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1. REVIEWS AND BOQOOKS

"The Chemistry of Mercury", a 288 page book edited by
C.A. MchAuliffe (1), contains an excellent chapter by A.J.
Bloodworth on organomercury compounds. In addition, there are
chapters devoted to the history of mercury and its compounds,
the structural inorganic chemistry of mercury and the biochem-—
istry and toxicology of mercury and its compounds. For a re-
view of this book, see (2).

A review on the chemistry of a-nitro-organoelement com-
pounds covers 02N—C—Hg type compounds (3); the utilization of
halomethyl- and a-haloalkylmercuriais as divalent carbon trans-
fer agents was reviewed by Nefedov, D'yachenko and Prokof'ev (4).



Z. PREFARATION OF ORGANQMERCURY COMPOUNDS

A. Reactions of Elemental Mercury and Amalgams

The reaction of elemental mercury with pentfluorobenzer:
in antimony pentafluoride solution at 70°¢C gave (CGFS)zHg ir
30% yield (5). It is believed that this reaction proceeds
with initial oxidation of elemental mercury by Sb}:"5 to give
Hg32+ (Gillespie, 1973) and that the latter is the active
mercurating species.

A reexamination of the reactions of 1,2-dihalobenzenes
sodium amalgam has been carried out by Massey and his cowork
(6). In all experiments, the isolated product was the orthc
phenylenemercury trimer, l. In some cases, ortho-terphenyl-
enemercury dimer, (C6H4C6H4C6H4Hg)2, was a by-product. No
evidence fcr the previously reported (Wittig, 1958) ortho-
phenylenemercury hexamer was obtained. The action of sodiurm
amalgam on 2,2'-~diiodobiphenyl in THF gave no organomercury

products.

Hg Hg

Hg

Jis

B. Reactions of Organometallic Reagents with Hg (II)

Derivatives

The reaction of 2,2'-dilithiobiphenyl with mercuric
chloride in diethyl ether gave ortho-biphenylenemercury, whic
was claimed, on the basis on mass spectrometry, to be a trime
rather than a tetramer as reported previously (Wittig, 1954)

Other examples of the organolithium synthesis of mercuria
may be cited, and some of the more striking examples are give

below.
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Li(CClZCHCHZ) + HgC12 —> CIlHg(

(ref. 7)
CH2=CHC1 Li
-110° - * HgCl2
+ CH,=C 13
2 T
(ref 8) cl
n-BuLi -
HgX,
XHgCC1=CH, (>
2 (PhS) ,CHLi + HgBr, > Hg [CH (¢
(ref. 9)
(PhS)ZCHLi + PhHgC1 PhHgCH (
(ref. 9)
(Me3Si)3CLi + MeHgBr Me
(ref. 10)

Re + HgBr2
co (ref. 11) o«



‘4\<%;,4/*‘ o <4§§%7,&/*‘“9”*

Fe + Fe

o
q
0
'—J

N
1%

(ref. 12)

(R = CHNMe.)
{ 2

Me

Organoboron compounds and organic derivatives of the Gro
IV elements also transfer groups to mercury.

Boron
Byl
CH2=C=CH2 H2BCH2CH2CH2BH2
(ref. 13)
Hg(OAc)2
NaCl
CngCHZCHZCHZHgCl
MeLi
MeHgCHZCH2CH2HgMe
Hg(OAc)2 NaCl
Me2C=C=CHB(OMe)2 Me2C=C=CHHgCl
(ref. 14)
Me
Me 0 Me Hg (OAC) NacCl Me
\B CH=CH C// 2 C1lHgCH=CH C//
/ x - - gLu= AN
0 CH, (ref. 14) CH

Me
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HZO
NaBPh4 + 203HgCl2 \>203H9Ph2

(ref. 15)

203
HgCl2
ph2%3ugc1

Silicon
PhSiX, + HgY, PhHgY

(ref. 16)
(X = F, C1, OMe, OEt, OAc: Y= Cl, Br, I, CN, OAc, OBz)

Cleavage of PhSiF3

was the most facile, occurring at 25° with

. . . o . .
mercuric acetate and mercuric cyanide, at 60-65" with mercuric

halides and phenylmercuric acetate.

With mercuric oxide, the
following reaction takes place:
benzene
. ~ .
2 PhSiF; + HgO Ph,Hg + (F;5i),0
Tin
EtZSnAr2 + 2 Hg(OAc)2 2 ArHgOAcC + EtZSn(OAc)2
(ref. 17)
EtZSnAr'2 + 2 ArHgOAc 2 ArHgAr' + EtZSn(OAc)2
(ref. 17)
. _ _ -
(Ar, Ar' = Ph, p MeC.H,, p C1C6H4, 1 C10H7)
H20
R3Sn02CR' + HgCl2 > RHgC1

(ref. 18)



H20
~
Ph3Sn02CR + Hg(OAc)2 thHg
(ref. 18)
Et4Sn + Hg(OZCR)2 —> EtH902CR + Et3Sn02CR
(ref. 19)

(A rate study, with R = Me, Et, t-Bu, ClCHZ, MeOCHZ, ClCHZCHZ.
It was concluded that eletrophilic attack by the mercuric

carboxylate on tetraethyltin is the dominant process.)

The cleavage of transition metal-alkyl or -—-aryl o bonds
by ng2 has been of recent interest from the point of view of
mechanism, but such reactions usually offer no preparative
advantages. New examples include a kinetics and mechanism

study of Fe-C cleavage (20):

CpFe(CO) ,R + HgX, :>CpFe(co)2x + RHgX
(Here R = primary alkyl, aryl; X = Cl, Br, I)

With secondary, tertiary, allylic and benzylic iron derivatives

another mode of reaction was observed:

CpFe(CO)ZR + HgX2 —_— CpFe(CO)ZHgX + RX

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

was studied by two groups:

2+ ~

143

(H20)Co(dmgH)2(CH2)4Co(dmgH)2(H20) + Hg aq
(ref. 21)

+
(HZO)(dmgH)ZCo(CH2)4Hg

2+ -
Hg aqg

+
THgCH ,CH ,CH,CH JHg
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The intricacies of methyl group cleavage from methylcobalamin
by Hg (II) in aqueous medlia were studied by means of stopped-

flow techniques (22).

C. Extrusion Reactions

Decarboxylation, desulfination and desulfonation of Hg(II)
carboxylates, sulfinates and sulfonates, respectively, i.e.,
extrusion of carbon dioxide, sulfur dioxide and sulfur tri-
oxide, has found occasional use in organomercurial svnthesis.
Thermal decarboxylation is particularly valuable in the prepar-
ation of volyhaloarylmercurials. Deacon and his coworkers (23)
have used this procedure in the synthesis of polybromophenyl-

mercury compounds:

pyridine
(XCBr,C0,) ,Hg (XC Br, ) ,Hg + 2 CO,

(X = Br, p-F, p-Cl, p-MeO)

pyridine
CGHSHgOZCCGBrS C6H5ch6Br5 + CO2
pyridine/nitrobenzene
(p—MeCGBr4C02)2Hg /v(p-MeC65r4)2Hg + 2 CO2
molten NaCl
(o—MeCGBr4C02)2H9 > > o-MeC Br HgCl
Hg (0,CCF3) ,
also:
——_—9 =
(C6Br5)2Hg + ng2 2 C6Br5HgX (X Cl, Br)

Perbromodiphenylmercury shows remarkable thermal stability: it
can be heated to 400°C without decomposition.

The mercury(II) o- and m-carborane-l-carboxylates 2 and
3 have been prepared (24). The uncomplexed Hg(II) o-carborane-
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- = - 3 P,
[BlOHlo(chcoz)]zHg 2L (L phen-H,0, bipy, Ph, py)
2
- - -H
[HC(BlOHlO)Ccoz]ZHg 2L (L phen 2O)
32

l-carboxylate decomposed at room temperature to Hg(I) salts,
but the m isomer was stable. Complexes 2 and 3 decarboxylated
when heated above their melting points, giving the corres-
ponding biscarboranylmercury derivatives.

The decarboxylation processes shown below proceeded with
racemization of the optically active starting materials (25):

o 0 Bz.0 c1 °
N

H i Z2%2 na 1 HgC1

( C—O:)Hg
2 -~
fe) @]
H 0.,CPh NaCl
T §{0,CPh), a

0

i
_o?_ HgC1l

This is in line with the known radical mechanism of such
processes. Of interest alsco is a spectroscopic study of the
photolytic decarboxylation of mercuric trifluoroacetate (26).
Upon UV irradiation, this compound decomposes to give tri-
fluoromethyl radicals. At room temperature these combine to

produce C2F6' but at —196°C, bis(trifluoromethyl)mercury is

formed:
hv, -196°
Hg(OZCCF3)2 CO2 + 'CF3 + -HgOZCCE3
hv, -196°
CF3Hg02CCF3

+ -
co CF 3

\ (CE‘3) 2Hg
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A synthetic application of the SO2 extrusion reaction has

been reported from the metallocene series (27):

HgBr2
(0C) 3¥n so, Na’ > (0C) 3Mn gBr

+ SO + Na+Br—

The stereochemistry of such SO, extrusion processes (Peters

2
reaction) has been studied (28):

DME
________€>
SO,HgC1 100° HgCl 1000
H H
SO,HgCL
CMe CMe,
H H D
4+
Nm D H
0 ch1 HgCl HgCl
(1:1)

Since the products were found to be stable to the reaction
conditions in control experiments, sulfur dioxide extrusion
must proceed via a stereochemically labile intermediate. Free
radical intermediates could not be implicated and the mechanism
remains unknown. :

D. Electrochemical Procedures

Anodic oxidation of carboxylic acids serves in the pre-
paration of ng(OZCR)Z, and in the same study it was found that
decarboxylation of mercury(II) carboxylates could be initiated
electrolytically (29). Thus, electrolysis of a solution of
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mercuric acetate in acetic acid containing potassium acetate at
100°% in a cell with graphite electrodes at 0.5 amp and 18V gave
methylmercury (II) products in yields up to 47%. Mercury(I)
acetate was formed as a by-product.

Electrolysis of l-iododecane in DMF with R4N+C104—
supporting electrolyte, using a mercury cathode and potentials
more positive than the polarographic maximum, gave di-n-decyl-
mercury in substantial yield (30). Of interest is the purifi-
cation of this product by gel permeation chromatography. The

following scheme was suggested:

- S )
RCH,I + e RCH,- + I

RCH., - /,RCHZ-(ads)

RCH, - (ads) + Hg ———————;>RCHZHg-(ads)

2 RCHZHg' (ads) —mmm> (RCH2)2Hg + Hg

Similar electrolytic reduction of 1,4- and 1,5-dibromoalkanes
using a mercury cathode (low cathode potentials, aprotic media)
gave solid products which were believed to be organomercury

polymers of type 4 (31).

—f Hg(CHz)n—Hg—(CHz)n——i—x

E. Photochemical Procedures

Photolysis of aliphatic amino acids of type RCH(NHZ)COZH
(R = Me, MeZCH, Me,CHCH,, Me3C) in agqueous medium in the
presence of mercuric chloride gave methylmercury (II) species
(32). Presumably, photofragmentation of the amino acids gives
methyl radicals which then react with Hg(IX). The environ-
mental implications of such processes are obvious.

More work has been published on the photochemical trans-
formation of mercuric sulfide in aqueous medium containing

acetic acid to methylmercury (II) (33).
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148

F. Miscellaneous Procedures

Bis(l,3—-pentadiynyl)mercury has been prepared (34):

2 MeC=C-C=CH + HgI, + 2KI

(MeCEC-CEC)zﬂg

+

b
-

2KOH

+ 4KI + 2H,O

2

UV or thermally induced polymerization of this compound gave a

ladder polymer, 5.

~

\

\
\\\

e

CH;

CHa.

_CH,
™~

{ CH,
l%l /%/
=
o He ™
H,C CH,
= -~
Il e
<=
H,C X Hg/
3 _-CH,

=
//‘//
A
[ Hg/
///z H,C

o
|
i

cH
HE/L§T/' ’

I

A

Il

!
H
}hc’*§7’ £

P!

u CH,
g
O Y

H,C

CH,
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The first tetraalkylmercurate(II) compound, 6, has been
prepared (35) :

Z[Me3P-~-CH---DMe3]Cl
41 Me3P=C=PMe3 + HgC12 >

Me Me

M —-P P——bl

e /__\\2_/f_- e

——J/ \\——’P-—-Me
A

e de
1)

He——P
M

3. USE OF ORGANOMERCURY COMPOUNDS IN SYNTHESIS

A. Synthesis of Organometallic Compounds

1. Reactions of Mercurials with Elements

Full details have been provided concerning the synthesis
of perfluorophenylytterbium compounds by the mercurial route
(36) :

THF
(C6F5)2Hg + Yb > (C6F5)2Yb-4THF
room temp.

Propane-1, 3-di (magnesium bromide) has been prepa}ed in
solution by the mercury displacement reaction in the presence

of magnesium bromide (13):
THF
MeHgCHZCHZHgMe + Mg + MgBrz-——————€> BngCHZCHZCHZMgBr

2. Reactions of Mercurials with Element Halides and
Hydrides

The equations below summarize new examples of this long

established procedure.

References p. 234
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hexane, 0 C

Fe + BX3 > Fe
(ref. 37)

DME

Hg(CN)2 + Et3sic1 > 2Et3SiCN + HgCl

(ref. 38)

2

Hg(O,CR), + 2 Et3SiX —————> 2 Et;SiO,CR + HgX,
(ref. 38)

(X = Cc1, Br, I)

Glockling and Sweeney have investigated the use of mercurials
for partial alkylation of Group IV tetrahalides (39). A

selection of their results is given below.

80°, 2h
2 MezHg + SnCl4 - Mezanl2
20°, 2 min
Me,Hg + SnCl, > MeSnCl,
130°, 8h
4 MezHg + SnCl4 > Me3SnCl

Similar reactions were carried out with SnBr4 and SnI4.

110-150°
2Hg + GeX, —————————€>MeGex3

Me

(X = C1, Br)

100°, 34

Me,Hg + SiI, —————2 MeSiI, + Me,SiI,

In similar fashion, Me3SiCH2GeX3 (X = C1, Br), Me3SiCHZSnX3



(X = Ccl1, Br, I) and (MeBSiCHz)ZSiX2 (X = Cl, Br, I) were

prepared by appropriate reactions of (Me3SiCH2)2Hg. Similar
preparations were carried out with (Me3GeCH2)2Hg-

Other examples of mercurial-based organogerman;um and
organotin preparations were reported:

110°

(CF4) ,Hg + GeBr4—————————~§> CF 3;GeBr, (558) + (CF3)2GeBr2 (22%)
(ref. 40)
+ (CF3)3GeBr (18%) + (CF3)4Ge (4%)

A reaction at 150°, 2 (CF3)2Hg + GeBr,, gave (CF3)2GeBr2 (10%),
(CF3)3GeBr {65%) and (CF3)AGe (20%) .

125°, 67h

(CF3)2Hg + SnBr, > CF,SnBr (54%) + (CF3)ZSnBr2
(ref. 40)

(19%)

No trifluordmethyl-silicon bromides were produced when (CF3)2Hg

was heated with silicon tetrabromide.

