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1. REVIEWS
Reviews covering the following aspects of oi'ganomercury chemistry
have appeared:
- The stability of organolfnercurj cofnplexes with anionic and neutral
ligands (1)
- The stereochemistry and mechanism of the oxymercuration of
”cyclopropanes (2) ‘

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

2. PRE PARATION OF ORGANOMERCURY COMPOUNDS

. .The reactions of organic compo'unds' of other metals with mercuric
balides or carboxylates have found useful application in organomercurial
synthesis in the past. In recent years the now readily accessible organo-

_b'or‘a‘_n.e's:h'a'iré: _s"ei;r:v_edv;vell in thxs application. - The use of gem-diboron-
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alkanes has been reported by Larock as a good route to ge!n—dunercurs.—" '

alka nes (4)

2 BH,; THF MeOH
RC=CH ————> RCH,CH(BH,), ————3> RCH,CHL B(OMe)ﬂz

| HegCl,/NaOH

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

Examples in which l-pentyne, l-hexyne, l-decyne, 3, 3-dimethyl-l-butyne
and phenylacetylene were used are described. The resulting 1,1-bis-
{(chloromercuri)alkanes were soluble only in the more polar organic
solvents such as DMF, DMSO and HMPT. '

Silyl enolates reacted with mercuric oxide and a catalytic amount of

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

HgO, Hg(OAc),

PhC=CH, > (PhéCHz)zHg
SiMe, aq. EtOH .
Hegl,
i
PhCCH,Hgl
OS5iMey o]
H
>
Dk _OSiMe, o ﬁ )
=C ’ > (CH,CGH),Hg
H-  CH, . B , c.: "

A silver derivative has been used to prepare a novel 'mer;ﬁri_,a‘l (6)}

VRefe‘lfénces p. 121



. (PhyP),HECL - - -
Me.N=°< —
Ag la 0

The cleavage of. other transl.tl.on metal-carbon bonds by mercury(]:[)

’ ,salts or by elemental mercury has been reported to yield organomercurlals,
but most ‘of these reactxons are not of synthetic utility, e.g.:
Hg®

.-Ar: o : ,
(<(‘ -P4cl); —e———>>» trans-ArCH=CHCH,HgCl
A\ (ref. 7) o -

(Ar = fluoro- and chlorophenyl)

' ' HgCl, o
RC(B;gH,¢)CFe({CO),C;H; 0 ) >, RC(BoH,;0)CHgCl
: ’ ref. 8 :

(o= and m~carboranyl compounds)

7 The alkylation of Hg(II) species by alkylcobalt compounds has received
further attention. This reaction is of some Ilmportance since in appears to
‘provide a route to the formation of éHng(II) compounds in mercury-
poliuted waters. Kinetic.studies have be_en reported in two papers. For

the reaction shown below, the second order rate constants shown in

’ R
AN i,

<o + Hg2" + H,0 ———> RHg + Co(DH)(H,0),
\ /l\ :

H,O
‘H/
RCo(DH)z(HzO) : -

'Table 1 were obtaxned as R was varied (9). Electrophilic attack'By
»mercurzc ion was mdxcated by the k; values for the arylcobaloxr.mes whr.ch
'gave a hnear correlatxon with Hammett o constants (p— -6.3). The cleav-

age of trans-4 -tert—butylcyclohexylcobaloxune —pyrxd.l.ne complex thh
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TABLE L . Kinetic Data for the Reactions of RCo(DH),(H,0) with *

Hg2t at 25° (g = 1. 0)

R ' : Ky, M™! sec™?

CH, 54

C,H, 1.2 x 10™!
n-C;Hy 9.4 x 1072
T(H.CH, 7.5 x 102
p-NO,CH,CH, 6.5 x 1073
p-FC¢H,CH, 2.8 x 1072
D-GH,C¢H,CH, 9.0 x 102
P-CH, OC¢H,GH, 1.3 x 1072
TeH, 4.0 x 102
p-FC¢H, 2.5 x 102
P-CH,C,H, 4.5 x 103
B-CH,OCH, 3.0 x 10*

mercuric acetate gave only the cis-4-tert-butylcyclohexylmercurial, and
a similar experiment with ci_s-Z—hydroxycyclohexylcobaloxime confirmed
this result (10). ’fhus these SEZ cleavages appear to proceed with inver-
sion at the carbon atom. Similar cleavage of the carbon~-cobalt bond by
mercuric ion in alkirlcobaloximes has been the subject of extensive kinetic
studies (11). _

Catalyzed (UV or benzoyl peroxide) decarboxylation of mercury(I)
carboxylates has been used in the synthesis of some new organomercurials

(12):

(RCH,CH,CG,),Hg > > RCH,CH,HgX
(R = Ph, PhCH,, CI(CH,);)

The compounds where R = EtS and PhCONH(CHz)_,,,Vand also Hg(m)
‘nicotinate and isonicotinate, were unreactiv‘e under these conditions,
while Hg(II) levulinate gave mainly mercury oxides. »

'I'he conversxon of Hg(Il) salts of unsymmetncal i, 2 dlcarboxyhc

aczds to monocarboxyhc acids (Pesc1 reaction) has been studied by

References p. 121
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: Newman "a_nd'_.V;a’.z_ider.'Z_Wanh('13)}_r_and_ an improved procedure was de_i}"‘el_oped';

HMP A

_ ‘co,
175° o
(more likely a . a +
higher oligomer) . N o)
1) NaBH,/EtOH il

(R = H, Cl1, Br,
NO,, CG,H, Me) 2} HG1

CO,H

+

OH

The organomercury_intérrhediates were not isolated.

7The decarbcxylation of mercur-y(H) ériﬂuqroacetétes, which has been
shown previously to be effected only with difficulty at higher (300°) tem-
'peratures? was shown to proceed much more readily in the presence of

fused potassium carbonate at 180-200° (14):

: -2CQo,

Hg(ozCCFs)z - Hg(CF3), (93%)
o _co,

PhHgO,CCF; ——————> PhHgCF, (70%)

~ Further examples of the "extrusion of S O, and S Q; from mercury (II)

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

HgX, + Cg¢FsSO, Li ' CgH,HgX + SO, + LiX
S S (ref. 15) i
(X = C1, Br, OAc, h
. GSPh)
., t-BuOH/H,0 Lo
HgX;. + 2 C¢F5SO; Li : > (C¢Fs);Hg + 250, + 2LiX

. {ref. 15)
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These react‘idns»pri‘ovc‘e‘eded rapidly when the reaci.:aht:s. ‘wer,é m'u;ed at room ,'7'
tempexatuz;e. | Very clever use has been madé of fhis chemistr&in the
anal&rsis of low lex}els. of mercury in waters, in urine, etc., b',; Mushak.
et al. A(16). Treatment of the aqueous solution containing meréuric ion. .
with CgF;SO,Li and subsequently with sodium chloride gave C¢FsHgCl whose
concentration then was determined by gas chromatography.

A.nothef example of SOz‘extArusion was provided by Cross and

Tennent (17):

N;NQ—R + HgCl, >

SO,Na

(R = H, OMe,

Q=L
N= —R.

HgCl -

+ SO, + NacCl

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

chloromercuri derivative with triphenylphosphine:

2 N=l\© + 2PhP = (PhyP),HgCl,
+
HgCl1
Hg
OO
Sulfur trioxide extrusion could be effected from mercury (II)

‘arenesulfonate dihydrates (18) or pyridinates (19):

' : 130-240° :
Hg(QSAr)Z-ZHZO , > Ar,Hg + SO; + 2H,0

- (Ar = C¢Cls, 2,3,5,6-Cl,CeH, 2,3,4,6-Cl,C¢H, CFs, 2,3,5,6-F,C.H)

References p. 121
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"i'.-MJ.lder reactxon condltxons resulted in formatxon of AngO35Ar When Ar
"c6c1 and z 3,5,6- CI4C6H'.,In soime cases, e. g., Ar =2,3,4,5- ~C1,GgH, - '
2, 3, 4, ;5- F4C6r3’ and 2 3 » 4, 6-F566H polymerzc mercuntetrahalobenzene- .
::sulfonates were formed in-an. aromatxc mercuration process. These

._products were charactenzed by the chemical conversmns shown below.:

Ccl S Cl
4 cl
CL He (i) NaT,/HC ONMe, .
> + Na _
lot & ~ 1
. F
F.
(i) NaL,/HCONMe,
(i1) [PhCH,SC(NH,)- 3
P (=NH,)]"C1" in H,O 0,”
50— £ S-benzylthiouronium
salt
. 7 F
F (i) NaT;/HCONMe; F. T
F Hg i) [ PhCH,SC(NH,)- -
) N, 1 C1 in B;0 - F 0,
F O F
=~ - 30 i .
: 0‘4ooo EF S-benzylthiouronium
\ F g/ _ salt
" + so,
3

Iﬁ these reactions with the dihydrates considerable competition from
'hydro ys1s and hydrolyt1c dest.lfonat:.on was encountered Thermolysis

of the dxpyrldxnates, Hg(03$Ar)z 2C5H5N at 130 240” was qulte satisfac- .
,'tory in the cases Where Ar = C¢Cl;, ?-HCGCI4, rn-HCaCl4, CGst p-HC&jE‘4

and m-HCsF‘,, but w:.th A.r = 0=HCF, and o-HC6C14 the mercurat:.on :
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products and-‘l 2 l again were the sole organomercury products. ' -
Such specific ortho-metalation processes are of special interest and this
effect in orgénomercury chemistry merits further investigation..

