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1 REVIEWS AND BOOKS 

Volume 12 of “Comprehensix-e Chemical Kinetics” (1) covers the 

subject of electrophilic substitution at a saturated carbon atom. Included in 

the discussion is electrophilic cleavage of the mercury-carbon bond. For a 

review of this book, see (L)_ The preparation of some (y -fluoroalkylmercury 

compounds and their use as precursors for fluorinated carbenes has been 

reviewed in the second x-olume of the two volume set on “Carbenes” (3). 

Articles in review journals have covered the following topics in 

organomercury chemistry: 

The structural chemistry of organomercury compounds (4) 

Electrochemical synthesis of organomercury compounds (5) 

Application of aminomercuration in the synthesis of heterocyclic com- 

pounds (6) 

The liquid phase homolytic reactions of organomercurials (7) 

Reactions which involve organomercury(1) intermediates of the type 

RHg-HgR (8; 

The displacement of alkali metals from their organic derivatives b$ 

mercury (9). 



2_ PREPARATICZ; OF ORGXSOMERCURY COMPOUNDS 

The reactions of elemental mercury and of inqrgaruc mercury(I1) 

_ompounds with organometallic derivatives of other elements continues to 

find useful application in the synthesis of organomercurials. Examples of 

the standard use af organolithium and Grignard reagents in the preparation 

of simple organomercury compounds will not be related, but some more 

special cases in which main group organometallic reagents were used 

deserve mention. 

,Br 
PhCHrC 

‘CC&H 

n-BuLi 1) H&l, 

> PhCH=CNLi 

-115’ .CO,Li w 
2) H,C 

,HgCl 
PhCH-C 

‘CO,H 
(ref_ IO) 

(mixture of cis and trans 
isomers) 

Br 

Br 

n-BuLi 
> 

-100” 

Br W&l, ) 

Li (ref. II) 
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A number of per- and polyfluorinated organomercurials were prepared by 

an anion route (IL): 

THF 
2 (CF,),C=CF, f 2 KF + Hg(O,CCFS), -p> L(CF,),Cf,Hg 

f 2 CFSCC,K 

THF 
(cF~),C=CF,+ KF+ CF,Hg0,CCF3-> CF,HgC(CF,), -i- CF,COIK 

THF 
CFaCBr=CFZ f CsF -I- CF3Hg0,CCFS _ > CFBHgCBr(CF,), 

f CF3C0,Cs 

DMF 
CF3CsCCF3 + CsF f Hg(0,CCF3), ~-> ;CF,CF=C(CF,)j,Hg 

f CFxCO,Cs 

Organometallic derivatives of Group III elements also serve in the preparation 

of organomercury compounds: 

B(OH), H&i, 

> 
Me,CO/H,O 

HgCl 

(ref. 13) 

(ZC,H,),TlCl + Hg -> (ZC&IJ,Hg + TIC1 

(Z = p-OMe, p-Me, H, 

P-CL, p-AcO) 

The mechanism of this reaction was studied by means of polarography and 
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chronopotentiometry (14). Intermetallic cations of type ArTL+HgR were 

shown to be intermediates. 

English and Russian groups have studied reactions of mercury(I1) 

compounds with sila- and disilacyclobutanes in which the silacarbocyclic 

compounds underwent ring opening to give .siIyI-substituted mercilrials. 

CH, 

’ ‘SiMe 
HgCl, 

Me,Si 
\/: 

> (ClHgCH,Sikle,CH,SiMeL)rO (ref. 15) 

CH, 
an. EtOH 

CH, 
/ Hg(OAc), H,C , SiMe,CH2SiMe,CH2Hg, 

,M e,Si ‘Sihi _ 
\ / 

‘2 
EtOH 

> -0, 0 I 

CH, SiMe,CH2SiMe,CH2Hg ’ - 

,Si.Me2CHLSiMe2CH,Hg 
\ 

0 
\ 

HgCH,SihfeLCH,SiMe, 

The available spectroscopic data did not allow the investigators to 

distinguish between 1 and L as the structure of the product (15). 

R 
‘Si 

,cHz\ Ph 
Si’ 

Ph’ lCH/ ‘R 
L 

Hg(OAc), 
7” Th 

> AcOHgCH,~iCH:~iOEt (ref. 16) 
EtOH R R 

(R = Ph,Me) 

polymers containing 
Th 

-yi-0-HgCH,-. 

R 
. 

Ph Ph Ph 
I I 

-$.iCH,Hg-O-Hg- or -si-0-qi- linkages 

R R R 
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R’\ _/““1\ 
SZ 

R’ \ 

CH, 
/ 

CHI 

but: 

R’\ ,CH2\ 
Si 

R’ \ 
CH, 

/ CH, 

W.(~‘&)z 

MeOH 
(U3NHgCHlCHlCHrSiRR’)10 (ref. 17) 

Hg(=A), 

HO HO(SiRR*CH,CH,CH,jnHgXO~ 

t 

i 

n : L-4 

The same difference in behavior toward Hg(NCs)L in methanol and Hg(SOs), 

in aqueous medium was found in the case of 1,3-disilacyclnbutanes (17). 

Organotin derivatives of s.ome metallocenes underwent facile 

Sn-C cleavage ( 18): 



(e SnPhL HgCI, mHgcl 
?rfn 

(CO), EtCH 

Ii9 

- PhHgCl 

The biologicallY important transfer of methyl groups from cabair 

complexes to Hg(fI) has received further stucly_ Such transier of 

methyl groups to I-Ig(II) from a series of methylcobalt(II1) chelatc com- 

plexes has been the subject of a kinetic sturdy (IQ) and the role oi the 

anion in Hg_X2 is the demethylation of methylcobalamin has received 

attention (20). 

Uec3rbosylation, riesulfonation anti ilesulfination reactions continue 

to [in:1 useful application in the sYnthesis 0: organomercurials. Deacon 

has extended the scope of his investigations in this area to the synthesis 

of perbromo-, tetrachloronitro- and poIYfluorophenYlmercury compouncis: 

0. PS 
IC~B+O,),H~ p> (c~B~~),H~ t 2 co, (ref. Zl) 

(Bis(pentabromophenYl)mercury is stable to at least its mp oi 406”). 

&B PY 
PhHgOICCc,Br, -> PhHgC,Bq + CO2 (ref. 21) 

LLO’ 

(ref. 

Hg + L SO3 + 2 Hz0 



ArSO,Li + HgXz 
H,O. room temp. 

> 
ArHgX + SO, + LiX 

(ref. 23) 

(Ar = GF5. 2. _m, 

and p-HCbF,; 

X = Cl, Br, OAc) 

, : 
+ 

F F F F 

i 
LiO,S so,~i sp gX t 2 SO, f 2 LiX i 

F F 

(X = Cl, Br, OAc) 

T 
F/ 0 

SO,Li 

I 
F\ SO,Li 

F 

(X = Cl, Br) 

2 ArSO,Li + HgX, 

(Ar = GFs, m. p’ 

HC6F,) 

2 HgXY, 

(ref. 23) 

F 

HgX 

+ L so, 
HgX 

F + 2 LiX 

Me&OH/H,0 
--temp Ar,Hg f 2 SO, + 2 LiX 

(ref. 23) 

The peroxide-induced decarboxylation of mercury(U) carboxylates 

also has received further attention, with emphasis on mechanistic 

aspects. The scope of this reaction has been extended to the synthesis of 

large ring organomercurials (24) : 

Bz20, or UV 
( R=Oz),Hg --SOD 

/ 

KBr 
-> RHgBr 

(R = cycl~-C,~H~, and cycle-Cr,H& 

i 
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Three papers by Reutov and his coworkers have dealt with details . 

of the known free radical mechanism of such reactions (25-27). It was 

found that in the diacyl peroxide-induced reactions in some instances it 

is the organic group of the peroxide which in the main provides the organo- 

mercury product. This was shown by I’C labelling in the (c~~~o-C~H,,CU,),H~/ 

cyclo-C~H,lC(C)OCC(0)CbH1,-cyclo system (26). The fact that the chief 

organomercury product in the (c~c~o-C,H&O,),H~~C~CIO-C~H,,C(C)OOC(C)C~H~~ 

cycle reaction was the cyclohexylmercurial lent support to this idea, but 

in the (cyc1o-CtH,~C0,),Hg/cyc1o-C~H~C(0)0CC(0)C;H~-cyc1o reaction the 

cyclohexylmercurial also was the major produc’ (27). Clearly. these are 

complicated reactions in which the ease of formation and the stability of 

the carbosy and alkyd radicals involved play an important role. In any 

case, these are not simple decarboxylation reactions but involve SHZ 

processes at mercury. The esters formed as byproducts in such reactions 

also were studied (25). 

Other radical processes have served in the preparation of organo- 

mercury compounds_ Thus trifluoromethyl radicals, generated by hexa- 

fluoroethane homolysis in a glow discharge, react with mercury vapor 

in a suitable reactor to give (CFs),Hg (26). A more effective synthesis of 

this compound was. given by the reaction o f CFs radicals (glow discharge) - 

with mercuric iodide. Similar reactions with mercuric chloride and 

bromide resulted in formation of CFsHgCl and CFsHgar, respectively (29). 

The synthesis of arylmercurials via aryldiazonium salts also 

involves radical intermediates. A new example has been described (30): 
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The sunlight-induced methylation of mercuric acetate in aqueous 

acetic acid was found to be photosensitized in the presence of HgS. The 

actuai photosensitizer is the polymeric sulfur obtained in the decompo- 

sition of mercuric sulfide (3 1). 

New examples of the mercuration of functional aliphatic compounds 

have been reported_ 

DMF 
HdDAc), + (CF,),CHCN -7 AcCHgC(CFs),CS + HUAc (ref. 32) 

20-J; aq. liC_Ac 

Hg(OAc), + i (CF&CHCS IIg.C(CFI),CX i, 1- L IfCAc 

AIthough the mercuration of aliphatic aldehydes is a long-known reaction, the 

structures of the products have remained obscure. Recent work by Aleksan- 

drov et al. (33) has indicated a polymeric structure, ~~~CH~(C~~R)CHCJ~. 

This result. based on IR and combustion analyses. does not seem entirely 

satisfactory, but the products were infusible, insoluble powders which rxerc 

difficult to study. 

An important reaction in synthetic organomercury chemistry is the 

redistribution reaction by which RHgX compounds are converted to sym- 

metrical mercurials, R?Hg. Halpern and Garti have studied this reaction 

in some detail. The process: 

L ArHgX 
chelating agent + nucleophile 

aq./organic solvent 
> Ar,Hg + HgX, 

was studied: the chelating agent and the nucleophile were varied and the 

Na,EDTA/NHs system was found to give the best results (34). Most of the 

investigations were carried out with phenylmercury salts, but other diaryl- 

mercury compounds were prepared by this procedure. Electron-donating 
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substituents (Met, Me, hfe,S) on the aryL ring oi ArHgS increased both the 

reaction rate a ni Ar,Hg yield. Electron-u-ithdraxing substituents (Cl, Br) 

had the opposite effect. The presence of CH, NH, or CCCH substituents on 

the aryl ring of ArIigS inhibited the c!isproportionation reaction_ Such sym- 

metrizations can be effected in the absence oi an auxiliary nucleophile in 

acidic or basic nle:iiun~, &prndinS on the suhetituents on the aryl 

ring !35j_ The reactions do not take place in the absence of a 

chelating agent such as Sa,EL)TA_ The mechanism of the symmetrization 

reaction in the presence of chelating agents has been studied (36). The 

fo1ioxxin.n steps rvcre proposed: 

a) . ?i t- 10. -2.1 ion 0. _ C the arylmcrcury compound: 

Ar!lgS + _4rHgi - s- 

b) como1exatio.n of the arylmercury ration lvith the chelating agent: 

AI-H% 
•t i Cheu-- ArHgChe 

+1-n 

c) electrophilic substitution at the C-Hg bond: 

ArHga A ArHgChciL-” e ArHg.4r + HgC?re 
+7-n 

The rate-and yield-enhancing properties of the added nucleophile 

are important in step (c)_ A three-center. two-electron transition state 

was suggested: 
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i;i/“\ 
+ I 

I. 

-l-;-n 

i- 

High yield recycliaation symmetrization processes for water- 

solubfe and water-insoIubIe arylmercuric salts have been developed and 

are illustrated in Fig. 1 and 2 (37). Symmetrization also has been found 

to be effectir*ely promoted by sodium dithionite, a strong reducing agent 

(38): 

HO& 

-u 

EtOH 
/ \ HgCL + Na&C; -> (HO& / \ ):Hg + Hg 

- -u - 

(99_ 5%) + so, + 2 NaCl 

This reaction proceeds with retention of configuration at carbon: 

HgCI 
2 

s,o,= 

OH > 

A non-radical reaction mechanism seems indicated. 

