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156 D. 

1. REVIEWS 

The second part of a long review on the reactions of org- 

anomercury compounds by Kakarova has appeared (1). Other re- 

views published in 1971 have included coverage of the follow- 

ing topics: 

Organosilyl- and organogermyl-substituted mercurials (2,3). 

Reactions of 

(41. 

Reactions of organomercury compounds with polyhalometh- 

anes (5?. 

Carbonylation of organomercurials In the presence of 

stoichiometric or catalytic quantities of cobalt carbon- 

yls ( a ketone synthesis) (6). 

The oxymercuration of olefins (7). 

The oxidation of olefins with mercuric salts (81. 

The SEl(N) mechanism in organomercury chemistry (9). 

Chromatographic and biological aspects of organomercury 

compounds (IO). 

Biological methylation of mercury (mercury pollution of 

the environment) (in). 

2. PREPARkTION OF ORGANCMERCURY COMPOUNDS 

Organic compounds of other metals continue to be useful 

in the preparation of organomercurials. The synthesis of 111 
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was accomplished via the appropriate ferrocenyl-lithium re- 

agent (12). The action of C6F5Li on W-C5H5Fe(C0)2F33C1 gave a 

mixture of' (C6E'5)2Hg and Hg Fe(C0')2C5H5-A2, 
c 1 rather than the 

eXpeCted C6F5HgFe(C0)2C5H5-T (13). However, the latter com- 

pound (as well as the related C6F5Hgh?o(C0)3CSH5-Tf and CgF5Hg- 

Mn(C0)5 ) is stable (mp 145-146~) to disproportionation (when 

prepared by reaction of n-C5H5Fe(CO)2Na with C6F5HgBr in THF) 

(14). The formation of symmetrized products in the C6F5Li + 

V-C5H5Fe(C0)2HgC1 reaction is due to the intervention of inter- 

mediate anionic intermediates (12). 

Grignard reagents were used in the prepartion of 2 cl (15) 

and 3 cl 
was prepared by the organolithium pro- 

cedure (17). 

l-IQ& 

d 
0 

0 
X 

’ \ 
cx=a, St-1 

Hgtl q H!3 
OEt S X 

Full details have been reported concerning the preparation 

of perfluoroalkylmercurials by the generation of' perfluorocar5- 

anions in the presence of mercuric salts (18). The following 

examples are representative. 

DMF 
"gF2 + 2 (cF3)2c=cF2 - HB@CF3)3 2 1 

Et*G 

PhHgF + (CF3)2C=CF2 B phW(CF& 

HgCl2 -+ 2 KF + ZCF~CF=CF~ -=+ kCF3)&g2Hg 
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i? .F DKF F2 
2 F 

H&l2 + KF + 

I"2 
F 

____3 F2 

o< 
H&l 

-2 

As reported in Annual Surveys last Year (OCR-B, 8 (1971) 

428), transfer of secondary alkyl. groups from boron to mercury 

does not occur under mild conditions. This reaction has been 

studied in greater detail by Larock and Brown (39). The rela- 

tive reactivities of some tri-set-alkylboranes in THF toward 

mercuric benzoate were: cyclopentyl> cyclohexyl> cyclooctyl 

> see-butyl> norbornjrl. Those reactions with tricyclopentyl- 

and tricyclohexylborane were of preparative utility, but with 

only two of the t:hree alkyl groups being cleaved. Boranes con- 

taining more bulky alkyl groups reacted extremely slowly with 

mercuric carboxylates. The reaction with tri-s-norbornyl- 

borane was found to proceed with retention of configuration. 

The electrochemical reduction of diphenylthallium bromide 

in DXF at the dropping mercury electrode resulted in formation 

of diphenylmercury (2C). Phenylmercuric chloride was produced 

when triphenyltin chloride was treated with mercuric oxide in 

boiling benzene (21): 

Ph3SnC1 + HgO + bh3SnCHgCl 1 d PhHgCl + (Ph2SnGIx 

Similarly, the reactions of mercuric halides with bis(triphenyl- 

tin) oxide gave phenylmercuric halides, triphenyltin halide and 

polymeric diphenyltin oxide. Mercuric chloride cleaves vinylic 

groups from tellurium (22): 

HE(GAc)~ 

(Fh2C=CH)2TeC12- Ph2C&H-HgCl 
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(p&‘dCl 

El 

(py12+dPh 

+PhHgCI 
I 

I PhHgCl 

ClHg Ph 

El 

Ph-Ph 

t 
+.[PhPdOAc] 

Chlorination of 
cl 6 gave 7 (33). 1 

The metal displacement reaction involving the interaction 

of metallic mercury with organic derivatives of other metals 

has been used preparatively for some time. A study of its 

mechanism in which a labelled mercury c203Hg) surface was al- 

lowed to react with Ph2T1Br, Ph2Cd, Ph2Mg=OEt2, Ph$n, Ph3Bi, 

EhkSn and Ph4pb in benzene medium has Seen reported (34). It 

was found that when the PhnM structure is approximately linear 

or planar, the metal displacement reaction occzurs. An SBi 

transition state similar to that which obtains in the Ph,H$Hg 

exchange reaction was postulated. 

An interesting example of organomercurial synthesis via 

aliphatic C-H bond mercuration and decarboxylation has been de- 

scribed (35): 





162 D. SEY FERTH 

, 
Some alkyd mercurials, RHgX (R = n-C6H,3; n-C7H,5, n-C8H,7 and 

cYcio-CgHqf), were prepared by this procedure from mercuric 

carboxylates which had been generated in situ by Oxidation 

oE metallic mercury with 60% hydrogen peroxide and a catalytic 

amount of nitric acid in the presence of? the appropriate car- 

boxylic acid (39). 

The role of the solvent in such radical-initiated decar- 

boxylations was investigated (40). Various (RC02)2Hg (R = 

n-Pr 9 n-C6H!3, Me, Ph) were decarboxylated in the presence of 

acyl peroxides, (R'C0)202 (R' = Ph, n-Pr, n-C6H,3). Two products 

resulted: RHg02CR and R'HgO*CR. The former predominated when 

benzene or n-PrC02H were used as solvents, while the latter pre- 

dominated in reactions carried out in n-heptane OP ethyl acetate. 

A radicat chain mechanism was suggested to occur in benzene and 

n-FrCG2H, a molecular mechanism in heptane and ethyl acetate. 

Preparation of organomercurials by elimination Of SUlfUr 

dioxide rather than carbon dioxide from mercuric salts also has 

been described (41): 

Hg(02SAr)2 1_____3- Ar2Hg + 2 so.2 

(Ar = Ph, p-keCEHh, p-ErC6H4, p-clc61149 p-m6H4, 2,3,4-Cl3C&, 

2,4,5-C13C6H2, 2-naphthyl, 8-quinolyl) 

In some cases such SO2 extrusion occurred at room teniperature: 

H2° 
2 2,4,6-R3C6H2S02Ra + Hg(OAc)* w 

2,4,6-R3G6H2-Hg02SCgH2R3-2,4,6 

(for R = Me) 

or 

(for R = i-Pr) 
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3. USE OF ORG~?!OKERCURIALS IN SYNTHESIS 

A. ORGAKCMETALLIC SYNTHESIS 

The metal displacement reaction continues 

the synthesis of OrganometalLic derivatives of 

from organomercurials. The following examples 

in 1971. 

to be useful in 

other metals 

were published 

Li, Et20 

(CD3)2Rg w CD3Li (ref. 42) 

Li, THF 

CJ&e2CH2)2Hg _1_1__3 CN;e2CH2Li 

Al, PhMe, reflex 

(PhCH&Jg > (FhCH2)JA1 

D 2*g =D 3Ga 
(ref. 45) 

In 

(C&&Hg - (C6F#n (ref. 46) 

(ref. L3) 

(ref. 44) 

The transmetalation reaction also has found application 

(47): 

0 Sixe3 
2 EiuLi 0 SiMe3 

& Jigc1 
h &Li 

V&en (CF3)2Hg and (CH3)2Cd were mixed in pyridine or diglyme 

solution, alkyl exchange reactions took place, and sll possible 

species were observed: CH3CdCF3, (GF3)2Cdr CJ-JJHgCF3, (CJ5)2Hg 

and starting compounds (48). Since such exchange reactions 

are equilibrium processes, the favored formation of CH$ZdCF 
3 

or (CF3)2Cd is determined by the relative concentrations of the 

Referencesp.257 



164 D. SEYFERTH 

starting materials. Although this system only was studied by 

nmr spectroscopy, preparative applications should be possible. 

Rlkylation of various derivatives of other metals and 

metalloids.by organomercurials may be noted. 

Pe2Hg + B2% - MeClBBC12 + !LeBgCl (ref. 49) 

Hg(CX2COR)2 

(R = II, Me, 

GEe, Fh) 

•t Ctr3COR 

+ HgS 

Ref. 

50 

HgY2 

(Y = OAc, OXe) 

+HY+ HgS 

(It was found that these substitution reactions at silicon 

proceeded with inversion of configuration. Similar displ_ace- 

ment reactions were observed with KePh(a-Np)Si*-SSiXe3.) 

DME 

Ph2PB + Hg!C$CRC)2 _I_a Ph2POCH=CB2 (ref. 51) 

DME 

Ph2PK + ClHgCfr2COMe ~Ph2POCMe=C~ (ref. 51) 

benzene 

Ph2PH + Hg(CH2COR)2 W Ph2PCH2COR (ref. 51) 

(R - Me, Et, Pr, Bu) 

dioxane 

RSeSeR + ~'213g Se 2 RSeR' + Hg (ref. 52) 
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dioxane 

RTeTeR + R'2Hg i- 2 RTeR' + Hg 

r 
PhIC12 + PhCH=CHHgBr M i;PhCH=CHIPg I 

(low yield) 

Na2PdClL + 2 CH2=CHCH2HgC1 __lfi 

165 

(ref. 52) 

(ref. 23) 

2 -t L NaCl 

‘ 

2 Na3RhC16 + 4 CH2=CHCFi2HgC1 

+ 2 HgC12 (ref. 53) 

____3 [&RhCJ2 + 6 N&l 

+ 4 I-ml2 (ref. 53) 

In other examples, organomercury compounds have reacted with 

c-bonded ligands in transition metal complexes to give trans- 

formed ligand systems. 

Ph 

Ph3P 

\ 

,&iPh 

/ 
dC12 + 2 Ph2Hg .-> 

ph3p\pd,YCI, 
Pd 

PhNnC PhNq 
/ 

'Cl' 'PPh 
3 

Ph 

+ 2 PhHgCl (ref. 54) 

HCCO$CO)~ + (XGR&Hg - CH3CCo3(GO)9 (ref. 55) * 

(x = I or Br) 

The latter reaction mast likely does not proceed via C-X2 in- 

sertion into the exocluster C-H bond, but rather by way of an 

alwlation-reduction or a reduction-alkylation sequence (55). 

References p. 257 
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TABLEV 

REACTIONS OF @'h&Cl& WITH SUBSTITUTED 4,4-DIHALO-2,SCYCLOHEXADIENONES IN THF 

starting Average Average Yield Polymer 
compound mol. wt. dec. p. <%I formed 

Br Br 

Br Br 

,Cl Br 

-13000 -50 -90 
f 650 

-9700 ~60 -90 
l 490 

-2700. -17 1 O-20 
fl30 

no reaction 

-4630 -17 -70 
f230 

-2046 -7 -80 
flo0 

no reaction 

I 

r I I 

I 

A 
I 

Cl , Cl 

H ’ 
I 

H 

0 

5r 

CH3 

References p_ 257 



176 D. SEYFERTH 

The photolysis or thermolysis of organomercury compounds 

is a useful method for generating free radicals, and in 1971 

the phenylation of anthracene via diphenylmercury photolysis 

(64) and the benzylation reaction shown below (65) were report- 

ed. The phototysis of bis(Z-cyanoethyl)mercury in methanol 

(Phcf$ 12Eg + 

+ PhCH 3 + Bg 

solution resulted in radical dimerization, giving adiponitrile 

in 90% yield (66). 

