MERCURY

ANNUAL SURVEY COVERING THE YEAR 1972

DIETMAR SEYFERTH

Department of Chemistry, Massachusetts Institute of
Technology, Cambridge, Massachusetts 02139 (USA)

CONTENTS
1. Reviews and Books. . . . . . . . . . . . ..
2. Preparation of Organomercury Compounds . . .
3. Use of Organomercurials in Synthesis. . . . . .
A. Organometallic Synthesis . . . . . . . . ..
B. Organic Synthesis . . . . . . . ... ..
C. Halomethyl-Mercury Compounds . . . . . .
4. Mercuration of Unsaturated Compounds . . . . .
A. Olefins and Acetylenes. . . . . . . . . ..
. Cyclopropanes . . . . - ¢« « « « o o o« o « o
Isonitriles . . . . . . . . . . . . o ..
D. Aromatic Compounds . . . . . « . . . . . .
5. Organofunctional Mercury Comp.ounds. c e e e
A. Highly Halogenated Organomercurials . . .
B. Carboranyl-Mercurials . . . . . . . . . . .
C. Metallocene-Mercurials. . . . . . . . . ..
D. Organomercurials with Keto Functions . .
E. Organomercurials with Nitrogen-Containing
Functions . . . . . « . . o ¢ ¢« o v & o o 5 .
F.

Qlefinic Mercurials . . . . . « . « « ¢« + = =

References p. 156

- 33

34
35
43
43
47
55
76
76
105
106 .
106
115
115
116
t116

117

118
120



34 : D. SEYFERTH

6. . C-Hg Bond Reactions of Organomercurials . . . . .
7. Mercury-Functional Mercurials. . . . . . . . . . .
8. Mercury-Group IV Compounds. . . . . . . . . . . .~
9. Structural, Spectroscopic and Physical Studies. . .
A. Structural Studies . . . . . . . .. .. oL

B. Spectroscopic Studies . . . . . . . . . . . . . -
i. Vibrational Spectra. . . . - . « « . ¢« ¢ « &

ii. Nuclear Magnetic Resonance Spectra . . .

iii. Nuclear Quadrupole Resonance Spectra . .

C. Other Physical Studies. . . . . . . . . . . . . .

10. Miscellaneos . . . . . . + ¢ v o s o ¢ o+ o o ¢« « o =
1. References . . . « o & v o o v o o o o o o o o o o o

1. REVIEWS AND BOOKS

The volume entitled "Organometallic Compounds of the Main
Group Elements'" of the Inorganic Chemistry Series of the "MTP
International Review of Science' (University Park Press, 1972) con-
tains a chapter by K. C. Bass on "Organic Derivatives of Z.inc,
Cadmiurm and Mercury'. Recent developments (].966-1970, especially
1969-1970) of organomercury chemistry are reviewed.

Two books dealing in general with mercury and its compounds,
including organomercurials, in the environment have appeared:
""Mercury in the Environment - a Toxicological and Epidemiological
Approach', edited by L. T. Friberg and J. J. Vostal, CRC Press,
Cleveland, Ohio, 1972.

"The Environmental Mercury Problem!, by F. M. D'Itri, CRC Press,
Cleveland, Ohio, 1972.
Other books or reviews published recently have covered the

following topics:
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- The divalent carbon transfer chemistry of phenyl{trihalomethyl)-
mercury compounds (1)

_ Free radical substitution reactions of organomercurials (2)

- The history, properties and analytical aspects of organomercury

chemistry, in Hungarian (3).

2. PREPARATION OF ORGANOMERCURY COMPQUNDS
A new and potentially very useful synthesis of diorganomer-
curials uses the reduction of benzylic sulfonium salts, electro-
lytically at a mercury cathode (4), e.g.:
electrolysis

[p-Me,EtCCgH,CH,5Me,] C1~ > (p-Me,EtGCH,CH,),Hg
’ Hg cathode -

or with sodium amalgam (5), e.g.:

+ . Na/Hg
[PhCH,SMe,] [0;SC¢H,CH;~-p] = —————> (PhCH,),Hg
In another radical process, the oxidation of N-phenyl-N'-(tri-n-
butylstannyl)hydrazine with mercuric oxide at room temperature
resulted in vigorous evolution of nitrogen and formation of diphenyl-
mercury (65%) and some biphenyl {35%) {6). Mercury (II) acetamide
also oxidized this hydrazine.

Organic derivatives of other metals or metalloids cantinue to
serve in the preparation of organomercurials. Organoboranes are
particularly useful in this connection, according to studies of H. C.
Brown and his coworkers. The use of appropriate stoichiometry and
reaction conditions allows the conversion of olefins, via hydroboration
and reaction with mercuric acetate, to diorganomercurials (7). Thus
when tri-n-butylborane was allowed té react with 1.5 molar equiva-
lents of mercuric acetate in THF for 4 hr at reflux, di-n-butylmercury

was obtained in 76% yield. Examples of such R,Hg preparations
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‘gtarting with l-butene,. isobutylene, 1-dodecene, 3,3-dimethyl-1-
butene, Z-methyl-l-péntene, B-pinene and l,l—diphenylethyleﬁe were

. given. sec-Alkylboranes were inert under these conditions, and

this allowed selective mercuri-deboronation of mixed trialkylboranes:

THF, room temp.
2 (cyclo-C¢H;),BCH,CHMe, *+ Hg(OAc), >

(Me,CHCH,),Hg + 2 {cyclo-Cg¢Hy).BOAc
(95%)

This procedure was used to prepare the dialkylmercurials starting
with 1—dodecene; methyl 10-undecencate, 5-bromo-l-pentene, 2-
vinylnaphthalene, 3,3-dimethyl-l-butene and 2-methyl-1l-pentene.
Vinylic mercurials could be prepared in similar manner (8) (9):
Hg(OAc)z R
/R I\Czc/

R
N
RC=CR + HBR', —> C= _— s
H”  OBRY, H”  “HgOAc

R H
RC=CH + HBR, —> >C=C7 Hg(Oack,, P\,c=c:/H

H”  BRY, H NHgOAc

(R' = cyclo-CgHyy)

B-H + RCECR ——>

~ | ™ R\C—(:/R
N o - N\B

Hg(OAc),

R
~-_ R
~c=C

(97-99%)
H NHgOAc

The utility of these reactions is enhanced by the fact that both steps

are stereospecific.
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Sodium tetraphenylﬁorat’e phenylates organomercuric
chlorides (at 106-150° in dioxane medium) (9a).
NaBPh,
PhCH,HgCl —————> Ph,Hg+(PhCH,),Hg + PhHgCH,Ph
Sirr-ﬁlar reactions were observed with n-C;H;HgCl and i-C;H;HgCl.
Cleavage of the Si-C bond by Hg(II) derivatives also is

possible. Such reactions can be used in synthesis, e.g. (10)-

Hg(OAc),

v

HOACc
iMe; gOAc

They have been studied with respect to rate and mechanism (11) and
can be a nuisance (12).

A rate study (1I) showed that the mercuridesilylation of
p-tolyltrimethylsilane by mercuric acetate in glacial acetic acid
involves both Hg(QAc), and HgOAc+ as reacting electrophiles. The
latter is at least 15 times more reactive than the unionized species.
The rate of mercuridesilylation was found to increase with increasing
water content of the medium and also was affected by the silane
concentration. The activation parameters for this reaction (AH*=13. 8

kcal/mol, AS*=-30. 4 cal/mol/°K) indicated a highly ordered acti-

vated complex,
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Sodium 2, 2-dimethyl-2-silapentane-5-sulfonate was found
.to methylate Hg(II) salts in aqueous solution (12):
. - + H,O - +
Me,;Si(CH,);80; Na + HgX, ———> Me,XSi(CH,);50; Na
+ CH;HgX

Since this silicon compound is used as an NMR reference standard

in aqueous solution, this incompatibility with mercuric salts (which
gives a silicon product with a CH;-5i resonance 0.15 ppm downfield
from the standard) must be kept in mind. These reactions proceed
at room temperature, and the reactivity order is: HgCl,<¢Hg(OAc),

<Hg(NOj3),.

Organotin compounds also transfer organic groups to mercury,

SnMe; (ref. 13) HgCl
+ 2 HgCl, ——Mm888> + 2 Me;SnCl
nMe; HgCl

@—CH=CHSnPh3 @_CH:CHHgCI

Fe > Fe (ref. 14)

@ HgCl, @

excess Ki,
Me,CO

( @——CH=CH)ZHg
Fe
LD
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(EH3 ZHgX,
Me,Sn N SnMe; —— >
(ref. 14a)

CH,

XHgQILQHgX + 2Me,8nct

(x = €1, OAc)

however:

THs PhHgCl
Me;Sn SnMej >
(ref. 14a)
o

(m.p. 310° (dec); sol. in pyridine
and DMF; no mol. wt. data)

A major rearrangement was observed in such cleavage of a 3-

butenyltin compound (15):

Bu,SnCH,CH,CH=CH, + HgCl, ————> D—CHZHgCI + Bu,;SnCl

(73%)
Several examples of the transfer of organic groups from

transition metal compounds to Hg(Il) derivatives have been described,

but few of them can be considered to be of synthetic utility.

References p. 156
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. (ref. 16) .
2 PhC=CAg + HgCl, —=> (PhC=C),Hg + 2 AgCl
l HgCl,
TiCl, _ -
(ref. 17)

H" “Hgcl

g»

HgCl,
Cl-Ti-Cl _—>
(ref. 17)

H “HgCl

5

HgCl,

@ HgCl
TLCIZ =
<=2 (ref. 17) ©<H

(CeF5)V + 2 HgCl, ——————> 2 (C4Fs),Hg + VCl, (ref. 18)

/

@ ,VPh + HgCl, —— > @ ,VCl + PhHgCl

HgCl,

@ ,VCl, + Hg,Cl, (ref. 19)

D. SEYFERTH
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' Hg,I, + Hg, UV
@ Fe(CO),CH, ‘ > CH,Hgl (ref. 20)

( + Fe(GO),I)
( + @ Fe(CO),Hgl)

PhHgOAc
OMe
- OMe + Ph-Ph
MeOH
Py PdC1 gCl
(ref. 21)
PhHgOACc
OAc > Ac
MeCN (ref. 21)
py.PdCl HgCl
+ Ph-Ph

New examples of the displacement of metals from organo-

metallic compounds by metallic mercury also have been described.

OAc OAc
Hg + Pd
- >
(dimer) HgCl (ref. 21)

. Hg
( {{—PdCl), ——————> Pd + ArCH=CHCH,HgCl
N (ref. 22)
A + CH,=C(Ar)CH,HgCl

(Ar = m- and p-FC¢H, and CI1C/H,)

Hg
(CeFs)3Bi ———— > (C4Fs)Hg (ref. 23)

References p. 156



42 D.’SEYFERTH

Ol'dekop and Maier have continued their studies of the
radical-initiated decarboxylation of Hg(II) salts of organic acids.
Such acyl peroxide-initiated decarboxylation of cis- and trans-4-
methylcyclohexane mercury carboxylates in each case gave an
approximately equimolar mixture of cis- and trans-4-methyl-
cyclohexylmercury derivatives (24). A similar observation was .
made in the case of the UV-induced decarboxylation of cis- and
trans-(4-CH;C¢H(CQO,),Hg. These results are in harmony with the
proven radical mechanism of such decarboxylations. In other
experimeants, the effect of branching in the R group of (RCO,),Hg
was examined (25):

(rRCO),0,

(Me;CCH,CO,),Hg > Me;CCH,HgO,CCH,CMe,
or UV

(fast reaction, high yield)

(RC0O),0,
(Me;CCH,CH,CQ,),Hg —M8M> Me;CCH,CH,HgO,CCH,CH,CMe,
or UV

(slow, nonquantitative reaction, equimolar amount of peroxide

required)

Mercury(II) oxalates of type (RO,C-CO,),Hg were found to be rather
resistant to thermally-induced or UV-initiated decarboxylation (26).
On the other hand, radical-induced decarboxylation of Hg(O,CCH,-
CH,OR), to give ROCH,CH,HgO,CCH,CH,OR (R = CH, through
n-CsHy;) occurred readily in yields of 43-89% (27). When R =Ph,
ethylene was the principal product. Attempted decarboxylation of
Hg(O,CCH,Cie), was not successful; the mercurous carboxylate,

Hg,(0,CCH,0Me),, was obtained instead in 87% yield.
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"The reported (28) decarboxylation of m- and p-FCH,0,CCF;
in refluxing 1, 2-dimethoxyethane (to give the respective FCH,HgCF;)
was shown (29) to be incorrect.

The synthesis of highly halogenated arylmercurials by thermal
sulfur trioxide extrusion from mercury(II) arenesulfaonates was
reported in 1971 by Cookson and Deacon (30), but was inadvertently

not included in last year's annual survey:

160-270°
Hg(0O;SAT),- H,O > Ar,Hg +.2 SO; + H,O

(Ar = C4F5, 49% yield; Axr =
- C4Cl;, 51% yield; Ar =2,3,5,6-
. . CGFQH, 70/0 yield)

The Peters reaction:

H,0, 100°
RSO,M + HgCl, > MCl + SO, + RHgCGl

has been shown to proceed via RSO,HgCl intermediates or their com-
plexes with mercuric chloride (31). Such intermediates, which IR
spectroscopy indicated to be S-bonded to mercury, were isolated at
lower temperatures. Their pyrolysis at 100-200° resulted in

extrusion of sulfur dioxide:

2 ArSO,HgCl.HgCl, ——————> 2 ArHgCl + SO, + HgCl,

3. USE OF ORGANOMERCURIALS IN SYNTHESIS

A. Organometallic Synthesis

The metal displacement reaction and transmetalation
processes continue to be of importance in the synthetic utilization of
organomercurials. Examples of the metal displacement reaction

reported in 1972 include:
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. Li
(p-Me,EtCCH,CH,),Hg —————3 p-Me,EtCCeH,CH,Li (ref. 4)

Li, pentane
(PhCMe,CH,),Hg > PhCMe,CH,Li (ref. 32)

(prepared via the
Grignard reagent)

6L
n-Bu,Hg —— > n-BufLi (ref. 33)
Li, Et,0O
Hgl (CH,),CH=CH,], > Li(CH,),CH=CH,

\ fast
LiCHZO

(ref. 34)

Mg
Hgl{(CH,),CH=CH,], —> Mg{(CH,),CH=CH,],

Mg(CHZO )2 (ref. 34)
Al
Hgl (CH,},CH=CH,1, ————> AIl[ (CH,),CH=CH, 1,

Al(CHZO )5 (Ref. 34)
M = Ga,lIn

Hgl (CH,),CH=CH, ], > MI[(CH,),CH=CH,],

very slow

M(CHZ-O ); (ref. 34)

The action of the lithium or magnesium present in the first two
reactions on this page on di-5-hexenylmercury also caused

cyclization of the substituents on mercury via transmetalation
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processes:

Li
Hgl (CH,),CH=CH,], —> LiCHZO

LiCHZO + Hgl[ (CH,),CH=CH,], —> Li(CH,),CH=CH,

+OCHZHg(CHZ)_,CH=CHZ
ZQ-CHZHg(CHZ)4CH=CHZ —_— Hg(CHZO )2

+ Hgl{(CH,),CH=CH,],

Such a magnesium displacement reaction with a vinylic mercurial was

an essential step in the synthesis of some prostaglandin analogs (35):

n-GgH;; = R

O
H B/
I~ \C=C/ \O
RC=CH + BH ———— rd ~
v R H
HgCl,

cl
B
R NH

Mg, THF

H gCl
N

+ Hg
rRT =

Organomercurials also have served in the synthesis of organo-
calcium compounds via the metal displacement reaction (36, 37):
THF

Ar,Hg + Ca/Hg > Ar,Ca + Hg
' (ref. 36) _

References p. 156
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THF
R,Hg + Ca - > R,Ca + Hg
(ref. 37)
(R = Cl to
C,5 alkyl)
THF A
(CH,=CHCH,),Hg + Ca > 2 {/~ Ca2* + Hg
(ref. 37) N )

and in the preparation of tricyclopropylaluminum (38):

Al
Hg —_— > AL
2 3

Several examples of the application of the transmetalation

reaction in organometallic synthesis have been reported:

ClgCrOMe;  4Bui M oM

Fe _— > Fe
+ 2 Bu,Hg
(ref. 39)
Ar,Hg + Et,Be ——>» Ar,Be + HgEt, {ref. 40)

Alkylation of halides with organemercurials has been used in the
synthesis of organophosphorus (41), organoboron (42) and organo-
metallic compounds of titanium (43) and ruthenium (44):

Hg(GH,GH=0), + 2 (BuO)(ViO)P(0)Cl ——> (BuO)(ViO)P(0)(OCMe=CH,)

+ HgCl,
(CH;C=C),Hg + BF,C1 ———— > CH;C=CBF,
(CeF5),Hg + 2 TiCly ———————> CF;TiCly + HgCl,

R

PPh3 /
R,Hg + (@-Rumz)z —_—> 2 ( Ru\-CI) + RHgCl
' PPh,
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Finally, alkylétion of transition metal anions, [ M,(CO)o] 2"
(M = Cr, W, Mo) with (PhC=C),Hg to give the [ M(CO);C=CPh]"
anions and elemental mercury has been reported (45). On the
other hand, the action of phenylmercuric chloride on [WZ(CO)N] 2=

proceeded differently:

PhHgCl + W,(CO),@~ —> Ph,Hg + Hg + W(CO);C1~

B. Organic Synthesis

More examples of the indirect use of organomercurials in
organic synthesis have been described; in these cases, of reactions
in which an organomercurial is used to generate in situ an organo-
palladium derivative, further reactions of which give the final
organic products. R. F. Heck, who has been a prime contributor
to this area, has described the preparation of enol esters by such a

process (46):

ArHgX + Pd{OAc), —> (ArPdOAc) o

[ |
ArC=C-OCR (cis and trans)

A similar reaction was observed in alkylmercurial/Pd(OAc),

systems (47):

CH,=CHY
RHgOAc + Pd(OAc), —> (RPdOAc) —————> RCH=CHY

Table 1 shows the reactions reported. Phenylation of indene and

1, 2-dihydronaphthalene also could be achieved by such a reaction {48):

References p. 156
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Li,PdCl,
—_—> ‘ Ph +
PhHgCl1

ROH

OR
D
OR
Ph h
Li,PdCl,
_— +
PhHgCl

ROH

i

(7

The addition of ferrocenes to olefins by the mercurial-palladium

route was reported by Japanese workers (49):

HgCl .
@_ Li,PdCl, RCH=CH, @—CH—CHR
{_© > GH=GHR

!