Functional diarylmercurials of types: and have been pre-

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

L5 (>

. .

diazonium salts derived from Z—amino-R—benéophenones (R = H,- p-Me,
p~-MeO, m-O,N) and 2—amino—P—benzoylnaphthalene (20).

UV irradiation at 20° of aqueous mercuric chloride in the presence of
organic acids (MeCQO,H, EtCQ,H) or alcohols (MeOH, EtOH) gave methyl-
and ethylmercury derivatives (by TLC, GLC) in low to trace yields (21) in

reactions that may be of interest to the environmental chemist but not to

the synthetic chemist.

3. USE OF ORGANOMERCURIALS IN SYNTHESIS

A. Organometallic Synthesis

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

placement reaction involving organomercurials have been recorded:

THF ,

Ar,Hg + Ca ——= Ar,Ca + Hg (ref. 22)"
(Ar = Ph, 0-MeG¢H,, m-MeGeHy, p-MeC¢H,, p-MeOC.H,, 2-thienyl, 1--
naphthyl, l-indenyl, Ph,G, Ph,CH) : '

References p. 121
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3 VM'Ve‘lleig; + é;Ig} : ____92 Mesln + 3 Hg. © . (ref. 23) .

:.The transrnetalatlon reactlon also has found apph-.,atzon'

[OC);,MD—@J-zHg + 2 BuLL —> 2 (OC)3Mn—@—

) + Bu,Hg (ref. 24)
(OC)3Mn—@—HgCI + 2 BuLi ——> (oc)gvm@-u
' - + Bu,Hg + LiCl (ref. 24)

Organomercury compounds also have found further use as weak

alkylating and arylating agents in reactions with metal halides: -

benzene, reflux

AngCl + BCl;. ' > ArBCl, + HgCl,

far = togl;lﬁd me (ref. 25)

( - g + Ph,BBr — S Ph,B (ref. 26)
r(CO); ' : r(CO),

' *
Hg(CH,_ﬁR)Z + 2 Me(Ph)(1-C,;,H;)S1 X ——> HgX,
-0 (X = Br, SH, SSiMe;) +

2 Me(Ph)(1-C,,H,)Si OC(R)=CH,
V(Th_ese reactions are of the SNZ-Si type and proceeded predominantly with

inversion of configuration at silicon (27). Transition state Was sug-

gested.
' &+ 7
% f/_\ </ 5- . 7
: /c CHZ-Hg—CHZ—(i‘,-—o '5 ...... X

o THE o hsech
E "'Fer.--,'>+SnC12,——% _ To

‘Q : | (ref, 28)
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[oqgm-@} g +8Cl, — > [OC)sMn«@a-'ZSnCIZ
(ref. 28) .

+ Hg
@-N\ + Ph,Hg @—Nl
MCl, (ref. 29) MClz
(M = Si, Ge, Sn) bn
+ PhHgCl
CH,CL,
Me,Hg + 2 NbCl —m——> CH;NbCl, + HgCl,
(ref. 30) :
CH,Cl,
Me,Hg + 2 TaCl; — ——=> CH;TaCl, + HgCl,
(ref. 30)
RCH=CR'CH,HgCl + NasRhCl, —0——— > E{’ —Rhcilz
(ref. 31) "2

(R = H, Me;
3 NaCl + HgCl,
R' = H, R, Ph)

(ref. 32)

(ref. 32)
dcl  bn
/
PY Yy

v ) benzene -1
(PhCN),PdCl, + MeC=CMe + R;Hg ————> - ||

|
CH,"
(ref. 33) aw-PaT

B

R = phenyl o
R = p-tolyl

References i). 121
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The‘:.f‘qlliow:'.grg?z"be-a:“ction cours‘e'was :éﬁggestéd for this conversion: . -
PdClz + RzHg > RPACl + RHgCl

/P dCl  2Mec,Me

RPACL + MeCECMe;*—;, _ o
. ) , ,Me/‘ v \Me , v
Z T Pdcl
- PdC1 _
R
- PACL
> CHR
CH, ‘ l
C1Pd CH, _J
2
» ’ : Me e
\Al/tv( \AlMe
<o > Hgcl PhMe o7 N/
Fe +Me6A12 _— Fe Cl
6 o
L= 0 LD & Me,Hg

(ref. 34)

B. Organic Synthesis

The conversion of organomercurials to organic halides by halogenoly-
sis of the C-Hg bond has been used preparatively in the pasf, and some

‘'new examples have been reported.

QD) w25 Qw@

(ref. 17)

(o0) a0 )-migcr <—‘—r ‘°C’3M“—@‘
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However, brominolysis with copper(Il) bromide gave all possible bromi-

nated c'yméntrénes (35):

— FPPRY —f 11207\
BriHg: Mn{LU)y —mmmmmmm=> O iR L Ujgy tic50)
\ ] + o
Br
Br Mn(CO); (4%) .
. .
Br
Br. n(CO); (26%)
T T
Br Mn(CO); + Br n(CO),
Br -
(4%) (22%)
T Br
Br Br
Br n(CO); + Br n(CO),
T Er Br
(16%) (14%)

The reaction of ortho-mercurated azobenzene with nitrosyl chloride
gave a triazole l-oxide via replacement of the chloromexrcuri group with

a nitroso function (17):

' NOoC1 =N, _
= —_— N _ \:>\I—Ph + HgCl,
HgCl -
o]

Treatment of q-mercurated ketones with acetyl chloride resulted in

formation of allylic esters (5), e.g.:

References p. 121
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" cu,c”
T a1

A

Aryl esters of trifluoroacetic acid were prepared by reaction of arylmer-

‘euric trifluoroacetates with lead(IV) trifluoroacetate (36):

I Pb(C,CCF3),
13‘©Hgozcc1-‘3 : —> F@Pb(OzCCF3)3
CF;CGOH .-
F‘@PB(QCCF},); L E@ozccr:‘_,, + Pb(0Q,CCF;3),

Ried ana his coworkers have reported more synthetic applications of

acetylenic mercurials. Bis(phenylethynyl)mercury is a desulfurization

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

2 PhCsCH

+ Hg(C=CPh), —> +
HgS

- Another reaction in which Hg(C&CPh), attacks at a C=S linkage is (38):
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N"NHZ

Ce¢H
e 5.\ A
e
g ' ‘ N\
“NE:  (GeH,-CEC),Hg = 3 ' ’
, , (H.- . o
2 CeHs-G > i Hg + 2 PhGECH .
N d , :
s /
G
VA

CeH; N-NH,

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

o o
NH. H
2 3 (PhC=C),Hg -
2 = >
H
&)
NH, H,N
S—Hg ’

+ 2 PhC=CH

The latter provides a good entry into heterocyclic chemistry:

H
5o P
/ \o <{\
AN

e HN\)/:_ ) | NBS
oo o<
v

~

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

[]

mercury(I) mercaptides were formed in the initial réactioz_r between’Hg-'
(C=CPh), and the bis-thioureas (38):

References p. 121



‘C6H5

—=> cCHzl '

\__

= -Cv

;-:-z'(o Siaafz 7’ jg C\ S g + Z Pb_C—C.H
=4 |

H

‘i’ﬂ' pd
a 0. H
b 2 H

c |2 - cH

The pyrolysis of these mercaptides was studied:

P

. ‘ N
al s / ————
° _N Hg -HgS N
' s -CsH
H N-CgH; 3
CH,
. s /7 .
. . - ) ]
. A N~ o \\E‘I. :
22— S
TR TR N
B M-S T
CeH, .

e
- H=N- . .- ]
' ,.\CsH.s o
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Y C{ s H’?' 2N~ CeHs " e N -Cells —1
- S ) ‘ ] N-CT T R S T
— % . ¢ ] ] )
K g S % Lr AN-CsHy e ?é'l—%ﬁs : §
L -HgsS ¥-C' N~E
l (v I H;C = :
H3C \,’E{.{:f#izq ) /%._3 ] 3535_ ‘_{
page |
i?c’
1 CH.
B neca, ; i |
—— E ( -CgH; > E + PhN=C=NPh
1}1 ,
H,C CH,

The '""dimeric! mercaptide, obtained as shown below, gave no definite

decomposition producis on pyrolysis.