(ref. 41) Fe

(® = we, Et, 5

n~Bu, Ph)

(s e © R > L7
Fe

Mercury reagents also have found application in the synthesis

of organic derivatives of Group V elements and of tellurium.

Hg
HgI + F_PI >, F_PCH,I + HgI
2 2 (ref. 42) 2 2

ICH

2

5 MePH + 5 (PhCH,).,Hg ———> cyclo-(MeP) . + 10PhMe + 5 Hg
2 2°2 5
(ref. 42)

5 RAsH, + 5 (PhCHZ)ZHg ————————§>cyclo—(RAs)5 + 10PhMe + 5Hg

(R = Me, Et)

References p. 234
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MeSbH + (PhCHz)zHg —> 1/x (MeSb)  + 2 PhMe + Hg

MezASH + (PhCHz) 2Hg —_—— MezAsAsMez + MezASCI*{zPh

-.\‘[eMCl2 + (PhCHZ)ZHg —_—Me (Cl)MCHZPh + PhCHzHgCl

(M = P, As)

MeAsI2 + (PhCHZ)2Hg——————{>»MeAS(CH2Ph)2 + HgI2

2 Me,AsI + (PhCH,),Hg ———>>2 Me,AsCH,Ph + HgI,

(RC_H,) Hg + TeCl (RC_H,) ,TeCl
4 -~
6472 4 (ref. 44) 6472 2

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

cl
i

(RC_H,) _Hg + 2 p-MeOC_H,TeCl, ——— = p-MeOC_H,TeC_H,R
6 4°2 64 3 (ref. 44) 6 4' 64

(R = H, p-Me) ¢l

Organomercurials also have played a role in syvnthetic transitiol

metal organic chemistry.

thHg + Au(CO)Cl > thAquCl
(ref. 45)

(The product of this reaction, when dry, explodes violently,
giving biphenyl, metallic gold and phenylmercuric chloride).
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|3
ng C o Plt—-X
t
o + P (Ph3P)3-——————9° T PPh,
20
(CO) (Co)
3 (ref. 11) 3
M = Mn, Re; + Hg
X = Cl, Br)
@ HgCl <®>—Pt(PPh3)2C1
+ Hg
M + Pt(PPh,), —— > M
oc” ' Sppn 32 oc/l pph
(M = Mn, Re)
Me F
N¢ —NR
2
. Fe + Pd, [ (PhCH=CH) ,C=0] 4 =
@ ve_ J
c——rle
(ref. 12) ( @ PdCJ>2
Fe

Maitlis and his coworkers have studied reactions of diphenyl-

mercury with norbornadiene complexes of platinum and palladium

(IT) chlorides and related complexes

References p. 234
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V

PhZHg

(M = Pt) ™' = pd)

Ph_Hg Py

/

Ph
Pd

HgCl
pPY

Allylic mercurials have found further application as well (48)

I
R ;\ Pt (Ph;P) , o
/c CH,HgC1 > [R'-C x:-—Pt(Ph3P)2]Cl
H £. 4 s
(re 18) CH
s
R

(R,R' = H,H; H,Me
H,Ph; Me,H
Ph,H; Ac,Me)

but:



MeOH
K[PtCl3(CH2=CH2)] + 2 CH2=CHCH2HgCl'————€>CH2=CHCH2CH2CH=CH2

+ Pt + 2 HgCl, + KCl

+ C2H4

B. Applications in Organic Synthesis

1. Halogenolysis and Related Processes

Halogenolysis of the C-Hg bond has found useful applica-
tions in the synthesis of organic halides. Deacon and
Farquharson have reported the synthesis of polyhaloaromatic

compounds by this procedure:

DMF
(p-ZCGBr4)2Hg + I, (or I o — p—ZCGBr4I
(ref. 23)
(z = F, Cl, Br,. Me, OMe)
DMF
ZCGBr4HgCl + 12 (or I3 )——————————§>ZC6Br4I
(ref. 23)
(Z = o-Me, m-OMe)
e ~
ZC  (HGO,CCF,) ¢ + 5 Bry > ZC Bry + SHgBr, +
(ref. 49) _
(Z = 0, m, p-Me, F, Cl, Br, > CF3CO,
MeO, NOZ' CF3, H)
H2O
ZCG(HgO2CCF3)4CO2H + 4 Br3 ——————————E>ZC6Br4C02H + HgBr2
(ref. 49) + 4 CF,CO;
(Z = as above)
DMF, r.t.
zC_(HgO.,CCF.). + 5 I. > ZC,.T
6 2 3°5 3 (ref. 50) 675
DMF, r.t.
o
ZC. (HgO,CCF3) o + 5 C1, > 2ZCCl,
(ref. 50)

References p. 234
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The permercurated arenes were obtained by the permercuration of
the respective substituted arene with mercuric trifluorocacetate
at high temperature. The results of the study of ref. 50 are

given in Table 1.

Table 1. Preparations of permercurated arenes, and convers:ions

into periodo- and pecrchloro-~arenes

Arene Hg(OZCCF3), Temp. Polymercurated Polviodo- Yield Polychloro- Tield
mol per mol (°cy arene arenei{al {3) arenelb) (%)
arene
C6H5N02 7 240 CG(HQOZCC:"B)SXO2 CGIS.‘:O2 50 CGCISZEO2 68
CgHgHgCL 13 200 Cg (HGO,CCF ) ¢ Celg 55 CgClg 56
GH -HgCl 7 130 Ceﬁ(Hr}OZCCF‘B)5 CGHI5 51 C5h'C15 sl
+ CG(H902CC13)6 + CGI6 7 + CGCl5 1é
CGHSBr 7 120 CG(HgOZCCF3)SBr CGISBr 55 C C153r 15
—_ 2] Ar a 1 r
o BrC6H4C02H 12 230 C (HgO CCF )5“r CGISL- 10 C6C-SB-
o—ClCGH4C02H 3 225 CG(HgOzCCF3)5C1 CGISC1 56
o—FC6H4C02H 7 215 ce(ngozccrz)s? C6ISF 42 C6C15F 10
O—FC6H4C02H 15 225 CG(HgOZCCF3)5F C615F 30
O-CF3C6H4COZH 7 245 G(HgOZCCr3)5CF3 CGISCF‘3 45
O—C?3C6H4C02H 15 245 CG(Hg02CCF3)5CF3 CGISCFB 15
p—CH3006H4C02H 7 180 Ce(..gOZCCE‘3)500253 CeTs OCH3 61 C6C150cu3 51
o F 2 2
CGHSCOZMa 8 200 CS(HQOZCC-3)5C02,1 CGIDCO H 6
- CG(HgOZCCFB)G + CGIE 44
- . . _
C6H5C02Na 7 180 (nrOZCCF Y- COZJa C6C15C02J 50
1
+ C {HgO CCFB)G - CGC 6
p—CH3C6H4SOZNa 7 180 CG(Hg02CCP3)5CH3 C615CE~I3 40 C6C15Cr!3 46
Naphthalene 16 180 Clo(HgO CCF3)8 ClOCl 16
+ C H(Hgo CCF,)
3°7 + Cloﬂcl7 9

a)Obtained after cleavage of Cs(HgOZCCF3)5X with sodium triiodide in dimethyl-
formamide at room temperature for 3 davs (X = CH3 or OCH3), 7 days (X = H or Br),
or 14 days (other examples).

b)Obtained after cleavage of CG(HQOZCCF3)SX with chlorine in dimethylformamide at
room temperature for 3 h except when X = OMe where the reaction time was 8 h.



The cleavage of diarylmercurials, ArHg, with Ar = Ph,
p—MeC6Hd, p—FCGHd, with bromine trifluoride in the presence of
BF -OEt, at around -40°C proceeded as shown, giving the respec-

3
tive diarylbromonium salts (51):

2 ArzHg + BrE‘3 + 3 BF3'OEt2——————[ArzBr][Bp4] + 2 AngBF4

2. Radical Transfer Reactions

The reduction of organomercuric halides and carboxylates
with sodium borohydride has been shown to be a process which
involves radical intermediates. (See previous Annual Surveys

of Organomercury Chemistry.)

NaBH4
RHgX > RHgH ———> RHg* + H-
R- + Hg

Giese and his coworkers have shown that when such reductions
are carried out in the presence of appropriate olefins, the
organic radicals may be trapped (52):
\._ / NaBH, |
RHgY + c=cC R-C—~C-H
/ AN i I
Y Y

Examples were given for cyclohexyl-, n-hexyl- and tert-butylmer-
curic halides. Olefins which reacted in this manner included
CH,=CHCN, CH,=CHCOMe, CH,=CHCHO, CH,=CHPh, CH,=CMeCN,

2 2
CH,=CMeCO,Me, CH,=CCl,, and others with electron-withdrawing
substituents. The success of this olefin alkylation procedure

is very dependent on the reaction conditions, as detailed
studies showed. Further studies were devoted to the regio-
selectivity (53), stereoselectivity (54), temperature effects
on selectivity (55) and polar effects (56) in this radical
addition process.

Dialkylmercurials also can induce the radical polymeri-
zation of vinyl monomers. The resulting polymers contain RHg
end-groups. When such RHg-terminated polymers are treated with
a catalytic amount of SnCl4-5H20 in the presence of another
vinyl monomer, block copolymers are produced (57). It was
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suggested that the RHg termini of the original polymer are
activated toward further radical propacation by the SnCl4 as

shown below.

i {
AANTLCHgR o+ SnC'.l4 —— > RHgCl + SnCl3- + A~~~ C-
i

3. Transition—-Metal Catalyzed Processes

In general, transition metal-catalyzed organomercurial
reactions proceed via organotransition metal intermediates which
are formed either by substituent transfer from mercury to the
transition metal or by oxidative addition of the mercurial to
the transition metal center. The rhodium-catalyzed substituent
dimerization of vinyl- and of arylmercurials gives symmetrical

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

R H Rh(I), HMPA R /H
2 Ne=c” > c=C H + HgCl, + Hg
7 N\ 25°, 6h 7N _7 2
H HgC1l ’ H /C=C
H R

The most effective catalysts were found to be RhCl3-nH20 and
Clthz(CO)A/LiCl. Table 2 presents the examples reported.
The biaryl synthesis required higher reaction tempera-

tures:

0.5% CI1,Rh,(CO),
2 ArHgCl => Ar-Ar + chl2 + Hg
4rLicl, HMPA, 80°, 24h

Results are shown in Table 3. A disadvantage of these reac-—
tions is that HMPA is required as solvent, a material which is
carcinogenic in rats and causes testicular atrophy. The cata-
lytic cycle shown below was proposed. Such coupling also was
found to be catalyzed by (Ph3P)3RhC1 (59). Here also, HMPA

RHGCl + RhCl —————= RhR + HgCl,

RhR + RHgCL > R,RhHgC1

R,RhHgC1 > R-R + RhCl + Hg

2
(Continued on p. 161)



159

Table 2. Svnthesis of 1,3-Dienes {(38).
vinylmercurial Catalysta Solvent Diene Yield,%b
= RAC1, " nfi,0 H3PA T 65
. H H
e T o—c [C1Rh(CO), 1, = l\c=c - 100
T " HgCl u I,
THF 84
Chiq (CH,) 3 ”H Ct, {cHy) /H
. o . D A -
C=C/ __hC].3 guzo HMPA \C=C 85
s [CIRh{CO) ], RN 100
H HgCL H )y
THE 89
(CHy) 5C_ B RRC1,nif,0 HMPA (CH4) 4C § P 98
e=c . [C1PA(CO) 41, /,C=C 100(88)
H H#gCl H ),
THF 100
CH_CH CH,CH CH_,CH CH,CH
E i N PR . =2 2773 c
“c=c RhC1,-nH,0 HMPA \\C==Ci/ 24c
. HoCl [C1RR(CO,) 1, u >y , 35
< i
L ./:\ /rl | ﬁ_‘ /H
~ c==c\\\ S~ tF==c:;\ (50)
° e
H HgCl H )5
THF (97)
\ H -
\/’Ikc— - t \/IL "
% —C\ HMPA S~ _c———c_\ (92)
P
3 HgCLl n” )
2
a) 1% "rhodium" and 2 equiv. of lithium chloride per vinylmercurial.
b) GLC analysis (isolated yield). ¢} Reactions run at 75°C.
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Table 3. Synthesis of Biaryls (58).
Arylmercuric Biaryl Isolated
Chloride Yield, %
</ \ HgCl @—' Yy 84
/4 7\ 92
Ch3_/\ ) ,Hg CHy )5
CH.O / \>r—-HgCl CH3O-_4<:::>>——)2 ag
HO@—HgCl HO @—)2 ag
NO2
HgC1l )
= 2 94
™
B BN 70
0% “hgc1 0 )5
BN . .
S
S )2

HgC1l




Table 4. (PhBP)BRhCl—Catalyzed R,HG -3 R-R Conversions (in HMPA)
(59)

161

R in RZHg Temperature Reaction Time % Yield of
°o) (Hr.) Product
Ph 80 4 100
PhC=C 50 1 95
(E) -PhCH=CH 70 1 99
- 30 4 86
p-MeC H,
- 4 91
p-ClCH, 30
PhCH,, 130 8 44

proved to be the solvent of choice.

Table 4. Di-n-butyl-mercury did not react.

Results are collected in

Such coupling of a

mixture of diarylmercurials, ArZHg and Ar'ZHg, gave a nearly

statistical mixture of biaryls:

Rh(I)

Ph,Hg + (p-MeC.H,) ,Hg —————> 1 Ph-Ph

This requires a mechanism of th

—— N 1
L3RhC1 e L2RhC- + L

+ 1 p—MeC6

e type shown below.

Cl

R,yHg + L2RhCl

c1l
i
pRh-HGR —————> R-R + 2 L,

N
[

Cl

Rl

References p. 234

> L2Rh—HgR

RhC1 + RZHg + Hg

fl

Rh-HgR + L2Rh—Hng ——> R~-R' + 2 L2RhCl + RHgR'
| |

R

H4—C

+ 2 Ph-C H, Me-p

+ Hg

H,Me-p



The alkoxycarbonylation of (RCEC)ZHg (R = Ph, Et) is
catalyzed by PA(II) salts (60):

MeOH, 20 atm CO, r.t. MeO.,,C COo,Me
27 P 2
(PhC=CH) ,Hg - c=C
. S AN
(Li,PdCl,) Ph H
(58%)

Minor by-products were methyl phenylpropiolate (4%) and di-
methyl phenylfumarate (4%). When this reaction was carried out
at 100°C, there was an additional product:

MeOZ? CITOZ'.“Ie
Ph-C — le—H
|
H C02Me
(EtCEC)ZHg reacted similarly:
EtOH, 20 atm CO, r.t. EtOZC\\ //COZEt
(EtC=C) ,Hg > c=C (40%)
2 < N\
(Li,pPaci,) Et H

(+ diethyl ethylfumarate (10%)
and ethyl 2-pentynoate (16%))

The reaction ccurse shown in Scheme 1 was proposed.

