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1. REVIJZWS 

Reviews covering the following aspects of organomercury chemistry 

have appeared: 

- The stability of organomercury complexes with anionic and neutral 

ligands (2) 

- The stereochemistry and mechanism of the oxymercuration of 

cyclopropanes (2) 

- The autoxidation of organo-Group IV-mercury compounds (3). 

.2. PREPARATION OF ORGANOMERCURY COMPOUNDS 

The reactions of organic compounds of other.metals with mercuric 

halides or carboxylates have found-useful application in orgahomercurial 

synthesis in. the .past; In recent years the now readily accessible organo- 

.bora_n,es.;have. served well in this application. The use of gem-diboron- 

. . . 

. . 
.._ 

I “-. .,._. 
_. -: 
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alkanes has been reportedby Larock as a-good iouteto gemdimercuri- 

alkanes (4): 

2 BE?,, TH3? MeOH 
RC=CH p> RCH,CH(BH,), -> RCH,CHC.B(OMe),~, 

./ 
HgC&/NaOH 

RCH,CH(HgCl), (58-77%) 

Examples in which l-pentyne, l-hexyne, l-decyne, 3,3-dimethyl-1-butyne 

and phenylacetylene were used are described. The resulting l,l-bis- 

(chloromercuri)a?.kanes were soluble only in the more polar organic 

solvents suchas DMF, DMSOand HMPT. 

Silyl enolates reacted withmercuric oxide and a catalytic amount of 

mercuric acetate in aqueous ethanol to give a-mercuriketones (5): 

HgO, E-Ig(OAc), ‘R 
> (PhCCH,),Hg 

aq. EtOH 

w 
PhCGH,HgI 

F)SiMe3 

‘13 
(cH,cC~H),& 

Ph 

_A silver derivative has been used to prepare a novel mercurial (6): 

Refe&na?sp. 121 
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The cleavage of other transition metalicarbonbonds by mercury(II) 

salts or by elemental mercury has beenreportedto yield organomercurials, 

but most of these reactions are not of synthetic utility, e.g.: 

AT- 

{<: -PdCl)z + trans-ArGH=CHCHzHgCl 

(Ar =fluoro- andchlorophenyl) 

Hg‘& 

(ref. 8) 
> RC(Bl&lo)CHgCl 

(z- and%-carboranylcompounds) 

The alkylation ofHg(II) species by alkylcobalt compounds has received 

further attention. This reaction is of some importance since it appears to 

.provide a route to the formation of CHSHg(II) compounds in mercury- 

pollutedwaters, Kinetic-studies have been reported in two papers. For 

the reaction shown below, the second order rate constants shownin 

+ Hg+ + H,O 
k, 

,-> RHg+ + Co(DH)r(HzO), 

RCo(DH)a(H20) 

Table lwere obtained as R was va.ried (9). Electrophilic attack by 

mercuric ion was indicatedgythe k, values for the arylcobaloximes which 

.gave a &ear correlationwith Hammett o constants (p= -6.3). The cleav- 

age &ttraas-4-tert-butylcyclohexylcobal&irne-pyridine complex with .- 
-. 

: 
: 
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TABLE 1. Kinetic Data for the Reactions of RGo(DH),(Hr~O) with L -_ 

Hgr+ at 25O (cc = 1.0) 

R zl, M-l set-’ - 

CH3 

C2H5 

n-CsH-, 
CsHsCHr 
P-NQGH,CH, 
j?-FC6H&H, 
~-GH&,H&H2 
~-CH,OC6H&H, 
GH, 
P-PC&H, 
p-cH3c6H4 
-cH,O&H, 

54 
1.2 x 10-I 
9.4 x lo-2 
7.5 x 10-a 
6.5 x 10-s 
2.8 x 10-r 
9.0 x 10-r 

11.3 x 10-z 
4.0 x 102 
2.5 x 102 
4.5 x 103 
3.0 x 104 

mercuric acetate gave only the cis-4-tert-butylcyclohexylmercurial. and 

a similar experiment with cis-2-hydroxycyclohexylcobaloxime confirmed 

this result (20). Thus these SE2 cleavages appear to proceed with inver- 

sion at the carbon atom. Similar cleavage ofthe carbon-cobaltbondby 

mercuric ion in alkylcobaloximes has been the subject of extensive kinetic 

studies (11). 

Catalyzed (UV or benzoylperoxide) decarboxylation of mercury(E) 

carboxylates has beenusedinthe synthesis of some new organomercurials 

(12) : 

X- 
) RCH2CH,HgX 

(R = Ph, PhCH,, Cl(CH,),) 

The compounds where R = EtS and PhCONH(CH,),. and also Hg(lI) 

nicotinate and isonicotinate, were unreactive under these conditions, 

while Hg(II) levulinate gave mainly mercury oxides. 

The conversion of Hg(II) salts of unsymmetrical 1, Z-dicarboxylic 

acids to.monocarboxylic acids (Pesci reaction) has been studied by 

Fteferenrrsp. 121 
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N&man and .Vander ~Zwan’ (13). and an improved procedure was developed: 
: 

(more likely a 
higher oligomer) 

(R =.H, Cl, Br, 
N4, CQH, .Me) 

The organomercury intermediates were not isolated. 

The decarbcxyla tion of mercury(R) trifluoroacetates, which has been 

shown previously to be effected only with difficulty at higher (300”) tem- 

peratures, was shown to proceed much more readily in the presence of 

fused potassium carbonate at ISO-ZOO0 (14): 

H8(4=Fs)z 

-2c4 

h Hg(CFs)a (9370) 

-CQ 
PhHgC&CCF, .p> PhHgCFs (70%) 

Further examples of the -extrusion of S 4 and S q from mercury (II) 

sulfinates and sulfonates, to give organomercurials. have been reported. 

@gX, + C6F,SQ LI 
-+ -isp C&H,HgX +- SC& + LiX 

.(X = Cl, Br, .OAc, 

4sq 

t-BuOH/HaO 
_‘HgXz +. :2_C6FsSOa-Li+ _ (C6F,),Hg + 2S4 + ZLiX 

(ref. 15) 
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These reactidns proceeded rapidiywhenthe reactants were mixed atrodm 

temperature. Very clever use has beenmade ofthis chemistry inthe 

analysis oflowlevels of mercury in waters, in urine, etc., by Mushak. 

et al_ -(16). Treatment of the aqueous solution containing mercuric ion 

with C6FsSQI-i and subsequently with sodium chloride gave.C&?,HgCl whose 

concentrationthenwas determined by gas chromatography. 

Another example of SOr, extrusionwas providedby Gross and 

Tennent (17): 

(R=H, OMe, 
Me, Cl) 

f SQ + NaCl 

The symmetrical mercurial (R = H) was prepared by treatment of the 

chloromercuriderivative withtriphenylphosphine: 

Sulfur trioxide extrusion could be effected frommercury (U) 

arenesulfonate dihydrates (18) or pyridinates (19): 

130-240" 
Hg(O,SAr),-2QO V Ar,Hg + SO, + 2HaO 

(Ar=C&l,, 2,3,5, 6-Cl,CeH, 2,3,4,6-C1,CbH, C6F,, 2,3,5,6-F&&) 

Referencesp.121 



-Milde.r -reaction conditions resulted in formation’of ArH&,SAr when Ar g. - - . . 
C&l, and 2-,-3.-5.6-ClgC~R:,- In some cakes-, e.g. ). Ar e 2,3,4,5&&H, 

-2,3,4;5-*&$?I a&2,3.4, b-Fs.CaH, po&neric mercuritetrahalobenzene- 

su?fonat&s -were formed in an aromatic rnercuration process. .‘These 

..products. were characterized by the chemical conversions shown below.. 

(i) NaTs/HC ONMe, 

(ii) Naf/Hr 0 
_ 

03 

(i) Na&/HC ONMe, 

(ii) r_PhC$ZZSC(NH,)- 
(=NH,)] Cl’ in Hz0 

S-benzylthiouronium 
salt 

(i) NaIs~CO~er 

(ii) [PhCFI,SC(NHr)’ 
(=NH,)] cl- in Hz0 

S-benzylthiouronium 
salt 

+ S% 

In these reactions with the dihydrates considerable competition from 

hydrolysis and hydrolytic desulfonation was encountered. Thermolysis 

of the dipyridinates, Hg(O$Ar),-2GsHsN, at 130-240” was quite satisfac- 

tory in &he eases.where Ai.= CbC$, p-HCgC14, m-H&C&, CaFS, p-H& 

-_ 

and mYFC6F4z. but with Ar .= o:HC6F, and o~Hc&l~ the mercuration. 

-. : 
1. . . . 1 
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products c]. q 1 and 2 again were the sole organomercury products. .. 

Such specific ortho-metalation processes are of special interest and this 

effect in organomercury chemistry merits further investigation.. 

Functional diarylmercurials of types q andm haye beenpre- 

pared in 35-65s yield by the electrolysis (mercury cathode) of the 

gg og - /\ 2 g 

cl 
- 

3 
cl 4 

diazonium salts derived from 2-amino-R-benzophenones (R = H, p-Me, 

p-MeO, m-qN) and 2-amino- 
B 

-benzoylnaphthalene (20). 

UV irradiation at 20” of aqueous mercuric chloride in the presence of 

organic acids (MeCOzH. EtCQH) or alcohols (MeOH, EtOH) gave methyl- 

and ethylmercury derivatives (by TLC, GLC) in low to trace yields (21) in 

reactions that may be of interest to the enviro-enialchemist but not to 

the synthetic chemist. 

3. USE OF ORGANOMERCURIALS IN SYNTHESIS 

A. Organometallic Synthesis 

Further examples of the application in synthesis of the metal dis- 

placement reaction involving organomercurials have been recorded: 

THF 
Ar,Hg + Ca ____j ArzCa + Hg (ref. 22) 

(Ar = Ph, o-MeCbH,, m+@%$&* P-MeC&, p-MeOC6H4, 2-thienyl, l- 

naphthyl, l-indenyl; Ph,C, Ph,CH) 

Refe?ences p_ 121 : 
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3 MeiHg. yk 2:In. ). ZMe$n +3Hg:. (ref. 23) : 

The~trahsmetalation reaction also has found app&ation: 
: 

~O~)~Mn&&Hg + 2 -BuLi --+> Z- (OC),Mn -@Li 

+ Bu,Hg (ref. 24) 

(O’&Mn + 2 BuLi d i 

i- BkHg + LiGl (ref. 24) 

Organomercury compounds also have found further use as weak 

alkylating and arylating agents in reactions with metal halides: 

benzene, reflux 
ArHgCl + BCls .> ArBCla f HgCla 

(AI- = o- and m- 
tolyl) (ref. 25) 

g + PhzBBr -> Ph,B 

Hg(CH&R)z 
&! 

+ 2 Me(Ph)(l-C,,H,)Si*X -> H&G 

(X = Br, SH, SSiMe,) + 

(ref. 26) 

2 Me(Ph)(l-C,,H,)Si*OC(R)=cJ& 

(These reactions are of the E&Z-Si type and proceeded predominantly with 

inversion of configuration at silicon (27). Transition state 5 was sug- 
cl 

gested. 

co?r-)zHg, THF -SnCl, 

+ SsC& _ . . Fe !a::.’ ..- _.. (ref- 28) 
a- 

. . . 1 +Hg- : ... 
. . 
: 1 _: _.. _ 

:. 
:_ :’ -. .(. . . 

:- :-. . . _. -.. :- .- : .y:;, :.:. _ . ..’ :. ;. .: . . . . . . __ -. . . . . .._ ?. .,.- .’ ._ .- 
: _ .: . . 





24. .: 
_. : 
: 

The following’rekion course was siggested for. this conversion: 

PdCl, .+ RtHg .-> RPdCl + RHgCL 

RPdCl + MeCsCMe ->. 
R\C=C/dC1 2MeCzMe 

’ ke 

-p> .- 

Me 

-W&l PhMe 
+ Me6Alz 

600 

(ref. 34) 

Me\ /Me, 
~A1,cl,Amep 

Fe 

a + MezHg 

B. Organic Synthesis 

The .conversion of organomercurials to organic halides by halogenoIy- 

sis of the C-Hg bond has been used preparatively in the past, and some 

new examples have been reported. 

(ref. 17) 

: 

.-. 
._ : 
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However., brorninolysis with copper(II)bro gave all possible bromi- 

nated clmantrenes (35): 

CUB& 

Mn(CO), ------+ Br 
-@- 

M&CO)3 

-I- 

Br 

MdC 01, 

+ 

r 

&t Br Mn(GO), 

Sr 

(4%) 

Br 

f Br n(co), 

(22%6) 

(4%) 

(26‘740) 

?r 

&@n(C O), + Br+$&dC 0)s 

06%) (14%) 

The reaction ofortho-mercurated aaobenzene with nitrosylchloride 

gave atriazole l-oxide via replacementofthe chloromercurigroup with 

a nitroso function (17): 

Treatment of q-mercurated ketones with acetyl chloride resulted in 

formation ofallylic,esters (5)~ .e-g- F 
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.o I.. CHCpo 

. . 

3 ‘Cl 

..HO 

\ 
Hg 

..(Y.. m .,.’ -. 0 
1 .YH3 

Arylesters of trifluoroacetic acid were prepared by reactionofarylmer- 

curie trifluoroacetates with lead(IV) trifluoroacetate (36): 

Pb(4CCFd, 
HgOzCCF3 CFC4H 

3 

Pb(QCGFd3 - 

Ried and his.coworkers have reported more synthetic applications of 

acetylenic mercu*ials. Bis(phenylethynyl)mercury is a desulfurization 

agent, as indicated in the reaction below (37): 

+ Hg(C=CPh)), 

+ 

2 PhCsCH 

f 

Hf.S 

Another reaction in which Hg(CECPh),.attacks at a C=S. linkage is i38):- 

: , 

. . 
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iI / -NH, 

2 c6H5-cxS 

(GH,-C=C),Hg 

> 

c6H5 N-NH2 
\/ 

\ 

s 
Hg 

i) 

6 

+. 2 PhC=CH 

C/ 

C6H5’ \N-NH 2 

With 2-aminothiophenol a mercury(Ii) mercaptide also is obtained (38): 

@ 

(PhCzC),Hg 
> 

+ 2 PhCECH 

The latter provides a good entry into heterocyclic chemistry: 

NBS 
> 

Bis-thioureas also were converted to various heterocyclic systems. Here 

mercury(II) mercaptides were formed in the initial reaction between Hg- 

(CaCPh), and the bis-thi0urea.s (38): 

Referencesp. 121 



The pyrolysis of these mercaptides was studied: 

cl 7a : -HgS - 

Cl 7b :- 
-HgS 

H 

-(” - =&% 
N/ 
i s 

NA -3.h = c&r* 
73 

HFN 
t 

-_ c6H5 



y3 

N 

G+ 

CH3 

+ PhN=C =NPh 

The “dimeric” mercaptide, obtained as shown below, gave no definite 

*composftion products on pyroIysis. 



ccf+orides with a variety of bases (NaOZ$e. KOGMe,, Na2COa, NaH) in 
: 

diglyme atelevatedtemperature was found to give epoxides and/or 

ketones; .J?or instance: 

Me,COK. lODo 
n-Bu HCH,HgCl 

ci 
OH 

Me3COK, 117” 
OH- 

45 min. 

