCF, 
'c--c 

H' 'CH, NaI 

0 0 c I 
0 

FhHgCF3 

NaI 

. 

jjyF+ l&.7 
F F 

0.85 1. 0 ratio 

(9270 yield) 

(ref. 85) 

CH3 CH3 

v 

(ref. 86) 
H CH3 

FF 

F 

LY- 

F 

(ref. 86) 

0 
References FL 279 



TABLE 4. The zffect of solvent of the relative reactivity of phenyl- 

(bromodichloromethyl)mercury toward olefins (84). 

Solvent k(cyclohexene)/k(l-heptene) 

n-heptane 4.55 

benzene 4.37 

toluene 4.66 

p-xylene 4.75 

di-n-propyl ether a_ 69 

&isopropyl ether 4.60 

di-n-butyl ether 4.76 

tetrahydrofuran 4.82 

PhHgCF, 
(ref. 86) 

Me 

433 PhHgCFs 
\ 

\ NaI ’ 

0 
(ref. 86) 

4 5 i 

cooa 

(1 part) 

‘* 
,‘I 

F “F 



PhHgCF, 

NaI 

(ref. 86) 

(1 part) 

6 

+ 

Me 

CD H (5 parts) + 5 (18 parts) 

. 
0 ‘-,: 

9‘•., 
F F 

In'thelastreaction, + was formed as a result ofthe isomerization of6 

to4 under the reaction conditions. The product yields in these reactions 

were around 7570. The relative reactivities of these olefins (and cyc- 

1ohexene)towardthe PhHgGFs/NaI reagent were determinedby means 

of competition reactions (86). 

Thefollowing reactionhas been reported for the PhHgCGls/NaI 

reagent (87): 

benzene/DME 
PhHgCCls +NaI fCC1, > ClsC-ccl, (16%) 

52O 

Other products were not isolated. It was claimedthatthe hexachloro- 

ethane obtained was formed by insertion of Ccl, into the C-Clbond of 

carbon tetrachloride. However, such a reactionhas notbeenobserved 

in the case of thermally generated Ccl,. Furthermore, the hexachloro- 

ethane very likely could havebeenformedby a radicalprocess of the 

type which occurs readily when dialkyl- and diarylmercurials react with 

carbontetrachloride inthe presence of a radical initiator (Nesmeyanov 

et al., 1960-62; Jensen, 1968). 

References pm 2’79 
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Full details have been provided concerning the reactions of phenyl- 

(trihalomethyl)me&urials with highly fluorinated carbonyl compounds 

(88). In most cases, stable oxiranes were produced (Table 5). 

CFzCI, CF,Cl 

=F3 

, C= 0 f- PhHgCClzBr -> cFS>C,-,CClz f PhHgBr 

0 

,,‘/O + R 

‘H 

PhHgCCl,Br -> PhHgBr + 
HAo/ccl~ 

(R= n-C3FT, 43%; Ccl,, 46%) 

0 
// cx3 

cxsc + PhHgCCl,Br -> PhHgBr + ‘C 
:: 

\ 
-ccl, + cx,ccc 

Cl Cl’ lo’ 

(X= F, 8%; Cl, 17%) (X=F, 26%: 

Cl, 33% 

In the case of hexachloroacetone and n-C,F,OCF(CF,)CF,OCF(CF3)C(O)F, 

ketones were obtained instead. Reaction of PhHgCCl,Br with oxalyl 

chloride produced a mixture of products: 

? 
ClC 

\ ::P 0 K? 
c -CC& L 

Cl’ ‘0’ 

CCl,C- Cl CC&l CCl,C-cccl, 

(19%) (40%) (7%) (5%) 

and its reaction with benzil, PhC(O)C(O)Ph, gave Phd(O)CCl(Ph)C(O)Cl, 

most likely by rearrangement of the initially formed oxirane. 
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The reaction ofphenyl(bromodichloromethyl)mercury with the 

sulfine 7 led to replacementofthe S=Ofunctionby Ccl, in a process 

which may not have involved free Ccl, (89): 

a +PhHgCCl,Br ---?$+ oa 

S 

x A 
Cl Cl (63%) 

7 + PhHgBr (90%) 

The results of an extensive study of the reactions ofphenyl(tri- 

halomethyl)mercurials with compounds containing C=N or N=N bonds 

havebeen reported. Phenyl(bromodichloromethyl)mercury reacts 

readily with alkyl- and arylcarboniinidoyl dichlorides to give aziridines 

(Table 6) (90): 

ccl, 
/ 

RN=CCl, +PhHgCCl,Br d PhHgBr +RN 
\ I 

ccl, 

also: 

/ 
ccl, 

PhN=C(Cl)Ph +PhHgCCl,Br -+ PhHgBr +RN I 
AC1 

&PhN=C 
\ \ I 

YG1 
CClzPh 

Ph 

Depending on the reactant stoichiometry, the major product of the 

reactions ofPhHgCCIZBr with azoarenes is either the arylcarbonimidoyl 

dichloride (azoarene in excess) or the C-tetrachloroaziridine (mercurial 
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in excess). Such reactions are accompaniedby complications and the 

product yields did notexceed40-SO% and oftenwerelower. The formation 

of the initial product, the carbonimidoyl dichloride, may be pictured as 

occurring via an open or a cyclic intermediate which then decomposes to - 

give the observed ArN=CC& and an arylnitrene (90): 

Ar, _ 9. l .“-N 

\Ar 
tPhHgCCl,Br + 

Ar 
G-d* 

Ar 
Or (7) 

ClC' - 'Ar 

&- Cl2 

ArN=CCl, +ArN: 

The reaction ofPhHgCCl,Br withone molar equivalent of azoxybenzene 

inbenzene solution at 80° gave three products: azobenzene (6% yield), 

phenylcarbonimidoyl dichloride (3% yield) andl-phenyl-2,2,3,3-tetra- 

chloroaziridine (1270 yie&d). The use of an excess ofthemercurialin 
.a 

such a reaction increased the yield of the aziridine to 3576, and in such 

reactions no PhN=CClz was obtained. The course of this reaction is 

the same as those of the azobenzenes after aninitialdeoxygenation 

ofthe azoxyarenebythe mercurial to give the corresponding azoarene. 

The reactions of azodlcarboxylate esters withphenyl(trihalomethyl)- 

mercury compounds provide rare examples ofl,C-addition of a dihalocar- 

bene to a conjugated system (91). Theproducts isolated were hydra- 

zonodihalomethanes: 

PhHgCX3 +RO,CN=NCO,R-> PhHgx + (RO,C),NN =cx, 

However, these reactions proceedby way of an intermediate which 

References p. 279 



182 

usually is unstable but detectable by spectroscopy. In the case of the 

PhHgCBr,/MeO,CN =NCO,M e reaction at room temperature, this 

intermediate was isolated and assigned structure 8 on the basis of - 

spectroscopic data. The reactions carried out are summarized in 

MeOzC 
\ 

Br 

Br 

8 

Table 7. Hydrazonodihalomethanes react with PhHgCCl,Br: 

(EtO,C),N-N=CCl, 
PhHgCClzBr 

p> (EtOLC),N-N<~CL 

CCl, 

The mechanism of these PhHgCX3/R0,CN=NC0,R reactions is believed 

to be: 

PhHgCCX,Br F PhHgBr i- :CX, (X-Cl or Br) 

RO,C. + 
)N-N, 

RO,C\ + 

X,C 
0 

,,COR - XzCflN-_N>COR 
I 
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TABLE 7. Reactions of PhHgCXs with R0,CN=NC02R in Benzene at 

Reflux 

RO,CN = NCO,R Product (yield, o/o) 

MeO,CN=NCOLMe 

EtO,CN=NCO,Et 

Me,CO,CN = NCO,CMe, 

PhCH,O,CN = NGOZCH,Ph 

PhO,CN = NCOzPh 

(MeO,C)aNN = Ccl, (61) 

(E~O,C),NN =cci2 (87) 

(Me3G0,G),NN =CC12 (38) 

(PhCH,O,C),NN = Ccl, (53) 

(PhO,C),NN = CGk (34) 

PhHgCBr, 

MeOaCNz-NCO,Me 

EtO,CN =NCOaEt 

Me3C0,CN= NC0,CMe3 

PhCH,O,CN = NCO,CH,Ph 

PhO,CN = NCO,Ph 

PhHgCBr,Cl 

(MeO,C),NN=.CBr, (47) 

(EtO,C),NN =CBr, (59) 

(MeaCO,C),NN= CBr, (30) 

(PhCH,O,C),NN=CBr, (65) 

(PhO,C),NN =CBrZ (41) 

EtO,CN = NCO,Et (Et02C)2NN=CBrCl (55) 

MesCO,CN = NCO,CMe, (Me,CO,C),NN = CBrCl (15) 

PhHgCCl,Br 

R”zc\N CO,R 
N' RO,C 

‘C’ 
(RO,C),NN=CX, 

\ 

/\ 
i--q 

X X 

Phenyl(nromodichloromethyl)mercury reacted with azodibenzoyl at 
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room temperature to give two organic products, benzoyl chloride and 

I-chloro-5-phenyl-2,3,4-oxadiazole (54%). A similar reaction of 

PhHgCBr, gave 2-bromo-S-phenyl-1,3,4-oxadiazole (80%). The following 

mechanism was suggested (92): 

Phi 
: 

PhHgCX,Br + ,S 
PhC, 

‘CPh __7 

8 
xc I \ ,CPh 

0 

0 
11 ex- 

PhC 

&V--N 

N \\ 
XC, ,CPh 

0 

A similar 1, a-addition took place in the reaction of PhHgCCl,Br with 

RO,CN = C( CO,Et),. (R= Me, Et). The products were the alkyl chloro- 

Formate and 2 -chloro-4-carboethoxy-5-ethoxy-l,3 -oxazole (92). 

similar mechanism was proposed to account for the formation of 

products: 

A 

these 

PhHgCCl,Br + 
ROzC\ 

,,N=C 
/SO, Et 

’ CO,Et 

R4C\ . rss-c 
,CO,Et 

“‘h! ‘Lola 
Cl’ “o/ d 

3 
RO,C + COZEt 

>=q 
Cl&-‘- ,,COEt 

0 
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Rag/Cl- 
co,m 

&T-C0 
/I \\ 

ClG\ ,COEt 
0 

> N-C 
,CO,Et 

L 
/ \\ 

Cl \. ,COEt .+ ClxOR 

The 1:l reaction of phenyl(trichloromethyl)mercury with a transition 

metal-carbene complex in benzene at SO0 was studied by De Renzi and 

Fischer (71). Twenty percent of the carbene complex was consumed by 

the process shown in the equatton below. However, much of the carbene 

complex was diverted by reaction with PhHgCl to give benzophenone 

and some methyl benzoate. A reaction with PhHgCCl,Br gave the 

Me0 Cl 
PhHgCCl, + (OC)sCrC(OMe)Ph e PhHgCl i ‘c =c’ 

Ph ’ ‘Cl 

vinyl ether in somewhat lower yield. The mechanism of vinyl ether 

formation remains unknown, but a direct encounter between two carbenes, 

Ccl, and C(OMe)Ph, seems unlikely. 

Some insertion reactions of PhHgCX3-derived dihalocarbenes have 

been described. Insertions into C-H bonds of cycloalkanes is a prep- 

aratively useful reaction_ (Table 8) (93): 

C6H5-Hg-CXzBr 

Insertions into metal-bromine bonds of Group IV tetrabromide&have 

been accomplished (94): 
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TABLE 8. Preparation of (Dihalomethyl)cycloalkanes using Phenyl- 

(trihalomethyl)mercurials. 