C. HALOMETHYL-MERCURY COMPOUNDS 

Halomethylmercurials are discussed in this section in view 

of their excellent utility as divalent carbon transfer agents. 

Discussion of their reactions and.applications can be found 

in Kirmse's second edition or "Carbene Chemistry" (67). 

The thermal decomposition of pheny2(trihalomethyl)mercury 

compounds in solution at about 80~ to give phenylmercuric 

halide and dihalocarbene has been studied in some detail and 

-has found much application in synthesis (cf. previous volumes 

of OCR-B and "Annual Surveys of Organometallic Chemistry" for 

references). Of great interest in this area have been studies 

of the gas phase pyrolysis of trihalomethyl-mercury compounds 

by Nefedov and his coworkers and Margrave and Hauge (68-70). 

Thus, phenyl(trichloromethyl)mercury was decomposed in a high 

vacuum pyrolysis unit (at 220-390°) which was joined to a 

liquid helium cryostat. The volatile decomposition products 
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and the argon carrier gas used were condensed on the Xbr 

window of the cryostat. Ir spectroscopic investigation Of 

the species present in the argon matrix showed them to be di- 

chlorocarbene, the trichloromethyl radical, their dimers, 

C2C14 and C2C16, and phenylmercuric chloride. The compounds 

Hg(CC13)2 and X13HgCl. were studied in similar manner. Gas 

phase pyrolysis of PhHgCClSBr and PhHgCCIBr2 also wad studied 

using the rare gas matrix isolation procedure (71): 

350° /+ cc12 

PhHgCClSBr 

~-\_, - CC1233r 

320~ /dCClBr 

PhHgCClBr2 

~.,C,,r* 

It was found that PhHgCC12Br is a much more effective source 

of dichlorocarbene than is PhHgCC13, in agreement with pre- 

vious solution studies (Seyferth et al., 1965). While the de- 

composition of these mercurials at lower temperatures in solu- 

tion will continue to find major application in dihalocarbene 

generation for preparative purposes, such gas phase reactions 

can be used in synthesis. Thus, the gas phase pyrolysis of 

PhHgCC+ or Hg(CC1J)2 in the presence of cyclopentadiene gave 

chlorobenzene by the route shown below ( 68): 

Refere;lcesp.2.57 
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In connection with this work, Nefedov et al. (72) carried out 

detailed infrared and m&ss spectroscopic studies of phenyl- 

(trichloromethyl)mercury and diphenylmercury, 

The preparation of phenyl(trihalomethyl)mercury compounds 

which release a dihalocarbene in solution at room temperature 

at a fairly rapid rate represents a notable advance in the 

halomethyl-mercury/carbene area. The most reactive of this new 

generation of halomethylmercurials is FhKgCC121, prepared as 

follows (73): 

$ 
THF/Et20, -55O 

PhHgCl + XC121 + Me3COK W PhHgCC121 + KC1 

i. Me 
3 
COH 

At 80° in benzene solution, this reagent reacts with cyclohexene 

almost instantaneously to give 7,7-dichloronorcarane in 85% 

yield. A similar reaction carried out at room temperature was 

complete within 24 hr. and gave 7,7-dichloronorcarane in 8946 

yield. This mercurial even transferred CC12 to cyclohexene (in 

71% yield) at 0'., but a reaction time of 8 daya was required. 

Other room temperature reactions of this new organomercury re- 

agent are shown below. 

PhHgC%I + 24h _~_b Phi-i@ + 
(93%) 

a2 

PhHgC%I + Mf?+C~CH=CH2 24h 
- PhngI (88%) 

+ M%SiCH2 

- V” 
(957d 

PhH@Xl& -5 Et$iH 
24h 

- PhHgI + Et,SiCCl,H 
(82%) (83 Y.1 
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PhHgcC12Br by n-propyl groups was found by Shcherbakov (75) 

to lead to more reactive Ccl2 transfer agents. 
t 

36-48 hr, 80° 

FhHgCC13 3 
0 

1, =2 (89%) 

vs. 
a hr at ao” 

n-C3H7HgCCL3 + 
0 

I_ l2 (82%) 

EhHgCCL2Br + 

vs. 

n-C397HgCC12Br 

n-C3H7HgCC12Br 

0 
ga days, room temp. I Cl2 (72%) (ref.76) 

0 
3 days. room temp. 

+ I- 
c12 (70%) 

l2 (85%) 

n-Propyl(trichloromethyl)mercury also was used to insert Ccl, 
c 

into the benzylic C-H -bond of cumene,(36$), into the SiB bond 

of triethylsilane (48%) and into the Sn-Sn bond of hexamethyl- 

ditin (40$), in reactions carried out for 5 hr. at 80°. 

Details have been reported concerning a number of new 

halomethyl-mercury compounds. The fluorine-containing mercur- 

ial PhHgCClBrCF3 was found to transfer CF CC1 
3 

to carbenophilic 

substraSes, hut relatively high reaction temperatures were re- 

quired (77): 

P~H~CCIB~CF, + 1380 m + -2 + _PhHgBr 5.5 days 

74% 5% 

The yields of gem-CF3,C1-substituted cyclopropanes obtained on 

reaction of this reagent with other olefins were variable 

References p. 257 
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( Me2C=CMe2, 5896; Me,pCH?de, L6%; cyclohexene, 41%; Ne+iCH;I- 

CH=CH2, 94; cis-MeCH=CHNe, 27$), and this very likely re- 

flects the instability of the product cyclopropanes under 

the reaction conditions. An insertion reaction into the Si-H 

bond also was reported: 

Et-$jiH 

khHgCC1BrGF~ 
730°, 6 days 

) Et3SiCHClGFj + Et3SiCHBrCF3 

(52%) (3%) 

+ FhHgBr 

(83%) 

and this mercury reagent also was used to generate a phosphorus 

ylide: 

p-x~-lene, 1:1w 

PhHgCClBrCFs + PhsP + PhCHO ____I_) 
71 hr 

Ph CFs Ph Cl 
\ / \ / 

PhHgBr + Ph$O + C_;C c=c 

H’ ‘Cl + %-I’ \cF. f 
38% 

combined 
yield 

The action of sodium iodide in DNE on FhHgCC1BrCF3 resulted in 

displacement of CF3CC1Br-, but this anion underwent 
P 

-elimina- 

tion of fluoride ion (rather than d-elimination of bromide 

ion) to give CF2=CC'LBr. The compound PhHgCC12CF3, as expected, 

was much more stable than PhHgCClBrCF 
3’ 

and its high stability 

precluded its application in cyclopropane synthesis. These mer- 

curials were prepared from the respective pentahaloethane: 

TIII.‘. - 10 io 00 
PhHgCi + MezCOK f CFsCXCIH-------------, 

PhHgCXClCFz + Me,COH + KC1 (3) 
x = C&75% 
X = Br,86% 
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Also prepared 

compound was found 

183 

was PhHgCC1,Ch3 (via LiCC12CH3> (78). This 

to transfer CH$Xl'in isolated oases:- 

PhHgCC12CH3 
8c-85°, 70 hr (=Ht~==:;;;~(35"I, 

\/ * 

CH/ ‘cl 
3 

(31%) 

However, the major mode of decomposition of this mercury com- 

pound in the presence of less reactive substrates involved 

elimination of HCl: 

PhHgCC12CH3 - PhHgCCkCHs + HCl 
, 

with the formation of secondary products due to C-Hg cleavage 

by HCl and redistribution reactions. The decomposition of 

PhHgCC12CH~ in chlorobenzene at 80~ gave PhHgCl (17$), 

Cs=CClHgCl (3O'f4), CH3CC12HgC1 (16%), C6H6 (67%), (CHS=CC1)+ 

and CH3CC12HgCC1=CH2. The equations below summarize the chem- 

istry which possibly is responsible for the formation of these 

products. 

PhHgCCl,CH, - PhHgCCl=CH2 + HCl 

PhHgCCI,CH3 +HCl - CBH6 + CIHgCCl,CH3 

PhHgCCl=CH, + HCl - C,Hs + ClHgCCl=CH2 

PhHgCCl,CH3 +ClHgCC1=CH2 - PhHgCl + CH&Cl,HgCCl=CH, 

CH,CC12HgCdl=CH, - Hg(CCl=CH,), + HCl 

ClHgCCl,CH3 - C!HgCCl=CH2 + HCl 

2 PhHgCCl,CH, - Ph,Hg+ Hg(CCl,CH,), 

(CH&Cl,),Hg - CH3CCl,HgCCl=CH2 +HCl 

References p. 257 



184 D.SEYFERTH 

Trimethylsilyl-substituted mercury compounds which serve 

as sources or-silyl-substituted carbenes have been prepared by 

organolithium or Grignard procedures (OCR-B, 8 (1971) 460). 

Bis(trimethylsilyldichloromethyl)mercury reacted with cyclo- 

hexene in the presence of an equimolar quantity of diphenyl- 

mercury (IO days at 118O) to give the expected norcarane deriv- 

ative (79): 

CM%SiCCl&Hg + P$Hg t 0 I CI 
- 2PhHgCl + 2 

(82%) c- iMe, 

(62%) 

A similar reaction with cyclooctene (125~135O, for 8 days in 

chlorobenaene) gave 12 q in 73% yield, while reaction with 

allyltrimethylsilane resulted in the expected 13 _ 
I Minor by- 

products indicative of a free radical side-reaction (Me3SiCC12B, 

Me3SiCGI=CC12) were formed in these reactions, and at 220° such 

free radical chemistry predominated. Thermolysis of (Me3SiCC12)2Bg 

at 220° gave Me3SiCC12H, Me3SiCC1 
3' 

Me3SiCC1=CC12, Me3SiCl and 

Me3SiCC1=CC1SiRe3. The latter is best rationalized in terms 

of a carbene process: 

Me3SiCCI,HgCCI,SiMe3 - Me3Si&1 + Me,SiCCl,HgCl 

Cl 

Me&&l + Me,SiCC!&gR - Me,SiCCl,-$-H&Z - 

&Me, 
j%elimiaation 

- Me,SiCCl=CClSiMe, +RHgCI 
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but the others result from the initially formed BIe3SiCC12- 

radical: 

220’ 

(Me3SiCC12),Hg --+ 2 Me,Si&l,+Hg 

Me&Cl2 2 Me,SiCCl,H 

RCI 

_Me,SiCCl, - Me$iCCl, 

2Me,SiCCI, - [Mk3SiCC12CC12SiMe~] + 

- Me,SiCCl=CCl,+Me,SiCl 

Bis(trimethylsilyldibromomethyl)mercury is a reasonably good 

source of bie3SiCdr (79); 

0 
PhBr, Y5O 

(Me3SiCBr2).$Ig + PheHg + / h 
6 days 

SiMe3 

W Br 

+2PhBgBr 

On the other hand, (Me3SiCBBr)2Hg was too stable-for applica- 

tion as a divalent carbon transfer agent. After it had been 

heated in the presence of cyclohexene at 160~ for 7 days, phen- 

ylmercuric bromide had been formed to the extent of only 49% 

and Me 
3 
SiCH-derived products (7-trimethylsilylnorcarane and 

1,2-bis(trimethylsilyl)ethy~ene) were found in only low yield 

At higher temperatures (lgO-2100), homolytic C-Hg fission pre- 

dominated (79). 