Na OMe 

w 
115”. . 

n-BuC(0)CH3 

Q 

0 \ + 
(58%) 

(99%) 

0 

0 
(10%) 

The action of base on the mercurial was believed to give a zwitterion, 

RCHGH,Hg+, 

A- 

for whose decomposition conformation-dependent routes 

to the ketone or the epoxide were available. 

Nefedov, Sergeeva andEidus have continued their studies of aspects 

ofthe carbonylation oforganomercurials and other mercury compounds. 

The carbonylation ofalkoxymercurationproducts of ethylene, ROCH,CHr- 

HgOAc, proceeded in fair yields when R was n-propyl or a larger n-alkyl 

group, but not when R = Me or Et (40, 41): 

CO (50-150 atm.) 
ROCHzCHzHgOAc ) ROCH,CH2G~R + Hg + ROAc 

ROH, 150-250” 

(R = n-CsH,, -450/O yield) 

(R = n-C,H,. - 5% yield) 

(R = n-C&H=,- 20% yield) 

Inthis reaction;ROGH2CHzHgC@R is-formed first-and decomposes with 

extrusion ofmercury in a subsequent step. This carbonyiation reaction 
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may be. carried out without prior isolation of the B-alkoxyethylmercuric 

acetate by heating a suspension of mercuric acetate in the appropriate : 

alcohol under a pressure (70-80 atm. total) of carbon monoxide and .. 

ethylene (41). However, considerably better yields of ROCH,CH,CQR 

products were obtained when these reactions were carried out in two 

steps: (1) treatment of the mercuric acetate suspension in the alcohol 

with carbon monoxide (40 atm. at 230” for 3 hr.) and (Z), after cooling 

and venting, treatment of the resulting mixture with ethylene (35 atm. 

at 230” for 3 hr.). The ROCH2CH2CqR yields were in the 70-800/o range 

when this procedure was used (41). It was shown, by interception and 

reduction of the intermediates with sodium borohydride, that the two 

step procedure. does not involve the intermediacy of ROCHaCHrHgOAc, 

rather that the reaction sequence shown below is operative (42): 

Hg(C+&CH,), + ROH + CO -> GHsCQHgCQR + CHsOH 

CH3GOrHgC4R + CH2=GH2 + ROH =-> ROCH,CH,HgCqR + CH,COrH 

ROCH,CH,HgCO,R -3 Hg + ROCH,CH,CQR 

Similar carbonylation of the arylation products of alkoxy mercurated 

olefins was possible, but competing processes predominated (43): 

CH,=CH, -I- Hg(OAc), --> AcOC-H2CH2HgOAc 

1 

PhOCHa, HzSO, 

p-CH30C6H&HZCHzHgOAc 

p-CH,OC,rr,CH,CH,HgOAc t- HCqH + ROH -p> 

SW 
p-CH,0C6H4CH,CH, OCCH, L (16%) 

( + p-CH,0C6H4CH2CHs (28%) 

Referencesp121 

+ p-C-H~OC,H,CH,CH,C,H,oCH,-p (22%) ) 
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(The required carbon monoxide in these,reactions was producedbythe 

sulfuric acid-induced decomRosition of formic acid)._ 

The synthesis of symmetrical dialkyl carbonates by-mercuric 

acetate-induced carbonylation of alcohols has been reported by the same 

group (44-47): 

Hg(Q&H& + CO + ROH _j CH3CqHgCQR + Cti,CQkI 

GH,G&HgCqR + ROH .-> (R0)2C=0 f Hg + CH,CC&H 

These-reactions were carried outat150-250° and 50-150 atm. Unsym- 

metricaldialkyl carbonates were obtained in a two-step procedure (46): 

‘20-120 atm. 
Hg(C&C_CH,)2 + ROH + CO 

25 
CH,CQHgCQR+CH,GQH 

-0 

70-100 atm. 
GH3GC&HgC~R+R'OH 

18o-200' 
RO OR’ + Hg + CH,CQH 

Similar mercuric acetate -induced carbonylation of primary and secondary 

axnines also was found to be possible (48,49)- These reactions, carried 

out at 150-ZOO”.and 90-100 atm., gave N-alkylformamides in good yields. 

However, such a ‘reaction with aniline gave N, N'-diphenylurea. 

Previous AnnualSurveys~have given examples ofthe use oforgano- 
-. 

mercuriafs in the in situ generation of o-organopalladiumintermediates 

whose further conversions gave organic products. Further examples 

have been reported: 

50 atm. CO 

fLi,PdCl,] 
> 

Me OH 
(ref. 50) 

+ 

(35%) 

(30%) 



(ref. 50) 
> 

& 
+ 1 \ CC&Ie 0 S 

. (35%) 

S 

Li,PdCl* 
+ J=HgCl v 

(ref. 51) 

G. Halomethyl-Mercury Compounds 

New halomethylrnercurials have beenreported;improved syntheses 

of some known halomethylmercurials have been developed and new divalent 

carbon transfer reactions of this class of reagents have been recorded. 

Phenyl(trihalomethyl)mercury compounds (PhHgCCl,, PhHgCCIZBr 

and PhHgGBq) can be prepared in a two-phase system in a reaction which 

involves the addition of an aqueous solution containing 2% by weight each 

of sodium hydroxide and potassium fluoride to a suspension of phenyl- 

mercuric chloride in the haloform (or in a diluent containing the haloform) 

and a small amount of triethylbenzylammonium chloride (52). This pro- 

cedure has advantages over the THF method (Seyferth and Lambert, 1969) 

in that potassium tert-butoxide is not required as the base and the reaction 

can be carried out at room temperature. It has the disadvantages that the 

yields of mercurial product are lower and that an excess of the haloform 

appears to be required. 

with chloroform to give 

The room temperature reactioubf PhHgNEta 

PhHgCCls ih 75% yield has been recorded (53). 



Ad imptdved synthesis of PhHgCClrF has been developed and. as a 
‘. 

: result,.. this compound map now be considered a. practical-reagent for-the 

generation of fluorochlorocarbene (54). A noteworthy observation made 

during the course of this work is that PhHgCC1,F is about four times 

more reactive than believed originally (Seyferth and Darragh, 1970). New 

examples of its synthetic utility were provided (Table 2). The reaction 

with thiobenzophenone proceeded as shown below. 

/ J PhHgCClrF + Ph,C=S .-> PhHgCl + CPhzC 

1. I 

1 

CClF 

Ph2c=CC1F + S8 

Improved preparations of PhHgCF, and of (CF,),Hg (14) have been 

mentioned in Section 2. The ready availability of the former mercurial 

directly from the easily prepared phenylmercuric trifluoroacetate should 

make it a much more practical CFa generator (55). The results of the 

Russian workers (14) suggested that (CF&Hg was not a good CF, precursor 

(via ,the sodium iodide procedure): 

(CF&Hg ?_ 2NaI + 2 >CxC< E> 2 

1-1 
(- 357% for cyclohexene 
and CH,CQCMe=CH,) 

ihwe ve r, (CFs),Hg can serve well as a CF, transfer agent, as work at 

M. I. ‘1. has shown (56). Thus, the _(CF,),Hg/2NaI combination reacted 



TABLE i 35. 

REACTIONS OF PHENYL(FLUORODICHLOROME-l-HYL)MERCURY” 

Reactant (mJ4 PhHgCCZ,F Product (Yield Q/o)b PhHgCl 
(mol) yield (“/,) 

0 I (62) 18.6 

0 I .(650) 

Me,SiCH,CH=CH, (32) 14.0 

Me&=C(Br)CH, (60) 18.2 

Me,C=CHCl (74) 17.3 

CH,=C(CHa)CH,Cl (75) 16.1 

Et,SiCH=CH, (24.4) 15.1 

&I / (65) 20.3 

Et,SiH (50) 

PhN=CCI, (3W 

Ph&=S (1X7)6 

216.0 

18.3 

21.2 

14.8 

F 

CL 

Me F 

Me F 

Me Cl 

57 
H Cl 

F Me 

Cl 

v 

CH2CI 

H H 

Cl 

Et,SiCHClF (80) 84 

ccl, 
Phc 1 

-klF 
Ph,C=CClF 

86 

(78) 85 

(91: 90 

(80) 92 

(72) 85 

(80) 86 

(65) 81 

(42) 88 

(42) 

(74) 

(75) 

87 

85 

a Reactions carried out in benzene solution at refhrx, with stirring under nitrogen, for 20 h unless otherwise 
specilki. b Yields were calculated assuming that the mercurial charged was pure PhHgCCl,F ; because of 
the inert Ph,Hg contaminant in the mercurial, these yields are somewhat lower than the actual yields based 
on PhHgCCl,F in the mercury starting material. c 40 h reaction time. d 48 h reaction time. 

(from D. Seyferth and G.J. Murphy; J. Grganometal. Chem., 49 (1973) 117) 
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(20 hr. _. at refiux) with anexcessof cyclohexene id-benzene solutionto 

give-7;7-difluoronorc&ane.in 79% yield: A similar reaction with allyl- .. 

trimethylsilane gave l,l-difluoro-2-trimethylsifylmethylcyclopropane in 

.89970 yield. The decisive factor inthese reactions, as in those of PhHgCFs, 

:is the choice of solvent: much better results are obtained whenthese 

reageuts, in combinationwith NaI. are used in benzene rather thaninthe 

ethers which serve well inthe case ofthe PhHgCCl~/NaF system. 

Full details have been provided concerning the synthesis.ofphenyl- 

(fluorodibromomethyl)mercury, a reagent which releases CFBr under 

exceptionally mild conditions (57)_ This compound must be prepared at 

low temperatures: 

THF, -65" 
PhHgCl + Me,COK + CHFBr, --> PhHgCFBr, 

(2 equiv.) (35-40%) 

THF, -25" 
PhHgCl + NaOMe + CHFBr, p> PhHgCFBr, 

(2 equiv.) (50-55s) 

As a solid, this mercurial is stable for longer periods of time at O”. but 

it decomposes slowly atroomtemperature. In solution, it is quite un- 

stable. Oxygenated solvents (ketones, alcohols, ethers) induce its 

spontaneous, exothermic decomposition. This general instability results 

in high reactivity as a CFBr reagent (Table 3). 

Anew mercury reagent has been prepared whichprovides a route to 

tetrafluoroethylidene, GF3CF (58): 

THF, -35'= 
PhHgCl f (;FsCHFBr + NaOMe (inMeOH) .-> PhHgCFBrGFs 

+.NaCl+MeOH 

Addition of this carbene to olefins and its insertion into the Si-Hbond of 

triethylsilane were described: 

.- 
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-TABLE 3.REACTIONS OF PHENYL(FLUORODIBROMOMET~L)MERCURY 

barhenpphile Product yield ( %) 

4 days at 
room temp. 

2omin 
at 800 

Isomer 
ratio 

n-&H, ,CH=CH, 

cis-CH,CH=CHCHs 

mm-CH&H=CHCH, 

CCI,=CHCl 

CH,=CHCN 

O I 3 
(CF,Cl),C=O 

W-h r 
F 0r 

CH3 C’43 

95 
H H 

F Br 

CH3 

‘x= 

H 

H‘ CH3 

F er 

CH$iiMc, c 
F e.r 

Sit+3 

Jr 
F 8r 

Cl 

>x’ 

H 

Cl Cl’ 

F er 

Jr 

OsCH3 

F Br 

T 

CN 

F Bl- 

F 

Br 

(CF,CI,,C,--/FEW 

58 58 

32 30 

78 72 

99 1.70 

I 

98 

60 70 

55 2.5 

58 1.95 

95 1.5 

33 24 1.9 

57 

74 

Et,SiH Et,SiCHFBr 87 68 

(from D. Seyferth and S.P. Hopper, J. Organometal. Chem., 51(1973) 77) 
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38’ _, .. 
:: .: 

. 
\/- -. 

‘+hHgCFB.rCF, + 
; 

),A,. 
155” .- 

, 24h PhHgBr + 
7 ,F. 

I 
AzFs 

/c\ 

155” 
PhHgCFBrCF, +.Et,SiH 

Z4h 
PhHgBr + Et$iCHFCFs 

Some examples are given in Table 4. 

The new compounds PbHgCFClCqR (R = Me, Et) and PhHgCFBrCC&Et 

also have been prepared by reaction of the respective alkyl dihaloacetate 

with potassium tert-butoxide and phenylmercuric chloride or by the mer- 

curation of the respective ethyl trihalovinyl ether with mercuric nitrate 

in ethanol, followed by redistribution of the mercuration product (59): 

1.5 t -BuOK HCl-H,O 
PhHgCl f- HCCIFCOaCH,’ _I_____j p> 

THF/-6 0” 

and : 

CBrF=CFOEt -f Hg(NQdt 

Br 

03NHgCFBrCQ_Et 

GlHgGFBrGQEt 

PhHgCClFG4CH3 (447’0) + t -BuOH + KC1 - 

EtOH 
> 

< > 

+ EtF + HNQ 

PbHgCFB+QEt +- PhHgCl(s) 
.- 

-. 



~LBLE 4 

&EACrIOBJs = OF PfiENYL&BROMG1,2,2,2-TETRAFLUOROETHY LIMERCURY 
1 

+ ?benoDhile Rod& 1% yieldl Isomer ratio 

39 

C,H,HgBr 
I% vie14 

0 I 3.4 96 

0. I 
5 -C3H, 

\ /” 
C_ 

H / ‘%%-n 

b 
->-C5H,,CH=CHz 

kt SiH 
r3 

n-=3+ 
l-l 

H 

Y 

C3H7-n t80j 

F =F3 

d 
Wh- n 

(70) 

F =f=3 

CH2Si Me3 

d (93) 

F =?I! 