Palladium(II) chloride also catalyzes the alkoxycarbonylation
of trans—-8-chlorovinylmercuric chloride (61):

Cl H [pPacl.1 Ccl H

\ 2 N\, s .
C=C + ROH + CO > C= + 2 FeCl, + KC
/s N /s \ <
H HgC1l 2 atm. H CO,R

+ 2 FeCl, 2

+ HgC12
(ROH = an alcohol or water)



Scheme 1
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Lip PdCL | co [
(R-C=ClyHg —2——4& rR—C=C—Ed—Cl_I FR—C=C—F;’d—Cl—l
B L i J i
_ co
R COOR' J
S % + | HPACL ‘ |
\ 6C=C‘H L ] R-C=C-COOR' —2H FR—C=C—CO—T’d—Cl]
“ ~ + —
Cl [HPdCI]
lco
| R.  _COOR'
SPa. TH
i cl o
. i RgoorT R ]
R\ ~_~COOR Cs-COOR' 0=C=C-C~H CoeH
% ~H —=—|0=C_ _-H = II:’ d ={O= \p,é' \C\=O
P4 X e 7N =Y
& © cd a cl a & e |
R'OH “
[ R H ]
R COOR R, _H ROH |oo?” C=
“c=c + [HPacl] €=C + [HPdCl] ——— | O=C{ ©
Rooc H Rooc  COOR' HPA=OR
cl c
+ [HPdAC] + [HPdCH]
R <1:00R’—[ R'oocI CIZOOR'
ROOC-C~C-H + R-C~C-H
ClPd H H PdCL
‘co ‘co
R'OH R'OH

$00R'
R—CIZ—CHQCOOR + [HPdACL]
COOR'
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The kinetics of this process were studied. The following

mechanism was suggested:
C1lCH=CHHgCl + PdClz———————%>C1PdCH=CHc1 + HgCl,

ClPACH=CHCl + CO — > C1PACCH=CHC1
[}]
o]

ClPd%CH=CHCl + ROH ———————> R02CCH=CHC1 + P&
o}

Pd + 2 FeCl, \‘Pdclz + 2 FeCl,

Unsymmetrical ketones can be prepared by reaction of an
aryl iodide with an arylmercuric halide in the presence of

nickel tetracarbonyl (62):

benzene, 60—70o

ArT + Ar'HgX + Ni(CO)4 > ArCAr'

Il
10h o

Product yvields were good, but this synthesis has the disadvan-
tage that it regquires use of the highly toxic nickel tetra-

carbonyl as a stoichiometric reagent.

4., Miscellaneous

The reaction of a-ketomercurials with acyl chlorides gives

enol esters (63):

2
o OCR
1 =0
HgI RCT_
cl
S
P
(R = Me,C,Ph)
o]
[T} /,O
MeCH,CH,C RC:f
cl -~ _
( CH)2H9 ,—MeCHZCHZﬁ—CHCHZCH2Me
MeCH.,CH
2V72 O.CR

2
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2-Oxy-functional ethylmercuric halides react with aromatic
compounds in the presence of Lewis acids. A mixture of products
generally results (64).

OMe OMe
[:j::rCHMeZ [:::]
(6.5% CHMe
o ) (132) 2
OMe 3 OMe OMe
MeO-CHCH,HgBr [:i::[CH2CH2CH3
N
. -~
O
AlCl,, 5°C
(132) CH,,CH,CH,
(13%)

(482 total vield) OMe

OMe
CH2?HMe
OMe
(23.5%) CHz(llHMe
OMe
{30%)

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

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

tional substituents into the aromatic ring, were obtained using

boron trifluoride diethyl etherate as catalyst:

Olle OMe
CH3CH(OAC)CH2HgBr CHZC':HCH3
> OAc
BF3 - OEt2
+ OMe
(96% vield)
CHZCIEHCH3

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

mercuracyclododecanes is of preparative utility (65):

Thioacetamide reacted with 7 to give 8 and decomposition pro-
ducts of 9.

H.C\

H
H\g/J o
3

Hul g tﬂﬁ NH
i
N . QN=C—S——H9—S—C-CH3
N

s R
R CHy

joo

£l

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

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

P =
hC=NNHSO,Ar Hg (0AC) , o X
—_—
PhC=NNHSO_Ar HOAC H N + ArSOjH
2 Ph~C____
N
(reflux) |
(Ar = p-MeCgH,) NHSO,Ar
ic

this reaction was carried out in cold acetic acid, the unstable
organomercury intermediate involved in this process, 11, could

be isolated. This decomposed to give 10.



HgOAc
Ph—C=N—N—SO2Ar
Ph—C=N—NH—SOZAr

1

C. Halomethyl-Mercury Compounds

A review which covers the chemistry of this class of com-
pounds, with emphasis on guestions of mechanism, has been pub-

lished (4).

New divalent carbon transfer reactions of phenyl (trihalo-

methyl) -mercury compounds with olefins have been reported:

PhHgCCL,Br —_—
CGHG cl
(ref. 67)
QAc OAc
Ar H PhHGCBT 4 Ar P
Se=c” A< ¢
VRN - v N\, Tar
H Ar PhNO, N
— - h r
(Ar = p-O,NCgH,) (ref. 68)

ﬂ PhHgCClzBr ' RN Ccl . Cl@\
—_—
CH SlMe3 (ref. 69) CH3 <0 CH O

3 °c

Ph . C/9H=CH2 PhHQCBI Ph\c C/CH:Tf?CHz
—_— —
s N S
Ph \ / H C6H6 Ph \ / \H Br
C [ed 2
(ref. 70)
Hy Hy

(2 isomers)

References p. 234
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PhHGCCL,Br

}Ic3SiCE!=CXIC07§-Ie -_—

C6H6

Me SiCH

3 CHCOz}Ie

C12

Reactions were carried out with the pure cis and trans isoners

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

PhHGCFBr RCH —— CH

o= 2 2 (mixture of svn and anti
RCH CH2 —_ — e \C/ R —_—
(ref. 72) VRN isomers)
. Br
(R = mesityl, C6F5’
PhoO, CGHS)
Co,Me PhilgCX CO,Me
COzMe (X = C1l, Br) CO2Me
(ref. 73) X7y
A + v
X h
C0211e
COo,Me
X 2

These examples generally represent the "tough" cases where con-
ventional dihalocarbene generating systems don't work well or

not at all.
Further examples of insertion reactions of PhHgCX3-derived

dihalocarbenes have been reported by Weidenbruch and his co-

workers. Into silicon hydrides:

120°

(Me,C) ,SiH + PhHgCCl, ———3 (M i
304 e.C) .SiCHC1 533
3 (ref. 74) 3773 2 (3%

120°

(Me,C) ;SiH + PhHgCBr., —— 5 1
3 g (Me,C) ,SiCHBr (54%)
3 3 (ref. 74) 373 2
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Into Group IV halides (73):

NaI, 120°

C e o X — T . R
C1351 SicCl DhHgCCl2Y C13C51C1281C13

3
(X = Cl, Br)

Nar, 100°

GeCl4 + PhHgCClzBr —_— C13GeCCl3

In contrast:

SnCl, + PhHgCCl,Br —— PhSnCl, + ClHYCCl,Br

4 2 3
N\ et
CC1,HgCCl,Br
CCl,HgBr + CCl,
(isolated Hg
product)
NaI, 105°
e -
Br381 SlBr3 + PhHgCCl3 —_— Br351518r2CC12Br
Na1, 120°
. .
SJ_Br4 + PhHgCCl3 —_— Br351CClzBr
NaI, 90°
4+
Gequ PhHgCCl3 —_— Br3GeCC12Br

Similar CCl2 insertion into Group IV tetraiodides was not suc-
cessful.

The reaction of PhHgCCl, with bromoform at 80° gave a
3:1:8 mixture of HCC13, HCClzBr and HCClBrZ. Presumably, a
sequence of steps of the type shown below was responsible for
the formation of these products (76):

PhHgCCl ,——— PhHgCl + CCl

3
CCl2 + HCBrB'-——'CBr

2

2 + HCClZBr

CBr2 + PhHgCl-—-——-PhHgCClBr2

References p. 234



Bis{x-chlorovinyl)mercury also underwent what appears to be
G-elimination when treated with Cu(I)/triisopropyl phosphite

combinations (8) -

r.t.
Hg (CCl=CHz)2 + 2 (RO) 3P-CuI ———>» 2 HC=CH-Cul + (RO) 3P'HgCl

2
+ (RO)3P
and,
Hg(CCl=CH2)2 + (RO)BPZCUH —> HCZCH + Hg + (RO)3P-CuCl

+ (RO)3P + CH,=CHC1

The acetylene presumably was formed by rearrangement of a
CH2=C: intermediate. The bis(a-chlorovinyl)mercury was prepared
by the organolithium route. Bis(B-chlorovinyl)mercury showed

similar elimination chemistry:

Hg(CH=CHCl)2 + (RO)3P-CuI-——) 2 HC=CH-Cul + (RO)3P-HgC12

+ (RO)3P

Here, of course, it is 3-elimination which takes place.

4. MERCURATION OF UNSATURATED COMPOUNDS

The most important organomercury application in organic
syntheses involves the (solvo)mercuration of olefins, dienes,
acetylenes, cyclopropanes and aromatic compounds followed by
reactions which replace the mercury substituent by hydrogen,
halogen or other functions. In many instances, the organomer-—
curial is formed in situ and is never isolated at all. Its
presence and its structure in those cases are inferred from the

structure of the organic product.

A. Olefins

Full-details have been provided of the matrix isolation/IR
spectroscopy studies by Nakamoto and his coworkers on mercury
halide/olefin systems (Hng, with X = F, Cl1l, Br, I; olefin =

C2H4, C3H6, 1,3-butadiene) (77). 1:1 Complexes were prepared by



cocondensation of mercuric halide vapor with the olefin diluted
with argon on a ca. 10°K cesium iodide IR window. Evidence also
was obtained for a 2HgCl-lCH2=CH~CH=CH2 complex. The IR spec-—
troscopic results were discussed in terms of a side-on structure
in which the olefin plane is parallel and its C=C axis perpen-
dicular to the X-Hg-X axis, with appreciable overlap of the

ethylene 2p pi MO and the vacant metal orbital:

The 1:1 HgC12/l,3-butadiene complex was suggested to involve
side-on coordination of HgCl., to one of the C=C bonds of the
diene. The 2:1 complex was aepicted as 12. Such interaction
may well play a role in the olefin solvomercuration reaction.

/

Jof

Structural effects on reactivity in the oxymercuration re-—
action have been studied by a Canadian group (78). The transi-
tion state of the oxymercuration of olefins which do not contain
strongly resonance electron-donating substituents (e.g. ethylene)
was indicated to be bridged and with very little positive charge
on carbon, 13. On the other hand, olefins with strongly reson-
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ance electron-donating substituents (e.g. cyclopropyl) reacted
via a transition state which resembles an open carbonium ion.
Some relative and absolute rates of olefin methoxymercuration
are given 1in Tabl. 4a and 5. The solvation of the transition
state in the oxymercuration of cinnamic acid in alcohol medium
has been investigated by Balyatinskava (79). Available data
were used to calculate transsolvation coefficients of ng+
intermediates and of the activated complex.

Our coveraage of the solvomercuration of olefins is not
meant to be exhaustive. Now that the solvomercuration/demercur-—

ation sequence has become a routine organic operation, there are

Table 4a. Relative rates of methoxyvmercura-

tion of alkenes by Hg(OAc)2 in MeOH at 25°c

AT8)
Alkene krel
Cyclohexene 1.9
Norbornene 4.6
1-Octene 7.4
c—PrCH=CH> 700
c—-PrCMe=CHjp 350
c~PrCPh=CH> 15
EfPr2C=CH2 700
cis-4-Octene 0.22
cis—3-Hexene 0.58
tert-BuCH=CH, 0.067
tert-BuCMe=CH, 0.50
tert-Bu,C=CH, <0.005

many examples of its application tucked away in the organic
literature. We mention some which caught our attention during
the past year.

The oxymercuration/demercuration of various methylenecyclo-
hexanes, 14 - 23, was investigated by French workers (80), with



\/’j a Nz /\,// /l/v
N .
14 15 16 17
H
- o 2 2> =
D - /J
H
18 19 20 21

r x
i
~~_~"0R - OR

(R = H, Me, COMe) (R

Il

H, COiMe)
22 23
particular emphasis on stereochemistry. Methoxymercuration of

4,6-0-benzylidene—-D-allal, Ei' gavs 25 and 32. Demercuration

of these products with sodium borohvdride produced the anomeric

methyl 4,6-0-benzylidene-2-deoxy~D-ribo-hexopyranosides 27 and
28,

together with various elimination products (8l). Also re-

OCH
2 o /OCH 9 o
Dh d /
Hg(OAc)z Phﬁ\ OMe Ph
. > \\ +
0 MeOH 0
{
HO HO HgOAc
24 25 6
NaBH ,
Y 1
OCH2 ?CHZ
Ph // 0 OMe Ph O
o o OMe
HO HO
27 28

ported have been the oxymercuration/demercuration of epi-y-
eudesmol, 29, which gave 30 and 31, presumably via 32 and 33
(82), and of l17-methylene-5c-androstan-38-yl acetate (83).

Russian workers have described further studies on the cycliza-
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Table 5. Direct measurement of rates of methoxy-—
mercuration of alkenes by uv spectroscopy in MeOH
at 25°%c (78)

Methoxymercuration
1 -1

Alkene kz(M_ s ) K o1
CHy=CH> 1.04 0.50
n—BuCH=CHp 2.06 1.0
tert-BuCH=CH) 0.058 0.028
tert—BuCMe=CH> 0.50 0.24
©-PrCH=CHjy 840 410
SfPrCMe=CH2 4300 2100
ngr2C=CH2 5500 2700
c—PrCH=CHMe (Z) 1.37 0.67
c—PrCH=CHMe (E) 0.64 0.31
Cyclohexene 0.50 0.24
Norbornene 5.3 2.6

tion of geranylacetone, 34, by mercuric trifluoroacetate,

o)

HgOAc




followed by reduction of the mercurial formed with sodium
borohydride (84) .
The ethoxymercuration of 2-ethoxyacrolein gave carbonyl-

functional mercurials (85):

Hg(OAc)2 (HC104)

EtOH/CH2C12
e AcOHgCHzﬁCH(OBt)z
\ o
cu=o
CH,=C kel
OEt ClHgCH.,CCH (OEt)
21 2
o)
Hg(oac), (HC1O0,)
4
EtOH KCL
o CngCHzﬁ—CH=O
o]

Some examples of the mercuration of enoxysilanes have been re-—
ported:

OSiMe3 ?
S -
—_— Hg
~_ Hg(OAc)2
(ref. 63) 2
(0]
Ji]
MeCHZCHZCHZ\ //H HgO MeCHZCHZCHZC
c=C — ( CH) Hg
Me SiO/ \CH CH,Me Hg (OAC) MeCH CH/ 2
e 2CH2° g 2 F 2572
(ref. 63)
O N
N ] 1l
ne3C\ HgO Me3CC HgBr2 Me3CC\
C=CHMe —_— { CH) ,Hg —_— CHHgBr
/ - s 2 /
MeBSiO Hg(OAc)2 Me Me
(ref. 86)

Oxymercuration of alkenylsilanes has been studied (87).
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ROH
h% 1 CH=C} i}
Me  SiCH=CH, + Hg(OAc)2 —— ROCH2$H51Me3
HgOAC
(ROH = MeOH, HOAC)
MeOH -HgOAC
Me3SiCH=CHCH3 + Hg(OAc)2 —-———>-MeO$HCQ\ (70%2)
E] i
C‘I3 Slt1e3
*+ OMe
AcOHgCHCH (30%)
CH \\SiMe
3 3
MeOH, 0°C HgOAc
Me SiCH=CHPh + Hg(OAc), ————» kagHCH (50%)
Ph SiMe
3
+ OMe
AcOHg?HCH (50%)
Ph i
1 e3

(at 200, cleavage to give Me,SiOAc and PhCH=CHHgOAC occurs).