Fe
HgCl
g Li,Pdc1, RCH-CH, < O —CH=CHR
> > Fe

In all reactions with ferrocenylmercuric chloride small amounts of
biferrocenyl were formed as well, while 1, 1'-biferrocenylene was a
minor by-product in the case of 1,1'-bis-(chloromercuri)ferrocene
reactions. Some results are given in Table 2. When 1, 3-dienes
were used in such reactions in place of monoolefins, the products

were g -allylpalladium derivatives {50):

@-—HgCl Li,PdGL, @—PdCl
—_——
LoD \

]

Rl
H
<=,

References p. 156
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Table 2. Ferrocenylation of Olefins via Mercurials (49)

Olefin Solvent Product Yield (%)®

(a) Reactions with Chloromercuriferrocene

Ethylene C,H;0H Vinylferrocene 45
Styrene CH;0H Styrylferrocene 52
Styrene C,H;0H Styrylferrocene 50
Styrene CH;COCH,; Styrylferrocene 45
Styrene CH;COOH Styrylferrocene : 47
Styrene CH;CN Styrylferrocene 43
Ethyl acrylate C,H;0H Ethyl-3-ferrocenyl

acrylate 58
Ethyl crotonate C,H;0H Ethyl-3-ferrocenyl-

crotonate 52
Methyl methacrylate CH;OH Methyl 3-ferrocenyl-

methacrylate 48
Acrylonitrile C,H,OH 3-Ferrocenylacrylo-

nitrile 49
Acrolein C,H;0H 3-Ferrocenyl-2-

propenal 45
Methyl vinyl C,H;OH 4-Ferrocenyl-3- 46
ketone buten-2-one
Phenyl vinyl ketone C,H;O0H 3-Ferrocenyl-i- 45

phenyl-2-propen-l-one
3-Buten-2-ol C,H;,OH 4-Ferrocenyl-2- 31

butanone
2-Methyl-2-propenol C,H;OH 2-Methyl-3-ferro- 34

cenylpropionaldehyde
5-Phenyl-2-cyclo- CH3;CN 3-Ferrocenyl-5-~ 14
hexenol phenylcyclohexanone
5, 5-Dimethyl-2- CH;CN 3-Ferrocenyl-5,5- 12
cyclohexenol dimethylecyclohexanone
Isopropenyl acetate C,H;0H a-Ferrocenylacetone 27
Acetophenone enol C,H;OH a-Ferrocenylaceto- 16

acetate phenone
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Table 2 (cont'd)

Olefin Solvent Product Yield (%)a»
2-Methylallyl C,H;OH 3-Chloro-l-ferrocenyl- 21
chloride 2-methylpropene

{(b) Reaction with 1,1'-bis{chloromercuri{ferrocene
Styrene C,H;0H 1;1'-Distyrylferrocene 37

Ethyl acrylate C,H,OH 1,1'-Bis(2~ethoxycarbonyl- 28
vinyl)ferrocene

Ethyl crotonate C,H;0H 1,1'-Bis(2~-ethoxycarbonyl- 25
I-methylvinyl)ferrocene

Methyl methacrylate C,H,OH 1,1'-Bis(2~methoxycarbonyl- 31
2-methylvinyl)ferrocene

Acrylonitrile C,H;0H 1,1'-Bis(2~cyanovinyl)- 28
ferrocene

Acrolein C,H,OH 1,1'-Bis(2-formylvinyl)- 22
ferrocene

Methyl vinyl ketone C,H;OH 1,1'-Bis(2-acetylvinyl)~ 27
ferrocene

Phenyl vinyl ketone C,H;0H 1,1'-Bis(2-benzoylvinyl)- 25
ferrocene

a

Yields are based upon the ferrocenylating agent.

This type of behavior was observed with butadiene, isoprene, and
2,3-dimethylbutadiene, but with methyl sorbate the product was

CsH;FeC;H,C(CH,;)=CH-CH=CHCO,CH;. Carbonylation in methanol
of the organopalladium intermediate from the reaction of 1,1'-bis-

(chloromercuri)ferrocene with Li,PdCl, gave and . With

ferrocenylmercuric chloride, the products of carbonylation were

C;H;FeC;H,CO,Me and (51).
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@_COZMe @/ \@
L o> coMe Lo Le>

0=0

(@
i
C

o7 < eo
Fe e

8-Ketoalkylmercurials have found use in synthesis in new
‘reactions in which they show carbanion reactivity in the presence of

a halide ion catalyst:

Br~, H,0
(CH;GCH,),Hg + G¢FsCH=0 —— > C¢F;CH(OH)CH,CCH, (ref.
A il 52)
DME
(CH_;(&CH,_),_Hg + CCL,CH=0 —mm8> CC13CH(OH)CH_,_ﬁCH3 (ref.
52)

CH,C(O)CH,

O,N O,N NO,
CH;GCHHgBr +
o DMSO (ref 53)

Similar additions to give Jackson-Meisenheimer complexes of type
were observed with other mercurials, R,Hg and RHgX, with
electron-withdrawing substituents, e. g-, R = C4F5, PhC=C,

(CF;3),CH, Ph(CO,Et)CH, o-carboranyl, but not Ph and alkyl (53).
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Further studies of the carbonylation of mercurials have been -
reported (54). A reaction of BuOCH,CH,HgOAc with carbon monoxide
in butanol at 100 atmospheres pressure and 200° gave BuOCH,CH,-
CO,Bu in 51-6% yield, in addition to minor amounts of butyl acetate.

Bis(phenylethynyl)mercury has been used in a synthesis of
betaines of type as shown in Scheme 1-(55). This procedure

works with 5- and 6-membered cyclic thiourea derivatives and when

an aryl isothiocyanate is used. Mild heating serves to effect mercury

Scheme 1

N
(CHz/) =s + l-!g —_ (CK \>—s-—Hg
n —-C H ~C=CH 2°n AN
\N <|: 6 's \N Cs
H A c

i e

n=23 CH

l + Ar—N=C=S

_ y -
N \ S
/ — (CHy), >/ SHg
R, A Ha ~ \
H - N <
> sf >C =s \\C
N C.H, HN \
| &S \ CeHs
Ar | Ar _
-Hg \ 4

N
S

/ = H Ar\ [S] S
(CE)”KN\Z/ N \\‘(—l:—/‘

—~ArNCS

es

N
N>\ 57 €
N\

CeHs / N\7@/
247 H
Ar ( +ArNCS CHy)— N'\Z/
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extrusion from the organomercury intermediate. The 7-membered

cyclic thicurea (n = 4) reacted with Hg(C=CPh), to give the cyclic

carbodiimide:

N\

(CH,),

C-SHgC=CPh —> (CH,)s C

~

\N/

H

+ HgS

+ PhC=CH

A few examples of synthetic applications of mercury compounds

which do not contain a Hg-C bond are worth mentioning.

The reaction

of N, N-dimethyl-N'-phenacetylhydrazine with mercuric oxide gave

mercurial@ , whose structure was determined by X-ray crystal-

lography (fig. 1).

mercury and formation of the dipolar intermediate

H
N N-N-C-CH,~CgHs

Hyc~

HaC
3N\ N-N-C-CH,~CgHs

we )l

v

Hg

it
HsCe-CH,-C-N-N

(o]
Hg 135°
H
i
CHj3

[e]

o]

11
H5C5‘CH2-C-E-E

Its pyrolysis at 135° resulted in extrusion of

The

Hscsxr_j
Hscs"gn‘bf

latter could be trapped with styrene to give (56). Analogous

adducts were obtained with use of benzonorbornadiene, acrylonitrile

and 1,1-diphenylethylene in place of styrene, thus establishing a

general pyrazolidine synthesis.

Mercury(II) carboxylates have been shown to be intermediates

in the synthesis of alkyl halides by reaction of carboxylic acids with

mercuric oxide and halogens (57).
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Figure 1. Structure of Mercury-bis{N, N-dimethyl-N'-phen-

acetylhydrazine (ref. 56).

C Halomethylmercury Compounds

Further development of halomethylmercury compounds as
useful divalent carbon transfer reagents may be noted and a review
dealing with the scope and mechanism of the dihalocyclopropanation
of olefins with phenyl(trihalomethyl)mercurials now is available (1).
Several of these reagents (PhHgCCl,Br, PhHgCBr,;, PhHgCF;) now
are commercially available (58).

More research has been devoted to the utilization of tri-
halomethylmercurials as room temperature dihalocarbene sources
(cf. J. Organometal. Chem., 41 (1972) 178-181). Phenyl(trihalomethyl)-
mercury compounds transferred CX; to olefins very smoothly at room
temperature, but long reaction times were required, e.g., 18 days in
the case of PhHgCC1,Br. The product yields obtained were excellent
(Table 3) (59). Further work at M.I.T. showed the cyclohexyl-
(trihalomethyl)mercurials to be exceptionally reactive CX, sources,
reacting with olefins and with triethylsilane within a few minutes at
80° and within 2-3 days at room temperature (Table 4) (60). These
reagents, prepared by reaction of cyclohexylmercuric chloride,

potassium tert-butoxide and the appropriate haloform in THF
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TABLE 3
. REACTIONS OF PhHgCCI,Br; _, (n = 0-2) WITH OLEFINS AT ROOM TEMPERATURE *® (fef. 59)

‘Olefin ' Product Yield (%)  PhHgBr (%)

a. With PhHgCCl,Br°

O (}c:z 95 100
@ _ E} Ct, 72 92

—n
n-C;H,; CH=CH;, L CeHhy 62 88
2
H;C3
trans-n-C3H,CH=CHC:H>-n (N 98 100
Cin
CeH
CsHsCH=CH; & s7s 80 95
2
CeHs
CcH,CMe=CH, Me 80 95
Ciz
Cly
Cl,C=CCl, Ctz 20 90
Cla
CH,=CHCN [>‘ CN 85 924
Clo
O,CCH.
CH3CO,CH=CH., L 2+~ 86 91
2
CH,SiMe
Me,SiCH,CH=CH, L 2>Mes 59 100
2
Me;SiCH=CH, ‘>SiM°3 74 88
Cla
M
Me,C=CH,* L ¢z 75 90
2

[fcontinued)
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TABLE 3 (continued) _
Olefin Praduct Yield (%) PhHgBr (%)

CH;=C=CH_*f

b. With PhHgCCIBr;*

@
CH,SiMes

MeaSiCH,CH=CH, 12 97
gr CI

71 90

Cly f
<z
j
CH,=C=CH.,* CH2=<] 90 98
Clz2
Ct
\ ar

c. With PhRHgCBr,*

O ST

Me,SiCH,CH=CH,, [> CHzSiMes 65 85
Br,

aAt1 26 +2° at atmospheric pressure, unless otherwise specified. ®Olefin/mercurial ratio = 10 unless
otherwise specified. ©18 day reaction time. “PhHgBr slightly brown; in other reactions it was white.
eSealed-tube reaction. Olefin/mercurial ratio 1/3. °16 day reaction time. *15 day reaction time.

solution at -65°, are crystalline solids which are stable at room
temperature as the solid and, furth ermore, the cyclohexylmercuric
halides formed in their decomposition are crystalline solids which
are not very soluble in organic solvents at room temperature or
below.

Isopropyl({trichloromethyl)mercury was found to be equal in
reactivity to cyclo-CgH,;;HgCCl; (cf. Table 4) and n-C3;H,HgCCl,

(Shcherbakov, cf. J. Organometal. Chem. 41 (1972) 181), reacting
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TABLE 4 (ref. 60)

REACTIONS OF CYCLOHEXYL (TRIHALOMETHYL) MERCURIALS

CX3 in i O—ng
Reaction Product
<:>—HgCX3 Reactant conditions 9 (% yield) b (Yoyieid) ¢

Ci, (92)

CCiy &€5n [ 8O°

Y Y

CCiy O 8n[80° Cl» (90) 98
CcQ3 Et3SiH snf8c’ E1L,SiCCLH (88) 97
ccper O 6 min [g0" (}Clz (96) 95
ccuer @ asn|2s° (}c:z (95) 85
n-C, n-
ceyer 3H7\c=c/H soh[2s°® St g @8 8o
~ ~ H Et
H Et
Cl,
cCl,Br Et,SiH 50n[25° Et,SiCCL,H (80) 89
cl
cciar, 7min|80° (85) 90
8r
cl
cciar, 3 days [25° 87) 91
8r
Ct
caer, | 3days [25° (83) 90
. Br
ccier, EtySiH 3days|25’ Et,S«CBrCIH  (70) 90
cBry @ 10min[80° ©>Br2 (40) 80

{to be continued)
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" O_ng
Reaction Product

CX3
Q—chx3 Reactant conditions 9 (% yield) b (Yeyield) ©

CBry O a8n|2s° ’:}Brz {50} 80
CBry O 48n[25° (}

2 In general, reactions were carried out with 10 mmol of the mercury reagent and 30 mmol of the
reactant in 7—10 ml of dry benzene, with stirring under nitrogen. In room temperature experiments and
in the 80° experiments with cyclo-C,H,, HgCCl,, the benzene solution of the reactants simply was
stirred for the stated length of time. In the other 80° experiments, the mercury reagent, dissolved in
benzene, was added during 3 min to the preheated substrate and the resulting mixture was heated for the
remaining part of the stated reaction time.

b petermined by GLC.

< Obtained by filtration of the reaction mixture after it had been cooled to 5°.

Br, (34) 80

with cyclohexene at 80° within 3 hr to give isopropylmercuric

chloride (90%) and 7,7-dichloronorcarane (71%) (61). Such an increase
in the divalent carbon transfer reactivity of a halomethylmercurial

on replacement of phenyl as the "inert' substituent on mercury by

an alkyl group also was found in the case of the CH, transfer system.
Benzyl{iodomethyl)mercury was considerably more reactive in its
reactions with olefins than were the previously known Hg(CH,Br),/-
Ph,Hg or ICH,Hgl/Ph,Hg systems (62). However, the reported

preparation of benzyl{iodomethyl)mercury:
PhCH,Hgl + CH,N, ——> PhCH,HgCH,I + N,

is not practical compared with the route to the equally reactive
(PhCH,),Hg/Hg(CH,I), reagent which does not require the use of

diazomethane for its preparation (63).
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Full details have been published concerning the preparation of
phenyl{trifluoromethyl)me rcury and its use in the generation of
difluorocarbene (29, 64, 65). Of the several routes described, the
most direct and practical is that summarized by the equations below

(29, 64):

HgO + 2CF;CO,H —> Hg(O,CCFs), + H,0

300°
Hg(0,CCF;);, ———> CF3;HgO,CCF; + CO,

CF;HgO,CCF,; + Ph,Hg ——> PhHgCF; + PhHgO,CCF;

H,0 )
PhHgO,CCF, + NH,'ClT — > PhHgCW + NH, 0,CCF,

Phenyl(trifluoromethyl)mercury also may be prepared by the
fluorination of phenyl{tribromomethyl)mercury with phenylmercuric
fluoride (as the HF adduct) in benzene at room temperature in the
presence of 48% aqueous hydrofluoric acid (65). Phenyl(trichloro-
methyl)mercury could be fluorinated to PhHgCF; in this manner, but
a reaction temperature of 90° was required. Partial fluorination
of PhHgCCl,Br to give PhHgCCLF in good yield could be achieved at
room temperature, but attempted partial fluorination of PhHgCBrg,
PhHgCCl1Br, and PhHgCFBr, was unsuccessful, PhHgCF; being the
major product obtained. The mechanism of this remarkable
fluorination process remains a subject of conjecture.
Phenyl(trifluoromethyl)mercury is too stable to serve as a
thermal CF, source, but in the presence of molar quantities of

sodium iodide in benzene medium it transfers C¥F, to olefins, giving



TABLE 5 (ref. 64)

Reacrions oF THE PhHgCF;/Nal REAGENT wiTH QLEFINS

Olefin Product (% vyield)
O O
O F: (83)
C-H;s C.Hs cH
H, C.H;
\C_C/
= (93)
H
VAN
H H F F
C;Hs H
CH, H
\C_C/
= H C.H, (04)
VAN :
H C:H; F F
n-CsHGCH=CH2 n-C;Hy F (70)
: F
Me,;SiCH,CH=CH; Me SiCH., F (100)
F
Me;EtSiCH=CH. Me.EtSi F (44)
: F
Me;SiCH=—=CH, Me,Si F (53)
F
o F, F
(P A ®7)
(o]
CH,CO,CH=CH. CH.CO. F (84)
F
CH—CHCN NC F (26)
F
F F
cl H
CCL=—CHCl (72)
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gem-difluorocyclopropanes in high yield (64). Presumably, the

_reaction course shown below is involved.
3 3 i -
PhHgCF; + Na'I —————— PhHgl + Na CF;

Na'CF,” ————~ NaF + CF,

D. SEYFERTH

Some of the reactions carried out with the PhHgCF;/Nal system are

summarized in Table 5.

Trifluoromethylmercuric iodide also reacted with sodium

iodide in this manner, but CF;HgCl and CF;HgBr did not, appearing

to form stable halide complexes instead.