Another halomethyl-mercurial which was prepared and 

which was too stable to show divalent carbon transfer reactivi- 

ty was 14 (80). cl 

o- 

0SiMe3 
I 

Hg(OAc)2, EtOH/H20 

C=CHCl + HgO > ( (-J-c(o$HcL)~H~ 

q 14 
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New syntheses of known halomethylmercurials have been re- 

ported. The reaction sequence shown below makes PhHgCP3 

readily available from easily accessible starting materials 

(81). This mercurial is an excellent source of CF2 when it is 

water 
2CFaC0, H+HgO -(CF, CO& Hg + Hz 0 

300" 
W%CWJ-&- CF3HgOaCCF3 + CO2 

CFJHg02CCF3 +NaI + CF,HgI+ CFJC02Na 

CF3H@+Ph2Hg + PhHgCF3 +PhHgI 

treated with sodium iodide in benzene at 80° (OCR-B, 6 (1970) 

2501, and the CF3HgI intermediate in the preparation above 

also transfers CF l 

2' 

CF,H@ + NaI 2- 0 I benzene,retlux 

t5h 
F2 + WG, 

(excess) + NaF 

However, the very stable PhHgCF3 is preferable aa a CF2 re- 

agent to the light-sensitive CF$fgI. Full details have been 

published concerning the preparation of Hg(CH21)2 and Hg(CFi2Br)2 

via the respective XZnCH2X reagents (82). This much more 

easily effected synthesis of these reagents should enhance 

their applicability as CR2 transfer agents. 

The reaction of PhHgOCabe3 with dichloromethane gave 

PhRgCClRH in 50% yield (83)., and the action of chloroform and 

the lithium salt of t-buy1 hyaroperoxide on pherqflmercuric 

chloride gave PhHgCC13 (84). 
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were rationalized in terms of the operation of dn--prrbonding 

in the Si-CH=CH2 system (89). 

The application of phenyl(dichloromethyl)mercurY and 

phenyl(bromochloromethyl)mercury in monochlorocyclopropane 

synthesis has been studied in greater detail (90); As Table 

VII shows, PhHgCHClBr is a CHCl transfer agent of moderate 

utility. The CHCl transfer to olefins is a stereospecific pro- 

cess, but free monochlorocarbene does not appear to be involved 

as an intermediate. Phenyl(dibromomethyl)mercury has been 

used to add CHBr to 2,3-dimethyl-1,3-butadiene (91): 

Divalent carbon insertion into single bonds (via organo- 

mercury reagents) also has received continued study. 

Among the most reactive of single bonds toward divalent 

carbon reagents is the Si-H linkage. An insertion process 

(rather than an alkylation-reduction or reduction-alkylation 

sequence) has been demonstrated for the preparation of methyl 

silicon compounds from silicon hydrides by reaction with 

Hg(CB21)2 (82). This was shown by a reaction of equimolar 

quantities of Et3SiD and Bu3SiH with Hg(CJ!i21)2. The only 

products which were obtained were Et3SiCH2D and -Bu3SiCH3, The 

kinetic isotope effect, k(Si-H)/k(Si-D), for the reaction of 

tri-n-butylsilane with PhHgCC12Br was determined to be 1.23 

(92). 
References p_ 257 
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mining equilibria. In related studies, the same authors round 

that the dominant steric effect operative in the oxymercuration 

of such substituted cyclohexenes involves torsional angle ef- 

fects which are a function of the size of the alkyl group in 

cisL3-alkyl-5-tert-butylcyclohexenes (Table IX) (108). 

TABLE IX 

RESULTS OF OXYMERCURATION-REDUCTIVE DEMERCURATION OF cis-3-ALKYL-5-rerr- 
BUTYLCYCLOHEXENES AT 25’ (108) 

p -” /qq 

OH 
R= 

H 46.4 53.6 
CHs 89.8 10.2 
C&Is 90.5 9.5 
CH(CH& 94-2 5.8 
C(CHd, 99.06 0.91 

The process leading to the observed oxymercuration,groducts is 

pictured as shown below for the OXymerCUratiOn of 3,5,5-tri- 

methylcyclohexene. 

References p. 257 
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A very similar 

the endocyclic 

D. SEYFERTH 

study was reported by French workers (109). For 

substituted cyclohexenes, 

the oxymercuration/NaBHq reduction sequence 

the axial alcohol. For exocyclic olefins, 

gave > 9599% of 

the reaction was 1eSS StereOSpeCifiC, with alkyl substituents 

in the 3 position favoring formation of the axial alcohol and 

alkyl groups in the 2 position favoring formation of the 

equatorial alcohol. 

In the oxymercuration of trans-cyclooctene, two products 

are formed: 

H 

+ Hg(OAc]z q 

H 

q 20 cl 21 

Which one is formed depends on the presence of other liganda 
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that can bond covalently to mercury, either added salts (?04) 

or more nucleophilic solvents (llO), with the acetoxy compound 

I 20 being Pavored in the presence of added salts or more 

nucleophilic solvents, The rate of racemlzation of (+)-)211, 

obtained from (-)-trans-cyclooctene, in solution, depended 

upon the nature of the- solvent, with racemization being faster 

in the more nucleophilic solvents (140). 

In terms of more preparatively oriented oxymercuration 

chemistry, one may note the following reports. 

The preparation of optically active alcohols was achieved 

via the oxymercuration-demercuration sequence using chiral 

mercuric carboxylates in place of the usual mercuric acetate 

(Ill). Thus, the conversion of 1-decene to 2-decanol via 

reaction with mercuric (+)-tartrate followed by NaBH4 reduction 

gave product with 17.4% enantiomeric excess ( (-> isomer). A 

similar sequence carried out with mercuric (+)-lactate gave 2- 

decanol with 2.396 enantiomeric excess ( (-) isomer). 

The oxymercuration of bullvalene followed by reduction of 

the mercuration product with NaBH4 was reported to give k] 

(112) (cf. OCR-B, 8 (1971) 468 for a previous report of this 

reaction). The solvomercuration of cis, cis-l,+cyclooctadiene, 

reported by two groups last year (OCR-B, 8 (1971) 465, L167) 

has been reported by a third group to give q 23 in methanol 

and 
cl 
24 in acetic acid solution, as part of a comprehensive 

study of olefin reactivity (113). Hydroxymercuration of 

I-methylcyclobutene by mercuric perchlorate in dilute HClO& 

solution gave the oxymercuration product 25 
cl 

, which, however, 

decomposed in strong acid solution to give as final products 

mercury and methyl cyclopropyl ketone (114). 

References p. 257 
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d 

Me 
- 

D-- f Me 

The methoxymercuration of pendant vinyl groups in 

cross-linked divinylbenzene polymers and styrene-divinyl- 

benzene copolymers has been reported at a polymer symposium 

(115). These heterogeneous reactions proceed much more 

slowly thanoxymercurations in solution, but they do go to 

com_olete conversion. 

Oxymercuration of functional 

with functional groups which take 

of interest. 

olefins, in particular, those 

part in the reaction, are 

In carboxy-substituted norbornenes, the disposition of' 

the carboxy group is of importance (116): 

CH2CI 
Hg(OAc>z NaB% , CH- 

C02H o-c 
No 

but: 
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:L & COzH 

& 
HO 

C02H 

/ 

Hg(OAc), NaBHa, OH- 
+ 

Ck-!&l 

HO 

CHaCl 

-t-& 

C4H 

CHZCl 

Cyclization of' unsaturated amines was accomplished via the 

mercuration-reduction sequence (117, i 18): 

.4l I 
HSCb 

H H/N\prcH3 
3 

Pr 

Jll 
I 

Pl- 

,/“\ 
Pr 

HQ'=l2 _ Cltig 
\ 

0 
2 7 

CH3 Pr 

/n 

AcOHg 

I 
Hg(OA+ 

Me 

Me *N CH, 
xl Me N 

/\ 

CH3 

H Pl- 
I 

Pr 

HgX2 

THF 

R = H, X=OAc,70% 
R= Me, X=OAc,50% 
R = n-Pr , X=CI, 75% 
R = t-b, X=Cl , 60% 
R= Ph. X=CI ;O% 

HgX 

Refffences p. 257 
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(The ratio of I26; to /271 obtained degends 
U 

curie salt and on the soLvent used). 

CH2 
I 

Ciene monoxides have been subjected to the 

NaBB4 reduction sequence (llq), and neighboring 

pation by oxirane oxygec was found to occur: 

on the mer- 

mercuration-- 

group partici- 

Cc I 0 yg(oAc)2 - *;y - @-,, + pJOH 

m 
0- 

- JA,‘“Q 
A rate acceleration due to this participation was observed. 

Some relative rate data for oxymercuration of various Cg 

cyclic olefins are given in Table X (119). 

Full details of the mercuration of steroidal 3-keto- 

i,4,6-trienes (OCR-B, 6 (1970) 273) have been reported (120). 

R t Me, R' = H 
and 
R = H, R' = EtCO 
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TABLE X (119) 

RELATIVE RATES OF OXYMERCURATION AT 2S” 

Compound 

0 I 0.0005 
““laPe rate 

7200 

15 

Time 

sec. c 

0.0 2 60 

840 

1.0 5 

5650 

1660 

33 
0.92 

- 90 

(I Reaction run in 50% THF-water, unless otherwise specified. b From competition 
reactions; precision is about 520%. ’ Time required foi decolorization of mercuric 
complex in THF-water. 

The R = Me, R’ E H compound sas epoxidized with 30% H2C2 to 28 0 

References p. 251 
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The methoxymercuration of 29 gave 30 (121). q q q 29 *as 

rather unreactive, and the highly active mercuric perchlorate had 

to be used in order to obtain a satisfactory rate of reaction. 

Brominolysis of 30 gave 31 . q q 
?h Ph Ph 

Ph 

1291 

Ph 

m 

Ph 

El 

Also reported has been the mercuration of I+-phenyl-1,3- 

dithiolene-2-one (122): 

H 
Hg(OAc& 

- CHCIS /HOAc - 
Ph Ii X 

Ph HgOAc 

3,5-Dinitro-l-cyclopentene was mercurated by Russian workers 

(123): 

02NuN02 

Several papers have been devoted to 

allenes; The methoxymercuration of 32 q 
the oxymercuration Of 

gave 33 (124). The 
cl 





214 D. SEYFERTH 

TABLEXI' 

SODIUMBOROHYDRIDEREDUffIONOFCYCLiCVINYLIC 
ORGANOMERCURIALS!126) 

Compound Product(s) Yield 
(%I 

3-methoxycyclononene 72 
&is, 100%) 

3methoxycyclodecene 54 
(eis, 78%; tram, 22%) 

3-methoxycydoundecene 80 
(cis, 15%; mm, 85%) 

3-methoxycyclotridecene 76 
@is, 15%; fruns, SS%) 

In view of the proven 

organomercurials, the 

is not surprising. 

The reaction of 
n 

radical mechanisffi of NaBH 
& reduction of 

formation of' both c&s and trans products 

cl 34 (X= Cl) with HgCl, in ace'cone 

gave IJ51 as UlajQP product. In t-butanol solution, on the 

other hand, = ~1) reacted with mercuric chloHde to 

with nercr;ric bromide to give . The bromo 

/x 
Ph&=C=C \ 

‘CKmPh2 
. (X= Cl , Brl 

1361 1371 

compound cl 34 reacted with mercuric bromide in t-butanol to 

with mercuz?ic chloride to give 37 . Demercur- q 
atiori of 

mercuri groups w1th.a 

nercuration reactions 

and u withNaBHk replaced the halo- 

hydrogen atom. The mechanisms of these 

were discussed, 
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Some studies of the oxymercuration of acetylenes alsO 

have been reported. Oxymercuration of-1-octyne, 3-hexyne, 

cyclotridecyne and phenylacetylene, followed by treatment of 

the mercurials formed with NaBH4 gave ketones in good yield. 