3

Me3SlCH2CH=CH2 + Hg(OAc)2~——+>-Me381OAc + CH2=CHCH2HgOAc
Methoxy substituents on silicon have a strong directive effect:

MeOH HgOAc

RCH=CHSi (OMe) ; + Hg (OAc), ~—— RCHCH (100%)
(R = H, Me, Ph) Me 'SiMe,

Acetoxymercuration took place in nitromethane or chloroform medium:

HgOAc

CH,=CHS1iY., + Hg(OAC)Z-——4> AcOCH,CH

2 3 2
(Y = OMe, Et, OAc) Si¥s

Of interest is the methoxymercuration of a coordinated triene

(88) :

/¢rT—\ V4 Hg (OAC) ,/MeOH //r]—§\--<(—*‘ﬂgcﬂv
Fe Fe

B
(co) 4 coy, O




c-Allyliron complexes reacted with mercuric chloride as shown,
the mercuration process being accompanied by a ¢ to @ rearrange—
rient (89) :

(fif? Fe (CO) ,CH_-CH Eaam— (:) Fe (CO) ——“

=2 272N
H/C\H u’ \C,HgCl
a’ H
Cl-Hg—-C1

<@ Fe (CO) n "2

u > \chl _
- H H Ccl

CH2 PF6
Fe (CO) ——H
C
~o- HgCl

H
PN -

H H PF6

Similar chemistry occurred with CpFe(CO)ZCHZCMe=CH2, but
CpFe(CO)z—CﬂzR compounds where R = CH=CMe2, CH=CHPh and C=CPh
underwent slow Fe-C cleavage on treatment with mercuric chlor-
ide. Both types of reaction were observed with CpFe(CO)2CH2CH=
CHCHS -
Mercuration of 35 and 36 with mercuric chloride in diethyl
ether at reflux gave pyrylium and thiopyrylium salts 37 and 38,

respectively (90).

. H
H\C/Pn H‘c’Ph HgCl Ph\é/HgCl
1 1
I ! f 2l
Ph™ >0~ Ph Ph- ~5-" “Ph Ph /\Ph Ph” Xg-" Ph
+
35 36 HgCl3 HgCl,
37 38

Mercuration of terminal olefins with mercuric trifluoro-
acetate in the presence of 78 - 87% hydrogen peroxide in di-

chloromethane gave a mixture of S8-mercurialkyl hydroperoxide
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and bis-tc-mercurialkyl peroxide (91):
R -
N Cri2Cl2
/C—CHz + H202 + hg(02CCF3)2 —_— CF3C02HgCH2CR200H
R

39

+

CF3C02HgCHZCRZOOCRZCHZHgOZCCF3

The hydroperoxide 39 could participate in further peroxymercura-
tions, and in this manner, the mixed species CFscozHgCHZCMeZ—
OOCHPhCHZHgOZCCF3 was prepared. The mercurated peroxides which
were characterized are shown in Table 6. A brief study of their
chemistry was made. Selected reactions are shown below.

CF3C02H

i 15 + PhOH
COZHgCHZCMePhOOH C-3C02HgCHzﬁMe
(6]

CF3

pyridine

CngCHZCHR—O—O—CHRCHZHgCl _— CngCHZﬁR + CngCHZCH(OH)R

Br
2
CngCH2CHR—O—O—CHRCH2HgCl—————€>BrCH2CHR—O~O—CHRCH2Br + 2 HgClBr

Table 6. g-Mercurialkyl hydroperoxides and
bis-8-mercurialkyl peroxides (ng-CHZ-CRlRZ-O-OR)

Parent alkene (s) X Rl R2 R M.p.(OO
Phenylethene OAc Ph H H 115-116
2-Methylpropene CE‘3-CO2 Me Me H 83
2-Phenylpropene CF3'CO2 Ph Me H 90-91
Ethene Cl H H CHZ-CHZ-HgCl 149-150
Propene CF3-CO2 Me H CHMe-CH2~Hg~02C-CF3 109-110.5
Phenylethene Cl Ph H CHPh-CHZ-HgCI 148-150
2-Methylpropene CF3-CO2 Me Me CMeZ-CHZ-Hg-OZC-CF3 122.5-124
2-Methylpropene CF3~CO2 Me Me CHPh CH2-Hg-02C-CF3 96-97

and phenyl-

ethene




Intramolecular aminomercuration of unsaturated cyclic
aziridines has been reported by French workers (92). The gen-

eral scheme shown below was followed.

th,\//rj—\

¥ S

R
X
reduction ’
N + .
)
(Y = X or solvent)

B. Acetvlenes

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

been investigated (93):

Hg(OAC)z KC1l Ce 4\ chl
XC_H,C=CCH > > 40
6 3 a \ —

HOQAC
AcO CH

3

XC6H4\ OAc
c=c 41

\
ClHg CH3

In general, both isomers were formed (Table 7). Trans stereo-—
chemistry was observed, without excepticn. Noteworthy is the
preference for AcO attack at the benzvlic position, a tendency
which decreases as substituents are introduced which decrease
the ability of the aromatic ring to stabilize an adjacent posi-

tive charge. A mercurinium mechanism was favored:

OAc™
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Table 7. Yields and Isomer Ratios: Acetoxymercuration of

Substituted l1-Arvl-l-propvnes (93).

X in XCgH,C=CCH4 40/41 Ratio Crude Yield (40 + 41)

p—OMe only 40 93
p—Me 14.0/1 89
p-F 8.7/1 85

H 2.85/1 84
p—C1 2.9/1 80
p—Br 1.95/1 83
m-Cl 1.1/1 50

A study of the kinetics and mechanism of the Hg(II)-catalyzed
hydration/isomerization of 2-butyn-1-ol has been carried out.
An organomercury mechanism was found to obtain (94):

. fast
2+ _ —c= +
Hg™ ,q + CH3CSCCH,OH + H,0 ——————€>[CH3§ E CH,] ~ + H,0
g

+

0

L

// -+
CH3) 5 3

fast
+ -
[CH3ﬁ—?—CH2] + CH3C:CCH20H + HZO —_—_— Hg(‘*?
O Hg |
CH2

4

o] (0]

isomerization il
Il isome 10 CH,CCH=CH, + H,

o

~

+
+ -C=
i [CHC-C=CH, ]
2 0O Hg

4+

hydration_ i
2

>~CH_CCH.,CH..,OH + [CH.C-C=CH
3n 272 3

(o] 0O Hg

Mercurial 42 was isolated and characterized in a separate exper-—

iment. Catalysis also was effected with 43, which was prepared



by adding 4-penten-1-ol to the reaction solution.

+
CH2 CH2

HgCH,CH

C. Cyclopropanes

Shabarov and his coworkers have continued their studies of
cyclopropane mercuration. In the acetoxymercuration of the
isomeric l-cyclohexyl-2-phenvlcyvclopropanes complete inversion
of configuration d4id not occur at the site of acetate ion at-—
tack (95). The cyclopropyl group of 2-cyclopropylfluorene is
more readily opened by mercuric acetate than are those of aryl-
cyclopropanes (Ar = H, p-Ph, p—Me3C) (960) :

1) Hg(OAc),/HOAC =~ X
e > ‘ I
2) NacCl S Z CHCH,CH,HgC1
f
OAc .
NaBH,
7
~

N CHCH, CH 5
OAc

A nitro groupon an aromatic ring deactivates a cyclopropane
ring toward reaction with mercuric acetate (97):

NO2

/:::ﬁ Hg(OAc)2
N . no reaction
Ozm_ﬁ\ />__<i:] HOAC i
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NO
— Hg (OAC)
4 \ : q(OAC,Z/HOAC Nacl
Me,CH —(/ \,‘———«/, - e
N/ ~i [HC1O,]
100°
NO
s 2
Me,CH —</ Q"‘——CHCH CH,HgCL
Heo . 5 o CHH G
N OAc
///;rZ/CHCl3
V4
NO

2

Me CH / \ CIIHCHZCHZBL‘

— OAcC

In methanol the methyl ether was produced rather than the ace-
toxy derivative. These reactions regquired more strenuous con-—
ditions (perchloric acid catalyst, elevated temperatures) than
are usually needed for the solvomercuration of arylcyclopro-—

panes. Also reported was:

1) Hg(OAc)Z/

HOAC
7 N\ - [\\\ 7\ CHCH,,CH,HgC1
1

2) NacCl OAc

Here also a reaction temperature of 100° was required. When
the reaction was carried out in methanol, a reaction tempera-

ture of 65O sufficed.

D. Aromatic Compounds

Deacon and Farquharson have continued their studies of
the permercuration of arenes and of the further reactions of
the permercurated products (50): cf. Table 1 in Section 3-B.
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It is noteworthy that benzoic acid and substituted benzoic
acids were at least partially, often totally, decarboxylated

under the rather strenuous reaction conditions (180—245°C),

while p-toluenesulfonic acid lost sulfur trioxide. The results
R
= XHg HgX
h +  SHgX, —_—
AT XH HgX
)$L (X = O7CCF3) g T d
HO,C < HgX

of a detailed study of this aspect are given in Table 8 (49).
The ease of decarboxylation during permercuration increases in

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

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

some polar character, 44 and 45, was suggested. Here transi-

\/HgO CCF

2 3

H(Hg02

44 a5

tion state 44 is facilitated by inductive effects of electron-
withdrawing substituents and 45 by inductive effects of elec-
tron-releasing substituents.

The permercuration of ferrocene has been reported by Rus-

sian workers (98):

Hg (0,CCF3) ,
Fe > Fe[CS(HgO

2CCF3)5]2

KC1

Fe[c. (HgCl) ],
_ H,0
—_—
Fe[C,(HgO,CCF,) 1, + 5 I, Fe[C I.],

References p. 234
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Table 8. Permercuration and bromodemercuration of mono-
substituted benzoic acids (49). (Amounts of 10 mmol of acid and

70 mmol of mercuric trifluorocacetate were used.)

X in Permercuration¥* Yield (%) of Yield (%) of
XCH,CO,H temperature (°C) XCBr,CO,H CgBrgX

o—Me 180 25 58
m—Me 180 57 28
p—Me 200 c.0-5 84
m—-F 210 20 45
p-F 210 57 29
o—C1l 200 3 80
m—-C1 200 63 26
p-Cl 200 58 27
o—Br 200 12 65
m—Br 200 52 25
p—-Br 200 52 30
o—MeO 180 - 73
m-:1e0 200 19 53
p—MeO 180 - 70
o—NO2 240 - 55
m—NO2 240* 11 61
p—N02 240 37 43
o—CF3 245 - 56
n-CF 5 245 2 76
p-CF, 245 6 74

H 180 65 22)
H 215 38 50./96% 6

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

The much greater reactivity of ferrocene in the permercuration
reaction is striking. Mercuration of other ns—cyclopentadienyl

complexes has been described:



Hg (OAC) KBr
2 “illlih[ ":IIIED
~ > Hg

(ref. 27) i
Mn Mn Mn
(CO) (CO) (CO)
3 3 + 3
HgBr
i
Mn
(CO)3

Hg(OAc)2 CaCl2

i (ref. 46) i
Mn - Mn
7 ~ 4 ~
oc éo PPh3 (Also with the Re OC/" PPh
complex) co 3

Pentafluorcbenzene is readily mercurated to give (C6F5)2Hg
in good yield by Hg,F,, HgO and Hg(OZCCF3)2 in antimony penta-
fluoride solution (5).

Alkyl phenyl ethers containing organosilicon substituents

in the alkyl group have been mercurated (99):

X381(CH2)n—O—<::>>—Y + Hg (OAc) , ——>X3Si(CH,) -0 Y

HgOAcC
X n Y

Me 1 o-0Me

Et 1 H

MeO 1 H

MeO 3 H

EtO 1 p-Me

(When Y = H, the mercuration product was the para isomer.)
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2 Hg (OAc)
(MeO) 3SiCH20- @ > (H1e) 3SiCh'20 HG O

HgOac

Kinetic data suggested that the action of mercuric ion on
pyrocatechol in acetic acid results in oxidation and subseguent

mercuration (100) :

OH 5
OH _o
HOAC r//\\ﬁ’
+ 2 Hg(OC1O.), -~ - = > ]
/
+ Hg, (0C10,)
+ 2 HClO4
(@] (@]
H 1
,° .0
+ Hg(0ClO3), ———> + HClO4
HgOC10,

Resorcinol was trimercurated to give 46.

OH
0,C1OHg. HgoClo,
~ oH
HgoClO,
46

The kinetics of the redox mercuration of fifteen other benzene-~
diols were studied. Also reported has been the mercuration of
aryl (arylimino}thiazolidones, 47, (10l) and of the o, m and p

isomers of the HOC_H,CO COIII(NH3)52+ cation (102).

64772



o] o}
N ~~C.H, 2
Y NTU6 4 Hg(OAc)Z I\ N,CBHBZHgOAc

/ > \
Me~ /:XENC6H4Z Me S’//: NC6H3ZHgOAc

S

Z = m~F, p-F, m—-N

1Y
~J

2 r P'Noz ’

|

m-OH, p-OH, o-OH, p-OH.

The reaction of phenylmercuric hvdroxide with phenol 48

resulted in part in a mercurated product (103}:

QH
Me ,Ge SiMe
3 3 + PhHgOH
CMe3
48
A
\ /
o Hg
4
MeBSi
OHgPh {
a l SlMe3 CMe3 _ln
N 4__
CMeB + thﬂg + HZO
+ (Me3Ge)20 + (Me3Ge)20
+ HZO

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

Me.,GeO OH

- 3 H
Me,Si T/ I g Me,Si \‘//‘\lf HgCl
I
N > ‘\/J )
CMe CMe
50 3 51 3
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Also reported was:

Finally,

arene mercuration

\/

| + (Me_Ge) ,0
2

CMe3 + H20

products are intermediates in

mercuric salt—-catalyzed nitration of toluene (104):

CH

3
/‘\l, Hg (0Ac) ,

|

K//J

N

|
02N 7

5.

+
gOAC

N0 + HgOAC

ORGANOFUNCTIONAL ORGANOMERCURY COMPOUNDS

The reaction of diaminocyclopropenium perchlorate with

mercuric acetate gave a cationic diaminocyclopropenylidene com-

plex (1065):

Hg(OAc)2

R = Me_CH

The large J(13C—19
the

9Hg) coupling constant (2508
C NMR spectrum of this product served to

hybridization of mercury was involved.

Hz) observed in

show that sp

Some reactions of 52



were carried out: reactions with iodine, with suliur and with

acid cave 53, 54 and 55, respectivelv.