A thermal transfer of CF, to an olefin could be effected when

phenyl(trifluoromethyl)mercury was heated at about 140° with cyclo-

octene for 3 days in the presence of three molar equivalents of

tri-n-butyltin bromide or chloride (64). A reaction course involving

intermediate formation of n-BuySnCF; was indicated:

PhHgCF; + n-Bu,SnX ——= PhHgX + n-Bu;SnCF;

n-Bu,SnCF; + O ——> n-BusSnF + =

Organomercurials which transfer FCCO,Et, Cl1CCO,Me and

BrCCO,Me have been reported:
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- THF
PhHgCl+HCXYCO,CH;+Me;COK ———> PhHgCXYCO,CH; + KCl1
-50°
+ Me,COH (ref. 66)

(X, Y = Cl, CI; Cl, Br; Br, Br)

Hg(NO;), HgCl, Hg(CFCICO,Et),
<+

CCIF=CFOEt —————>» ————— >
EtOH ClHgCFCICO,Et

Ph ,Hg
PhHgCFCICO,Et (ref. 67)

All four of these carboalkoxy-substituted mercurials reacted with
olefins at temperatures of 130-150° (with multiday reaction times,
usually in sealed tubes) to give the expected l-halocyclopropane-

carboxylic acid esters, e.g.:

Ci
CO,CH,
PhHgECCIBrCO,CH; O ) (Y(

CH,QO,C,
+ % C!  + PhHQCl

Et0,C
PnHgCI + Uco
(96%) CH

(2 45 parts) Q1 purt)

PhHgCFCICO,Et

(85, total)

Because of the strenuous reaction conditions required, yields were
variable, running from poor to excellent, depending on the olefin

used. Table 6 summarizes the results obtained with PhHgCCl,CO,Me,

PhHgCClBrCO,Me and PhHgCBr,CO,Me (66). The insertion of the

References p. 156



D. SEYFERTH

(€L)

(L)

Jnd L syJ0d L'e A 0 V A V A v A v
3H Y8+ aqn) pajeas Jwg 001
t4 .
_UVDAI L NS L8 Skep L STI-HT Itd ST *HO=HO'HOIS™W
awoo 2Hois %W 1" 2Rastow
3J0d ¢ sijdJod g
o H a0, H (lu 0g) (991)
VDA + £6 U xnpal 1oud sIot *HD=HD*HDIS" W
aw?od o158 19 ZHyistam
3J40d4 suod gy
+ BH %6+) (sqm1 pojeas) (1w o)
{9€) tL shep £ oSTI-T1 1oud Sl (oou
1 awiod
9%008IW 12
3Jod syod 6
(8H %s+) (sqm1 pajess) (1w g's)
(2v) + 9L skep £ oSEI-OI1 'H°D '8l (ooL)
15 aw®od
%08 12
jaod s1d gy
(65) + 98 skep ¢ o0E1 Juou S (8€)
) aW%oD
Soew 12 *HOY004008HYd Jo svopamay
(%) (90)
(p22& %) Xouyd auy; anpiaduia) ptanaiawt
sponpodd Jopmx uopaDay uopovay uaajog Jo joutw (1onm) awarsqng

*HO*0D™ED3HYd ANV "HO'0D!ID0BHUd *HO*00%DD8HY 40 SNOLLOVAY YFASNVIL NOEUVD INATVAIQ

(99 303) 9 3TAVL



{panupuoo)

vy
°© wndy s1J00dL2
(jw 01)
(L2) L 49 oS6 "% L6 (88
o) aW?0D
%00
(340d () (oqn1 pajuas) (lwe)
+ (s3J0d p) 6 Y4z oSTI-LT1 1oud § A05)
(L9)
1D PRI,
20aW W Y
(1w 07)
(95) 06 YLz xnjjox 1oud 9¥ (96L)
AN%OD .
' oo 1 $0%00481008HYd Jo suoysvay
2,
WO (8H %81+) (1w 09) (s92)
(zv) HO!sH3 98 uz9 xnjo1 oud 1§1/4 HISYA
_u\
awfod
e W (B Y51 +) (sqmy pajeas) {lw 01) (972)
(Ut 9 skep 9 oSET~ DUd 96'6 SND=D%N
AN AN
! I ) ug) (o)
4 Y5 +) (aqny pajeas fur 82 £01
12 -] _zmou 1N A
oz "o 96 skep 9 oSET~ 1oud 01 INHD=D""N
o aw‘od W 3 A
& CanZoD
3 L " (BH 78+) (oqny pajeas) (jur ) =.£J/§:
& (o 2 L9 skep L oSTI~ 1oud S1 0= oLmnoé
o



66

D. SEYFERTH

(6L)

(v9)

(8v)

{vv)

H H -
12 EIRTE N %) oW (aqmi pajeas) (1w 01) @)
+ mV\ 8L qyzs obEi~ 124d S SNHI=0%I
aw®od S o) 3N |
1bd L syJod g
12, H o aw?o) H (oqmy pajeas) (lwgg) (0s) .
VDA + VNVA 86 upg 971-571 104d ¢ YHO=HO'HIIS O
awiod” st 1y adisfaw ,
5 H aw%oD, H (1w g) (€21)
VDA + VDA 56 4eg xnjal 1oud 6 *HO=HD'HOIS I
anl0d”  CHistaw D" ostaw
(lw 01)
+ L9 LR 0101 104d 01 (cow
o) anod
%08 o}
140d | 514Dd¢g
(3qmy pajeas) (lw g°7)
(2L) + 16 LR 74 08C1 10ud S (os}
12 g
%0 e B 19
+ (lw §7)
(2€) 06 ysz xngjaa D4d 0l -(8'22)
o] ENLIon) .
52081 12
(%) (2)
(P %) xXiyyd auy ainpaadiuag jprndaaut L
s1onpotg Joppig uotnay uonpay 1uajog Jo jouuu (tount) arwaisqng

(panuyuos) 9 TGV



(panupuoo)

™~
° 100 | $1D0 €62
(0G) +
-8 aWion
5%08w g
mz~0u/
(ov) \Iu_mmm
12
m§~0u/
(ve) HOISE 3
/
12
a3
TR L) H
{9~)
H Enlou
(OE~) {190dL) {yapd )
12 anU .uZwOU S ~U
EN o)) LT 15 Bi4P-U
(8) 3
o W
m awod EIN
&
= (6) 12 T

L8

{81 %ot +)
99

L8

68

139

8

4y

LR 7

4l

LR 74

10z

Yy

4 69

xnyjos

{oqm pajuas)
o9C1-STI

xnpja1

oSTI

o0T1

xnpjol

(oqmy pajeas)
O~

(1w 02)
1oUd

(w 5)
10ud

(1w 07)
10ud

(lwgg)
[OYd

(1w 0g)
1oud

1w szl

(lw )
[Oud

o1 ey |

AN 0D GIBHYA fo suononay

(0s)
§ HiIsYig

r17)
§'6 HIShIE

(0s)

c._.Im N - ~H
¢ H- O™t

9'81 THO=D

L5l (s'81)

v
SvL BINJ=D%N



D. SEYFERTH

68

(05)
u-Lin H (lw g) NI
() } L6 y gy oSTI 1oud o1 H *U.Uuu“w_:nu.:
H €5tH-u
Jod | 51000 P
g H an?od, H (1w o1) (001) ,
(c2) VNvA + VNVA 6 Ytz 2001 1DY4d 0l *HO=HOTHOIS®aW
w0l ZHHistaw i st
Jg H aw?0D, H (1w 07) (€
(29) + VDA 56 iz xnjja1 1o4d $'s THO=HO'HOISOW
an%oD eHo s Jd EHD 5% _
[aw%0D 3Jodi sodee
AT
% 22+] + (1w o1)
(e 121 Yt o101 1OUd 01 (oov)
g awlod
S>%0ew /g
(1w 07)
() + 8L yy xngjou 1oUd 17 (ee)
g 30D
ok oIV Jg
Jod s1J0d e
(ur g)
(61) + €L q 8 o0t1 1o4d o1 (0%)
x| aN%0D
Zoam Jg
(%) (20)
(mad %) X6Hyd aw admpiadal [v1anasout
sinposy Jo patg UTRIEN tononay maajos Jo jounu (1onu) 2i0disgng

%85.::,8\ .o mqmﬁ. ;



69

"0'19 4q pasojuow prepuess [eussiul °1H%) ,

"PIGIK ¥4€9 Ut ofjes 1owost |/1'¢ 8oV [DYd JO

JUE G Ul Ula[o SU JO [OWW O YIlm UO{IDEII V "PIAIk 496 Ul PaUIRIqO Sem s1onpold o AIMIXIW [ /7 € ‘PAS a1oM [DUJ JO [W §'L PUN ULRO D) JO JOWILI 6T UM ,

ms_«ou/
(8) HOIS3 3 18 4z
um\\
mzaou/
(GE). \Iu_mnm 68 Yzl
8
48 awiod
H
[awlos%@oH %6d] 6 RRAV/\\ "
N AN oW 76 U §74

MERCURY

o811

xnya:

o0tT

(u o1)
1Dud

(1w 07)
104d

(1w o1)
1oud

(001)
0l HIsEiy

(12)
88 His%13

(49]
b SINHO=O%W

References p. 156



70 ) ' . . ) B D. SEYFERTH

derived carbenes into the Si-H bond of triethylsilane is to be noted

Similar insertion chemistry was found with PhHgCCFCICO,Et:

_ 110°, 50 h
PhHgCFCICO,Et + Et;SiH ——————> Et,;SiCHFCO,Et + PhHgCl

(excess) (71%)

Other cyclopropanes prepared with this mercurial include (67):

CH,SiMe, CH. SlMe3

EtO,C
co, Et

Further synthetic applications of phenyl{trihalomethy)-
mercurials may be recorded. PhHgCCl;-derived CCl, has been
added to five substituted norbornadienes, to give, under the
reaction conditions, the products expected from the thermal re-
arrangement of the initially formed gem—dicl.llorocyclopropane

intermediates (68):

Cl
| cl Cl

Cl

Ct

CO,CH3 COxCH;3
CO,CH5 CO,CHy
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X
+
O X O
O

o)
o O x-a
cl
- ct
Ph Ph

Other, related reactions were reported (68):

Cl
Cl
Cl
CL Ct

It may be noted that the latter olefin, 3,3,5, 5-tetramethyl-

&

cyclopentene, was unreactive toward chloroform/base-derived
CC1, but did react with phenyl(trichIoromethyl)mercury. Other
dihalocarbene additions using phenyl(trihalomethyl)mercury com-

pounds as reagents include:

References p. 156 .
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72
Br‘7<8r'
Ph
O ’ O
(@] (@]
‘. PhHgCX,Br ;
‘ (X=Cl,Br (ref. 7¢C
MeQ MeO
X
X ‘
OAc C[)Ac
‘ PhHgBr‘3 ‘
‘ (ref. 70)
AcO AcO <

Br

The reaction of l-methoxynaphthalene with phenyl{tribromomethyl)-

mercury gives B (71), not , previously claimed by Saraf in

1969. While PhHgCCl,Br and PhHgCBr; added dihalocarbene to the
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C=C bond of tetramethoxyethylene in refluxing benzene, the cyclo-

propanes underwent electrocyclic ring opening under the reaction

conditions (72):

(Me0),C==C(OMe), + PhHgCXBr

C

X2

X
L x

MeQ OMe
NP _-omx S
C/+\C/ (MeO),C=C
I co,Me
ivieO OMe

Phenyl{bromodichloromethyl)mercury has been used as CCl,
reagent in several relative rate studies. Moss (73) has determined
the relative reactivities of the group of olefins shown below toward
PhHgCCl,Br-derived CCl; in refluxing benzene solution. It was
concluded from these results that CCl, is added directly to the
C=C bond in these compounds, without prior interaction with the
oxygen functions in these molecules. Relative rate constants for
CCl, addition (via PhHgCCI1,Br) to methylvinyichlorosilanes,

CH,=CHSiMe;-,Cl,, (74) and methylvinylfluorosilanes,

(Me0),C —— C(OMe),

73

Otefin .
(krel) -
@] Q
O O O
(@] O
(1.00) (0.012) (0.44) (0.11)‘
O (o]
X Or== C
(@) O
CO,Et
(0.028) (0a1)
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CH,=CHSiMe;-nF,, (75) also have been determined and discussed in
terms of the electronic effects in these molecules.

Reactions of phenyl (trihalomethyl)mercury-derived dihalo-
carbenes with other multiple bond systems have been described.
Addition to the C=S bond gives thiiranes (76):

Cl,G——— CCl,

PhHgGCL,Br + Gl,G=S ——> s + PhHgBr

Ph,G

CXY

PhHgCXYBr + Ph,C=8§ —> + PhHgBr

(X, y=c1, c1
Cl, Br
Br, Br)

The remarkable reaction of elemental sulfur also produced

tetrachlorothiirane:

PhHgCCl,Br C1,C ———CCl,
PhHgCGL,Br + S3 ——> S=GGl, > \s/

With azoarenes, the expected diaziridines were not obtained. Instead,

fragmentation occurred as shown below (77):

PhHgCCL,Br PhHgCClL,Br C1,C CcCl,
ArN=NAr > ArN=CCl, > N

|

Ar

Which of these compounds was the major product depended on the
PhHgCCl,Br/ArN=NAr ratio used, but in either case, the yields
were not high. With azo carboxylate esters, the final product was
not the diaziridine (77):

80°
PhHgCCl;Br + RO,CN=NCO,R —> PhHgBr + (RO,C),N-N=CCl,

(87%)
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A room temperature proton NMR study of the PhHgCCl,Br/
MeQ,CN=NCO,Me reaction demonstrated the intervention of an
intermediate with nonequivalent methoxy groups which spectroscopic
evidence suggested to be , i.e., formal 1,4 addition of CCl,; to

the azodicarboxylate ester had occurred.

MeO,C,
SN—N

N\

c1,C C-OMe

Among the reactions of (EtQ,C),NN=CCl, which were studied was

that with phenyl{bromodichloromethyl)mercury to give .
/cc1z

ccl,

(EtO,C),N-N

An -N=CCl, compound also was produced in the reaction of PhHgCCI;,

with N-phenethylaziridine (7 8):

H,C H,C CC].

PhHgCCl, + : \NCH CH,Ph ——> |\ ’
g 3 2CHz

c/ ~N

H,C \ CH,CH,Ph

CH,=CH, + Cl,C=NCH,CH,Ph
The reaction of PhHgCBr; with sodium thiophenoxide in
benzene at 80° gave (PhS);CH as final product (79), probably by the

pathway shown below:

- (7)
PhHgCBr; + PhST ——> PhSCBr,7 ————> PhSCBr,H

X 2 Phs”

HC(SPh),

References p- 156
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Sommer et al. (80) have published details concerning the
stereochemistry of the insertion of -CCl, and CBr, (via PhHgCCl,4
and PhHgCBr;, respectively) into the Si-H bond of optically active
€ -naphthylphenylmethylsilane, reactions which proceed with
predominant (>90%) retention of configuration. Further studies on
B-metal activated insertion of CCl, into aliphatic C-H bonds have
been concerned with the question of the nature of the 8 -metal effect
(81). Experiments in which Me;MCD(Me)CH,CH; (M = Si and Sn)
were treated with PhHgCCl,Br gave Me;MCD{(Me)CHMeCCL,H as the
only product. This speaks in favor of stabilization of the transition
state of the insertion reaction by metal-carbon bond hyperconjugation.
The rapid, exothermic reaction of n-propyl{trichloromethyl)-

mercury with diethylzinc gave a mixture of products:

CH,CH=CHC1 EtZnCl n-PrHgCl

CH,;CH,CH; (minor) ZnCl, Et,Hg, n-Pr,Hg {(minor)

A simdilar reaction of diethylzinc with PhHgCCl; produced
l1-chloropropene, phenylmercuric chloride and zinc chloride (82).
Formation of the major products may be accounted for by the

reactions shown below:

n-PrHgCCl; + Et,Zn ——>> n-PrHgCl + EtZnCCl,CH,CH;

¢ -elimination

EtZnCCl,CH,CH, > EtZnCl + CH,CH,CCl

CH,CH=CHCl

n-PrHgCl + Et;Zn —3> n-PrHgEt + EtZnCl

!

1/2 n-Pr,Hg + 1/2 Et,Hg
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The oxidation of n-propyl- and isopropyl(trichloromethyl)-
mercury with tert-butylhydroperoxide in cyclohexane at 80° has been
described. The major products isolated were the RHgCl and ROHgCl
compounds. Autoxidation of isopropyl(trichloromethyl)mercury gave

Me,CHOHgCl1 (61).