Cycloalkane Mercurial 

(ml) (mmol) 

(Dihalomethyl) - 

cycloalkane 

($ Yield) 

0 
(75) 

0 
(275) 

0 
(50) 

0 
(75) 

0 
(35) 

a 

C6H,-Hg-CCQBr 

(44) 

C6H5-Hg-CClzBr 

(200) 

C6HS-Hg-CC12Br 

(33.3) 

C6H,-Hg-CC12Br 

(43.8) 

C6Hj-Hg-CBr, 

(22) 

CCl,H 

CCl,H 

(32) 

CCl,H 

(48) 

CC&H 

(83) 

CBr,H 

(58) 
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TABLE8. - continued 

C6H,-Hg-CCl,Br 

LW 00) (64) 

a Reaction carried out in a sealed tube. 

120" 

PhHgCCl, +NaI +SiBr, --> PhHgX +Br3SiCC1,Br (30%: 

PhHgCCl, tNaI+GeBr, > PhHgX +Br,GeCCl,Br 

PhHgCC13 +NaI+SnBr+ -> PhHgX +Br,SnCClBr, 

The unexpected product formedinthetintetrabromide reaction 

was rationalized in terms of a second carbene transfer fromtheinitially 

formed product: 

Br,SnCCl,Br +SnBr, --> Br3SnCC1Brz +SnBrsCl 

Some new functionalhalomethyl-mercury compounds havebeen 

reported. Phenyl(phenylsulfonyldihalomethyl)mercurials have been 

Rekrencesp.279 



188 

prepared and examined as reagents for the transfer of phenylsulfonylhalo- 

carbene (95) : 

THF, -600 
l?hSO,CX,H + Me,COK + PhHgCl -> PhHgCX$O,Ph + Me3GOH 

(X= GY, Br) I-KX 

PhHgCCl,SO,Ph + 0 140”, 8 days 
CL 

I - PhHgCl + 

(58%) S02Ph 

1400. 8 days 
PhHgCCZ,SO,Ph + Me,SiCH,CHzCH, > PhHgCl + 

(63%) 

Me,SiCH, Cl 

w 

H SO,Ph 
/ 

H H 

(47%; l/l isomer ratio) 

0 
48 h, 135” 

PhHgGBr,SOrPh f 
I 

-> PhHgBr + PhSOzCBr2H 

(41%) 

i- 
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High temperatures and long reaction times in sealed tubes were 

required to effect such reactions. However, decomposition of PhHg- 

CC12S0,Ph via oz -elimination was not the only process which occurred. 

The formation of substantial yields of PhSO,C&H, metallic mercury . 

and diphenylmercury indicated that a competing homolytic decomposition 

must be taking place as well: 

PhHgCCl$O,Ph -> PhHg’ + l CCl,SO,Ph 

2 PhHg’+ PhrHg i- Hg 

PhSO,CCl,* f R-H .J, PhSO,CCl,H + R’ 

New (dihalocarbomethoxymethyl)mercury compounds also were 

prepared in the hope of obtaining more useful reagents than the previously 

prepared PhHgCXYCO,Me compounds (95): 

THF 
PhHgCl + CHClICO,Me f Me,COK. Me,COH 

-60” 
PhHgCClICO,Me 

HgCl + CHCl,CO,Me + Me,COK- Me,COH 

and 

HdN%, MeOH 
OMe 

Ccl,= CClOMe 

OaNHg 

MeOH 

03NHgCC1,C0,Me 
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03NHgCC12C0,Me 
N aCl/H,O 

> Hg(CC12C02Me), + HgCl, 

(PhCH&H,),Hg 

V 

PhCH,CHzHgCC1,COzMe 

Of these, only the cyclohesyl derivative was a satisfactory ClCCO,Me 

transfer agent: 

c- 0 I 
PhC1, reflux 

s HgCClzC02Me + 

57 hr. 

CL 

COzMe 

PhHgCHClCO,Et, prepared as shown below, was not effective as a HCCO,Et 

source. After it had been heated in cyclooctene at 155-160” for 3 

days, it had decomposed only to the extent of 2Oy0, and only a low yield 

of the two 9-carboethoxybicycloC6.1.O]nonane isomers was obtained (95). 

Hg( OAc),/EtOH 
CHCl =CClOEt > AcOHgCHCICOzEt 

NaCl/HaO 



Amide-substituted halomethyl-mercury compounds also have been 

studied. PhHgCC12C(0)NMe,, preparedby reactionofN,N-dimethyl 

dichloroacetamide withpotassiumtert-butoside in the presence ofphenyl- 

mercuric chloride in THF at -60", gave little or none of the expected 

cycloaddition product when it was heated in cyclooctene at148O (95). 

The amide?, however, underwentphenylmercuric bromide elimination 

onbeing heatedinbromobenzene atreflus, and an intramolecular C-H 

insertion of the carbene which was formed followed (96): 

:: 
PhHgCClBrCN 

A 
> PhHgBr 

9 

(Similar decomposition of the corresponding 

curials had been reported previously: cf. J. 

(1974) 40). 

dichloro and dibromo mer- 

Organometal. Chem., 75 

4. MERCURATION OFUNSATURATEDCOMPOUNDS 

A. Olefins 

The solvomercuration of olefins and the solvomercuration-de- 

mercuration synthesis of functionalalkanes from olefins continue to be 

important aspects oforganomercury chemistry. 

The preparation ofl-methylcyclohexanol, based on the oxymercur- 

ation-demercuration of cyclohexene, has been described in detail in a 

"Organic Syntheses" preparation (97). Other examples from the literature 

since last year's survey include the following: 

References p_ 259 
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Ph 
\ P 

c=c 

/ ‘Me Me 

-I- 

Ph 

\‘c= dMe 
/ 

Mk 

WdOA4, 

THFHO 2 

(ief_ 98) 

Th 
Me-C -C-Me 

bH &OAc 

i 

NaBH,, OH- 

Ph 
\ P 

CH-C-OH 
/ 

ILe 
\ 

Me 

HdOAc), 
CH2=CHCH,CHZCH=CHL 

THF/H,O 
> AcOHgCH, CH,HgOAc 

(ref. 99) 
/ 

d NaBH,, OH- 

CH3 CH3 

HdOAc), 
CH,=CHCH,CH,CH=CH, 

-xz? 
AcOHgCH,~HCH,CH,~HCH,HgOAc 

OMe OMe 
(ref. 99a) 

/ 

IL NaBH,, OH- 

CH3yHCH,CH,5HCH3 

OMe Owe 

CH,=GHCH,GH,GH=CH, > ClHgCH,$HCH,CH,CH=CH, 
MeOH OMe 

(ref. 99a) 



193 

WOAc), 
CH,=CHCH,CH,CH=CH, p> 

HOAc 
AcOHgCH,yHCH,CH,CH=CH, 

OAc 
(ref. 99b1 

J 

0.5N NaOH, KX - 

XHgC Hz CHCH,CH,CH&H, 

bH 

J NaBH,, OH- 

CJ& yHCH,CH,CH=CH, 

OH 

0 
KBr BrHg HgBr HO HgBr 

I I 
Hg(OAc), > , + 
THF;H,O HO OH BrHg OH 

J NaBH,, OH- 

0 HdOAcL 
I -I - 

ArNH, 

(ref. 100.) 

ArNH 

ArNH 

+ 
NHAr NHAr 

Refer&es p. 279 
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0 1 Iv WidOAc), 
HOAc 

(ref. 99b) 

OAc 1) 0. SNNaOH 

HgOAc 2) NaBH, 

Hg(OAc), 

ROH 
> 

(R = H, Me) 

(ref. 101) 

10 

I 
L 

NaBH,, OH- 

12 

OR 

H 

/ 
-i- 

W 
OR 

L? 

The mercury adducts must be reduced immediately after their preparation 

since they undergo decomposition with loss of elemental mercury in 

methanol or water solution. Thus, when the lO/ll mixture was kept -- 

in methanol at room temperature for times of minutes to hours, subse- 

quent treatment with NaBH, gave not only 12 and=, but also the following - 

compounds : 

CHCH, 

AAc 0 g-3 

0 

CHiz 
II 

OMe 



and 

OMe 

195 

The possible mechanisms of these transformations were discussed. 

HdOAcL NaBH, 

THF/H 
e 

z OH- 
& 

HO 

H / + 
(ref. 102) (7 0%) 

/ 
& 0 / y HdOAc), NaCl 

>d 
MeOH Hz0 

(ref. 103) 

HgCl 

HdOAc), NaCl 

ROH HO L 

(R = H, Me, AC) 

dO,Me (ref. 103) 
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HdOAc), NaCl 

HO- I J&O 

CO,Me 

COzMe 

O-C 
Q 0 

(ref. 103) 

& / 
CO,H 

C02H 

Hg(OAc), NaCl 
> w 

MeOIl Hz0 

(ref. 103) 

0 - c+ 
0 

da 0 ClHg 

/ 
Hg(OAc), NaCl 

Y0 
Tizii+.P +? 

CO,Me 
I 

0 
(ref. 103) 

O---C+ 
0 

& 
RO 

/ 

Hg(O*c), NaCl 

COLMe .v HO 
ClHg 

2 & 
COzMe 

COzMe 
(R = Me,Ac) 

CO,Me 

(ref. 103) 

& %‘(OAc)z NaCl 
-- 

I C02Me 
Me,CO/H,O HZ0 

CO,Me (ref. 103) 



4 \ 
A \ 

2 HidOAc), 
3 

THF/H,O 

(ref. 104) 

I OH 

0 
1 Hg(OAc), 

THF/H,O 
> 14 r15 

- - 

(ref. 104) 

NaBH,/OH- 

f 

+ 

1 NaBH,, OH- 

I \ Q OH 

_A 

(Et was shown that the first OH group introduced via oxymercuration 

of the side chain double bond enhances the reactivity of the internal 

double bond). 
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4 I ’ 
HdOAcL NaBH, 

> B 
MeOH OH- n 

/ 
I 

W%) 

(ref. 105) OMe A x I 

(24%) 

HdOAc), 
> 

THF/H20 

(ref.. 105) 

NaBH, 

OH- 

J$ (minor) 
H 

17 (major) 

It was stated that cyclization in the above cases predominates in the 

water system (vs. the reaction in methanol) because a water/THF - 

interaction retards the reaction of water as a nucleophile (105): 
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Proximate urethane functions have been shown to have a specific 

directing effect on the regioselectivity of oxymercuration, as shown by 

Krow and Fan (106) in their study of “ketofunctionalization” of olefins. 

Among the reactions described are the following: 

0 \ 0 HdNO,)i NaBH, 

> 4 

cro, 

N Hz0 OH- i) N 

I 
I 

COOEt 
COOEt 

NCOOEt 

(R = H, Ph) 

EtOOC 

References p. 279 
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EfLOOC 

‘-11 / to 
-L.-J 

In contrast, the results obtained with the oxymercuration ofthe 

nitriles 18 and 19 in CD OD suggested that prior coordination at the - - 

nitrile groups did not occur (107). 

DD DD 

DD 

An interesting aromatization reaction involving mercuric chloride 

attack on the triene mixture 20 has been reported by Reutov and his 

coworkers (108): 

More examples of olefin rnercurations have been reported in which 

cyclization occurred: 

. 