H
1\11=r(3:/1\r-c,_<,£‘r5
R

20,1, s ' + 2 Hg{C=CPh); —0 0 >

7 ,
(lJH3\N—C6H5 ,
H
CH,]; + 4 PhC=CH

. A new synthetic application of the hydroxymercuration products of.

alefins has beeﬁ_ repqited {39). Treatment of F;hydroxyalkylmercuric L

Reforanoes g, 121



'—fchlorxdes thh a variety of bases (NaOMe KOCMe3, Na2003 NaH) in
dxglyme at elevated temperature was found to g].ve epoxxdes and/or

. ,ke;ones. .For instance:

Me;COK, 100°

: n—Bu(‘IHCHZHgCI - > n-BuC(O)CH, (50%)
ou 23 hr
OOH Me;COK, 117° (99%)
P
. 45 min.
HgCl
OH O
NaOMe +
--HgCl1 >
115°, 2«5 hr
(58%) (10%)

‘The action of base on the mercurial was believed to give a zwitterion,
RGHGHZHg+, for whose decomposition conformation-dependent routes
to t?le ketone or the epoxide were available.

~ Nefedov, Sergeéva‘and Eidus have cor_xtinued their studies of aspects
of the carbonylation of organomercurials and other mercury compounds.
The carbonylation of alkoxymercuration products of ethylene, ROCH,CH, -
HgOAc, proceeded in fair yields when R was n-propyl or a larger n-alkyl
group, but not when R = Me or Kt (40, 41):

o CO (50-150 atm. )
ROCH,CH,HgOAc

v

'ROCH,CH,CG,R + Hg + ROAc
ROH, 150-250° : »
(R = n-C3H;, ~ 45% yield)
(R = n-C H,, ~ 50% yield)
(R = n-C4Hy,, ~ 20% yield)

In'this reaction,  ROCH,CH,HgCGO,R is formed first-and decomposes with

extrusicn of mercury in a subseqﬁe'ﬂt step. This carbonylation reaction -




31

may be carried out without prior isolation of the B-aikoxyethyimercufic'
acetate by heating a suspension of mercuric acetate in the appropriate
alcohol under a pressure (70-80 atm. total) of carbon monoxide and
ethylene (41)! ‘However, considerably better yiéids of ROCH,CH,CG,R"
products were obtained when these reactions were carried out in two
steps: (1) treatment of the mercuric acetate suspension in the alcohol
with carbon monoxide (40 atm. at 230° for 3 hr.) and (2), after cooling
and venting, treatment of the resulting mixture with ethylene (35 atm.
at 230° for 3 hr.). The ROCH,CH,CO;R yields were in the 70-80% range
when this procedure was used (41). It was shown, by interception and
reduction of the intermediates with sodium borohydride, that the two

step procedure does not involve the intermediacy of ROCH,CH,HgOAc,

rather that the reaction sequence shown below is operative (42):
Hg(O,CCH,), + ROH + CO ——> CH,CO;HgCO,R + CH,OH
CH;CO,HECO,R + CH,=CH, + ROH ——> ROCH,CH,HgCO,R + CH;CO,H
ROCH,CH,HgCO,R ——3» Hg + ROCH,CH,CO,R

Similar carbonylation of the arylation products of alkoxy mercurated
olefins was possible, but competing processes predominated (43):

CH,=CH, + Hg(OAc), ——=> AcOCH,CH,HgOAc
PhOCH,, H,SO,
p-CH,OC¢H,CH, CH, HgOAc

- HpSO,
p-CH,OC4H,CH,CH,HgOAc + HCG,H + ROH —— = >

0 Q
i 0
p-CH3OC6H4CHZCH2('30CCH3 (16%)

( + p-CH;OC.H,CH,CH; * (28%)
'+ p-CH,0CH,CH,CH,C,H,OCH;-p (22%) )

References p. 121
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(The'_z;etiuirecrl’.qa';boﬁ monﬁxide in-tﬁe.se:;reacfions was produced by the
‘sulfuric agid-’igdﬁced decomposition of formic acid}.;

Thersynthesis of symmetrical dialkyl carbonates by mercuric .
' acefafe-induced carbonylation of alcok_xois has been ’reportedlbby :the same
grc;up (44—47):
Hg(O,CCH;), + CO + ROH ——3> CH;CO,HgCO,R + CH,CO,H

CH;CO,HgCO,R + ROH ——> (RO),C=0 + Hg + CH;CG,H

‘I'heé:eAreac'tiohs were carried out at 150-250° and 50-150 atm. Unsym-

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

'20-120 atm.
Hg(O,CCH;), + ROH + CO ———— = CH;CO,HgCO,R + CH;CO,H
' 25~60°
' 70-100 atm.
GH3;CO,HgCO,R + R'OH : >y RO@OR' + Hg + CH;CQ,H
: 180-~200°

Similar mercuric acetate~-induced carbonylation of primary and secondary
amines also was found to be possible (48,49). These reactions, carried
out at 150-200° and 90-100 atm., gave N-alkylformamides in good yields.
However, such a reaction with aniline gave N, N'-diphenylurea.

Previous Annual Surveys have given examples of the use of organo-
mercurials in the izi situ generation of g-organopalladium intermediates
whose further conversions gave organic products. Further examples

have been reported:

‘ - 50 atm. CO )
@-ﬂgCl am (/ \&
oo _ rLi,PdcL] . No

> /O (35%)
q - |
MeOH
(fe?. 50) o
, +
[ Ncome  om
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.U—HgCI ' o > Z BN /O
5 ~(ref. 50) - ' s (40%

+ * @.CO;M; -

/ \ "(35%)
S S
(1070)
Li,PdCl, A\ .
\ + ArHgCl —m8m —> -Ar.+ Ar-Ar + HgCl, + Pd
EtOH o
(ref. 51)

C. Halomethyl-Mercury Compounds

New halomethylmercurials have been reported; improved syntheses
of some known halomethylmercurials have been developed and new divalent
carbon transfer reactions of this class of reagents have been recorded.

Phernyl(trihalomethyl)mercury compounds (PhHgCCl,;, PhHgCCLBr
and PhHgCBr;y) can be prepared in a two-phase system in a reaction which
involves the addition of an aqueous solution containing 20% by weight each
of sodium hydroxide and potassium fluoride to é susgpension of phenyl-
mercuric chloride in the haloform (or in a diluent containing the haloform)
and a sméll amount of triethylbenzylammonium chloride (52). This pro-
cedure has advantages over the THF method {Seyferth and Lambert, 1969)
in that potassium tert-butoxide is not required as the base and the reaction
can be carried out at r<')om temperature. It has the disadvantages that the
ylelds of mercurial product are lower and that an excess of the haloform
appeai-s_to be required. Thé rom.'n temperature reéétion’ of Pb.ﬁgNEtz 7

with chloroform to give PhHgCCl, in 75% yield'!:‘las been recordedﬂ(5‘3)."
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- '_34:'; :
0 an kgg,'raoea s,;,_;thegfs of Pl_;H.gCCiZ'F. has been ;iévgléged and as a
‘ rés;uli:,'} th15 cho’n-:;';y')ound 1;:129 -no>wrber crioﬁsidefed' a '-p'ractical;r-'reagent: fo}.'the
'ge,herat.ién‘of ﬂuoroéhlorocérbene (54). A noteworthy ob‘s’ervation made
'dﬁriﬁg -thé' course of this work is that PhHgCCLF is about four times
n‘xror'é> ;;active. than bélieved originally (Seyferth and Darragh, 1970). New
v exampieé of its synthetic u;‘.ility Wei‘veAp:rrovided‘(Table 2). The reaction‘

with thiobenszhenone proceeded as shown below.

0

\

]
"GGIF

PhHgCCLF + Ph,C=S -— PhHgCl + [ Ph,C

VA

Ph,C=CCIF + S,

Improved preparations of PhHgCF3 and of (CF3),Hg (14) have been
mentioned in Section 2. The ready availability of the former mercurial
directly from the easily prepared phenylmercuric trifluoroacetate should
make it a rn#ch more practical CF; generator (55). The resulis of the
Russian workers (14) suggested that (CF;),Hg was not a good GF, precursor

(yia the sodium iodide procedure):

\/

c
- ' ~.
(GFs)Hg + 2Nat + 2 c=c” IHE, CF, + Hgl, + 2NaF

/N

(~ 35% for cyclohexene
and CH;CO,CMe=CH,)

Howervef»,, (C.'E'3)2Hg can serve wgll as a CF; transfer agent, as work at.