Thermal symmetriaation has been observed with pentabromophenyl- 

mercuric haIides (21): 

> 250° (below mp) 
2 CbBrsHgX -> (CsB&Hg + HgX, 

(X = Cl, Br) 

(Continued on p. 187) 
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Figure I. Flow sheet of the Recyclization Symmetrization Process for 

Water-Soluble Arylmercuric Salts 

Water solution of 
arylmercuric salt 

I%‘ater solution of 
chelating agent and 
auxiliary ligand 

diarylmercury 
compound‘ 

filtrate 

Water solution of chelating agent Hg 
u 

comples and auxiliary ligand 

to Hg recovery 

HgSr 
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3. USE OF ORGANOMERCURY COhfPCUNDS IN SYNTHESIS 

-4. Organomercury Compounds in Synthesis 

Organomercurials continue to find occasional use in the synthesis 

of organometallic dericatives of other metals via reactions with metals 

or metal halides. Some examples reported recently follow below_ 

e- pulse 

> 
PhCH&Z (ref. 39) 

ILL, THF 

K 
ik<eJsicHLj,Ifg .-> Xie,SiCH,K (ref. 10) 

(See also an earlier, more general report of this reaction: 

J_ Organometal. Chem., 3S (1975) 151) 

Ba 
(PhCH,),Hg _ > (PhCH,-), Ba’+ 

Et,U or THF 
R,Hg + !d + 2 AIR’, > 

sylene or heptane 

(ref. 42) 

(M I Ca, Sr, Ba: 

R z Et, n-Pr, Ph, p-McC6H, 

R’ z Et, n-Pr, Ph) 

ArHgX + LnX p> ArInX, f Hg 

Ar,Hg f InX --> ArLInS + Hg 

(ref. 41) 

2 Ar,Hg + HgX, + 2 In > 2 ArJnX + 3 Hg 

ArlHg + HgX, t 2 InX ._>Z ArInXc + 2 Hg 



._- _... -. -.__..___ 

The aryl groups included Ph. p-FCbH+, p-MeC6H4; mercuric chloride 

and bromide were used (43). 

BrHgCH(Ph)CC,Me + Me,SiX ._, PhCH=C(OMe)(OSiMe,) + HgBrX 

(ref. 44) (cis/trans mixture) 

DME or THF 
R,Hg + SnCl, > R,SnCI, + Hg 

(60-925-O) 
(R = p-Et2xC,H,. 

p-Me2NC6H,, p-MeOCbH,, 

CjH5FeC,H,. (OC),MnC,H,. 

my -thienyl) 

(ref. 45) 

R_,Hg + SnF, > RSnFs 

(R = Et, n-Pr, n-Bu, 

n-C,H,,, n-C6HU 

(ref. 46) 

QQ TeC1’ > Q+ (ref. 47) 

HgCl TeCl, 

Organomercurials also have been used in the synthesis of some 

organo-transition metal complexes_ Thus ,, -ally1 complexes can be 
i 

prepared via o -allylmercuric halides: - % 
i 
2 

CH2=y-CH,HgCl + I1 0 0 + RhCls- 3H,O > 

R (ref. 48) 

(R = H, Me) 
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,_C”: 
R-CH; -R 

\\ 
CHz 

0 
CH, 

CH,=C-CH2HgCl + ( 

A 

0 IrI), ~_> R-CckF Ir 

z 

/r_CH2 
CH:: -CH,HgCl -+- o~cl~.->R-C~~~~~l 

-Q 

(ref. 50) 

Full details ha\ve been published concerning the oxidative addition of 

RHgS and R,Hg compounds to zerovalent triphenylphosphine complexes of 

palladium and platinum (5 1) (cf. J. Organometal. Chem., 98 (1975) 155). 

Some examples follow: 

(Ph,P),Pt .+ p-MeCSH,HgBr -> (Ph,P)2Pt(Br)C,H,Me-p 

(Ph,P),Pt + Ph,Hg _> (Ph,P),PtPh, 

(Ph,P),Pt + Hg(CH&O,R), ->(Ph3P),Pt(CH,C0,R)2 

(R = Me. i-Bu) 

(Ph,P),Pt t MeHgI > (PhsP),Pt(I)Me 

(Ph3P),Pt + (p-MeOC&),C=CHHgCl -->(Ph,P),Pt(CI)CH=C(C,H,CMe), 



_.-- _ _-_--___ 

190 

(Ph3PfiPt f CH,=CHCHIHgCl -_3 (Ph3P)r$ 

Cl > 

(Ph3Pj,Pt t (CFs),Hg ---_-+p ~P~,P~~~~(cF,~H~cF, 

Pd,( DBA),- C6H6* f- o-phen f p-MeC6H,HgCL d 

o-phenPd(Cl)CbH,Me-p - 

Pd:( DBA),- C,Ha 

(ref. 52) 0 

(Note some similar complexes reported in last year’s Survey: 

J. Crganometal. Chem., 98 (1975) 154). 

The stereochemistry of the transfer of alkyl groups from mercury 

to palladium has been studied by two groups usicg olefin solvomercur- 

ation products with known confrguration at the C-Hg bond. Both groups 

found that such reactions proceed with retention of configuration at carbon: 

* DBA = dib enzylideneacetone 



PdCl,(PhCN), Ndz, y Me 

YHF Hi ti 
Me , 

&Cl 

(threo) (threo) 

H 
LiAID, 

1 : ie 

‘““t’-c” H’- 
Me D 

PdCl,(PhCN), 

(ref. 53) 

(erythro) 

THF ’ HTd5_c, 

/ 

(erythro) 

191 

(ref. 54) 

Two explanations were offered for this stereochemical course: (1) a four- 

center, bimolecular, electrophilic exchange of palladium for mercury or 

(2) an oxidative addition of the organomercury compound to a Pd(II) species 

with retention of configuration at carbon (54). 

B. Oreanic Svnthesis 

Cleavage of the C-Hg bond with molecular halogens, or. in the 

case of iodine. with triiodide ion. has been used in the past to prepare 

organic halides not readily available by other routes. Some more examples 

of such reactions have been published. 

( C6Brs),Hg E> 2 C6Br51 + Hgl, (ref. 21) 



Ia- in DMF 
(O,NCJl,),Hg p> 2 O,N&ClJ + Hgf, 

(ref. 3.2) 

(The Es m and p nitrotetrachlorophenylmercurials were cleaved in this - - 

way (22). 

Hg[C(CF,),CN], .-+ 2 (CFs),C(CN)X + HgX, 

(X = Cl, Br, I) 

Of special interest is the preparation of @-bromo peroxides by brominolysis 

of the peroxymercurials derived from diverse types of olefins (55). The 

results are shown in Table 1. A homolytic process appeared to be operative 

in the solvent used. 

TABLE I. Preparation of B -Bromo Peroxides (ref. 55) 

KBr 
R’CH=CHR’ •i- Hg(OAc), 

Brl 
> R’?HCH(HgBr)R’ .-> R*yHCH(Br)R’ 

OOCMe, OOCMe, 
+ Me,COOH 

fl -Bromo Peroxide 

Parent Alkene 

CzH, 

CH,CH=CH, 

R’ 
- 

H 

CH3 

cis-MeCH=CHMe 

trans-EtCH=CHEt 

cis-PhCH=CHPh 

trans-PhCH=CHMe 

cyclohexene 

norborn-2-ene 

- CH3 

Et 

Ph 

Ph 

5 Yield 

H 

H 

CH3 

Et 

Ph 

Me 

-(CHJ,- 

e 

80 

81 

83 

87 

79 

65 

87 

87 
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Replacement of Hg by H in an organomercurial can be effected in 

many cases by simple protolysis. e.g. I 

Hg[C(CF,),CN>, 
HCL or H,SO, 

> HC(CF,),CN (70-9X0) (ref. 32) 

Solvomercuration products of olefins, however, undergo 
/3 

- -eIimination ox 

treatment with acids and so reductive procedures must be used, e.g., from 

last year’s literature (56): 

2% Na/Hg. i&O 
IHgCH,CH,OCH,Ph 

> . 
CH2DCH,0CH2Ph + Hg 

Alkylation. acetylation, silylation and phosphonylation have been reported: 

Hg[C(CF3)LCN!I + CH,I .-> L CH,C(CF,),CN •f- HgI, (ref. 32) 

L CH,COCl 
CF,tCF,HgOLCCF3 .-> CF,=yO,CCH, (ref. 57) 

0 =F3 

60-70” 
CF3~CF,HgC1 + Me$iCl p> CF,=y-OSiMes (ref. 57) 

0 =P,, 

:: 
RCCHLHgCl + P(OMe), .-> (MeO),P(O)(O~=CH,) 

R 
(R = Me,C, mesityl) 

(ref. 58) _ 

Transition metal-catalyzed conversions of organomercurials are 

growing in importance. A number of new examples were reported last year. 

Hydrogenolysis of phenylmercuric acetate could be effected using a homo- 

geneous rhodium(I) catalyst (59): 

PhHgOAc + H, 
(Ph,P)sRhC1, 25” 



Other examples are shown in Table 2. A l:l reaction of (Ph,P),RhCl and 

phenylmercuric acetate gave complex 3. This complex very likely is the - 

active intermediate in the catalytic reaction since it reacts with hydrogen 

to give the same products_ Complex 3 was found to be a hydroformylation - 

Table Z_ Hydrogenation of AryImercury Compounds (ref. 5?)_ 

Y -C6H,HgX -5 Y-C6H, + Hg + HX 

x Y 

OAc H 

Cl H 

OOCCF, H 

Solvent 
-- 

CH,OH 

CH, OH 

CH,OH 

Yield of T-CbHSa 

85 

73 

98 

NO, H CH,COOH 30 

OAc H CHICI 70 

Br CH3 CIHSCOCCH3 80 

OAc HgOAc CH30H 61 (Y=H) 

OAC COOH CH,CH .ZO 

ia) based on arylmercury salt - 

ph3p\ APPh3 
cl/Rhl I Ph 

3 - 

HgOAc 

catalyst, but it did not catalyze the carbonylation of methanol_ 

The carbonylation of phenylmercuric acetate to give methyl- 

benaoate, metallic mercury and acetic acid was eifected in 887% yield 

usi:& 100 psig CO in the presence of(Ph,P),RhCl at 85” (59). Vinyl- 
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mercurials (obtained from vinylboranes by reaction with mercuric acetate) 

were carbanylated in the presence of Li,PdCI, to give oL, B-unsaturated car- 

bosylic acids and esters (60): 

c-c - cc 
H’ ‘HgCI 

4 R’CH - Li,PdCl, _> . 

H’ \CC R’ 2 

Examples of such reactions are shown in Table 3_ 

+ H&I, - Pd 

X more useful system 

was one in which only catalytic quantities of PdC1, or paIIadium on charcoal 

were empIoycd io the presence of stoichiometric ar%ounts of cupric chloride. 

Table 3. Preparation of o , d-Unsaturated Esters by Li,PdCI,- 

Mediated Carbonylation of Vinylmercury Compounds (ref. 60). 

Vinylmercuric chloride Carbosylic ester % yield 

- H- HgCL 
H CO,CH, 

n-C,H 

CHgCl 

n-C,H,> 
A 

H CO&H, 

100 

99 

98 
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Table 3. continued 

(CH,),C_z 

H/-kgCL 

(CH,)sCd 
n 

H CO,C,Hs 

n-w%7, 

,c=c 
lH n-‘&317 

\,H 

H ‘H&l H-t0,CH3 

CL . d-:ga 
NC(CH,), H 

\ 
I 

H HgCl 

a H 

H -kO,CH, 

CH,02C(CH,), H CH,O,C(CH,h H 
\ 

H /gCl Ei’CO,CH, 

93 

90 

98 

96 

98 

98 

a5 



197 

TaSlP 3, continued 

H HgCt 

99 

Cl 
Cl \,” 

0 96 
HOCH, HgCl 

(The latter served to reosidize the palladium metal formed in the process 

to Pd(7.I) )_ 0 , fl -Unsaturated carboxylic acids were prepared simiIarly 

in aqueous organic medium (Table 4)_ Here also a catalytic process which 

was carried out in the presence of a stoichiometric quantity of CuCIL was 

developed: 

Table 4. Preparation of Q, j-unsaturated Carboxylic Acids by Li,PdCl,- 

Mediated Carbonylation of Vinylmercury Compounds (ref. 60). 

Vinylmercuric chloride 
40 Aqueous 

THF 
Carboxylic acid 5 yield 

n-C,H9 5 n-CaH9 H 
98 

Hgfi,Cl 
L 

H-COOH 
99 

(CH,),Cd 

H HgCl 

Q H 

H HgCl 

5 

5 
2 

t-5 

(CH,),C H 
H 

H COOH 

c& H 

H COOH 

98 

65 
82 
90 
77 
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Table 4. Continued 

5 

1 
H CCCH 

8@ 

30 

CL& C,H, C,H, CLH5 

M 
5 85 

2 60 
1 

H HgCl 

NC(CH,), H 

K 
H HgCl 

NC(CH2), H 
r 2 72 

2 65 

5 45 
L 72 
1 57 ; 

-. 
H COCH 

10% PdCl, 

n- C,H, 

5% aq. ‘THF 

98% 

5% aq. THF 

98% 

n-C,H9 H 

M 
H COOH 

The mechanism for these carbonylations which was suggested is shown below. 
1 

R 
‘CZC 

H 

H/ ‘H&l 
+ PdC14L- 

d 
+ H&L, 

i 

f 
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R-A 
c:c /Ii 

H ’ ‘C-PdCi,‘- 
+ ROH Prf L HCl i LCI 

:: : 

Pci + LCuCl, -> PK1, + ‘CuC1 

A Japanese group carbonylated L-benzofurylmcrcuric chloride (61): 

EtOH 
+ 2 NaOAc 

or 

H,O 
-CO,Na + HgCl, 

I-etIux 
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Olefin addition reactions also were studied (6 1): 

LitPdC1, 
HgCL + CH,=CHR --> 

(R = Ph,CN,CO,Et) 

Li,PdCl, 
H&L -I- CH,=CHR 

(ref. 62) 
> 

.(X = 0, S) (R = Ph, GHO, etc.) 