Et3SICHFCF, (53) 

(87) 3.6 87 

92 

1.9 80 

1.8 99 

61 

Reactions at 15S” for 24 h in a sealed tube, carhenoph.iIe to mercurial ratio of 3. benzene tient, unks~ 
otherwise noted. h 72 h reaction time. C OLefin (10 ml) used as solvent. 

Ifrom D. Seyferth and G.J. Murphy, J. Organometal. Chem.? 52 (1973) Cl) 

These mercurials were found to be effective FCCQR transfer agents at 

temperatures above 125“. reacting with olefins to give gem-fluorocarbo- 

alkoxycyclopropanes and inserting FCCQR into the Si-H bond of triethyl- 

a also could silane. Addition of FCCQEt. to C=N bond 

Referencesp.121 
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1 part 2.45 parts 

PhHgCFClc(&R +Et,SiH e Et,SiCHFCQR -t PhHgCl 

PhHgCFBrCQEt + PhN=CCl, 7> Ph 
/ 

-2 

This work is surrnnarized in Tables 5 and 6_ Also noteworthy is a 28 

reaction which implied the insertion of FGCqEt into the Hg-Cl bond: 

PhCZ, 133” 
PhHgCFBrCQEt + PhHgGl b> PhHgCPClC 4Et + PhHgBr 

The first halomethylmercurials Containing an amide function have 

PhHgCl + HCX, + Me,COK -> 

(X = Cl, Br) 
+-Me3COH + XC1 

Tke des~mposi~Cx.-of these mercurials in refluxing bromobenzene gave 

the: isomcric halo-g-&tams via ihe novel intramolecular insertion of the 

carbene center into an@ C-H bond of the piperidino substituent: 

. : 
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(8%) (85%) 

1.7 hr, PhBi 
PhHgGBr, ___I___) PhHgBr (98%) 

reflux 

(14%) (47% 1 

Further examples of the use of phenyl(trihalomethyl)mercurials in 

cyclopropane synthesis have been published: 

(ref. 42) _ 

Et&=CHC4Et 

PhHgBr, 

(ref. 63) 

PhHgCCl, . 
> 

(ref. 64) 

pq 

Br Br 

(65%) 

(88%) 

PhHgCCl,Br 

-. 
: 

. 
,. 

H 

CQEt 

CC&Et 



PhHgCClzBr 

(ref. 

Cl 
Cl 

cl 9. 

(The relative reactivities toward PhHgCGlzBr-derived dichlorocarbenebf 

o&fins 
cl 8 (0.264 vs cyclohexene), 9 (O-204), methylenecyclohexane 

cl 

cl 

(4.57) and 10 (2.95) h s owedthatthe ketal oxygen atoms in 9 q andm 
have no synergistic effect on the addition of GGlz to the C=C bonds in this 

series of olefins.) 

r 

Cl 

AC 

PhHgCCl,F 

(ref. 66) ' 
H 
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by ring openi&of the other cyclopropane 

El 12 
cl 

13 

’ I_ . 

Not all olefins react with PhHgCXs compounds; steric hindrance can 

inhibit CS addition. Thus tram-Rpinene did not react with PhHgCCI,, 

nor with other Ccl, sources (67). 

‘ihere have been reported new examples of reactions of PhHgCXs 

compounds with CrN and N=N containing compounds. 3-Methyl-i! -phenyl- 

1-azirine reacted with PhHgCCh in refluxing benzene to give N-(dichloro- 

vinylidene)-I-(1-phenylpropenyl)amine, presumably by one of the two 

routes shown below (65). 

UI 

N 

e PhHgCCla Cl 
Ph 

H A 

Me 4 Ph + 
H 

inor by-product arose from 
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addition of further Ccl, to the G=N bond (not the C=C bond) of the product: 

Cl Cl 

The action of the PhHgCC&Br/NaI reagent on 2,3-diethyl-l-aziridine in 

benzene/DME at room temperature proceeded similarly, giving N-(di- 

chlorovinylidene)-3-(3-hexenyl)amine. 

Formal 1,4 addition of Ccl, to compounds containing the N=N-CsO 

(azodibensoyl) and N=N-C=O systems c (ROzCN=C(C4Et)z] has been 

reported for reactions utilizing phenyl(bromodichloromethyl)mercury as 

Ccl, source (69): 

PhHgGXzBr + PhClrT=NsPh - 

8 0 

PhHgBr + PhC(O)Gl + X Ph 

via : 

Ph 
PhHgCXzBr + > 

CPh 

8 

0 

Phc! 

Ph 
a 

- 
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(1,4 Addition of Ccl, has never been observed with C=C-C=O or C=C-C=C 

systems). 

More papers have been concerned with insertion reactions of PhHg- 

GGlxBr-derived dichkxocarheue, A study of fsse. ste-s~sks-mJs’sry oS the 

insertion of Ccl, (via PhHgCClaBr) into the benzylic C-H bond of (+)-2- 

phenylbutane has shown that this r.eaction occurs with predominant 

. retention df configuration’(70). This result, as well as those of a 

Hammett study of reactions of this mercurial with substituted cumenes, 

ZCsH,CMe,H (Z = p-Me, ptF, p-Cl, m-CF,, H),indicated that thi-s 

insertion of Ccl, is a concerted process in which only a small partial 

positive charge is -developed at the carbon atom into whose bond to 

hydrogen G& is being inserted. In another stersochenical study it 

. . 
::. 

: 



PhHgCCls + NaI + CL$5iSiCl,. --> G1$5iSiC&GCl~ + PhHgX 
.c 

(orPhHgCGIr@r) (- 30%) 

Halomethylmercuriats also can be sources of halomethyl radicals, 

pravkledeenonghenergy fog homolytic: C-Hg bond rupture is supplied. 

In this connection, we note that the C&C- radical(whose ESR spectrum 

was studied) has been generated from Hg(CCl,), (73). 

4. t%TisxC’LSRATZ~ OF U~SATcTxftTB~ C-O3&POI3~ 

A. Olefins and Acetylenes 

The general scope and regio- and stereoselectivity of the solvo- 

mercurationprocesses, notably oxyrnercuration, now are reasonably 

well understood. However, researchactivity devoted to the mechanism 

of this reaction and its stereochemicalprinciples continues. 

Olah and Clifford (74) have published full details of their character- 

ization by W and SC NMR of stable mercurinirnrz iuns in ssp-erack3 

media at low temperatures. Two procedures served infheir grepara- 

tion: 

>=< + Hgr+ niou; ) 
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The &rnary bdnd&gis b&eved-to be on& involving dverlap of the 

mercury 6s orbital with the-a cloud of the olefii: 

.- 

The possibility of rapidly equilibrating &mercury-substituted carbonium 

ions was rejected on the basis ofthe available data. Among the ions 

studied were the following: 

J$gz+ ‘7 H3 

) kk+ 
ylz+ 

/’ 

CH&>H, 

i 

CH,C$ 
' '\ 

--CHr 

,A 

CH,--- 
E 

’ +H 

H CH3 

The superacids used as ionizing media in this study included FSO,H/- 

SbF,/SQ , SbF,/SQ, FS03H/SbF,/SC&ClF and SbF,/S02C1F. As the 

authors point out, the successfu’, generation of such mercurinium ions 

under these very special conditions has no direct bearing on the question 

ofwhether or not suchmercuriniurnion intermediates are involved in 

solvomercuration of olefins under the more usual conditions_ Many 

workers seem to acceptasthe preferredmechanism ofthe solvomerc- 

uration reaction one that involves reversible formation of a bridged S- 

complex, i.e., the mercurinium ion (k,), follmd by rate-limiting 

attack by the nucleopbile (usually, butnotalways, the solvent) on this 

intermediate (kz): 

: : 
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JS< px+= kl, >, ).< ,== 3, r 
7$-y- 

k-l 
‘\/’ 

k-2 
Hg%I 

+I!Igx 

Others, however; consider the mercuriniurnion an unproven and.unneed- 

ed intermediate. Thus Bachand Richter (75) argue strongly in favor of 

the mercuriniumion intermediate in their paper on the oxymercuration 

of cis- and trans-di-tert-butylethylene. On the other hand, Brown and 

Kawakami (76)intheir paper on the oxyrnercuration-demercuration of 

7,7_dimethylnorbornene and related olefins state emphatically: ':We 

discard the symmetricalmercurinium ion in interpreting our results. 

We prefer the concept of electrophilic attack by the mercury species, 

-I- 
HgX, at the least substituted carbon atom ofthe double bond. This 

produces a mercury-substituted carbonium ion which reacts rapidly 

with the solventfromthe trans direction, if that is unhindered, but from 

the cis direction in molecules such as norbornyl in which the endo 

direction is strongly hindered." 

When the acetoxyrnercuration of cyclopentadiene in glacial acetic 

acid was followed by conductometric measurement, it was foundthatthe 

conductivity increased as the olefin was added. This behavior was 

ascribed by the authors to the formation of a mercurinium ion inter- 

mediate (77). 

The stereochemistry and relative rates of oxymercuration of cyclic, 

bicyclic and a few hindered olefins have been studied (78: Table 7) (79: 

Table 8). The rate of the oxymercuration reaction is not increased by 

an increase in the strain energy of the olefin, and it is steric effects 

which appear to be of importance. This confirms thatk2, the.attack by 

the nucleophile on the positively charged intermediate, is the rate- 

rY6termining step. This workby BachandRichter (75, 78)is noteworthy 

in that it provides the first example of the syn addition of the elements 

of XHg-OR to a noncyclic olefin: 
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: 

.:Tabie 7, .--- Relative Rates and Stereqchemistry of Oxyrkercuration of .. .. 
. 
‘Some’.Str&ned Ok&ins (from R: D. Bach.and’-R.. F. Richter;. 

Tetiahedron Lett. (1973) 4099). 

Alkene 
Mode of Relative Strain 

Oxymerkuration Rate Energy 

norbornadiene syn . . 

trans-cyclooctene .- 

l-octene 

wn 

anti 

norbornene 

1-methylcyclohexene 

benzonorbornadiene 

cyclohexene 

4-t-butylcyclohexene - 

cyclobutene 

bicyclo~4_2_Oloct-7-ene 

bicycloC3.2.lloct-2-ene 

bicycloC2.2 _ 2 loctene 

cis-cyclooctene 

cis -di-t-butylethylene - - 

trans -di-t-butylethylene -- 

cis-cyclodecene 

trans-cyclodecene 
- 

syn 

anti 

sw 

anti 

anti 

anti 

syn/anti 

syn/anti 

syn/anti 

anti 

anti 

syn 

anti 

SYD 

dibenzobicycloC2.2. Zloctatriane s yn/anti 

C4.4.2lpropell-11-ene anti 

adamantylidene adamantane 

27.0 

lo_ 1 

9.5 

4.5 

2.2 

1. 1 

1.0 

0.96 

0.40 

0.17 

0.065 

0.030 

0.004 

0.001 

no reaction% 

slow 

slow 

slow 

no reaction 

no reaction 

31.59 

17.85 

23.62 

2.68 

2.61 

15.99 

8.81 

16.37 

6.01 

11.63 

11.95 

. . . . 
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Table 8; Stereochemistry of Oxymercuration of Some Cyclic : .. 

-0lefins (from W. L. Waters, Ti G. Traylor and 

A. Factor, .J. Org. Chem., 38 (1973) 2306) 

Cycloalkene 
Stereochemistry of Stereochemistry of 
hydroxymercuration methoxymercuration 

Gyclobutene 

Cyclopentene 

Cyclohexene 

Cycloheptene 

cis -Cyclooctene 

trans -Cyclooctene 

cis -Cyclononene 

trans -Cyclononene 

Trans 

Trans 

Trans 

Trans 

Trans 

Cis 

Trans 

Cis 

Trans 

Trans 

Trans 

Trans 

Trans 

Cis 

Trans 

Cis 

HdClO,), HgX 

2 days, CH,OH OCH, 

t_C4H9 

Waters et al (79) relate the tendency of an olefin to be oxeercurated 

via a trans mechanism to its ability to form the normal anti transition -- 

state : 

I;IgOAc 

(I)% 
2n ; 

HOR 



-~tbis transition-state is.enengetically unfavorable.-.bkause of steric or 

twist strain reas,ons ,.cis addition-.will occur. 

The kinetics of hydroxyrnercuration-of various cycloalkenes and 

&ethylenecycloalkanes were determined by Halpern etaI. (80); of 

interest in this study is the facile decomposition in strong acid solution 

of the-hydroxymercuration product of 1-methylcyclobutene: 

PH 
C-CH3 -t 

-H+ 
> 

The hydroxymercurationproductofcyclobutene &as muchmore stable 

but did decompose slowly to cyclopropanecarboxaldehye, especially in 

strong acid solution: 

Results obtained in studies ofthe kinetics ahd mechanism Of&#-unsat- 

urated.ketones (81), esters (81, 82) and acids (82) also have been 

interpremd using the mercuriniumion intermediate hypothesis, 
l 

'. 

,- 
:. 

: 

. . . .: 
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As indicated above, the stereochemicalcourse ofoxyrnercuration~of- 

acyclic olefins usually involves anti addition; Athorough study ofthe - 

methoxymercuration oftrans- and cis-ethylene-1,2-d, by.NMRhas pro- 

vided full confirmation ofthis (83): the trans compound gave erythro-. 

1,2-dideuterio-2-methoxyethylmercuric chloride; the cis compound gave 

thethreoisomer. Suchantistereochemistry was observedin a case 

where the nucleophile attacking the positively charged intermediate~was 

a C=C unit within the same molecule (84): 

Further examples of more synthetically oriented solvomercurations 

or of the solvomercuration-demercuration sequence may be mentioned. 

It has been found that the cyclizing oxyrnercuration of o-allylphenol 

with mercuric salts of chiralcarboxylic acids, followed by demercura- 

tion of the products with sodium borohydride, gave optically active 2,3- 

dihydro-t-methylbenzofuran (85): 

OH 

I 
NaBH, 

The extent of asymmetric induction was low (C5% excess of enantiomer). 

DMSO (4 moles per mole of mercuric carboxylate) favors this process 
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aqd,&e- highest optical- yields were obtained with m&dury(II) salts of 
. . . 