R 

Referencesp.219 

NaBH, 

P 
OH CH3 

R 
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(R = Me, Me,C, Ph) (ref. 109) 

R’ 
f CCl,CHO + Hg(O,CCF,), 

(RI, R’ = H, H 

.A 

(ref. 110) 

H 

0 .+ 
CCI, 

t. Bu, H 0 
+ 

ccl, 
0 

H, t- Bu) 0 

0 

NaBH, 

4Y 
RI k 

Rl z 

; HgX ii2 
RZ 

Tkie intermediate which is mercuratkd in these reactions is 21 
2 This 

‘OH3 

cc1 

P 

21 

reaction is a useful route to diols since the acetals produced can be 

reductively cleaved by sodium in ether or zinc in acetic acid: 

H 

-A 
cc13 

0 OH 

0 
OH 

R’ 
-’ 

R’ 
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Further examples were provided (110): 

R-- - 

HO > 
ccl, YO 

(R = Et, n-Pr) - 

HO d 

Y 
ccl, 

GHL-_CHCHz 

\ 
0 CRR’ 

NC’ 

(5 R” 

(R,R*= W, H 

H, Ph 

1). Hg2+ 

> 
2) NaBH, 

1) H$+ 

2) NaBH, ’ 

H, subst. Ph) 

(R I’= Ar or H) 

W&b 
> 

EtOH/H,O 

(ref. 111) 

R 

RCHZ . 

n + 0 

“H%c1, 
‘3 

H O 
% Cl3 

ClHgCH, 

3: 

R 
0 

R’ 

0 

-I- R”OH i HCl 

CH3 

Q 

R 

0 
R’ 

0 

The kinetics of these reactions were studied. The rate law R = 

kz(ester)(HgC1,) was followed. 

Skeletal rearrangements in oxymercuration reactions are very rare, 
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but 

the 

rangements (112): 

some do occur. Russian workers have shown that the more ionic 

inorganic mercury reagent used, the more likely are such rear- 

CH,C -c =GH, 

II i 
OH CS3 

(R= Me, OMe) 

but: 

-5 
Hg( OAc),/MeOH 

Hg(ClO,), or Hg(N03)z KI 
CH,C--c= CH, I > 

I I 
OH CH3 

CH,C 

I -TCHzHgl 
OH CH, 

CH,-C - C-CH,HgI 
II I 
b dH, 

The ketone wzs formed by way of a 1,2-phenyl shift: 

HgXf 
CH,-C -C = CH, > 

I I 
-) Cw,-: 

I -YCHzHgX 
OH CH, OH CH3 - H+ 

CH3-i-i;CHzHgX 

3 



Asymm etric synthesis in solvomercuration reactions 

when optically active mercuric carbbxylates are used (113): 

205 

ispossible 

Hg(O,CR*), NaBH, 

PhCH=GHZ _ -> .P Ph-%HCH, 

THF/H,O OH 
AH 

Of the optically active mercury(n) carborylates examined, mercuric 

tartrate was the only one which gave relatively high(25-30%) optical 

yields. An intermediate of the type 22 was suggested for this reaction. - 

22 

De Brule and Hess (114) have reportedthatwhen aminomercurations 

of gaseous olefins are carried out at higher pressures (350 psig), the 

reactions proceed much more rapidly and give higher product yields. 

Moreover, in contrast to the reactions carried out at atmospheric 

pressure, the products are obtained as nicely crystalline materials. 

Examples providedincludedthe synthesis of the aminomercurafion 

products CsH,&CH,CH,HgCl, EtaNCH,CH,HgCl and Me,NCHMeCHMeHgCl. 

The stereochemistry of the aminomercuration of the isomeric 2-butenes 

has been studied (115). Trans-addition with complete stereospecificity 

was found: 

References p. 279 
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H 
J 

HgCl, 

CL-L 3 3 
(CH,),I'JH 

> 

THF-ether 

H 
=H3 

)==: 

CH, H‘ 

W&h 

(CH,),NH - - 

THF-ether 

Heterocyclic amines such as indole and carbazole also are capable of 

participating in olefin aminomercuration (116): 

+ CH,=CHOAc -!- Hg(OAc) r-> AcOHgCH,GHOAc + HOAc 

A 

(/3 -Acetoxymercuriindole, the aromatic mercuration product, was a by- 

product in the absence of water). Carbazole was much less reactive 

than indole. 

Peroxymercuration of olefins (without the acyloxymercuration 

which usually accompanies this reaction when mercuric acetate is used) 

can be effected in high yield when mercuric trifiuoroacetate is used (117): 

RCH= CHR’ + Hg(0,CCF3)a i- Me,COOH 
CH,Cl, 

____3 CF,CO,H 

+ 

RCH(OOCMe3)CH(R*)HgOzCCF3 
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The fact that Hg(O,GCF,), is soluble in dichloromethane has obvious 

advantages, including new possibilities of reactions with poorly 

soluble substrates, e.g.: 

CHLHgCl 

CH,Cl, KC1 I 
PhCHCH,HgOAc tPhCH=CH, iHg(O,CCF,), ;-- ->PhCH-00-CHPh 

I I 
OOH CH,HgCl 

Calculations on the electronic structure of the Hg(II)-ethylene 

complex have been carried out using the CNDO-MO method (llS). 

Also the subject of such calculations has been the attack of hydroxide ion 

on such a complex to give the @-hydroxyethylmercurial. 

Oxidation ofolefins by mercury(H) salts involves oxymercuration 

products, and, in some cases, aliylic mercurials, as intermediates. In 

new examples, allylic oxidations of some steroidalolefins by mercuric 

trifluoroacetate have been described (119): 

R 
\ 

N 
/ 

0 
0 

& \ 
6H, 

References p. 279 

CH,C12 
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.N 

&a 
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Oxidation of olefins to alcohol, aldehyde andketone products also can 

be carried out catalytically using mercury(U) salts supported on active 

charcoal (which has been pretreated with nitric acid) in the presence 

of oxygen and steam (Tables 9 and 10) (120). A mechanism similar to 

thatofthe homogeneous process was indicated. 

Kinetic deuteriurm isotope effects on the redox demercuration of 

olefin oxymercurationproducts in aqueous solution have been studied 

by 'H NMR spectroscopy (121): 

CH,CH(OH)yHHg+ > CH,$CH,R + Hg + H+ 

R 0 

(R=H, CH,) 

Mercurials deuterated either on the rS -carbon atom (e.g., CHsCD(OH)- 

CH,Hg+) or on the oc -carbon atom (e.g., CH,CH(OH)CHDHgf) showed 

primary and secondary deuterium isotope effects ofl.35-1.40 and 

1.17-1.19, respectively. On the basis of these results, a transition state 

oftype 23 was suggested. - 

23 
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The decomposition of such/3 -oxyalkylmercurials inbasic aqueous medium, 

on the other hand, gave a mixture of saturated ketone and epoxide 

(Table 11) (122). A trans-intramolecular attack to give the epoxide was 

believed to be involved in a path parallel to that of ketone formation: 

70 
R-CH-CH-Hg+ 

A-9 

Such oxidative decomposition also could be effected in basic alcoholic 

medium. Thus such a reaction of CHsCH(OH)CH,HgClin set-butylalcohol 

inthepresence ofsec-BuOK at82O gave an83% yield of a productmixture 

containing 87% propylene oxide, 11% acetone and 2% isopropanol. 

A redox-type reaction also was found to occur when CHsCH(OH)CH,- 

HgClO, was treated with sodium formate in aqueous solution (123): 

CH,CH(OH)CH,Hg++HCO,-Na+-- CH,CH=CH, +Hg i-CO, i-H,O+Na 
-I- 

A mechanistic study (by NMR techniques) indicatedthatthe reaction 

involves a unimolecular redox decomposition of a formato-mercurial 

intermediate, with an anti-elimination of the olefin: 

The diacetyloxylation or dihydroxylation ofolefins by the 

Hg(OAc),/&/HOAc system was shown to proceed by way of an intermediate . 

osrymercuration product(124): 
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0 I + 
HOAc 

HdOA4 U 

+ I, > 

+ IHgOAc > 

-t IHgOAc 

+ Hg& 

B. Cyclopropanes 

A study of the stereochemistry of the ring-opening methoxymercur- 

ation of some cyclopropanes (various stereoisomers of1,2,3-trimethyl- 

1-phenyl-, 2,3-dimethyl-1-phenyl-, and 2,3-dimethyl-l-methoxy-cyclo- 

propane)withmercurictrifluoroacetate suggestedthata corner-merc- 

urated cyclopropane is formed in the rate-determining step. This then 

is opened by nucleophilic attackby the solvent(125). In general, the 

HgO,CCF,+ species reacts at the least substituted ring bond and ring 

opening occurs in the direction of the more stable carbonium ion. 

Both steps (HgO,CCF,' attack and nucleophilic ring opening) can occur with. 

retention or inversion of configuration. The stereochemicalresults are 

summarized in Table12. In the case of cis-1,2,3-trimethylcyclopropane, 

theseprocesses wouldbe: 

Referencesp.279 
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TABLE 12. Cycl&ropane Ring Opening by Mercuric Acetates in -Methanol: 

Stereochemical Results (ref. 125). 

Cyclopropane 

Hg*+ CH,OH 

ret:inv retrinv 

CH3 

G35 4 
OH 

A 
C&s 

-33 4 
GbH5 

H 44 
c6H5 

w&i 4 
H 

0 100 

0 100 

0 100 

0 100 

0 100 

88 12 

18 82 

0 100 

0 100 

0 100 

10 9ob 

9 91 



TABLE 12 - continued 

3H 4 2 1 

CsH5 

A 
OH 

A 
OCH, 

OCH, 4 
H 

H 4 

28 72 25 75 

95 5 

90 10 

60 40 

5 95 

215 
: 

OCH, 
/ 

l4 38 62 0 100 

b Only C,-C, cleavage is assumed. 

References p_ 279 



216 

Jensen and his coworkers 1126) h ave investigated the stereochemistry of 

similar rea&ions of 7,7_dimethylnorcarane and of norcarane: 

Me 

@ 
Me 

1). Hg(OAc),/MeOH 

2) aq. NaGl 

Me 

‘LA OMe 

-Me 

HgCl 

(83% trans., 17% cis) 

1) Hg(OAc),/MeOH 
> 

2) aq. NaCl ch 

CHzHgGL 

“8 OMe 

i 

NaBHJOH- 
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A corner-mercurated intermediate was suggested: 

Ea 

Me Me 

Ea 

MeOH 
> trans-2_4 

MeOH 

H 
L cis-24 

The methoxymercuration of cis-1,2-diphenylcyclopropane could not 

be effected under conditions which served well with the trans isomer. 
I 
However, acetoxymercuration of this compound in acetic acid at 75-SO0 

did occur (127) I 

Ph Ph 

HdOAclz NaCl 
HgCl 

H H / 

HOAc - 
PhCHCH,CH 

&AC 
\ 

Ph 

H H 

o- and p-Nitrophenylcyclopropane were resistant to even these forcing - - 

conditions, but ring opening did take place in the presence of per- 

chloric acid (128): 

References p. 279 
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Hg( OAc),/HOAc NaCl 
> 

trans-I, 2,3-Triphenylcyclopropane proved to be resistant to ring opening 

and was mercurated at a phenyl ring instead (129): 

Ph H 

Hg(OAc), 

HOAc 

70-800 

The action of mercuric acetate on 

KSCN 

Ph H 

h 

i3gNCS 

diphenyImethylenecyclopropane 

did-not-cause ring cleavage (130): 

w 
71 

Ph Ph 

Hg( OAc), 

THF/&O 
> 

~goIYH4>~ 

Ph/C;:lPh Ph.1 ‘Ph 

OH OH 

Some other alkylidenecyclopropanes, however, were attacked at the 

cyclopropane ring (131): 

‘WOAc) 

0-q aq. 0 
HgOAc 

/ 
--c 

’ CH,CCH, 

Me O-Me 
K+Is - 

/ 

:: 

HzS 

L-/I 

5 

\ 
CH$CH, o= 

H 

C’ 
\ 

0 
‘=%$CH, 

0 
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Q 
HdOAc), H,S 

Me,C= >* 
aq. EtOH 

Me2G=CHCH,$Ph 

0 
Ph OMe 

The oxymercuration of some substituted cyclopropanols and their 

methyl ethers has been studied (32): 

A HdOAc), 
OMe h PhCHCH &H .? 