CH=CifR 

Thirteen furylalkenes and siu thienylalkenes were prepared in this manner 

(64. 

Tne reaction of organomercurials with acid halides has been found 

to be catalyzed by tetrakis(triphenylphosphine)palladium in HMPA (63): 

RC(O)Br + R’HgY 
(PhxP),Pd in HMPA 

60” 
> RC(O)R’ + HgXY 

The yields are variable but in many cases were preparatively useful 

(Table 5). The following mechanism was proposed: 

:: 

RIC=O 

R-C 
\ 

i PdP 

X’ 
n 7 PdPn 

X’ 

0 - 

R-t 

$-n + R’-HgY t 

R- 

> PdP + 
R” n 

HgXY 

t 
R-C 

“\,=O + PdP 

R” 
PdPn eR,/ n 



The PdCl,-induced coupling of mixtures of 

and l.l’-bis(chloromercuri)ferrocene gave 

mHgC1 D HgCl 

+ ‘&-H&l 
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ferrocenylmercuric chloride 

l,l’-oligomeric ferrocenes (64): 

Li,PdCl, 

An interesting heterocyclic synthesis has employed the reaction of 

a cyclic thiourea with Hg(C”CPh), and an aryl isotbiocyanate (65): 

(c<g> 

C 
111 

5 
s + Hg + Ar-N=C=S 

N d 
_Hs 

H et 
C 
I 

C6H5 

4 - 
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Table 5. (3h3P)4Pd-Catalyzed Reaction of Organomercury Compounds 

with Acyl Halides (ref. 63). 

RC(O)Br 

R 

R’-HgY 

R’ Y 

Pd(PPh,), Time 

mm01 hr 

Temp. Yield 

‘C R-CO-R’ R.-R’ 

YJ y> 

Ph 

Ph 

Ph 

Ph 

Ph 

Ph 

Ph 

Ph 

+Me 

u-Bu 

Et Et 

Et Et 

Et Et 

Et Et 

Et CL 

Ph Ph 

Ph Ph 

Ph Cl 

Ph Ph 

Et Et 

0.01 

0.01 

0.05 

0,01 

o_ 005 

o_ oi 

o_ 005 

o_ 005 

0. o-l 

0. 5 60 

2 50 

0.5 60 

L-I 60 

2 60 

0.5 60 

0. 5 60 

0. 5 60 

0. 5 60 

Id! 0 

&4 

isb) 

f36’) 

0 

Lb) 

6-1~) 1~~) 

68C) 20c) 

trace trace 

66c) 30C) 

3.zb) 

a) HMPA : 1 ml, yield determined by glc. 

b) yield based on acyl halides used. c) yield based on organomercury used. 

If the nitrogen atoms of the cyclic thiazole intermediate are not 

sufficiently basic, the rearrangement to the zwitterionic structure (4) 
- 

does noi Eake pixe, e_ g_ : 

Hg(CrCPh)z 

Ph 
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Japanese workers have studied the reactions of isonitrile complexes 

of mercuric chloride with amines (66): 

f- R’NH3 *Cl- 

(R = Me,C, PhCH,, Ph, L,6-MetC&I~; 

R' = n-Bu. Ph. C-C6H,,. H,NCH,CH,) 
- 

HgCL,- CSS-R f Phl\r’H&%e 

(R = 2; o-hIelC,H3) 

no SEt, 

RS..C 
, ShiePh 

+ H&l,- .LPhSH_Me 
‘H 

.sJ.xe, 
HgCl,- C=X-R T ~-BUSH .: .-> RN=C=XBu + Hg 

(R = Me,C, 2, 6-Xle,CbH,) 

i 

Cl- + Hg 

+ Et,NH*Cl- 

A Et,XH+CI- 

In the case of pyrrolidone, an intermediate organomercurial was isolated: 

H&I,- CN 

f NEq - HCI 



-!- 2 n-BuNHL 

+ Hg + n-BuNHIHCI 

C. Halomethyl-Mercury Compounds 

The phenyl(trihalomethyl)mercurials are the most-used of the 

halomethyl-mercury compounds and we note a number of new examples of 

their application in the synthesis of dihalocyclopropanesr 

Me3C -0 ccl, 

MqC CH, 

SiMe, 

PhHgCBr, 

> 

PhHgCCl,Br 

3 

PhHgCC1,Br 

> 

PhHgCCl,Br 

> 

Me3C~c12 (ref. 67) 

(ref. 68) 

(ref. 69) 
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R - 

H 

Al- ‘?‘a Yield 

Ph 86 

H 

Et 

Et 

4-IMeOCbH, 52 

4 -MeOC6H, 59 

4-AcOC~H, 72 

Ph 
‘czc’ 

Ph 

H’ ‘H 

Ph Ph 
H PhHgCCL,Br H 

> (ref. 69) 

zl / I 

PhHgCF3/NaI 

> 
C6H6, 80” 

(ref. 70) 

PbHgCF3/NaI/C6Hb 
ArCH=CH, 

(Ar = p-MeO. p-Me. H, 

m-Cl, m-OzN) 

(ref_ 71) 

F, 

(- 7%) 

The reactions of PhHgCC1,Br and of PhHgCCl,Br/NaI with an episulfoxide 

have been reported (7la): 

Ph 
\ //O 

c-s 

Ph’ 

PhHgCCL,Br 
,T> PhHgBr + Ph,CXCl, 

(10%) (7. 5Sj 

Ph 

Ph,C 
i- 

(28”lo) 
0 
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All of these products are derivable from the initial CCL, adduct: 

PhLC-CCL, p> Ph,C=CCl, + ISO! 

‘S’ 

g 

\ 

J 
‘S -t f- so, 
2 2 

Ph 

@ 

l/ \Cl f HCi 

% 

The same products were obtained when the PhH.eCCI,Br/NaI reagent 

(in DME at 25”) was used. 

Full details have been published concerning the preparation and 

reactivity of reagents of type PhHgCXYI (S. Y = Cl, CI; Cl, Br; Br, Br) 

(72). Becalise of the extreme lability of these co_mpounds, it was necessary 

to carry out their preparation at -70’ and to perform all reaction and work- 

up steps as rapidly as possible_ These reagents are stable as the dry solids 

at O*. but decompose in solution. They are extremely reactive dihalocarbene 

transfer agents, as the comparison with analogous PhHgCXY Br reagents 

shows (Table 6). In particular, these reagents find useful synthetic 

Table 6. Times Required for Decomposition in Benzene Solution in the 

Presence of Cyclohexene at Room Temperature (ref. 72). 

Compound X = Br 

PhHgCCl,X 18 days 

PhHgCClBrX 16 days 

PhHgCBr,X 15 days 

x=1 

24 hr 

4 days 

7 days 

(Continued on p_ 210) 

i 

j 

i 

1. 

# 
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u- 
‘I-1 

0 

22 

c 
‘;: 
c 

‘.’ 

VI 

-4 

Ln 

‘u 

2 
T 
-4 

m 

0 0 0 0 
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application as room temperature sources of dihalocarbenes. Some di- 

halocyclopropanations effected with them are listed in Table 7 _ 

Phenyl(L-bromo-1, 2,2,2-tetrafluoroethyl)mercury, PhHgCBrFCFx , 

is an excellent source of tetraffuoroethylidene, CF,CF (73): 

THF -35” 
’ PhHgCl + CFsCHFBr + NaOCH3 (in CH,OH) > PhHgCFBrCFs 

i NaCL + CHrOH 

/ 155” 
PhHgCFBrCFs i- >=c _ PhHgBr + 

c\ YF 

. 24h I 
CX\CF 

/\ 
3 

At 155O , excellent yields of CFsCF transfer products were obtained 

(Table 8). In the reaction of this mercurial reagent with thiobenzophenone. 

the initially formed product was unstable, undergoing sulfur extrusion under 

the reaction conditions: 

PhHgCFBrCFs + Ph,C=S -> PhHgBr + 

Ph 
\ 

CF3 
/ 

c-c 

Ph 
/ ‘s’ \ 

F 

I 

A 

Ph 
\ HCF3 

ccc 
1 Ph 

1/8-S, 

Similar behavior was found in the reaction of thiobenzophenone with 

PhHgCFBrCO,Et; here the isolated product was Ph,C=CFCO,Et rather than 

the expected thiirane- The reaction of this organomercury reagent with 

thiofluorenone gave 2 (73). 

(Continued on p. 213) 
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Table 8. CF,CF Transfer Reactions of PhHgCFBrCF3 (ref. 73) 

Clefin 
Yield of 
PhHgBr 

(%) 

Cyclopvpane Yield 
prod,zt (5) 

0 I 

0 I 

R\ c=c’ 
F-l 

H’ ‘R 

(R = n-Pr) 

R\ /R 
H’ 

c=c \ 
H 

(R = n-Pr) 

67 

96 

92 

83 

F 

w 

CF3 

(3 _ 6 parts) 

i 

CF3 

of- 

F 

87 

(1 part) 

F 

CF3 

(3.4 parts) 
I 

98 

(1 part) 

60 

(5. S parts) 

77 

( 1 part) 
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T-.--1e a, fortizxed 

80 

Me,SiCH,CH=CHLd 99 

Me$TiCH = CHze 

Me,SiCH, F 

- j+h 

Me,SiCH, 

&7 

60 f 

Me,Si 

*crs 

Et+H 61 EgSiCHFCF, 

- -_ _- - __ - - uvi_- c 

Ii fi :i 

(1.9 parts) 

70 

(1 part) 

(1. a parts) 

93 

(1 part) 

(3. I part) 

16 

(I part) 

53 
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Table 8. continued 

a) Reactions at 155” for 24 h in a sealed tube, olefin to mercurial ratio 3/l, 

benzene diluent, unless otherwise noted. 

b) Isomer assignments are tentative except in the case of the cyclooctene 

reaction product. 

c) 72 h reaction time. 

d) Ulefin (10 ml) used as solvent. 

e) 48 h reaction time. 

q-p 

/\ 
F CO,Et 

5 

The mercurial PhHgCFBrCF,OEt was prepared in similar manner, 

but it was not a source of transferrable EtOCF,CF (73). 

PhHgCL + CHBrFCF,OC,H, + hie,COK/hie&OH-> KC1 + z Me,COH 

+ PbHgCFBrCF,OC,HS 

The ultraviolet photolysis of trichloromethylmercury compounds 

has been studied in the solid phase (74) and in the gas phase and in solution 

(75) by Nefedov and his coworkers. The volatile products of 

solid CCI,HgCl and (CCI,),Hg photolysis consisted of SO-90% Ccl, and 

C,C&, indica&g the photodissociation process 
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followed by the secondary processes 

Cl&- f RHgCCl, ._> CC1, i RHgCCl,. 

and 

L cr,c- -> c&c-ccl, 

Tetrachloroethylene also was formed. The authors suggested a radical 

pathway for its production: 

ClHgCCL,-_> + Cl,C=CCI, i- CIHg- 

CCl,HgCCl,- - CI,C=CCl, + ClHg- 

Phenyl(trichloromethyl)mercury was much more stable toward solid phase 

photolysis due to inhibition by accumulated colored polymeric products on 

the surface. In the gas phase at 800 and in 1, Z-dimethoxyethane solution at 

18O, the photolysis of Hg(CC13)r gave hexachloroethane and chloroform, 

respectively, as main products_ Thus under these conditions photodisso- - 1 
0 

ciation also produces the trichloromethyl radical. -2 

$ 

4 -_ MERCURATION OF UNSATURATED COMPOUNDS 
I 

A- - Clefins f 

F / 
Olah and Yu (76) reported further NhJR studies of mercurinium 

t 
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ions, the species which many (but not all) believe to be intermediates in the 

olefin solvomercuration reaction. The observed *C NMR parameters 

(k 
and J(‘sC-IH) of the ethylenemercurinium ion led to a bonding picture in 

which U-donation from the olefin to the HgL’ ion predominated, with a 

resulting decrease in electron density at the olefinic carbon atoms. The 

ethylenemercurinium ion was formed as follows: 

MeCCH,CH,HgCl 
tiSC3 Fl;Sb F, /SO, H,C., 

I 
‘>_-- Hg’t 

H,d 
/ 

Similar studies were made of the I:1 norbornadiene- and I, S-cyclooctadiene- 

mercuriniurn ions using CEi,HgC,SF in liquid SO, at -78’ as the olefin 

mercurating agent. The norbornadiene-derived mercurinium ion was 

pictured in terms of the following equilibrium: 

+ 
-HgCH, -- - . 

: 

CH,Hg- 

Observation of a mercurinium ion by NMR also was reported by French 

workers (ii): 

+ Hg(NC,), 

The remarkable stability of the observed species, presumably2. was 

attributed to intramolecular V-type coordination of the CEN group to the 

mercury ion. 

Rrfcrenm p_ 266 
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Clefrn solvomercuration, often followed by reductive or oxidative 

cleavage of the mercury moiety, has become an important process in 

organic synthesis_ We present some of the resuIts of the past year, but 

must emphasize that our coverage is by no means complete. Now that the 

solvomercuration reaction has become an accepted synthetic tool, largely 

through the efforts of ?I. C. Brown and his coworkers, many examples of 

its application are tucked away in long papers on organic synthesis and 

never mentioned in the title or abstract. Some of these examples we will 

have missed. 