(128): 
., 

Hg@d2 

! 

rr, ,HgOAc RC-CHR' 

RC=CR' - Ho,C=C\, - 
)) I 
0 HgOAc 

aq. TIiF ] 

I 

NaBH4 

V 
RCCH2R' 

t’ 

Diphenylacetylene failed to react under these conditions. 

Mercuration (with Hg(OAc)2 in methanol) of 9,8-bis(phenyl- 

ethynyl)naphthalene gave 39 as final product, presumably q . 

via the route shown below (129). 

References p- 257 
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Cleavage of with sulfuric acid gave 40 , 
cl 

which also 

was formed-more directly by carrying out the mercuration of 

1,8-bis(phenylethynyl)naphthalene in HOAc/H2SO4 medium. Ider- 

curation of m and q 42 under the latter conditions gave 

I 431 , R = H and R = Me, respectively. However, the action of 

mercuric.acetate in methanol on 44 cl resulted in the formation 

of 45 , cl 
since the intermediate vinyl cation could not undergo 

ring closure. 

CH, CH, 

(41( 

CH3 CH3 

1421 
Rz H 

R = CH3 

al 

Of special interest is an example of' the mercuration of a 

coordinated acetylene (130): 

Ph2MeP /C" 
a 
P&J 

3 HgX2 (X = Cl, Br) 

T+ 

Ph2leP/ 'CF 
3 

EtOH, reflux 

Ph$eP,F~>C=C 
H-3 
‘xgx 
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The addition of mercuric fluoride to a ketene has.been aescrib- 

sd (23-l): 

(CF3),C=C=0 -t _ySFz ----+3 

/c. 
0' F q 46 

Treatment of 46 wRithesodium carbonate gave a mixture of 

C 
'=+CF3) @g, 

3 

III 

CF22=C(CF3)HgCH(CF3)2 and [G~3)2C&H& 

A new tertiary amine synthesis based on the mercuration- 

demercuration of enamines has been developed (132): 

DMF, -20° 

"Et2 
+ r;re;{OA~)~ A OAc- 

(78%) 

Other conversions effected by this sequence were: 

/ Et2N 
u 

References p_ 257 
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Bloodworthhas provided full details of the peroxymercur- 

ation o? monosubstituted ethylenes, which coupled with reduct- 

ion of the mercurials formed by NaBH4, constitutes a useful 

new synthesis of secondary alkyl peroxides (133) (cf. OCR-B, 

6 (1970) 2651.. 

RCH=CH2 + Kg(OAc12 

t-RuOO~HCH2HgOAc + 

R 

+ t-BuOOH F t-BuOOCHCH2ElgOAc + HOAc 

6 

NaBH4 -A> t-BuOOCHRMe + Hg 

This work was extended to the t-butylperoxymercuration of 

d,!@-unsaturated ketones and esters (134). Oc -bfercuration 

was found to occur with olefins of type CH2=CHCOY, RCH=CHCOY 

and R2C=CHCOY (Y = alkyl or alkoxyl: 

CH2=CHC02Me + H~(OAC)~ + t-BuOOH 

2 mole Ss HC104 

> 

t-Bu00CH2CHC02Me + HOAc 

&OAc 

However, with olefins of type CH2=CRCOY, -mercuration took 

place: 

CH2=CMeC02Me + Hg(OAc)2 + t-BuOOH F 

AcOHgCH2~(Ye)C02Me + HOAc 

OOBu-t 

Thts investigation was extended to the methoxymercuration of 

d?/3 
-unsaturated esters and ketones (734). The same directional 
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effects were observed, 

219 

e.g.: 

MeCH=CHCOMe + Hg(OAc)* + MeOH--- MeOCH(Me)CHCOge 
I 
HgOAc 

+ HOAc 

but 

CH2=CMeCOYe + H~(OAC)~ + MeOH e AcOHgCH2C(Me)CO?de + HOAc 

The results reported are summarized in Tables XII, XIII 

and XIV. In most of the examples given, the organomercury 

acetate produced initially was converted to the bromide or 

chloride. Nmr spectroscopy was used extensively in determin- 

ing the structure OP the products. 

The kinetics of the methoxymercuration of phenyl cinnamate 

have been studied (135). A second order reaction was indicated. 

TABLE XII 

t-BUTYL PEROXYMERCURATION QF QP-uNsA~R~TED CARBONYL COMPOUNDS: M~ERCURATION 
R’R2C:CR”-COY -+ R’R’C(O-OBut)-CR3(Hg-X).COY 

@-Unsaturated carbonyl 
compd. 

R’ 

But-l-en-3-o& (methyl 
vinyl ketone) 

Methyl propenoate (methyl 
acrylate) 

rrans-Pent-3~n-2-onc 
rrans-Methyl but-2-enoate 

(methyl crotonate) 
3-Methylpent-3en-2-one 
runs-Methyl 2methylbut- 

Z-enoate (methyl tiglate) 
2-Methylpent-2en4one 

(mesityl oxide) 
Methyl 3methylbut-2- 

enoate (methyl 3.3-d& 
methylacrylatc) 

rruns-1.3-Diphenylpropen- 
one (chalcone) 

Chalcone 
nuns-Methyl 3-phenyl- 

propenoate {methyl 
cinnamate) 

Methyl cinnamate 

- 

H 

H 

H 

H 

H 
H 

Me 

Me 

H 

H 
H 

H Ph H 

R2 

H 

H 

Me 
Me 

Me 
Me 

Me 

Me 

Ph 

Ph 
Ph 

R3 

H 

-H 

H 
H 

Me 
Me 

H 

H 

H 

H 
H 

Y 

Me 

OMe 

Me 

OMe 

Me 
OMe 

OMe 

Ph 

Ph 
OMe 

Reaction 
time 

Yield X Yield 
(crude) (pure) 
(46) (%I 

1 hr. 96 

10min. 99 

5min. 
30 min. ;‘7 

3 days 30 
3days IO 

smin. 91 

5 min. 99 

Br 

Br 

BI 
Br 

cl 
Br 

Br 

Br 

50 

31 

58 

25 
a 

95 

94 

1 hr. 98 OAc 75 

1 hr. 98 Br 60 
6hr. 96 OAc 86 

6hr. 96 BI IO 

\References p. 257 
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TABLE XIII 
OF .2$UNSATURATED CARBONYL COMPOUNDS: &fERCURA+ION 

R1RZC:CR3+COY + R’R%(OMe)-CR3Uig-XI-COY 

U@Jnatuatrd carbonyl 

compd. 

Methyl vinyl ketone 
Methyl acrylate 
PentJ-en-2-one 
Methyl crofonate 
3-Methylpent-3en-Z-one 
Methyl @ate 
Mesityl oxide 
Methyl 3,3&methyl- 

acrylate 
Cha!mne 
Chalcone 
Methyi cinnamate 
Methylcinnamate 

R’ R* R3 Y Rmction Yield X Yield 
time (crude) (pure) 

(%I (%I 

H H H Me S min. 100 Br 2.5 
H H H OMe 4 hr. 90 Br 40 
H Me H hle 5 min. 100 Br 73 
H Me H Ohie 5 min. 100 Br 70 
H Me Me Me 48 hr. 40 OAc 18 
H Me Me OhIe 24 hr. 5-I Br 24 
Me Me H Me 15min. 100 Br 83 
Me Me H OMe 1 min. 100 Br 40 

H Ph H Ph 3 min. 100 OAc 77 
H Ph H Ph 3 min. 100 Br 74 
H Ph H OMe 10 min. 98 OAc 90 
H Ph H OMe 10 min. 98 Br 14 

TABLE XIV 

METHOXY- AND t-mmr_ PEROXY-MERCURATI~N OF @-UNSATURATED CARBONYL COMPOUNDS: 
P-MERCURATION 
CH2 :CR3 -COY --f XHg-CH2 -CR3(OR)cOY 

@Unsaturated carbonyl 
compd. 

2-Methylbut-l-en-3-one 
(methyl isopropenyl ketone) 

Methyl isopropenyl ketone 
Methyl isopropenyl ketone 
Methyl SmethyIpropenoate 

<methyl methacrylate) 
Methyl methxrylate 
Methyl methacxylate 
Methyl 2-phenylpropenoate 

(methyl atropate) 
Methyi atropate 

R3 Y R 

Me Me Me 

Me Me OBut 
Me Me OBu’ 
Me OMe Me 

Me OMe Me 
Me OMe OBut 
ph OMe Me 

Ph OMe OBu’ 

Reaction 
time 

30 min. 

24 hr. 
24 hr. 
12 hr. 

12 hr. _ 
12 hr. 
12 hr. 

5 days 

Yield X Yie!d 
(crude) (pure) 
(%I (%) 

97 Br 30 

92 OAc 60 
92 Br 30 

100 OAc 60 

100 Br 2.5 
97 Br 70 
50 Br 

65 Br 16.5 

The kinetics of the displacement of an oxymercurated 

olefin by a free olefin (transoxymercuration) and of alkoxy 

exchange reactions involving oxymercurated olefins have been 

investigated (136). Typical reactions might be: 

MeOH 

+ C6H, 3CH=CH2 - C6H13;HGH2HgX t 0 I OMe 
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EtOH , 

\ 

Such reactions proceed best with the more ionic mercurials 

(perchiorates, nitrates) and are catalyzed by acid. A bis-ole- 
7.7 

fin-mercury cation, L&z , was believed to be involved in the 

transoxymercuration reaction. 

OMe 
R'CH=CF$ = + 

RF;iiCH2HgNO3 --> :- ,H,--_& 
r- 1 

OMe 

Other 
P 

-substituent exchanges may be noted. Japanese 

workers have described the conversion of hydroxy- to nitno- 

mercurated olefins (137): 

NOa-, H20 

HOCHGH2HgG104 _ 02NCHCH2IigClO 
I 

4 
Me te 

On the basis or rate and stereochemical studies, a mercurinium 

ion intermediate, 48, , was suggested. C 
H&r _’ 1 

The decomposition of the methoxymercuration product of allyl- 

urea, H2NCONHCHZCE(OMe)CH2HgC1 (Q'Neohydrin", a diuretic) in 

References p. 257 
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aqueous solution was found to involve hydroxy for methow ex- 

change to give H,NCONHCH,CH(oH)CH,HgCl (138). 

The alkylation of substituted benzenes by oxymercurated 

olej?Lns has been known for some time: 

K+ 
+ AcOHgCH2CH2W\c - R \-, CH2CH20Ac 0 

R 
+ 

Ferchloric acid has been.found to catalyze this reaction and 

the following reaction course was suggested (139): 

AcOCH2CH2HgOAc + H+ - f--, CIH2‘--- 
.\ f,-• 

.CH2 
I 

'HgOAc 

+ HOAc 

+CH2CH2HgGAc + CH2CH2HgOAc + H+ 

CH2CH2HgOAc + Hg(OAc)2 & R \-/ CH2CH20Ac 0 
* EIg2(OA42 

@Clot ) 
Hfz2tOAc)2 - Hg(OAc)2 + i-M 

Thermal and photochemical reactions of' n-C8H,f3H(OAc)CH2HgOAc 

with benzene and toluene gave moderate yields of aromatic 

substitution products, but alkyl chain isomerization took 
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place under photochemical conditions (140): 

n-CgH17CH(OAc)CH2Hg0Ac + C6H6 - 

thermal reaction: 

1-phenyl-2-decene 

photochemical: 

1-phenyl-1-decene 

I-phenyl-3-decene 

(19%) 

(3.6%); l-phenyl-2-decene .(l?.j$); 

(2,6%); 1-phenyl-4-decene (1.696). 