HOAc 

Ph CH3 

AgOAc 

3 

+ 

7 
PhYHCCH3 

CH,HgOAc 

(2 5%) 

(75%) 

.n H OH 

Ph Ph 

HdOAc), 9 
HOAc 

PhyHGH+Ph 

HgOAc 

+ minor amount of C%yH-C(O)Ph 

Ph 

A Ph OH 

H Ph 

HdOAcL 

HOAc 

T 
only Ph 

ci 
HCH,CPh 

HgOAc 

References p. 279 
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C. Aromatic Compounds 

Of special interest is the report by Deacon and 

that fusion of mercuric trifluoroacetate with a number of benzene 

derivatives results in permercurated products: 

C6HsCO,Na t 5 HgX, -> C6(HgX)sC0,Na 

Farquhar,son (133) 

(X = O,CCF,) 

C6H,N0, + 5 HgX, .h %(DgX),NO, 

C6H,CONH,- + 5 HgX, > G(HgX)sCONH, 

C,H,HgCl + 6 HgXL > c6(-&+)6 

p-MeOC6H,COzH + 5 HgX, > G(HgX)sOMe 

All products were cleaved with bromine to give the expected poly- 

brominated, mercury-free arenes, and other synthetically useful 

mercury replacement reactions may be envisioned. 

The mercuration of benzotrifluoride with mercuric oxide in per- 

chloric acid medium gave, after treatment of the product mixture with 

aqueous sodium chloride, the following products (134): 

CF.3 

HgCl 

CF3 

HgCl 

Surprisingly, the dimercurated products predominated even at a 

HgO:C6H,CF3 ratio. of I:3 _ 
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A number of aromatic amines has been mercurated (135). The 

products find application in the preparation of special dyes. It was 

found that the solvent medium used (water or ethanol) and the reactant 

ratios both areimportantin determining which of the possible products 

is formed. The following examples are illustrative. 

CH3 

Hz0 

4 i 1 Hg(OAc), > 

(8 0%) 

NHz 
NHz 

EtOH 

1 + 2 Hg(OAc), > 
AcOHg 

wvoo) 
HgOAc 

EtOH 
1 + 1 Hg(OAc)z --> (78%) 

HgOAc 

NH, NH2 

EtOH/H,O 

1 + 2 Hg(OAc), .p> (8%) 

AcOHg HgOAc 

NJ52 NH2 

The selective, high-yield preparation of the foliowing also was described: 

C*3 

NH, 

HgOAc 

HgOAc 

NH, 

HgOAc 

NH, 

4 ’ I cH3 
CH, 1\ 

HgOAc 

References p. 279 
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NH, 

HgOAc C H, HgOAc 
CJ53 

CH3 HgOAc 

HgOAc 
CH3 CH3 

CH3 

CH, 

HgOAc 

In the case of 2,4,6-trimethylaniline, the intermediate N+Hg bonded 1:l 

adduct with mercuric acetate was isoIated (135). 

Azobenzene reacts with mercuric acetate in refiuxing methanol to 

give mono- and dimercurated products (136): 

Q*=N~ 

HgCl 

-I- 

HgCI 

H_gCl 
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HgCl 

Itwas suggestedthatthe aao nitrogen function directs the mercury sub- 

stituent into the ortho position by a coordination process. 

More examples of the direct mercuration of transition metal 

complexes containing aromatic ligands have been described: 

JMOAc), > AHgcl CaCl,) 

& + 

CD-’ 
&HgCl 

(1,Z and 1,3 
isomers) 

When this mercurationproductmixture was passedthrough a column of 

alumina, symmetrization occurred. Only 25 was isolated as a pure - 

compound(48). This work corrects earlier work ofNefedov (1966)that 

this procedure gives 3-chloromercuriiodoferrocene. 

Referencesp.279 
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The mercuration ofarenechromiumtricarbonyl complexes has been 

described (237): 

(R = H, Et,Si) 

HA OAc), 
/ R -P- HgOAc 

oc 
HC,T 

co 
C 
0 

(R= H, 22% 

R = Et$i, 29%) 

In contrast, the action ofmercuric acetate on the iron carbonyl 

complexes 26 resulted in loss oftheiron moiety to give novel arylmer- - 

curials (238): 
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4 
0 

References p- F-i9 
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The following mechanism was suggested: 

HdOAc), 
R 

A=GH,OH, 

CzHSOH 

e G 
-H+ 

27 

The mercuration ofl-methylindazole has been described (29): 

Hg(OAc), 

-h 

Attempted mercuration ofl-methylbenzimidazole was unsuccessful, 

but the desiredproductcouldbe prepared by decarboxylation ofthe- 

appropriate carboxylic acid or by transmetalation: 

Li + (PhC=C),Hg -3 
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(aN>z Hg + 2 PhCsCLi 

N 
I 

Me 

5. ORGANOFUNCTIONALORGANOMERCURYCOMPOUNDS 

A. Highly Halogenated Organomercurials 

Reference already has been made to some compounds of this class 

in earlier sections: 

polyfluoroarylrnercurials (13, 28a, 28b, 134) 

polyfluoroalkylmercurials (9, 14, 22, 36, 85, 86) 

halomethylmercurials (Section 3C) 

B. Mercurated Diazoalkanes, Carbenes and Ylides 

The mercury derivatives ofthree diazoacetyladamantanes have been 

prepared (61): 

0 HgO 

&xN, 

i 

Et,0 

(R =H,Cl,Rr) 

Their halogenation gave the respective adamant-l-y1 tribromomethyl 

andtrichloromethylketones. 

Shortwavelengthphotolysis of mercurated ethyl diazoacetate 

produced a carbyne (139): 
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CEtO,CC-],Hg 

fi;, 

2 EtO,C& + 2 N, + Hg 

The reactions of the carbyne with olefins were studied. In addition to the 

process shown in the equation above, other fragmentations produced 

carbene and radical species: 

hu 
LEto,C$ -1zHg - Hg + N, -I- EtO,C& + N,&ZO,Et 

N, 

[EtO&$ --jzHg hy N, + EtO,CC(Nz)Hg&O,Et 

N, 

fEtO,CC-],Hg 
hv > Hg f 2 N,?CO,Et 

Thus the photolysis of Hg[C(N,)CO,Eth in cyclohexene gave s~rne 

organomercury products, 29. 3xand 31, in addition to wholly organic - 

products. 

29 r_ 

(R = CO&t) 
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One experiment proved the intermediacy of the mercury-containing carbene: 

mo,c 

Hd ~CO,Etl, hy Eto2C -tH 
N2 

0 
I 

N, 

I 
33 

1) remove cyclohexene 

J 2) add trans-Z-butene, hy 

A new mercurated ylide containing an organosilicon substituent 

has been prepared (140): 

Hgble 
/ 

Me3P=CHSiMe3 + MeHgCl ,-> !&fe,c-CH 1 cl- 
\ 

SiMe, 

i 

Me3P=CHSiMe3 

/ 
HgMe 

Me,P=C 
\ 

SiMe3 

Reterencea p_ 279 
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or: 

Me.ZzziMes fMeHgC1 

This compound, a distillable liquid, was not very thermally stable 

and wa's very sensitive toward atmospheric oxidation and hydrolysis. 

‘Simpler mercurated ylides could not be prepared. Thus the actionof 

base (BuLior lMe,P=CH,)on CMe$CHZHgMe]Cl-or cMe&H,HgCH$Me,] 

zc1- did not cause deprotonationto give the expected ylides, Me,P=CHHgMe 

andMqP=CH-Hg-CH=PMe,. It would seemthatan organomercury 

substituent does not enhance the acidity ofy-protons on attached alkyl 

groups. 

C. Mercurated fl-Diketones 

Mercuric acetate reacts with dibenzoylmethane and arylmercuric 

halides with its monosodium salt to give dimercurated products which 

have the structure 32 (by IX) (141). For the Y=Ph compound the - 

Ph 

YHg : 

*---9 

c 
="_ 

HgY 

d 

32 

Ph 

(Y=OAc, Ph, C&s, p-HCbP,) 

structure (PhCO),C(HgPh)Z had b eenassumedpreviousIy(Nesmeyanovand 

Kravtsov, 1962). The mercuration ofl,l,l,2,2,3,3-heptafluoro-7,7-di- 

methyl-4.6-octanedione with mercuric acetate gavethebis-C-bonded 

product33. This compound was found (by dynamic NMR) to undergo 
- 
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stereospecific keto-enol tautomerization in acetone-d6 (142): 

33 

An intramolecular process, 34 
-’ is indicated. The free energy of 

activation for this tautomerization is 10.35iO. 4 Kcal/mol at 25°C. 

D. Miscellaneous Organofunctionals 

The nitration of bis(benzimidazolyl)mercury was effected with 9870 

nitric acid containing oxides of nitrogen in glacial acetic acid at 70-80” 

(29)_ More dilute (49%) nitric acid merely gave the dinitrate salt of the 

starting material. 

CH3 O,N CH3 

References p_ 279 
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6. C-Hg BOND REACTIONS OF ORGANOMERCURIALS 

The reduction of organomercuria1s to the hydrocarbon (R,Hg-> 2 R 

Hg or RHgX v RH f Hg f 2X-) is an important reaction, particu1arZy 

in the olefin solvomercuration-demercuration sequence which is of 

preparative significance_ AIkaline sodium borohydride is the most 

commonly used reducing agent for this purpose. As a result, much 

work has been done to elucidate the mechanism of such reduction 

processes. In the case of NaBH,/RHgX reactions, the formation of a 

transient organomercury hydride, RHgH, and a subsequent radical 

chain process was the mechanism indicated (cf. J. Organometal. Chem., 

62 (1973) 121). Isotope effect studies of the reduction of 

CH,=CHCH,CH,CH,CH,HgBr by NaBH, VA. NaBD* and LiALH, s_ LIAZD, 

have provided good confirmation of this, and moreover, support the 

view that metal hydride reductions of alkyImercuric halides, in general, 

proceed byk common mechanistic pathway involving hydrogen atom 

transier from RHgH to alkyl radicals (143). The ratio of methylcyclo- 

pentane to I-hexene produced in these reactions was the experimental 

variabIe of interest in these studies: 

NaBH, 
CH,=CH(CH,),HgBr _-> CH,=CH(CH,),HgH dCH,=CH(CH&CHr- 

WWzW 

I 
> CH,= CH( CH&CH3 

CH,=CH(CH,),CH, . 

---I 
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It is noteworthy that the previous finding of a nonradical mechanism for 

sodium amalgam red.uction of organomercuric halides was confirmed by 

the observation that Na/Hg reduction of CH,_;CH(CH,),HgBr in 40 

medium gave only CH2=CH(CH,)sCH,D. 

Olefin formation can interfere with the radical chain reaction in 

some RHgX/N’aBH, reactions (144) : 

,-i-i-HgH 

The following examples illustrate this: 

Evidence in favor of a nonradical pathway for olefin formation was 

presented: 

References p. 279 
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n/i-VI 
H-Hg-7-C-T .-> H@ +Hg+ :C=C< +X Q 

I I 

Reduction of 35 - with lithium aluminum hydride gave the corresponding 

arenechromium tricarbonyl complexes (63). 