N MR hg N N
R2X~Tﬁ_,-,,“"2 RN /,JRZ R,N /NRz
e p= 7
N+ )/ A R ” /
© : N©7
\\/ Vi
Y ¥
I 5 -
cio, cio,”
54 :
53 55

Sulfur-functional mercurials were studied by Chivers and

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

homolysis on thermal decomposition:

slow
~ . -
Hg[CH(SPh),]1, (PhS) ,CH + (PhS) ,CHHg
fast
(PhS) ,CHHg+ —— > (PhS) ,CH- + Hg(0)

The final products of decomposition at 150°C in vacuo were
(PhS)3CH, (PhS)ZCHZ' (PhS)ZCHCH(SPh)2 and elemental mercury.
Similar thermolysis of PhHgCH(SPh)2 at 120°% gave elemental
mercury, diphenylmercury, (PhS)BCH and (PhS)ZCHZ. No evidence
for a carbene pathway, i.e., PhHgCH(SPh)2—————€>PhHgSPh +
HCSPh, was found. N

The reaction of dimethylsulfoxonium methylide, MeQS(O)—CHQ ’
with methylmercuric chloride gave a product which was assigned
the structure [MeZS(O)CHzHgMe]Cl (106). Reactions of this
vlide with 1,2 and 3 molar equivalents of mercuric chloride
resulted in formation of adducts, [MeQS(O)CH2]n-HgC12, with

189

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

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

vlide complex 6 (35), which was isolated in the form of pale
vellow, air—-sensitive crystals. The low lggHg-C—lH coupling
constant observed in the proton NMR spectrum of 6 was in line
with the assumed 593 hybridization of its mercury atom.
Further results on the chemistry of mercurated diazoalkanes

have been reported by Lorberth. A new, explosive mercurated
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diazoalkane was prepared (107):

2 HglIN(SiMe,) ], + Me AsCHN, ——— > Hg[C(N,)AsMe, ]
3°2°2 2 2 2 2°2

MeHgC(NZ)COZEt, MeHgC(NZ)C(O)CH3 and MeHgC(NZ)C(O)Ph formed 1:
complexes (phosphazines) with P(NMe2)3 of type 56.
Hg[C(NZ)COZEt]2 forms 1:1 and 1:2 complexes, (MeZN)3P=N—N=

C(COZEt)HgC(NZ)CO Et and [(MezN)3P=N—N=C(C02Et)]2Hg with this

2

MeHg
C=N—N=P(NM62)3
R
56
phosphine (108). All of these phosphazines were isolated in

the form of yellow crystals. Mercurated diazoalkanes undergo
1,3-dipolar cycloaddition with dimethyl acetylenedicarboxylate
(109) -

R
MeO_CC=CCO. Me MeHg._ | _~CO,Me
2 2 C—
MeHgC (N,) R / \\
Cc-CO. Me
<E:Q:N - 2
(R = CO,Et, c(0)Me,
C(0) Ph)
R Cco._M
Hg >c c” °2"e
Hg[C(NZ)R]2 Y
- /\
N C-COo.,Me
(R = CO,Et, C(0O)Me) 2
2 r XN/

On the other hand, the reaction of (MeHg)ZCN2 with two molar
equivalents of dimethyl acetylenedicarboxylate gave the diazo-
norbornadiene 57:
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(MeHg) 2CN2 :-1e02C ~ c C/COZMe
+ —_— /
= MeHg- N-HgM
Me0,CCZCCO,Me 1eHG~Cae — VHMe
MeOZCCECCOZMe

13C NMR spectroscopy has been used to establish the C-Hg
bonded structures of Me3CC(O)CHMeHgBr and (Me3CC(O)CHMe)2Hg
(86) . Reactions of mercuric oxide with diethyl malonate, ethyl
acetoacetate and ethyl cyanoacetate {(but not with malononitrile)

gave Hg-C bonded products, Hg[CH(C02 t)R]2 (R = CO,Et, C(O)Me,

2
CN, respectively) (110). Also reported were the following
preparations:
C(O)R C(O)R
X, ————>
CH2\ + HgX, (XHg)2C.\\
C(O)R" C(O)}R'
R,R' = OEt, OEt X = Cl, Br,
OEt, Me OAc
Me, Me
R
RCH,CN + HgX,6 —mm—> (XHg)ZC/
2 2 AN
CN

(R = Et02C, CN; X = Cl1l, OAc)

Detailed studies of the IR, NMR and mass spectra of these
products were reported.
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6. MERCURY-CARBON BOND REACTIONS

Those C-Hg bond reactions which have demonstrated synthet
utility have been discussed in Section 3.

A discussion of the RZHg/Hg mercury exchange reaction has
been presented in terms of gualitative molecular orbital con-
siderations (111). The authors contend that these confirm the
mechanism which they proposed previouslyv on the basis of kine-

tic, stereochemical and electrochemical studies:

R— Hg—R ~ R:—Hg —R Hg-——R
b g ~ + , * < *
I r —_—
ig Hg R Hg
+
Hg - Hg
* - = -—_ *
R-—Hg—R R—Hg—R

Reutov and his coworkers have described further studies of the
substituent exchange reactions between organomercurials:

R,Hg + HgYZ T/ RHgY + RHgZ

2
(Y, 2 = organic or inorganic substituent).

Equilibrium constants have been determined by a polaro-
graphic method for the RZHg/Hg(CN)2 (Table 9) and various
RZHg/R'HgY systems (Table 10) in DMF solution (112). In the
latter system the equilibrium is displaced to the right, i.e.,
to RHgX + RHgR', in those cases where the electronegativity of
R is lower than that of R'. An approach which considers both
the complexing properties of the organomercury(II) cations and
the stability of the carbanions of the exchanging groups, R
and R' , served to explain these results. Solvent effects on
the disproportionation reaction:

K
el ‘el T 1 Yy
2 C.F HgC Hy «————— (CF5) ,Hg + (C.Hg) ,Hg

6”5
have been investigated by the polarographic method (113). At

200C, in the presence of 0.1M R4N+ salt, the following equili-—
brium constants (K x 103) were determined: in DMF containing
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Table 9. The figquilibrium of Exchange Reactions

2RHgGCN in DMF in the Presence

Hg (CN) , + HgR,

of 0.1 M BudNClO (initial concentrations of organo-

4
mercury compounds 1 x 10_2 M) (112).

Reaction No. R in RZHg Tenp . Ke

Ph_C=CH 25° >100
2 CH ,0COCH,, 100 8.3
40 3.8
3 CeFg 100 3.6
PhC=C 100 1.1

Table 10. The Equilibrium of the Exchange Reactions between
Organomercury Compounds and Organomercury Salts in DMF in the
Presence of 0.1 M Bu4NClO4 at 25°C (112).

Reaction ; Reaction K,
No.
Ph,Hg + CH,0COCH,HgBr-PhHgCH,COOCH; + PhHgBr 1.7
2 Ph,Hg + CH,COCH,HgBr=PhHgCH,COCH, + PhHgBI 2.2
3 thHg + CGFSHgBr:PhHgC6F5 + PhHgBr 24
. N N
4 (C6F5)2Hg + C,HHgBr#C F_HgC H + C F-HgBr <1
5 CgFgHgPh + PhHgBrZC F HgBr + Ph,Hg <1
6 CgF5HgPh + PhHgOCOCF 3 X CoFgHgOCOCF3 + Ph,Hg <1
7 CgFgHgC,Hg + C H HgCL ZC F HgCL + (C,H) ,Hg &1
8 ZC F_HgCl + C,H HgPh (a) <1
CFgHgPh + C,H_HGCI- Polai?—
7C_.F HgC,H. + PhHgCl (b)}i graphic
“~gf5 9 2ls gt ¢ method un-
CEFgHgC,Hy + PhHgX-
X=B I, CF -
(X=Br, CF4C00) ZC4F HgX + PhHGC,H, (D) <1
- > -
io CFcHgPh + C F HgC,H L (C F ) Hg + PhHgC,Hg 0.07

added I , 19%2; in DMSO, 11=1; in sulfolane, 4.6%0.5; in CHBCN,
4.6%x0.5; in DMF, 4.3z0.5. The effect of iodide ion on the
rates of such exchange reactions was investigated as well (114).
Added iodide ion accelerated exchange in the Ph,Hg/(PhC=C) ,Hg
system, retarded it in exchange reactions of PhZHg with Hg(CN)Z,
Hg12 and HgBr2 and had practically no effect in the thHg/
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Hg(CCl3)2

discussed.

system. Possible explanations of these results were

Calculations have been carried out to assess the steric
effect of a neopentyl group (compared with that of a methyl
group) in the RHgBr/HgBr2 substituent exchange reaction in
ethanol (115). Both the one-Br and two-Br catalyvzed reaction:
were considered. The calculations using the symmetrical, bi-
cyclic model with two bridging bromide ions, 58, (Jensen and

Rickborn, 1958) provided good agreement with experiment in the

case of the one-anion catalysis. The observed MeBCCHZHgBr/
MeHgBr rate ratios in the case of the two-anion catalyzed pro-
cess agreed well with that calculated for a symmetrical, cyclic

transition state, 59.

~ 7/ Br Br
J— B \\ '
Vo Hg
C-- “~Br
G~ -
A E g
R 3
Br Br

The cleavage of cyclopentadienylmercuric bromide in
aqueous solution containing bromide ion by perchloric acid has
been the subject of a kinetic study (116). A mechanism involv-
ing fast, reversible complexing of Br to the mercury atom
(giving RHgBrZ-, RHgBr32— and even RHgBr43‘) followed by rate-
determining acidolysis of the C-Hg bond in these complexes was
indicated. (A study of the substituent exchange reactions,
i.e., exchange reactions with HgXZ, RHgX and RZHg, of cyclo—
pentadienylmercury could be of considerable interest in view
of the high reactivity of these compounds, due in large part to
the pronounced carbanionic nature of the cyclopentadienyl sub-

stituent.)
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14 . .
§C—Scrambllng in the products of the cleavage of CH3CH2CH2—
l4CHZHgClO4 by trifluorocacetic acid showed that at 35°C the
only scrambling processes were those involving successive 1,2-
hydride shifts in classical 1- and 2-butyl cations (117):
-+
H 14

14 . +
CH3CH2CH2 CHZHgClO4 ———€>CH3CH2CH2 CH2Hg

14 +
CH3CH2CH2 CH2

14 o~ + 14

+
14 + S - ~
<f_CH CH,CH CH3 <~____.CI-13CH\,1112 vH3

CH3CH2CH2 CH2

At higher temperatures (500 or 720C), however, equilibrating
protonated methylcyclopropanes appeared to become involved.

The reactions of p-tolylmercuric acetate with No' and N02+
salts have been examined by Stock and Wright during the course

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

(Lo4).

sulfolane
2 -t —
CH, HGOAc + NO BF, ————)O CH, NO
25
(96%3)
7 sulfolane / \\
CcH —é \ HgoAc + No.¥BF,” CH HgOAC
3 2 4 3\
N— 25° —
NO2

(major product)

+ lesser -amounts of

//_‘"3
CH3"‘\\/ \\/\ﬁNo2
\

and CHj—<ff_<§}—N0
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but:

f—*\/NO
?7 Q\_ + N 2
)— HgOMAc + HNO, (cold, free of NO )—————€>x( “N)-HgOAC
’ £y —_— Ve

/2N i N
CH3 . }r HgOAC + HNO3 (cold)——-—3>CH3 $ E)‘HgOAC
N L
NO2

It appears that NO+ undergoes the nitrosodemercuration reaction
with arylmercuric acetates, but, on the other hand, Nozé under-—
goes nitrodeprotonation rather than nitrodemercuration.

The complicated chemistry which occurs in RZHg/CCl4 systems
has been investigated in great detail by Nugent and Kochi (118,
119, 120). These reactions can be initiated photochemically or
with radical species obtained by peroxide thermolysis. Evi-
dence was presented for a free radical chain process which in-
volves f-hydrogen abstraction from RzHg by trichloromethyl
radicals, followed by elimination and fragmentation of alkyl-

mercury radicals and by subsequent chain transfer with carbon

tetrachloride:

CC14 C13C-
H-CMe,CH,HgR + C13C- > -CMe,CH,HgR + HCCI,
CMe,CH,HgR —> Me,C=CH, + RHg-

RHg+ —————> R- + Hg(O0)

R- + CCl4 > RC1 + C13C'

etc.

B-Hydrogen activation toward radical abstraction is very

favorable. Thus the B-hydrogen atom in ECMEZCHZHQCHZCM33 is
600 times more reactive than a given hydrogen atom in cyclo-
3C§20H2HgCH2CMe3 about 100

times more reactive, and even the B-hydrogens in CEBCHzﬁgCH2CMe3

hexane, a S8-hydrogen atom in CH

4.4 times more reactive. This translates into a primary:sec-



197

ondary:tertiary H reactivity ratio of 1:22:139. In benzoyl
peroxide-initiated reactions of dialkylmercurials in carbon
tetrachloride, alkylmercuric chloride and benzoate are formed.
It was shown that the chemistryv shown in Scheme 2 was involved
e am e m ke dm e e oamny e Y e A ey A S
QITILa5T 1O prililidly d4diiud Secolidalrly dJa=
alk lmercurials, di-tert-butvlmercury reacts spontaneously with
carbon tetrachloride in the absence of an initiator (120)}. 2a

charge~transfer interaction between CCl4 and (MeBC)ZHg was

Scheme 2
Intthiation
CCla__ ooy CO, + ClzCe
(pCO2)2 pCOe.
RoH
278 | pCO,HGR + Re
Propagation
Hg, R(-H)
RoHg CHCl 5 CClg CxCl, + RCL
Cl3Ce R Cle
RCL CCl, RHgCl RoHg
Termination:
2CI3C. Czcls

References p. 231
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sihiown to be the rate-limiting step:

ECT

.+ -
R, Hg + CCl,———————> [R,Hg cci, 7]

RHgCL + R- + Cl.C-

C13C' + (MeBC)ZHg-—————%> HCCl, + Me,C=CH

> > + Me3CHg-

Me ,CHg - —_— Me,C- + Hg (0)

Me,C- + CCl4 _— Me4CCl + c13c-

etc.

MeBCHgCCl3 was shown to be a discrete, transient intermediate:

SH2
- —_— A -
c1,C + (Me4C),Hg Me,CHgCCl, + Me,C
Pulse radiolysis of benzylic mercurials - (CGFSCHZ)ZHg,

(CF3C6H4CH2)2H9, (CGHSCHZ)ZHg ~ resulted in formation of the
benzylic carbanions, ArCH,", and the radicals ArCH,Hg* (121).
Both species were observed spectrophotometrically. In the
presence of sodium tetraphenylborate ion pairs, ArCHZ“Na+, wer
produced.

The rate of reductive demercuration of RHgCl ( ——> RH) by
sodium borohydride is greatly slowed down by the presence of a
nitro substituent (122). Thus the reduction of 60a-63a was
exceptionally slow compared to that of similar compounds with-
out a nitro group.