Among miscellaneous items appropriate to this section are 

the following: 

An oxymercuration-demercuration experiment suitable for 

use in an undergraduate laboratory has been described (141). 

The oxidation of olefins to alcohols by aqueous mercuric 

sulfate proceeds by way of oxymercuration products (142). 

B. AROMATIC COMPOUNDS 

The interaction of mercuric trifluoroacetate in CF3C02H 

with highly alkylated benzenes was investigated using nmr and 

uv spectroscopy (143). In most cases- (durene, mesitylene, 

7,12_dimethylbenzanthracene) crystalline mercuration prod- 

ucts precipitated rapidly, but such solutions containing 

~&c(O~CCF~)~ and C@e6, C6Et6 or C6Me5H in CF3C02H appeared 

to be stable. Unambiguous evidence for a 
6 
C6R6-Hgo2CCF3 1 + 

V-complex could not be obtained via uv spectroscopy. Nmr 

spectra of solutions containing pentamethylbenzene suggested 

, depending on 

Me Me 

References p. 257 q 49 cl 50 
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the amount of Hg(OzCCF3)2 present. Dilution of such solutions 

with water resulted in precipitation of C Me 
6 5 

Hg02CCF3. 
--- 

The mercuration of ;51! 
---7 

L-J gave 152: (144) and other workers 

have mercurated various aromatic sulfonamides ( i45), e.g.: 

HgOAc 

Hg(OAc j2 
-+ 

Czechoslovtik workers have studied the action of mercuric 

acetate on various phthalides, obtaining either aromatic 

substitution or addition to olefinic C=C bonds ($46): 

P 
F 

‘0 
Hg(OAdz 

/ C=CH 
-a- 

HgococH, Is=l 
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5. ORGANOFUNCTIORAL ORGANOWRCURY COMPOUNDS 

Some references to organofunctional mercurials will be 

found in previous sections: 

ferrocenyl-mercury compounds (12. 47) 

cymantrenyl-mercury compounds (24) 

polyfluoroarylmercurials (13, ?4, 46) 

polyfluoroalkylmercurials (22, 23) 

vinylic mercurials (22, 23) 

allylic mercurials (53) 

alkynyl mercurials (63) 

mercurials containing alkoxy 

nitrogen (43), carbonyl (51, 

tions. 

The solvomercuration of olefins 

(15), sulfur (16), ether (f7), 

62, 80) and cyano (66) func- 

(Section &A) and the mercurat- 

ion of substituted aromatics (Section 4B) give organofunctional 

organomercury products, and the halomethylmercurials (Section 

3C) belong to the general class of organofunctional organo- 

mercury compounds. 

A. BIGBLY FlLOGENATED ORGANOMERCURIALS 

' (See also Section 3C) 

Mixed alkyl pol>fluoroarylmercury compounds have been pre- 
L 

pared (147): 

EtHgCl ,Hgi 7, 0 - 
F H F H 

Li 7 \ Li n-C3F7HgCl 0 “-qF, ; ’ C3F,-r, 

F-F 
0 - 

F F 
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EtHg &gEt 

70zHgMe pM= 

Py 
A 

HgMe 
F 

The unsymmetrical mercurial CgF5HgC6C15 

reaction (i48): 
benzene, 80° 

C6C15HgCl + C6F5HgCH3 - 

was prepared by the 

C6F5HgC6C$ + CH$igCl 

The more obvious possible syntheses (C6F5Li + C6C15HgC1 and 

C6C15Li + C6F5HgBr) gave a mixture of (C6F,$$ig and (C6C1,_)2Hg 

rather than the unsymmetrical product, due to the presence of 

LiCl which induces the symmetrioation reaction. The action of 

anhydrous HCl on C6F5HgC6C15 resulted in exclusive cleavage of 

the C6F5 group. Complexes of (C6F5)2Hg have been reported 

($49): 

<c6F5)2Hg-L L= 

(C6F&.2L 

@6F5)2Hd2 L :: : 

The structures of these 
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4,4’-Me2 -2,2'-bipyridyl, 2,2'-5iquinoly1, 

2,2':6,2ftV-terpyridyl, 

l,lO-phenanthroline, 

o-phenylenediamine, 

pyridine, triphenyl- 

and oxide, 

phenylarsinoethane 

bisdrphenylphoaphinomethane, bisdi- 

phenylarsinomethane 

complexes are discussed using experi- 
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mental evidence derived from solution molecular weight measure- 

ments and uv and ir studies. 

The direct reaction of liiodo-undecafluorobicyclo z.2.d- 

heptane with metal-lie mercury under uv irradiation gave 57 q 
(150). 

Stable, c-bonded pentachlorocyclopentadienylmercury com- 

pounds have been prepared and their infrared and nuclear 

quadrupole resonance spectra were studied (151): 

Cl 

Cl 

FhHgCl -t C5c15TL - PhHgC5C15 

Knunyants and his coworkers have developed procedures for 

the synthesis of esters of of -mercurated f'luorocarboxylic 

acids (152, 153): 



hfERCURY 

EtOH 

CF+FOEt + IQ@+- XHgCF2C02Et + EtF •i HX 

(X = OAc, N03) 

229 

EtOH 

2 PhHgNO3 + 2 CF2zCFOEt -Ph,Hg + Hg(CF2C02Et)2 

-t 2 EtF + 2 HX 

Cd/Hg 
ClHgCF2C02Et _____l_j Hg(CFZC02Et)2 

room temp. 

H&S t EtOH NaCl 

Hg(NO3)2 + CF CH=CF2 
3 

h v ClHgCHC02Et 
1 

EtOH 

Hg(OAc)2 + CF3CFSFOEt & 

EtOH 

Hg(NO3)2 + (GF3)2C=CFOEt d 

EtOH 

CF 
3 

NaCl 

w CF CFC02Et 
'I 
HgCI 

NaCL 

B Hg@2Et)(CF3)212 

NaGl 

HdOiW2 + CFCI_=CFOEt A F C1HgCFC1C02Et 

EtOH NaCl 

Hg(OAc)2 + CF2=CFFi - - ClHgCFHC02Et 

Hydrolysis of AcOHgCF2C02Et gave the insoluble, probably 

+ 
polmeric F gCF2C02_ 9 1 but ClHgCF2C02H could be prepared by 

reaction of the latter with the stoichiometric amount of HCl 

in ether (152). Aqueous and alcoholic HC1 cleaved the C-Hg 

bond Of such eStSrS of@!-mercurated fluorocarboxylic acids, 

‘References p. 257 
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but saponification aith KOH in aqueoua dioxane converted 

them to the potassium salts without C-Hg cleavage (154). 

Cleavage of C-Hg bonds in such esters also was effected with 

bromine and, in one example, banzoyl chloride (155): 

(Et02CCHF)2Hg + 

CHC13, ref lux 

PhCOCl > ClHgCHFCOPEt 

,OEt 

+ cIIF=C 
'OCPh 

:: 

B, CARBOlUNYL-klERCURIALS 

New organomercury derivatives of carboranes have been 

reported: 

(prepared via the alkynyl lithium 

or copper(I) derivative (156) ) 

MeHg- c _ CAHgMe 

WC1 
10 10 

Hg-C-G -Me 

The mercury derivatives of the decachlorocarboranes were pre- 

pared by direct mercuraticn or via the anion (157): 
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PhHgOAc B PhFIg-C~C~e 

(or PhHgOH) \' loci-lo 

Na/EtOH MeHgBr ) MeH6-c,7j-HgMe : 

Bl0C1lo 

The C-Hg bonds in these compounds were readily cleaved by 

bromine. 

C, MERCIJRATED DIAZOALKANES AND RELATED COMJ?OUNDS 

New examples of mercurated aliphatic diazoalkanes, pre- 

pared by direct mercuration of the diazoalkane, have been de- 

scribed by several groups: 

Rg~(Ng)P(0)(OMe)Sj2 (156), Hgb(N2)P(0)PhJ2 and 

Hgk(N2)P(0)(OEt);]2 (1591, RFW(N2)C02Et (R = Me, Et) and 

(RBg),cN2 (R = Me, Et) (160). Mercury silylamide derivatives 

served well in the preparation of the latter (160): 

2 RHgN(SiMe3)2 + CH2N2 + (RHg)2CR2 + 2 HN(SiIde3)2 

Treatment of diazomethane with HgE(SiMe3)J2 gave a polymeric, 

explosive solid believed to have the structure q 58 (160). 
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Also to be noted is the preparation of tetraxolato-mer- 

cury complexes (16?): 

Mercury compounds of type c 59: have been described pre- 

Me 

I 
N-N 

Hg( --l II 12 bolymeric ?) 

N--N 

VioUSlY bY Wanzlick (OCR-B, 8 (1971) 489-490) and formulated 

as shown as complexes of Hg 
2+ with the nucleophilic carbene 

c! 601 . Such a formulation has been termed "bizarre" by Cooksey, 

Ph Ph 

:- 
Ph Fh 

Dodd and Johnson (i62), who suggested that the simple covalent 

is much more reasonable. These authors have 

Ph Ph 
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>repared more members of this class of compunds, 
L-l 
-is . 

Me 

H&l , X- El 

(Y = NO2, Cl, H, Me; X = BFk9 HgC13) 

The rates of c-Hg cleavage of these mercurials by aqueous 

acid were measured and it was found that chloride ion catal- 

yzed such reactions. The scheme shown below was suggested to 

be operative (162). 

tie 

Mercurated phosphorus ylides serve nicely in the synthesis 

of vinylic mercurials (163): 

Hg(OAc)2 

Ph3P=CHC02Ke e OAc- 

1 NaCMe, NH3 

References p- 257 

Ph3P=C-Hg-C=PPh3 
I I tl 

63 

Me02C C02Me 
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RCH=C-Hg- C=CHR 
I I 

+ Ph3P0 

Me02C C02le 

prepared in this manner were various ArCH=C(C02Re) 2Hg (Ar = II 7 

P- and m-02NC6HLr, p-BrC6Hq, Ph, p=MeOC6H$, 
C 
MeCH=C(C02MejjgWg 

and kCH=C(CWj 2Hg (R = Ccl3 and p-0,NC6Hk) in yields ranging 

from 43-71%. 

6, REACTIONS OF ORGANOtiERCURIALS 

The reduction of organomercurials of type RHgX by NaBE4 

and organotin hydrides was discussed in last year's Survey 

(OCR-B, 8 (1971) 492). Radical intermediates, RHg= and R=, 

were implicated by several lines of evidence, Jackson et al. 

(164, ?65) have reported full details of their work in this 

area dealing mainly with stereochemical results of reductions 

of norbornenyl- and nortricyclylmercury compounds and with 

deuterium incorporation studies (cf. OCR-B, a (1971) 494). Re- 

duction of w by sodium naphthalenide (in excess) in THF gave 

and mixture of 1651 and B , i.e., essentially complete car- 

bon skeleton retention (166). Photolytic reduction of 64 cl 
gave products in which the carbon skeleton retention was only 

asa. Russian workers have studied NaBH4 reduction of simple 

alkylmercuric chlorides and of PhHgCl, and on the basis of their 
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result6 aiso Suggest a radical mechanism (RHgCI +RHgBH, 

+RHgH -RBg= ---3R. + Hg) (167, 168). 