M.L.T. has ‘shown (56).- Tl_ius, the (CF;),Hg/2Nal combination reacted



TABLE 2 - ' , ' 35

REACTIONS OF PHENYL(FLUORODICHLOROMETHYL)MERCURY*

Reactant : . (mmol) PhHgCCI,F Product - - (Yield 24)* PhHgCl-.
(mmol) o yield (%)
@ 62 . 186 l/\:[><§l - (84) 86
O (650) 2160 <><F (78) 85
Ci
Me,SiCH, F
Me,;SiCH,CH=CH, (32) 14.0 HvCl (o1; 90
H H
Me, F
Me,C=C(Br)CH; (60) 182 Me; < / c (80) 92
Me Br
Me ~
Me,C=CHCI (74) 173 Mevc[ 72) 85
H Ci
£ Me
CH,=C(CH,)CH,Cl (75) 16.1 CI)V(CHZCK (80) 86
. H "H
EtSi F
Et,SiCH=CH, (24.9) 15.1 Hva (65) 81
= =
F
Cl
£b (65) 203 M “@2) 88
+
5&; (42)
H Cl1
Et,SiH (50) 183 Et,SiCHCIF (80) 84
ccl, }
PhN=CCl, (39 21.2 - PhNC| . (79) - 87
o CCIF
Ph,C=S (15.7y 14.3 Ph,C=CCIF (75) - 85

@ Reactions carried out in benzene solution at reflux, with stirring under nitrogen, for 20 h unless otherwise

specified. ? Yields were calculated assuming that the mercurial charged was pure PhHgCCL,F ; because of .
the inert Ph,Hg contaminant in the mercurial, these yields are somewhat lower than the actual yields based

on PhHgCCL;F in the mercury starting material. € 40 h reaction time. 4 48 h reaction time. -

 {fromD. Seyferth and G.J. Murphy, J. Organometal. Chem., 49 (1978) 117)
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-' (20 hr.nat reﬂux) w1th an excess of cyclohexene in: benzene solutmn to
give 7, 7-d1ﬂuoronorcarane in 79% yield.- A s:.rm.lar react:.on w:.f:h allyl—
-» ’trx.methylsxlane gave 1, l-dlﬂuoro-Z-trlmethylsxlylrnethylcyclopropane in
__89% yield: The decisive facf_:or in these reactions, as in those of PhHgCF:;,,
“is the cihoice of aolvent: much better results are.obtained when these
_reagenta, in comi:»in'ation with Nal, are used in benzene rather than in the
‘ethers which serve well in the case of the PhilgGCly/Nal system. -
| Full '&etail_s have been provided concerning the synthesis of phe‘ny'l-'

(fluorodibromomethyl)mercury, a reagent which releases CFBr ander
exceptionally mild conditions (57). This compound must be prepared at

" low temperatures:

THF, -65°
PhHgCl + Me,COK + CHFBr; —F————-> PhHgCFBx,
(2 equiv.) ' (35-40%)
THF, -25°
PhHgCl + NaOMe + CHFBr, ———————> PhHgCFBr,
(2 equiv.) (50-55%)

As a solid, this mercurial is stable for longer periods of time at 0°, but
it decomposes slowly at room temperature. In solution, it is quite un-
stable. Oxygenated solvents (ketones, alcohols, ethers) induce its
spontaneous, exothermic decornposition. This general instability results -

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

A new mercury reagent has been prepared which provides a route to

tetrafluoroethylidene, CF3;CF (58):

T THF, -35°
PhHgCl + CF;CHFBr + NaOMe (in MeOH) —78m8 ——>> PhHgCFBrCF3

+ NaCl + MeOH

Addltlon of thl.s ca.rbene to oleflns and lts insertion into the SL-H bond of

tr:.ethyls:.lane were descr:.bed :



“TABLE 3.REACTIONS OF PHENYL(FLUORODIBROMOMETHYL)MERCURY

37

Carben_ophile Product Yield (%) _Isomer
- - - “oratio’ -
4 days at 20 min
room temp. at 80°
8r F

58 58

Cyclohexene k
er
n-C;H,,CH=CH, C:,Hn 78 72
Br
cis-CH,CH=CHCHj, : 99 1.70
s
trans-CH;CH=CHCH; 98
Me,SiCH,CH=CH, fc”zs'”'ea 60 70
Me,SiCH=CH, ,S'Me 55 2.5
CCl1,=CHCl : : 58 1.95
CH,CO,CH=CH, ,.OZCCH;, 95 1.5
CH,=CHCN ~C 33 24 19
Br
57
J Fe™d
(CF,C1),C=0 (CF,C1),C 74
) o ‘

Et,Sitl Et,SiCHFBr 87 68

(from D. Seyferth and S.P. Hopper, J. Organometal. Chem., 51 (1973) 77)
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R L N - 155 : \ was
"PhHECFBrCF; + _C==C{ _— PhHgBr + ]
R 24h c/\
A Fs
1550
PhHgCFBrCF3 +EtSiH —> PhHgBr + Et,SiCHFCF,

4 -

Sorrn'e examples are given in Table 4.

. The new compounds PEHgCFCICO;R (R = . Me, Et) and PhHgCFBrCGQ,Et
ialso bave been.prepared by reaction of the respective alkyl dihaloacetate
with potassium tert-butoxide and phenylmercuric chloride or by the mer-
‘curation of the respective ethyl trihalovinyl ether with mercuric nitrate
iix ethanol, followed by redistribution of the mercuration product (59):

1.5 t -BuOK HC1-H,0

PhHgCl + HCCIFCQ,CH;’ > >
THF/-60°

PhHgCGIFCO,CH; (44%) + t -BuOH + KCl

and:
c o EtOH
CBrF=—=CFOEt + Hg(NGQ;); ~———tr3>

B i ¥ B +
r
¢::£’71-1g1\ro3 O3NHg(iJ v
4 N
F/ \OEt

lEtOH
| O,NHgCFBrCO,Et + EtF + HNO,
laq NaCl
CngCFE%COZEt
E l‘thHg in GgHg .

. PhHgCFBrCGQ,Et + PhHgCl(s)
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TABLE 4
{EACTIONS ® OF PHENYL(1-BROMO-1,2,2,2-TETRAFLUOROETHYL)MERCURY S
- . , ' C,H, HgBr
g"ﬁrbenoiﬂu‘lé Product (% yield) Isomer ratio (% yield}
' CFy .
(98 34 96
F.
CF3
- (87) 36 87
F :
n-C H, H
3
) C3H7 H
\c—-—-c/ H CH7-n (g0) 92
7/ AN
H CaH7-n F CFa
CsHi1-n
A=CeHyCH=CH, (70 1.9 80
F CFy
c CHaxSiMes
Me3SiCH,CH==CHa (93) 1.8 99
F Ccry
Et;SiCHFCR, (53) 61

Et,SiH

Reactions at 155° for 24 h in a sealed tube, carbenophile to mercurial ratio of 3, benzene diluent, unless
stherwise noted. & 72 h reaction time. ¢ OLefin (10 ml) used as solvent.

from D. Seyferth and G.J. Murphy, J. Organometal. Chem., 52 (1973) C1)

These mercurials were found to be effective FCCO,R transfer agents at

temperatures above 125°, reacting with olefins to give gem-fluorocarbo-

alkoxycyclopropanes and inserting FCCO,R into the Si-H bond of triethyl-

sg’.lavn-e. Addition of FCCG;Et to a C=N bond also could be achieved.
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| DLHgCECICGEL +

PhHgCI + I U :

%&% .
1 part ) . 2.45 parts

\-w
35%;

PaHgCFCICQ,R +Et5iH ——> Et,SiCHFCO,R + PhHgCl

PhHgCFBrCO,Et + PhAN==CCl, — 3> PhN——CFCG,Et + PhHgBr

cl,

This work is summarized in Tables 5 and 6. Also noteworthy is a »X%
reaction which implied the insertion of FCCGOEt into the Hg-Cl bond:

: PhcCl, 133°
PhHgCFBrCO,Et + PhHgGCl ————— = PhHgCECICQO,Et + PhHgBr

“The first halomethylmercurials containing an amide function have

bees gescribed {60, Hij:

‘ : o
1]
PhHgCl + chzz:x\O+ Me3COK —_—— Phchxch

(X = C1, Br)
+ Me3COH + KC1

T he decomposﬁxon of these mercur}.ais in rOﬂuxmg, bromobenzene save
the lsornerlc b.alo-B-Iactams via ‘the novel xntramolecular msett!.on. of th.e

carbene center into an Ot C- H bond of the p:.perldmo substltuent.
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+ PhHgCl

oo o~ 22 br, PhBr
__P,hHgC_azc >
R B reflux -

) (45%) - f(ss%)_

g . 1.7 hr, PhBz
PhHgCBrz—x\OA il
v S . reflux

(14%) " (47%)

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

cyclopropane synthesis have been published:

1 PhHgBr; c1
‘ -
N (ref. 62) .

Br Br
(65%)
Ph
PhHgBr, (88%)
(ref 63)
' BT Br
PhHgCCl, Et H
Et,CzCHCOQEt —0 — ' 5 Et CO,Et
. (ref. 64)
' ' crcl
COEt
H-
Cl
Cl

' PhHgCCLBr

.-

~ (ref. 65)
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H  COFt .