.amino acids (kT g;, Kg[(S) -valinate],. -. ._ : 

.Ffier organic compotids which w&r& i&e+igated: 

bicytilic-olefins (86): 

terpenes (87): 

H 

&?#P . 
HO 

P 

I- Hg(OAc&THF- 40 
c 

2. NaBH, - NaOH 

H 

..t;y?i H 
HO 

.- 



.and (88): 

ode 

1) Hg(OAc)n 

2) NaBH4 - 

flavenes (89): 

1) Hg (OAcIa 

2) NaBH4 

OH 

R1 R* R3 

(2)H H H 

(3) OMe H H 

(4) Me H H 

(5) OMe OMe OMe 

(6) OMe OMe H 

vinylprotohemins (90) : 

Hg K?zQ3=5)2 
MeOH _ 

CH2 
I 

-h? 
I 

c”’ 
yk 

COOH cow 

Fkferenm?sp.121 

NaBtip air c 



-2 
I 

7% 

CH2 
t 

7% 

COOH COOH 

Iohg chain unsaturated esters (91): Examples of the methoxy- acetoxy-, 

and acetylam+o-mercuration of methyl oleate, with subsequent demer- 

curation with NaBH.+ 

vinyl ethers (?2): 

ROCH=CHr + Hg(OAc), -> AcOHgCH,CH(OR)OAc 

MeOH 
ROCH=CHr + Ng(OAc)z -> AcOHgGH2GH(OR) 

(R = AC, Et, n-Bu, c-CbH,,, 

Ph> P-~NCGH,) 

(OMe) 

(yhese adducts were stable only below 0”. Treatment with aqueous NaCl 

converted them to CIHgCH,CH=O). 

-unsaturated aldehydes (93): 

Hg( OAc)z, &Se 6l-I HgOAc 

RCHaCHCHs;O ) RCH(OMe)&HcO 

(R = CHs, C6H5)- 

CH,=C(CH,)CH=O -> AcOHgCH,~(CH,)CWsO : 
ocH, .’ -y 

. . _ 
_ 

-. : -. : -_ 
: 

: . . _ 

:. :: _._...- : 
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Hg(OAc), 
PhGH=GHCH=O -Me. Ph7HCH(HgOAc)CH(OOtiMe3j2 _. 

3 OOGMe3 

ally1 urea .(labelled mercury) (94): 

-g(OAc), NclCl 
CH,=CHCH,NHCONH, 

MeOH 
-> ~lHg*CH,~HCW,NHCONH, 

OMe 

(with 19’Hg and Z’“Hg) 

a triene (95): 

1) WdOAc), 
H roQH > clH& (80%) 

2) NaCl 

+ 

clHgJ+J-O~H (5%) 

i ; 

Also carried out were mercuration-demercuration sequences: 

HdOAc), 

1 min. 
25” 

(18%) 

+ r&y + Ha-- . 
Ti. k 

(68%) .- (14% 1 

Similar cyclizations were observed with dienes (96), but only in the 

presence of an acid catalyst: 

Refemxis~. i21 



vinyl halides (97): 

RCH= 
jx HZ0 

\ 
+ H$-‘- F-> 

w 
RCH,CR + +HgX 

(via RYH-CH(OH)XR and p 1’ 

Hg+ 

e rmination of HgX+ from tbis intermediate). 

terminal acetylenes (98): 

HdOAc), 
RCHZC=CH MeOH> 

NaBH, OMe 

NaOH 
CH,=C’ 

‘CH,R 
(65%) 

(R = n-C,H,,) 

Hg(OA+ 
RCH2C=CH EtOH> 

NaBH, ,OEt 
NaOH -2=c\ CH R (36%) + (RCH~C=C)~H~ 

2 

but: 

Hg(OAc), 
~CH,C=GH -MeCoH~ only (RCH,C=GHg. 

3 

Hg(OAc)2 
J&H&JCH 8_ CIss>R !8iot the enamine) 

H 
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Hg(OAc), : 
RCH,+H -> (13%) 

R. 

Of special interest is the mercuration of an acetylene while it is coordi- 

nated to a transition metal (99): 

(L = Ph$?, PhzMeP; X = Cl, Br) 

The addition of mercurials containing only Hg-C bonds ta un- 

saturated systems has been reported. Alkenylsilanes have been 

mercurated with Hg[C(NQ),l (100): 

Hg[C(NC&),], t MesSiCH=CHr e (MesSitHwg 

fi 
W? 

C(=?d3 

(91%) 

Me3SiCHBrCHZC(NC& 

Me,SiCH2CH,CHzCH2 + Hg[C(NC&)3]2 

Hg+HaCHCHzCH2SiMea j2 

&NQ), 

1. 

HCl 

With allyltrimethylsilane loss of the trimethylsilyl group was observed, 

giving [(4N)3CHgC~~]zCCi=(Nq)31~ -_ as. fmal product: 

References p: 121 
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While such additions of the very polar-Hg[C(NQ)s]r- are not surprising, 

the addition reactions of di-tert-butylmercury to strongly activated C=C 

linkages, as well 2s to some CZC and N=N bonds are noteworthy (101): 

\ HCN (Me3C)2Hg. 25” I ‘iN. 
c-c 

/ ‘Y 
> 

(Occurs with Me,C=C(CN),, Me,C=C(CN)CQEt, PhCH=C(CN),, p-MeC6H4- 

CH=C(CN),, p-C1C6H4CH=C(CN)r ) 

HC=CCC&Me + (Me,C)rHg 
Me,C\ 

H/c=c CC&Me . p Hg 

EtqCC=CCqEt + 

2 EtO&N=NCC&Et 

(M%C )i% & 

+. (MesC)rHg -> 

Et4c\N+f;~;e3 i_ EtqC\N_<qEt 
Me,CkTg( Me,& Me, 
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Demercuration of ihe products was easily effected with organotin -. 

hydrides : ._ 

.benzene, O” 
Me,CHgZ + ,R,SnH 

(exothermic) 
> R$nZ + Hi -I- i-C,H1, 

For most of these addition reactions the authors assumed a polar, 4- 

center transition state, but radical processes occurred as well. 

B. Cyclopropanes and Cyclopropenes 

The stereochemistry of the oxymercuration of cyclopropanes, which 

results in opening of the three-membered ring, has been studied by two 

groups (review: ref. 2) _ Sokolov et.al. (102) established that during 

hydroxymercuration of optically active trans-1,2 -dimethylcyclopropane 

the nucleophilic attack by OH- occurs with predominant inversion of con- 

figuration: 

l-i =H3 

HdOAc), NaBH, 
VH 

- ’ 
Hz0 2" h3 

\‘GH - 

CH,HgX H 

A more comprehensive study of the methoxymercuration of cyclopropanes 

has been reported by DePuy and McGirk (103). This work showed that 

the stereochemistry of the reaction of the RCQHg+ species is generally 

determined by its attack at the least substituted C-C bond of the ring: 

that the nucleophile reacts almost exclusively with inversion: that in a _. 

completely symmetrical system (all ring bonds identical), inversion 

predominates slightly in the attack by RGqHg+. The results obtained 

with cis cis -1,2,3 -trimethylcyclopropane demonstrate the latter point: -’ - 

Referencesp.121 
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'Tab%9;,-The-Stereochemistry of Cyclopropane Ring Opening-by :- 
__-: .-. 

&&&&ic Acetate (fromC_ H.-DePuy and R. H. McGirk, 

. . J. A&er. Chen+._Soc.., 95 (1973) 2366) 

Co&otind 

.!$ereocher&stry SteFeochemistry 
df electrophilic of nucleophilic 
attack(O/o inver- attack.(% inver- 
si0n)a si0n)a 

CH3 

ebc C6H5 

CH3 

CH3 

C6H5 

LOOb 

100b 

100 100 

100 100 

100 100 

72 75 

82 91 

90 12 

:_ (oontin~ed) 
_. :.... . . . _. 

:. _- ; _: _, -: 
_ .~ : ~. 

_‘..I .._ -.. ,. ., 
:. 

.; 

:. 



GH3 
=H, 

I/\. 95 

OCH, 

40 

CH3 
OCH, 

&J 
10 

62 100 

67 

inversion 

inversion 

(62%) 13W’ob) 

Table 9 shows the stereochernicalresults. 

Ring opening of tricycl0~4_L_O_O~~~]heptane by Hg(II) compounds has 

been described by MUlIer (104, 105). Oxyrnercurationwas carried out 

under various condition: 

Referencesp. 121 
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Mercuric acetate in methanol:. 

1) Kg(OAc)z + MeOH 

2) NaCl 

Mercaric acetate in aqaecsas &etrahydruEurarr: 



Phenylmercuric acetate in methanol: 

The suggested mechanism is as follows: 

c9 
> *co*ga _ g 

Hg(aAc), 

q 14 q 15 

strong nucleophiles such as. methanol. In the absence of strong nucleo- 

philes, products derLved from 15 are obtained. q Other reactions studied 

included: 

(i-:3) 

Referencesp.121 
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.~ 
The oxid+ive cleavage of cyclopropenes has been in%e&igafed by 

:JapSnese wbrkers. (106): . . 

.A . . Me_ 

7. \. 

Hg(tiAc), 
l/ 

s 
._____j II 

-x 
.Me Me 

jAcO)ZC :H Me 

. 

Mdd\Me CH,S1, 

(65%) 

cl 16 

The following reaction course was po.stuIated: 

H Me 

.w 
Me Me 

Hg(OAc), 
> 

%dOAc)Z 

The reaction of benzocyclopropene with mercuric acetate 

examined: 

also was 

(80%) 
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This reaction ma? postulated to proceed via: 
- + 

q 17 

C. Aromatic Compounds 

The mercuratioa of benzene with mercuric trifiuoroacetate is an 

excellent route to PhHgQCCF3 (107): 

Hg(QCCF,),- + %H6 

CICHzCHzCl 

CBF3- OEtzl 
> C6H,HgqCGF3 + CF,CqH 

lhr_. 2o" (99%) 

The reaction is first order in each reactant and the activation energy is 

13.2 kcal/m& The directmercuration oftetrafluorobenzenes with 

mercuric trifluoroacetate was found to be a good route to tetrafiuoro- 

phenylmercurials (108): 

160-200” 
ArH + Hg(QCCF& .-> ArHgqCCF, + CF&QH 

(Ar = o-HChF,, m-HCgFa, p-MeOGF.+, o-4&F4) 
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o- or m-HzCbFs +. 2 Hg(QCCF,); -1.5 -2 .CF,Gc&H .. : 

-~ ._ + o- or-m-(CF,CC@g),C6F, .- 

‘_ 
Mercuraiion of p-MeOC6F4H with kgBrG2- under basic conditions in 

aqueous tert-butanol gave a good yield of (p-MeOC6F,),Hg. but this. 

procedure proved not to be a useful synthetic route to other tetrafluoro- 

phenylmercurials. The tetrafluorophenylmercuric trifluoroacetates 

prepared during the-course of this study were symmetrized: 

MeOH 
ArHgQCGF3 + 4 X- __1__3 Ar,Hg + HgXa2’ + 2 CFsCq- 

(X = Cl, Br) 

and converted to the respective arylrnercuric halides and acetates by 

diver se metathesis reactions _ Among the compounds prepared were: 

(X = Cl and Br) 

The action of aqueous mercuric acetate on (trimethylammonium)- 

anilinium diacetate gave a trimercurated product, 18 (109). 
cl 

2 OAc- 

AcOHg Hg OAc 

cl 
18 

This synthesis was carried out as part 0f.a program for the localization 

of’pharmacologicsl receptor sites by electron microscopy. Another 
: 

group has’ prepared several 5 ‘-triphosphates of the mercuri-nucleotides 

-. : 

‘. 
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I..--.HgX.~.- -.6-_ -<%. ... 

HOd Hoci Hoc$ 

or 03 or (H) 

cl 19 cl 20 cl 21 

These compounds (X = OAc). in the absence ofaddedmercaptan, were 

not polymerized. Addition of mercaptans gave the thiomercuri analogs 

(X = SR) which were found to be excellent substrates for allpolymerases 

tested. Important biological applications of these novel mercurials were 

suggested. 

The directmercuration of transition metal complexes of aromatic 

molecules is a known reaction_ New examples have been reported: 

/\ Q 
Hg ( OAc), 

--GE-+ 

gOAc 

c:'oj, 

(ref. 111) 

Gj, 

As expected, benzenechromium tricarbonyl is Iess reactive toward 

(electrophilicj mercurationthanis uncomplexed benzene_ 

Referencesp.121 
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: 
Hg(OAc)r LiGl 

[HC1043 3 - CIHg 

(ref. 24) 

Detailed directions for the preparation (by direct mercuration of ferro- 

cene) and purification of chloromercuriferrocene and l,l’-bis(chloromer- 

curi)ferrocene have been provided by Rausch et al. (112). 

5. ORGANOFUNGTIOi’JAL ORGANOMERCURY COMPOUNDS 

A. Highly Halogenated Organomercurials 

Reference already has been made to some compounds of this class in 

previous sections: 

polyffuoroarylmercurials (15, 16, 18, 19) 

poLycbloroarylmercurials (18, 19) 

halomethylmerc.rrials (Section 3C) 

Wulfsberg, West and Rao have prepared pentachlorocyclopentadienyl 

mercury compounds (113): 

Cl 1 

c1 I Cl . 
Cl 

* 
Cl . Cl Cl 7 Cl 

or better: .- 

LiOMe .3 CsClsH. 0” 
Hg(OAc), - (MeO)aHg F (C&s)aHg 

_ 

.~ _ .__ 
:, .‘,... __. _; 

‘., . _’ 
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C&L,H 
PhHgOH. b0 PhHgC,Cl, 

Me,C(Oxe),- 

(C&l&&! + HgX, ---& 2 C,Cl,HgX (X =.Cl,Br) 

This work was complicated_bythe formation of several different crystalline 

modifications of s&me ofthese compounds, ofadducts with THF, DME and 

diglyme. ofadducts of the C,Cl,HgX compounds with mercuric halides. 

The presence of a o-bonded pentachlorocyclopentadienyl group in these 

compounds was indicated by IR, NQR and UV spectral data. The electronic 

spectra provided evidence for U-l7 conjugationbetweenthe C-Hgbond and 

the cyclopentadienyl n orbitals. Thermolysis of the pentachlorocyclo- . 

pentadienyls proceeded by homolytic C-Hg bond scission, not by&- 

elimination of Hg-Clto give the tetrachlorocyclopentadienylidene carbene. 

Also, nucleophilic displacement of the pentachlorocyclopentadienide anion 

frommercurywas a facile process, with even chloride ion being a suffi- 

ciently strong aucleophile. Transfer of C5G15fromthese mercurials to 

transition metals, to make perchlorometallocenes, could not be realized. 