Fluorinated mercurials of type CF3CH(HgCl)CH,OR (R = 

alkyl Or COCfi3) can be reduced with NaBHb to give CF3CH2CH2OR 

in 50-80% yield (169). The ethers (R = alkyl) are reduced to 

CF2=CHCB20R by zinc dust in aqueous NI$Cl, but in the case of 

CF3CH(HgC')CH2"2CCH3, deoxymercuration was the predominant re- 

action. Treatment of CF3CH(HgCl)CR20le with K2HLL-H20 at 130° 

gave CF3CH2CH20Me and CF2=CHCH2GMe in low yield; at loo', sym- 

metrication to give Hg(CH(CF3)CH20Ide)2 was the only observed 

process (169). 

Aminomercurat.ion products of various olefins have been de- 

mercurated with NaBHLL and other reducing agent6 (170). Of the 

reagents tried in the case of C NCH2CH2HgCl (Na/Hg, NaBHb, 

sodium borohydride gave the best yield 

Alkalirie sodium borohydride reduced 
I 

to (R = Ph, Me), but when 

aqueous-ethereal NaBQ was used, rearrangement and more com- 

plex product6 were obtained, e.g.: 

C 
NaBHLL 

NCH(Ph)CH*HgCl e C N-CH(Ph)CH3 (0%) 

Et20/H20 

C N-CH2CH2Ph (32%) 

(15%) 

(5%) 

Rearranged products also were obtained with Na/Hg, LiA1H4 

and alkaline hydrazine. The results were rationalized in 

terms of the operation of two mechanisms: (I) the usual radi- 
cal mechanism alluded to above, and (2) an ionic mechanism pro- 
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ceeding via an intermediate aziridinium ion capable of re- 

arrangement: 

-He;-Cl * 
c 

,X+/H2 + Cl- + Hg 

C N-CH(Ph)CH5 -t C N-CH2CH2Ph 

The polarographic reduction of 2-chloromercuri-3-ethoxy- 

cyclononene and Z-chloromercuri-3-ethoxycyclododecene in 5046 

dioxane-water was shown to go in two steps: f'irst to the free 

radical RHg-, then to metallic mercury and the unsaturated 

ether (171): 

u H 
OEt a- OEt 

/ 
UgCl + e- ___L 

G 
/ 

Ug * 4 cr-’ 

H H 

I H+ + e- 

1 

H 

The gaivanostatic reduction of (CGF..-)2Hg and C6H5HgBr at the 

mercury electrode has been studied (172). 

The solvolysis of CH3CH2 '%H2Hgclo~ in 10% dioxane-90% 

water, acetic or formic acids appeared to proceed via con- 
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current direct displacement and cationic processes as indicated 

by a small (0.6-3.5%) extent of isotopic scrambling to C-2 and 

c-3 (173). The isotopic scrambling process was discussed in 

terms of possible protonated cyclopropane intermediates; Oxi- 

dation of organomercuric halides and acetates by Pb(OAc)LL in 

acetic acid at ca. 100° also appeared to generate carbonium 

ions (174). For instance, in the case of isobutylmercuric ace- 

tate, a mixture of iso-, set-, and tert-butyl acetates (k.7:1: 

1.8 ratio) was obtained, and in the case of n-propylmercuric 

chloride, a mixture of n-propyl and isopropyl acetates. It was 

suggested that the carbonium ions were formed from radical in- 

termediates since some paraffinic and olefinic hydrocarbons al- 

so were formed. The anodic oxidation of organomercury com- 

pounds in aqueous acetonitrile gave products which suggested 

that the first step in the oxidation is C-Hg cleavage to give 

a carbonium ion (175). Thus when n-propylmercuric chloride was 

subjected to anodic oxidation at 2.2V in O.lE NaCIOL: in 1O:l 

LeCIG:H2C, the products were n-C3H7Gn (28% current yield), 

i-C3H7GH (ll), CH3CONHC3H7-n (1) and CH3CONHC3H7-i (11). In 

the case of benzylmercuric chloride, the products under these 

conditions were PhCH20H (7); PhCHC (60), PhC02H (I), CH3CONH- 

CH2Ph (16) and PhCH2CH2Ph ( < 1). 

The displacement of carbanions from suitable organomercur- 

ials (e.g., PhHgCXj) by halide ions is a known reaction. Now 

Russian workers (176) have found that the action of catalytic 

quantities of fluoride ion on perfluoroalkylmercurials gen- 

erates perfluoroalkyl carbanions which may be trapped, e.g.: 

ECF&Hg KF/DHF kCP34 2Hg 

'8 

(no reaction in the absence of I(F) 
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Potassium fluoride also catalyzed the redistribution of bis- 

perfluoroalkylmercurials with fIgC1S and their cleavage by 

iodine in DMF. The action of sodium iodide on ~CF3)&&Bg 

(R = F or CF 
3 
) also resulted in perfluoracarbanion displace- 

ment, butvunder these conditions, fluoride ion loss to prod- 

uce the olefins, CF =C(R)CF 
2 3’ 

occurred. 

have 

292; 

CurY 

Reactions of trityl derivati%es with organamercurials 

been described previously by Reutov et al (OCR-B, 6 (1970) 

8 (1971) 4%). The dehydromercuration of diisobutylmer- 

had been shown to proceed via 
r 

H' abstraction by 

PhgC+CIOl- via deuterium labelling and a concerted, cyclic 

mechanism had been postulated. In new work, Traylor and Jer- 

kunica (177) demonstrated similar rapid dehydromercuration of 

Et2Hg, n-Bu2Hg and 

RCB2CH2HgCH2CH2R + 

~hCH2CR( iWe1 2Hg : 

PhjC+BFL,- h RCH2CH2HgBF4 + Ph3CH 

+ RCH=CH2 

The compounds (PhCb4e2CQ)2Hg and di-I-apocamphylmercury did 

not react with trityl fluoroborate, demonstrating the necessary 

presence of a p C-H bond and the importance of its geometry. 

The rate of such dehydromercurations was first order In mer- 

curial and first. order in trityl compound, and among the ethyl- 

metal compounds examined, the rate per hydrogen decreased in 

the order EtLPb > Et*Hg > Et4Sn > Et&Ge > Et,+Si. These re- 

actions were pictured as going by way of vertical stabilized 

carbonium ions as shown: 

R2CHCR2metal + Ph&+ - 

R,C=CR, ++metal 
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Reutov and his coworkers have continued their work in this 

area. The action of trityl bromide on R2Rg (R = Et, set-Bu, 

i-Bu) resulted in predominan t or total formation of Php, but 

in addition to dehydromercuration, some coupling to give alkyl- 

triphenylmetanes (Ph3CEt, PhgCCHMeEt and Ph3CCH2CHMe2, respect- 

ively) also occurred (178). In reactions of Php-Br tith di- 

ethyi- and di-see-butylmercury the chemical and esr evidence 

indicated the formation of the trityl radical as an intermed- 

iate, i.e., an electron transfer process. The reaction of 

Ph3C derivatives with dLarylmercury compounds also gave indic- 

ation of electron transfer reactions (179). The products form- 

ed in the presence of oxygen were a mixture of PhpQ0CPh3 and 

ArCPhj (60.~40 in the case of diphenylmercury in 1,2-dichloro- 

ethane solution; 20:80 for (p-ClC6H$2Hg; go:10 for (p-MeO- 

C6RLr)2Bg in the same solvent). In the absence of oxygen, the 

Ph3C. radical was detected by esr. The detection of chemically 

induced nuclear polarization in the nmr spectrum of Ph CCH2Ph 
3 

(from Ph3CBr + PhCH2HgBr) confirmed the operation of a radical 

process (180). 

Protodemercuration rates of symmetrical mercurials, R2Hg 

(R = CF~=CF, (cF$~cH, (cF&cF, c~F*, 33t02ccF2, CF~, PhS02CH2, 

ClCH=CH, Et02C(Ph)CH, Et02C(CF3)CH, PhGEC, and Ph) by HCl in 

DId'B solution have been measured (181). A correlation between 

log k and the pKa of the RH compound corresponding to the 

R2Hg was sought (Fig. 1). The R2Hg compounds in the left 

branch of the curve react by an S,l(N> mechanism (cf. ref. y), 

those in the right branch by the SE2 mechanism. The HCIOh- 

catalyzed Cleavage of bis(acetylmethyl)mercury was shown to 

proceed by the following mechanism (182): 
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k2 

1 

k-2 

t 

AcC!f2Hg+ + 
P" 

CH2=C, 

CH3 

OH 

CH&' -c Fi+ 

k3 (r.d.) 

\ 
-.P Me2C=O + H+ 

CI%3 

o- 
\ &H.$HC00~H, 

\ 
\ 

-l- 1 
\ 

-d- 

-5- 
L 

I , , 1 

16 20 24 28 32 36 

PKQ - 

Fig. I. Dependence of tog I;, for protodemercuntion of RzHg on p&Of RH in D?JF. (181) 

The protolysis kinetics of I-methyl-1-acetyl-3-chloromercuri- 

indole have been studied (183, 184). 

Detailed kinetic studies of the iododemercuPation of 

R2Hg (185) and RHgX (186, 187) compound& have been carried out 

by Reutov et al. When R was a strongly electron-attracting 

substituent (e.g.', C6F5, (CF$,C, etc.), an SE1(N) mechanism 

was indicated. 
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The formation of bromobenzene and iodobenzene in high 

yield by chlorinolysis of phenylmercuric bromide and 'iodide, 

respectively, has been the subject of a communication (j68). 

In our opinion, this observation is by no means unexpected, 

oxidation of bromide and chloride ion, and of polar I&-Br and 

M-I bonds by chlorine being known reactions. The Br2 (or BrCl) 

and I 2 (or ICl) thus formed would lead to the observed products. 

The brominolysis and chlorinolysis of ferrocenylmercury com- 

pounds was shown to proceed via intermediate ferricenium 

species of type 67 when carried out at -20° in dichlorometh- cl 

ane (189). Esr, Msssbauer and magnetic susceptibility measure- 

ments were cited. 

Other oxidation reactions of organomercurials have been 

studied, Oxidative degradation of di-n- and di-isopropylmer- 

cury by t-BuOOH and t-BuOOBu-t proceeded via intermediate 

RH&OCXe 3 species and gave as final products Hg, RHgOH, C3H8, 

C3H6, MejCO and PrOH (190). Oxidation of dibenzylmercury was 

found to be catalyzed by HCl in IX&F, TRF or dioxane at low mer- 

curial concentrations (191). The intermediate peroxide, 

PhCH200HgCH2Ph, decomposed in the presence of NaCl to give 

PhCH2HgOH and benzaldehyde. 

Photolysis of Hg(CO2Me)2 in THF gave the following prod- 

ucts (192): 
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It would seem that carbamethoxy radicals are generated in this 

photolysis. Diphenylmencury ghotolysis in THF gave quactitat- 

ive yields of benzene, oc,& -bistetrahydrof'uranyl and eleIcenta1 

mercury. 

Substituent exchar?ge reactions (symmetrization, dispro- 

portionation, redistribution) are important in organomercury 

chemistry. It is of' interest that such reactions can occur in 

the solid phase at room temperature (193): 

2 Ph- C-C -HgI 

V;iH,o 

The colorless crystals of the iodomercuricarborane became red 

-w (Ph-. 
+ Hg12 

BIOHIO 

(due to Hg12) on storage in the dark at 20' for several months. 

The occurrence of this reaction was attributed to strong I+Hg 

coordination in the dimeric molecules of the iodomercuricarb- 

orane. Much snore facile were the solid phase reactions listed 

below (194). 