(R-2 Ret 

Cr 

oc’ I ‘co 
c 
0 

(R=Me,N, MeO, Me, H) 

35 

The formation of an alcohol rather than an alkane when the 

RHgXlNaBH, reaction is carried out in the presence of oxygen was 

reported by Quirk in 1962. When the CH,=CH(CH,),HgBr/NaBH, 

reaction mentioned above was carried out under an oxygen atmosphere, the 

major product was CHz=CH(CHd,OH (55%), but the reduced products, 

1-hexene (16%) and methylcyclopentane (8%) also were formed (143). The 

mechanism of the .RHgX/NaBH,/Oa reaction has been studied by Hill and 

Whitesides (145). Several lines of evidence suggested that free, non-caged 

radicals are intermediates: 

t**H” 

RHgBr --> 

RHgH d 

R. i- 0, --_3 

RHgH 

R* 

ROO* 

ROO* i RHgH > ROOH -f-R- + Hg(0) 
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“BH” 

ROO’ .-> ROOH 

SH 
ROO* .p> ROOH 

Among the systems studied were the following” 

7% NaBH,. 0, CH3 7H3 

Ph - C -CHzHgBr p> Ph-& -CH,OH t PhCH,-C-OH 

kH3 
DMF AH3 AH, 

77% 3% 

CH3 
I 

+ Ph- C -CH, 
I 

3% 

CT 
HgBr 

BH,-, 0, 

--. 
OR DMF 

R-r CH, 
R = CH,Ph 

i 

OR 

-I- 

4 0% 
4 9% 

22% 
33% 

-I- O I 
4% 
4% 

5% 
2% 

References p. 279 
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NaBH,, 0, 

DMF 

41% 27% 5% 

?E!x.+ &oH+f+H+ L& 
H O,, DMF 

HgB r H OH 

3 9% 12% 3% 

An alternate method of reducing organomercuric halides involves 

treating them with lithium in THF (146). ‘This reaction has been 

applied to the reduction of olefin aminomercuration products_ It involves 

initial transmetalation to form a lithium intermediate: 
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J%(OAc)z KEtr 

)C=C,- SPhNH, -> - PhNH-&HgBr 
I I 

THF, -60” 
PhNH-k-A-HgBr + Li .p> PhNH-A-k-Li + Hg 

I I I I 

PhN-k&H MeOH 
Li’ 1 > PhNH-k&H 

I 1 

3! 

Aminomercuration products of ethylene, propene, cyclohexene and 1,5- 

cyclooctadiene were reduced in 70-35% yield by this method_ This 

procedure was not applicable to the reduction of aminomercuration 

products of secondary amines since the intermediate lithium reagents 

underwent /3 -elimination, giving the lithium amide and olefin. In 

the case of primary amine-derived products, the conversion of 36 - 

to stable 37 apparently is faster than the p -elimination reaction. - 

A simple (and successful) solution to this difficulty was to carry out 

the lithium displacement reaction with secondary aminomercuration 

products in the presence of a primary amine (147): 

RR’&_&,+ .LI/THF,, 
I I 

RR’N-$-$-Li + Hg 

R”NH 2 

RR’N-&-k-H + R”NHLi 
I I 
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The intermediate aminomercuration product need not be isolated, 

can be reduced in the solution in which it was formed. Examples 

such reductions include: 

but 

of 

PhNHCH,CH,HgBr -Y PhNHC,Hs (75%) 

BrHgC& N c)- CH,HgB r s-0 L CH CH, f CH,=CHCH,CH,FHCH, 

_&h 

p: NPh 
Ph H 

(3%) (47%) 

NHPh 

> (87%) 

Me 

> 

Me 
NPh 

(58%) 

The reduction of dibenzylmercury to the benzyl anion by electron 

pulse radiolysis in THF has been studied by Bockrath and Dorfman (148) 

using an electron linear accelerator delivering 3-4MeV electrons: 

k=2 7~10’~ M-r set-r 

(PhCH,),Hg + eiol . > PhCH,- + PhCH,Hg- 

. 

The PhCH,Hg- radical was detected and found to be stable toward 

dissociation to PhCH,* and Hg over a time of at least 10 microseconds. 
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In contrast, the dissociation of dibenzylmercury upon one-electron 

oxidation inl,Z-dichloroethane in related pulse experiments gave the 

benzylradical andthebenzyl cation (149). 

e- +RCl .-> REle +2e- 

R:l' +(PhCH,),Hg -> RCl+PhCH,+ tPhCH,' i-Hg 

Organomercury radicals also havebeen generatedby exposure of 

various alkylmercuric halides to %o 
I 

rays at77YK and characterized 

by their ESR spectra (150). Both(a) carbon- and (b)mercucentered 

radicals were observed: 

(4 l CH,HgBr 

l CH,HgI 

l CH,HgCH, 

Me,?HgCl 

(b) EtHg* 

ClHg- 

(MerHg); (tentative 

assignment) 

Class (a) radicals were characterized by only small hyperfine interaction 

with magnetic mercury isotopes, class (b)typesby very large 

hyperfine coupling to mercury. 

A single electron reduction mechanism giving PhHge and the 

phenylanionwasproposedforthe reactionofdiphenylmercurywith 

lithium naphthalenide (151). When this reaction was carried out in 

THF at -30° in the presence oftrimethylchlorosilane, the phenyl 

anion was trapped to give phenyltrimethylsilane. Similar experiments 

were carried out with dibenzylmercury and bis(Z-phenylcarboran-l-yl)- 

mercury. 
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Oxidation with copper(B) bromide is a useful procedure for con- 

verting organomerqurials to organic bromides. Reutov and his co- 

workers (152) have studied this reaction in some detail. Good yields of 

organic bromide canbe obtained when this reaction is carried out at 

roomtemperatureinthe absence ofoxygenin DMF solution: 

(PhCH&Hg ___lj PhGH,Br (90%) 

PhCHzHgBr > PhCHzBr (97%) 

(C&.&H,),@ A &F,CH,Br (94%) 

C6FsCHzHgBr ._> C6FsCHzBr (99%) 

PhrHg A PhBr (quant.) 

PhHgBr > PhBr (quant.) 

(c,Fs)zHg h C6FjBr (qUant_ ) 

%iFSHgBr - CbFsBr (quant.) 

(n-CJ$LHg- n-C,HgBr (99%) 

(CCU,Hg > CCl,Br (95-97%) 

C(CFs)SHI,Hg - (CF3),CHBr (SO-83%) 

CPhG(O)CH,I,Hg -> PhC(O)CH,Br (78%) 

PhCH(HgBr)CO,Et-> PhCHBrCO,Et (99%) 

When these reactions were carried outinthepresence of oxygen; organic 

bromide yields dropped precipitously in the case ofbenzyl- and aIkyl- 

mercurials and oxygenated products (alcohols, aldehydes) were formed 

as well. The formation ofbenzylformate as a by-productwas observed 

on longer reaction times and was attributed to a solvent reaction. 

Possiblemechanisms were discussedfortheR,Hg/CuBrr reactions;in 

any case, radical intermediates must be involved, 

A radical mechanism also is indicated for the reaction of diarylmer- 

curials withtetranitromethane and trinitrocarbinylhalides (153,154): 
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solvent 
AraHg -I- C(NO,), > 

60-80" 

+ 
AI-' HgAr 

O,N- 3 C(NO,),- 

(ArzPh, mesityl) 

Ar- + ArHgC(NO,), -I- NO, 

1 RH 
ArH Nr0.I 

The solvents used were acetonitrile, sulfolane and chloroform. No 

nitration to give nitroarenes was observed_ The trinitrocarbinyl 

halides (X= F, Cl, Br) reacted similarly, forming 

of diphenylmercury (together withbromobenzenein 

(0,N)sCBr). 

benzeneinthe case 

the reaction with 

A one-electron transfer process was involved in the reaction of 

diethylmercury with 3.5-di-tert-butyl-1,2-benzoquinone intoluene at 

40-50" (155). The radical38 was shown (by ESR) to be an intermediate. - 

MesC 

This radical, which forms a green solution intoluene and is stable 

atroomtemperatureinthe absence of oxygen and moisture, can also be 

preparedby reaction of39 with ethylmercuric chloride. - 
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Me, C 

A CIDNP effect was observed for the methylene protons of 

PhxCCHzAr compounds produced in the reaction of benzylmercuric 

bromides with trityl bromide (156). This is in line with the electron 

transfer mechanism believed to be operative: 

R,Hg + Ph3CBr + + RCPh3 + RHgBr 

A CIDXP signal a1s.o was detected in the Meisenheimer complex 40, - 

which suggests the following reaction course for its formation in the 

previously reported reaction 

nitrobenzene in the presence 

of certain diorganomercurials with tri- 

of an alkali metal iodide in DMSO (156): 

DMSO _ 
R,Hg + MI _e CR-. . _. .fIgR] M+ 

I 

(R = CgFg or 

CH3C(O)CH,) 
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C~-.....ygR1 M+ + o,N 

I 

NO, M+ 

HR 

SuchMeisenheimer complexes havebeenformed from the following 

organomercury compounds: (GHsCOCH,),Hg, CH,COCH,HgBr, 

PhCH(HgBr)COzEt, (CCl,),Hg, (GPsWg, C(CF,),CHI,Hg, Hg(CN), 

and bis(_o-carboranyl)mercury (157). 

Carbonium ions were suggested to be involved in the reactions of 

the pyridine complex of bromine nitrate withbenzylmercuric and 

cyclohexylmercuric halides and acetates in chloroform solution (158). 

In addition to the expected bromides, which were formed in only 

moderate yields in the case ofPhCH,HgX compounds andin high 

yieldinthe case ofthe cyclohexylmercury compounds, benzyland 

cyclohexylnitrates also were formed, as were small quantities of 

aldehydes and alcohols. 
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The $ hydride abstraction reaction from di-set-butylmercury by 

Ph3Cf has received further study (159). The composition of the olefin 

Hg(CH(CH,)CH,CH,), i-2 Ph,C+X- ->zC,H8 +2 Ph,CX+HgX, 

was CH,CH=CH,, 22%; cis-CH,CH=CHCH3, i'IOjo; trans-CH3CH=CHCH3, 7%. 

AR anti-elimination reaction was assumed, with conformer 41 being - 

the precursor of cis-Z-butene. The preferential formation of this - 

isomer was attributed to steric factors associated with the bulky Ph,C+ 

cation_ 

42 - 

The well-studied redistribution reactiop 

J‘ 

fi,Hg +HgX, & 2 RHgX 

has received further attention_ For a series of R,Hg compounds, 

reactions with mercuric chloride in methanol at 20° decreased in rate 

as R was variedinthe order Et>n-Pr>Me-iso-Pr, and for correspond- 

ing reactions of diethylmercury in methanol with various mercury (II) 

compounds, the rates decreasedinthe order Hg(OAc),bs HgCI,> HgBr, 

> H&,. Solvent effects on these reactions were not straightforward 

and had no obvious connection with known parameters of solvent 

polarity (160). Symmetrization is the opposite of redistribution 

(RHgX+R,Hg + HgX,), and to effect it efficiently, in most cases 

the HgXZ must be removed from the equilibriumby reduction or 
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complex&ion. ElectrochemicaLreduction is very effective in this 

application (P5), as the following new example shows: 

DMF/H,O 
2 ClHgCH,CN ._> Hg(CH2CN)L -6 Hg -I- 2 Cl- 

(NaOAc) 
(92%) 

Detailed investigations have been devoted to the reaction of di- 

organomercurials with metallic mercury (161, 162). The adsorption 

layers formed on the surface of a mercury electrode were studied by 

a galvanostatic method for the following processes: (a) adsorption of 

EtHgCbF, from 9:l water/methanol; (b) coadsorption of Et,Hg and 

(C6FS)zHg;(c) reduction ofEtHgGlonmercury coveredby a layer of 

(C,F5)2Hg; (d) simultaneous one-electron reduction of EtHgCl and 

C6F5HgBr. The conclusion reached from the results obtained was that 

a mercury(I) intermediate, RHgHgR. is formed in the reaction of R,Hg 

with metallic mercury and that mercury exchange between metallic 

mercury and R,Hg proceeds via this intermediate: 

k, 
R,Hg +Hg F RHgHgR 

k-1 

A rate study of the forward and back reactions was carried out. A 

mercury(I) intermediate, EtHgHgEt, also is formed on the mercury 

surface in the reaction of diethylthallium chloride with metallic 

mercury, very likely by way of an initially formed cation, EtHgTlI&t 

(163). 