Mercury derivatives ofpolyfluorinated cycloalkenes also were 

accessible by the organolithium route (114): 

(These most likely are oligomeric - possibly trimeric - so that the 

mercury atoms can maintain their preferred colinear bonds). 
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B. Carl&a&l-Mercurials 
- . . 

. . Russian workers have continued their studies of carborane-substi-. 

tuted organomercury compounds_ Methylmercury derivatives of1.67 

and l,lO-dicarba-close-decaboranes (lO)have beenprepared by reaction 

of the appropriate-lithio-carborane derivative with methylmercuric 

chloride or Illercuric bromide (ll5); .The compounds prepared included: 

1-Ph-6-MeHg-1,6-B&H, I-Ph-lo-MeHg-1. lo-B,C2H, 

_(l-Ph-1, 6-B&H,-6-),Hg (I-Ph-1, lo-B,C,Hs-IO-),Hg 

The action ofbromine (in benzene at25") resulted in cleavage of the 

methyl; not the carboranyl. group from mercury. Reactions of these 

carboranes were studied: 

PhCl. reflux 
(I-Ph-1, lo-B&H,-LO-),Hg + HgBr, I 

2 l-Ph-lo-BrHg-1, lo-B&H8 

(l-Ph-1, IO-B&Hs-LO-),Hg + 2 BuLi -> BuzHg + 

2 1-Ph-10-X-1, LO-B&H, 

KOH, HzO/C6Hg 
l-Ph-lo-MeHg-1, 10-B&H, -> l-Ph-1, 10-B&H, 

l-Ph-lo-MeHg-1, 10-B&H, 
HCl, EtOH 

780 
1-Ph-1, IO-B&H, +MeHgCl 

Halomercury derivatives of1,2:dicarba-close-dodecaboranes (12) 

(ortho-carboranes) could not be symmetrized by standard methods (NaCN, 

KI,.N?+), but anion radicals achieved this transformation (116): 

B &,,(PhGHgCl) --%F- b ,bH,o(=C,-)]zHg 

The required chloromercury derivatives were preparedin high yield by 

chiorinolysis of BrsH,o(PhCzHgEt). Chloromercury derivatives ofo- and 



m-carborane also were obtained by cleavage of U-Fe(CO)rC,HS-substituted - 

carboranes (8). 

Carboranes containing MerCzCHHg substituents also have been syn- 

thesized (127): B1,,HlO(MeCZHgCH=CMez) and 1, 7-MeCBlsHloGHgCH=CMez. 

Simple organoboron compounds containing chloromercury substituents 

have been studied by Matteson (118): 

NaOAc 
C(M~O),B~~CH, + Hgclr -+ ClHgCHrB(OMe)r 

The mechanism of such mercurideboronations was studied (cleavage 

rates of RCHzB(OMe)z by HgClz in acetate-buffered methanol: R = H, 

(MeO),B. ClHg, Ph. n-Pr) and a direct interaction of the neighboring 

(non-displaced) boron atom with attacking HgCl, was suggested. 

C. Metallocene-Mercurials 

Mercury derivatives of ferrocene and cyclopentadienylmanganese 

tricarbonyl already have been mentioned in previous sections (24, 28, 

34, 35). Also mentioned has been the mercuration of benzenechromium 

tricarbonyl (111). The compound 22 can be prepared by reaction of q 
diphenylmercury with chromium hexacarbonyl, as indicated in last year’s 

Survey (J. Organometal. Chem. , 62 (1973) 117). Further work has - 

shown this to be a general reaction (119): 
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(Z = Me,N, MeO, Me,. .. 

H, P) 

As expected, electron-releasing substituents facilitate this reaction. 

D. Organophosphorus-substituted MercuriaZs 

Direct reaction of phosphonic acid esters containing activating groups 

with mercuric acetate gave a series of mercurated phosphonate esters 

(120) : 

EtOH 

c(EtO)zP(0)l,CH, + 2Hg(OAc)z B [(EtO),P(O)l,C(HgOAc), 

(95%) 

+ 2 HOAc 

[(EtO),P(O)],CHCl_ f Hg(OAc), __j C(EtO),P(O)I,CCIHgOAc + HOAc 

(55%) 

Hg(OAc)z, THF 
EtO&CHaP(O)(OEt), > 

EQC, 
C (HgOAc)z 

(Et%(o)+ 

(3%) 

Hg( OAc), , THF 
N=CCE-T,P(O)(OEt), > 

(EtO)s(O)P 

> 
(HgOAc)a 

N=C 

(99%) 

Reactions of 23 were examined briefly:. 
cl 

_[iEtO),P(O)l,C(HgOAc), 
&gXJTHF 

------+ [(EtO),P(O)~aC(HgX)a 

.I 
24 

.--. 
_ .._ .- .- .- 

: ., _- .-. : :. 
_.. :._.-- ._--. . . -. 

:. :. 
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.I 
2 Ph,Hg 

24 p> C(EtO),P(O)1,C(HgPh), 

Cl2 
,-> [(EtO),P(O)],CCl,*HgCl, 

H,S/EtOH 
-3 C(EtO)zP(0)lZCH2 + HgS + 2 HOAc 

Such mercuration was found not to occur with PhCH,P(O)(OEt),. This 

reaction was studied in detail by Egyptian workers (121). The reaction 

course found was: 

RP hexane, 2 hr. 
RO-I;=0 + Hg(OAc), ) 

CH,Ph 
room temp. 

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

RO 
I 

RO-P-OHgOAc + PhGHzOAc 

1 

(RO),P( 0)HgOAc q 25 

Compounds of type 25 
cl 

are known and their reaction with mercuric 

acetate in acetic acid at 100” led to a dirnercurated product: 

RP 
AcOHgOj-Hg OAc 

, 

E. Mercurated Diazoalkanes and Carbenes 

The chemistry of mercurated diazoalkanes, which has been the 

subject of much study in the last few years, has continued to receive 

attention. Organomercury-diazoketones have been prepared: -’ 

RHgN(SiMe& f HC(Nz)G(0)R’ __j RHgG(Na)G(O)R’ + (Me,Si)aNH 

(R = Me, .Et; R’ =. Me, Ph) 

Referencesp.121 
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HgCN(SiMes)~~, + 2 HG(N&(O)R e HgCC(N&R&. f 4(Me$i)$lH 

All four compounds were-obtained in the form of yellow cryst&: their 

mass, proton NMR and vibrational spectra were discussed in detail (122). 

Another--synthesis of mercurated diazoalkanes is based on reactions 

of organomercuric‘alkoxides and hydroxides (123): 

EtOK HC(Nz)Y 
RHgCL x RH@Et p> RHgC(N,)Y -I- EtOH 

EtOH 
RHgOH + HE:(Nz)Y __llj RHgC(N,)Y + Hz0 

Example 6 : (1) R = Me. Et, i-Pi, Me,C. PhCHs, Ph; Y = CqMe 

(2) R =Me, Ph: Y = COsEt 

(3) R = Ph: Y = C(O)Me 

(4) R = Me; Y = GN 

(5) R = Me: Y = Ph 

(6) R = Me; Y = Me 

(7) R = Me: Y = HgMe 

(These compounds also were characterized by their mass, JR, UV and 

NMR spectra). 

The photolysis of these IIlercuriaLs proceeds by two pathways (123): 

.. z 

RHgC(N )Ct&Me 

.f-{T :z ,:’ _EC4Me 

The relative extent to which they occur depends on R, with process B 

increasing-in the order of the R- radical stabiLity: MecEt<Ph<Me,CH* 

PhCHaeMesC. Also, higher energy irradiation favors the fragmentation 

process. Nearly quantitative yields of the CH3Hg-substituted carbene were 
_. : 

obtained upon-irradiation of the long wavelength absorption band of the 

CN,HgC(L$)Y compounds at temperatures below O”. The most labile tert- 
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. 

butylmercuri-s_ubstituted diazo ester was the best cakbyne (-'d64Me) 

source. . . 

The direct chotolysis of methylmercuridiazoacetone in olefk medium 

(s335 nm irradiation) gave l-methylmercuri-l-acetylcyclopropanes in 70- 

9O%yield (124).: 

MeHgC(NJM 
\/ 

UV ;c=c,' 

e _N> ___j 

C\C,HgMe.~ 

a I / 'C(O)Me 

/\ 

(Olefin: cis- andtrans-2-butene, isobutylene. .butene-1 and 1,3-butadiene) 

Little, if any, oithe Wolffrearrangementproductwas formed and no C-H 

insertion products were detected. The addition to cis- andtrans-2- 

butene was stereospecific. A singlet ground state thus was suggested for 

CHsHg'kC(O)CHs. Similar cyclopropanations could be achieved with MeHg- 

C(N&O@e, stereospecifically and in high yield. On the other hand, 

CHsHg?ICnN, obtained by photolysis ofMeHgC(N,)CN, did not add stereo- 

specifically to cis-butene, and1,3_butadiene was found to be muchmore 

reactive toward this carbene than butene-2 (125). The explanation given 

for these observations was that the carbene was generatedinthe singlet 

state, but that in this case the presence ofthe a-CHsHg group greatly 

accelerated intersystem crossing to the triplet state (relative to H&N, 

where the triplet state is less accessible). 

The methylmercuri-substituted cyclopropanes were easily converted 

to the respective halocyclopropanes by halogen cleavage of the C-Hg bond. 

Insertion of.CHsHgCCQCH3intothe O-H bond ofmethanolalso 

ockred readily (123): 

uv 
MeHgC(N&QMe + MeOH -> MeHgCH(OMe)COaMe (98%) 

/ 

. . 

NaBH, 

CHa(OMe)CQMe 

The Wofffrearrangement was shownnot to occur in this system. 
Refe?encesp.121 
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F. -.OIefinic Me*curials ~.. : 

The interconversions of cis- andtrans+?-chlorovinylmercuric 

-chloride have been studied-(126): 

Conditions: 56% after 25 min. at 75-8S"; 

44% after 3. 5 hr.. in refluxing benzene; 

44% after 50 min. in refluxing benzene containing 

benzoylperoxide. 

gc1 

Conditions: 50% after 7.min. at140-150°; 

32% after 10 hr. in refluxingtoluene; 

57% after 30 min. in refluxing octane 

Such thermal isomerizations are believed to involve .&elimination of 

mercuric chloride followed by its nonstereospecific readditionto acety- 

lene. No isomerization oftrans-ClCH=CHHgCloccurred during vacuum 

sublimation'at 100°, on prolonged standing at room temperature inorganic 

solvents or inbenzene at 80°. Slow c&+trans isomerization did take 

place in THF at room temperature in the presence of20 mole % of 

mercuric chloride_ Thus, after 24 hr. in separate experiments pure 

.trans-GlCH=CHHgCl was convertedt0.a 68/32 trans/cis mixture andthe -- 

pure cis isomer to a 61/39 trans/cis mixture. -- 

Some reactions ofthese compounds were studied (126, 127). Con- 

siderable differences were found, withthe trans isomer being very 

prone to undergo g-elimination induced by nucleophiles. 



33 

Cl 
‘czc 

,HgCl 

H’ ‘H 

Cl 
+ PbMgBr .->- 

,HgPh ._ 
‘c-c. 

H’ ‘H 

+ CH,N, 

+ NaI 

i- LiAIHA 

+ PhMgBr 

+ CH,N, 

-I- NaI 

+ n-Bu& b 

+ LiAJJ& 

Cl HgCH,Cl 

> ‘cx’ 
H’ ‘H 

CHz=CHC1 -I- Hg 

HC”CH + PhzHg 

Cl 
SC' 

H 

‘HgCH,Cl 

HC=CH + HgIdZ- 

HCXH + 2 n-BuHgCl 

HCTH + Hg + CH,=CHCl 

New cyclopentadienylmercury compo-xnds have been prepared by the 

crganolithium route (128) : 

Variable temperature NMR spectroscopy showed both to have fluxional 

behavior. Thus there is rapid interconversion among the following form: 

in the case of tert-butylcyclopentadienylmercuric chloride at room 

temperature : 



cl 28 

At -96”, however, the molecule is frozen into one of its lowest free energy 

configurations, either 26 or 27 q 0; cl 28 being unfavorable because ofthe 

steric crowding resulting fromthe geminal substitution. 

G. Miscellaneous Organofunctionals 

'The mercurated nucleotides and their potentially 

importantbiologicalapplications (110) have beenmentioned in a previous 

section. 

The irnino-mercurial 29 has beenfoundtoform complexes, through 
cl 

nitrogen, with transition metal species (129): 

RO\ /OR [Rh(CO),CZ& RO OR 

,r,~c-Hgc,~, P 
""i' 

/)C-Hg-< 

(0C)rRh 
YAr 

&I 

Ph(CO), 

Cl 

Mercurated photochromic polymers oL Ctype 30 have been studiedby 
cl 

Japanese workers (130). 
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6. C-Hg BONDREACTIONS OFORGANOMERCURIALS 

The pyrolysis or photolysis of organomercurials are-classical routes 

to free radicals, and both have been the subject of detailed study.by.Zhil'tsov 

and Druzhkov (131). Such decompositions ofRaHg(R = M”, Et, i-Pr)were 

carried outinthe absence ofsolventandin solution(benzene andisoprop- 

anol). From the product distributions it was concludedthatthe "cage 

effect" is not very important. Methyl radicals generated by pyrolysis of 

dirnethylmercury have beenallowedto reactwithvaribus chlorosilanes 

and chlorohydrosilanes at 450” (132). It was found that the Si-H bond is 

much more reactive toward the methyl radical than are the C-H bonds of 

a CH,-Si system. Of interest was the formation of silylxnethylmercurials 

during these reactions: 

450° 
Me,Hg + MeSiCl, -> some (Cl,SiCH,),Hg 

450" 
MeaHg + MeaSiCla -> some (MeCl,SiCH,)zHg 

These silylmethylmercury compounds were not isolated as such, rather 

were converted to the known (Me,SiCH,),Hg by the Grignard reaction. 