4. MERCURATION OF UNSATURATED COMPOUNDS

A. Olefins and Acetylenes

The oxymercuration-demercuration (OM-DM) procedure
finds increasing use in organic synthesis, principally as a result of
the studies of H. C. Brown and his coworkers. This group (83) has

studied the OM-DM of nonconjugated and conjugated dienes which
1 1

>c=¢{ + HgY, + ROH ——> ROC-C-HgY + HY
]

(R = H or alkyl)
L NaBH,, OH

[ | -
ROC-C-H + Hg + Y

gives either enols or diols. Conditions were defined which served
to optimize enol yields. The advantages of using the more soluble
Hg(0O,CCF;), over Hg(O,CCH,), were demonstrated in several cases.
Among the conversions reported were:

G OM-DM
CH,=CCH,(CH,);CH=CH, ———> (CH,),G(OH)CH,(CH,),CH=CH,

OM-DM
(CH,),C=CH(CH,),CH=CH, ———— > (CH,;),C=CH(CH,),CH(OH)CH,

OM-DM, 0° .
CH,=CH(CH,);CH=CH, ——————> GH,CH(OH)(CH,);CH=CH, (46%)
+

CH,CH(OH)(CH,)sCH(OH)CH, (18%)
References p. 156
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. CH.
, i3 OM-DM
CH,=C— —_—D (CH3)ZC(OH)—®-.-
OM-DM
CH,=CH —_— CH3CH(OH)O
OM-DM

CH,=C(CH,)-C(CH,;)=CH, —————> CH,=C(CH,)-C(OH)(CH,), (49%)
+

CH,=C(CH,;)CH,CH(OH)CH, (6%)

_H
Sc=c _ c=C (56%)
NCH(OH)CH,

Other examples reported in 1972 include the following:

H
OM-DM (H,0) - AcOH
(ref. 84) - vi® Ac
HO
OoOM— DM
(ref. 85)
but:
;g No reaction (ref 85)
( steric factor)
' oM Hy CrO5
(H0) (ref. 86)
O
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(via AcOHg + HO,
—

CO,Et CO,Et CO,Et
- OM-DM N~ L, HO N
(ref. 87)
HO
OM-DM Hg (OAC), NR
(ROH)
(ref.88)
a, R—H
b, R==CHj,

/ (ref.88)

References p. 156



80 D. SEYFERTH
E _oH : _OH
OM-DM
+ +
(ref. 89)
OH TE OH
(4.4 parts) (1 part) ({ minor)
(0]
OoM-—-
DM - +
(ref.90)
o
(80%) (20°%0)
o o)
OM-DM
— @ + @ + ©\ {ref.90)
i > oH
HO' HO
(90%, B80/20 mixt.) (10%)
o)

OH

+ (ref.90)

(ref.Q0)

Q
i\
oH HO OH
O, oH oW QoH
HO OH
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o . Q
> : HO_ >
M -DM
_OM-DM _ ) (ret.50)
: HO Ho'
Hg(OAC) NaBH4 ' :
+ C + -+
cH, : %C"'B " CH3

-
+

OH OH OH
(32%) (4%%) (20%) tref.on
o on * g
CH OH
3
Chy
(35%) (29%) (6%)
oH OoH
COM- DM
—_—— {ref.91)
CHa HO CH, CHS3
CH,
(44%) (28°%%) (28°%.)
C OH
Hy W
M- oH
CHy CHy (H0 OO + o (ref.92)

(1 :2)

(The reaction course shown below was suggested)

Hg JAc HgOAC
Hg(OAC OH OH
e O
0 J
HQOACc
OH OH

HgOAcC

3 NaBH,

o OH

References p. 156_.
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: OM- DM v
Myrcenot -
(excess rgt.) OH
O
(ref. 92)
OM-DM
Myrcenol
(deficiency of rgt.)
yorrg \l\o
™~

(Farnesol and linalool were resistant to OM-DM). %

D,
= l 1) Hg(O,CCF;), B , (
> £. 93
A 2)NaBD, o met. 93)

(trans-6,7-) = (trans-A/B}
(cis-A/B)

{cis-6,7-)

Other isoprenoid compounds (cis-geranylacetone ethylene ketal,

geranic acid methyl ester and ethyl trans-6, 7-trans-10,11~

farnesylate) were cyclized in this manner (93).
Oxymercuration-demercuration played a role in the conver-

sion of cyclic allylic alcohols to cis vicinal diols (94):

I" H ) H
CCi.
N

HgX
+ CCLCHO 9%

(X = OLCR} Na or Zn
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An acyclic allylic alcohol reacted similarly, but with little

regiospecificity:

CCL;CHO
Hg (O,CCF,),

. o H CoH H
CHy cCl, CCly
+
o) O

hexane-1,3-diot hexane-1,4-diol

MeCH,CH=CHCH, CH,OH

The methoxymercuration-demercuration procedure was applied to
the acetates of D-glucal, D-galactal, L-arabinal and D-xylal (95);
2-deoxy sugar derivatives were obtained in high yield. Demercura-

tion with thiourea gave pseudoglycal derivatives: .

TR Hgoao R NaBH R
g Ci2 4 -
OAc / MeOH OAc ™ OMe - OAc )™OMe
HgOAC

S=C(NH2)2\

—O0

\—>~R\OME

a - Allenic alcohols have been oxymercurated-demercurated (96):

OM-DM
CH;~C==C —CH,OH CH,=~CH—C—CH,OH
¢ ] 2 (MeOH) 2 2
R, Ry OCH,

References p. 156
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CHB—'CH—‘C'—'C -—'CH2 ————— ! s + CHB—'CH—CH—-CH_CHZOH
==C=CH OH
oCt ]

(91 %) (9°%)

(CH,).C é—CH CH.OH OM-DM CH2>Z _S
3C=C= 2 (MeOH)

cHy O
—_— = OM-DM
CH,=C=CH—CI(R,,R.) CH,—CH—CH_ —C(R,,R.)
H2 [ 4’ 'S (H?_O) 3 2 l 4°°°5
OH OH OH
p OM-DM
CH,=C=C —CH,OH - CH=—=CH—C—CH_,OH
‘ [ He (H,0) e .2
Rs R OH

The reaction courses shown below were suggested:

CH,=C==CH _([:(R4 . Rg)
OH

(ACOLHG, HO _ Acong —CHz—ClZ =CH—(II(R4.R5)
OH OH

NaBH,

CH3-—CH——CH2—(l:(R4. Ry

OH
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(CHy, R,) C==C ==CH—CH,OH CH,=~—C=C—CH,OH
R3
l TB
(CH,,R,)G —C=CH—CH,OH CHa———CI—E—CHzOH
‘Hg *‘I'é'
OAc OAc
HOH
l ZHi chsoH
AcOHg TB
R, CH2=(lZ—(IZ —CH,OH
CHy ] l—lig z
OAC

The OM-DM procedure has provided a clever and useful method
for the identification, analysis and isolation of long chain alcohols and
acids with C=C bonds at positions 3, 4 or 5 (97).

Other studies have dealt with oxymercuration of olefins,
stopping at the organomercurial stage:

Hg(OAc),, MeOH

CH,0CH,(CH,),CH=CH, ot 99) > CH3OCHZ(CHZ)nCIJHCHZHgOAc
rex.
(n=0-4) OCH,
OAc
H Hg
Hg(OAc),, MeOH PhCO H H Ph
PhCH:CH(':zo IS +
Ph (zef. 99) MeO Ph PhCO H
ggc OMe
(S.R) (R,R)
(7:3)

References p. 156
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Hg(OAc),, MeOH

MeSO,CH=CH, MeSO,_(IJHCH,_OMe (ref. 100) -
HgOAc
Hg (OAc),, MeOH
MeSO,CH,CH,0CH=CH, > MeSOzCHZCHzOC'JHCHzHgOAc
(ref. 101) OMe
Hg(OAc),, MeOH
MeSO,CH,CH=CH, > MeSOZCHZ(.'?HCHZOCH3
(ref. 102) HgOAc

R

Hg(OAc),, HOAc K1
CH,=CHCH,CH(R)CO,H > o
(ref. 103) 24 <0

2BHg(0OAc),, MeOH

CH,=CHCH,NHCONH, AcO2%BHgCH,CH(OMe)CH,NH
(ref. 104) 1
-~
NH,
O]
Hg(OAC) 1™ Hot
@—OH 9 2 (ref. 105)
Hg (OAc), AcOHg OAc + OAc
HOACc
(ref. 21) (major) AcOHg

A major study has dealt with the oxymercuration of o, B-
unsaturated systems, including steroids (106). Simple @, B-unsaturated

compounds were oxymercurated smoothly:

MeQ  HgOAc

H C(O)Ph
H A M H 5

Neee” g(OAC),, MeOH Ph e —— C—n C(O)Ph
' N -
Ph H H H

81%
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H  HgOAc
Ph#—C——C—=a C(O)Ph
MeQ H 199
H C MeO HgOAc
\C c ©Ome Hg(OAC)2 , MeOH : :
e Phe=C— C—==mC(O)Me
Ph H : H
H  H gge,
+
H HgOAC
Phe—C— & == C(O)Me
Me:O ffl 15 %

The reaction course is shown below:

ACOHg _

. it
H Hg(OAc), H ﬁ
o O

“OAc.

AcOHg
+ HOACc
@]

The rates of acetoxymercuration of 1,4, b-androstatriene-3,17-dione
and of 1,4, 6-pregnatriene-3, 20-dione were measured using NMR
techniques.

The addition of mercuric azide to cyclopropenes pljovided

a synthesis of cyclopropyl azides (107):

References p. 156
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R, Hg(N3), HA Ry HBr H A Ry
o Ra NaBr
N;Hg Ny BrHg N3
NaBH, Na-Hg
H,0(B,0)
a, R==R,=CH, Ra R2
= s R= H R
b, R==CgHg; R7=CH, 1
c, R1= H; RZ—CH3
d, R,=R,=—H X  Nj
or i :g

Mercuric chloride was found to add to the C=C bond of cyclooctyne (108):

HgCl
HgCL2
cl
H_ /CHEOH Ha(OA MeQ  HgOAc
C=—¢C g(O C)a. MeOH Ph—C:: —C::"CHZOH
7 N P
Ph H H H
O
j Hg(OAc) , MeOH O:'
) \ e}
MeO

HgOAc

3-Keto steroids with an abstractable allylic hydrogen were not
‘oxymercurated by mercuric acetate in methanol or acetic acid:
mercurous acetate was formed, presumably as a result of the oxi-

dation of the steroid. 3-Keto steroids without such allylic protons
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and with a C-~1 double bond reacted with mercuric acetate. Addition
of HgOAc+ occurred at the & side of the C-1 double bond; proton
abstraction at C-2 then resulted in formation of 2-acetoxymercuri-1-

en-3-one:

Hg(OAc), /
HOAc

R'=0OH; R°= CH5
R'= R2=O

Rl=OH; R°=H
R‘_-—.COCH3; R%=H

NacCl CliHg

The arninomercuration of olefins has received continued
attention, and this subject has been reviewed (in Spanish) by Lattes
(109), one of the most active researchers in this area. The amino-
mercuration reaction has found application in the s.ynthesis of nitrogen

‘heterocyclic systems:

References p. 156
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HgX
] 1) Hg(OAc),
COSTRNE O
2) KX
HgX

(Y = H, Me, Cl,
NO,, GO,Me) |

NaBH,, OH , PhNH,
in THEF
CH,
\“@- (ref. 110)
H,
HgX
1) Hg(OAc),
PhNH, +
2) KX
Ph-
NaBH,, OH
PhNH,
Ph- (ref. 111)

R /™\ 1) Hg(OAc),
SN o)

/~ \
—_——— > R-N (ref. 112)
u” / 2) NaBH, __/
4

An oxymercuration route led to similar products (112):

™\ 1) Hg(oAc), \
RN OH ——m8m™> RN O

\ \ 2) NaBH,
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A number of variously substituted morpholines was prepared by
these procedures. Heterocyclic monospiro compounds also were

accessible via aminomercuration (113):

1) Hg(OAc), (CH,)&
2) NaBH, }N{

(n=3,4;
R=H, Me;C)

but:

QCHZCHZNHZ . C[j
N
H

In the former case, intramolecular nucleophilic attack occcurs at

position 1, in the latter, at position 2:

In the case of one functional olefin in which both aminomercuration

and oxymercuration was possible, the former was the preferred

process:
CH3 n CH3
3 H
on ) HgXa r_j/ QH . (j/\]
b) NaBH. N
HoN cHsm 1
H H
42% 0% (ref. 113)
CH
I
CH3 (8]
38%

References p. 156
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Note also:

H3 1)) nga
b) NaBH.

Further detailed studies by Lattes and his coworkers (114, 115) have
shown that the intramolecular mercuration reaction proceeds stereo-
specifically by a nitrogen-assisted process.

Investigations of the aminomercuration of functional olefins

have been described by other workers (116):

O

ArCO,CH,CH=CH, + HgCl,. HN —— > ArCO,CH,CHCH,HgCl

+ Hzﬁ ), Cl-

Other olefins used included allyl urea, allyl carbamate, 3-cyclo-
hexenyl benzoate, allyl acetate, methyl allylacetate, allylic

alcohols and ethers. In addition to piperidine, the arnines used
included substituted piperidines, morpholine and hexamethyleneimine.

Vinyl esters underwent an aminolysis-oxidation reaction:

RCO,CH=CH, + HgClZ.HND —> RC(O)N_ ) + ClHgCH,GH=0

The reaction of olefins with mercuric acetate in the presence
of hydrogen peroxide is another variation of the solvomercuration
reaction (117):

Hg(OAc),, H,0O, .
PhCH=CH, > PhC'HCHZHgOAc

OOH
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Such reactions also were carried out with cyclohexene, dihydropyran,
norbornene, 1,l-diphenylethylene, and l-phenylcyclohexene. Crystalline
O-trityl derivatives were prepared:
Ph('ZHCHZHgCI + Ph;CC1 —> Ph('ZHCHZHgCI

OOH OOCPh;,
The polarographic behavior of such organomercury hydroperoxides
was examined. Attempted phenylation of mercury in such compounds
led to fragmentation:

Ph;SnCl, NaOH
Ph(ll,HCHzHgCl > (PhCIJHCHzHgPh) —_— Ph%CH_-,

OOH OOH O

The reduction of t-butylperoxymercurated products of type RR'C-

(OOCMe;)CH,HgX by sodium borohydride gave dialkyl peroxides,

RR'MeCOOCMe;, and also epoxides, . The amount of epoxide
R

R'C———CH,
No”

formed was found to increase with increasing alkylation of the terminal

olefin used. A radical pathway was suggested (118):

OCMe, OCMe,
NaBH,
RR'C—O ————> RR'C—O
|
XHgCH, »CH, \
RR'C o
/  +Me;CO,
C
HZ

Similar reduction of the t-butylperoxymercuration products of @, §-

.References p. 156
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unsaturated esters and ketones was investigated (119). The esters

reacted as expected:

Hg(OAc), NaBH,
RR'C=CHCO,Me > ~ > RR'GCH,CO,Me
Me;COOH OH™, 0-5 0OCMe,

However, no B-ketoperoxides could be isolated from similar reactions
with &, B-unsaturated ketones. In the case of trans-PhCH=CHC(O)Ph,
the major product (75%) was chalcone oxide.

Further investigations have dealt with the rate, mechanism
and stereochemistry of oxymercuration. The mercurinium ion, the
postulated intermediate in the oxymercuration reaction, was detected
by NMR in strong acid medium in 1971l. Now such a species has been
observed in the gas phase by ion cyclotron resonance (120). The
ionization of dimethylmercury in the presence of ethylene in an ICR
mass spectrometer produced a rather stable ion with the mass of

+
Cs;H;Hg . Of the three possible structures, R and R

for the ion, the first was favored on the basis of supporting MO

. . H
(C_C\ -~ /C_.C'\ - /\C__C‘
H (}:1_:() H H @_.___0 H H @ \Hg
Hg Hg \
| | CH,
CH, CH,
calculations.

New results concerning the stereochemical course of the

oxymercuration of under differing experimental conditions were
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explained by Bach and Richter (121) in terms of a mercurinium ion
intermediate in both trans and cis oxymercuration. The stereo-
chemistry of the oxymercuration of is strikingly affected by the

solvent miedium used:

HgX
MeOH OCH;
solvent
19 : a1
Hg(NQ, ), + MeOH HgX
20 = 3)2 only
in CHZCl2 OCH5
HgX
Ha(NG3), + MeOH g
- - onty
in dioxane
OCH4

Much effort has been devoted to the elucidation of the mechanism
of the oxymercuration of olefins. Electrophilic attack by a charged
species, HgX+, at the olefinic C=C bond gives an intermediate with
cation-like properties, but details of the nature of this intermediate
and of the transition state leading to it are still unsettled (cf. previous
mercury annual surveys and W. Kitching, Organometal. Chem. Rev. 3
(1968) 61). In a previous study, a linear correlation between log kioy
for oxymercuration of substituted styrenes and Hammett ¢ constants
had been observed, giving (J = -2.25 (OCR -B, 6 (1970) 277). This
speaks against an open carbonium ion intermediate in which all the
charge is centered at carbon, and one may discuss either a

mercury-stabilized ion of type or a mercurinium ion intermediate,

References p. 156
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TABLE 7

D. SEYFERTH

RELATIVE REACTIVITIES OF OLEFINS IN THE OXYMERCURATION REACTION (MERCURIC
ACETATE IN THF/WATER). k; (CYCLOHEXENE) = | (Ref. 122)

Olefin Rel. keislkrrans Acyclic Rel.
reactivity analog reactivity
kr ky

1. Effect of increased alkyl branching

on the relative reactivity

1-Pentene 6.6

1-Hexene 4.8

3-Methyl-1-butene 2.5

3,3-Dimethyl-1-butene 0.15

2 Effect of the position of the double bond

1-Pentene 6.6

cis-2-Pentene 0.56 3.29

trans-2-Pentene 0.17

cis-1-Methyl-2-pentene 0.090 3.46

trans-1-Methyl-2-pentene 0.026

3. Effects of substituents on the double bond

1-Pentene 6.6

2-Methyl-1-pentene 48

cis-2-Pentene 0.56

trans-2-Pentene 0.17

2-Methyl-2-pentene 1.24

2,4-Dimethyl-2-pentene 0.056

2,4,4-Trimethyl-2-pentene 0.020

2,3-Dimethyl-2-butene 0.061

4. Effect of ring systems

Cyclopentene 0.78 cis-2-pentene 0.56

Cyclohexene 1.00

1-Methylcyclopentene 1.6 2-Methyl-2- 1.24

pentene

Methylenecyclopentane 59 2-Methyl-1- 48

pentene

Cyclooctene 0.002

Norbornene 3.7

Bicyclo[2.2.2]octene 0.01

5. Effect of conjugation of the double bond to a benzene ring

Styrene 0.28

a-Methylstyrene 1.18

cis-Propenylbenzene <0.02

trans-Propenylbenzene <0.02
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. In1972, several groups have reported relative rate studies of
olefin oxymercuration. Those of Brown and Geoghegan {122) were
pPreparatively oriented, defining scope and selectivity of such
processes. Some results are presented in Table 7. Steric factors
were seen to play a ma-.jor role in determining reactivity of hydro-
carbon olefins. The more stable the carbonium ion intermediate (
-type structure assumed) and the lower the stability of the olefinic
ground state (as a result of increased cis interactions or constraint
in a bicyclic ring system), the faster the oxymercuration rate. A
German group (123) has determined relative rates of oxymercuration
of 28 acyclic hydrocarbon olefins (mercuric acetate in methanol):
Table 8. A 5-membered Taft equation was used in the evaluation
of the data. Obviously, steric factors in the olefin play a very
important role. Electronic factors were examined by other workers
who measured rates of methoxymercuration of substituted cinnamic
acids at 40° (124). A linear correlation of log kiey vs. Hammett o
values gave P = -1.57%0.1. Studies of the correlation of catalytic
rate constants of the alkoxymercuration of cinnamic acid and its methyl,
ethyl and phenyl esters with the pK, (in water) values of the acid
catalysts used (which included HC104, HNOQ;, the chloroacetic acids,
HOAc, PhCO,H and 0o-HOC¢H,CO,H) and with the dielectric constants
of the solvents used (MeOH, EtOH, i-PrOH, n-PrOH, n-BuOH, i-BuOH,
n-AmOH, i-AmOH) and their Taft 0'* constants (125).