French workers have prepared a number of fl -iodo-ethers in good 

yield by an olefin alkoxymercuration-iodinolysis sequence (78) : 

;c=c’ 
\ 

-I- Hg(CAc), + ROH .-> -A +HgOAc 

&R 

-ci-C-I i- HgI, 

bR ’ 

The results are given in Table 9. 

Cther reported olefin solvomercuration reactions include the following. 

G Hg(OAc), 
CO,Me 

MeOH 

CO,Me 

PAS*;:; + Az?Cf&Me 

(ref. 79) L CC&Me 

& / CO,H 

C0,CH3 

Hg(OAc), 

MeOH 
(ref. 79) 
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(ref. 79) 

RL Rz 
R’ 

43 CR, 
CR,OH 

NaBH, 

t 
CR,OH 

R’R’ 

AcoH@$iR20H &R?oH 

O-CR, O-CR, 

t-C,H9 H,H 

(ref. 80) 

(ref. 81) 
OH 

(92%) (8%) 
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Table 9_ Alkoxymercuration-Iododemercuration of Olefins (Ref. 78) 

- 

Olefin Product Yield. ‘% 

0 I 
=H3 o- I 

G 
I 

0 

0 

a CR 

I 

OR 

=H, 
I 

OR 

q OR 

CI I 

=H3 

>C - CH,I 

CH3 AR 

R = C&CO- 811-85 
CH,- 95-100 
C6H5CH,- a2 
H- 90 

R : CH,- a5 
C,H,CH,- 80 

R = CH,CO- 90 
CH,- ii 
C6H,CH,- 6s 
H- 66 

R = CH,- i0 
C6H,CH,- 73 

R : CH,- 85 
C,+jCli,- 73 

Transition state 7 was suggested for this reaction (81). - 

(ref. 81) 
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HgfOAc), NaCI 
> > 

ROH I-Z,0 

cO,Me [R;H,h+e) 

\ 

HdOAc), 
NaN3/hleOH (ref. SL) 

OR 

i30,Me 

I 
N, 

% 
/ 

; 20,Me 
CC,Me 

Ohfe 

Hg(OAc), ZiaCl CIH 

MeOH ’ > 
(ref. 62) **_ 0 

HdOAc), NaCL 

> -> ClHg 
ROH 

CH, 
CR:-H. Me) 

(ref. 62) 

These are the first examples of syn addition of mercuric acetate-ROH to a - 

cyclobutene. They were e_xplained in terms of iraylor’s twist strain theory 

rW. with transition state 8 being favored over strained anticoplanar 9. - 

-6 
6-F b+ 

Hg(OAc) 
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RCHrCHCO,H 

(R = H. Ph) 

OEt 
/ 

CHL=C 
\ 

CO,H 

Hg(CAc)JMeOH RCH- CHOMe 

7 / \ 
(ref. 83) 

HkOHC=o 

Hg(OAc)dEtOH 
h (ref. 83) 

Without doubt, the structures claimed by the warkers who reported these 

results are not correct since mercury does not form cyclic compounds in 

which the -Hg- angle deviates much from 180”. No useful experimental 

evidence (c_ g. . solution molecular weights) was given in support of the 

claimed structures_ 

CH,=CHC,H, 

i 

O\ HCRR’ 
F 
OPh 

H&l, 

3 
H,O 

ClHgCH,CH-CH2 

I \ 

(R = H, R’ = H: 

R = H R’ = Ph: . 

R = Ph. R’ = Ph) 

The second order rate constants for this reaction increased from 

R-R’ ; H (1_4~10-’ M-‘min-‘) to R = H. R’ = Ph (6.3~10’~ M-‘min”) to 

R. R’ = Ph (120~10-~ M-Emin-1) (84). 

(R = H.Me) 

Hg(dAc), 
MeOH 

(ref_ 85) 
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(A kinetic study was carried out). 

Hg(OAc), NaBHq 

MeOH ’ ____3 PhCH N ’ .z- 
33 

(ref. 86) 

Hg(OAc), NaBH, 
. 

MeOH ’ 
> 

(ref. 86) 

In aqueous medium, osidatice demercuration occurred. giving 10 and 11 - 2 

respectively. Schemes 1 and L rationalize these results. 

CHC 

CH,XHCH,Ph 
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Scheme 1 

Scheme Z 
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CIHgCF,$CF, CF&O,HgCFzC(OH),CF, 

0 

Sol:-omercura:ion of unsaturated sugars (88, 89). of piperrtone and 

~--a~--.One (30) and of (-)- ) -cadrnene (91) has been repor:&_ 

Julra has reported more examples of cyclization reactions during 

olefin mercuration: 

hle 

(ref. 92) 

(ref. 93) 
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Of note is the mercuration of a mixture of trienes IL and 13 (tauto- - 

merit z- and E-ethyltoluenes) which results in aromatization (94, 95): 

CH, 

H 

0 I , Et 

!L 

CH, 

+ I I a 
H Et 

13 

HgCl, 

EtO L 

(esothermic 
reaction) _ 

CH,HgCL 

OEt + Ggcl 

Et 

The trienes 12 and 13 may be prepared by reaction of bentylmagnesium - - 

chloride with diethyl sulfate (94) or in situ by reaction of (PhCH,),SnCl with -- 

HCL in dioxane in the presence of mercuric chloride. (95). 

Mercuric trifluoroacetate is superior to mercuric acetate in the 

peroxymercuration of olefins in that no acyloxymercuration occurs as a 

competitive side reaction when the former is used (96). 

;c=c: + 
CH,Cl, 

Hg(O,CCF,), + Me,COOH -> ~C(OOCMe 
3<7 
) ’ HgO,CCF, 

; 

+ CF3C0,H 

This reaction was applied to a number of olefins- C&l,, CsHg, styrene, cis- 

and trans -Z-butene, trans-3-hexene, cis- and trans-stilbene. trans-pro- 

penylbenzene. cyclohexene. norbornene and isobutylene- The stereo- 

chemistry of these addition reactions has been studied using proton NMR 

spectroscopy (97). 
. 

Some other reactions of mercury(II) salts with olefins do not result 

in formation of stable organomercury products but do involve argano- 

mercury intermediates which undergo demercuration. e.g., Hg(II)- 
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catalyzed rearrangement of A5-steroids to A-homo-B-nor-derivatives (98) 

and oxidation of terminal and internal olefins. The latter reaction has 

received more detailed study (99, 100). A useful catalytic terminal olefin- 

to-methyl ketone oxidation has been developed (101): 

RCH=CHl + CrC!X/H2SOJH,G 
IHg(OAc),f 

> R$CH, (> 70%) 

0 

Such oxidations did not proceed so well with I, L-disubstituted olefins. 

Cationic polymerization of styrene can be initiated with mercuric 

perchlorate or with phenylmercuric perchlorate ( l@L). Separation of 

nlercury was observed in the case of the former but did not occur with 

PhHgCIC,. 

A few studies of the further chemistry of olefin oxymercuration 

products merit mention, including investigation of hyperconjugative 

deuterium isotope efiects on the redor decomposition of hydroxymerc- 

urated _‘-butenes in aqueous medium (103) and of the reaction of hydroxy- 

mercurated propene with sodium nitrite (104): 

Hz0 
CH;CH(GH)CH2HgCIC, + NaNO, > CH,tHCH,HgClO, + NaOH 

NO, 

A detailed study of secondary deuterium isotope effects in this reaction 

favored the operation of a mercurinium ion mechanism: 
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PH 7 
CH,- 

i: 
=--vH 

HgL 

-Hz0 

< - 

X0, H 
1 

CH,-C ---A-H 

l!I AgL 

The exchange reaction between an olefin and an olefin oxymerc- 

uration product has been studied using an optically active osymercurial 

in exchange with a racemic olefln. Evidence was obtained that both the 

optically active oxymercurial and the exchanging olefin are coordinated at 

mercury in the rate-limiting step (105). A bis-olefin-mercury cation, 

such as I4 in one example described, appears to be involved as an inter- - 

mediate. 

14 

i 
i 

B. Acetylenes - 2 
I 

The acetylene function is known to be quite reactive toward mercuric 
i 
i 

chloride, and some new examples of such chloromercurations have been 

reported_ 
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Compounds of type Is also can be made in a one-step process ( 109): 

(i-PrO)sP- HgCl, + RC=COR’,-> 15 t i-PrC1 

Acetoxymercuration of alkylphenylacetylenes is not regiospecific but is 

stereospecific (1 IO): 

Hg(cAc), NaCl HgCL 
PbC=CR ~=;- -> ArI;C=C=R + 

16 

Ph 
:c=c 

,CIAc 

ClHg .R 

17 - 

The l6/17 ratio was a function of the chain length of R: 

R - 16/ 17 

Me 3.0 

Et 5.0 

n-Pr II.0 

n-Bu 16.5 

This was ascribed to the operation of steric effects in OAc- attack on the 

intermediate mercurinium ion. 

Aminomercuration of phenylacetylene has-been used in the synthesis 

of imines and enamines (11 I): 

PhC=CH + 

(R = Me, Et, PhCHr) 
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x \ w- Hg(OAc), NaBH, Ph Me 

PhCzCH + NH2 > ‘C’ 
- 11 

(X = H, i-Me. Z-Me, x 

4-OMe, G-Cl) 
(85400%) 

Examples of a no\-el Hg(II)-catalyzed conversion of aryloxybutynes 

to chromenes have been reported ( 11 la): 

HgO/H+ 

HOAc ) 

SO’ cc( : I “,‘ 
Y 

(Y = SAr. SO&r) 

Intramolecular electrophilic attack by a rnercurinium ion intermediate, 

e, would serve to elrplain the formation of the cyciic product. 

17a 

C. Cyclopropanes 

The effect of para substituents on the reaction of mercuric acetate 

with phenylcyclopropanes has been investigated (11.2): 

(R = H, Me&, Ph, cycle-C&j 

Rafenraca n_ 266 
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The tert-butyl and particularly the cyclopropyl substituents were found 

to accelerate the reaction, while the phenyl group retarded it. Also studied 

was the mercuration of trans-I-phenyl-Z-cyclohexylcyclopropane and the 

stereoisomeric I, Z-di- and I, Z,3-:riphenyLcyclopropanes (113. 114). 

Two types of reaction, cleavage of the cyclopropane ring and mercuration 

of the benzene rings, were encountered: 

Ph C6H~, 

Hg(OAc)JHCAc NaCl 

hd 

75-80” 

75-80” 

c6Hll 
i Ph$HCH,LigC1 

OAC 

f PhkHCH,CfIPh 

BgCf 

OAc 

i- PhC;HCH,CHPh 

&AC 
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Hg(C& j, 

HCAc 

> 

75-80” 



- 

232 

Two types of behavior also were observed in the reaction of mercuric 

acetate in methanol and in acetic acid with l-methyl-l-o-nitrophenylcyclo- 

propaoez normal ring opening and the formation of allylic organomercurials 

(115). Mercury-free products derived from the latter were found as well. 

Hg(OAc), 
HOAc 

200 
NO, NO- 

(63%) 

4n increase in the reaction temperature or the use of perchloric acid as a 

catalyst in the second reaction resulted in formation of other products as 

well: 

Xe 

Ar-C!CH,CH,HgCl. 

&Ac 
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It w-as suggested that 18 is an intermediate in these reactions, with proton - 

loss giving the allylic mercurial which can undergo demercuration under 

more forcing conditions. 

18 - 

cis- and trans-Carane have been orymercurated-demercurated 

(llbj. Stereospecific ring opening was observed: 

HgCAc J 

Q 
OH 

9 parts 

1 part 

OH 

19 parts 

HgOAc J 
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The stereochemistry of the ring opening of l-phenylnorcarane was 

found to depend on the Hg(fI) reagent used and on the solvent (Table 10) 

(117). These results were rationalized in terms of transition states or 

intermediates with a high degree of development of positive charge on 

the bemylic carbon atom. Also investigated has been the ring-opening 

osymercuration of various bicycto( 1. 1. 0)butane derivatives ( 118. 119j: 

Me Me hie 

Hg(CAc), AcO Me 
Me 

THF 
> t 

Me 
4 

HgCAc 

AMe 

h4e 

hle 

Me 

Hg(OAc)c 

MeOH ’ Me 

MeC Me 

Me HgUAc 

Me, 
M 

CIOAc 

4 
HgOAc 

+ Me,?-CH=CH-$Me, 

OMe OMe 

19 - 

(Continued on p. 737) 
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VI 0 0 
- . 

G In t- 
- e-l-4 

ut 0 0 

*- - 2 r- ;2 

0 m 0 

IG ,’ m 
Y m Y 

0 In 0 
_ - - 

P- z 2 



The formation of 2, the major product of the last reaction. was 

suggested to have occurred by the following router 
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+ i- i- HgCAc Yf HgOAc 

I OMe- 

Chfe HgOAc 

i 

Hg(OAc)L/MeOH 

19 + HgJOAc), - 

OAc 

H&C-c): NaBH, 

Et- L 

Ref- p. 986 
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( ,_ia fyoAc ) 

In methanoI the same three products, as well as those shown *beI-x, xvere 

obtained: 

(major product) 

,OAc 

CH 
\ 

+ HgOAc 
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OMe 

(6_ 2 parts) (3 . 0 parts) 

MC0 CO,Me f YY 
(I part) 

the mechanism of these reactions was discussed. The following pathway 

was suggested (?iu = nucleophile). 