PhHgCCl, Br

(The relah.ve react1v1t1es toward PhHgCClL, Br-derived dlchlorocarbene of
olefins. . (0. 264 vs _cyclohexene), . (0. 204), methylenecyclohexane
(4. 57) and (2. 95) showed that the ketal oxygen atoms in E and m

have no synergistic effect on the addition of GCl, to the C=C bonds in this

O e

series of olefins. )

PhHgCCIl,
Ac 80°
(ref. 66)
AcO “c1 o AcO ‘ g
Cl 1 l
PhHgCCLF
(ref. 66) —H
- AcO o
Ac © cr v
‘+
Ac *c1 AcO < "H
F cr -
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o Compound . was formed by r1ng opemng of the other cyclopropane 7

R »vproducts formed 1mt1a11y, |12| and L

. Not all olefins react with PhHgCX; compounds; steric hindrance can
inhibit CzC addition. Thus trans-ﬁ-pmene d1d not react with PhHgCCl,,

nor with otker CClz sources (67)

There have been reported new examples of reactions of PhHgCX;
compounds with C2N and N=N containing compounds. 3—Methy1-2-pheny1-
‘ ‘l—arzirine reacted with P,hHgCClgr in refluxing benzene to give N-(dichloro-
vinylide‘ne)-l-(l-phenyipropeeyl)amine', presurhably by one of the two

routes shown below (68).

" Cl
N A €1 cl Ph N=<
e PhHgGCCl, . . - _ cl
Ph o S Ph —_> -
456& , Me H Me
€
Ny 2
B eles! R -
. : L) ClL,
/ Me <> Me
P Ph
: +

-_Reu'te"'B‘w‘:-:i"s"':_favored by the authors. A minor byﬁﬁroduct arose from -
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addition of further CCL, to the C=N bond (not the C=C bond) of the product: -
Ccl C1

‘Me.  _N=CCl,  PhHgCCL N Me\_ L
' H/ G\Ph

O
i
0O
\

The action of the PhHgCClzBr/NaI reagent on 2,3-diethyl-l-aziridine in
benzene/DME at room temperature proceeded similarly, giving N-(di-
chlorovinylidene)-3-(3 -hexenyl)amine .‘

Formal 1,4 addition of CCl, to compounds containing the N=N-C=0
(azodibenzoyl) and N=N-C=0 systems [ (RO,CN=C(CG,Et),] has been
reported for reactions utilizing phenyl(bromodichloromethyl)mercury as

CCl, source (69):

PhHECX,Br + PhON=—=NGPh —>
(@)

I\
PhHgBr + PhC(O)Cl + X(],:—/ Ph

via:
ol
PhHgCX,Br + NN -
° Eph
o) o
Phg ph"
C
NFE AN
I, — xR —
X0~ Ph \4 \ Ph
F xA No”
nJgx"
PhC

o ' ' . o
N—N : - N 7
_c,// \cPh T g B _»xé\o/\hph | §h< .
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o E O,Et
R RG,C LOEL : N.'_C/C
PhHgCCLBr + \N=C<C - PhHgBr +ROECL + 4 W
ks “NcoE: R 93 - ¢ COER
{R = Me, Bt}
viaz
RO,C CO,Et
PhHaCCL. R <+ 0?. ™~ ——('/ 02 =
PhHgCCLBr + N=c_
CG,Et
RO,C, COEt R
Snioc” b

: C.. _COEt
o : *x?-c 5
9\301‘315 Cl\c/\c}om

ROCE’ ., _COQ,Et _CO,Et
OnN= N

c1@ozt —> ClﬁOR * Cl—@OEt

{1,4 Addition of CCl, has never been observed with C=C-C=0 or C=C-C=C
systemas).

More papers have been concerned with insertion reactions of APhHg-
CCllBr—derived dichloracarhene, A& study of -‘:.L'se stezeochemisiyy of the
'insertion of CCl, (via PhHgCC),Br) into the benzylic C-H bond of (+)-2-
'phenylbutane bhas shown that this reaction occurs thh predominant
.retention of configuration (70) This result, as well ag those of a
Hamxﬂett study of reactions of this mercurial with substituted cumenes,
ZCH,CMe,H (Z = p-Me, p-F, p-Cl, m-CF,, H),indicated that this
inseﬂ:ion of CCIZ is a concerted process' in which only a small partial .
‘posxtxve charge is- developed at the carbon atom 1nto whose bond to

hydrogen CClz is belng 1naerted In anoth.er stereochemxcal study it



C Bt
was Found that the insertiomsf PREECCY, Br-derised GGl lata the B
C-H bond and the Si-C bond of sila‘cyclobuta‘nes are _stereoseleétive
processes which proceed with overall reteation of configaration (?}}.

Dicktorocarbene bas been insevted into the Si-Cl hand of hexa-
chlorodisilane by reactions of phényl(triﬁalomethyl)xﬁeré\ufials {723:

12ge

PhHgCCl;, + Nal + Cl,SiSiCl; - _ Cl1,5i5iC1,CCl; + PhHgX
(or PhHgCCIL,Br) (~ 30%)

Halomethylmercurials also can be sources of halomethyl radicals,
aravided enough erergy for bormolytic C-Hg bond rupture is supplied.
In this connection, we note that the Cl,C- radical (whose ESR spectrum

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

4, MERCURATION OF UNSATURATED COMPOUNDS

A. Olefins and Acetylenes

The general scope and regio- andr stereoselectivity of the solvo=-
mercuration processes, notably oxymercuration, now are reasonably
well understood, However, research activity devoted to the mechanism
of this reaction and its stereochemical principles continues.

Olah and Clifford (74) have published full details of their character-
ization by 'H and ¥C NMR of stable mercurinium ions ix superacid

media at low temperatures. Two procedures served in their prepara-

tion: He? +
' % route /)‘
A Y
" + S 4 7
Y= +met ——> Y
and
Hg*t
+ J »
- X I-‘Ig ) O route e \\ ’ _
—C— —_—_— —JF__q— + X
i i : i
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.The primary béndi;.lg is bélfé\(éd’ to be one involving o’verlﬁp of the .
mercury bs orbifal' with the m cloud of the olefin:

2+

,\--m
[112]

The possibility of rapidly equilibrating f-mercury-substituted carbonium
‘ions was rejected on the basis of the available data. Among the ions

studied were the following:

+
I;Igz ? > I;Igz'*‘
2 Hg H
I, “, ~e + ,A\ ,/\-
CH,/—CH ~-Hg? o SC A O
2 2 cH,cH —cn, = \:H
H3 H3
I;Igz"'
I‘\
CHy-- ’__l?:;--H
H = CH, : Ny gygrt .
>-Hg
- s- Frgcm,

The superacids used as ionizing media in this study included FSO,H/-
SbF;/SOz,'SbFs/SOZ, FSO,H/SbF;/SO,C1F and SbFs/SOZCIF. As the
authors point out, the successful generation of such mercurinium ions
under these very special conditions has no direct bearing on the questioﬁ
of whether or not such mercurinium ion intermediates are involved in
s»clvon»jxercuration of 61efins under the more usua} conditions. Many
workers seem to accept as the preferred mechanism of the solvomerc-
uration reaction one that involves reversible formation of a bridged -
éqm};:olex, i;e. , the mercurinium ion (k,), foliowed by rate-limiting
attack by the nueleophile (uéually, but not always, the solvent) on this

intermediate (kz): :



‘b3

+
ng s K N, kz 1 [}
7 1 N - Y
= K = 5=
k N k_, HgX
-1 ' -
HgX ‘

Others, however, consider the mercurinium ion an unproven and unneed-
ed intermediate, Thus Bach and Richter (75) argue strongly in favor of
the mercurinium ion intermediate in their paper on the oxymercuration

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

Kawakami (76) in their paper on the oxymercuration-demercuration of
7, 7-dimethylnorbornene and related olefins state emphatically: “We
discard the symmetrical mercurinium ion in interpreting our results,
We prefer the concept of electrophilic attack by the mercury species,
+HgX, at the least substituted carbon atom of the double bond. This
produces a mercury-substituted carbonium ion which reacts rapidly
with the solvent from the f_:;a__ns_ direction, if that is unhindered, but from
the cis direction in molecules such as norbornyl in which the endo
direction is strongly hindered."

When the acetoxymercuration of cyclopentadiene in glacial acetic
acid was followed by conductometric measurement, it was found that the
conductivity increased as the olefin was added.. This behavior was
ascribed by the authors to the formation of a mercurinium ion inter-
mediate (77).