Anionic cleavage of the mercury-carbon bond is rather rare, being 

observed only in the case of rather electronegative substituents. A 
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recent example is the displacement of ChFs- from mercury by halide 

ions (13): 

(C6F5)2H!3 + 4x- + 2 H,O (or ZROH) -3 HgX,‘- + 2 C6FsH _t 2 OH- 

(x = 1, Br) 

acetone 
PhHgChF, f I- + H,O ..p> PhHgI i C6F5H f OH- 

Miscellaneous Hg-C bond reactions worth noting are the folIowing: 

A sulfur insertion reaction (9): 

(Fy&&F2)LHg 3 ( =F2&:,, Hg 
Y F2 2 Y 2 

(Y = F, H) 

Rearrangement during a photochemical demercuration (164): 

MeN ’ ’ HgOAc 

-o- 

hv > MeNH 
-c3 

/ \ 

A0 - 
EtOH 

NO +Hg 
- 

A study of the thermal decomposition of cd- and trans-ClCH=CHHgX 

(X= Cl, Br, I) (165). 
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7. MERCURY-FUNCTIONAL MERCURIALS 

Reactions of trifluoromethylmercuric iodide with appropriate 

silver salts gave CFsHgNCO, CFsHgN,, CFsHgSCF,, CF,HgO,CCO,HgCFs, 

and (CFsHg),O; on reaction with Tl,CS,, the sulfide, (CF,Hg),S, was 

formed (166). 

Equilibrium constants have been determined for two reactions of 

the MeHg+ ion in aqueous solution (167): 

MeHg+ (aq) + H,O _ MeHgOH(aa) + H* ; log[K%3o(K)] = -4.4&O. 07 

MeHgf (aq) t H,PO,f MeHgHPO,- (aq) -I- Hf ; log[K’3o(K)]= -1.7410.03 

Radiometric and spectrophotometric titration methods were used. 

Organomercury phenoxides have been prepared From phenol 

trimethylsilyl ethers (19): 

OHgP h 

diglyme 
t PhHgOH -p> 

20” 
+ MesSiOH 

GMe3 &Me, 

(R = H, CMe,) 

The formation of isopropylmercuric percaprate, CH,(CH,)sC(O)OO- 

HgCHMe,, by reaction of percaproic acid with (i-PrHg),O has been 

studied (168). as have the preparation and thermolysis of (PhCMe,OO),Hg 

(169) - 

Organomercury thiophenoxides have been the subject of several 

studies. They may be prepared by organotin or organolead routes (170): 

References p.279 
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BusSnSC6H,Me-p f PhHgCl ~~~ BusSnCl + PhHgSCbH,Me-p 

Ph3PbSC&Me-p + PhHgCl _> Ph,PbCl + PhHgSCbH,Me-p 

NMR studies of the exchange reactions: 

PhHgSAr i Ar’SH _ ArSH + PhHgSAr’ 

PhHgSAr + PhaMSAr’ A PhHgSAr’ -- + PhsMSAr 

(M = Sn, Pb) 

PhHgSAr + PhaSbSAr’ @ PhHgSAr’ + Ph$bSAr 

provided equilibrium constants as well as data on kinetic and substituent 

effects (171, 172). A four-center, cyclic transition state was favored 

for such processes_ 

Methylmercuric ethyIfLuorodithiophosphonate has been prepared (173): 

s F 
I’ / CH,Cl, ’ F 

Me,Hg f HSP, 
Et _____3 

MeHgS$/ 
‘Et 

+ CH, 

Compounds containing Se-Hg, Te-Hg and As-Hg linkages have been 

reported (174, 175): 

MeOH 
2 MeHgBr t H,Se .-> (MeHg)$e 

MeOH 
2 MeHgBr + HaTe -> (MeHgIaTe 
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Et,0 
3 MeHgNO, + H,Se ._+ C(MeHg)aSejNOs 

i-PrOH 
MeHgX + 3 MeHgOCMes + ASH, -> L(MeHg),As jX + 3 Me,COH 

(X-NO,, BF,, PFd 

i-PrOH 
MeHgOCMea -i- ASH, -> (MeHg)aAs 

The vibrational spectra of these compounds were of assistance in their 

structural characterization_ Similar compounds of antimony could not 

be p;epared. 

Various compounds containing Hg-N bonds also have been described. 

(ref. 176) 
MeHgN(SiMe,), + HN=P(NME,), -> h4eHgN=P(NMe,), + (Me,Si),NH 

MeOH 
PhHgOAc + &NH .W PhHgNS, + HOAc 

Reactions of heptasulfur N-phenylmercuriimide with covalent halides 

(Me,SnCl, BCls. etc.) were used to prepare a number of new heptasulfur 

imide derivatives (177). The compound Hg(NSF,), was found to react 

with bis(trifluoromethyl)diazomethane to give (CF,),C=NSF, nitrogen 

and mercuric fluoride (178). 

Exchange reactions of N-phenylmercurisulfonamides have been 

studied by NMR techniques (179). These second order reactions were 

suggested to proceed by way of a four-center cyclic transition state. 
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PhHgNS02Ar + PhSOLNHArl m PhHgNSOaAr’ f PhSO,NHAr 

Raman difference spectroscopy was used to good advantage in a 

detailed study of N-bonded methylmercuri derivatives of purine and 

pyrimidine nucleotides and nucleosides in solution (180, 161). 

8. MERCURY-GROUP IV COMPOUN.DS 

Mitchell has prepared compounds of type RHgMR’, (M = Si, Ge, Sn) 

(182) : 

-40” 
(Me3M)ZHg i RHgX p> 

(M= Si, Ge; R= Me, Et, 

n-Pr, i-Pr, t-Bu) 

RHglMMe, + Me3MHgX 

\1 
MesMX -I- Hg 

r. t. 
RHgSiMe, i R’sSnOMe -3 RHgSnR’s + Me3SiOMe 

The second reaction was used to prepare EtHgSnEtj, PrHgSnEta, 

BuHgSnEta, MesCHgSnMea, MesCHgSnEt,, MesCHgSnBus and 

MesCHgSnBu-is. none of which could be distilled because of their 

thermal lability_ They were, however, more stable than simple 

(RsSn),Hg compounds. The compounds MeHgSnMeS and EtHgSnMes 

could not be detected. The compound MeHgSn(CH,SiMes), also was not 

stable since the reaction of (Me,SiCH&SnL i with methylmercuric chloride 

gave MeSn(CH2SiMes)s (183). 

The thermolysis and photolysis of these Group IV-mercury 

compounds were studied (182). Reactions of such compounds with some 

organic substrates also were examined (184): 



ArCH=C(CN)L + MesCHgSiMe, - ArCH(CMe,)y=C=NSiMes 

CN 

251 

+Hg 

(but no reaction with other RHgSiMe,) 

ArCH=C(CN)r + MesCHgSnR, .-, ArCH(CMe,)~=C=NSnRs + Hg 

CN 

ArCH=C(CN)CO,Et + Me,CHgSiMes .-B ArCHC=C(OEt)OSiMes 

&N 

PhCzCCN + Me,CHgSiMe, -> Ph-C=C-CN 

MesSiHi &Me, 

0, NC 

> ‘c=c; 
Me,C ’ 

,Hg 

PhCH= C( CN)CMe, 

Other Group IV-mercury compounds have been prepared by various 

procedures by Vyazankin and his coworkers: 

2 (Me3SiCHr)3GeH t Et,Hg 

[ (MesSiCH,),Ge],Cd + Hg 

> [(Me,SiCH,),Ge]zHg (ref. 185) 

C(CbFs)rGehZn f Hg m> c (CZ5),Ge3,Hg 4 Z n (ref. 186) 

The intermediate Ge-Hg-Ge compound in the following reaction was not 

stable and underwent demercuration (186): 
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100” 
2 (C6Fj)2GeHBr -f- EtzHg > C(CsF,),BrGeHgGeBr(CbF,),1 + 2 C,H6 

Hg + (CbFs),BrGeGeBr(C6F& 

[(Me,SiCH,),Sn],Cd 
Hg or Hg(CH,CO,Me), 

) C(Me3SiCH&SnlzHg (ref. 185) 

2 (Me,CCH&SnH + EtrHg-> [(Me3CCHJ3Sn]LHg + 2 C,H,j (ref. 187) 

hv 
(Et3Ge),Hg + 2 (CbF&SnBr --> [(C6F,),Sn],Hg +2 Et,GeBr (ref. 188) 

hv 
Et3GeHgGe(CgF& + (CbF&SnBr __3 (C6Fs)sGeHgSn(C6F& 

+ Et3GeBr (ref. 188) 

The high stability of such Group IV-mercury compounds in which the 

Group IV atom is substituted with three Me3SiCHz, MqCCH, or CbF, 

groups is noteworthy. 

Diverse reactions of Group IV-mercury compounds have been 

studied. 

-60” to -20” 
[(Me3SiCHz)3Sn]zHg + 12 h 

(ref. 185) 
(Me3SiCHJ3SnI 

+ [ (Me3SiCH2)3SnHgI] 

A 

(MqSiCH,),SnI t Hg 
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-2 0” 
[(Me,SiGH,),Sn],Hg + 2 I, 

(ref. 185) 
>.HgI, + 2 (MqSiCH,),SnI 

2o” 

-l- 12 

(ref. 187) 
> [ (MqCCH2)$nHgI] + (Me3CCH,),SnI 

I 

(Me,CCH,)&I + Hg 

THF, 20’= 
-i HgY2 

(ref. 187) 
> 2 [(MqCCH,),SnHgY] 

i 
(Y = Cl, CH,CO,Me) 

\G 

2 (Me,CCH,),SnY + 2 Hg 

:: 
0 

[(&F,),M],Hg + PhC-O-O&h --s Hg + 2 (C6~5)3M0,~Ph 

(M = Ge, Sn) (ref. 188) 

C(C6F,),MI,Hg + HA - 2 Hg -I- 2 (&F,),MX (ref. 188) 

(M = Ge, X = OAc) 

(M = Sn, X = Cl) 

THF. 50’ 

_______3 (C6F,),GeHgSGe(C6F& (ref. 189) 

(A similar compound was prepared by another route (189): 

(c+F&GeSH + EtZHg --> (CgF&GeSHgEt + G2Hg) 
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Reactions of Group IV-mercury compounds with transition metal 

compounds have been described: 

hv 
(Me,Si),Hg + Fe(CO), - cis-(OC),Fe(SiMea), + Hg[cis-(OC),FeSiiMea]r 

(ref. 190) 

/pT PPh? 
benzene 

2 (MeaSi),Hg + ClrPt, ,CH, 80” 
/\ 

(Me3Si),Pt, /“Ha + ZMe,SiCl 

PPh, 
(ref. 191) 