I 
_____- ---_ ---_ ___\ 

@ 

i zgo*_j3wgoAr B~&y:;oAc 

Russian workers (119a) have found that bicyclo( 1. 1.0) butane 

itself reacts with mercuric acetate in dichloromethane or carbon 

tetrachloride at ZOO with cleavage of the central bond: 
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The reactions of mercuric acetate with aromatic hydrazones gave Hg-N 

derivatives or aromatic mercuration products, depending on the nature 

of the hydrazone (120): 

hie 

Hg(OAc), 
CH=NNHSO? Me 

HOAc 

(R = H, Me, Cl, NO,) 
Hg 

ZH 

hut: 

Hg(OAcj, 
Re CII;NNH~NO1 .-> 

figOAc 

Mercury(H) compounds react with nucleotides such as uracil, 

uridine or thymidine in three different ways. One of these, observed on 

reaction of uridine-S’-triphosphate with aqueous mercuric acetate at 50” 

and pH 5, involves ring substitution to give a product of type 20 (12 1). - 

The two other modes of reaction, observed with mercuric chloride and 

CH,Hg* and such nucleotides. involved mercury coordination at nitrogen 

or oxygen. 

0 

HgOAc 

20 - 



2-12 

Full details of the mercuration of 2 1 have been published (122) - 

(cf. last year’s survey, J_ Organometal. Chem., 98 (1975) 225). 

The results are summarized in Scheme 3. 

Scheme 3 

Hg(OAc)z 
> 

CH,OH 

R = N(CH3), 

N(CH,), 

H-C -OCH, 

HgCAc 

Hg(OAc),-R’OH 

R = H.OCH,, and CEi, 

THF 

R = OCHa 

OCH, 

H-C-OR’ 

HgOAc 

R = H; R’ = CH, 

R = OCH,; R’ = CH, 

R = CH,; R’ = CH, 

R=OCE~;R* =C,% 
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t MeCH 
+ Hg(CCCFx): .-> 

‘1 - 

5. CRGANOFUSCTICXAL CRGANOMERCURY COMPOUNDS 

A_ Mercurated Diazoalkanes 

Treatment of Q1 -diazoketones with mercuric oxide gave 

mercuribis(o-diazoketones) (113): 

RFHN2 
C 

HgC Hg(CN,~,R)z 
0 

(R = Ph, mesity1, Me,C, PhCH,, Me, 
Et, i-Pr) 

The IR. UV and ‘H and nC NMR spectra of these mercurials were in- 

vestigated. The nC NMR signals for the diazo carbon atoms were found 

at remarkably high field (6 52-93 ppm). The photolysis of Hg(CN,CO,Et), 

in various chloroalkanes gave mercuric chloride and products derivable 

from insertion of CCO,Et into C-Cl bonds (124): 



Chloroalkane 

ccl, 

CH,CCL, 

(CH&Ccl, 

(cH,),Ccl 

_. _ --_- -- -. _ __ _A--/.-- - - _ -- . 
_~ 
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Products 5 Yield 

C1,C=(C1)Cu~C,H~ ‘?I 

C1sCC(Cl),CO,C,Hs x2 

Cl,CCCl, 52 

CHsC(C1)=C(CL)CCICLHs 35 

CH,C(Cl),CH(Cl)CO,C,Hs 37 

CH,-CCl, 18 

(CH3),C=C(Cl)C0,C,HS 18 

(CH,),C(Cl)CH(Cl)CO&Hs 7 

CLCH,CO,C,HS 35 

CHsC(Cl)=CH, 24 

CICH,CO,C,H, 83 

CH,=C(CH,), 21 

Mercurated diazoacetic esters, Hg(CN$ZU,R), (R = Et, Me,C),were 

found to react with manganese pentacarbonyl bromide to give carbyne 

(CCO,R)-derived organomanganese products*( 125): 

(CO)SMnBr 

$7 
C-C-OR 

/ 
•l- Hg 

‘$-s-OR 

N,O 

Et,0 

CO 
CO 

+ Mn(CO)SHgBr + 
oc, 1 

HgBr, + 
BrHgfl 

Mrlf 

I 
‘co 

Oa ,C-crc-C 4-O 

RO ‘OR 
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B. Mercurated Carbonyl Compounds 

Interest and activity in the chemistry and structures of 

mercurated fi -diketones continues (cf. last year’s survey, 3. Crganometal. 

Chem., 98 (1975) 230). Bonati and Minghetti have confirmed their 

synthesis of (ClHg),C(CCCH3)z (126). Its successful isolation is re- 

markably dependent on reaction conditions_ In any case, there can be 

no doubt about the existence of :his compound since its X-ray crystal 

structure has been determined (Fig. 3) ( 12.7). 

Figure 3. Molecular structure of 3.3-bis(chloromercuri)-2,4- 

pentanedione (ORTEP drawing). From L. E. McCandlish 

and3. W. Macklin. J. Organometal. Chem., 99 (1975) 31. 



A study of bis(dipivaloylmethyI)mercury showed it to exist in 

solution principally as the monomer, 22 ( LZS). In the solid state, - 

(R = Me3C) 

2.2 - 

weakly bound dimers are present (Fig. 4). The chemistry of bis(di- 

Figure 4. Structure of bis(dipivaloyImethyl)mercury. 

K_ Dietrich, H. Musso and R. Allmann, J. 

From 

Organometal. 

Chem., 93 (1975) 15. 
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pivaloylmethyl)mercury and dipivaIoylmethylmercuric acetate has re- 

ceived intensive study by Fish et al. (129). The chemistry which they 

developed is summarjzed in the equations below. 

Ii 
Hg(CAc), Me3C CM e3 

(Me&~),CH, > 
75% EtGH 

\,,=\ R 

C 
:: I 

_F 

23 - 

‘5= 0 

HgCAc 

(Formation of 23 *.-ia ad.lition of AcCHg+ to the enol form of dipivaloyl- - 

methane was discussedj. 

H,C 
>:Chle,CC(o)JLC~Iz~g i ~g(oAc)- 

This equilibrium is driven to tile right in water as a result of the insolu- 

bility oi the bis(dipivaloylmethyl)mercury. 