The stereochemistry and relative rates of oxymercuration of cyclic,
bicyclic and a few hindered olefins have been studied (78: Table 7) (79:
Table 8). The rate of the oxymercuration reaction is not increased by
an increase in the strain energy of the olefin, and it is steric effects
which appear tc be of importance, This confirms that kZ’ the -attack by
the nucleophile on the positively charged intef_mediate, is the rate-
Fs:termining step. This work by Bach and Richter (75>, 78) is noteworthy
in that it provides the first example of the syn addition of the elements

-of XHg-OR to a noncyclic olefin:
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4'?Tabl'evr'7-i Relatlve Rates and Stereochem:.stry of Oxymercuratzon of -

fSome Straxned Oleﬁns (from R D Bach and R F. Rxchter, 7

: Tetrahedron Lett. (1973) 4099)

‘Mode of

Relative -

Strain

adamantylidene adamantane

no reaction

: ,;‘xlkéﬁé: REEE I Oxymercuration  Rate’ Energy
: nérﬁorr_xadi‘enev syn 27.0 3.1. 59"
M-cy&looctene syn 10.1 17.85

g 1-'Vocte.ne . anti 9.5
' norbornene syn 4.5 23.62
l—methyic yclob}gxeng anti 2.2 2.68
‘benzonorbornadiene . syn 1.1
cyclohexene o anti 1.0 2.61
4—t_-butyl¢yi:lohexene anti 0.96
cyclobutene anti 0.40
bicyclo[4.2.0Joct-7~ene syn/anti 0.17
bigyclo[S. 2.1]qct-2 -ene syn/anti 0.065 -
bicyclol2.2.2 ]oct‘ern_e syn/anti 0.030 , 15.' 99
cis-cyclooctene - anti 0.004 8.81
cis~di fz—bﬁtylethylene anti 0. 001 16.37
Eﬁ;di-t_-butylethylene syn no reaction* 6,01
ci~s-cyclodecene anti slow 11.63
trans-cyclodecene syn slow 11.95
dibenzob;cyc1§[2 .2, .?.Joctratxv-iené syn/anti slow
[4.4. Z]i:ropell-ll-epe anti no reaction




Table 8. Stereochemistry 'of"_Oxyriiér‘curatién of Some;CyZ:lié SRR
~‘O‘_le:ﬁns (from W. L. Wat‘er‘s,b_T; G‘.‘T»rayl_or-and

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

'Stereochemistry of Stereochemistry of

Cycloalkene © -  hydroxymercuration - . methoxymercuration
Cyclobutene Trans - - Trans
Cyclopentene . Trans - o Trans
Cyclohexene Trans Trans
Cycloheptene Trans ) Trans
cis-Cyclooctene Trans Trans
trans-Cyclooctene Cis Cis
cis-Cyclononene Trané . Trans
trans-Cyclononene Cis 7 Cis

Vv

H: :C(CHs)s HE(C104)2

(CH,);C H . 2 days, CH,0H

t-CH,

Waters et al (79) relate the tendency of an olefin to be oxymercurated
via a trans mechanism to its ability to form the normal anti transition .
state:
I'-IgOAc
CH ~_H
[ IS
{(CH, a 1 H

HOR
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Cse
O If i:hié transition ‘-s:'tra'te:—is: enérgetically unfar\roréﬁie,,_bécaus'e of steric or.
. ffwi‘sf straiﬁ' reasons, cis addztzon will occur,

The kinetics of hydroxyznercurat:.on of various cycloalkenes and

interest in this study is the facile decomp051t1on in strong acid solution

of the - hydroxymercuratzon product of l-methylcyclobutene'

N +
Hg CH;
S d - -Hgo : /_CH3
oH Yt > H[NOH. —
. —_

H -H

> P

The hydroxymercuration product of cyclobutene was much more stable

but did decompose slewly to cycloprcpanecarboxaldehye, especially in

strong acid solution:

H, oH - B OH >

™ - _® 7
[>—c — [D>e
+ _ ,

Resuit_s o".bt'ai_n-edrin studies of the kinetic's ahd mechanism of a, ﬁ-unsét-
urated ke‘tone'sz (81), esters (81, 82) and ac1ds (82) also have been

mterpreted usmg the mercunmurn ion mtermedxate hypothesm.
Lo ) - .




- 57

Asrihdicate‘d above, i;he’ stereochemical course of oxyme:cur'ation"df'
.a'cyclic, olefins usually involves anti addifion;“ A thorough study of {:her
methomegrcur;-ation of trans- and c_i_s_;-ethyléne-l, 2=d, by.NMR'has'prb-
vided full confirmation of this (83): the t_r:_:l_g_s_cbrnpound gave eryfhfo—.
1,2;dideuteri'o-z;methoxyethylmercuric chloride; the cis compdﬁnd g#v;'
tﬁe t_l:l_r_e_ciisomer. Such anti stereochemistry was observed in a case
where the nucleophile attacking the positively charged intermediate was

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

D3C—x

HaC
DsC

HgX

Further examples of more synthetically oriented solvomercurations
or of the solvomercuration-demercuration sequence may be mentioned.

It has been found that the cyclizing oxymeyrcuration of o-allylphenol
with mercuric salts of chiral carboxylic acids, followed by deniercuraf
tion of the products with sodium borohydride, gave optically active 2,3~

dihydro-2 -methylbenzofuran (85): -.

OH
CH,CH=CH, ' H,HgO,CR*
Hg(OzCR*)g_ C 2 902
O H
1 NaBH,
CH3
O H

The extent of ééymmétric induction was low (<5% excess of enantion_:ier).

DMSO (4 moles per mole of mercuric carboxylate) favors thisrpxl-océ"ss
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o and the hlgnest optxcal y1e1ds were obtamed thh mercury(II) salts of -
fammo ac1ds (e g ; Hg[(S)—valmate]z. i '

Other orgamc cornpot.nds which were- 1nvest1gated.

. bicyc’iic' ole'fi.ns -(86).:

Hg(OAC),
HOACc
(ref. 86)

terpenes (87):

1. HQ(OAC), . THF -~ H O
. 2.NaBHg - NaOH -




R

flavenes (89):

OAC

.R3

2

R O

/

r! R? R3
2) =B H H
(3) OMe H H
(4) Me H H
(5) OMe OMe OMe
() OMe OMe H

vinylprotohemins (90):

References p. 121

1) Hg(QAC),

2) NaBHg

OMe

COOoH

1) Hg(OAC)2

2) NaBH,

HQ(O,CCFa)a

OH

MeCOH

~OMe

NaBHa air



! : :
. COOH - COOH

long c‘ha'i'nr unsaturated esters (91): Exémples of the methoxy-~ acetoxy-,

and acetylamino-mercuration of methyl oleate, with subsequent demer-

curation with NaBH;,.
vinyl ethers (92):

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

’ ’ MeOH '
' ROCH=CH, + Hg(OAc), ———>= AcOHgCH,CH(OR) (OMe)

(R = Ac, Et, n-Bu, c~C¢H,,,
Ph.l P-OZNC6H4)

(_'I'Ahese adducts were stable only below 0°, Treatment with aqueous NaCl

converted them to ClHgCH,CH=0),

o, ’ﬁf-unséturated aldehydes (93):

7 Hg(OAc),, MeOH HgOAc .
RCH=CHCH=0 R N RCH’GMe)&HCH-O

(R = CH,, C¢Hy)-

CHz-C(CHS)CH-O ———% AcOHgCHzC(CH3)CH~
OCH3




N <3

Hg(OAc);-

PhCH:‘CHCH:O ) > PhCHCH(I—Ig’OAc)CH(OOCMe;)r‘z
' Me;COOH ‘OOGMe,
allyl urea >(labe11ed mercury) (94):
: *Hg(OACc), Nacl
CH,=CHCH,NHCONH, ————— —— CIHg*CHzCI—L,HZNI-ICONH2

MEOH OMe

(with Y¥"Hg and 2%Hg)

a triene (95):

1) Hg(OAc),
S H COH

N 8°
2) NaCl

Hg(OAc), NaBH,
—~

HCO,H
1 min,.
25°

iee%) o El4~7$)

Similar cychzatxons were observed with dxenes (96), but only in the

presence of an ac1d catalyst: -

Referehcés p. »1'21
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Hg(OAc), -
. e
) -but o
. Hg(OAc), ‘AcO_
” —~—
/ N
HClO, £OAC

vinyl halides (97):

X . Ko T N
r>1=~CH=c\R + Hg?" — "5 RCH,CR + THgx

(via RCH-CH(OH)XR and B-elimination of HgX ' from this intermediate).
- +
Hg

terminal acetylenes (98):

: Hg(OAc), NaBH, _OMe
RCH,C=CH - —> —_— CHZ..C (65%)
MeOH NaOH CHZR
(R = n~C;H,,)
: Hg(OAc), NaBH, OEt
RCH,C=CH — > CH=c{ (36%) + (RCH,G=C),Hg
EtOH NaOH CH,R

but:

, Hg(OAc), v -
RCH,C=CH . : only (RGH,C=C),Hg

o Me,COH -

S Hg(OAc)z :
RCH,C=CH —— CH_-,(,:HCHZR (not the enamine)

J Yy e
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: T Hg(OAc)z : CH2
—RCHZC CH % cH,= c/ )

&7':\>

H .