OR
CHCH.,CH,HgC1
(/\lr 2772 @. a, R Me
v .}?_' R = ac
NO
2 c, R=H
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?R
1
4;;\\\/CHCH2CH2H9C_ 61 a, R = Me
; I b, R = Ac
OZN/»QQ;/’ c, R=H
OR
!
_CHCH,,CH,HgC1 62 a, R = Me
i b, R = Ac
I c, R=H
H \\ -
T R
oN N
N~
OR
63 a, R = Me
. CHCH,CH,HgC1 - =
5//\,/ 2772 b, R Ac
i -
Aae A c, R=H
Me,CH No,,

Compounds 60b-63b have a carbon-bound acetoxy group which is
another potential site for attack by sodium borohydride. In-
deed, this reagent does reduce 60b-63b to the alcohols 60c-63c
without reaction at the mercury function. These results were
explained in terms of an increase in the strength of the Hg-C
bond resulting from intermolecular donor-acceptor interaction
between the mercury atom and the nitro group. In favor of
such a view is the following observation: The reaction of 64
with sodium borohydride gave 65 in 72% yield, along with a 25%
recovery of 64. On the other hand, the reaction of 64 with

[+)}
>

S N B
7/
L///-—\ N CHCH,CH,HgCl

N/

// R Cl)AC
[\\\§>_4/ Q>—»éHCH2CH3 65
[ N o '/

=
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sodium borohydride in the presence of 66 gave alcohol 67 in

653 yield. The demercuration product was obtained in only 21%

vield.
:;-*3\ ' P ~ = OH
7 ) ! | , 4 i
\\ L) : ! e '%fChCHZCHZHgCl
o ! L o
Z\EOZ
s7
66

Bis(cyclopentadienyl)vanadium(II) was found to reduce

organomercuric halides (123}):

hexane

2 (C5H5)2V + 2 RHgC1 > (C5H5)2v01 + Hg + R,Hg

20°

(R = Ph, Me,SiCH,, (Me,5iCH,),MeSiCH,)

The demercurative rearrangement of some o- and p-mercurated

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

R___H
~N
! Hg (OAc) , ’
r;;5\ﬂ * . //\1
- - \.\)
Z 7y

i
z’kltf l

/ HaOAc
(z = H, Me, C1) NaNoO,
HOAC
NO R H
R\\N//LO N
AL :
P H,504 O
P ; ! 2+
) i —> il + Hg
2 <Q:// 2 NN



R H R H
Sy \N/
TN Hg (0AC) , <?¢\T,’H90Ac
i : —_— _ R . -~ I
! . s f !
kip/) !
z ) Z
Naﬁozﬂ/
(Z = Me, Br) HOAG
- R H
\N/
HgOBC . ~._ NO
] H,S0, Eg 2+
R i H + Hg
~oe '/’
z Z

An intramolecular process was indicated since these reactions
proceeded even in the presence of sulfamic acid or urea which
would intercept nitrous acid if it were to be involved as an
intermediate. The kinetics of these demercurative rearrange-—
ment reactions were studied at varying acid concentrations.
The para position is more reactive than the ortho as the reac-—

tion below demonstrates. This demercurative rearrangement also

B ’ Me u
Me\\N//NO ~N—
i {
/;ﬁ\\\‘HgOAc H.SO ~ ~._ HgOAc
¥ 2”4 ~ ’ i
N - %///

HgOAc ﬁo

could be effected by UV irradiation of the mercurated N—-nitro-
scanilines in agueocus or alccholic medium. Quantum yields for
such processes were determined.
NMR studies of ligand effects on the redox demercuration
of B-hydroxypropylmercurials:
+ -

CCH3 + Hg(0) + H + L

CHBC;HCH:Z 3

i
OH o}

References p. 234
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and on the protodemercuration of ‘-hydroxvisobutylmercurials:

+ 2+ —
Mez('ZCH,)HgL + H ————>Me3con + Hg + L
OH
have been carried out (123). Here L = H20 or carboxyvlato,
RCO2 , with R = CF3, CHC12, CHZCl, CH3.

7. MERCURY-FUNCTIONAL MERCURIALS

A. Mercurials with Halogen, Oxygen, Sulfur, Selenium,

Tellurium and Nitrogen Substituents.

Equilibria of the reactions of phenylmercuric hydroxide
with anions in aqueous solution (pH range 7-10) have been dete
mined (t = 15-45°C) by a potentiometric method (126). For the

reaction:

K
- ~ -
PhHgoH + X —————— PhHgX + OH

log K varied with X as follows: Cl, -4.4; Br, -3.2; I, -0.8;
SCN, —-3.8; CN, +0.05; NOZ' -6.7; N3, -4.2; p—HZNCGH 503, -6.2.

PhHgX species are more stable than comparable CH3HgX for all
ligands except CN . The kinetics of such processes have been
studied by the temperature jump relaxation method (127). For
a given X , both the forward and reverse reactions proceed
more rapidly with the PhHg than with the MeHg derivatives.
The stability constants of some Hg(II) (128) and Hg(I) (129)
carboxylates have been determined by precise potentiometric
titration at 25.00°C (3 mol dm > NaCl0, medium). Unidentate
complexes are formed. Table 11 gives results for mercuric
carboxylates. Another group has determined stability and
hydrolysis rate constants in aqueous solution for mercuric and
methylmercuric acetate (130).

Mercury-sulfur bonding has received continued attention,
in part because RHg(II) and Hg(II) tends to bond at sulfur in
biological systems. ’

Mercury (II) and organomercury(II) complexes of thiols and
dithiols have been studied (131). The dithiol complexes of
type PhHgS~R—~SHgPh decompose at room temperature in benzene



Table 11. Stability constants of mercury(II) complexes at
25.00°C in a 3 mol dm™° sodium perchlorate medium (128).
- , H - K
Ligand log Rl log 21 log 52 log E;
l)Formate 3.907x0.002 3.6620.01 7.10x0.01 0.22
2) Acetate 5.011=0.9002 4.22-0.01 8.45x0.03 -0.01
4.1520.01 8.44+0.02 -0.14
3)Propanoate 5.161=0.002 4.3320.01 8.80%x0.03 -0.14
4)Chlorocacetate 3.028x0.003 2.95x0.02 5.61%0.02 0.29
5) Cyanocacetate 2.654x0.001 precipitated
6) Hydroxvacetate 3.92320.002 3.60=0.01 7.05%0.01 0.15
7) 3-Hydroxybu~ 4_.757=0.004 4-2250-01 8.36£0.01 0.15
tanoate
8) 4-Hydroxybu— 4.985=0.005 4.34=0.01 8.45x0.01 0.23
tanoate
9)Methoxyacetate 3.743z0.002 3.5420.02 6.91=0.03 0.17
10) 3-Methoxypro- .707=z0.003 4.24-0.02 8.45=-0.03 0.03
panoate * L *
log Sl log B,
Hydroxide 14.22 -3.44x0.02 -6.2420.03 -0.64
or methanol, giving diphenylmercury. IR, Raman and proton NMR

out on PhHgSR (R = Me,
and dithiol complexes

spectroscopic investigations were carried
Et,. i~-Pr, t~Bu, Ph, CH,CH.,OH) and Hg(SR)2
of Hg(II) and RHg(II),
PhHgSR and Hg(SR)2 (R = Et, t-Bu, Ph) dls=olve as monomers in
The stability constants of the Hg /HOCH CH(SH) -
(1:1 and 1:2) complexes have been determined (132).

2772

and their solution behavior was studied.

chloroform.
CHZSH (BAL)

This ligand, forms a more

although it has only two donor sites,
stable complex with mercuric ion than does EDTA. The formation
of dimeric Hg(II) thiolate ions in aqueous solution, derived
MeSHgOAc and its pyridine or 4-methylpyridine complexes,

double MeS bridging, as

from
has been described (133).

is involved.

Presumably,

in ﬂr

ye
§ 5
~ < / \ /{/
Hg Hg
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Equilibrium constants have been determined by an NMR pro-
cedure for the reaction of phenylmercuric acetate with 2,6-
dimethylthiophenol and its triphenyllead and triphenyltin
derivatives (134). The results of this study provide another

example of the strong affinity of mercury for sulfur bonding:

Me K Me
PhHgOAC + MS _— MOAc + PhiHgS
-
Me Me
M Solvent K
H HCCl3 >100
Ph3Sn HCC13 >100
Ph,Pb HCCI 5.3x0.5
PhNO2 9.3%x1.0
CSHSN >100

An interesting solvent effect was observed.

S-Bonded phenylmercury(II) derivatives of L-cysteine and
DL-penicillamine have been prepared. Both decompose to give
diphenylmercury when their suspensions in benzene are stirred at
room temperature (135). Mercury(II) derivatives of some thio-
steroids, e.g., 69 and 70, have been reported by Canadian
workers (136). They decomposed in solution and in the solid

state as shown for 69.



—
|
l\ 0 §_-!
i ~._ 0
/\ */\ . \
\4/‘;/—“—1
K /’L /l i ;
o~ ™~ N "SHgX 05; 4571\\//L\5ng
(X = Cc1, Br) 70
69
/;o
1
\ e

;K/VE

O

+ (HSHgX)n

Mercury(II) benzimidazole-2-thiolates have been prepared (137) :

H
R NN
| s— 95 + H9(CECR)2 >
R AN ~N
H
R~ N
i) - N \‘
( 5 Dants Hg + 2PhC=CH
\ R \/ 2
H
71

References p. 234
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Some reactions of 71 were examined: the action of Nal/I, gave
disulfide 72; benzoyl chloride produced the XN-benzoyl deriva-
tive 73 and reaction with Hg(C=CPh),/PhN=C=S gave 74.

] : X
\ K)Q§>/U\NN/r_i}E 7—- fg
H
72 % \ph

An anionic MeHg(II) complex of the cis-1,2-dicyanoethylene
dithiolate ion, 75, has been characterized (138). The cyclic
structure shown is not secure, and it may be that the two Hg-S

S CN |~
Ph,As’ | MeHg
\S CN
75
bonds are not equal in length (as in MeHgSZCNEtZ).

The reaction of C(HgOAc)4 or C(HgOZCCF3)4 with agqueous
methylmercaptan gave C(HgSMe) ,, while reaction with agueous
hydrogen sulfide produced CHgéSz, a yellow, amorphous solid
(139). The latter, very likely a three-dimensional coordination
polymer, contains 91.33% Hg, a record for an organomercurial.
Both compcunds, like all C(HgX), species, are very stable ther-
mally, decomposing endothermally between 350 and 400°C. Sulfur,
selenium and tellurium—containing mercurate salts have been
prepared and studied (140): [Ph,P],[Hg(EPh),] (E = S, Se, Te) ;
[Ph4P]3[Hg2(SePh)7], [Ph4P]5[Hg3(TePh)ll]. The crystal and
molecular structure of [Ph4P][Hg(TePh)3] was determined by
X~ray diffraction (141). The structure of the anion is shown

in Figure 1.



Figure 1. Structure of the aAnion in [Ph4P][Hg(TePh)3].
(U. Behrens, K. Hoffmann and G. Klar., Chem.
Ber., 110 (1977) 3672)

Table 12. Equilibrium Constants for the Methylmercury(II)-
Imidazole System (142).

]
=3

NMR pH titration
Imidazole
PK, 7.13 7.10+0.02
Log Kl 6.93+x0.04 7.14%0.03
PK, 9.61:0.2 9.65%0.1
Log K3 8.26+0.2 8.18:0.1
Log K4 11.76 11.79+£0.1
N-Methylimidazole

PK, 7.18

Log Kl 6.96
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Methylmercury imidazole species which are formed in agueous
solution, 76, 77 and 78, have been investigated (142). Their
solution equilibria were determined potentiometrically and their
formation constants were determined independently by NMR experi-—
ments. Although imidazole has a larue relative affinity for

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

H -H H . H
}{7”__‘KP{ ~ . R
. A
! +'\ 5/\\: CH_ HgN +/3HCH
HN<;;:NH9CH3 N<i;¢»H9CH3 jHgN .~ NHgCH,
H H H
s 77 78
Xy
+ — +
CH3Hg + HIm ——_—  CH3HgHIm (76)
v K2 +
CH HgHIm —— — CH HgIm + H (77)
+ K3 +
—_—— N
CH3Hg + CH3HgIm <~_.__._.__._-_(CH:?’Hg)zIm (78)

Methylmercury bis(trimethylsilyl)amide and mercury bis-
bis-(trimethylsilyl) amide are useful reagents for the introduc-
tion of MeHg and Hg functions into molecules by reaction with
OH, NH and other protic functionality. Glockling and Mahale
(143) have used the former to prepare CH3Hg(II) derivatives of

several oximes and phenols:

CHO CHO
OH MeHgN(SiMeB)2 OHgMe

A
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CH=N

~OH —
OH + 0
: CH=N\\
oy HgMe
OHgMe
80
- HgMe
+
\ N —
b
C
OHgMe
81

&\u::;. ﬂ é N+

Melg Ol \HgMe

82

A 3

HgMe

The nitrone structures 80, 81 and 82 (rather than the alternate
O~-Hg structures) were considered more probable but remained un-
proven. No evidence for the benzenoid-quinonoid tautomerism

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

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

H .
CHO 4;C’
= = \\OHgMe
[ ]
A OHgMe :}O

References p. 231
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Reactions of [(Me3si)2N]2Hg with compounds containing activated

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

[(Me3Si)2N]2Hg + 2 CHZ(CozEt)Z——}Hg[CH(COzEt)Z]2 + Z(Me3Si)2NH

Similar reactions with CH, (CN)CO,EEt, CH, (CN) , and CHZ(COCH3)2
gave Hg[CH(CN)COZEt]Z, Hg[CH(CN)2]2 and Hg[CH(COCH3)2]2, res—
pectively.

MeHgN (SiMe,), and Hg[N(SiMe3)2]2 also react with halides o
the Group IV elements, e.g.:

Hg[N(SiMej),1, + 2 HSiCly; —>> 2 (Me;3Si),NSIHCL, + HgCI,

The reactivity of the halides decreases in the order: SnCl4>
GeCl4>SiCl4; in the silicon series: HSiC13>MeHSiC12>SiCl4>
MeSiCl3 (39). Table 13 gives some results.

Tobias and his coworkers have reported Raman difference
spectroscopic studies on the binding of CH3Hg(II) to 1-methyl-
thymidine, thymidine-5'-monophosphate, DNA models and native
DNA (145). The CH3Hg(II) derivatives of l-methylthymidine and
4dTMP have the N-Hg bonded structure, 83a and b, respectively.

O
I
MeHg CH, 83 a, R = cHy
D
/’L\ I b, R = deoxyribose
o T monophosphate
R

B. B-Mercurated Carboranes

Two Russian groups have reported on the synthesis and

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

pounds result on reaction of carboranes with Hg(OZCCF3)2 or
Hg(OZCCHB)z/HClO4. o~ and m-Carborane react with mercuric
trifluorocacetate at room temperature, the former exothermally.
Oon the other hand, p-carborane reacts only at higher tempera-
ture. Polymercuration is possible (up to five HgX substitu-
ents) under forcing conditions. The mercury substituent is
introduced predominantly (80-90%) in the 9 position of the o-
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carboranes, with lesser amounts of 8-substitution, according
to brominolysis-experimencts. m-Carborane reacts more selec-
tively, giving the 9-mercurated isomer in 99% yield. Dimer-
curation gives the 9,10 isomer (98%). Compared with the C-
mercurated carboranes which have been investigated extensively
(see previous mercury Annual Surveys), the B-mercurated car-
boranes are more reactive. Thus they react readily with mer-—
curic chloride, bromine and hydrogen chloride at room tempera-

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

H~-C —— C-H H-C —— C-H
cd/Hg, acetone -~ H
oHg
BlOH9HgOZCCF3 BlOHQ—
H-C C—-H HgCl,, acetone H-C 5 o-u
O 2Hg A\
B1oMg Bj oHgHICL
EC1l, acetone
>, H-C—C-H H-C C-H
~ \O/ * O/
By oHgHgCl Biotio0
Br2, CC14 —c o
~ —_—
\<%D/H B
1079°F

The chloromercuri derivatives may be alkylated. The resulting

unsymmetrical diorganomercurials are easily disproportionated:

RMgX
H-C ——C-H H-C ——C-H
Ne© > N\
B, _H_,HgC1l (R = Me, Et) B4 gHgHgR

lOOOC, 1 mm Hg

-C —C-H
H c\g;/c N ,}/
Hg + EtZHg
Bl OHQHcEt ) B H -

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

have bcen reported (148).