MeOH 
Ohie 

ihleaCC(Cjj2CH-HgCAc + PhCH:CH, 

+ C M~,CC(~)I,CH~ 

~~~~eScC(0)l,CH~,Hg 
UV in CHCI, 

h Hg,(CAc), + [hle,CC(O)j,CH, 

{~Me~CC(C)f&H),Hg A 
3 = Cl. CAc 

2 [Me~CC(O~LCHHgX 

Weq = 6.20 for X = Cl: 1.3xIdforX: OAc) 

Rermnca D_ 286 



An NMR study (129) suggested that the carbon-bonded mercury fi - diketone 

derivatives of dipivaloylmethane are stabilized by U-V-conjugation: 

Mercury (U) tert-butyltropolonate was shown by means of IR and 

proton NMR spectroscopy to be Hg-C bonded ( 120) I 

Two groups have investigated thio-#-diketone derivatives of 

HgW). These do not contain Hg-C bonds_ On the basis of proton NhiR 

and IX data. bis(thio-dipivaloylmethyl)mercury was formulated as 24, - 

with much stronger Hg-S than Hg-C binding (128). *C and ‘H and LR 
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data obtained for bislthio-dibenzoylmethyl)mercury were rationalized in 

terms of structure z, with Hg-0 interactions weak to nonexistent (130). 

Ph CH:FPh 
F 
0 s 

PhCCH-dPh 

g 

The very reactive mercuribisacetaldehyde serapes well as starting 

material for the preparation of Hg(CH,CCR), derivatives ( 13 1): 

CH,C(R)OR’ + Hg(CHJHO), * 2 H,O p> Hg(CH,COR), 

+ 2 R’OH + CH,CHO 

(R q Me, Ph. p-MePh: R’ = Et, Sihfex) 

Such mercuri-bisketones find use in the synthesis of enolic P(II1) esters 

(134: 

py. 60-70” 
Hg(CH,COR), t (BuO),PH ______3 (BuO),POC(R)=CH, 

(R = H. Me) 

C. Organonitrogen Derivatives 

Reaction of (MeHg),O with acetonitrile or acetonitrile-d, was 

used in the preparation of MeHgCH&N and MeHgCD,CN (133). The tris- 
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mercurated product, (MeHg),CCN. was obtained by treatment of 

MeHgCH,CN with (MeHg),O at 60” in vacuum. 

Mercury derivatives of an imine have been prepared (134): 

(AgC(OEt)=NC~H+~Me-p)3 + (Ph,P),ffgCl, 
CHCl, 

> 

Hg(C(OEt)=NCLH,Me-p), 

L 

HgCI, 

ClHgC(OEt)-XCbH,hie-p 

D. hlercury-Substituted Slides 

The formulation of mercury(D)-ylide complexes as. ionic species, 
+ 

e-g.. [Ph,PCH(HgCl)C(O)Ph] Cl- (N. A. Nesmeyanov et aI_, 1965-1966) 

has been shown to be incorrect. Ir. solution conductivity and solution 

molecular weight measurements provided evidence that such complexes 

are neutral, dimeric species (133a): 

+PPh, 

-‘C Cl o*,/ ‘-.-A \--- 
*Cl 

Similar complexes of mercuric chloride with PhxP=CHCOPh, Ph,P=CH- 

CO,Me. Ph,P=CHCO,Et, PhaP=C(COPh),. Ph,P=C(Me)COPh, PhrP=C(Me)CO,Et, 

Ph,P=CHCN, Bu,P=CHCOPh, PhsAs=CHCOPh, Me,S=CHCOPh and 

C,H,N-CHCOPh were prepared and studied. 
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The reduction of organomercurials to the hydrocarbon (RHgX 

---_)RH f Hg + X-) has received continued study (cf_ last year’s 

survey, J. Crganometal. Chem., 98 (1975) 232). Russian workers have 

investigated the reaction of organomercuric halides with sodium boro- 

hydride in various donor and nondonor sollsents ( 135). The formation of 

an initial “coordination complex” was suggested. wtth subsequent further 

reaction by an electron-transfer pathrvay (to give RH. Hg and R,Hg) and a 

rompetitixve heterolytic pathway (to give X.X). An electron-transfer 

process aIso was fa:-ored in the case of the reduction of RHgCl 

(R = hie,CH. PhCIi,, Ph) with lithium deuteride (136). The Birch re- 

duction (Sajliq. SH,) of methosymercuration products of allenes. 26 
-* 

proceeded with retention of configuration (Table 1 I). An electron transfer 

mechanism \vas suggested (137). 

ClHg- 

,CHOMe 

:c=c.Hgcl 

Lb 

(n = 6. 7, 8. 10) 

Ie ) ;c/:ohfe le . 

H* > ,c=c;;oMe 
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Table 11. Sodium-Ammonia Reduction of Cyclic Vinylic Organomercurials 

(ref_ 137) 

Compound Products 

cis-C,&ir,OHgCl (C-9) 

cis-Cr,H,,OHgCl (C-IO} 

trans-C,,H,,OHgCI (C-II) 

trans-C $-f,;OHgCl (C-13) 

cis-3-Methoxycyclononene (86%) 

ci s-CycIononene ( 14%) 

cis-3-hiethoxycyclodecene (8%) 

cis-Cyclodecene ( 1%) 

trans-3-Methosycycloundecene (i-t%) 

cis-Cycloundecene (5%) 

trans-Cycloundecene (2 I’?&] 

trans-3-Methosycyclotridecene (40%) 

cis-Cyclotridecene (165) 

trans-Cyclotridecene (445) 

Orgat mercurial reduction also can be effected with magnesium 

in a protic solvent (138): 

Ph. 1 I Mg/MeOH or PhNH, Pb 
R p-t-t-HgBr * Hg 

I 

+ -& MgBr, 

Displacement of carbanions from organomercurials. R,Hg. by 

iodide ion has been interpreted in terms of an electron transfer mechanism 

in which the radicai anion, R,Hg- , is formed initially (139). It is of 
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interest that iodide ion induces carboranyl anion addition at C=O and 

substitution at Si-Cl: 

% 

\ 

I- in DME 

Me,SiCl 

R 

I 
hie 

“c -c- &H~H 

RCHO \!?/H 10 10 

Hydrolysis of the C-Hg bond in certain organomercurials also is induced 

by iodide ion, as well as by N, N, N. N-tetramethyl-p-phenylenediamine. 

In the case of the latter, the amine radical cation is formed. 

The rates of cleakeage of furanylmercurials, 27, by iodine in - 

(.R = hfe. H. I. 
HgCl 

Br. NO,) 

27 - 

DMF/benzene have been studied; thz rate constants correlated with 

upi (140). 

Further details have been published by Reutov and his coworkers 

on the oxidation of organomercurials with Cu(I1) salts. in particular, 

CuBr,, in DMF solution (cf. last year’s survey, J_ Organometal. them., 

98 (19i5) 240) (141). 

CuBrdDMF 

R,Hg (or RHgBr) 
no air 

> RBr t- HgBr, + CuBr 

(R = Ph. C&F,, C6FSCH,. C6I-&CH,. p-MeOC6H,CH,. n-Bu, Ccl,. (CF3),CH. 

PhCOCH,. PhCHCO,Et._ PhC=C) 



Extensive discussion of possible mechanisms was given, with a process 

inrolving initial transmetalation followed by homolytic decomposition of 

the organocopper intermediate being favored. 

The oxidation of RHgCCls compounds (R = cycIohesy1, Ph. n-Pr, 

i-Pr) in s-arious solvents (benzene, cyclohexane, heptane, chloroform) 

and at different temperatures was investigated by Russian workers 

(EtZ)_ The corresponding RHgCl was the usually formed product, but in 

the case of R- and i-PrHgCCls. the decomposition was more complex, 

giving RbEigCl, EEg, CHCl, and CC as well. 

Abstraction of a 3 hydride from alkyimercury compounds by tri- 

aryl carbonium Eons has received considerable attention in the past few 

years, particularly from Reutov and his coworkers. This group now has 

studied the kinetics of such reactions f 143): 

(p-MeCsH&Ci Cl&- f fC,Hi),Hg-~(p-MeCbH,!,CEE T C,Ef, 

+ C,EEsHgClC; 

PhJp-MeCC6H,)C+ ClC,- + (CH,CH,CH,),Hg --.> Ph,(p-.MeOC6EE+)CH 

+ CsH6 f n-CrH,EEgClO, 

In both reactions the process is rapid at the start, but further consumption 

of triarylmethyl perchlorate stops after a few minutes, presumably due to 

a retardation effect by RHgClO+ 

The cleavage of dibenzylmercury by a benzylsulfenium cation has 

been reported (144): 

(PhCH&Hg + PhCH$ BF,- 
ClCH,CH,Cl 

-40” 
c(PhCHJ$-HgCH,Phj BF,- 
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An authentic sample of the product was prepared by the reaction: 

PhCH,HgCl + (PhCH2j,S f AgBF, ->~(PhCH,),&HgCH2Ph: BF,- 

Mercury-carbon bond cleavage was effected by the action oi HCI 

on the charge transfer complex between benzylmercuric chloride and 

tetracyar.oethylene. givin, 0 PhCH,C(CN),C(CXj,H and HgCl, (145). 

A germanium-thiol, (C6F,),GeSfI, clea;-ed the Hg-C bond of di- 

ethylmercury ( 146) t 

(C,F,),GeSff i Et,Hg -> (C6FS),GeS!igEt + C,tfb 

The ti\T irradiation of methoxycarbonylmercury compounds results 

in homoty-tic fission of the Xg-C bond. as previous xvork has indicated. 

The RC,C- radicals thus generated haI-e been trapped using -arious 

nitrones ( 137): 

- _ 

PhHgCC,R + PhCH:;-R’ a 

c- 

A_ 

PhCH-k-R’ 

dO,R 

(R z Me, Et} 
(R’ = Me,C, Ph) 

Exchange reactions of organomercurials which involve redistri- 

bution of substituents on mercury have received much study in the past. 

Proton NMR and UV spectroscopy has been used to study such sub- 

stituent exchange reactions of mixtures oi symmetrical mercurials at 

room temperature in DMSO, pyridine and ethanol (149). The very 

reactive Hg(CH,CHO), undergoes facile exchange with diarylmercurials 

to give the respective unsymmetrical compound, ArHgCHLCHO. Similar 
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The position of such equilibria could be estimated using pKa values 

of the RH compound corresponding to R,Hg (150). 

In another system: 

RHgX + Hg*S, .-> RHg*X + HgX, (in EtOH), 

steric effects of the alkyl group R on relative rate constants have been 

calculated ( 15 I) _ 

7. MERCURY-FUXCTIONAL MERCURIALS 

Study of methylmercury species and equilibria using NMR and 

Raman spectroscopy showed (MeHg)sOf to be only a minor component 

within a limited pli range in aqueous solution (152). This cation 

hydrolyzes to give hleHgOH and fhieHg),OH+. The latter then reacts with 

hydroside ion to product MeHgCH. 

XhlR studies of anion exchange between MeHgCS and MeHgX 

(S = Cl, OAc, Br. SCN, SMe, SPh, SC6H,Cl-p and SCMe,) in DMF 

solution provided evidence against an ionic mechanism. A bridged inter- 

mediate or transition state, Z8. was favored (153 1 

* l 

hleHgX + MeHgY e &.MeHgY t MeHgX 

Ligand exchange between phenylmercuric acetate and various aryllead 

halides has been used as a preparative method for aryllead acetates 

(154): 
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CHCl, 

_Ar,PbBr: + L PhHgOAc -p> Ar,Pb(CAc), + 2 PhHgBr 

The degree of ionization of phenylmercuric p-nitrophenoxides, 2, 

has been measured spectrophotometrically (155)_ It decreased in the 

OHgPh 24 - 

order _X = Cl S- Br > I. The absorption and luminescence spectra 

(7i5K to room temperature) of organomercury derivatives of hydrosy- 

araldimes, 30, 3i 
- -’ and of salicylaldehyde, 32. and p-hydrospbenzaldehyde, - 

3, have been investigated (I%)_ 

R - 

Me 

Me 

R’ - 

Me 

Ph 

p-MeOCbH, Ph 

30 - 

OlHgPh 

CH=O 

PhHgO CH=NMe 

31 - 

PhHgO _ / ’ 

-0 

C;‘* 
0 

32 - 33 - 



Compounds of type 30 - 

misture of tautomers: 
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were found to be present as an equilibrium 

Compounds 32 - and 33 in DhlSC are present in the qutnoid form, 34 - - 

and 35 -’ respecti;-ely. 

C 

CH-CHgPb 

CHCHgPh 

34 35 - - 

The thermal decomposition of a mercury peroxide, EtHgOOCMe,Ph, 

has been examined in some detail. In hydrocarbon solution above 90” 

this compound appears to decompose by a homolytic pathway whose first 

step is O-C bond fission (157): 

c~~I~E~~OOC(CH,~,C,~~~----_~C,H~H~~- + G%(CH~)~CO- 

C,HsHgC?- _____S C,H,- + HgO 

C6Hs(CH,),C0 --> CH,- + C6H,COCH, 

C,X,HgC. SH ) C,HsHgOH t S- 

C6H,(CH3),CO- 
SH 

> C6H,(CH,)&OH i S- 

C,H,HgQ- + C,H5HgOOC(CH3),C,H, ->C,%HgOH + - C,H,HgOOC- 
. . 

(‘=%)&Hs 

C&(CH,),CO- + C,HsHgOOC(CH,),C& -> C6H,(CH,),COH 
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+ l C2H,HgOOC(C~f3)&.H, 

- C,H,HgCOC(CH,)2C&- C,H, i- HgO + C6H,(CH,),CO- 

and 

IC,H5HgOH ,-> ( C,H5),Hg + HOHgOH 

In carbon tetrachloride at I LO= this peroxide decomposed to give 

Hg,CL EtHgCL, Phhie,COH, CH,=CMePh, MeCOPh, PhOH, Me,CO, 

CHC13. CO,, C2H, and C,H6 ( 158). Its reaction with lauroyl peroxide 

at 20-50” resulted in formation of ethylmercuric lauroyl peroxide. 

G-cumyl peroxylaurate, PhMe,COH, CO,, 0, and CH, (159). The 

intervention of both a radical and a molecular mechanism was suggested. 

_ The reaction of aryl aryImercury sulfides with picryl iodide has 

received further study (160): 

ArHgSAr’ + .c,H6, 0,N 

300 

Ar 

p-hIeC~H+ 

m-MeCbH, 

Ph 

p-CLC6H, 

m-ClChH, 

o-Me&H, 

+ ArHgI 

Ar’ 

Ph 

Ph 

Ph 

Ph 

Ph 

Ph 
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2,4.6-Me,C& Ph 

Ph p-MeCbH, 

Ph m-hieC,H, 

Ph p-CIC,H, 

Ph m-ClCbH, 

Ph o-MeCt.H, 

Ph L,3,6-hie,C,Hz 

Electron-donating substituents in Ar and Ar’ accelerate, electron- 

withdrawing substituents retard the rate of reaction. For sub- 

stituents in Ar. log rate YS U gave p I -i)_ 966; for substituents in Ar’. 

a similar correlation gay-e P : -3.67. Transition state 36 was suggested. - 

36 - 

Hg-S bonding was shown to occur (by means of ‘H and “C NMR) in 

CH,Hg(I) derivatives of cysteine. penicillamine and the tripeptide 

glutathione ( 16 l)_ 

The reaction of cyanuric chloride with mercuric chloride, methyl- 

mercuric chloride and dimethylmercury in acetonitrile at 80” gave Hg-N 

derivatives (162): 

0 
C1 

P-- - N’ 
Cl-N )_ 0 

)5Y 0 HgR 

Cl 
\ 

N 

_( 
N 