Russian workers (126) have carried out a potentiometric study
of the equilibria in the systems C,H,/Hg(C10,),/HC10; and C,H,./-
Hg(Cl10,),/NaClO,/HC10O,. At 25° the rate constant of the formation
of CZH4ng+ was 1.5x104 1/mol.

A review on the mechanism of hydration of acetylene,

catalyzed by mercuric ion, has been published (127). The hydrolysi;s
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TABLE 8. Relative Reactivities of Olefins Toward Mercuric

(ref. 123) Acetate in Methanol at Room Temperature (ref. 123)

(krel (cyclohexene) =1)

MeC=CMe, 0. 007
trans-n-PrCH=CHPr-n 0.015
Me,CCH=C(CH,), 0.019
trans-CH;CH=CHCH,Cl 0.027
trans-EtCH=CHEt 0.04
CH,=CHCH,C1 0. 06
Me3zCCH=CH, 0.07
Et,C=CHCH, 0.08
cis-n-PrCH=CHPr-n 0.10
trans-CH;CH=CHCH,OMe 0.11
CH,=C(CH,)CH,Cl 0.12
Me;CCH,

NCc=CH, 0.24

cH,”

cis-EtCH=CHEt 0.25
PhCH,CH=CH, 0.41
CH;0CH,CH=CH, 0.46
Cl1CH,CH,CH=CH, 0.47
Me,C=CHEt 1. 05
sec-BuCH=CH, 1.3
Me,C=CHMe 1.57
CH,=C(CH,)CH,0OCH, 1.68
n-Cs;H,;CH=CH, 3.95
n-C¢H,;CH=CH, 3.95
n-C,H,CH=CH, 4.13

A,

{continued)
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TABLE 8 (continued)

Me,CH_
C=CH, 5.2
CH,;”
3
n-Pr
Sc=CcH, 5.9
cH,”
EtCH=CH, 6.2
Et_
C=CH, 7.3
cu/f
Me,C=CH, 8.7

of isopropenyl acetate was found to be catalyzed by Hg2+ and by RHg+

(R = Me, Ph, etc.) (128):
OH
RHg' + CH,=CH(CH,)OAc + H,0 —> [RHgCH,-C-CH,] + H

l’ bac

RHg' + GH,C(O)CH; + HOAc

Kinetic and equilibrium measurements were reported for the
reactions catalyzed by RHg , where R = CH,COCH,, CH,, p-CH;C¢Hj,
Ph, p-H,NC¢H,, p-CIC¢H,, m-C¥F;C¢H, and p-O,NCgH,.

The mechanism of the redox decomposition of oxymercurated
cis-2-butene in aqueous solution:

H,0 or D,0O +
CH3CH(0H)C‘ZHCH3 > CH,C(O)CH,CH; +H +Hg
+

Hg

‘has been studied by NMR spectroscopy (129). Essentially no

deuterium was incorporated into the ketone product.
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Other reactions of mercurated olefins have been studied from
the mechanistic point of view. The transmercuration reaction is an

equilibrium process:

R'-GH-CH,HgOAc + R"'-CH=CH, = R"-CH-CH,HgOAc + R'CH=CH,
OR OR

Equilibrium constants for 21 olefins (with respect to cyclohexene as

a reference) were determined by a group of German workers

(Table 9) (130). Further mechanistic studies established that the

transmercuration is first order in oxyalkylmercurial and zero order

in olefin and that its rate is equal to that of the deoxymercuration in

the presence of EDTA. The mechanism indicated is a two-step

process:

R'CH(OR)CH,HgOAc =—= R'CH=CH, + AcOHg' + OR~

+ -
R"CH=CH, + AcOHg + OR _— R"CH(OR)CH,HgOACc

More preparatively oriented have been other investigations
devoted to the oxidation of olefins via oxymercuration processes.
Olefins may be converted to ethylene ketals by the process shown

below (131):

P-MePhSO5;H
Hg(0Ac)> + RCH=CHz + HOCHoCH-OH = R?HCHaHgOAc + HOAc
OCH-CH-0H
REIHCHaﬂgOAc + PdCly; — R(lIHCHde01 + HgOAcCl
OCH>CH,O0H OCH-CH>0H
R(.!HCHZPdCI — 0o o + Pd + HCl

OCH2CH20H ><

R CHs
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TABLE 9

RELATIVE EQUILIBRIUM CONSTANTS OF TRANSMERCURATION OF -METHOXYALKYL-
MERCURIC ACETATES WITH OLEFINS IN METHANOL AT 50° (Ref. 130).

Olefin Krel Kret® KagNo, P
Cyclooctene 0.007 0.004 4.0
2,3-Dimethyl-2-butene 0.02 0.007 0.03
3-Ethyl-2-pentene 0.03 0.08 -
trans-4-Octene 0.04 0.015 0.14
2-Methyl-2-butene 0.06 1.57 0.22
Cycloheptene 0.1 0.25 3.6
Cyclopentene 0.3 0.73 2.0
cis-4-Octene 0.5 0.10 -

2,3 Dimethyl-1-butene 0.9 5.2 0.67
Cyclohexene 1 1 1
2-Methyl-1-pentene 1.4 1.05 0.58
3,3-Dimethyl-1-butene 2.4 0.07 1.0
Bicyclo[2,2,2]octene 4.0 0.03 -
2-Methyt1-butene 5.3 7.3 0.83
3-Methyl-1-pentene 9.0 1.3 -
3-Methyl-1-butene 22.1 - -
1-Hexene 38 4.13 1.2
1-Pentene 60 - 1.4
1-Heptene 60 3.95 0.89
1-Octene 60 3.9s5 0.72
Norbornene 800 1.0 17.0

2 Relative rate constants for methoxymercuration of these olefins
at 25° are given for comparison.
> Equilibrium constants for complex formation with silver nitrate

in ethylene glycol.

Allylic opxidation of olefins using mercuric acetate is a well-
known reaction. An investigation by Rappaport, Winstein and Young
{132) indicated that allylic mercuric acetates are intermediates in

such oxidations:
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PhCH,CH(OACc)CH,HgOAC
He(OAc),+PhCH,CH=CH,

PhCH=CHCH,HgOAc

l solvolysis

PhCH=CHCH,OAc {95%)
PhCH(OAc)CH=CH, (0.5%)

+

PhGH,CH(OAC)CH,0Ac (2%)

D. SEYFERTH

The oxidation of allylbenzene by mercuric acefate and the solvolysis

of cinnamylmercuric acetate were compared: both gave 40% -

phenylallyl acetate and 60% cinnamyl acetate.

The rate-determining

formation of the allylic mercuric acetate occurs via an SEi’ or SEZ'

process:

NI 7 =

c c AcOY H c

. > (e
k‘\ +
/O—HgOAc HgOAc

Ac
a1 1

SE.\. SEZ

Such allylic oxidation was encountered in the reaction of thujopsene

with mercuric acetate (133):



(minor)

and in the reaction of 3- and 4-carene with mercuric acetate (134).
Mercuric acetate oxidation (via presumed organomercury inter-
mediates) of hexamethyl-Dewar-benzene has been reported (135, 136).
The scheme below was suggested (136). The observed facile
demercuration presumably is due to the homoallylic anchimeric

assistance provided by the neighboring C=C bond.

|
m/‘ EEUETDEN

oH —ug®
a—OA':—OAc-
I
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Oxidative cyclization of trans-1,5, 9-decatriene with mercuric acetate
in strong acid medium has been described (137): Both mono- ~nd

bicyclic products were obtained:

C:)Ac QAc
‘ Xy Hg(oAc), X X
\ [(HBF,], 70° v
\“‘OAC = QAc
+ +
o
AcO’ Ac

Similar oxidative cyclization was observed in the reaction of alkenyl-
benzenes of type 4-phenylbutene-1 and 5-phenylpentene~1 (138).
Attempted oxymercuration of cyclodeca-1,2,5, 8-tetraene gave

mercury-free products (139):

HgSO4

HOQOACc

and reaction of 1,3, 3-trimethylcyclopropene with mercuric acetate

resulted in oxidative ring cleavage (140):

H CH; (AcO),CH_ CH,
N / ~c”
VA sg(oac), I
e N
CH,” CH; - CHy” "CH;

An intermediate carbene complex, , which subsequently under-
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went demercuration, was proposed, on the basis of rather uncon-

vincing evidence.

H
~
(AcO)ZHg:C\ /CH3

C
i

H,c” CH,

A kinetic study has been made of the oxyalkylation of aromatics

with olefin oxymercuration products (141).

B. Cyclopropanes

1,1-Diphenylcyclopropane underwent facile oxymercuration in

methanol (142):

/CHZ Hg(OAc),
Ph,C > Ph,C(OMe)CH,CH,HgOACc
CH, MeOH, 20
NaBH4
Ph,C(OMe)CH,CH,

but its oxymercuration in acetic acid medium required the presence
of added sodium acetate. In the absence of this additive, 1,1-
diphenylcyclopropane was stable toward Hg(QAc),/HOAc at 50°, but
at 75-80° reacted with loss of mercury, giving Ph,C=CHCH,OAc and
Ph,C=CHCH,0H. trans-l,2-Diphenylcyclopropane did not undergo
oxymercuration at 20° and was inert to Hg{QAc),/HOAc at 75-80°.
Peroxymercuration of cyclopropanes has been described by Sokolov
(117):

CHz  mg(oAc),, H,0,
PhCH > PhC'ZHCHzHgOAc

CH, OOH
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Also reported has been the reaction of with mercuric chloride

(143):
3HgCl,/1HgO CO,CH;,
>
MeOH, 65°
HgCl

C. Isonitriles
The redox reactions of isonitriles with mercuric acetate
and other mercuric salts in the presence of water, amines, ethanol

and phenol produced ureas and urethanes in high yield (144):

Hg{OAc), + ArN=C + 3 RNH, —> ArNHC(O)NHR + Hg

+ CH;C(O)NHR
Hg(NQ,), + ArN=C + RNH, ——> ArN=C(NHR), + ArNHC(O)NHR
Hg(OAc), + ArN=C + H,O ——> Hg + ArNHCONHATr

The following reaction course involving mercuration of the

isonitrile (i.e., insertion of RN= C into the Hg-OAc bond) was

proposed.

D. Aromatic Compounds

A powerful new procedure for the mercuration of unreactive
aromatic compounds involving the use of mercuric fluoride in liquia
hydrogen fluoride has been patented (145). An example (146) will
serve to illustrate the unique applicability of this method. A re-
action of 10. 8 g of mercuric oxide with 20 ml of liquid HF in a poly-

ethylene bottle generated HgF,. The addition of 10 ml of nitrobenzene
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, >
Hg(©Ac), + RNC Hg
2
7
C—OAc
I
N
I
R
+ R'NH, + R'OH
+H,0
H H
o ¥ > 4
\Hg/N\_RI-'i \Hg/(j\H \H PNy
M) RN e )
C—OAc >
\>\C —OQAc " \C —OAC
i N Il
! | i
R R R
I—Hg,—H l_Hg:'H+ l—Hg,—H+
R'NH (IiOAC HO CliOAc R‘CCOAC
il
} ! i
R R R
14- R'NH, l+H20 1+ ROH
RNHCONHR' RNHCONHR R’‘OCONHR
+ R'NHCOCH; + CO; + RNHCOCH; +ROCOCH5

and a 10 hr reaction time at room temperature followed. The
reaction mixture was poured slowly in a solution of 15 g of KBr in
500 ml of water in a polyethylene bottle. This mixture was treated
with 56 g.of KOH pellets. Filtration (water and methanol washes)
gave m-nitrophenylmercuric bromide in 91% yield. This procedure
also served well in the mercuration of benzoic acid.

The direct mercuration of highly halogenated benzenes has
been described by Deacon et al. 1,2,4,5-Tetrafluorocbenzene was
monomercurated when heated at 140-160° in a Carius tube with a

deficiency of mercuric acetate or Hg(O,CCF,), (147):
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150°

1,4-H,C¢F, + HgY, ——————> p-HCF,HgY + HY

Dimercuration to give 1,4-(ClHg),C¢F, (after ion exchange with NaCl)

was observed when the Hg(O,CCF}y),/tetrafluorobenzene ratio used

was two. This dimercurial also was prepared by a decarboxylation

reaction:

120°
1,4-(T10,C),C¢Fy; + HgCl, ———> 1,4-{ClHg),C.F,

+ 2 TICL + 2 CO,

Mercuration under basic reaction conditions (i.e., via nucleophilic

substitution at mercury) also was.applied:

1,4-H,C¢F, + HgBr,2~ + 2 OH ——> (p-HCF,),Hg + 4 Br~

+ 2 H,0

A byproduct of this reaction, , indicated the occurence of a

secondary process:

(p-HCsFy),Hg + 1,4-H,C¢F, + 2 OH + HgBr, ——0«——>
F F F F F F
H@ Hg_©-Hg©H + 4 Br + 2 H,O
F F F F F

&]

Similar direct mercuration of pentathlorobenzene and other poly-
chlorobenzenes with mercuric trifluoroacetate at high temperature
gave the symmetrical mercurials (C¢Cl;),Hg, (2,3,4,5-Cl,C¢H),Hg.
(2,3,4,6-Cl,C H),Hg, (2,3.5,6-C1,C,H),Hg, (2,3,4-CL,CH,),Hg,
(2,4,6-ClL3;C¢H,),Hg and (2,5-Cl,C¢H,),Hg (148). At these higher

temperatures, the initially formed ArHgO,CCF; disproportionate to
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Ar,Hg and Hg(OchF_;,)z, but at lower temperature they can be
isolat"ed, e.g., C¢Cl;HgO,CCF;. Mercuric difluoro- and mono-
fluoroacetate also mercurated pentachlorobenzene at higher
temperature.

A physical organic study of the mercuration of anisole with
mercuric acetate in glacial acetic acid showed that this reaction
involves two electrophiles: Hg(OAc), and AcOHg-'L (11). The latter
is at least twice as reactive as molecular mercuric acetate in this
process. The activation parameters for this mercuration process

indicated a highly ardered activated complex, suggested to be .

OMe

Mercuration of alkylated phenols has been described {148a):

OH OH

CH |
3 Hg(OAc), CHj3 RgOACc

Vv

130°

CMe, CMe,

Unexpectedly, the same product was obtained when phenylmercuric
acetate was used in place of mercuric acetate. The reaction of this
phenol derivative with diphenylmercury gave dimeric, mercury-free

products, presumably via a free radical process:
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OH . i
CH3 CMes
OH
Ph,Hg CH,
150°
CMe;, ' CH,
CMe, (70%)
OH OH
CH, CH,
CMe; CMe, (20%)

+ Hg + 2 CgHg

Reactions of diphenylmercury with 2,4~ and 2,6-di-tert-butylphenol

also were studied:

OH OH
Me;C CMe
OH
Me;C CMe; CMe,
Ph,Hg
I 120 -150°
CMe3
Eh Ph
H
Ph,Hg c? c?
(phenol/
Ph,Hg Me,C CMe
ratio=2:3) 3 3

CMej CMe,
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OH

Me5 C CMe
OH 3 3

MexC \/‘\'/CMQ:«;
= i Ph,Hg
v 160° Me;C CMe,

(8C°%k)
< OH
Me,C CMe,
+ | + Hg +2CHe
Me,C CMe,
o
(20 %)

Finally, the action of phenylmercuric hydroxide on the fully blocked
2,4, 6-tri-tert-butylphenol produced the corresponding phenoxy

radical (ESR):

OH O

Me.C CMe, Me ;C CMe,
PhHgOH

125°

CMe4 CMe,

+ Hg + PhHg + HO

Other preparative studies include:
The mercuration (in the para position) of aniline, N, N-
dimethyl- and N, N-diethylaniline with 197 (OAc ), and 2BHg(OAc),

(149).
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The mercuration of substituted indoles with mercuric

chloride (150), for instance:

N
I

HgClL

ZE /;i
o

N —

' D.SEYFERTH

CHs o Hs
(R =CHsy, CH3C —)
R R
N x N
CIZH3 (l:H3
HgCl HgCl
N N N
Cl:H3 . (!‘H3 (l:H3

The mercuration of thiazole derivatives (151):

Ph Ph
N Hg(OAC), f {"
)\ HOACc . )\
S Ph room temp. AcOHg S Ph
Hg(OAC), B2
HOAC o
60-70 Ph

AcOHg s
HgOAC
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The relative reactivity of f;hiazvoles toward Hg(OAc),/HOAc was
found to be: 2-Ph > 2-Ph-4-Me > 2-Me > 2-Ph-4,5-Me,. 4,5-
Dimethyl- and 2,4, 5-trimethylthiazole were not mercurated under
these conditions.