References p. 23¢
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Table 13. Reactions of XaigMN(silte,}, and Hg{:(SLMeB)ZI, with

Group IV tialices.

Mercurial Group IV Conditions Product (. Yield}
lialide
MeHg(SidNe,) , sicl, 4a¢, 160° (MeySi),NS1Cl,y (71)
o 3 ™i 207 { &% i a
Ge(_l4 30 rin., 20 \.xe351)2..GeCl3 (91}
SnCl, 5 rin., 20° (3eSi) ;NSnCl, (89)
HSiCL, 5 min., 2907 (Me,Si),NSiHCL, (88)
MeliS1Cl, sh, 80° (3e351) ,NSilleHCl (80)
MeSi1Cl, 9d, 160 (Me.Si), NSideCl, (69
2 3 -~ <
g (N (Sitte ) 1, sacl, 44, 1607 (e ,5i) ,NS:C1, (72)
GeCl, 30 mip., 290° (:le;S1) ,3GeCl, (78)
- 2 7 Y s »y 1
SnCl; 5 rin., 20 (.19351)2..Snc.3 (78)
- < W . e s -
H51C13 3k, 20 (AeBSl)ZNSLHClz (75}
MeHSicCl, Sh, 160° (Me Si) ,HSiMeHCLl (67)
#eSiCly 10a, 160° (e Si) ,XSiveCl, (63)

C. Mercurials with Group IV Substituents

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

been prepared and its IR, lH and 13C MMR spectra have been

studied (149) =

(Me3C)2Hg + 2 (Me3C)3SiH \’[(Me3C)3Si]2Hg-+2C4HlO

_(greenish crystals)

Perfluorophenylsilanes are much more reluctant to react
with di—tert-butylmercury, and under the reaction conditions
demercuration of the initially formed silylmercurial takes
place (144} :

180-200°C
Me (CgFg) 3 SiH + (Me C),Hg Me (C Fg) ;3  SiHgCMe

3

+ C,H

4710

Men(C6F5)3_n81CMe3 + Hg



213

However, when [(HeBSi)ZleHg is used in place of di-tert-butyl-
mercury, the synthesis succeeds:

276°%¢
2 Me,(C F.)SiH  + [()Ieasi)zNJQHg ———————= [Me, (C F) Sil ,Hg

+ 2 (Me3Si)2NH

200°¢
2 Et(CgFg) ,SiH + [(MeySi) M) Hg —————> [Et(CF ) ,Sil ,Hg

+ 2 (MeBSl)ZNH

Bis(trimethvlsilvl)mercury has found application in the
preparation of (Me3si)2Mg and (Me3si)3A1:
DME \O
(Me381)2Hg + Mg ————————€>(Me3Si)2Mg- l+ Hg
[}
/

(ref. 150, 151)

THF
3 (Me3Si)2Hg + 2 al —————————%>(Me3si)3A1-THF + 3 Hg

(ref. 152)

The reaction of bis(trispentafluorophenyvlgermyl)mercury with
praeseodymium in DME at room temperature gave the ionic com-
plex {[(C6F5)3Ge]2Pr}+ {Hg[Ge(C6F5)3]3}_, 84 (153). The

reactions of the latter with HCl spoke in favor of the indi-

cated structure:

THF
84 + HCl-———;—%;[(CGFS)BGeleg + (C6F5)3GeH + [(C6F5)3Ge]2PrCl
20

Group IV mercurials are sources of Group IV radicals by
way of Hg—MIV bond homolysis. In a new example, bis(trimethyl-
silyl) -mercury was found to react with tétraphenyldiphosphine
Ly a UV-induced radical chain mechanism (154):

hv
(Me;S5i) ,Hg _—2 MesSi- + Hg(O0)

MeBS:L- + thP—Pth —_— Me3S'l_PPh2 + Ph2P'

thP' + (Me351)2Hg —_— Me351PPh2 + Hg -+ Me3Si'

etc.
References p. 234
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(Me3Si)2Hg—derived trimethylsilyl radicals apparently reacted

with phosphite esters in part by attack at oxygen:
Me;Si- + (RO),;P ——> Mey SiOR +  (RO) ,P-

Bis(trimethylsilvl)mercury did not react with thP(O)PPhZ,
PhZP(O)P(O)PhZ, PhZP(O)CHZPh or (EtO)ZP(O)CHZPh on irradiation
A rather stable stannyl radical has been generated from a

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

hv
[ (PhCMe,CH, ) ;Sn] 5Hg —_—> 2 (PhCMe,CH,) ;Sn- + Hg(0)

The stannylmercurial, yellow crystals with mp 114%, was pre-—
pared by reaction of the hydride, (PhCMeZCH2)3SnH, with di-
tert-butyl-mercury.

The UV-induced reaction of bis(trimethylcermyl)mercury
with perfluorinated ketones (C6F5C(O)CF3, (C6F5)2CO, CGFSC(O)_
CﬁHS) also is a free radical process (156):

N R R OCeEt,
(Et.Ge) JHg + 2 £ s 2 L — '
36e) JHg CeFsCR ——> 6T < %65 (%5
Et3GeO Et3Ge0 R

The initially formed radicals, which may be observed by ESR,
dimerize. Fluoranil reacts with bis(triethylgermyl)mercury at
-78° even when the system is not irradiated:

E F
o— —o + (Et.Ge) Hg ——— >
. 368l - -
\
E F Hg + Et,Ge0 7 N\ OGeEt,
F F

o-Chloranil reacts with bis(triethylgermyl)mercury at -80°C in

similar fashion (157):



c1 [en
.0
Cl_ -~ Cl ~OGeEt 4
+ (Et3Ge)2Hg

TN 1" " NogeEt,

C1l Cl

+ Hg
EPR showed radical intermediates to be involwved. 3,5- and 3,6-

Di-tert-butyl-1,2-benzoquinone reacted similarly with (EtBSi)z—
Hg and (EtBGe)ZHg, giving 85.

CMe ,
>

_OMEt,

(M = Si, Ge)
MEt3'
CMe

Methyl (trimethylsilyl)mercury and bis(trimethylsilyl)mer-—
cury react with Group IV halides (39):

160°%c, 2 weeks

MeHgSiMe; + SiCl Me3SiCl (89%) + MeSiCl (74%)

4
+ Hg (100%)

20°c, 30 min.

MeHgSiMe; + GeCl, > Me3SiCl (93%) + MeGeCl, (79%)
+ Hg (92%)
2OOC, 5 min.
MeHgSiMe, + SnCl, > Me,SiCl (100%) + MeSnCl; (71%)
+ Hg (95%)
o]
160°C, 2 weeks
(Me3Si)2Hg + SiCl4 Me3SiCl (100%)
+ Me;SiSiCly (62%) + Hg (91%)
20%c, 30 min.
(Me351)2Hg + GeCl4 Me351C1 (100%) + Me351GeCl3
(47%)
+ GeZClG (48%) + SizMe6 {(43%)
+ Hg
o} .
20°C, 5 min.
(Me3Si)2Hg + SnCl4 Me3SiCl (85%) + SnCl2 (89%)

+ Hg
References p. 234
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These reactions are believed to proceed via intermediate mer-
curials, MeHgMCl3 and Me3SngMC13 {1 = Si, 5e, Sn), which then
undergo demercuration under the reaction conditions.

Further Group IV mercurial/mercurated diazoalkane reaction

have been reported by Vyazankin and his coworkers (158):

(Et3M)ZSng + Hg[C(Nz)C(O)R]z——%> 2 Et3MHgC(N2)C(O)R

(M = Si, Ge; R = Me, Et, Ph,
OMe, OEt)
2 EtjMC(Nz)C(O)R + 2 Hg
-~
Cu
E + N E
(EtBGe)zHg Et3GeC( 2)C(O)CHB————-——P(EtBGe)3ClCICH3 + Hg

&)

The latter reaction involves (formal) insertion of the carbene
EtBGeCC(O)CH3 into the Ge-Hg bond. Similar reactions with
diazo esters result in the formation of ketenes (159):

Cu Et3M
(Et3M) ,Hg + Et M'C(N,)CO,Et _— Nc=c=0 + Et MOEt + Hg
Et3M
(M, M' = Si, Si
Ge, Si
Ge, Ge
Ge, Sn )

In this reaction a labile intermediate, 86, the product of
(formal) Et3M'CCO,Et insertion into the M-Hg bond, very likely
is involved. Reactions of bis(triethylgermyl)mercury with mer-
cury derivatives of acetylacetone, diethyl malonate and ethyl

cyanocetate resulted in redistribution and subsequent demercur-—
ation (144):



]
it
~1

(EtjGe) yHg + Hg[CH(CCH) 51,

o
\\\\EfHF, 65°
2 EtBGeHgCH(FCHB)z
o
65°
2 Et,GeOC=CHCCH, + 2 Hg
i
Me
Similariy:
65°
(Et3Ge)2Hg + Hg($HC02Et)2-—-———ﬁ> 2 Et3Ge$HC02Et + 2 Hg
VA Z
(z = CO,Et, CN)
benzene
~ ~
(Et3Ge) ,Hg + Hg (CH,CN), 2 Et;GeCH,CN + 2 Hg
THF

t N + B *
(E ;Ge) ;Hg + C1chHZCN-———————%> Et;GeCH,CN Et,GeCl1 2 Hg

The reacticn of potassium cyanide, in the presence or the

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

THF or acetonitrile at room temperature results in formation of
hexaethyldigermane and elemental mercury (160). The reaction

course shown below was postulated.

- X -
(EtjGe) ,Hg + CN° —————>Et GeCN + Hg + Et,Ge

- - —GeE -
EtBGe + EtBGeCN EtBGe Gept3 + CN

When such a reaction was carried out with (Et3Si)2Hg, the silyl-
mercurial, rather than Et3SiCN, reacted with the triethylsilyl
anion which is generated, to give silylmercurates of the type
Kn[Hg(SlEt3)n+2] (n=1,2), and Et381CN could be isolated.
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EtHgGeEt reacted with KCN to give Et

elemental mercury.

6Ge2, diethylmercury and

Bis[tris(pentafluorophenyl)germvl]lmercury reacts readily
with Pt(Ph3p)3 to give complexes of typme 87 (161).

PPh.
J

(CF Ge-Pt-HgGe(C

5) 3 653

Also reported were:

Ph3

N (C6F5)3Ge—Pt—?gEt

-1

EtHgGe(C F. )5, + Pt(PhyP)g

P
P-h3

PPh

i 3

. _ > _pe-
[(CGFS)Bsn]ZHg Pt(Ph3P)3 (C6F5)3Sn Tt HgSn(C6F5)3

PPh3

These complexes are air-stable. They are, however, photolabile
and react with bromine, hydrogen chloride and hydrogen.

benzene

—_
(C6F5)3GePt(Ph3P)2HgGe(C6F5)3 + 2 Br, >

(C6F5)3GePt(Ph3P)2Br + (C6F5)3GeBr + ngBr2

8. COMPLEXES OF ORGANOMERCURIALS

Graddon and Mondal have investigated the thermodynamics of
the interactions of Lewis bases with organomercuric halides
(162) . Alkylmercuric halides form reasonably stable complexes
with bidentate bases (o-phen, TMEDA) in benzene solution, but
the stability of the complexes which are formed in benzene be-—
tween RHgX and heterocyclic bases is very low. On the other
hand, more stable, dimeric adducts, [RHgX'PBuBIZ, are formed
with tri-n-butylphosphine. Stronger complexes could be obtained
with trichloromethylmercurials, CClBchl and (CC13)2Hg, and
Lewis bases such as nitrogen bases, tetrahydrothiophene and



pvyridine N-oxide. However, in reactions of these mercurials
with phosphines secondarv processes intrude: symmetrization in
the case of CCl4HgCl and reduction to Hg(O) in the case of
(CC13)2Hg. 1:1 Adducts of 1,10-phenanthroline with Hg(CN)z,
PhHgCN, PhHGC=zCH, PhHgC:CMe, Hg(C=CMe),, PhHgCICCH,C1,
Hg(CECCHZCl)Z, PhHgC=CPh and Hg(CECPh)2 have been prepared and
studied by IR spectroscopy (163). The phenyl(alkynyl)mercurials
were obtained by a redistribution reaction:

benzene, reflux
Ph,Hg + Hg(CECR)2 —>2 PhHgCZCR

A Swiss group has investigated the interaction of methylmer-
curic hydroxide with 1,10-phenanthroline, as well as with
2,2'-bipyridine, terpyridine and pyridine-~-2=azo-4-dimethyl-
anilin2 (kinetics using the temperature jump relaxation method)
(164). Chelate complexes are formed: their reactions with
hydroxide ion to CH3HgOH are extremely rapid. 2,2'-Bipyridine
complexes of bis(o-phenylcarboranyl)mercury (88b) can be

easily oxidized on a stationary platinum microelectrode (165):

= } P
/R \ N : e N |
G Y N - 2 2
( C 7 & / H; = R\C_____C,Hg§§ tl
N N
\ \‘B// m, /2 Q/ T
10710 | ~

~ Biof10
88
R\
— - _ C - -
(a, R = H: b, R = Ph) N \g”>/
\B/ H

The uncomplexed carboranylmercurials, however, are resistant to
oxidation under these conditions.

A dipole moment study produced data which were inter-—
preted in terms of weak intramolecular coordination between
mercury and oxygen functionality in 89 and 90 in benzene medi-
um (166). In éthyl acetate, only 90 gave evidence of such an
interaction. No hint of intramolecular coordination was found

in dipole moment studies of CF,CH,CH,HgX and (OZN)3CCH CH,HgX

2
compounds.

References p. 234



3]
3]
(=}

O-——== Hg
CH,O-~————— HgX i en
/ CH_,—C /2
> AN g
CH,~CH, 0 —-—ci,
89 90

l
I

Bromide ion complexes of cyclopentadienvlmercuric bro-

mide are readily formed in aqueous solution (116):

_ K~750 _
CSHSHgBr + Br CSHSHgBr2
_ _ K< 100
CgH HgBr, + Br — > C HHgBr,

Evidence even was obtained for the formation of C5H5H95r43—'
Cyclopentadienylmercuric bromide thus appears to be a stronger
Lewis acid with respect to bromide ion than any other RHgBr,
stronger even than mercuric bromide, perhaps as a result of the
nronounced anionic character of the cyclopentadienyl substitu-
ent.