Thermolysis and photolysis of this mercurial also has been investigated 

by another group (133). It is much more stable than diethyl- or 

diisopropylmercury. After a heating period of ZOO hr at 200v over 95% 

of the (Me$iGH&Hg was recovered unchanged. The decomposition pro- 

ducts which were. identified were tetramethylsilane and Me,SiCH,HgCHaSi- 

Me2CH2CHzSiMe,. Photolysis of this mercurial also was not easily 

effected and gave tetramethylsilane, (Me,SiCH&, MeaSiSiMe,, n-Me&i,, 

(Me,SiCHzCHzSiMezCH2)r and Me,SiCHaHgCHzSiMe,CHrCHaSiMe~, ali pro- 

ducts of Me,SiCH,-, Me@- and CH3* radicals generated in the photolysis. 

The pyrolysis of ClHgCHaCH=O above 200" gave ketene in an apparently 

radical process which was facilitated by added benzoylperoxide (134). The 

photolysis of a fu&tionalarylmercurialalso was studied (106): 

References P. 121 
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UY 

Y 

AcOCHz 
(66%) (22%) 

The pyrolysis of metallocenyl-substituted mercurials in the presence of 

silver .powder gave novel coupling products (24) : 

C(OC)&neHg zg50- ) (OC),Mn-@-@-Ivm(CO), _ 

q 31 

(67%) 

[(OC)sMn ++-Hg + 
t-g 

265” 

Ag 

m + 31 cl 

The oxidation of organomercurials with various oxidizing agents has 

been the subject of several investigations. 

Ozonization of dimethylmercury in aqueous solution was found to be 

too fast to allow-kinetic studies, almost all of the dirnethylmercury present 

being-destroyed within 10 min. at room temperature (135). Simi& ozo- 

nolysis of aqueous methyl-and ethylmercuric chloride in the ppm range 

hasbeen reported (136 ). Thus, ozonization is a possible means of de- 

stroying organomercurials in environmental waters. 



The action of nitronium tetrafiuoroborate on RHgX compounds (R = 

alkyl or aryl: X.= R or Br) in sulfolane results in an oxidation-reduction 

reaction in which the arene together with some nitroarene are formed 

when R = aryl (137, 138). On the’other hand, the nitroarene was the major 

product when the oxidizing agent used was nitric acid in acetic anhydride 

(13 8, 13 9) _ With alkylmercurials , one of the products of reaction with 

NO,+BF,- is the nitroalkane, and with both RHgBr and ArHgBr some 

organic bromide was formed as well. The initial formation of a cation 

radical, [RHgX]? was suggested, whose further “in-cage” or “out-of- 

cage” reactions gave the observed products_ 

The reactions of organomercurials with triphenylmethane derivatives 

also proceeds via an initial electron transfer step in many cases (Reutov 

et al, 1969). Further work by this group has shown that a peroxide is 

formed when such an interaction is allowed to occur in the presence of 

oxygen (140) : 

4 
Ph3CBr + RzHg -9 PhsCOOR (50-70%) 

(R = Me, Me,CH,) 

The reactions of various alkylmercuric bromides with @ hydrogen sub- 

stituents (R = n-C3Hr, MezCHCHz, EtMeCH, but not C,H,) reacted with 

triphenylbromomethane to give low yields of triphenylmethane. presumably 

via i hydride abstraction mechanism (141). 

The stereochemistry of the cleavage of the C-Hg bond by halogens has 

been the subject of many studies in the past. In general, radical cleavage 

(Bra in CSa or Ccl,) results in loss of stereochemistry at the carbon atom 

to which the mercury is bonded, while ionic cleavage (Bq in methanol or 

pyridine) results in retention of configuration at carbon. It therefore was 

surprising to find that brorninolysis of cis- and trans-propenyl- and 2- -- 

butenylmercuric bromide in carbon disulfide resulted .in predominant 

inversion of configuration at carbon (142): 
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(93%) 

H\ 
c=c 

,CH3 

CH3’ 'Br 

(7%) 

In pyridine, on the other hand, such cleavage proceeded with retention of 

configurationatcarbon. The results ofthe experiments in CS, were 

expfainedinterms of an addition-elimination sequence, rather thsn a 

direct cleavage of the C-Hg bond: 

CHs, ,C% 
,_Oc=c\ 

HgBr 

elimination 

CH3, 
c=c 

B’ 

H' 'CH, 
f HgBrr 

trans-Butenylmercuric bromide was foundto be about75times more 

reactive toward bromine in carbon disulfide thann-propylmercuric bromide, 

but only about 34 times more reactive in pyridine solution. Other studies 

(143) have implicated carboniuxnionintermediates in the bromodemercur- 

ation of certain organomercurials, especially ofbenzylderivatives, in 

BIUF solution. 

The results ofisotope.$ositional scrambling obtained in a study of the 

reaction ofl-propyl-1 -r4C-mercuric perchlorate withtrifluoroacetic acid 

(refiuxfor 8 hr,) suggested that some ofthe CH3CHrCHaQCCF3 obtained 

as the minor product was formed via edge-protonated cyclopropane (144); 

The major (93%) product ofthis reaction.&as Me2CH&CCF3. A-detailed 

kinetic,study of the @rotolysig (HCliir'EtOH) of2-acetyl-3-chIor&ercuri-- 

- . . . : ._ i. 
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l-methylindole has been-reported (145). .Cleavage of trans-ClCH=CHHgCl I 
- 

with CuCl,-KC1 and NH,Gl-HCl has been studied (146). 

Reutov and his group have ccntinued their investigations of substituent. 

exchanges in organomercury chemistry. In one study, the redistribution 

of dibenzylmercury with mercuric halides in pyridine was followed by 

proton NMR spectroscopy (147). This second order reaction was most 

rapid with HgCl, (k = 4.05~10’~ l/mol. set at 46”). Mercuric bromide 

(k = 3.33~lO’~) and iodide (k = 1.19~10-~) were less reactive_ The energies 

of activation for these reactions were: with HgClz, 12.2; HgBr,, 15.5; 

HgI,, 20.1 kcal/mol. The kinetics of the three-alkyl exchange between 
.9 

dibenzylmercury and trifluorome t hylmercuric trifluoroacetate in 

pyridine also were determined (148): 

(PhCH,),Hg + CF3HgC&CF, -> PhCHrHgCF, + PhCHzHgQCCF, 

Again, a second order process was found (k = 1.75~10-~ 

E act 12.1 kcal/mol) . Transition states 

Ph$H, PhFH, 

l/mol. set at 48”; 

favored. The 

PhCHa (Hgp-Ls 

=yg 

cl 32 

substituent exchange reaction between dibenzylmercury and trichlord- 

methylmercuric bromide to give benzyl(trichloromethyl)mercury and 

benzylmercuric bromide also was reported (148), but a kinetic study was 

not possible, due to the instability of PhGH2HgCG13 (+Hg”). 

In a more preparative vein, it was found that o-tolylmercuric halides 

undergo symme trization to di-o-tolylmercury and mercuric halide on 

chromatography columns of active basic alumina or magnesium oxide (I49). 

Presurnably the usual nucleophilic process is involved. Syrnmetrization 
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ofkth~ylmeicuric iodide.could-not be achieved:in good yield bythis.proce- 

:du&: A&!the.authors pointed out,. .- thismethod-has orill veryli&ted .- 

c 
practical applicability. : 

. . : 

Among miscellaneous reactions we not& the formal insertion‘of sulfur 

into the.C-Hg bonds. ofbis(perfluoroaIkyZ)mercury compounds.(150): 

: .KFinDMF- 

(RfkHg +- % 
?O-100" 

> (Ri;)Gk 

(Rf = (CF,),C 

and (CF&tiF) 

The followingmechanismwas favored: 

F- S 
(Rf)zHg + C(Rf)zH&- W 

-F- -S 

RfS-Hg-Rf 

The reactions of alkylmercuric aikoxides with carbon tetrachloride at 

50-60" do not form RHgCCl, (as does the RHgOR' + HCCl, reaction). 

Instead, the products are (in the case of RHgOCMes) RHgCl, Hg", Me,COH, 

CHCZ,. RClandthe olefin derived from R (151). Also studied were tert- 

butyl peroxide-catalyzed reactions of PhzHg, i-PrrHg and i-PrHgClwith 

carbontetrachloride at 100". The results were explained in various ways 

in terms ofelectrontransfer processes in which subsequent in-cage and 

out-of-cage steps produce the observed products. ~.g.: 
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radical pair 

d cage reaction 

MesCOOCMe, + PhHgCl + PhCCl, 

(7Wo) 

The reaction of organotin hydrides with RaHg compounds containing 

electronegative or unsaturated groups resulted in reduction (101, 175): 

EtOaC, ,COzEt ,CQEt 
,c=c, + R,SnH __3 

Etqc, 

Me3C HgCMe3 /C=ckSnMe3 Me3C 

+ i-C,Hxo + Hg 

(PhC’C),Hg + (Me3C)rHg + 2MeaSnH -3 2 PhC%ZSnMer + 2 Hg 

+ 2 I-C,H~, 

(CH,=CHCH,),Hg + MesSnH Me,SnCH,CH=CH, + CH3CH=CHa + Hg 

O0 
(CCL3),Hg + MesSnH -> MesSnGCLs + HGCLr + Hg 

7. MERCURY-FUNCTIONAL MERGURIALS 

Diverse methylmercury compounds of type GHsHgXR (X = 0, S, &G 

and R = aryl) have been prepared for an NMR study by Sytsma anh Kline 

(152) (Table 10). Preparative methods A and B in‘ Table 10 are straight- 

forward, .involvLng reaction of the appropriate RXH compound with’ 
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I T.abIe 10, .-New-$HaHgXR. Compounds. 

... (Syts& &l&line. ref. 152) 
I- 

. . 
Parent .Acid 
RXH. .. 

Method- of Recryst. 
preparation 

Melting 
solvent point (“C) 

A.: .X=0 
Phendl 

-Chlorophenol 

1-Naphthol 

p-Bromophenol 

m-Bromophendl - 

o-Bromophenol- - 

2,4-Dichlorophenol 

8-Hydroxyquinoline 

p-Formylphenol 

p-Nitrophenol - 

5-Acetyl-S-hy- 
ciroxyquinoline 

Pentafluorophenol 

B. x=s 
Cyclohexylmer- 
captan - . 

p-t -ButylthiophenoL - 

g-Methylthiophenol 

o~Methylthiopheno1 - 

Thiophenol 

ELFluorothiophenel 

2 -Mercaptonaph- 
thalene -. 

p-Chlorothiophenol. 

A 

A 

A 

A 

C 

B 

A 

A 

A 

A 

B 

B 

B 

B 

B 

B 

A 

B 

B 

B 

Hexane/me thylene 
chloride 

None 

Hexane/methylene 
chloride 

None 

Hexane/methylene 
chloride 

Hexane/methylene 
chloride 

Hexane/methylene 
chloride 

Hexane 

None 

None 

None 

129(130) 

125(dec. ) 

9 l(dec. ) 

130(dec. ) 

101 

88 

135 

99(90) 

US(dec. ) 

167(dec. ) 

163 

Hexane/methylene 
chloride 

I34 

Water/acetone 65 

Hexane 

Hexane 

Hexane 

Water/ethanol 

Hexane 

Hexane 

89 

75 

75 

92(87) 

81 

$3 

Hexane 63 
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Table LO_- (Continued) 

p-Bromothiophenol 

1-Mercaptonaph- 
thalene 

o-Mercaptobenzoic 
&id 

2-Mercaptopyridine 

2-Mercaptoquinoline 

B-Mercaptoquino- 
line 

Thiobenzoic acid 

Pentafluorothio- 
phenol 

Dithizone (diphenyl- 
thiocarbazone) 

2-Mercaptopyri- 
dine-N-oxide 

C. x=cq 
Myristic acid 

p-Hydroxybenzoic 
acid 

trans-Cinnamic 
acid 

Benzoic acid 

Salicylic acid 

A 

B 

A 

A 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

A 

Hexane/methylene 
chloride 

71 

Hexane 97 

Hexane/methylene 
chloride 

Water/ethanol 

Hexane 

Water/acetone 

Water/acetone 61 

Water/acetone 162 

Methanol 

Water/ethanol 

Methanol 

Hexane/methylene 
chloride 

Water/ethanol 

Hexane/methylene 
chloride 

113(110) 

Methanol llB(ll4) 

168(171) 

53 

132 

163 

144(dec.) 

(146) 

1?7 

82 

205(dec.) 

157 

methylrnercuric hydroxide or methylmercuric acetate, respectively, in- 

aqueous methanol solution. Method G, however, deserves more dis- 

cussion. In this procedure, methylmercuric hexacyanocobaltate(I11) was 

treated with the RXH compound in methanol (48 hr. at refIux). Ether 

was added to precipitate the etherate ofhexacyanocobaltic acid and 
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PhHgOH + -ArN=C=O -3 ArNHCYHgPh 

(+ ArNHC QPh 

and/or 

PhHgNHAr) 

Some new organomercury peroxides, PhMe,COOHgC6H,Z -p -(Z = Cl and 

MeO), have been prepared. They appeared to be quite stable but were 

readily hydrolyzed by atomospheric moisture (155). 

Two groups have reported on the preparation of organomercury 

amides. These may 

RHgOCMes + EtaNH 

(R = n-Pr, i-Pr) 

PhHgOCMe, + Et,NH 

be prepared from the alkoxides (53, 154): 

(ref. 53) 
> RHgNEt, (not isolated) 

(large excess) ____3 PhHgNEtr 
(ref. 53) 

f MesCOH 

+ Me,COH 

benzene 

(mp 93-95”) 

PhHgOH + PhNH, p> PhHgNHPh + H,O 

(ref. 154) 

benzene 
PhHgOH + PhiNH ___1__3 PhHgNPh, + Ha0 

Removal of the water formed during these reactions by azeotropic dis- 

tillation was required. 

Some reactions of PhHgNHPh were studied (154): 

PhN=C=O 
PhHgNHPh p> PhHg(Ph) C ONHPh 

coi 
.p> PhNHCQHgPh (viscous oil) 
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Cl, . . 
[(CF,),CS12Hg Pi+ (CF,),CSCL 

HCl 
- (cF,),cSH 

30 
-> (CF,)&(OH), 

The -second of these thiomercurials could be prepared by another route: 

/s\ HgF&F/DMF 
(CF,),C,/(CF,)z p [(cFs),cFSlzHg 

The reaction of o-hydroxymercuribenzoic acid with silanethiols of type 

(RO),SiSH and (RO),Si(SH), gave products containing Hg-S bonds (159), e. g. : 

(RO)$iSH + 

These products, however, were not isolated. The kinetics and mechanism 

of the reaction of PhHgSPh with picryl halides were examined by Italian 

workers (160). 