Also reported was (152):

N N 3
j; p- @NH _4:§ H (A,

HgOAc

R R
N N N
g

(assumed product structure)

New examples of the mercuration of metallocene derivatives

have been reported:

CM ClHd CM
=M 1) mg(0ac), 8= 7 CMes
e

Fe — > Fe
@ 2) c1 @—Hg(}l

(ref. 39)

The formation of appreciable amounts of 1, 2-disubstituted product

in these reactions is noteworthy and was explained in terms of
intermolecular coordination of Hg(OAc), at the carbonyl oxygen which
directs reagent attack to the 2-position. Anamolous chromatographic

properties of the 1, 2-disubstituted products also were ascribed to

similar intramolecular cooridination, (153).
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O

O
C—R
Fe 1 Hg(OAc),

C—R C—R

2

2 LG + Fle
(ref. 153)
HgClt
(Ia) R=OCH, (Te) R==OCH; (Ola) R=OCH,
(ab) R=CHy (o) R=CH> IIb) R=CH,
Uc)R=H (Ocy R=H (Ifc) R=H

~
/
1=°
13 ‘
0=0
|
0

Fe

i I
(IZa) R=0CH; (¥3) R==0OCH,
(IZp) R=CH), (ZOIR=CHy,
¥c)R=H

c—R

Fe
The transmercuration reaction occurs also in the aromatic

series (Kooyman et al., 1965):

150°
PhHgOAc + ATH —m—>> Ar—HgOAc(O m, p) + PhH

Further studies have now been reported concerning isomer equilibria



Hg

Hg
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among 1, Z-disubstituteci pvhenylmercuric acetates (154). The latter
included 1, 2-dimethyl-, ‘-1, 2-diethyl-, 1, 2-dimethoxy- andl,2,3-
trimethylbenzene, tetralin and indane. A reaction of naphthalene

with phenylmercuric acetate (24 hr at 150°) gave a 75% conversion

to &~ and B-naphthy}.mercuric acetate in a ratio of 60:40. The

mechanism of such transmercuration processes remains unknown.

5. ORGANOFUNCTIONAL ORGANOMERCURY COMPOUNDS

A. Highly Halogenated Organomercurials

Reference already has been made to some compounds of

this class in previous sections:

C¢Fs-Hg compounds (18, 23, 30, 43, 53)
C¢F,H-Hg compounds (30, 147)
C¢Cl;-Hg compounds (30, 148)

Halomethyl-mercury compounds (Section 3C)

The action of magnesium metal in THF on bis(3-bromo-
tetrafluorophenyl)mercury resulted in two modes of reaction, metal

displacement and Grignard reagent formation (155):

F Br F Br
M 80
7 N\ E 9 ¢ 2 Mg F) + Hg
_ THF 5
2 1(20%)
F F F F
H,0
E H F MgBr F Br
Fl 120 Hg F H F
2 2
F E F F F F
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Also i'eported was:
THF
(CeFs)Hg + Mg ————> (C4¢F5),Mg + Hg
Me,SiCl

Me3SiCGF5

B. Carboranyl-Mercurials

New organomercury derivatives of carboranes have been

described:

MeHg CH,F

/

\O (via the Li reagent (156) )
Blotie

1,6- and 1,10-PhCBgHgCHgMe and (PhCBzHC),Hg, via PhCBgH CLi
(157), and organomercury derivatives of phospha-and arsacarboranes,
"m'- and ""p*'-MeHgCB,¢H,,P and MeHgCBH;0As, prepared via
LiCB,oH,cP and LiCB;,H,,As (158).

C. Metallocene-Mercurials

Mentioned in previous sections has been the synthesis and
reactions of various ferrocenylmercurials (14, 39, 49, 50, 51).

Ruthenocenyl-mercurials have now been prepared (159):

@_ B(OH), @—HQCI
HgClz

Ru

Na,S, 05

=)
oY
SEE)
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In contrast, reaction of ruthenocene with alcoholic mercuric chloride
gave (C;H;),Ru. HgCl,. The same adduct was obtained on treatment
of ruthenocene with mercuric acetate in acetic acid, followed by
addition of KCl solution, together with an insoluble material which
treatment with sodium thiosulfate converted to C,¢H,;sRuHg.

The action of chromium hexacarbonyl on diphenylmercury

gave in 70% vield (160). Reactions of this complex were

HgClt
cr

studied:

cr Cr
/C/clz\c C/cl: c (o
7 I N &Ny g >
u il o) \
26 @
. Cr + HgCL2
L|A1H4 (CO)3
@ + +Hg©
Cr
(€O,

D. Organomercurials with Keto Functions

Various mercurials containing organic substituents with C=0
functions have been mentioned in previous sections (41, 52, 53, 106).
Full details have been reported by Musso et al. (161) of
their studies of mercury(lI) derivatives of 1, 3-diketones. IR and

NMR studies showed these to involve C-Hg rather than O-Hg linkages:
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¥
O=C H
\C/ R
Vi 1
0=C Hg C=0
! ~_.~
R C (R=Me,
VAN
H G=0 Me,;C)
R

Final confirmation was provided by an X-ray crystal structure
determination of bis(dipivaloylmethane)mercury (Fig. 2). Mercury-
oxygen interaction occurs between neighboring molecules, as the
k;ond distances given in Fig. 3 indicate. Two of the compounds dis-

cussed by Musso et al. were reported independently by other workers

(162):
Q O
i il
/C\I;I/C\ (X = OAc and CI1)
Me;C C'I CMej
HgX

Compounds of type RC(O)CH,HgCl were found to react with

potassium diphenylphosphide to give Ph,POC(R)=CH, (163).

E. Organomercurials with Nitrogen-Containing Functions

Aminomercuration and azidomercuration reactions provide
mercury compounds of this type (Section 4A).
Bis(trinitromethyl)mercury forms 1:1 complexes with a wide
variety of Lewis bases (164). Those with dioxane and THF were
found to be the strongest, those with nitroalkanes and acetonitrile
among the weakest. Pyridine reacted to form an ionic product,
[py,Hgz*] [C(NO,); 1, The aqueous solution chemistry of bis-

(trinitromethyl)mercury involves ionization:

+. -
Hegl C(NO,);], ——— 'HgC(NOQ,); + C(NO,),

g2t + C(NO,),”
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Oc
Qo
—ebsin X

-0

H

4

” l -SA

Figure 2. Structure of Bis(dipivaloylmethane)mercury. (Musso
et 2l., Chem. Ber., 105 (1972) 3067)

X 2— 1—12
X 11— 1—13
X 9-—10—102
X 101 —10—103

X 4—5—52
X 53 —5=51
X 7—6—62
2 63—6~61

Figure 3. Bond aistances and angles in Bis(dipivaloylmethane) ~

mercury. (Musso et al., Chem. Ber., 105 (1972) 3067)
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and hydrolysis:

EE .
HgC(NO,); + H,0 —— HOHgC(NO,); + H"

From the first apparent hydrolysis constant, Ky for HOHgC(NO,); was
calculated to be 5. 6x10 %2 (165). Also determined were the apparent
dissociation constants of Hgl C(NO,);1, in DMF, CH;CN, Me,CO,
MeOH and EtOH. In contrast to the ionization of this compound
observed in these organic solvents, Hgl CF(NO,),], was found to be
practically unionized under the same conditions.

The reaction of LiCH,CN with mercuric chloride in THF gave
a white, air stable solid which was insoluble in all common solvents
(166). IR spectroscopy showed that Hg-C, C-H and C=N bonds were
present, hence it is likely that this material is a polymer with

coordination of nitrile nitrogen to mercury-

F. Olefinic Mercurials

In previous sections mention has been made of:
vinylic mercurials (8, 9, 14, 35)

other alkenylmercurials (22, 34, 37)

The Wittig reaction of mercurated phosphorus ylides with
aldehydes is a novel route to vinylic mercurials (N. A. Nesmeyanov,

Kalinin and Reutov, 1969):

VA VA
/s V4
(Ph3P=C\ ,Hg + RCH=0 ——> PhPO + (RCH=C\ LHg

(z = CO,Me

_ and CN)

In further work (167), ylides and have been prepared. |27 '

was not sufficiently nucleophilic to undergo a Wittig reaction, but
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C(O)Ph /c(o) Ph
(PhyP=C_ ):Hg (PhjAs =C_ ):Hg

did react with p-nitrobenzaldehye to give the expected vinylic
mercurial. NMR studies established the stereochemical course
of such Wittig reactions.

The question of geometric isomerization at the C=C bond

in PhC(O)CH=CH-Hg compounds has been examined (168):

PhC(O)\C=c/HgI 1 PhC(O)\C:C'/>Hg
e ~ 7 ~N
H H Hgl, H H/,

HC1 PhC(Q) _HgCl
H H

No isomerization occurred during the conversions indicated above or
when the compounds were heated in organic solvents. However,
when they were kept in ethereal solution in diffuse sunlight, slow
conversion to the less soluble trans isomers occurred. (Detailed

NMR studies provided the basis for the isomer assignments.)

6. C-Hg BOND REACTIONS OF ORGANOMERCURIALS

The second step of the solvomercuration-demercuration
sequence (Section 4A) involves reduction of the Hg-C bond
{ —> H-C) with sodium borohydride in basic medium. Previous
workers provided convincing evidence that this reduction involves a
free radical process (cf. the organomercury annual surveys of the
previous two years). Further work on the NaBH, reduction of

organomercurials is in agreement with a free radical mechanism.
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A noncage process seems indicated since such reduction of
Ph;CCH,HgCl in the absence of oxygen gave mostly rearranged

product (169):

NaBH,, OH~
Ph,CCH,HgCl > Ph,GHGH,Ph + PhyGCH, + Hg

(92%) (8%) (99%)

When this reduction was carried out in the presence of oxygen, the

intermediate free radicals reacted to give alcohols:

NaBH,, OH ; O,

PhyCCH,HgCl > PhyCCH, + Ph,CHCH,Ph
(13%) (3%)
+ Ph,C(OH)CH,Ph + Ph;CCH,0OH
(58%) (19%)

The reduction of this mercurial with lithium aluminum hydride,
NaA1H,(CH,CH,0OMe), and souium amalgam gave only unrearranged.
product, Ph;CCH;, in nearly quantitative yield. This suggests that
these reactions do not involve intermediate free radicals. The

sodium amalgam reduction of l29l. l30 L |31J, lzl: and

in alkaline D,0 gave products with stereospecific retention during

H.__HgOAc H___HgCl HO HgCl
= OAc ‘ OAc erj\\@

EE
OCH;,
h OCH, OCH,
HgCl HzCl
- .

HgCl

[32] |
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replacement of HgX by D (170). Reduction of these compounds, as

well as of , with NaBD, in alkaline medium gave the same

oo 2

products as did Na/Hg, but without stereospecific deuterium incor-
poration. For the sodium borohydride reduction a radical chain

process was favored:

RHgX + BH, ——3 RHgH
RHgH —> R- + Hg + H-
R- + RHgH ———> RH + RHg-

RHg. —> R- + Hg, etc.

while the sodium amalgam reduction was suggested {170) to proceed
via a mechanism involving two closely linked one-electron transfer
steps at the amalgam surface, followed by hydrolysis of the anionic
intermediate:

Na -
RHgCl + Na ——>> NaCl + RHg- ——> RHg

4,0, OH~

Hg + RH
The last step would be expected to proceed with retention of
configuration, in analogy with known organomercury chemistry.
Crotylmercuric derivatives, CHCH=CHCH,HgX (X = Cl, Br,
OAc), reacted with sodium borohydride and with trimethyltin
hydride to give l-butene as sole organic product (171). As possible

mechanisms, an SNi’ and an SNZ’ pathway were suggested in view
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7 Hg P
H \cu{, H \'CH?_
g " ‘ i’)
H /H Hg
H3B , (l
-z 7’ X
SNI SNZ

of this high specificity, which is not indicative of free butenyl
radicals. In aqueous THF, sodium borohydride was found to
convert benzylmercuric chloride to dibenzylmercury. Partial
reduction could be achieved with tetramethylammonium borohydride
and complete reduction to toluene with trimethyltin hydride.

The polargraphic reduction of CF3CH(HgCl)CH,OMe, CF;-
CH(HgCl)CH,OH, Hg[ CH(CF;)CH,0OMe], and GF;CH(HgCl)CH,O0Ac
has been studied (172). Processes proceeding via RHg- radicals
led either to symmetrization or to fragmentations, giving a
fluoroolefin.

Radicals also are generated in the thermolysis of organo-
mercurials, and in this connection we note the generation of the
neophyl radical by pyrolysis of dineophylmercury (32):

235°
(PhCMe,CH,),He ——————> PhCMe; (29-3%) + PhCH,CHMe, (12.5%)

in heptane
+ PhCH,CMe=CH, (12.1%)

+ PhCH=CMe, (8.3%) +
(PhCH,CMe,), (21.2%) +

other dimers (< 0.1%)

Reactions of organomercurials with oxidizing agents also
have been investigated. Ozonolysis of R,Hg and RHgX compounds

was the subject of a thorough study by Waters et al. (173). Primary
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alkylmercurials gave carboxylic acids; secondary alkylmercurials,
ketones; tertiary alkylmercurials, alcohols. 1In addition to the
major process of C-Hg bond cleavage, some C-C cleavage also

occurred (Table 10). Kinetic studies also were carried out; a

concerted process, , was favored. The action of tert-butyl

B mE;

o

/N 1 lg—Cl

: x
51 i
O 1

hydroperoxide on dialkylmercurialgs (174) and alkylmercuric chlorides
{175) resulted in formation of a wide varieiy of organic products,
probably via radical processes.

Another reaction that has been much used in organomercury
chemistry is solvolytic demercuration as a source of carbonium

ions:

HOAc, HY . )
RHgOAc > R + OAc + Hg

solvolysis
products

Two groups have reported examples of ring expansions in such

processes:
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TABLE 10.

Reaction of Ozone with Alkylmercurials (Ref.

D. SEYFERTH

173)

Organomercurial Reaction
Temperature, °C

Inorganic
Products

Organic Products

CH 3CHzCH2HgB1‘ 10
CH 3CH 2CH2HgBI' 0

(CH 3CH2CH2) 2Hg . 10
(CH:CHzCHz) 2Hg 0
(CH;CH:CH:) gHg —76

CH;(CHz)ngBI‘ 10
CH; (CHz) 5HgBl' 10

[CH.,(CH.):)-Hg 10

[CH,(CH,)s].-Hg 0

[CH:(CH.);:]-Hg —76

(CH;);CCHHgCl 10

459, HeCl,
35% Hg.Cl:
20%, HegO

449, CH,CH,COOH
549, CH,COOH

489, CH,CH,COOH
509, CH,COOH

64%, CH,CH,COOH
2097, CH;COOH
15%, HCOOH

67% CH,CH,COOH
199, CH,COOH
149, HCOOH

7297, CH,CH.COOH
169, CH,COOH
1297, HCOOH

309, CH4(CH,),COOH

40%;, CH4(CH.);COOH

109, CH,(CH.),COOH
5%, CH,COOH

309;, CH,(CH,),COOH
409, CH4(CH.);,COOH
109, CH;3;(CH,).COOH
5¢, CH,COOH
509, CH4(CH,).COOH
2597, CH;(CH,);COOH
10% CH4(CH.),COOH
10% CH.CH,COOH
59 CHIC00H
709, CH,;(CH,),COOH
109, CH3;(CH,)COOH
59, CH3;(CH,).COOH
<59, CH;COOH

809, CH;(CH.),COOH
59, CH3(CH,);COOH
< 5%, other acids

— (CH,).CO
— (CH,;);COH
— (CH;3);CCOOH

{continued)
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TABLE 410 (Continued)

Organomercurial Reaction Inorganic Organic Products
Temperalure, °C Products
(CH,),CH(CH,):HgBr 10 = — Complex mixture
(CH;),CHHgCl 10 779, HgCl. 799, (CH3).CO
2397, Hg.Cl. 199, CH;COOH
[(CH.).CH].Hg 10 559, HgCl,  89% (CH,).CO
359, Hg.Cly 109; CH.COOR
SR ey
389, HOOC(CH.)«COOH
HgCl o
o - (X
)
,/OCH;, OCHgs
(CH,);CHg(Cl 10 —_ 509% (CH,);COH
229%, (CH,).CO
289, HCOOH
HOACc
NaClO,
QCHzHgOAc OOAC (88%)
118°, 24 h
(ref. 176)
QCHZOAc (2. 6%)
O(CHB (3. 8%)
OAc
CH, cH,
F
6‘ QAc Q- QAc
(2. 5%) (2.9%)
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' same ’
» CH,HgOAc —— > OAc (21%)
conditions

(ref. 176)
O—CHZOAC (21%)
CH.
QAc
CH,
QAc (12.5%)
HQOAc
Q 0.0IMHCIO,
CH,HgOAc
80°. 2h = QOAC (> 95%)
(ref. 177)
O e

Such solvolytic demercuration was much more facile with cyclo-

hexylmercuric acetate (177):

(90%)
HOAc

0. 0IMHC1O,
HgOAc
2h, room temp
Q c (1070)

(75% total yield)

Other reactions of organomercurials to be noted include the

following:

The interesting B H abstraction from alkylmercurials by

triphenylmethane derivatives has received further study by Reutov
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et'al. (178). With appropriate R,Hg compounds (R = n-C;H,,
i-C4H,, sec-CuH,y, C,H), Phy,G Y™ (Y = ClO,”, BF,”, HgBr;")
reacted as shown:

+ _ CILCH,CH,Cl :
(RR'CHCH,),Hg + Ph,C Y > RR'C=CH, + Ph;CH

With trityl halides, alkylation products, Ph;CCH,CHRR', also were
formed, in small amount when Y = Br, in larger amounts when

Y = Cl. With trityl iodide only triphenylmethane was produced.
The reaction rate was found to increase as the ionic nature of the
trityl compound increaséd, for Y in Ph;CY, in the following order:
BF~HgBr,”I>Cl. Added halide ion was found to retard these

reactions of the trityl halides. Polar solvents facilitate such 8 H™

abstraction. A mechanism involving Ph3C+ as the active agent is
indicated.