4 
(R = Cl, Me) 

E&- D. 266 
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Arylmercury dialkylphosphorodithioates have been prepared (163): 

MeOH 

ArHgCAc t (RC),PSH (or Na salt)-> ArHgSF(ORjL + HCAc 

s 
2-5” S 

(Ar = Ph. p-H,NCsH,; 

R = Me, Et, n-Pr, i-Pr. Phf 

A methylmercury derivative of the dodecahydro-nido-decaborate 

(z-) anion Sas been reported (16-I)= 

A~e,TLi;B,oH,,TIMe,~- + MeHgCi 
THF PqPMe+Br- 

------+h 

The product is an air-stable, orange, crystalline solid. t*B NMR 

spectroscopy suggested a structure with the CH,HgB,, framework 

shown, 37 -- 

Hg C B 

37 - 

‘ 

t 
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Methylmercury derivatives of phthalocyanines and tetraphenyl- 

porphyrin have been reported (165). 

Also worth noting are the use of ‘_(CFs),NCi,Hg in the preparation 

of (CF3),NO-substituted silanes (166). of tfg(SeCF,), in the synthesis of 

B(SeCF3), (167) and of Hg(SCN) L in the synthesis of organic isothiocyanates 

in reactions with organic halides ( 168). 

8. hLERCURY-GROUP IV COhlPOUXDS 

The structure of octamethyl-2, 4.6,6-tetrasila-I, S-dimercara- 

cyclooctane has been determined by .X-ray diffraction (Fig. 5) ( 169). 

Figure 5. The skeletal structure of octamethyl-2,4,6.8-tetra- 

sila-l-5-dimercuracyclooctane (from M. 3. Albright. 

T. F. Schaaf. W, M. Butler, A. K. Hovland. M. D. Click 

and J. P. Oliver, J. Amer. Chem. So==., 97 (1975) 626 1) 
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The Si-Hg-Si bond angle is 178.7’. Lithium tetrakis(dimethylphenyl- 

silyl)mercurate. Li,(Hg(SiMe,Ph),l , was shown (X-ray diffraction) 

to contain isolated contact ion pairs (169). The mercury atom in 

the anion is tetrahedrally coordinated by four silyl groups. Figure 6 

shows the essential features of the contact ion pair_ 

Figure 6, A partial structural representation of lithium tetrakis- 

(dimethylphenylsilyl)mercurate showing the coordination 

of the lithium ions. CL and CL’ are methyl carbon atoms; 

the other carbons belong to phenyl substituents (from 

M.J. Albright, T. F. Schaaf, WY. M. Butler. A. K. Hovland. 

M_ D. Glick and J. P. Oliver. J. Amer_ Chem. Sot_ -97 

- (1975) 6261) 

: 

Some new silyl- and germyl-mercurials have been prepared_ 

English workers have reported the synthesis of Me,SiHgSiHs. 

(H,Si),Hg, Me,SiHgGeH, and (HsGe),Hg (170): 
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(Me3Si)cHg (solid) f H,SiBr -3 AMe,SiBr + Me,SiHgSiH, 

in solution 
(Me,Si),Hg + 1 H,SiBr ,F (H,Sij,Hg + 2 Me3SiBr 

Similar reactions served in the preparation of the germanium-containing 

compounds _ 

The rather light-sensitilre (Me,ClSi),Iig has been isolated from 

the reaction of Me,HSiCI with di-tert-butylmercury at 85’ ( 17 1). 

This compound is thermally stable enough to sublime at 80’ and was 

found to exchange ICle,ClSi groups in solution in a second order rate 

process. Another new silyI-mercurial is t (PhCH,)3Sii,tfg ( 172): 

L (PhCH2),Sili + Et,Hg ~-> 2 CLHh A :(PhCH,),Si:l,Iig 

Its chemical reactions were studied: 

c (PhCH,)3Si!LHg 
A > (PhCff2)&iL + Hg 

0zi3;en> 
(PhCH,),SiC?Si(CH,Ph), + Hg 

BrCH,CH,Br 
_______3 2 (PhCH,),SiBr + Hg + C,H, 

HgBrz 
.-> 2 (PhCHL),SiBr + 2 Hg 

Et&X 
> 2 (PhCH,),SiX + Hg f Et&, 

(X = Cl, OEt) 
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The reaction of EtHgCI with (C6F5)bGe2 in THF at 70' gave the unsymmetrical 

mercurial (CbFs),GeHgEt (173). 

The mechanism of the photolysis of bis(trialkylsiLyl)- and bis- 

(triaIkyIgermyl)mercurials has been the subject of a thorough investigation 

by Neumann and his coworkers ( 17-X). Initial photochemical generation 

of free radicals. RrM -, and mercury is followed by a chain reaction 

involving an SHL reaction at the silicon: 

initiation: 

(Me,Si),l-fg ->Me,Si- + _- Hg-SiMe, ,-> Hg + L Mc,Si. 

chain propagation: 

hf e,Si - f (hfqSi),Hg C 1 

?. 
.-> Me,Sli ----Hg-Sihle, 

Me,& 

Me,SiSiMe, + Hg + Me,%- 

The chain reactions are inhibited by Me,Si- radical scavengers such 

as secondary and tertiary alkyl halides, but the disilane still is formed 

due to cage effects. The radical MqSiHg- has a very short lifetime 

at best and may not have a separate existence at all. SHZ reactions at 

mercury also occur: 

* 4 

Me,!%- + (Me,Si),Hg -> MesSi-Hg-SiMe:, + Me,Si- 

A proven radical chain process (S,Z at mercury) is the reaction of 
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(Me,M),Hg (M = Si. Ge) with primary alkyl chlorides and bromides 

upon daylight irradiation (175): 

(Me,M),Hg + RX .-&T+ Me,MXgR + Me&IS 

(R : C11C12, CII,Cl, Me, Et, 

n-Pr, n-Bu) 

Cising the rear:ion with dichlorornethane as an example, the reaction 

course is as follows: 

(hle,Si)2!*~ -A> 2 hle,Si- + Hg 

hie,Si- + CH,Cl, .-> ClCII,- t- Me,SiCl 

(hie,Si),Hg f ClCH,- ->Chle,Si-Iig----- Sire,] ~~lr3SiHgCH,C1 

dH,Cl 
+ Me,Si. 

Such S,2 reactions were not observed with tert-butyl, isopropyl, 

cyclohesyl and benzyl halides. Carbon tetrachloride. chloroform, 

trityl chloride and vicinal dibromides react with (Me,M),Hg without 

irradiation, e. g. : 

-205 
(MeJSi),Hg + Ccl, -> ‘LMe,SiHgCCl, j ___3 Me,SiCCl, 

0 

(Me,Si),Hg f BrCH=CfiBr ,L> Hg i HC”CH f 2 Me3SiBr 

+ Hg 

(Me3Si),Hg f Br(CH&Br --> Hg + 2 MeJSiBr + cycle-C,Hs 
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Photo-induced reactions of (Me3M)LHg (AI = Si, Ge) with aryl bromides in 

excess give diarylmercurials: 

room temp. 
(Me,Si),Hg -t 2 ArBr 

hv 
> Ar,Hg f 2 MesSiBr f Hg 

(Ar = Ph. p-MeCbH,, 2.4,6-Me,C#,. I-C,,Hr) 

The available evidence speaks strongly for a radical chain process. 

Bis(trimethylsiIyl)mercury has been used to generate ketyl 

radicals of type RR’C-OSilMq by thermal or photo-induced reactions 

with ketones and aldehydes (176). Reactions of (Me,Si),Hg with pyridines 

containing conjugative groups such as CO,Me, COMe. COPh and CS in 

position 4 have been studied (177). Colored, ESR-detectable radical 

intermediates were involved in these reactions_ - 

N’ \ 3 Cd0 

- 
f (MgSi),Hg & hie3Si-N .3 =C 

,0SiMe3 

- ‘R - ‘R 

p+4 \ 3 ,OSiMe, 

‘OMe 
+ (MqSi),Hg .-> C 

- ‘OMe 

OSih%e, 
/ 

C,H 

C”N * (MqSi),Hg C=NSiMe3 
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A molecular mechanism apparently is involx-ed in the reactions of 

bis(triphenylsilyl)mercury with hydroxy compounds. These gave 

hydrogen. triphenylsilyl ethers and elemental mercury as the major 

proirrcts (178). Triphenylsilane was a minor product. The reaction with 

water proceeded rapidly at ambient temperature, but those with n-octyl 

alcohol, cyclohesanol and phenol required reaction temperatures of 120a, 

140” and LO’ . respectively. 

The reaction of bis(triethylgermyl)mercury with the triethylgermyl 

derix-ati1.e of ethyl diazoacetate provided a novel synthesis of bis(tri- 

ethylgermyl)ketene ! 179). A reaction course proceeding via insertion of 

Et,GeCCC,Et into the Ge-iig bond was rrritten: 

(Et,Ge),Ifp 2 Et3GeC(SL)CC,Et .- + 3, 

(Et,Ge),C=C=C + Et3GeOEt t Hg 

Further work has been delwted to the reactions of stlylmercury 

compounds with alkali metals to give sily!-alkali compounds_ In benzene 

the reaction of (Et,Si),Hg with sodium gax*e metallic mercury, EqSiPh, 

Et,SiH, phenylsodium, sodium hydride and Et3SiNa. With potassium, 

Et,SiPh. metallic mercury and potassium hydride resulted. It is evident 

that the Et,Si.M reagents attack the benzene solvent (lRO)_ Et,SiHgSi,Et, 

reacted similarly. A reaction of (Et,Si),Hg with potassium carried out in 

toluene gave mercury. benzyltriethylsilane. triethylsilane and benzyl- 

potassium. Triethylsilane was found to be a useful solvent for the (Et3Si),Hg/K 

reaction at room temperature since it reacts only .sLxvly with such reagents 
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under those conditions. When the (Et,Si),Hg/K reaction was carried out in 

the presence of vinyltrimethylsilanr. a portion of the EtrSiK formed was 

trapped by reaction with the vinylsilane (18 1). 

More reactions of Group IV mercurials with transition metal 

derivatix-es have been reported_ Such reactions are excellent routes to 

Group IV element-transition metal bonded compounds (182): 

(R,Sn),Hg + it? -C&,Fe(CO),i,--+? n-C,H5Fe(CO)1SnR, + Hg 

+ L n-C5H,NiC012--3L R-C;H=,Ni(CG)SnR, f Hg 

f ~D-C~H,MO(CO)~ 3,--32 I-C5H5Mo(CO),SnR, ; Hg 

(R,Ge),Hg -+ Hg[Co(CO),i, ->2 RxGeCo(COj4 + 2 Hg 

(R = MesSiCH, in all reactions) 

With (n-CsHs),TiCl, reduction occurred (183): 

(EbGe),Hg + (n-C,H;),TiCl,-> (tT-C,H,),TiCl + ffg 

+ 2 Et,GeCl 

- - 

Reactions of bis(trimethylsilyl)mercury with triorganotin derivatives I 

proceed via (R$n),Hg intermediates, which, however. are unstable under 

the reaction conditions (184): i 

(hie$Sij,Ifg + 2 R,SnX -----)R,SnSnR3 + 2 MqSiX i- Hg 

(X = Ohfe, OEt, 01%. OSnEta, OSiMe,. NEt,, Cl, Br, H: 

R = Me, Et, Bu. Ph) 
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When S = CR, CAc, and OSnEt,, the reactions were rapid and exothermic; 

when X = OSiMe,, halogen, H. and SEt,, longer reaction times at 8W 

were required_ Similar reactions were carried out with R,SnX, com- 

pounds_ Oligomeric (R,Snjn products were obtained. Compounds of 

type RISnSY reacted with (hIe3Si)?Hg to give distannanes: 

2 R,SnXY + (Me,Sij,He .-> 2 hle,SiS i- Hg + YR,SnSnR:Y 

(S OMe, OAc: Y Br. Clj 

fntermediates with Sn-Hg bonds are belie\-ed to be involved in 

reactions of hesamethylditin with alkylmercuric halides and mercuric 

halides (155): 

hl.+kL + RHgS~>MerSnX + MesSnHgR 

MesSnHgR )Me,SnR + Hg 

hIe,SnHgR t RHgX->h*e,SnS + R,Hg + Hg 

(R = Me, CQ, CH,=CH, trans.-ClCH=CH, Me3C) 

Products of the type shown in the last two equations were isolated_ 

9_ COMPLEXES OF ORGANOMERCURLALS 

An X-ray crystal structure determination of (MeHgbipy)+NOs- 

showed the presence of an unsymmetrically chelated ligand; the CHgN, 

grouping is planar (Fig. 7 ) (186). Other similar complexes were 
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Figure 7_ Structure of &eHg(L. Z*-bipyridyl)i*NO,- showing 

the positions of neighboring nitrate ions (from 

A. J_ Canty. A. Marker and B. M_ Gatehouse. 3. 

Organometal. Chem., 88 (1975) C3 1) 

prepared (Table 12 )_ The magnitude of the rH-‘99Hg coupIing constants 

observed in the NMR spectra of these compounds is indicative of the 

coordination number of mercury: CNZ, 227-230 Hz; CN3 235440 Hz. 

Thus the sterically hindered 3.3’ -dimethyIbipyridine acts as a mono- 

dentate Ligand. 

19F NMR studies of carbon tetrachloride solutions of poly- 

fluoroalkylmercurials i(CF,),Hg, (C,F&Hg. C(CF3),CFj,Hg. (CFSCH,),Hg3 

containing Lewis bases (pyridine, butylamine. ethylenediamine, THF, D-ME, 

dioxane) demdnstrated the presence of 1:2 R,Hg/Lewis base solvates 
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Table 12. ‘H NhlR Parameters for the Methyknercury Group in the 

Complexes= 

Complex 6(MeHg)b 

MeHgNC& 2.597 

iMeHg(py) JNOs 2.564 

iMeHg(L-mpy)lNC, _ L-533 

&eHg( 3 -mpy) INC, 2. 589 

J(‘H-‘OsHg) 

251_8 

729.6 

227.9 

228.7 

tMeHg(4-mpy)iNCS 

; Melfg(bipyjiSG3 

~hleHg(6,6*-dmbipy)fNC,‘I~10 

3ietIg(i. 5’-dmbipyjlNC, 

; MeHg(-r,-I’ -dmhipyj INC, 

: jr-dmbipy]:NCs MeHg( 3, 

iMeHg(phen)jNO, 

LMeHg(2.9-dmphen):NGs- H,O 

2. 585 227.5 

2.499 238.8 

2. SOS 235.9 

2_518 237. 1 

‘_ 550 235_ 1 

L. 893 230.4 

7.383 239.8 

2_ 384 236.0 

a. 0. 1M solutions in CQOD at 100 MHz. 

b. Chemical shift upfieId from internal 1.4-dioxane. accuracy to 
ca. = 0.005 ppm. 

L-mpy : Z-methyipyridine. 6,6’-dmbipy = 6,6’-dimethyl-2.2’-bi- 
pyridyl. L.9-dmphen= 2,9-dimethyl-I. 10-phenanthroline_ 
Other ligands similarly abbreviated. 

(or 1:l if the Lewis base was bidentate) (lS7}_ In similar fashion, 31P NMR 

spectroscopy served to show that such polyfluoroalkylmercurials 

coordinate two tertiary phosphine molecules (or one bidentate diphosphine) 

in dichloromethane solution (188). Variable temperature NMR studies 
. 

demonstrated that exchange occurs between coordinated and free phosphines 
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Proton NMR studies provided evidence for intramolecular 0 +Hg 

coordination in p-peroxymercurials: 

k 
RCH -CH 

I ’ HgO,CCF, 
O- 02 

\ 
CMe, 

The addition of pyridine to a_ solution of such a mercurial destroyed 

such intramolecular interactions in fa%vor of intermolecular coordination 

at mercury by pyridine (97). An IR study of o- and g- chloromercuri- 