Compounds containing a P-Hg bond have found application in carbohy- 

drate synthesis (161; 162): 



OAc 

6Ac 6Ac 

BrHgPO(ORl2 

/ CH,NO, ,. O”. \ 

BrHg PO(OMe12 
- 

BrHg PO(OEt I2 
* 

GAc 

BrHg PO(ORh 
- 

PG(OEt & 

‘-‘3= 

Mercurials with mercury-transition metal bonds have received further 

study by Roberts (163): 

DMSO 
Me,SnFe(CO)2C5H5-?r + MeHgCl ~-> MeHgFe(CO)ZC5H5-T + Me,SnCl 

I 

(but PhHgFe(CO),C,H,-a is stable)_ 

Me,Hg -t Hg[Fe(CO),C5H532 

Me,SnMn(CO)5 + MeHgCL 
MezCO 

-s MeHgMn(CO), + Me,SnC1 

(but PhHgMn(C0) 5 is unstable to disproportionation). 
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8 . . .MERCURY-GROUPIVCOMPOUIXDS 

Anew silylalmninum complex has been used to prepare bis(triphenyl- 

silyl)mercury (164): 

(Ph3Si)zAlEt-2LiBr-2THF Hg(OAc)z ) (Ph$i),Hg +E&Hg 

Optically active (but not optically pure) (-)-bisCmethyl(l-naphthyl)phenyl- 

silyllmercury has beenprepared by reaction of(MegC)aHgwiththe appro- 

priate (+)-R,Si*H (165). The reactions of this mercurial with various 

substrates gave optically active products, presumably via predominant 

retention of configuration at silicon: 

(1)-(R+*)rHg 
LiAlH, 

--> (-I-)-R$i*H 

BrCH,CH,Br 
) (+)-R,Si*Br ' 

uv 
F (-)-(RGi*)z 

Russianworkers (166) have prepared optically active (-)-bis[methyl(l- 

naphthyI)phenylgermylJmercuryby a similar procedure. Its reaction 

with Hg(CHaCOaMe)r gave optically active (+)- R,Ge*CH,CQMe. 

The decomposition of Group IV-mercury compounds has beeninves- 

tigated. Bis(trimethylsilyljmercury was found to decompose by a second- 

order process inbenzene orcyclohexane, but more complicated kinetics 

were observed intoluene or anisole (167). In any case, homolytic scission 

ofthe Si-Hg bond is not involved as a major process inits decomposition, 

rather bimolecular reactions with itself or with the solvent. A small 

first-order contribution detected in cyclohexane medium allowed the esti- 

mation of D(Me,Si-HgSiMe,) as 47.8 kcal/molas a roughlower limit. 

Bis(trimethylsilyl)mercury was found to induce the decomposition ofper- 

esters (168): 



k (Me,Si),Hg L> Hg + 2 PhCuCCC&SiMe,- 

PhCFC (MesSi),Hg j Hg + PhCxCC4SiMes + MeiCOSiMe, 

Bis(trimethylstannyl)mercury reacted similarly, but with the difference 

that a part of the PhCxCCQSnMe, produced underwent decarboxylation 

under the reaction conditions. 

Exchange reactions of bis(triethylsilyl)mercury with bis(perfluoroalkyl)- 
-_ 

mercurials gave stable products of type Et$iHgRf (Rf = CF3;. CF,CF,). but 

[(Me,SiCHs)sSnlaHg reacted only with Hg[C(CF,),$, not with Hg(CF& or 

HgCCF(CF,),l, (169): 

IHF. 20” 
C.(Me,SiCH&nl,Hg + Hgk(CFs),I, -> 

2 (Me,SiCH,)sSnHgC(CFs& (unstable) 

2 (MesSnCH&SnF + 2 Hg + 2 (CF3),C=CFz 

FulI. details of the preparation and reactions of C(C6F,),Ge&Hg have been 

published (170)_ Three methods served in its preparation: 

140” 
2 (C~Fs)sGeH + HgRr -> C(C6Fs)sGelrHg + 2 RH 

(R = Et, EtsGe, (Me,Si),N) 

100” 
[(C6Fs),Ge&Cd f Hg -> [(C~F,),Gel,Hg + Cd 

(EtsGc)aHg: + (CaFs),GeBr 
UV/benzene 

_I____) [(C6F5)sGel,Hg + 2EtsGeBr .-. 

.- 
: 

.’ ._ . . 
_.. 

I 1.. .. _ 
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Reactions of this germylmercurialwere studied: 

UV/PhMe 
[(%Fs)sGejrHg - Hg + (CbF&Gez (52%) + 

(C6F&GeH (32%) + (C,F,),GeCH,Ph (24%) 

HCl 

h (%Fs)sGeH + (%Fs)&=Br 
100" 

49% 

JWZ 
.-> C(C6E’,)3GeHgc11 ----3 (C$?&GeCl+ Hg 

(unstable) 

Br2 
) (C6F,),GeBr + HgBr2 

Bis(triethylgermyl)mercury, via its reactions with alkali metals in ethers 

andin hydrocarbons, is anexcellent source ofEt3GeNa andEtsGeK(171). 

Triethylgermyl- and triethylsilylmercury derivatives of carboranes 

have been prepared by redistribution reactions (172): 

(Et,GehHg + (R-C- 

(R = Ph, H) 

(EGiLHg + (Ph-cy--g-.yg _> 2 
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(Y.= Cl, Me, Ph) 

f EtaGeY + Hg 

zoo0 
--3 2 EtsGeHgCHzC -CH 

1; 7 -MeC(B 10H,o)CHgCl + (EQGe)*Hg --> 1, 7-MeG(BlsH&HgGeEt3 

+ Et,GeCl + Hg 

However: 

CHgMe t 2 (Et,Ge),Hg e 

+ 2 Hg + 2 Et,GeMe 

A carborane with B-H&l subsitution also reacted: 

benzene, 2 O0 

-H v EtsGeCl + Hg 

+ HC-CH 

J - l/2 (Et3Ge)tHg 

Mercury derivatives of digermanes have been.used to good advantage 

jy Rivie\re, Satgi and Soula in the generation of germylgermylenes (173): 

.-_ 

.-. 
.-. ._ 
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PmezGeGeHzPh + n-BuZHg -> 
Ph 

W%i. 

(via PhMeaGe-ZePh) 

digermyl-lithium reagents (174): 

PhaHGeGeHPh, f n-B&&& -> -&GePh,-GePhz-Hgh + 2 n-C,H,, 

J 

Li 

&ieI 
Ph+e -yPha -3 Ph,Ge -GePh, 

Li Li I!ie I!fe 

and heterocyclic organodigermanes (174): 

Th Ph 

-(-GePhz -GePh, -Hgh + Me 3 -GMe -> Ph-Gede -Ph 

08 C’ \ 

\ 

1” 
= c/ 

Me 
\ 

Me 

Blaukat and Neumann (175) have published full details concerning the 

synthesis of bis(triorganostannyl)mercurials. (RsSn)aHg, with R = Me, Et, 

n-Pr, t-Bu, Ph, via reactions of di-t-butylmercury with the appropriate 

triorganotin hydride. The bis(trialkylstannyl)mercury compounds where 

R = Me, Et and n-Pr are rather unstable, decomposing at ca. -10” (+ 

R&na -I- Hg) and are rapidly oxidized by air (j R$5nOSnR~). The stannyl- 

mercurials with bulky R groups such as [(MejC)$5nlzHg (mp 196”) and the 

previously reported C(Me,SiCHa),Sn$Hg are much more stable. The 

latter can be prepared by.the .hydride .route and also by metal displacement 
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~____._~O&.__ ;:,_ :. -. ,: ;.’ _.- .- -’ .._ : .-. -: .: 
.- 

. . . ..- : -_ 
.‘.: 

..:. .from the. thillium cornpot& (1?6): 1 .. ~. 
_’ 
--.20". 30 hr 

-2. &,$~H,),Sd,+l .f 3 Hg -. ) 3 [(Me,SiCH&&,Hg 

+- 2 I1 

-(Ph$n);Hg also is more’ stable thermally. Dialkyltin dihydrides also 

react with di-t-butylmercuiy, but of the intermediate stannylmercuriils 

‘only [(M~,C),SnHgln is stable. All othem(R = Et, n-Bu, i-Bu, cyclo- 

GH,,, Ph) decompose immediately to metallic mercury and the cycIo- 

stannanes, (RrSn) 
n’ 

Some reactions of bis-stannylmercurials were examined: 

(Me$%),Hg + Et$CN=NCC&Et 

(Me,Sn),Hg + EtQCCZCCQEt 

-200 
--> EtO,CNyCQEt +Hg 

I 
MeBSn SnMe3 _ 

(via EtOr 
‘i 

N_iCO$Zt demercuration) 

Me,,% HgSnMe, 

Et4C\ 
C =-G 

,cQEt 

Me,Sn’ 
(oil) 

‘HgSnMe, 

- Hiz 

J=W\ 
C s=-c 

,cOz= 

Me,%’ ‘SnMes 

25” 
(MesSn&Hg + PhCsCCqBt -> 

Ph\=G<;~f 
Me,Sn’ 3 

(Me,Sn),Hg + HC=CCQEt -> Me3SnHgCxCCOrEt + 

& 

+ Hi% 

Me,SnH 

(EtqCGaG),Hg f (Me3Sn)$g 

II 
Me,SnH 

further reaction 
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Other stannylmercurials have-been preRared’(l77): .. ‘..: ’ 

u-v, 200 -” 
. . 

l&GeHgGe(ChF,& + (CbF&SnBr ) (CbF&SnHgGe(%F,), 

+ Et,GeBr 

uv, 20” 
(E%Ge),Hg + 2 (C6Fs)&Br ____j r(C6F&n&Hg +. ZEt&eBr 

but: 

no uv, 20” 
(Et3Ge)zHg + 2 (Z6F.&nBr h (C6Fd6S% + Hg 

+ 2 Et3GeBr 

Two reactions of the bis-stannylmercurial were described: 

t (Cd?,),Sd,Hg 

+ HgCl, .-> 2 C(C6F&nHgCll_) 2 (CJ?&SnCl + 2 Hg 

50” 
+ Ph GO$Ph -> 2 (G6F5)$QCPh + Hg 

0 

9. COORDINATION CHEMISTRY OF ORGANOMERCURIALS 

Halide ion complexes of organomercuric halides are well known (cf. 

another report of CH3HgC13*- (178) ), but stable complexes of RHgX and 

RaHg compounds with neutral donor molecules are quite rare. In the case 

of R2Hg compounds, such adduct formation is restricted to those mercur- 

ials with rather electronegative substituents such as CbF,. Of many Lewis 

bases tried, diphenylmercury only formed crystalline adducts of type. 

Ph,Hg*2L with l,lO-phenanthroline and its 2,9-dimethyl and 2,4,7,9- 

tetramethyi derivatives (179). Even these were very weak complexes. 

which were completely dissociated in solution and whose solid state. IR 

and UV spectra gave no evidence of covalent Hg-N bond formation. The 
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crystal structures of the. latter. two complexes did not unambiguously 

define the role of the phenanthroline ligands because of disorder problems 

(180). Each mercury atom was found to’ be adjacent to and approximately 

equidistant .from two nitrogen atoms. Calorimetry confirmed this weak 

Lewis acidity of diphenylmercury in its interaction with pyridine in carbon 

tetrachloride solution (181). For the process: 

ccl, 
Ph,Hg + C,H,N \L Ph,Hg. C,HsN K = -0.3 l/mol 

Hf” =- 
-2.9 kcal/mol 

Bis(pentafluorophenyl)mercury was found to be a stronger Lewis acid than 

diphenylmercury, but in the absolute sense, it is rather weak: 

(CsF,)zHg + W&N + (GF,LHg- WWJ 

in CCh: K = 2O.Z-H. 0 l/mol 

H o = -5.40+0.11 kcal/mol 
f - 

in CgH6: K = 2.1+0.1 l/mol - 

Hf” = -4.32-f-O. 11 kcai/mol 

(%FdPg + biw e (G.F&Hg- WY 

in Ccl,: K = 55.5+3-O l/mol - 

H o = -7.28-i-0.12 l/mol f - 

in c&.&,: K = 19_ Z-&Z _ I l/m01 

Hfo = -4_19+0.25 kcal/mol - 

It .was considered likely that 2, Z’bipyridine is acting as a bidentate ligand. 

Crystalline 111 complexes of HgCCF(NC&], with 1,2-dimethoxy- 

ethane, diglyme. and suIfolane, and L:2 complexes with (Me,N),PO, 1,4- 

dioxane .and DMSO have been prepared (182). IR spectroscopy indicated 

that these were covalent adducts.. Complexes of this mercury compound 

&th pyridine, Et& and TMED were unstable. Liquid, water-insoluble 
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products were formed.when Hg[CF(NQ),l, was treated with-THF, MeCN, 

MezNCONMe2, DMF and N-methylpyrrolidine. A study of complexes of 

Hg[C(NQ),l, with various Lewis bases in solution by means of ‘H, % and 

14N NMR spectroscopy has been reported.(l83). 

A crystalline complex was found to form when trans-ClCH=CHHgCl 

was treated with hexamethyl phosphoramide in petroleum ether. This 1:l 

adduct, trans-ClCH=CHHgCl-OP(NM&, dissociated in solution (DMSO, 

dioxane , excess HMPA) (184) _ A trimethylphosphine complex of methyl- 

mercuric chloride, [MesPHgMelCl, has been prepared (185). In solution, 

this compound undergoes rapid ligand exchange with excess trimethyl- 

phosphine. (Other complexes of trimethylphosphine with Hg(II) compou~& 

(HgXZ, Hg(CN),, Hg(SCN)Z, Hg(OAc)z, Hg(NO&) also were studied. ) 

Visible absorption spectroscopy failed to provide evidence in favor 

of a ground state complex between dimethylmercury and l-chloronaphtha- 

lene, (In the presence of this mercurial the first singlet to triplet 

absorption band of 1-chloronaphthalene is strongly enhanced. ) (186). In 

a related study; quenching of the 1,2 -benzanthracene fluorescence by 

dimethylmercury via an exiplex has been reported (187). Again, a ground 

state complex of any stability between dimethylmercury and the aromatic 

compound was not considered probable. 