Wurtz-type reactions of diorganomercurials with reactive
organic halides have been found to occur in the presence of aluminum
halides (179):

AlX,
Ph,Hg + RX ———> Ph-R + PhHgX

C HClL, (35-60%)

(RX = CH,;O0CH,Cl, EtBr, Ph,CHBr, PhCH,Br, p-O,NCH,CH,Br)

AlX,
(PhCH,),Hg + CH;1 ————> PhCH,CH; + PhCH,HgI

AlX,
n-Bu,Hg + PhC(O)CH,Br ———> PhC(O)CzH -n

AlBr,
Ph,Hg + p-ZC¢H,S0,C1 ———> p-ZC¢H,S0,Ph (Z = Me, H, Br)

The mechanism of these reactions remains unknown.
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Abnormal byproaucts whic‘h appear to be solvent-derived
have been detected in the bromodemercuration reactions of benzyl-
mercuric chloride, cyclohexylmercuric bromide and cyclohexyl-
carbinylmercuric bromide (180).

Sulfur trioxide insertion into the C-Hg bonds of R,Hg
(R = Et, n-Bu, Ph, p-MeC.H,, p-ClCH,) and RHgBr compounds

was found to be a facile process (181):

CH,Cl, or CICH,CH,GCl
R,Hg + SO, (or SO;- dioxane) >
-30° to 20°

Hg(O;SR), {up to 99%)

Various conversions of RHgX to R,Hg (symmetrization reactions)
‘have been described in the past year. A new and useful procedure
for such a conversion was developed by Brown and Buhler (7) as a
result of a systematic evaluation of methods for RHgX symmetriza-

tion:

Zn dust in THF
RHgOAc > R,Hg
Lewis acid

The Lewis acid used may be BF;- OEt, (25 mole % for good resuilts),

but in the one-pot sequence:

BH;, THF Hg(QAc),
RR'C=CH, ——————> (RR'CHCH,);B —————= RHgOAc + B(OAc);

j Zn dust

R,Hg
an added Liewis acid is not necessary, boron acetate servirng that
function. The following overall yields were achieved by this proce-

dure:
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CH,CH,CH=CH, —————> (CH;CH,CH,CH,),Hg  (88%)

Me,C=CH, —>  (Me,CHGCH,),Hg (90%)
n-C;H,,CH=CH, ————— > (n-C;H,;5),Hg (70%) .
Ph,C=CH, > (Ph,CHCH,),Hg (65%)

A patent reports that if CO, is bubbled into a mixture of
metallic magnesium and phenylmercuric bromide in THF medium
at refiux (3 hr), diphenylmercury (76%) and metallic mercury (50%)
are prodiced (182). Di-n-butylmercury was prepared from a
butylmercuric halide in 41% yieldiby this procedure.

Treatment of CF3;CH,CH,HgCl and (O,N);CCH,CH,HgCl either
with an excess of potassium cyanide or potassium iodide resulted
in symmetrization to the respective R,Hg compound (183). The
authors considered the possibility that in these reactions 8-
elimination of the relatively stable anions, CF; or {O,N);C”, might
take place, but such was not the case.

Two groups have provided more information concerning
mercury atom exchange between diarylmercurials and between
organomercurials and metallic mercury. For the reaction:

35-60°
Ph,2%Hg + (p-ClCgH,),Hg ———> Ph,Hg + (p-ClCH,),2%Hg

an octahedral transition state was proposed on the basis of a

kinetic study and observed solvent effects. However, such mercury
atom exchange between diphenylmercury and PhHgX compounds

(X = Cl, OAc, OH, OPh, OBz) was even more facile and the
possibility that the exchange proceeds via the ArHgX impurities

in the Ar,Hg/Ar',Hg system thus was a very real one (184). A
galvanostatic technique served to indicate that the mercury

exchange reaction between diethylmercury and metallic mercury

References p. 156



132 D. SEYFERTH

proceeds via organomercury radicals (185):

3
Et,Hg +Hg* = EtHg- + EtHg- —= Et,Hg¥* + Hg

Further work using this approach showed that relative stabilities of
RHg- radicals to such disproportionation decreased in the order
RHg- > ArHg- > ViHg- >> PhCH,Hg-, with lifetimes of such radicals
on a mercury surface ranging from less than 1074 sec (benzyl) to
5x1072 sec (alkyl) (186).

Phenyl group exchange between diphenylmercury and di-
Phenylthallium bromide in pyridine was the subject of a kinetic

study using !*C labelling (187). A bimolecular S_i transition -

E
state, » was proposed.

Ph
Ph
/ + -
S Hg T e———3
\ Ph/
Ph
37

7. MERCURY-FUNCTIONAIL MERCURIALS

Anion exchange equilibria between methylmercuric acetate and
phenylmercuric thiophenoxide in pyridine, DMSO and chloroform

have been studied by NMR spectroscopy (188). For the reaction:

MeHgOAc + PhHgSPh ——= MeHgSPh + PhHgOAc

K = 0.5 in pyridine, 0.4 in DMSO and 0.15 in chloroform at 22°.
Halogen exchange was found to occur between organomercuric

halides and various organic halides, e.g., between t-butyl bromide
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and methylmercuric chloride (189). It appears that the tendency
in such exchanges is to form the organomercuric halide with the

higher stability constant.
Some new organomercury peroxides, i-PrHgOOCMe,FPh and

EtHgOOCMe;, were found to be relatively stable at 0-10° (190).

The preparation of (191) and the use of mercury mer-

(Ph s),Hg
o? o)

captides in synthesis (192):

M,(CO),&¢~ + Hg(SR), —=> 2 M(CO);SR™ + Hg

(M = Cr, Mo, W)

is to be noted.

Organomercury selenides have been studied (193):

(Et;Si),Se + EtHgCl ————> [EtHgSeSiEt;] + Et;SiCl

}

{EtHg),Se + (Et;Si),Se

Decomposition of bis(ethylmercuri)selenide gave mercuric
selenide and diethylmercury.

The preparation of a mercury derivative of a carbodiimide,
(PhN=C=N),Hg, has been described (194). Bis[bis(trifluoromethyl)-
aminooxylmercury was found to react with a perfluoroimine (195):

G (c F3)ZNOCFZ\

[(CF;),NO],Hg + CF3N=CF, —> Hg
CF3,

2
Exchange reactions between some substituted N-methylbenzene-

sulfonamides and their N-phenylmercuri derivatives were studied
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by !H NMR spectroscopy (196). Among the exchange processes
observed, in some cases metal-metal exchange was faster than
Proton-proton exchange.

Some new mercurials containing mercury-transition metal

bonds have been isolated, but none of these was very stable.

_ CH,Cl,
[v(cokLl + EtHgCl ————> EtHgV(CO)L (ref. 197)

(L. = CO or PPh,)

_ CH,Cl,
{Ta(CcO);L] + EtHgCl ————— > EtHgTa(CO)L (ref. 197)

(L. = CO or PPh,)

_ CH,Cl,

[Nb(CO);PPh;] + EtHgCl —————= EtHgNb(CO);PPh; (ref. 197)
~ THF

[Rh{CO),PPh,I” + RHgCl ——————> RHgRh(CO),PPh, (ref. 198)
THF

[1r(CO);PPh;]” + RHgCl ——————> RHgIr(CO);PPh, (ref. 198)

(R = Ph, p-CH,;CsH,, PhCH,)

The rhodium and iridium compounds are air, moisture and light
sensitive, decomposing as follows:

light
2 RHgIr(CO),PPh, — > [Ir(CO),PPh,],Hg + Hg + R-R

i.e., a reaction more complicated than simple disproportionation.

Me;SnMo(CO);G:H;~-g + RHgGl ——> RHgMo(C0);C:H;-T + Me,SnCl

(R = Me, Ph) (ref. 199)

Me,SnW(CO);CsH,-7 + MeHgCl —> MeHgW(CO0);C:Hs-1 + Me;SnCl
(ref. 199)

These molybdenum and tungsten complexes decomposed via dis-

proportionation rather readily:
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2 RHgM(CO);CsH;-1 —>  R,Hg + Hg[M(CO);CsH;-m),

Analogous RHgMn(CO); compounds were even less stable and could

not be isolated (200):

2 Me;3SnMn(CO); + 2 PhHgGCl ——= 2 PhHgMn(CO); + 2 Me;SnCl

v

Ph,Hg + Hg[Mn(CO);],

A novel mercury-titanium derivative, [{m-C;H;),TiPh;L,Hg, has been
prepared by Razuvaev et al. (201) by reaction of [ (7-C;H;),TiPh,]Li
with mercuric chloride in 3:1 Et,O/THF at -40°. The compound
was thermally unstable, decomposing at room temperature to give
diphenylmercury and (7-CsH;),TiPh,. Its reaction with methanol

at -40° resulted in formation of (7-C5H;); TiPh,, benzene and mer-
curic methoxide. Reaction of (7-C3H;), TiPh, with diphenylmercury
at 60° in ethereal medium caused reduction of the latter to metallic
mercury and of the titanium compound to "(CgH;), Ti".

Some work has been devoted to coordination complexes of
organomercurial ions and molecules.

The ions CH;Hg- py+ and CH3HgNH3+ resulted when methyl-
mercuric perchlorate was dissolved in pyridine and liquid ammonia,
respectively, according to Raman spectroscopic measurements
{(202). Methylmercuric iodide also gave CHBHgNH3+ upon solution
in liquid ammonia, but when dissolved in pyridine, resulted in the
neutral iodo complex. A variety of nitrate and tetrafluoroborate
salts of complex organomercury cations has been prepared and

studied by Raman, IR and NMR spectroscopy (203):

[(Me,P-HgY1™ (Y = CH,, CN, Cl, Br, 1); [Me,As-HgY]? (¥ = CH,, cl);

[(Me,P),Hgl2*; [(Me;As),Hgl2T; [Me,S-HgCH,1%; [py-HgGH,]1 7,
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. mostly via:

CH;HgI + AgMO,;-L
or cH,HgL  NO,” + Agl

CH;HgNO, + L

Anion exchange studies on CH;HgCl in aqueous HCI and LiCl
solutions suggested the retention in the resin phase of the complex
anion CH;HgCl;?2 . Stability constants for this species and for
CH3HgCl,  were determined (204). Laser Raman, IR and NMR
studies have established the formation of CH;Hg(SCN);2™ in the
CH;HgSCN/SCN~ system. These spectroscopic measurements
suggested that this species is an ion-dipole complex rather than a

predominantly covalent one (205).

8. MERCURY-GROUP IV COMPOUNDS

Among interesting new compounds of this class reported in
1972 are:

Optically active (but not optically pure) bis(methyl-1-
naphthylphenylsilyl)mercury as a brilliant lemon-yellow solid (206):

130°
2 Me(1l-Np) (Ph)Si*H + (PhCH,),Hg —> [Me(l-Np)(Ph)si],He

+ 2 PhCH,

This compound racermized without decomposition when heated teo
150°. Preliminary evidence suggested that the photolytic and
oxidative demercuration of this silylmercurial occur stereo-
specifically.

Bis(triphenylsilyl)mercury (207):

125-130°
2 Ph;SiH + (PhCH,),Hg ——— > (Ph;5i),Hg + 2 PhCH;
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Its chemical transformations were studied briefly:

250°
(Ph,Si),Hg ——————>> Hg + 2 Ph,Si-

Ph,SiSiPh,

(+ other products)
(Ph,si),Hg + O, —————> Ph,SiOSiPh, + Hg
(Ph,si),Hg + 2H,0 ——————3 2 Ph;SiOH + H, + Hg

Bis[ tris(pentafluorophenyl)silylJmercury (208) and the
analogous germyl derivative (20?):
150-170°
2 (CeFs),8iH + [(Me,Si),NLHg —>
[(CeF5)3Sil,Hg + 2 (MeySi),NH

100°
2 (CeFs);GeH + R,Hg ————>> [(C¢F;);Ge],Hg + 2 RH

(R = Et, (Me;5i),N)
100° )
(Et;Ge),Hg + 2 (CeF35);GeBr ———> [(C¢F;);Gel,Hg
+ 2 Et;GebBr
100°
[(C¢F5)3Gel,Cd + Hg ——>> [(G¢Fs)3Gel,Hg + Cd

also:
100°

(C¢Fs);GeH + Et,Hg ——>> EtHgGe(GyF5); + CyHg

The kinetic stability of [{C,Fs),SiL,Hg was greater than that of
[(CHs);Si]1,Hg. Thus, temperatures of 70-75° were required in
order for its oxidation with molecular oxygen to proceed at an
appreciable rate, and its reaction with benzoyl peroxide required

prolonged heating:
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toluene, 70°

[(C¢Fs)sSil,Hg + Bz,0, > 2 (C4F5);SiOBz + Hg -

The (CyF;);Si- radical formed in its photodegradation was observed
to show marked preference for H atom abstraction (rather than for
dimerization). Reaction of this silylmercurial with bromine gave
(C¢F5)3SiBr, with mercuric chloride, (C4F;);SiCl via decomposition
of intermediate (G¢F;),SiHgCl.

Full details have been provided concerning the first stable
stannylmercurial, [(Me;SiCH,);5n],Hg (210) (cf. J. Organometal.
Chem., 41 (1972) 248). Its reactions may be summarized as

follows (with R = Me;5iCH,):

150°
_

+ 0, >

(R,Sn),Hg Hg + Sn + R,Sn

(RsSn),0 + Hg
+ BrCH,CH,Br—>

+ 2 EtBr (UV)}—m>

2 R;SnBr + C,H, + Hg

2 R;SnBr + Et,Hg

+2 Li—m >

+ HgX, ——————=>

(X = C1, CH,CO,Me,
PhC=C, Co(CO),)

+ Hg{ CF(CF;5),1,—>

2 R;SnLi + Hg
2 Hg + RySnX
(via R3;SnHgX)

Hg + 2 RySnF + 2 (CF;),C=CF,
(via RySnHgCF(GF,),

An intermediate (Me;SiCH,);SnHgGeEt;, which decomposed to give

mercury and (Me3SiCHZ)3SnGeEt3, was generated by reaction of bis~

(triethylgermyl)mercury with (Me;5iCH,);SnCl (210). Compounds of

type R;SaHgCMe; (R = Me, Et), in contrast, were quite unstable

and extremely sensitive to light and atmospheric oxidation (211).

They were prepared via:

Me;CHgSiMe; + R;SnOR’

——>» Me;CHgSnR; + Me;SiOR'
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and isolated as unpurifiable yellow oils. Evidence (chemical and
observation of CIDNP) was presented which showed that they
decompose by a free radical pathway. This same general prepara-
tive route has been used to prepare mixed Group IV mercurials
(212):
(Me;Si),Hg + Me;GeOMe ——> Me;SiHgGeMe; + Me;SiOMe
(Me;Ge),Hg + Me;MOMe -——> Me3;GeHgMMe; + Me;GeOMe
(M = Si, Sn)

These unsymmetrical mercurials are in equilibrium with the
respective pairs of symmetrical mercurials, as NMR studies
showed. These equilibria were found to be independent of
temperature in the range of -30° to +37°, implying that AB~O.

Some calorimetric studies (213) have provided the following

thermochemical data:

AH (1) AH[(g) D(M-Hg) kcal/mol
(Et;Si),Hg 4241 28+1.5 2043
(Et;Ge),Hg 3141 16+4.5 843
(iPryGe),Hg 734 60+.5 1743

Further and more extensive studies of the chemistry of silyl-
and germyl-mercury compounds have been reported.
The autoxidation of EtHgSiEt; was found to be a free radical
process (214):
Initiation:
2 EtHgSiMe; —> Et,Hg + Et;SiHg- + Et;Si-
Chain Propagation:
Et;Si- + 0, ——> Et,Si00-
Et;S5iHg: ———> Et,Si- + Hg
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———> Et;SiOHgEt + Et;SiO-
Et,Si00- + EtHgSiEt,—|

L—> @®t,si),0 + EtHg-

Et;510- + EtHgSiEt;, ———3 (Et.5i),0 + EtHg-
EtHg- + O, ———> CH,CH=0 + HOHg"

HOHg- + EtHgSiEt; ———> Et;SiOH + EtHg- + Hg
2 Et;8iOH ———> (Et,;Si),0 + H,0

The rate of autoxidation of (Et;Ge),Hg was accelerated by addition
of large amounts of tert-butyl alcohol (215). Oxidation of (Me;Si),Hg
also could be effected with lead tetra-acetate (216):

benzene, 60°
(Me;Si),Hg + Pb(OAc), > 2 Me;SiOAc + Hg

+ Pb(QAc),

The insertion of sulfur and selenium into silyl- and germyl-

mercury bonds was found to occur readily at 0-20° (217), e.g.:

(Et3Si),Hg + 1/8 S ————> Et;SiHgSSiEt,
EtHgGeEt; + 1/8 Sey — > EtHgSeGeEt,

Also prepared in this manner were:
Et;GeHgSGeEt,, Et;SiHgSeSiEt;, Et;GeHgSeGeEt;, EtHgSSiEt,,

EtHgSeSiEt;, Et;GeSeHgSiEt;, Et;GeSHgSiEt;, and others.