Fh2Hg + HgC12 ---------_32 PhHgCl 

Ph2Hg + CC13HgC1 + PhHgCC13 + PhHgCl 

Ph2Hg + Hg(cc13)2 -2 PhHgCClj 

HgC12 + PhHgCti13 ____Q PhHgCl + CC13HgC1 
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The progress of these reactions was monitored by ir spectra-' 

scopy. AlJ. were complete within 4-10 hr. at 20°; the Ph2Hg + 

HgC12 reaction sas complete in I hr. 

The symmetrization of arylmercuric halides to diarylmerl 

curials can be accomplished by passing a chloroform solution 

of ArHgX through an alumina column which has been treated with 

NaCN (Table XV), a simple, practical procedure for small 

samples (195). In coritrast, such treatment converts alkylmer- 

curie halides to alkylmerccric cyanides rather than to di- 

alkylmercurials. Stable anion radicals (naphthalenides OF 

biphenylides) and sol_uticns of alkali metals in (Me2N)3P0 

also serve to symmetrize organomercuric halides, but the 

yields of R$ig are only 40-70% and some radical by-products 

derived from the mercurials are formed as well (196). 

TABLE XV 
SYMMETRIZATlON OF ARYLMERCURY HALIDES(195) 

Organomercury halide Diarylmercury compound,R2HR 
% Yield 

Ferrocenylmercury chloride 82,Vl 
I-Acetyl-2-chloromercuriferrocene 81,86 

Phenylmercurychloride 96,89 
1-Naphthylmercury chloride 90 
2-Thienylmercury chloride 56 
4-Phenoxyphenylmercury chloride 90 

Phenylmercury cyanide 84 

Nmr spectroscopy has been used to study organomercury 

substituent exchange reactions. In the system (C5H5)2Hg/ 

C3H5HgC1 and in the pure components there is continuous, 

rapid intermolecular exchange of cyclopentadienyl and chlor- 

ine substituents at temperatures as low as -30° (197). The 

effectiveness of the soivent in promoting such exchange decreas- 
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es in -the order DK30 > DMF > PY > ethers > CDC13 ) CGll, > C6H6. 

Redistribution between Hg(CH$XIO& and diphenylmercury and 

p-substituted (IdeO and Ue2N) diphenylmercuryw was studied by 

'X nmr in DMSO and pyridine solution (198). Evidence for the 

unsymmetrical mercurials, ArHgCH2CH0, was obtained. These 

findings have a bearing on the mechanism of radioisotopic ex- 

change between pairs of symmetrical mercurials, R Hg 
2 

and R'2Hg'. 

suggesting that such exchange proceeds by way of unsymmetrical 

intermediates, RHgR'. 

The isotopic exchange reaction between (C6F5)2Hg and 

203HgBr2 has been shown to be of the SEl[N) type, being catal- 

yzed by bromide ion in benzene solution (199). In DMSO solu- 

tion no added catalyst was needed since the solvent played the 

role of the nucleophilic catalyst. A critical (nonexperimental) 

study of isotopic exchange reactions or organomercurials which 

focussed on the consideration of three-dimensional potential 

energy surfaces and the principle of microscopic reversibility 

has been publi-shed (200). 

7. MERCURy-FUNCTION ?dERCl_IRIALS 

A useful preparation of methylmercuric fluoride has been 

described (201): 

Me2Hg + Hg2F2 ,_ 2 ReHgF + Hg 

(The ir and Raman spectra of b!eHgF are reported). 

Anionic halide complexes of RI&Cl (R = Ee, Et) have been 

observed by spectrophotometry in acetonitrile solution (202). 

The halide source was trityl chloride: 

MeCN 

Ph$Cl + RHgCl - Ph3C+ RHgC12- 
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. 
No such complexes were detected with n-propyl or ghenylmercuric 

chlorides. 

New orgenomercury pseudohalides have been reported: 

MeHgCl + ClNCO ____3 MeHgNCO + Cl2 (ref. 203) 

(The ir and Raman spectra of the volatLle, vile-odored MeHgKCO 

are reported). 

R2Hg + CIN3 - RHgN3 + RCl 

(B = cycle-C3H5, cycle-C5Hg and cycle-C6H,,) (ref. 204) 

The vibrational spectra of' these azides indicated the presence 

of cis-trans isomers, e.g. : 

Organomercuric azides reacted with (YeHg),O to 

the type (MeHg)*OHgR' N3 (R' = Me, Et, n-Pr, 
C 7 

rational spectra were studied (205). 

7 - 
H C-Hg-N\ 

5l “\ 
H 3’ 

H 

give salts of 

Ph) whose vib- 

The hydrolytically sensitive peroxide EtHgOOCMe2Ph, pre- 

pared by the reaction of EtHgCI_ with PhMe2COONa, was found to 

be stable at room temperature for 1 month (206). 

Organomercury thiophenoxides can be prepared via organo- 

germanium, or better, organotin thiophenoxides (207): 

R3&SAr + PhHgCl & PhHgSAr -f R3MCl (M = Ge, Sn) 

Other organomercury sulfur compounds have been prepared (208): 

0 
YSH 

R2N \ SC1 _11___3 R2N HgSY 

References p. 257 
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(R = Me, 5%; Y = (Et0)2P(S), (BuO)2P(S), C9H,9, Et2"0(% 

H02CCH(NH2)CHZ ) 

The reaction of dithiophosphoric acid anhydrfdes with dialkyl- 

merourials at 80-100° gave compounds of type Hg(SP(S)RR')R 

(209). 

Degradation reactions of (n-BuSe)2Hg have been studied 

(2lOj: 

160~ 
(BuSeI2Hg - Bu$e, Bu2Se2, ?&Se, l?g 

(BuSe)2HgbBu2Se, HgSe, Kg 

The reaction of phenylmercuric chloride with polymeric 

di-n-butyltin oxide gave white, solid PhHgOSnBu2Cl (211). 

Several papers in 1971 were devoted to aminomercury com- 

pounds. The reaction of MeHgN(SiMe3)2 with liquid ammonia 

gave (?GeHg)3N, white needles with an unpleasant odor, in 30$ 

yield (205). The vibrational, nmr and mass spectra are dis- 

cussed. &eBgti(SiUe3>2 and EtHgN(SiMe3)2 were grepared via 

LiN(SiRe3)2 (212). The chemistry of these organomercury 

silylamides was investigated in some detail and they proved to 

be useful intermediates: 

MeHgN(SiHe3)2 + H20 - (MeRgj20 

+ -Xi3 -&feKgN3 

+ %$CN -(MeHg)2NCh' 

hfeHgN(SiRe3)2 + C5H6 A MeBgC5H5 

The reaction of (Me3Si)2N-N(SiMe3)Li with mercuric chloride 

gave ~Me3Sij2K-N(SiMe~~ 2Hg (213). 
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Reactions of n- and I-PrHgOCMe5 with diethylamine were 

not clean, giving metallic mercury in substantial amount, as 

well as some C5Hg and C3H6 (214). 

7-Azoindolatomercurials, 68 q , have been prepared (215). 

Nmr studies suggested the nonchelated structure shown. Com- 

pounds of type 69: gave found synthetic utility (236). c 

I 
HgR HgCl 

@I 1691 

A temperature-dependence nmr study of organomercury pyrazoles 

has demonstrated 8n intramolecular migration of the organomer- 

cury substituent (217). The rate of this exchange process de- 

Ph 

* ,WPh ,t-Q PhHg 

N-Y 6-N 
=. * \ 

N-N* 

-p- 
Me Me Me 

+ -- 

‘._.’ 
Me Me 

X X X 

(x=cI, et-, NO21 

creased with decreasing temperature and at very low temperature 

(ca -qGO") a static system resulted. 

The bright yellow, explosive Hg N(Ph)NSG 2 has been Pre- 
c 1 

pared (218). Mercury bls-imidosulfuryldifluoride, Hg(NSOF2)2, 

has served as reagent for the synthesis of KenSi(NSOF2)4_n 

(n = O-&I, P(NSOF2)5, A8(NSCF2)5 and 0S(NSOF2)2 (219). 

Also to be noted 8re the reaction of Hg(02SPh)2 with 

zinc dust to give Zn(02SPh)2 and metallic mercury (220), the 

Referencesp.257 
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use of -Hg2(02CCH=CH$2 in photosensitive plates (221), and two 

papers on organomercury dithiaonates (222, 223). 

8. KERCURY-GROW IV CGMFOLiXDS 

A bis(trialkylstannyl)mercury compound which is quite 

stable has been prepared by Russian workers (22Lr): 

2 (MejSiCH2)3SnH + Et2Hg * ~e3SiGH2)3S~2Hg + C2H6 

I.2 70. does not decompose at its m.p.; pyrolysis at 150° gave 

(Me3SiCH2)4Sn and metallic mercury and tin. Oxidation produced 

(Me3SiCH2)3SnOSn(CH2SiMe3)3 and treatment with mercuric chloride 

gave (Me3SiCH2)3SnCl (via the unstable (Me3SiCH2)3SnHgC1). 

'H nmr studies have show~n (bTegSi)21Zg and (Me3Ce)2Hg to 

undergo self-exchange in xylene and triethylamine via a second 

order process, presumably as shown below (225). 

Me3 

Me3SiHg*Si'Me3 + Me3SiHgSiMej -2 Me3Si-Hg 
*/Sib, 

/Hg-SiMe3 

'Si' 

Ue3SiHg*SiMe3 -t Me3SiHgSi'Me3 

The analogous tin compound, (Me3Sn)2Hg, decomposed above -20°, 

but qualitative evidence for its self-exchange could be ob- 

tained. The rate of group exchange in the compounds in- 

vestigated decreased in the order (R in R2Hg): le3Sn> h!e3Ge 
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> Me3Si ) MeC12Si ) Me. The mixed compound Me3SiCZMe was 

shown to have rapid exchange of the propynyl group. 

The substituent exchange reactions occurring between 

(Me3Si)2Hg and other diorganomercurials have been investigated 

by nmr (226). Mixed species, Me3SiHgR, were detected for R = 

Me, Ph, cycle-C3H5, CH2CH0, CH2=CH, C6C15, PhCH2 and (Me3Si)2N. 

Fairly rapid decomposition of these Me3SiHgR compounds (to 

IdesSiR) prevented determination of equilibrium constants. 

Russian workers have applied such reactions to preparative 

purposes (227, 228): 

(Et3Ge)2Hg + HgR2+ kt3GeHgg j 2EtjGeR + Hg 

Thus prepared were EtjGeCH2C02Me, Et3GeC H and EtjGeCN. When 
65 

the ketones Hg(CH2COR)2 (R : Me and Et) were used, a mixture 

of Et3GeCH2COR and Et3GeG(R)=CH2 resulted, In line with ex- 

pectation (Lutsenko et al.). Similar reactions were observed 

with (Et3Si)2Hg. 