Arene complexes of the mercurous ion have been prepared by the 

action of arenes on sulfur dioxide solutions of mercury(I) hexafluoro- 

arsenate (188) : 

SO2 
m Hgz(AsF& + n ArH -> m Hga(AsF&-nArH 

1:l complexes with benzene, biphenyl, naphthalene , m-dinitrobenzene 

2 :l and 1:3 complexes with 9, IO-benzophenanthrene 

Raman spectroscopy showed that the Hg-Hg bond was retained in the 

complexes _ The fact that the position of this~ band was depehdent on the 

arene confirmed the arene-Hgaz+ interaction. Such complexes also could 
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be detected in s&fur dioxide. solution by -nC -NMR isthose cases where 

they were soluble (e. g:, hexamethylbenzene). The- structure of-these 

complexes remains unknown, although it was guessed that they are 

similar to the dipalladiumarepe complexes. 

. . Finally,although a chemical bond is not involved, we note the first 

clathrate compound of dimethylmercury.- The ho.st molecule is 4-p- 

hydroxyphenyl-2,2;4-trimethylthiochroman 35 , and the host-to-guest El 

ratio is 6:l (189). This adduct is prepared by crystallization of 35 from 
cl 

neat dimethylmercury. It is stable to vacuum but releases dimethyl- 

mercury when its crystals are ground up or dissolved in a solvent. This 

clathrate is recommended as a practical means of handling dimethyl- 

mercury, although the chemist who must prepare the adduct in the first 

place may not quite appreciate this advantage. 

10. STRUCTURAL, SPECTROSCOPIC and PHYSICAL STUDIES 

A_,, Structural Studies 

An electron diffraction study of gaseous dimethylmercury gave 2.083 

+o_ 005 d for the C-IIg bonddistance- (190). (A Hg-Cl distance of 2.252+ - 

-0.005 A and a linear. structure within an error of 16” were determined for 

gaseous H& by the same method (191) ); -. 

Several Xtray diffraction studies of organomercurials and various.. 

: 

: 
. . 
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mercury compounds without mercury-carbon bonds that might be of 

interest to the organometallic chemist have been reported:. 

(CH,CH&NCH,CH,Hgkl (192) (Fig. 1). _ Of Interest is the intermolecular 

O- 

0 

_- 

c 

& Ld--- 0 

a 

(0) 

0 

Rejections of one molecule of N-[Z<Chlo?Omernul ‘)ethyl]diethylamine. (a) Along the A 
axis. (b) Along the B axis. 

Figure 1. Structure of E~CII,CH,HgCl (from K. Toman and G. G. 

Hess, J. Organometal. Chem., 49 (1973) 133) 

N-Hg distance of 2.77(2) A , which is less than the van der Waals I . 

contact distance of 3.0 A and suggests weak intermolecular N+Hg 

coordination. The observed nonlinea? G-Hg-Cl angle of.l67.1(8)” may 

be a consequence of such intermolecular coordination. 

B - 

Q- 
/ OHgPh (193) (Fig* 2). In this molecule the intramolecular 

Cl 
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llc* . ‘3 1’ 
3n3 

“Br 

Figure 2. Structure of.Phenyl(Z-chloro-4bromophenoxy)mercury 

(from L. G. Kuz'mina et al, 2%. Strukt. Khim., 14 

(1973) 508) 

Hg .----Cl distance is 3.03 A, which is smaller than the van der Waals 

contact distance. This suggests the occurence of weak intramolecular 

O+Hg coordination. 

(Me,CCO)rCHHgOAc (194) (Fig. 3 and 4). This structure confirms the 

C-Hg bonded constitution of dipivaloylmethanemercuric acetate as 

determined spectroscopically; 

The Lf(l95) and the 2:1(196) me-Lhylmercuri derivatives of DL-penicill- 

amine. (Fig. 5 and 6); This study is of special interest in that it 

demonstrated the ability of GH3Hg+to coordinate to-nitrogen in such 

nitrogen-containing bases. 

[(MeO)2P(0)~2Hg (197) (Fig. 7). .. The P-Hg-P angle was determinedto be 

165,9O. Twophosphoryloxygenatoms fromneighboringmolecules inter- 

act weakly withmercury (Hg-----0 distance-Z.54 A). which results in the 

formation of.chains parallel to the a axis. .- 



Figure 3. Structure of (Me3CCO)ZCHHgOAc (from R. Allmann and 

H_ MUSSO, Chem. Ber., 106 (1973) 3001) 

Projection of the two symmetry-independent (Me3CCO),CHHgOAc 

molecules on the x, y plane. 

C?-CB-tll Ilk2 

lx-m-m lll:i’ 

Figure 4. Bond distakc&s and Bond Angles in (M&CCOjZCHHgOAc 

(from R.‘Allmati and H. M&s&o, Chem. Ber., iO6 (1973).3001) 

I 
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)l -%.2-376(U) 

Figure 5. Structure of DL-Penicillaminatomethylmercury (II), 

MeHgcSC(Me),CH(NH,)CQ~ (from Y. S. Wong, P. C. 

Chieh and A. J. Garty, Chem. Gommun. (1973) 741) 

Figure 6. Structure of DL-bis(methylmercuri)penicillamine 

Y. S. Wong, P. C. Chitin and A. 3. Carty, Can. 

51 (2973) 2597). MeHgSCMezCH( C OO)FzHgMc _ 
: 

(from 

J. Ghem. ,. 
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Fignre 7. Strl;cture of Hg[:P(0)(OMe),12 (from G.’ G. Mather and 

A. Pidcock, J. Chem. Sot. Dalton (1973) 560) 

Figure 8. Structure of Ph+O-HgC& {from P. Biscarini et al., 

J. Ghem. Sot. Dalton (1973) 159) 



: 
: 

.'l?h,Sti-HgCl;(i9& (Fig. 8): Of interest':in this compound is the possible 

.:--we+* interaction between the mercury-atomand one of the phenyl rings 

ofthe.&henyl sulfoxide ligand. (IHg-CbH, distance 3.51d). 

-. 

a sin/3 

Figure 9. Structure of 8-mercury(U) N,N-diethyfdithiocarbamate 

(from H. Iwasaki, Acta Cryst., Z9B (1973) 2125) 
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N,N-Diethyldithiocarbamato derivatives of mercury(G) (199, ZOO). 

See Fig. 9 and 10. 

The two-dimensional structure of 2,3,4,5+etrakis(acetoxyme&uri) 

thiophene, 
cl 

36 , was determined by dark field transmission e.lectron 

Figure 10. Structure of the Mercury(lI) N,N-diethyldithiocarbamate 

Dimer (from H. Iwasaki. Acta Cryst., 29B (1973) 2115) 

microscopy (202). Not only the four mercury atoms, but also the sulfur 
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atom, -were. clearly ‘reveale-d in tho.domposite image resulting from the 

photographic superposition of-64 individual images; 

B. : Spectroscopic Studies 

i, Vibrational Spectroscopy 

The vibrational spectra of Me,SiCH,HgX and (Me,SiCH&Ig 

(133) and oi~pentachlo~ocyclopentadienylmercurials (113) &ve been 

reported. 

ii_ Nuclear Magnetic Resonance Spectroscopy 

Proton NMR studies of Me$iCHrHgX and (Me,SiCH&Hg (133), 

MeaC=CHHg-substituted carboranes (117) and methylmercury compounds 

(152) have been reported. Of special interest in the latter study was the 

change in-magnitude of .T(199Hg -1H) as Y in CHsHgY was varied. This 

coupling constant decreased with Y in the order OR > C$.CR > SR, that is, 

with increasing covalent character of the Hg-Y bond. 

Table IL Carbon-Mercury Coupling Constants in RzHg Compounds 

( in Hz) (ref. 202) 

Substituent %Hg 2J 
CCHg 

35 
CCCHg 

4J 
CCCCHg 

Ethyl 648 24 

n-Propyl 659 -25.2 102.6 - 

n-Butyl 656 26.3 100 ‘0 

Isopropyl 633.6 32.2 

Vinyl +1159 + 2 - 

Phellyl il86 88 101.6 17.8 
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Table 12. J(% -lq%g) in RzHg Compounds (ref. 203). 

Compound Solvent J( =C- : ‘99Hg) J(“C-@q&g) 

(-%Jk 

(CH,4CCHiz),Hg 

(trans -CICH=CH),Hg 

(cis -ClCH=CH),Hg 

(%H,),Hg 

( PhC=C)2Hg 

CHCI, 

GH5N 

GGl, 

CHGl, 

Dti 

GH,N 

DMSO 

cc14 

CHCl, 

C5H5N 

CHCl, 

C5H5N 

CHCIs 

DhKE 

GH,N 

DMSO 

CHCII, 

CHCL, 

CHGIs 

G.H,N 

CHCl, 

GH,N 

631 Hz 

669 

642 25 Hz 

648 25 

663 25 

679. 25 

688 25 

687.4 

753 

820 

896 

1023 

1133 38 

1162 41 

1200 42 

1202 42 

1256 191 

1330 53 

1176 87 

1254 85 

2584 

2694 
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-. &in-&h &pling between % and lq?Hg nuclei in 0rgGiomercurials 

.has been.studied by two groups (202. 203):(Tabies llandl2). 

r--z '._ 
Notewerthy 

.is the increase in the magnitude ofthis coupling as the carbon atom 

hybridization goes from sp3 to spr to sp and as the solvatmg power ofthe 

solvent is increased. 

Pulse Fourier transform '99HgNMR spectra of several organic and 

-inorganic mercury compounds have been reported by Macieland Borzo 

(204) (Table U). This technique should find useful application in organo- 

mercury chemistry. 

Table 13. Some 199Hg Chemical Shifts (Ref. 204) 

Sample +99Hga Line widthbe 

(W%,CH~CHi&Hg 0 9 

CH,HgCl 0.52 M in pyridine 474.72 12 - 

CH,HgClO_51M inDMS0 537.34 I2 - 

CHsHgBr 0.50 M inpyridine 589.22 23 - 

CI+YgBr 0.49 MinDMSO 654.69 21 - 

Hg(CN), 2.0 M inpyridine 764.42 8 - 

Hg(CN)2 0.41Min pyridine 768.09 10 

CH,HgI 0.50 M in pyridine 791.86 34 - 

CH,HgI 0.49 MinDMSO 842.23 37 - 

HgCl, 0.25 M in ethanol 1187.79 3 - 

HgCl,l.39 M in ethanol 1205.93 3 - 

Hg(Nq), 2.0 Min 0.84 M HNQ 2055.26. 4 - - 

Hg(NO& 4.0 Min 70% HNO, 2280.06 4 - 

a Chemical shift inppm with respect to (C6H&H,CH&Hg, 
increasing magnitudes correspondtoincreasing shielding. 
All spectra were recorded at approximateii; 238OK. Bulk 
s.usceptibilitycorrections have beenmade- 

b.. 
Approxi&te.line.width.at half height. 



iii. Nuclear Quadrupole Resonance and MLlssbauer Spectroscopy 

The 35C1NQR spectra of several-pentachlorocyclopentadienyi- 

mercurials have confirmed other spectroscopic evidence that these com- 

pounds contain covalently bound GsCls groups(ll3). The 35G1NQR spectrum 

of 37 has beenreported(205), 
cl 

as has an n%MBssbauer study ofp- 

Cl 

SHgPh 
cl 
37 

ZG6H4HgI(Z = F, Cl, H, MeO)(206). Effects due to the para substituents 

were slight as a resultofthe strong damping effectofthe mercury atom. 

iv. Photoelectron Spectroscopy 

The photoelectron spectrum of allylmercuric iodide gave 

evidence for Hg-C bond hyperconjugation (interaction of the Hg-C au and 

ethylene V(blu) orbitals) (207). 

V. Mass Spectroscopy 

Mass spectra ofMe,SiGHzHgX and (Me,SiCH,),Hg have been 

reported (133). McLaughlinand Rozett(208) have described a computer 

technique which calculates a least-squares fit-monoisotopic mass spectrum 

restricted to positive solutions from polyisotopic measurements. This 

useful procedure was applied to the mass spectrum ofdimethylmercury. 

C. Other Physical Studies 

A magneto-optical investigation of liquid dialkyl derivatives of zinc, 

cadmiumandmercury gave results whichwereinterpretedinterms of 

nonlinear dialkylmercury molecules (209), An inverse correlation be- 

tween orientation-and atom polarizations.has been found-for &oxyalkyl- 

mercuric salts (ZlQ), and the electrical pdlarizations of diiethylmercury 
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120. : 
: 

and mercnric~chloride have been-studied in the temperature range 8.5-50" 
~. : 

C (211). Dipole'mokents of alkylmercuric-halides have been-determined 

(212,_ 213). : 
.-. 

The poiarographic reduction.ofRHgX compounds in acetonitriie; DMF 

and ethanol/benzene has been studied by.Denisovich and Gubin (214). 

Effects-of R, X and the solvent on the reduction process were examined. 

Poiarographic reduction of various RHgCl and RsHg compounds, including 

metalIocenyImercuriaIs, was used to estimate the pKa values ofthe 

metallocenes via the now well-known linear correlation betweenE 
l/Z 

and 

pKa (215): Detailed studies were carried outofthe polarographic reduc- 

tion ofthese metallocenylmercurials (diferrocenyimercury. ferrocenyl- 

mercuric chloride, bis(cyclopentadienybnanganese tricarbonyl)mercury 

and the rheniumanalog, chloromercuricyclopentadienylmanganese (and 

rhenium) tricarbonyl), as well as of twelve carboranylmercurials (216). 

The potential utility ofE 
l/2 

value determinations in the assessment of 

gross electronic properties of substituents was pointed out. Japanese 

workers (22i')have reported on the polarography ofo-hydrox*yphenylmer- 

curie chIoride in aqueous nitric acid. 

11. MISCE~JLANEOUS 

A few miscellaneous items remain. 

Dimethylmercury, whenused as a solvent, has beenfoundtobe a 

spin-forbidden transition enhancer which allows the measurement of 

phosphorescence spectra in fluid mediumatroomtempeiature. This 

enabled the study of the T.I+So radiative transition of a number ofpoly- 

nuclear aromatic hydrocarbons (218). 

Among items fromthe analytical chemistry of organomercurialswe 

note.a: study _ofZhe.extractioqand GLC determination of RHgX compotids- 

(R ~~e;:.Et..MeOC~sCH~).using2'8Hg-taggedmaterials (219). The pro- 
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ceduxe developed .&as useful for determining lo64 Levels of crganomercuzi- 

als in biological materials. Techniques for the collection and separation 

of metallic mercury and organomercury compounds in air have been 

described (220). 

Finally z a detailed account has been given of methylmercury poison- 

ing (v& seed grain) in Iraq (221). 
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