Finally, complexes which are formed between benzylmer-
curic halides and bis(cyclopentadienvl)zirconium dihalides
should be mentioned. The nature of these complexes remains

unknown (167).

cci,, s0°c

(n-CgH;) ,2rX, + 3 PhCH,HgX

2

(T-C_H,) ,2TX, « 3PhCH,HgX

9. STRUCTURAL STUDIES OF ORGANOMERCURIALS AND RELATED MERCURY
COMPOUNDS

A refinement of the crystal structure of diphenylmercury
has been reported (168). Figure 2 shows the structure. The
C-Hg bond distance is 2.085(7) A. Also determined have been the
crystal and molecular structures of [(Me3si)3c]2Hg (10) (Figure
3); d(C-Hg) = 2.%42(4) X, and of (CF3)2Hg (169) (Figure 4):
d(C-Hg) = 2.118 A. In the crystal of (CF3)2Hg, which is made
up of discrete, monomeric molecules, there are six intermolec-—



Figure 2. Crystal

[
]
P

Structure of Diphenylmercury,

viewed along b. (from D. Grdenig, B.

Kamenar

and A. Nagl, Acta Cryst. B,

33 (1977) 587)

ular Hg—-F contacts
tance is long, but
between nonbonding

6p orbitals and/or

of 3.181(7) A per mercury atom. This dis-
the authors consider that "interactions
fluorine 2p orbitals and unfilled mercury

coulombic attraction between oppositely

charged fluorine and mercury atoms appear to be significant.”

This view finds support in details of the vibrational spectrum
and the high (163°C) melting point (relative to (CH3)2Hg).

The crystal structures of two mercurated diazoalkanes,
Hg[C(Nz)C02C2H5]2 (170) and Me3CHgC(N2)C02C2H5 (171), have been

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

workers have reported the crystal and molecular structure of

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

This compound, as well as cthers of this class, were prepared
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Figure 3. Crystal Structure of [(Me3Si)3C]2Hg
(from F. Glockling, N. S. Hosmane, V. B.
Mahale, J. J. Swindall, L. Magos and
T. J. King, J. Chem. Res. (S) (1977) 116)

as shown below. In the crystal there are two independent

CH CH
PhHGOH + ArNH— “SNAr' — — > arn” | Xmar' + H,O

I

HagPh

molecules which have different structures.
Two biologically important organomercurials have been e:
amined by X-ray diffraction: (DL-methioninato)methylmercury
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I

S

Crystal Structure of Bis(trifluoromethyl)mercury.
J.

Figure 4.
(from D. J. Brauer, H. Blrger and R. Eujen,

Organometal. Chem., 135 (1977) 281)

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

(Figure 10)
inter-

(Figure 8)
9) and 1—DL-penicillaminato-bis(methylmercury)
(174) . In all three compounds there appear to be weak
actions between mercury atoms and nearby oxygen or sulfur
atoms. )

The crystal and molecular structure of 3-triphenylphos-
phino-3-mercura-1i,2-dicarbadodecaborane has been determined
not

(Figure 11) (175). The mercury atom is bonded to boron,

to carbon.
{Continued on p. 228}
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174(1)
124 (1) 3

1227(1)
10(1)

175 (2)

Figure 5. Molecular Structure of Hq[C(Nz)C02C2H5]2.
(from R. A. Smith, M. Torres and 0. P. Strausz,

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

Figure 7. Structure of the crystallographically independent
molecules of N-Phenylmercuri-N,N'-di-p-tolyforma-
midine. (from L. G. Kuz'mina, N. G. Bokii, Yu.

T. Struchkov, V. I. Minkin, L. P. Olekhnovich and
I. E. Mikhailov, 2Zh. Strukt. XKhim., 18 (1977) 122)



Figure 6.

References p. 234

Molecular Structure of Me3CHgC(N2)CO
(from R. A. Smith, M. Torres and O.
Can. J. Chem., 55 (1977) 2752)

262
154

H_.
2
Strausz,



]
1
(2}

02"

\ " 272 (3)

115° 508 (4) 211(5)

173(2)°

Figure 8. Molecular Structure of (DL-Methionato}methylmercury
(from Y.-S. Wong, A. J. Carty and P. C. Chieh,
J. Chem. Soc., Dalton Trans. (1977) 1157}

Figqure 9. Molecular Structure of (DL-Penicilliminato)methyl-
mercury Monohydrate. {(The two unlabelled atoms are
oxyvgen atoms of water of crystallization.)

(from Y.-S5. Wong, A. J. Carty and P. C. Chieh,
J. Chem. Soc., Dalton Trans. (1977) 1801)



Figure 10. Molecular Structure of u-DL-Penicillaminato-
bis (methylmercury) .
(from Y.—-S. Wong, A. J. Carty and P. C. Chieh,
J. Chem. Soc., Dalton Trans. (1977) 1801)

Figure 11. Molecular Structure of 3~Triphenylphosphino-3-
mercura-1,2-dicarbadodecaborane.
(from H. M. Colquhoun, T. J. Greenhough and
M. G. H. Wallbridge, J. Chem. Soc., Chem. Comm.
(1977) 737)
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10. SPECTROSCOPIC STUDIES OF ORGANQ:ERCURIALS

A. Vibrational Spectroscopy

The vibrational spectra of gaseous, liquid and solid di-
methylmercury (176), of gaseous and solid bis(trifluoromethyl) -
mercury and of its solution in acetonitrile (169), of phenyl-
mercuric chloride, bromide and iodide and of diphenvlmercury
(177) and the IR spectrum of 2- and 3-chloromercurifuran in
carbon disulfide (178) have been reported. Japanese workers
have studied solvent effects on the Raman spectra of the mer-

curic halides (179).

B. Electronic Absorption Spectroscopy

The electronic absorption spectra of the bis-n-tricarbonyl-
chromium derivatives of some diarylmercurials revealed a linear
relationship between the extinction coefficients of the longer
wave length absorption band and the < * constants of the sub-
stituents in the phenyl groups (180). Indian workers have re-—
ported studies of the UV spectra of o- and p-halomercuriphenols
(181) and Russian workers have investigated the electronic ab-
sorption spectra of (Et3Si)2Hg and (Et3Ge)2Hg (182).

C. ©Nuclear Magnetic Resonance Spectroscopyv

lH and l"C NMR studies have been carried out on MeCH(OH)-

HgCl and MeZC(OH)CHZHgY (Y = OAc, Cl, Br, SCN, I, CN), with
13
C

CH2
emphasis on nuclear spin—-spin coupling constants (183).
NMR studies have been reported on [(CH2=CH(CH2)n]2Hg (n = 2,3,4)
and di-n-butylmercury. One, two and three-bond 19%Hg-13cC
coupling was observed (184). 13¢ NMR studies also were

carried out on mercurated diazoalkanes (MeHgC(NZ)COZEt,
Hg[C(NZ)CozEt]z, (MeHg)2CN2) (185) , oxymercuration products

of norbornene derivatives, 91, 92, 93 and 94,(186) and of

(Me3Si) ,Hg, (Et;Si),Hg, [ (Me,;C) ;5i]1,Hg and (Me,;C) ,Hg (187).

.OAc Ac
/ L\\v/ (X = OAc, Cl1)
HgOAc HgX

91 92



3]

o

(0]

;\ XHg N
Z:j%L\TZ ?K/IL\\7 (X = OAc, Cl1)
A\\V/‘HgOAc i /
0 N
9

4

Detailed studies of the NMR spectra o cvclohexvlmercurials
(RHgOAc, RHgGCXN, RHgPh, R,Hg, trans-4-MMeRHgOAc; R = cyclo—CGHll)
have been reported by Barron, Doddrell and Kitching {188).
Determination of conformational A-values (Table 14) showed that

for this wide range of cyclohexylmercurials the axial conformer

is preferred.
13

Full details have been provided concerning the C NMR
spectra of mercurated carbohydrate derivatives (189; cf. J.
Organometal. Chem., 143 (1977) 284 for last year's Survey for
data and discussion). The lggHg—lH and 199Hg—l3C couplings in

13

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

2- mercuri-D-pyvranosides which were investigated served to
delineate the angular dependence of 3J and 4J couplings. 13C
Chemical shifts, 199Hg—13C coupling constants, half-wave reduc-
tion potentials and v(C=C)} integral intensities have been dis-

cussed as evidence for ¢-7 conjugation in allylic mercurials

{190} . Such data were given for mercurials 95-100.
CHZHgCl
- /
CH,=CHCH HgC1 <
A
95 26
— t
& —\¥~chl ngfs>—HgCl
97 98
| &
)
= H
(CH,=CHCH,) ,Hg (67; g
99
- 100
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A linear dependence has been found of lJ(lggﬁg—l3C) and
251y o 199

observaticn which provides support for the idea that elecctronic

Hg) for dibenzylmercury in various solvents, an

factors are responsible for changes in spin-spin coupling con-
stants on solvation of organomercurials (191). Other, more
specialized NMR studies of methylmercury compounds have been
reported (192, 193).

199Hg NMR studies of cyclohexylmercurials have been carried
out (188). Table 15 brings the observed chemical shift values.
Table 14. Conformational A-Values for Mercury-Containing

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

Group Solvent Temp . K Measure- A-Value®
(°K) (ax/eq) ment
b o
HgOCOCH 4 \,chl2 193 1.84 cy —-.235
1.70 C,.6 -.204 -.25:z.06
2.25 C4 -.312
b
Hg OCOCH 4 CD2C12/py —dS 193 1.99 Ccq -.265
1.53 C2,6 -.164 -.24*.03
2.14 C4 -.293
.C
HgCN Cchl2 193 1.38 Cy -.124
1.40 C2,6 -.129
1.50 S -.156 -.14x.02
1.54 CN -.166
G
HgCN CD2C12/py —ds 193 1.58 Cl -1.76
1.64 C2'6 -.191
1.51 C4 = -.159 -.19%.04
r
1.81 Cy -.229
c
Hg——<z:j> CD2C12/py —dS 193 1.52 Cl -.161
1.38 C2 -.124 -.14+.03
r
1.35 C3 -.115
1.54 C4 -.166

For (C6H11)2Hg (CD2C12:py -dg) cq intensities indicate (a,a) is

v40-45%; with (e,e) and (a,e) each about 25-30%.
a) A =AF°=RTInK b) 22.62 MHz. «c) 67.89MHz.
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Table 15. lggﬁg Chemical Shifts of Cyclohexylmercurials (188).
Compound Solvent Tempera- Shifta
ture (°K)
CGHlngOCOCH3 Toluene/pvridine 350 -618
320 ~-614
303 -610
CHzclz/pyridine 303 -632
245 —648(e) . -536(a)
215 -633(e) -556 (a)
trans-4-CH,- CHCL, 303 -678 (e)
C6H10HgOCOCH3
CH,HgCN Toluene 350 =222
320 -217
303 =216
CH2C12/pyridine 303 -209
230 -249 (e); -—-154(a)
210 —-240(e); —-150(a)
C6H11HgC6H5 Toluene/pyridine 350 +105
320 +109
CH2C12/pyridine 303 +128
230 +54 (a); +172(a)
210 +58(e) ; +172(a)
200 +61(e); +173(a)
(C6Hll)2Hg CHZClz/pyridine 303 +252
220P +219(e?); +351(a?)
Lager 210P +222(e?); +349(a?)

//h\\\l OCH3 CHC1 302 —-386
exansy ™ 3

HgCl CHCL, 302 -365
4: 2 OCH
{cis) 3

a) Referenced to diphenylmercury in chloroform
b) a and e assignments not proven

l99Hg NMR spectrum of

INDOR methods were used to obtain the
cyclopentadienylmethylmercury, CH3H9C5H5 (194). Equal coupling
to all five cyclopentadienyl protons was observed, which estab-
lishes that intramolecular exchange is responsible for the

fluxional nature of this molecule.
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D. Nuclear Quadrupole Resonance Spectroscopy
35
The SSMn and DCl or Blsr NOR spectra of manganocenylmer-—

curials of type 101 (X = C1, Br, CSHAMn(CO)3) have been meas-
ured (27).

E. Photoelectron Spectroscopy

The helium(I) photoelectron spectra of some dialkylmercury
compounds have been repcrted (120). The ionization potentials,

as defined in the equation below, are given in Table 16. It 1is

I

D -~
R-Hg-R ————>> R-Hg-R-  + e

apparent that increased chain-branching at the 8 carbon atom

does not markedly affect I but that increased a-branching

Dl
markedly lowers In-

Table 16. Effect of a—- and B-Branching on the Ionization
Potentials of Dialkylmercury Compounds (12002

a—-Branching 8—-Branching
R in R,Hg 1.P.{(ev) R in R,Hg I.P.{ev)
Methyl 9.33 Ethyl 8.45
Ethyl 8.45 n-Propyl 8.29
i-Propyl 8.03 i-Butyl 8.30
t—-Butyl 7.57 neo-Pentyl 8.30

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



F. Mass Spectroscopy

70 ev Mass spectra of dialkylmercury compounds (except for
dimethylmercury) show mostly mercury-free fragments. On lower-—
ing the ionizing voltage to 20 and 15 eV., mercury-~containing
fragments become more important. Chemical ionization spectra
serve better to give mercurial ions. When methane is the re-
agent gas, molecular ions, R2Hg-+, are abundant, with lesser
ions being (R,HgH - H,) , (RyHgH - RH)  and (R,HGH - RCH3)+.
Using methane/water as the reagent gas, the oxomercurial cation
RHgOH2+ becomes important. When isobutane is the reagent gas,
the mgjor ions observed are RzHg-+, (R2HgBu - RH)+, (R2HgBu —
RCH3)© and (R,HgBu - RBu)* (195).

A mass spectroscopic study of the photoionization of di-

prhenylmercury has been reported (196) .

1. PHYSICOCHEMICAL STUDIES OF ORGANOMERCURIALS

Dipole moment studies on compounds of type RZHg (R = Me,
Et, Ph, CH2=CH, PhC=C} and RHgX (R = Ph, Me, Pr, Bu, C7H15,
CH2=CH; X = Cl, Br, I) (197) and cis- and trans-CiCH=CHHgX
(X = Cl1, Br, I) (198) have been reported.

A polarographic study of the specific solvation (in CH3CN,
DMSO, DMF, HMPA and tetramethylurea) of carboranylmercurials of
type 102, of (PhCEC)ZHg and of PhHgCCl3 has been carried out
(199). It was found that the better the donor properties of’
the solvent, the more difficult was the electrochemical reduc-—
tion of the mercurial. The carboranylmercurials could not be
reduced at all in the presence of 2,2'-bipyridine. Such effects
were not seen with dibenzylmercury and thus seem to be confined

to the more Lewis acidic R,Hg compounds.

R
v
e Hg (R = Ph, Me)
\\F%/p
B7 H
1010 5
102

CNDO~-MO calculations have been carried out on methylmercur-

ic halides (200).
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12. ANALYTICAL ASPECTS OF ORGANOMERCURY CHEMISTRY

Among the studies devoted to the analyvsis of organomer-—

curials were the following:

— Nanogram TLC analysis of phenylmercury compounds (201).

~ Mechanism of reaction GC of phenylmercury compounds (202).

- GC analysis of organomercurials (15).

- GC determination of inorganic and organomercury compounds in
biological samples (203}.

- Liquid-liquid distribution of JH3HgX and PhHgX (X = C1, Br, I)
between 0.1M HCl (and 3M HC1} and fourteen different organic
solvents using 203Hg—tagged mercurials (204).

~ Removal of elemental mercury and mercury compounds from gases
and solutions (review) (205).

— Analytical applications of o-hydroxymercuribenzoic acid (206).

— Determination of mercury and CH3Hg(II) in fish (207).

— Microassay of mercury 1in organic substances (208).
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