(18%) )

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

nated to a transition metal (99)

CF o CF CF;
T Hgx, 3\c c/ 3
—_—

/ AN
et e S
\CF3

(L-= PhyP, Ph,MeP; X = Cl, Br)

The addition of mercurials containing only Hg~C bonds to un-
saturated systems has been reported. Alkenylsilanes have been

mercurated with Hg[ C(NG,);1 (100):

Hg[C(NQ,);], + Me;SiCH=CH, -—2>» (Me3Si('JH—)-E—Hg
H,
C(NG,);
(91%)
Br,
Me;SiCHBrCH,C(NG, )3

Me,SiCH,CH,CH=CH, + Hg[C(NG,);]; ———-—-"-->

Hg-—[-GH,CHGH,CH,SiMe; ],
C(NG)s

HC1

Me;SiCH, CH,CHCH,HgCl
C(NG,);

With allyltnmethylsxlane loss of the h-xmethylsxlyl -gTroup was observed

ngmg [(QN)3CHgCHz]zC[C(NOz)3]z as fmal product-
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"}'—MegsxcHZCH-CHz +Hg[C(NOz)3]z _.% Me351CHzCHCH2HgC(NOZ)3

. C(N02)3 _’
_ , » - Me,SiH .
CH,=CCH,HgC(NG,), ' '
"C(NG,); : .
: Hegle o), 1,
(NG;)4
(O,N),CHgCH,CCH,HgC(NG,),
(NO,);
Br, : HCl1

(BrCH,),c[c(NG,); 1, (C1HgCH,),C[C(NG,); 1,

While such additions of the very polar Hgl C(NG;); ], are not surprising,
the addition reactions of di-tert-butylmercury to strongly activated C=C
linkages, as well 25 to some C3C and N=N bonds are noteworthy (101):
CN  (Me;C),Hg, 25° P

N .
C=C —Y

p , > -

Me;C gCMe,

(Occurs with Me,C=C(CN),, Me,C=C(CN)CQO,Et, PhCH=C(CN),, p~MeCgH,~
H=2G(CN),, p-GlGzH,CH=C(CN), )

HC=CCO,Me + (Me;C)Hg —0-> _JC=C
s H \C‘Oz?vte 2 He

o : : e EtOzC\ CO,Et
EtQ,CC=CCO;Et + (MezC),Hg ——=> /
N ~ MesC \ch:Me3
‘-10° "EtQ,C._ COEt

NN

“Me;C7 HgCMe,

. EtQ, CO,Et O Et Et
| C\N_N/ GEt | EEOG\ COE
' Me;CH{ \HgCMe3 Me;C/ Me;

2 EtOZCN..NCOzEt + (Me;C),Hg —> 2
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Demercuration’ of the products w»as"e__asilybeffe;:te'd with:.dr’g—an.'dvf:_i;n :
hydridesr p - ‘ 7 A

A.benzeneA, Q°

Me,CHgZ + R,SnH > R,SnZ + Hg + i-GHy
: T '(exothermic) o : ’

For most of these addition reactmns the authors assumed a polar, 4~

center transu:mn state, but radical processes occurred as weu

B. Cyclopropanes and Cyclopropenes

The stereochemistry of the oxymercuration of cyclopropanes, \;rhich
results in opening of the three-membered ring, has been studied by two
groups (review: ref. 2). Sokolov et.al. (102) established that during
hydroxymercuration of optically active trans-1,2-dimethylcyclopropane

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

figuration:

H CH, (P'H
Hg{OAc), NaBH,
- J/ - > (cH CHDM!CH
H.O ¢H, “oH (CEL): 3
2 CH,HgX o

A more comprehensive study of the methoxymercuration of cyclopropanes
has been reported by DePuy and McGirk (103). This work showed that
the stereochemistry of the reaction of the RCO,_Hg+ species is generally
determined by its attack af the least substituted C-C- bond of the ring:
that the nucleophile reacts almost exclusively with inversion; that in a
completely symmetrical system (all ring bonds identical), inversion
predoml.nates shghﬂy in the attack by RCO,Hg .  The results obtainéd

‘ w;th cis, C!.s -1,2, 3-tnmethy1cyclopropane demonstrate the latter pomt-f '
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CB67 o , , .

. "iabie-.9. ' The Stereochemlstry of Cyclopropane Rxng Opemng by
B Me‘rcurxc Acetate (from C. H. DePuy and R. H. McGu'k
.J' Axner Chem. Soc., 95 (1973) 2366) ' ' o

' Stereochermstry Sfer‘édéhemisfry

of ele\.trophlhﬁ -of nucleophilic
I ) attack (% inver- attack (% inver-
-Compound : ) sion)d : ‘ sion)2 -
=3 G
i CeH;s IOOb
H

100°
100 100
100 100
100 100
72 . 75
82 f 91
i TSR ' --90

(contiﬁqed)
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. Tai':lev 9.' _(C'ontin-uéd) v

T,
- e §
3

- - 95
OCH, o
CH, : , '
CH, \_ OCH, s
12 ~J 40
CH,

<5

IA?
CH,

CH,

f OH
CH,

CH,
CH, f CH,
62 100

CH; CH; CH;
Hg(OAc), —>

H path A H HgX
CH,OH path B
CH;OH

OCH,
CH.a/ CH; inversion GH, ©OCH;
H 3N CH,; inversion
/B . o . ,
CH, : inversion il
PR , .
i HgX C retertion
HY “HgX
(62%) (38%)

Table 9 shows the stereochemical results.

Ring opening of tricyclol4.1.0.02, 7]hebptane by Hg(II) compounds has V
been described by Miiller (104, 105). bxyrﬁe’rcuration was cal;rie.d out
under various bc,ondition: ‘ '
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Mé,r.cu'ric"'a'cetaté in CCl,y or THE:

E $ i + HglOAC)H, —>

Mercuric acetate in methanol:.

: Me HgCl

I} Hg{OAc}, + MeOH

= +
2) NaCt

56%
ClHg ClHg
+
31% 13%.

Mercuric acetate in aqueocus tetrabtydrofurarn:

HO

g 1) Hg{OAc), + H,O/THF

-2) NaBH,/NaOH

48 L 21 parts .



Phenylmercuric acetate in methanol:. :

PR zOds.

MeOH | lﬁ | W

AcOHg

Hg(OAc),
_— >

, A
AcQHg N
N = Nucleophile

Ion rearranges rapidiy to and thus can be intercepted only b’y.

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

philes, products derived from are obtained. Other reactions studied

. ciHé
HgCEzj’Me G’n
MeONa

included:
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' 'Ihreforxida_'ti‘ve_: élea&ége_ of cy'cl"pp'fopeh'es.has been 'irﬁ‘féét'igat:'_ed:by

o ‘_J’a,p;;afr'le se. worker s'.’ (106):

‘Me

. . (Aéo)zc_l—r\ _Me U
- . Hg(CAe), - - ) ' g
-. g " )_Z . . z - _} 7 . (65070)
CHCL - ' S :
'i'l'ie following reaction course was postulated:
; Hg(OAc)Z
H - Me : - : Me
' Hg(OAc), =
Me Me -
(ACO)ZH + e
H

/ Me Me
f : | H\(—; Me |

' c? ,
(AcO),Hg NcMe T
| M

€

The reaction of benzocyclopropene with mercuric acetate also was
examined:

CH,0Ac = .

Hg(OAc), ' :
’ > ( sHg  (80%)
CH,Cl, o T ;




kit

This reaction was postulated to proceed via:

. o CH,
~@Hg(OAC)3 ' _ = l
) — NG IS
A S " “Hg(OAc),
CH,0Ac
gOAc

C. Aromatic Compounds

The mercuration of benzene with mercuric trifluoroacetate is an

excellent route to PhHgO,CCF; (107):

CI1CH,CH,Cl

Hg(OQ,CCF3);  + CeHg C¢H,;HgQ,CCF; + CF;CQ,H

[BF;- OEt,]
1hr., 20° ~ (99%)

The reaction is first order in each reactant and the activation snergy is
13.2 kcal/mol. The direct mercuration of tetrafluorobenzenes with
mercuric trifluoroacetate was found to be a gobd route to tetrafluoro-

phenylmercurials (108):

' 160-200°
ATH + Hg(O,CCF;); —————>» ArHgO,CCF; + CF3;COH

(AT = 0-HC(F,, m-HC,F,, p-MeOCF,, 0-O,NCF,)

Dimercuration also was possible:
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B PR
0~ or m-H,C¢F; + 2 Hg(O,CCFs); -3 2 CF;COH
"+ o0- orm~(CF,CO,Hg),CFy .-