PPh, 

-I- 2 Hg 

HgSiMe, 

(Me3Si),Hg + ClzP 

PPh, 

benzene 

50” 

(ref. 191) 

(bright red, 
air-sensi- 
tive solid) 

PPh, 

(Me3Si),Zt.>CHz + Me&$ f 2 Hg 

Phz 

Especially useful is the application of Group IV-mercury com- 

pounds in the preparation of Group IV-alkali metal reagents: 

Li 
~GH2=CH(CH2),SiMe,],Hg -> 

(ref. 40) 
LiSiMe3(CH2),CH=CH2 + 

CH,Li 

Me2 
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(Et3WtHg + M + Et,GeM (M = Li, Na. K, Rb, Cs) (ref. 192) 

Li, hexane 
C(Me,SiCH,),Sn&Hg w (Me,SiCH,),SnLi 

or benzene 
(ref. 183) 

9. COMPLEXES ,OF ORGANOMERCURIALS 

Thermodynamic data for (&F,),Hg- L complexes (L = py, bipy) 

were reported in last year’s survey (J. Organometal. Chem., 75 (1974) 

105). New work by others has added new thermodynamic data for 1:l 

complexes of bis(pentafluorophenyl)mercury with eight nitrogen bases 

(Table 13) (193). Noteworthy is the high stability of the l,lO-phenanthroline 

adduct in which the ligand is believed to be bidentate. The calorimetric 

approach used in this study failed to detect complex formation in 

solution between bis(pentafiuorophenyl)mercury and tri-n-butyl- - 

amine, tri-n-butylphosphine, PhZPCHzCHzPPh, or tetrahydrofuran, or - 

between diphenylmercury and 1, lo-phenanthroline. NMR techniques were 

used to show that weak I:1 and 1:2 complexes were formed when (PhCH,),Hg 

and PhCHzHgCF3 were dissofved in donor solvents such as acetone, 

pyridine, DMF and DMSO (194, 195). The 1:2 complexes existed only at 

low temperatures_ Trifluoromethylmercury compounds, CF3HgX with 

X = Cl, I, O,CCF,, were shown to form similar complexes (1:2 

stoichiometry in DMSO, DMF, THF and acetone; a 1~1 and 1:2 mixture 

in pyridine) (196) _ In nondonor solvents such as dichloromethane and 

benzene CF3HgI appears to exist in the form of the iodine-bridged dimer. 

Various complexes of the CHsHg 
-I- 

ion have been reported. 

Methylmercuric cyanide can function as ligand (197): 
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Et,u 
2 MeHgBr + AgCN -I- AgNOX -B [MeHgCa +HgMe7iNO~- 

The cation in this complex has a linear structure (by IR and Raman 

spectroscopy). In a donor solvent (D), dissociation to MeHgCN and 

[MeHgDl+ occurs. 

Chelate complexes of Hgz+, CH,Hg 
+ + 

, and PhHg with a number of 

substituted quinolines, 2,2’-bipyridines and 1, IO-phenanthrolines have 

been investigated in water and in aqueous dioxane by pH and pHg methods 

(198). Stability constants were determined; the phenylmercury complexes 

were found to be more stabLa than the methylmercury species. The 

formation of chelate complexes was suggested. Proton NMR spectroscopy 

was used to determine formation constants of compIexes of CH,Hg+ 

with a series of amines and amino acids in aqueous solution (199). The 

complexes with amines formed only at intermediate pH since at low pH 

the amine was protonated and at high pH the complex dissociated to form 

MeHgOH. With amino acids, the site of CH,Hg+ compleration was 

found to be pH-dependent. At low pH CH,Hg+ was bound to the carbox- 

ylate group, at higher pH to the amino group. Formation conwtants 

for CH,Hg* binding at the two different sites in some amino acids 

are given in Table 14. Methylmercury formed a 13 complex with 

glutathione (200): 

i- 
NH, 

I 
.-O,C-CHCH,CH,CONHCHNHCH,CO,- 

I 
CH,SHgMe 

(The complexes formed between glutathione and Hg(OAc), and HgC& also 

were studied (ZOO), and other reports of Hg(II)-amino acid (ester) 

complexes may be cited (201-203)]. 
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TABLE 14. Formation Constants of Methylmercury Complexes of Amino 

Acids at 25". 
Log Kf,u 

for oxygen-binding; Log Kf 
, 
N for 

nitrogen binding (D. L. Rabenstein et al., I. Coord. Chem., 

3 (1974) 263). 

Amino Acid log Kf,O log Kf,N 

Glycine 7.88 i 0.05 

@-Alanine 2.52 ir 0.10 7.56 f 0.07 

4-Aminobutyric Acid 2.74k 0.13 7.54 * 0.03 

5-Aminovaleric Acid 2.98 2 0.10 7.75 = 0.05 

6-Aminohexanoic Acid 3.10 50.01 7.83 i 0.02 

8-Aminooctanoic Acid 3.15 5 0.09 i. 60 -c 0.04 

Valine 2.7 -CO.02 7.41% 0.01 

Phenylalanine __ 8.29+ 0.05 

X-ray crystal structures of methyl-L-cysteinatomercury(I1) and 

methyl-DL-methioninemercury II) h aye been determined (204). It was 

found that the CH,Hg moiety is bound via a deprotonated sulfhydryl 

group in the former and via an amino group inthelatter (Fig. 2). 

Also of interest is the new chelating agent, phthalyltetrathio- 

acetic acid, 42. Its mercury (II) complex has a stability constant - 

greater than those of its other complexes with divalent ions (Ca, Zn, 

Co, Pb, Ni, Cd) by a factor of atleastlOiO. This high selectivity 

Referencesp.279 
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for Hg(II) is d ue to the presence of the closely spaced group of sulfur 

atoms and a rather wide separation of the carboxylic acid groups (205). 

CH(SCH,CO,H), 

42 

CH(SCH,CO,H), 

8 

O(3) 

Figure 2. The moZecuIar structures of MeHgSCHzCH&H3)C0,-_ H,O (I) 

and MeSCH,GHZCH,CH(NH~~g:gMe)GO,- (II). In (I) O(3) is 

the oxygen atom of the soIvent water molecule of cryst- 

aliization (Y_ S. Wang, N. J. Taylor, P. C. Chieh and 

A.J. Carty, J. Chem. Sot., Chem. Commun. (1974) 625). 
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The chelate complex 43, although not strictly an organomercury - 

species, merits mention (206). 

43 

Mercuric halides form poorly stable solid molecular complexes 

with aromatic hydrocarbons (207). In dichloromethane solution 1:l 

complexes are formed. Among the solid complexes which were isolated 

were the following: 2HgX2-toluene (X= Br, I); ZHgBr,. EtPh; 3Hg1,. 

2EtPh; HgBr,’ acenaphthene; HgI,*pyrene; HgI,- Zanthracene. Mercuric 

chloride complexes were too unstable to isolate. 

10. STRUCTURAL, SPECTROSCOPIC AND PHYSICAL STUDIES 

A. Structural Studies 

Several X-ray diffraction studies of organomercurials and of 

some inorganic mercury compounds which might be of interest to 

organometallic chemists have been published. 

Methylmercuric azide (Fig. 3). An essentially linear C-Hg-N grouping 

is present, and in the crystal the MeHgN, molecules are associated in 

layers bearing the methyl groups on the outer side (208). 

Phenylrnercuric 2,6-dimethylthiophenolate (Fig. 4) (209). It is not 

known whether the relatively short intermolecular S. _ _ Hg distance 

of 3.18i represents S+Hg coordination or is due to packing effects. 

Benzylmercuric triphenylmethylmercaptide (Fig. 5) (210). A weak intra- 

Riferences p. 279 
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CXN 

Figure. 3.. Structure of Methylmercur-ic Azide (distances in pm) 

(U. M&Zer, 2. Naturf. I 28b (2973) 4261 

I 

: 3.18’ 
I 

Figure 4_ Structure of Phenylrnercuric 2,6-DimethylthiophcnoIate 
- 

(distances in & (L. G. Kuz’mina et al., Zh. Strukt. 

Khim., 25 (1974) 491). 

Ph Ph 

2.1363 A 

Figure 5. Structure of Benzylmercury Triphenylmethylmercaptide 

(R. D. Bach, A. T. Weibel, W. Schmonsees and M. D. 

Glick, J. Chem. Sot., Chem. Commun. (2974) 961). 
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molecular interactionbetween one of the aromatic rings of the PhsCS 

group andthemercury atom may be present. 

Phenylmercuric salicylalmethylimidate (Fig. 6) (211). The mercury is 

covalently bonded to the nitrogen atom, but a strong Hg-0 interaction 

also exists, as indicated by the short Hg-0 distance and the deviation 

of the C-Hg-N angle from linearity. 

Mercury(I) trifiuoroacetate (212). The crystal contains discrete 

molecules of C, symmetry connected by 2.64iintermolecular Hg...O 

bonds to form puckered ribbons extending along the c direction. 

The Hg-Hg bond distance is 2.505 +0_003A andthe Hg-Hg-0 angle is 

166.6". 

Cesium tricyanomercurate(I1) (Fig. 7) and cesiumtrithiocyanato- 

mercurate(I1) (Fig. 8) (213). 

.44 (8) 

Figure 6. Structure of Phenylrnercuric Salicylalmethylimidate 

(distances in ii) (L. G. Kuz’mina et al., Zh. Strukt. 

Khim., 15 (1974) 659). 

References p_ 279 





265 

B. Spectroscopic Studies 

i. Vibrational Spectroscopy 

Publications have dealt with the vibrational spectra and force 

constants of solid CH,HgI and CDsHgI(214) and of(CHs)rHg and 

(C&),Hg (215), with the vibrational spectra of a number of diaryl- 

mercurials and arylmercuric acetates (216), of (CHXS),Hg (217) and 

other (RS),Hg compounds (R= Me,.Et, n-Pr, i-Pr, n-Bu, i-Bu, t-Bu) - - - - - 

(218), with the infrared spectra of cyanomethylmercurials (35) and 

ferrocenylmercuric chloride (219). 

A study of the IR spectra and the polarographic behavior of the 

mercurials 44 suggested that u- n conjugation of the C-Hg bond with 
- 

the C= 0 bond does not occur (220). An investigation of ClCH,HgNOs 

inaqueous solutionby Raman spectroscopyshoweditto be 83 *70/ 

dissociated into ClCH,Hg" andNOs- ions (221). 

ii. Electronic Spectroscopy 

The ultraviolet spectrum of (CH+HCH,CH,),Hg in the vapor showed 

maxima at 208. 210, 213 and 216 nm, in isopentane solution at187 and 

210(br) nm. Presumably n-+ n*transitions are involved (38). The 

ultraviolet spectrum of dimethylmercury was studied (Fig. 9) and the 

extiction coefficients determined (222). The results are given in 

Table 15. At the photochemically important wavelength of 253.7 nm 

the extinction coefficient is 2.1 cm-r atm-'. 

.__ 
111. Nuclear MagneticResonance Spectroscopy 

The magnetic shielding anisotropy, IJ,,-q , of r99Hg in methyl- 

mercuric bromide dissolved in the nematic phase of4,4'-dihexyloxy- 

azoxybenzene has been determinedtobe 5345 +25 ppm(nuclear mag- 

netic double resonance) (223). 