Their photochemical decomposition proceeded with extrusion of
mercury, e.g.:

uv
Et,SiHgSSiEt; ————> Et;SiSSiEt; + Hg

Lithium metal also effected their cleavage:
Et;SiHgSSiEt; + 2Li —> Et,;SiLi + Et,SiSLi + Hg

EtHgSSiEt; + 2Li ————> EtLi + Et;SiSLi + Hg
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The silyl- and germylmercurials also react with disulfides and

ditellurides, but give mercury-free products (217):
UV or 50-95°
EtSSEt + (Et;Si),Hg > 2 Et;SiSEt + Hg
20°
EtTeTeEt + (Et;Ge),Hg ——————> 2 Et;GeTeEt + Hg

With triethylsilylhydroselenide and -hydrotelluride, bis(triethyl-

germyl)mercury reacted very readily as shown below (193):

hexane, -20°

Et;SiSeH + (Et Ge),Hg > Et;5iSeHgGeEt; + Et;GeH
hexane, -78°

Et;SiTeH + (Et;Ge),Hg > Et;SiTeHgGeEt; + Et;GeH

and:

hexane, 50°

2 Et;SiYH + (Et;Ge),Hg > (Et;SiY),Hg + 2 Et;GeH

(Y = Se or Te)
Triethylsilylhydrosulfide requires more drastic conditions:

70°
Et;SiSH + (Et;Ge),Hg ——> I,SiSHgGeEt; + Et;GeH

The compounds Et;SiYHgGeEt; (Y =S, Se, Te) could be isolated by

low temperature crystallization techniques but decomposed at 20° to

give Et;SiYGeEt; and elemental mercury.
Bis(triethylgermyl)mercury was found to react with bis-

(polyfluoroalkyl)mercurials as follows (218; 219):

(Et;Ge),Hg + (Ry);Hg ———>> 2 Et;GeHgR

=]

(R; = CF;, CF(CF3),, CH,CF;, CHFCE,, C,F;,

f

C FCICF;, CH(CF;); )

In some cases (Rf = G(C¥F;);, CHFCO,Et, CF,CO,Et, CFCICO,Et,

CF(CF;)CO,Et), products of type were not stable, decomposing
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instead to give metallic mercury and the germanes Et;GeRf. Such
decompodtion of the stable Et_.,GeHng compounds could be induced by .
a catalytic quantity of cesium fluoride at room temperature. .
. The reaction of bis(triethylgermyl)mercury with trityl
chloride is believed to proceed via a four-center mechanism (220):

toluene
(BEt;Ge),Hg + 2 Ph;CCl —— > Hg + 2 Et;GeCl + "PhC,"

With triethyltin compounds, the following reaction took place (221):

uv
{Et;Ge),Hg + Et;SnY ———> Et;GeSnEt; + [Et;GeHgY]

(Y = Cl, OMe, OAc, CN,

NEt,, CH,Co,Me]}
Et,GeY + Hg

also:

uv
" 2 (Et;Ge),Hg + Et,SnY¥, ———>» (Et;Ge),SnEt, + 2 Et,GeY + 2 Hg

(Y = Cl, OMe)
Reactions of bis(trimethylsilyl)mercury with organic
substrates have been studied. Different types of behavior were

observed with carbonyl-containing compounds (222):

Reductive dimerization:

2 ArCH=0 + (Me,;Si),Hg —> ArCH—CHAr + Hg
]
Me;S5i0O OSiMe,

With aliphatic aldehydes there was no (or at best a slow) reaction,
but the more polar chloral did react:

00
CC1,CH=O + (Me,8i),Hg ——> Hg + [cc13cl:HOSiMe3]

SiMe,
CCl,=CHOSiMe,

+ Me;SiCl
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1, 4~Addition:

PhC-CPh + (Me,Si),Hg —> Sc=c
o

Ph _ OsiMe;

Me,Si0” “Ph

A similar reaction occurred with biacetyl when HMPA was used as

solvent.

1,4- and 1, 6-Addition:

EtO,C CO,Et benzene, 60°
Sc=c{ + (Me,51),Hg >
H H
OSiMe, OSiMe,
| !
HC=C-OEt HC=C-OEt
| + |
HC-SiMe, EtO-C=CH
| |
CO,Et OSiMe,
70% 1,4 20% 1,6
EtO,C H benzene, 60°
Se=c] + (Me,Si),Hg > only
H CO,Et

(EtO,C),C=C(CQO,Et), + (Me,Si),Hg

benzene, 60°

+ (Me,Si),Hg ——————>

(o]

Réferences'p. 156
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Me;Si0O '
EtOC=C-CQ,Et
EtO,C-C =(‘3 -0OEt
OSiMe,
SiMe,
SiMe,

+ Hg (in benzene)
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The authors appear to favor molecular rather than free
radical mechanisms for these reactions.

Reactions with heteroatom cumulenes were examined (223):

room temp.
[Ar-N=N-N(SiMe,),1? + Hg

}

ArN(SiMe,), + N,

v

ArN; + (Me,Si),Hg

HMPA
PhN=C=NPh ‘+ (Me,Si),Hg ———> Me3Si'.

PhN-C=NPh + Hg
SiMe3

(but no reaction with dicyclohexylcarbodiimide).

ArN=C=0 + (Me,Si),Hg ———> (Arl'\I——)ZC=O + Hg
SiMe;

(via a rather complicated
reaction course)

(No reaction was observed with ArN=C=8).

SiMe,
2 Ph,C=C=0 + (Me,Si),Hg ————>> thc-o;:[,-?=cphz
O OSiMe,
Ph,
]
+ Ph,C=C-C—C-SiMe;
o
OSiMe,
HMPA, 80°
O=C=0 + (Me,Si),Hg > Hg + CO + (Me,Si),0
HMPA, -10° JiMe;
S=C=S + (Me;Si),Hg > [S5=C-5-SiMe;] + Hg
(cs), + (Me;5i),S
-20°

SO, + (Me;Si);Hg ————>> Me;Si-0S0O-SiMe; + Hg
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Bis(trimethylsilyl)mercury was found to add to azo compounds

(224):

R R SiMe,
SN=N_ + (Me;Si)Hg ————> “N-N
R Me;Si”

(R = CO,Et, Ph, 2-C;H,N)

Reductive N-silylation occurred in the case of various aromatic

N-heterocycles (224):

2 N/ \ + 2(Me;Si),Hg ———= 2[Me;SiHg / NSiMe;]

The dimeric products were found to dissociate reversibly into very
stable free radicals when heated in the absence of air, and the
reaction of 4-cyanopyridine in benzene with bis{trimethylsilyl)-
mercury gave such a radical species directly (225). Reductive
dimerization on reaction with {Me;Si),Hg also was observed with

quinoline and isoquinoline. Pyrazine reacted differently (224):

7 \\ —

N N + (Me;Si),Hg —> Me,SiN NSiMe; + Hg
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For most of these reactions, the initial addition of (Me;5i),Hg as
| Me;SiHg—SiMe; is believed to be followed by rapid extrusion of
mercury from the product.

Bis(trimethylsilyl)mercury also is known to react with
fluoroolefins, and more examples of such reactions have been
reported (226):

uv
CF,=CFCl + (Me;Si),Hg ——>> Me;SiCF,CFCIHgSiMe,

UV or heat
MeySiCF=CFCl + Hg + Me,;SiF

A small amount of Me;SiCF=CF, also was formed, presumably via
reaction of (Me;Si),Hg at the C~Cl bond of CF,=CFCl to give
CF,=CFHgSiMe,; which undergoes subsequent extrusion of mercury.

Trifluoroethylene reacted more slowly with bis(trimethylsilyl)-

mercury:
CF,=CHF Me;SiHgCF,CFHSiMe; CF,=CHSiMe;,
uv
+ _— + —
(Me;Si),Hg Me,SiCF,CFHHgSiMe, CFH=CFSiMe,

Finally, we mention two new Hg-P compounds whose mode of
synthesis and reactivity justifies their inclusion in this section.
Bis(di-t-butylphosphino)mercury has been prepared (227):
80°
2 (Me;C),PH + Hg(CMe;), ———>> Hg[P(CMe;),], + 2 C4Hyg
This compound, a yellow-green solid, is air stable and can be
heated to 400° without decomposition. Its photolysis gives (Me,;C),P,

and metallic mercury. Other less bulky secondary phosphines
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reacted with di-t-butylmercury without giving isolable Hg(PR,),

intermediates:
OD
2 R;PH + Hg(CMe;), ——> R,P-PR; + Hg + 2 C,Hj,
Less stable than Hgl P(CMe;), ], is Hg{ P(CF;),1, (228):
2 (CFy),PH + (CH,=CH),Hg —> Hg[P(CF;),]1, + 2 C,H,
This compound inflames in air and decomposes to (CF;),P, and

elemental mercury on being heated. It reacts with (CFj),AsH to

give the less stable Hg[ As(CFy),],, whose decomposition provides

(CF;),As-As(CF;),.

9. STRUCTURAL, SPECTROSCOPIC AND PHYSICAL STUDIES

A. Structural Studies

The structure of cis-§ chlorovinylmercuric chloride has
been determined by electron diffraction in the vapor state (229). The
following bond distances and angles were recorded for this planar

molecule:

d(Hg-C1) 2.2730. 014 <Cl-Cc-C 123420
d(Hg-C) 2.14+0. 028 <C-C-Hg 1174°
d(Cc-C1) 1.6930. 024 <C-Hg-Cl  168.531.5°
d(c=C) 1.3310. 034

The Hg. . . Cl(cis) distance (3.27A) is such as to permit a weak Cl—Hg
interaction, but this study does not provide unambiguous proof for

such coordination.

Several X-ray crystal structures of organomercury compounds

have been reported.

Phenylmercuric acetate is composed of discrete molecules
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in the solid (Fig. 4) (230). The bond distances and angles are:
d(Hg-C), 1.92+0. 063, d(Hg-0), 2.1110.04A, <C-Hg-O, 170+2°. The
intramolecular C=0...Hg distance is 2. 854, and thus a CH,CO,
chelate structure is not present.

cis-8-Benzoylvinylmercuric chloride also does not show
evidence of significant O? Hg coordination (C=O. .. Hg distance, 2. 884)

(231). The structure is shown in Fig. 5.

@Hg OC @0

FIGURE 4. Structure of phenylmercuric acetate (B. Kamenar
and M. Penavié, Inorg. Chim. Acta, 6 (1972) 191)

FIGURE 5. tructure of cis—fa -benzoylvinylmercuric
chloride (L. G. Kuzmina et al,, Zh, Strukt,
Khim., 12 (1971) 1026)
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Full details of the structure of [(C4F;s),Hgl,- Ph,AsCH,AsPh,
have been provided (232). . The Hg...As interaction is very weak,
with d(Hg-As) = 3.4032A. This may be compared with the Hg-As
distance of 2. 60 and 2.82& in Br,Hg- o-(Me,As),C.H, (Powell et al.,
1966). 1In [(CgFs),Hgl,  Ph,AsCH,AsPh,, d(Hg-C) = 2.15+0. 04& and
2.0730. 044 and <C-Hg-C =176.24.2°.

The structure of the adduct CCl;HgCl-1,10-phenanthroline has
been determined (233). Two crystallographically independent mole-

cules were found to be present (Fig. 6).

Determination of the crystal and molecular structure of

s

unites and indicated a weak intermolecular Hg-N interaction (234).

mercury(Il) thiocyanate showed linear S-Hg~S and planar N=C

(A) (B)

FIGURE 6. Strusture of GCl;HgCl.1 ,10-phenenthroline
(A. D, Redhouse, Chem., Commun,., (1972) 1119)
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B. Spectroscopic Studies

i. Vibrational Spectra

The vibrational spectra of dimethylmercury (and of Me,Zn
and Me,Cd) (233) and of CH;HgSCH, (236) have been studied, and
force field calculations for CH;HgCl and CD;HgCl have been reported
(237). The infrared spectra of CLCH=CHHgX (X = Cl, Br) and
(C1CH=CH),Hg (238) and the vibrational spectra of liquid and solid
diallylmercury (239), the allylmercuric halides (X = Cl, Br, I)
in the liquid and solid state (240), dibenzylmercury (241), diphenyl-
mercury, diphenylmercury-d,;and the phenylmercuric halides
(X = Cl1, Br, I) (242) and the bis(halomethyl)mercurials, Hg(CH,X),
(X =Cl, Br, I) in the molten and solid state (243) have been reported
and discussed. IR evidence was presented supporting a charge-
transfer interaction between benzene and Hg(CH,X),.

Examination of the vibrational spectra of (CsH;),Hg and
(C5D;),Hg provided further confirmation that g-bonded cyclopent-
adienyl groups are present {244).

Raman and infrared spectra below 400cm” ! have been re-
ported for Hg(0O,CCH;),, Hg(0,CCD;),, NCHgO,CCH;, Hg(0,CCHs;),/
NaO,CCHj;, Hg,(0,CCHj;), and Hg,(0Q,CCD;), (245). The spectra of
mercuric acetate in aqueous solution were interpreted in terms of

a covalent molecular model.

ii. Nuclear Magnetic Resonance Spectra

To be noted are proton NMR studies of divinylmercury (246)
and the allylic mercurials CH,=CHCH,HgY, CH;CH=CHCH,HgY,
CH,=C(CH,)CH,HgY and PhCH=CHCH,HgY (Y = OAc and halide) (247).
Added mercuric halides had dramatic effects on the spectra of

allylic mercury halides (cf. Fig. 7) and this behavior was shown to
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be due to very rai)id redistribution proceeding via an SEi'—type

mechanism:
|
/CH\ ’C\
Ha(i) LCHa Haq/ eH,
I or : H ———
HgX ; :
Hg_ 9 X—Hg Hg—Xx
x=~ X RSl
x X
CH,==CH—CH,HgX + HgX,
YT SOt W P (b)
(a)
! t
i 1 2 ] f 1 1 1 1 |
6 5 4 3 2 1

(a). The 100 MHz spectrum of CH.,=C(CH,4)~CH:HgCl in CDCl,, showing broad resonances for
vinyl and methyiene protons; (b). The cffect of added HgCl,., with the emergence of a four-proton singlet.
The C-CH, resonance is essentially unaffected, and no '*”Hg coupling is visible.

Fig. 7. (From W. Kitching et al., J. Organometal Chem.,
34(1972) 233)

Also reported have been 2 ' and ¥3C NMR study of neo-
pentylmercury compounds (248), a 3C NMR study of C;H;HgCHj’
{249), the metal satellite NMR spectra of diethyl and dicyclo-

propylmercury (250) and heteronuclear double magnetic resonance

studies of 199Hg nuclear shielding constants in organomercurials

(Table 11) (251).
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TABLE 11. (ref. 251)

199Hg CHEMICAL SHIFTS FOR ORGANOMERCURY COMPOUNDS

Solvent
(concentration of the Chemical

organomercurial, shift
Compound mole/liter) (6 Hg)
Hg(CH;) neat 0
Hg( CZH5§ CCl,, 2 304
Hg(C.Ha). ccl,, 2 +210
Hg(iso-C3Hy), CCl,, 2 +597
Hg(C4H9)Z CCl,,2 +205
Hg(CgH;) CH,Cl,,1 +742
(C4H,)HE(CeFs) CH, Cl,,1 +829
Hg(CH,CgH;), CH,Cl,,1 +700
Hg(CH,COOCH;), CH,CI,, 2 +769
Hg(CH=CH,), CH,Ci1,,2 +648
Hg(CCl=CH,), CH,C1,,2 #1142

Particular attention has been paid to F NMR studies of
organomercurials: fluoroarylmercurials of type m- and p-FC/H,HgY
(Y = C=CPh, O,CCF;, CN, SCN, SPh, OPh, Cl, Br, I, OAc, NHAc)

(28), fluoronaphthylmercurials of type , and (252),

SORNGORCON
HgR

mercury derivatives of phenols and thiophenols of type m- and
p- FC,H,OHgPh and m- and p-FC¢H,;SHgR (R = Et, Ph, p-O;NG.Hy,

p-Me,NCH,, p-FCH,) (253) and and (254), and some
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o 8
SaTas

fluoroalkylmercurials, (C,F;),Hg, (CF;CFCl),Hg, (CF;CH,),Hg,

i

CH,

Br

(CF;CHF),Hg, [(CF;),CE],Hg and[(CF;),CH),Hg (255), and CF;-Hg
compounds (29). Most of these investigations were undertaken to
obtain information on the bonding in organomercurials, but strong
solvent effects appeared to limit the value of these studies. From
the results obtained in the case of the naphthalene systems (252),

it would appear that the aryl-mercury bond has a # component. In
the case of bis(polyfluoroalkyl)mercurials with C-F bondse( to the
mercury (255) and the mercurial (254), evidence was presented
for weak X~Hg (X = F, or Br in the case of ) interaction.

NMR spectroscopy has provided a useful means of configura-
tional assignment of oxymercuration products of cyclic olefins (256).
Another NMR study has considered the variation of vicinal 9Hg-1H
spin-spin coupling constants with dihedral angle (Table 12) as a means
of configurational assignments (107). A semiempirical MO study of
1994 g-1H spin-spin coupling has been published (257).

Bromine NMR relaxation measurements were used to deter-
mine relative stability constants and to define a softness scale for
RHg groups (258).

- . Wide-line proton NMR studies have shown that in the solid
state, cyclopentadienylmercurials, CsHsHgY (Y = Cl, Br, I, CsHjy),
undergo reorientation. Movement of the cyclopentadienyl rings
which involves a simultaneous rotation and distortion of the ring,
together with g-bond rupture and reformation, was suggested to be

the dynamic process occurring (259).
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iii. Nuclear Quadrupole Resonance Spectra

The quadrupole coupling constants of halogens in CH;HgX
(X = Cl, Br, I)in the vapor and in the solid state have been deter-
mined (260). A comparison of these data toget.her with a considera-
tion of the known X-ray crystal structure of CH;HgCl indicated the

presence of intermolecular R-Hg-X....Hg coordination.

C. Other Physical Studies

Polarographic electroreduction of organomercurials contain-
ing heterocyclic substituents (furyl, thienyl, pyrazolyl, indolyl) (261)
and of trans-oxymercurated allenes (262) has been studied.
Theoretical studies of the importance of c—ﬁ conjugation
effects in the acid cleavage of allylic mercuric halides have been

reported (263).

10. MISCELLANEOQUS

A few miscellaneous items remain.

The thin layer chromatographic behavior of some organo-
mercurials of type RHgY has been described (264). The selectivity
of a microwave discharge detector in the gas chromatographic
determination of dimethylmercury has been studied (265).

The condensation of aniline and acetylene to give quinaldine,

tetrahydroquinaldine and N-ethylaniline was found to be catalyzed

by trans- and cis-ClLCH=CHHgCl (266).
' The aggregate state of mercurated polystyrene has been

investigated (267).

The chemistry of mercarbide, mercuroform and related
compounds has been discussed (268, 269).

Finally, we call attention to a series of letters to the editor
of Science concerning the biological effects of organomercurials
(270).
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