phenoIs in donor solvents (DMSO, HMPT) provided an indication that 

complexes of type 38 occur (189). - Me 

38 - 

An JR spectroscopic study of bis(2.3.4, 5-tetrachloro-6-nitrophenyl)- 

mercury suggested that intramolecular U+Hg coordination was a possib- 

ity (22): 

According to proton NMR results, CH,Hg(I) binds to the thioether 

group of methionine in acidic solution and to the amino group in basic 

solution (190): 



2i5 

CIi+H&H,~HCO,H 

HgMe NH, 

CH,SCH,CH,CHCO,- 

I 
lMeHgNHd 

+ 

in acidic solution; 

in basic solution 

Complexes of mercuric cyanide u-ith .2.2’-bipyridine, o-phenan- 

throline and 2,9-dimethyl-o-phenanthroline have been reported ( 19 1). 

‘99Hg SMR (by INDOR) has been used to determine stability con- 

stants for hleHgCl,- at 26” (0.3 1 l/mole) and for hfeHgRr,- at 26” 

(0.94 I/mole) and at 60” (0. 70 I/mole) in ethanol soIution (192). 

Finally, of interest are I:1 charge-transfer complexes between 

W-anilinechromium tricarbonyls and mercuric chloride in which the 

donor site apparently is the chromium atom (193): 

(R, RI = H, H; Me, H; 

Me, Me) 

10. STRUCTURAL, SPECTROSCOPIC AND PHYSICAL STUDIES 

A. Structural Studies 

The structural chemistry of organomercury compounds has 

been reviewed (4). X-ray diffraction studies of organomercuriak and of 

some inorganic mercury compounds relevant to organomercury 

have been reported_ 

chemistry 
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Bis(I. 3-tetraphenylbutadienemercuric cyanide)mercury. 

(R = Ph) (Fig. 8) (194). The central C-Hg-C bond 

. 
angle is 177. 

Figure 8. The structure of bis(l.3-tetraphenylbutadienemercuric cyanide)- 

mercury. (from M. Peteau-Borsdenghien, J. Meunier-Piret and 

M_ Van Meerssche, Cryst. Struck Comm., 4 (1975) 383) 

Bis(diethylcarbamoyl)mercury. Hg(CNEt,), (Fig. 9) (195). 

:: 

The Hg-C 

distance is 2. 13(2) z_ 

There is no intermolecular coordination involving either Hg--N or Hg--0 

interactions. 

I-Methyl4-thiouracil-p-mercuribenzoic acid (Fig. 10) (196). Hydrogen- 
I 

bonded dimers i(carboxyl)O-H---O(uracil)J are present. The S-Hg-C 

group is linear. 

__ 
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Figure 9. The structure of bis(diethylcarbamoyl)mercury (from 

K. Toman and G.G. Hess, 2. Krist., 142 (1975) 35) 

Methyl(L-cysteinato)mercury (Fig. 11) (197). The amino acid ligand is 

coordinated to mercury via a deprotonated salfhydryl grotip. In addition. 

there is weak intramolecular Hg--- 0 interaction to the carboxylate group. 



Figure lo_ The structure of I-methyl-4-thiouracil-p-mercuribenzoic acid 

(from S. IV_ Hawkinson, B_ C. Pal and J. R. Einstein, Cryst. 

Struct. Comm., 4 (1975) 557) 

Q OI31 

Figure 11. Structure of methyl(l-cysteinato)mercury monohydrate. 

(d(3) is the oxygen atom of the molecule of water of 

crystallization). (from N_ J_ Taylor, Y. S. Wang, P_ C. 

Chieh and A. J. Carty, J. Chem. Sbc. Dalton Trans. 

(1975) 438) _ 
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n-Propyl- and n-butylmercaptomercuric acetate. RS-Hg-OAc (198). The 

mercury atoms and the thioalkoxy groups are linked in angular chains with 

acetate bridges connecting the chains into layers. 

B. Spectroscopic Studies 

i. \-ibrational Spectroscopy 

The vibrational spectra of MeHgCH,CS. hieHgCD,CS and 

(hfeIIgjJCCS have been studied (135). as ha:-e the IR spectra of mercury 

cierivatii-es of arenechromiunr tricarbonyl compIeses ( 149): 

ii. Suclear Jlagnetic Resonance Spectroscopy 

Two studies of ‘““fig chenrical shifts as obtained by Fourier 

Transform SMR have been published. Borzo and Maciel (2OOj studied 

organomercluric chlorides and carboxylstes. Both classes of compounds 

showed large sol\vcnt and substituent effects. Similar obsert-ations were 

made by Cdom and his coworkers (201); some of their data are given in 

Tables 15 and 14. 

A number of papers has dealt with 13C ZihlR spectroscopy of 

organomercurials (13C Nh%R chemical shifts and DC-“OHg spin-spin 

coupling constants): of diorganomercurials (202). of neopentylmercury 

compounds IL@3), oi benzylmercurials and diphenylmercury (20-Z). of 

selected organomercuric acetates and chlorides with an aim of examining 

the angular dependence of xmicinal uC-‘94Hg coupling (LOS), of a series of 

dialkyl- and bis(perfluoroalkyl)mercurials in chloroform and in donor 

solvents (lob), of dimethylmercury in a nematic solvent (LOI). 

The study of the angular dependence of vicinal UC-‘99Hg coupling 

merits special discursion. From such data for appropriately chosen 

mercurials which are listed below, the following dihedral angle- coupling 

(Continued on p_ 283) 
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Table 13. Mercury-199 Chemical Shifts= (from Ref. 201) 

Compound Concentration Solvent Shift(ppm) 

J--MC=b-f,), 

Hgf-42 

Hg(CH,)z 

Hg(C,Hd, 

%dC,Hdr 

Hg(C,Hs): 

Hg(C,Hj), 

HS(C,HS), 

Hg(CHCHL), 

Hg(CHCf&), 

ffg(CHCH,), 

Hg(CHCH,), 

H!Z(Cf,Hs)z 

Hg(CH,I(Cl) 

Hg(%H;), 

Dg(CHr)(Cl) 

Hg(CHACQ 

f%(CHr)(Rr) 

HgtC,H;)(CI) 

Hg(CHJ(Dr) 

neat 

20% mole pyridine 

I. 00 M DMSC 

neat 

neat 

2 IL* 

neat 

sat_ (~1 M) 

LCG 

neat 

2M 

I.0 M 

1.0 M 

0.52 M 

I_ 00 .M 

0.51 M 

1.00 M 

0.50 M 

I.00 M 

I. 00 M 

0.49 M 

0.50 M 

1.00 M 

ccl, 

DMSG 

TMS 

CH,CI, 

DMSO 

CH,Cl, 

pyridine 

DMSC 

DAMSO 

DMSO 

pyridine 

DMSO 

DMSO 

DMSO 

pyridine 

DMSU 

0 

-szb 

-108.8 

-280b 

-288.6 

-304 

-330 

-364. i 

-62 I 

-641.3 

-648 

-7 16.5 

-i42 

-785.3 
c 

-808_ 5 

-847.9 

-s47_ 9 

-s99.3= 

-910.8 

-959.1 

-965.3 

-1102.5= 

-1142.6 



Table 13. Continued 

Hg(p-CH,GH,)(Cl) 

Hg(p-CHs%H+)(Cl) 

I~g(CH,)(I) 

Hg(C6H,,)(OCCCH,CH,CH,) 

Hg(C~H&Cl) 

Hg(%Hs)(Cl) 

Hg(C&)(CBr2Clj) 

Hg(G,H&CCOC&,j 

HdC&,j(CCcCH,f 

iig,(C&,I i5)-(o -(CCC)zC6iiG) 

HgC1, 

HgCI, 

HgCl, 

1. 00 M 

0.49 M 

0. 50 hf 

0.50 hi 

I_ 00 M 

1.00 M 

1.00 hi 

o_ 50 Xl 

0.25 hl 

I. 00 M 

1.39 M 

DhlSC 

DMSG 

DMSC 

1xb1s0 

DMSO 

DhiSC 

DMSC 

DhfSO 

C,H,CH 

DMSC 

C&i;CH 

281 

-1151.0 

-1152 

- 115L.8= 

-1175.6 

-1180 

- 1186.6 

-1186.9 

-14-‘8_ 3 

- 1436.7 

- 1-?43.0 

- 1198_4= 

-1501-6 

-.515.5= 

Hg(CL@+), (3-7s g in 3 mI 1_ 0 X%-HCIC,) -2L84.0 

Referenced to external neat dimethylmercury: f sign denotes resonances 
to lower shielding_ 

Referenced to neat dimethylmercury using the conversion Hg(NC,), 
(saturated aqueous solution) is +L460 ppm from neat dimethylmercury. 

ReiTerenced to neat dimethylmercury using the conversion (CiH,CH,CH,),He 
is +3 10.6 ppm from neat dimethylmercury: obtained by assuming - -.- - 
CH,HgCl(O. 51 M D_MSC)=CH,HgCl( I. 00 M DMSO). 
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Table 14. Influence of Solvents on the *99 Chemical Shifts of 

Dimethylmercury (1.00 M Solutions) (Ref. 201) 

Solvent Chemical shift (ppm)a 

I. 

2. 

3. 

4. 

5. 

6. 

7_ 

8. 

9_ 

LO. 

Il. 

IL. 

13_ 

14. 

15. 

16_ 

17. 

18. 

19. 

20. 

21. 

Dimethyl sulfoxide 

N,N-dimethylformamide 

Pyridine 

1,4-dioxane 

Diglyme 

Acetonitrile 

Tetrahydrofuran 

Acetone 

Methyl formate 

Ethyl acetate 

Benzene 

Toluene 

Mixed xylene 

Methylene chloride 

Diethyl ether 

Chloroform 

Carbon tetrachloride 

Neat dimethylmercury 

Cyclohexane 

Cyclopentane 

Herane 

-108.2 

-94.6 

-94.0 

-91.0 

-81.3 

-78.3 

-75.9 

-il.2 

-66_ 8 

-57.5 

-80.4 

-50.1 

-48.6 

-42.1 

-28.8 

-28.2 

-11.2 

0.0 

+O. 8 

-i2.2 

6.3 

a With respect to external neat dimetbylmercury: + sign denotes resonances 

to a lower shielding_ 
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c& E3gOXc c9 , 
figOAc 

constant combinations were ohser-ed in CDCI, solution: 

a; 35' 60" 65' i70C 160' 170" 150" 

3(Hz): 159 78 9 93 24-1 276 268 
iL 275 

.a.? 

These data give a Karplu s-type cut-\-e and this variation of J with @ should 

be useful in structural studies of alkyImercurials. 

A study of the UC NMR spectra of the flusional molecules 

(Jl’-C,ii,)IigCl and (F’-C9Hi},Hg over the temperature range -1.22* to 22” 

served to establish that the fluxional process in the former involves 

rearrangement via I, 2 shifts with an actir*ation energy of 7. T = 0.7 kcal/mol 

(‘OS). “C X\IMR spectroscopy was used to examine the occurence of o-n 

conjugation in a number of cx -chIoromercuriketones (209). 

The 1% NMR spectrum of methylmercuric nitrate has been reported 

(210). 
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__- 
LLl. Nuclear Quadrupole Resonance Spectroscopy 

The ssC1 i\iQR spectra of a number of chlorinated mercurials 

(trans-ClCH=CHHgCl, CCI,HgR (R = Cl, Br, Ccl,, Ph), x-arious CsCls-Hg 

derivatives) ha\-e been measured and discussed in terms of inter- 

molecular Cl--Hg interactions and, in the case of pentachlorocyclopent- 

adienylmercury compounds, Hg-C U-Tlconjugation (211, 21.2). 

iv. Photoelectron Spectroscopy 

Photoelectron spectra of CF3HgX (X = I, X3, NCC, SC,) and of 

Hg(SCF3), have been obtained (213). Mercury 5d electrons participate 

slightly in bonding. Consideration of the photoelectron spectrum of benzyl- 

mercuric chloride led to the conclusion that this molecule in the gas phase 

exists in a conformation in which the C-Hg bond can interact with the 

n system of the benzene ring, i.e., the Cph-CPh-C-Hg dihedral angle 

is 90” or nearly 90’ (214). Extended H’Gckel calculations on benqyi- 

mercuric bromide also led to this result (215). 

v_ Other Spectroscopy 

The microwave spectra of methylmercuric chloride, bromide and 

iodide_ have been reported_ C-Hg and X-Hg bond distances were calculated 

from the data obtained (216). 

The charge-transfer spectrum of Me&g- (NC),C=C(CN), in chloro- 

form showed a CT band at 24,100 cm-* (217). 

Ion cyclotron resonance studies of the gas phase reaction of 

MeHg4 (Ivia Me,Hg) and allene provided ex-idence for the formation of a 

mercurinium ion, 39 (218). - 

CH,=C._W~CH, 

-\.+:- 
Hg 
I 

=H3 

39 - 
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Fluorescence quenching of anthracene by dimethyl- and diphenyl- 

mercury has been observed (219). 

C. Thermochemistry 

The heats of formation of (EtHg),C and EtHgOCdMe,Ph have been 

determined (220). Valence bond calculations of the Hg-C and C-Cl bond 

energies tn cis- and trans-ClCH-CHHgCL have been carried out I22 I). 

These bonds were calculated to be significantly stronger in the cis than in 

the trans isomer. 

11. ASALYTICAL ASPECTS OF CRGANCMERCURY CHEMISTRY 

Isothiocyanatopentaaquochromium(II1) forms polynuclear species 

with mercuric, mercurous and methylmercuric ions. e.g. . (HLG),CrNCSHg’+, 

(~I;C)iCr~CS~igCII,3i, etc. This pro\-ides the basis for the separation and 

identification of these mercury species in aqueous solution in conjunction 

with cation exchange techniques in the i-100 ppb concentration range (222). 

An aniline-sulfur resin was found to be an effective matrix for 

selective preconcentration of mercuric nitrate and methylmercuric chloride 

from aqueous solutions at pH 6- 7 at ppm levels prior to their determination 

by neutron activation analysis (2.?3)_ At pH O_ 3, this resin may be used to 

separate HgLf from CH,Hg+ (22-l). Methylmercuric chloride and inorganic 

mercury(I1) also may be extracted from aqueous solution over a wide pIi 

range for Hg concentrations below 10 ppm using diphenylthiocarbazone- 

treated polyurethane foams (225). Elution with acetone frees the mercury 

species. Of interest atso is a new glutaraldeiiyde-butanedithiol polymer which 

binds Hg(I1) with high selectivity 1226): 
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S(CH&S- 

H-+H,),-+H 

S(CH,),S- 
I ” 

Multistage air samplers for the collection and separation of metallic 

mercury. inorganic mercury and organomercury species in air have been 

developed (227,226). 

AIso reported have been GC-mass spectral analysis of aikylmerc- 

ury compounds (229). the adsorption of methylmercuric chloride on humic 

acid and humic acid chars (230). GC analysis of ppb le:-els of methyl- 

mercuric chloride by foam separation (23 1). the thin layer rhromatographic 

analysis of methosymercuration products of mono-unsaturated long chain 

esters (232) and the determination of higher terminal olefins by spectro- 

photometric analysis of their methosymercuration products by the diphenyl 

carbazone method (233). 
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