ProtonNMR data havebeen recorded for CH,Hgf 

some amines and amino acids (Table 16). It can be seen 

complexes of 

that the value 
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1600 

1400 

IJJ I 
(1, 

;= 7200 1 
n 

hz 

ET IOOO- 
cu 

E 
‘d 800- 

ii 

2 600- 

G 
: 400- 

160 170 280 190 200 210 220 230 240 250 260 

Wavelength (nm) 

Figure 9. The Ultraviolet Spectrum of Dimethylmercury (A.M. Bass 

and A. H. Laufer, J. Photochem., 2 (1974) 465). 

of J(19’Wg-*H) is diagnostic for the binding site (oxygen or nitrogen) 

of CH,Hgi (Z99) _ 

Reutov and his coworkers have extended ScheffoZd’s pK 
Hg 

scaZe 

which is based on J( Is9Hg-‘H) values of CHsHgY compounds to include 

some wholly organic mercurials, CH,HgR (R = Me, Et, CH,=CH, CFs, 

HCsC, CX) (224). It was found that there is a linear correlation between 

MeO,C 

‘C =CHR 

Hg’ 

RCH=C’ 

\ 
CO,IMe 

R = trans.-Me, 

?3 trans- or cis-Ph, - _ 
trans-p-BrCbH, 

trans-p-MeOC&f, 



thepK 
Hg 

values determined for these CH,HgR compounds and 

values for the corresponding RH compounds, thus providing a 

method for estimating carbon acid acidities_ 

267 

the pKa 

simple 

Proton, 13C and 199HgNMR spectra of a number ofMeOCMe,CHzHgX 

compounds (X= OAc, Cl, Br, I, SCN, CN) havebeen studied in chloro- 

form solution with the intention of obtaining information concerning 

the nature of the Hg-Xbond (225). Effe'cts were observed when X= CN 

and SCN which suggestedthatn -bonding was occurring. 

Proton and 13CNMR spectroscopy also has been used in the con- 

formational analysis of organomercurials. The HgX substituents of 

cyclohexylmercuric chloride and acetate showed negative A values 

(AGo in Kcal/mol for the equatorial-to-axial conformational change) 

as determinedby high field(59Kgauss) proton and "C NMR spectroscopy 
. 

(226). Hence, in contrast to previous work (Jensen, 1959, 1969), the 

cyclohexylmercury compounds must exist preferentially in the axial 

form. The long C-Hg bond and the polarizable nature oithelarge 

meicury atom are consistentwiththese small negative A values. 

Conformationalanalysis of @ -methoxyalkylmercuric chlorides by proton 

NMR spectroscopy and extended d&ckelcalculations also has been 

carried out(227). It was found that the more polar was the solvent used, 

the greater was the preference for the conformation with the HgCl 

group trans to the methoxy function. 

The =GNMR spectra of dibenzylmercury andbenzylmercuric 

chloride (228) and of fl -methoxyalkylmercuric chlorides (229) have been 

reported. 

The '9FNMR spectra ofm- andp-fluorophenylmercurials, - 

FC&,HgX(R= F, CF,, O,CCF3, SCF, andOSOCF,) were used to determine 

uiand cs c constants of these HgX substituents (Table17) (230). The 

electronic effect of the HgX substituents appears to be mainly inductive 
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TABLE15. AbsorptionMaxima in the Ultraviolet Spectrum of 

Dimethylmercury 

184:56 

185.68 

186.88 

188.00 

189.12 

190.40 

191.52 

192.80 

194.08 

195.36 

196.64 

198_ 08 

199-36 

200.80 

.202.16 

203.60 

218.4 

258.5 

316..3 

372.5 

449.5 

522.5 

592.3 

683.9 

815.2 

859.2 

949-6 

1083.7 

1079_2 

1108.9 

1198.6 

1074.4 

54,183 

53,856 

53,510 

53,191 

52,876 

52,521 

52,214 

51,867 

51,525 

51,188 

50,854 

50,485 

50,160 

49,801 

49,466 

49,116 

327 

346 

319 

315 

355 

307 

347 

342 

337 

334 

369 

325 

359 

335 

350 

336 
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TABLE15. 

205.04 

206.56 

208.08 

209.44 

211.12 

212.80 

214.80 

continued 

933.8 

998.1 

790.9 

517.2 

508.2 

367.3 

153.5 

48,780 

368 

48,412 

354 

48,058 

312 

47,746 

380 

47,366 

374 

46,992 

437 

46,555 

in nature, the oc values of-O.0 indicating that= -bonding involving 

the n -electrons of the phenyl ring and the vacant mercury 6p orbitals 

is negligble. The r9FNMR spectra of other CF,HgY compounds 

(Y=NCO, N,, SCF,. (O,C), , Or, S, ) (166). Cl, I, 0,CCF3 (196) and 
-z 7-z 

CH,Ph(l95)) havebeen reported, with emphasis on solvent effects in 

the latter two publications. 

Measurement~f~~Br NMR relaxation times was used to study the 

fastbromine exchangebetween aqueous KBr and methylmercuric 

bromide, bromomercuribenzoic acid, bromomercuricinammic acid and 

bromomercuri-N-acetyl-L-phenylalanine (231). 

iv. Nuclear Quadrupole Resonance Spectroscopy 

HalogenNQR spectra (35Cl, 79Br, *rBr, rr71) of organomercuric 

halides at liquid nitrogen temperature have been measured by Russian 

workers (Table18) (232). It was suggested that intermolecular Hg...Y 

coordination was of greater importance in determining thebehavior of 

the quadrupole constants than through-bond electronic effects. 

Referencesa. 2'79 
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TABLE 16. Chemical Shifts and Coupling Constants for CHxHg 

Complexes of Amines and Amino Acids (Ref. 199). 

Species %H, 
a b 

J(lH - 199Hg) 

CH,Hg+ 

(CH,lY&OH+ 

CH,HgOH 

CH3HgNH3+ 

CH,HgNH,CH,+ 

CH,HgNH,CH,CH,+ 

CH,HgNH,CH(CH,),+ 

CH,HgNHrC(CH,),+ 

CY HgNH(CH,),+ 

CH,Hg&H2CH,C02- 

CH,Hg&H,(CH,),CO,- 

CH,Hg&H,(CH&Oz- 

CH,Hg&H,(CH,)sCO,- 

CH,Hg~H,cH(CH,c,H;)CO,- 

CHaHgO,C(CH&H, 

CHsHgO,C(CH&H, 

CH,HgO&(CH,&H, 

CH,HgO,C(CH,)$H, 

. 

2.072 

2.188 

2.345 

2.285 

2.279 

2.263 

2.244 

2.226 

2.250 

2.294 

2.287 

2.264 

2.264 

2.268 

2.800 

2.167 

2.175 

2.179 

2.177 

260. o 

232.5 

203.0 

214.1 

211_ 5 

211. 0 

209.0 

210.2 

216.6 

216.0 

213.9 

211. 9 

211.2 

211.8 

230.5 

230.0 

230.2 

230.4 

a In units ofppm relativetothe central resonance of TMA. 
b In units of Hz; the sign of the coupling constant is negative. 
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v. Photoelectron Spectroscopy 

Evidence for the occurence of d_ - r*back-donationinthe Hg-CN 

bondofCH,HgCN andHg(CN),was providedbythe He-IPE spectra of 

these compounds when compared with that of dimethylmercury (ionization 

of the mercury inner 5d electrons) (233). 

vi. Mass Spectroscopy 

The mass spectra of diphenyl- and dibenzylmercury (234), of 

some alkynylmercurials, (RCzQHg (R= Cl, Br, Me, Et, E-PI, t-Bu. 

Ph, 4-ClCgH,, 4-MeGbHq, 4-MeOCbHJ (235) and of (CbFsS),Hg (236) 

havebeenobtained and the fragmentationprocesses discussed. 

11. ANALYTICALASPECTSOFORGANOMERCURYCHEMISTRY 

The environmentalmercuryproblems, which involve organomercur- 

ials as well as inorganic mercury compounds and elemental mercury, 

have made necessary the development of new analyticalmethods. In one 

study, a method was devised for the detection and determination of 

particulate mercury, CHsHgX compounds, HgX, compounds, elemental 

mercury and dimethylmercury in air samples using sequential, selective 

absorption tubes for separation(Table19)'and a dc discharge spectral 

emission type detector (237). This system was used to analyze for 

mercury and its compounds in air inbuildings and in air above a lake 

exhibiting methylation of heavy metals. In a separately published study 

(238), this method was used for the determination of atmospheric mercury 

species near ground. 

Gas-liquid chromatography has been applied to the detection and 

analysis of inorganic mercury. The application ofthis procedure requires 

the prior conversion of Hg *+ to a volatile organomercurial. Methyl- 

pentacyanocobaltate(II1) (239) and sodium 2,2'-dimethyl-2-silapentane-5- 

sulfonate (240) were effective reagents for the methylation bfHg*+inppm 
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concentration in aqueous solution to CH,Hgi. Sodium tetraphenylborate 

servedinthe conversion of aqueous Hgz' to phenylmercury species (239). 

Extraction of these organomercury species into an organic solvent was 

followed by their gas chromatographic determination. 

TABLEl9. Specific Absorption Tubes for Mercury in Air (ref. 237) 

Tube 
order 

no. Composition Function 

1 Glass wool filter, preheated Removes some particu- 

to blank late, passes other 
mercury forms 

2 

3 

4a 

Ib 

Chromosorb-W, 45-60 mesh, 
3% SE-30 

Removes HgCi,, particu- 
late whichpassesthe 

filter; passes CH,HgCl, 
(CHs)rHg, and elemental 

Hg 

Chromosorb-TV, 45-60 mesh 
treated with 0.05M NaOH 

Silvered glass beads 

Gold-coated glass beads 

Removes CF-I,HgCl;passes 
elemental Hg and 

(CH&Hg 

Removes elemental Hg: 
passes (CH3),Hg 

Removes (CH,),Hg 

Grganomercuric halides (alkyland aryl) canbe analyzed by a 

rapid titrimetric method in which the mercury-bound halogen is first 

displaced as halide ion by a thiol. separatedby aqueous extraction and 



determined by Volhard titration (241). This procedure gave uniformly 

excellent results. 

Neutron activation analysis can be used for the selective deter- 

mination of mercury in various mercury compounds and for the determin- 

ation of methylmercury(I1) in fish tissue (242). 

High-speed liquid chromatographic separations of organomer- 

curials (MeHgCl, EtHgCl, PhHgCl, PhHgOAc) on Corasil I (hexane 

eluent) have been reported (243). 

12. MISCELLANEOUS 

A few miscellaneous items remain. 

Although they are not strictly organomercury compounds, the 

novel mercurated porphyrins prepared by Hudson and Smith (244-246), 

e.g., types 44, 45 and 46, merit inclusion in this survey. -- - 

Other items of interest include: 

The use of a modified cellulose absorbent containing vicinal 

thtol groups in scavenging HgZ* and CH,Hg+ from aqueous solutions (247). 

The preparation of the following 197Hg-labelled mercurials: 

PhHgCl; 2-HOzCC6H,HgCl, 4-H0,CC6HaHgCl, 4-HOS0,C6H,HgCl (248) _ 

The determination (column chromatography, analysis, degradation, 

NMR) that commercial “2,7-dibromo-4-hydroxymercurifluorescein” 

contains three components (4,5-dibromofluorescein, 4,5-dibromo-2,7- 

bis(acetoxymercuri)fluorescein and 4,5-dibromo-Z-acetoxymercuri- 

fluorescein), but none of the material it was purported to be ! (249). 

An organomercury experiment for an undergraduate laboratory 

course involving mercuration of benzene with Hg(OAc),, conversion of 

the PhHgOAc obtained to PhHgCl and PhHgBr, their thin layer chroma- 

tography (dithizone detection) and preparation of their 1, lo-phenan- 

throline complexes (250). 
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