Triphenylphosphine was found to be a catalyst for the 

oxidation of (EtjSi)2Hg by molecular oxygen (229): 

(Et3Si)2Hg + L & (EtjSi)2Hg*L (L = Ph3P) 

(Et3Si)2Hg-L + O2 ___3 Et3SiHgOOSiEt3 + L 

Et3SiHgOOSiEt3 + (Et3Si)2Hg + 2 Et3SiHgOSiEtj 

EtgSiHgOSiEt3 4 Et3SiOSiEt3 + Hg (catalyzed by L) 

The autoxidation of (PhgGe)2Hg in xylene at 15-50° has been 

studied (230). A molecular mechanism rather than a free 

radical process was indicated. 
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Esr studies have demonstrated one-electron transfer from 

(Et3Ge)2Hg to tetracyanoethylene with precipitation of ele- 

mental-mercury (231). The interaction of trityl chloride with 

(EtjGe)2Hg appears to be a radical process (232): 

o PhMe 
(Et3Ge)2Hg + 2 Ph$XL m20. Hg + Et3GeC1 + "Ph6C2*' 

The mercurials (Me3SiJ2Hg and (Me3Ge)2Hg dehalogenate vicinal 

dihalides (233); 

R2y--yR2 + (Ke3Si)2Hg ____3 2 Me3SiBr + Hg t R2C=CR2 

BP Er 

The debromination of erythro- and threo-2,3-dibromo-k-methyl- 

pentane was found to be stereospecifically cis, which speaks 

in favor of a molecular mechanism. ?,3_Dibromopropane was con- 

verted to cgclopropane by these mercurials. The reaction of 

(Me3SiJ2Hg with C6F5Br, which gives Me3SiCbF5 as final product, 

has been shown to proceed via intermediate C6F5HgSiMe3. Similar 

observations were made with CF2=CFBr (234): 

(Me3si )2Hg 60~ or uv 

CF2=CFBr F CF2=CFHgSiMe3 M 
. . 60' or U-V 

CF2XFSiMe3 

+ 

Bg 

With other fluoroolef'ins, (Me3Si)2Hg adds to the C=C bond in 

the first step (OCR-B, 8 (1971) 509). Full details of this 

work now have been provided (235). Some examples are: 

CF2=CF2 + (Me3Si)2Hg w Me3SiHgCF2CF2SiMe3 

CF2&FSiMe 3 + Bg + Me SiF 
3 
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(The similarity of this reaction to the double insertion of 

CCL2 into (Ue3Si)2Hg (OCR-B, 8 (1971) 459) is to be noted). 

5 F 

cl 
(Me3Si 12 Hg & 

Fz SiMe, 
+ 

F2 

-I- Hg + MqSiF 
F F2 F 

uv <Me3Si12Hg 

I 

SiMej 

SiMe, 
+ Hg + Me-,SiF 

Similar reactions occur with perf'luoroacetylenes (235): 

L 
3 

CF3c%CCF 3 + (Mep).$g *mi 

CF3CICF + (Me3Si)2Hg 2 ~F3C(HgSiMe3)zCFSibIe3] 

The mechanism of these 

process was favored. 

I 
3/ 

CF,CsCSiMe + 
J 3 

Me3SiF 

reactions was discussed and a 

Bis(trimethylsilyl)mercury reacts with aromatic TV dr-o- 

+ Hg 

radical 

carbons in the sense OP homolytic substitution (236). For in- 

stance, reaction with benzene gave PhSi?Je3 and 71 q , as well 

as small amounts of higher products. Hexamethyldisilane also 

was produced. The reaction course shown below was believed to 

be operative. 
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Mfp- + H~CS.M~~)~ - (Me+& .+ i+g + M+I. 

2 MesSi- - ‘Me+h 

Me+= + 0 z q=JIiMe3 

2 (I! - 

2 cc) - 

(I) 

Bis(trimethylgermyl)mercurg was less effective in this appli- 

cation. It was suggested that the photoexcited (Me3M1V),Hg* 

molecules prOdtiCe free Me,btlV- radicals only in the absence 
A 

~f reactive molecules with which the excited mercurial mole- 

cules could undergo a molecular reaction not involving radical 

intermediates. Among such "reactive" molecules are anisole 

and bromobenzene. 

The synthesis of chalcogen-containing Group IV mercurials 

has been reported (237, 238): 

(R3M)2Hg + l/S Yf, -E3EdYHgMR3 

(M = Si, Ge; Y = S, Se; R = Et, i-Pr) 

(Et3Ge)*Hg + Et3SiYE -Et3GeR + Et,GeHgYSiEt, 
J 2 

(Y = S, Se, Te) 

Mercury was eliminated in the slow room temperature decompos- 

ition or photolysis of these compounds, e-g.: 
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Et3GeHgYSiEt3 B Et3GeYSiEt3 + Iig (Y = S, Se, Te) 

A reaction with metallic lithium also was recorded (238): 

hexane 
Et3SiHgSSiEt.3 + 2 Li h Et3SiLi + Et3SiSLi + Hg 

The use of (i-Pr Ge)2Hg 
3 

in the synthesis of i-Pr GeLi 
3 

by re- 

action with metallic lithium has been reported (238). 

Several examples of the use of Group IV-mercury compounds 

in the synthesis of Group IV-transition metal derivatives have 

been described: 

(ref. 239) 

('li--C5H5MV1(C0)3)2Hg + (Et3MIV),Hg > 

2 Et3X1V-MV1(CO)3C5H5-'iF + Hg 

r -C5H5Mv1(CO)3HgC1 + (Et3MIVj2Hg 
(ref. 

\ 

E;t (Co)&H5-?r + Hg + 
3 

( hP = Si, 52; hlVI = Cr, MO, W) 

Ph2 Ph2 Ph2 

p\ 

( 

(ref. 

p/ 

PtC12 + (Me3M)2gg 24ocj 
p\ AMMe 

c, 

Pt, or 
vptp=e3 

Ph2 Ph2 

MMe3 P/ \Cl 

Ph2 

trans-(Et3P)21r(CO)C1 + 2 (Me3M)2Hg 
(ref. 241) 

> 

(M = Si9 Ge) 

(Et3P)2(CO)Ir(HgMMe3)(Mb¶e3)2 + Hg + Me3MC1 

cl 72 
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(Cleavage reactions of' 72 were examined. Treatment of the 
cl 

M = Ge compound with HCl gave (Et3i?)2(CO)Ir(HgC1)(Ge?&e3)2 and 

its reaction with 1,2-dibromoethane gave (EtjP)2(CO)Ir(HgBr)- 

(GeMe3)2.) 

lPPh3 (ref. 242) 

v-C5H5NiLC1 
+ (Et3@=)2Hg > 

The same product was obtained 

(Et3Ge)2Hg in 

Finally, 

bonds in this 

the presence of 

we include some 

section. 
- 

by reaction of nickelocene with 

triphenylphosphine (242). 

compounds containing Hg-P and Hg-B 

Salts of caticn have been prepared by re- 

action of' PH 
3 

with WeHgX (X = BF4. PF6, SbF6) (243). Vibration 

spectral, nmr and X-ray crystallographic data were provided. 

T-C5H5N\GeEt 
+ Et3GeC1 

3 + Htz 

Fig. 2. Heavy atom structure of [Zn(BloH12)2] =; each boron,is attached to one terminal hydrogen, an.3 

there are bridge hydrogens between the 6,7 (6', 7') and 8,9 (8', 9',, positions (245). 
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Reaction of alkylmercuric halides, RHgY, with the deca- 

borane-Grignard reagent, B,GH,3b!gX, gave the solvated double 

salts of magnesium, (MgY)x {Yg [Hg(B,G~,0)2j) which dissolve 

in water to produce the ion [Bg(B,GH,G)2~*-, a mercurY(II) 

complex of the dodecahydro-nido_decaborate(2-) ion (244). An 

X-ray crystallographic study of the analogous Zn(B,0H,0)22- 

salt showed the structure reproduced in Figure 2, and the Cd 

and Hg anions were found to be isostructural (245). 

9* STRUCTURAL. SPECTROSCOPIC AND PHYSICAL STLQIES 

A. STRUCTURAL STUDIES 

An X-ray crystal structure of ~C6F5)2H~~~h2AsCH2CW2A8Ph2] 

showed three coordination for mercury in this molecule with 

approxLmately T-shaped stereochemistry (246). The structures 

of methyl- and phenyl-o-carboranylmercuric bromide and of 

phenol-o-carboranylmercuric iodide have been determined by 

X-ray crystallography (193). 

B. SPECTRQSCOPIC STUDIES 

i. Vibrational Spectra 

The vibrational spectra of (CH3CH2)2Hg and (CD3CH2j2Hg 

(2471, the vinylmercuric halides (248), divinylmercury (249), 

h-indenylmercurials (250), the methylmercuric halides (X = 

Cl, Br, I) in the vapor phase (251), (YeHg)3N and (IWig) 

(2051, and MeHg-ammonium salts (HnN(HgYe)4_n+C104- and the 

N-D analogs, where n = O-3) (252) have been measured and dis- 

cussed, as have been the rotation-vibration spectra of (CH3)2Hg 

and (CD3j2Hg (253). The valence force field for (CK3)2Hg has 

been determined (254). 
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ii. Nuclear Magnetic Resonance Studies 

To be noted are nmr studies of some arylmercury compounds 

(FhHgCl, various isomeric mono-, di-, tri- and tetramethyl- 

phenylmercuric halides, various p- and m-RC6H4HgC1, where R = 

F, Cl, Br, CF3 and C&e) (255), of various RHgCH3 compounds 

(J Bg-C-B for R = Me, PhCEC and 14 carborane derivatives in IO 

different solvents) (256), of (CF2=CF)2Hg and MeHgCF=CF2 ("F 

and "'!ig nmr) (257), of di-2-furyl- and di-2-thienylmercury 

(25g), of the fluxional, Cl--bonded (b!eC5H4)2Hg (temperature 

dependence) (259), and of isomeric CF3C6H4Hg compounds (260). 

Evidence was presented in the latter study for through-space 

coupling between Hg and F in o-CF3C6H4HgX compounds. 

iii. Mass Snectrometry 

The mass spectral fragmentation of diaryl- and dialkyl- 

mercurials and of functional derivatives (ClHgCHSCOCH3, ClHg- 

CH2CH0, etc.) was studied in detail and discussed (261). 'When 

pairs of symmetrical mercurials, R2Hg and R',Hg, were intro- 

duced into the mass spectrometer, ions of type [RHgR']I' 

were observed in addition to lR21-Ig]'* and [R'2Hg]+* (261). 

Also examined was the fragmentation under electron impact of 

Me2C=C(FIgC1)2 and CH3CB(HgC1)2 (262). C6C15 and CC12=CC1 

mercury compounds (263) and trihalomethylmercury compounds 

(71, 72). 

Vapor phase bimolecular reactions of R2Hg', RHg+ and Hg+ 

with neutral molecules have been observed in the mass spectro- 

meter (264). 

C. OTHER PHYSICAL STUDIES 

The dissociation energy of the first C-Hg bond in di- 

ethylmercury, D(EtHg-Et) has been determined to be 43.7 kcal/ 
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mole by the toluene carrier pyrolysis method (265). D(Hg-Et) 

thus is 6.5 kcal/mole. 

10. MISCELLANEOUS 

Among miscellaneous items to be noted are the use of di- 

methylmercury as an enhancer of spin-forbidden transitions 

(266) and of p-R2NC6H4HgOAc (R = Me, Et,) compounds in the ex- 

traction-photometric determination of sulfhydryl groups (267). 

The analysis of Hg 2+ in the presence of organomercurials 

has received attention (268-270). Separation of traces of Hg2* 

from organomercurials in aqueous solution could be accomplished 

by adsorption on microbeads of soda lime (271). Methylmercury 

and inorganic mercury collection by a selective chelating resin 

has been reported (272). 

Precautions to be used in handling methylmercurials have 

been suggested (273), and this article elicited a remarkable 

reply from G. F. Wright, an organomercury chemist of long 

standing (274)_ 

A biochemical model for the biological methylation of 

mercury has been suggested from results of methylation 

studies in vivo with Neurospora crassa (275). The subject 

of mercury (includinb methylmercury) in the environment has 

been reviewed (276). 
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