Me‘réurz-ltion_ of p-MeOCSF;H y@riih i:];gBr4 - tnder basic cdﬁdifions in
‘ aql_z'e'o-u"sr rfeft;butan(:;l 'g:z.we-’a .vgo'ord yiéld of (p-MeOC6F4)ZHg, but thz.s
fp;roc‘edl_ir'g ?roved not to be a useful synthetic route to other tetrafluoro-
phénylmercuri'als{ The tetraﬂ'uorophenylmercuric trifluoroacetates '
prepa.red during the_cou-rse of this stud§ were symrpetrized:
a MeOH -
ArHgO,CCF; + 4 X ————— > Ar,Hg + HgX2" + 2 CF;CO,

. (X = C1, Br)

and conirerted to the respective arylmercuric halides and acetates by

diverse metathesis reactions. Among the compounds prepared were:

F F - F F
, ¥ HgX ¥ HgX
HgX F HgX
et il et
¥ H P HgX

(X = C1 and Br)

i)

F.
¢ \

The action of aqueous mercuric acetate on (trimethylammonium)-

anilinium diacetate gave a trimercurated product, (109).

gOAc
+ + _
Me,; N NH; - 2 OAc

AcOHg HgOAc
This sy@thesis was carried out as part of a program for the localization

-of pharn_-xac'olégig:_al' receptor sites by electron microscopy. . Another

gifoup has prepared several S_’-friphosphates of the mercuri;nuéle‘otiaes
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: li9 I IZOI and |21 | by direct mercuration with 'nie_rt::_pric acetate (110). -

HO o
H H
or (H)

These compounds (X = OAc), in the absence of added mercaptan, were
not polymerized, Addition of mercaptans gave the thiomercuri analogs
(X = SR) which were found to be excellent substrates for all polymerases
- tested. Important biological applications of these novel mercurials were
suggested.
The direct mercuration of transition metal complexes of aromatic

molecules is a known reaction. New examples have been reported:

Hg(OAc), £OAc

EtOH

g )] (ref. 111) Cr CaCl,
(Cg)s (co),; , ; o

HgCl1

Cr
(co),

As expected, benzenechromiom tricarbonyl is less reactive toward -

(electrophilic) mercuration than is uncomplexed benzene.
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. 7 Hg(OAe), - * -LiGl
fa(CO); ——————>

[HC1O,]
(ref. 24)

Detailed directions for the preparation (by direct mercuration of ferro-
cene) and purification of chloromercuriferrocene and 1, 1*~bis{chloromer-

cz_n-i)fe'rrocene have been provided by Rausch et al. (112).

5.  ORGANOFUNCTIONAL ORGANOMERCURY COMPOUNDS

A. Highly Halogenated Organomercurials

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

previous sections:
 polyfluorcarylmercurials (15, 16, 18, 19)
polychloroarylmercuriais (18, 19)
halomethylmercarials (Section 3C)

" Wulfsberg, West and Rao have prepared pentachlorocyclopentadienyl

mercury compounds (113):.

HgCl,
 THF

or better:v
- LiOMe - : -3 CsCLH, 0°
Hg(OAc), —————> (MeO)Hg

> (Cs;Cls).Hg
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CsCLH

PhHZOH . , > PhHgC.Cl,
Me,C(OMe), T
(CsClL)Hg + HgX, ~—>> 2 C,CL,HgX (X =C1,Br).

This work was complicated by the formation of several different crystal].ine
modifications of some of these cémpounds, of adducts with THF, DME and
diglyme, of adducts of the C;Cl;HgX compouﬁds with mercuric halides. -
The presence of a 0~bonded fsentachlorocyclopentadienyl group in these
compounds was indicated by IR, NQR and UV spectral data. The electroﬁic
spectra provided evidence for G- conjugation between the C-Hg bond and
the cyclopentadienyl 7 orbitals. Thermolysis of the pentachlorocyclo- -
pentadienyls proceeded by homolytic C-Hg bond scission, not by &-
elimination of Hg-Cl to give the tetrachlorocyclopentadienylidene carbene.
Also, nucleophilic displacement of the pentachlorocyclopentadienide anion
from mercury was a facile process, with even f:hloride ion being a suffi-
ciently strong nucleophile. Transfer of C5Cl; from these mercurials to
transition metals, to make perg:hlorometallocenes, could not be realized.
Mercury derivatives of polyfluorinated cycloalkenes also were

accessible by the organolithium route (114): .

- F F
F, AHE F, 2 H; z

r—‘ l[___] F, I l F;

-Fp — F;
2 2

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

mercury atoms can maintain their preferred colinear bonds).-

Fz Fa » 'FZ 'FZ . )
H F, Hg. ¥,
S F; '
F2 X p.< Fa '
- F Fz ¥ F
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: VB.‘ Carboranyl-l\{ercurlals

Russxan workers have contmued thelr studies of carborane substl-_
- tuted organomercury compou.nds Methylmercury'derlvatlves of 1, 6- :
'and 1 10- d1carba-closo—decaboranes (10) have been prepared by reacuonv -
of'_the approprxatg_e-hthxo-carborane Vder:.vatxve with methylme‘rcurxc

;:}iioride or mercuric bromide (115). . The compounds prepared included:

. —Ph-é—MeHg-l 6-138c21-:r8 - i-Ph-i0-MeHg-1, 10-B4C,Hy

(1 -Ph-1, 6-B8CZH8—6 )»Hg (1-Ph-1, 10-BgC,H,-10-~),Hg

The action of bromine (in benzene at 25°) resulted in cieavage of the
methyl, not the carboranyl, group from mercury. Reactions of these

carboranes were studied:

: : ‘ PhCl, reflux
(1-Ph-1, IO-BBCzHa—IO-)ZHg + HgBr, - >

2 1-Ph-10-BrHg-1, 10-B,C,H,

{1-Ph-1, 10-B4C,Hg-10-),Hg + 2 BuLi — > Bu,Hg +

2 1-Ph-10-Li-1, 10-B,C,H,

KOH, H,0/C¢Hg

1-Ph-10-MeHg-1, 10-B,C,H, > 1-Ph-1, 10-ByzC,Hy
reflux
. ’ HCl1l, EtOH
1-Ph-10-MeHg-1, 10-B4C,H, > 1-Ph-1, 10-BgC,H; + MeHgCl1
78°

Halomercury derivatives of 1,2-dicarba-closo-dodecaboranes (12)
(ortho-carboranes) could not be symmetrized by standard methods (NaCN,
KI, . NH;), but anion radicals achié_ved this transformation (116):
B1oHo(PhC,HgCl)  —————> [B,5H,,(PhC,-)],Hg
,T}ie rréqui‘red chlqromercury derivativ_es were prepared in high yield by

chlorinolysis of BgH,o(PhC,HgEt). Chloromercury derivatives of o- and



11
El_-carbdran:er also were obtained by cleavage of U-Fe(CO)icsHs-substitgited’
‘carboranes (8). 7 7 '

Garboranes containing Me,G=CHHg substituents also have been syn-

Simple organoboron compounds containing chloromercury substituents

have been studied by Matteson (118):

NaOAc :
f(Me0),Bl,CcH, + HgCl, -—————-> ClHgCH,B(OMe),

The mechanism of such mercurideboronations was studied (cleavage
rates of RCH,B(OMe), by HgCl, in acetate-buffered methanol; R = H,
(MeO),B, ClHg, Ph, n-Pr) and a direct interaction of the neighboring

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

C. Metallocene-Mercurials

Mercury derivatives of ferrocene and cyclopentadienylmanganese
tricarbonyl already have been mentioned in previous sections (24, 28,
34, 35). Also menﬁoned has been the mercuration of benzenechromium
tricarbonyl (111). The compound @ can be prepared by reaction of

diphenylmercury with chromium hexacarbonyl, as indicated in last year's

Cr Cr
(co), (CcO),

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

shown this to be a general reaction (119):
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" {Z = Me,N, MeO, Me,
; ‘:_H’ F) N -

.. ‘As éxpected, electron-releasing substituents fécilitateg this reaction.

D. Organophosphorus-substituted Mercurials

Direct reaction of phosphonic acid esters containing activating groups
with mercuric acetate gave a series of mercurated phosphonate esters
(1z0):

EtOH
- [(Eto),P(O)1,CcH, + 2Hg(OAc), ——> [(EtO),P(0)],C(HgOACc),

(95%)

+ 2 HOAc

[(£t0),P(0)],CHCL + Hg(OAc), — > [(Et0),P(0)],CCIHgOAc + HOAC

(55%)
e Hg(OAc),, THF . Efozc\
Et0,CCH,P(O)(OEt), > C(HgOAc), -
s S (Et0),(0) :
(39%) -
o Hg(OAc),, THE (Et0),(0)P S
N=CCH,P(O)(OEt), > , (HgOAc),
‘ (99%)

Rga"ctions':réf we-re ‘examined brieﬂiﬁ_ :

S L e | HgX,/THF .. ' '
[(Et0);P(0)],C(HgOAc), —— —> [(Eto);P(0)],C(HgX),




: - 2 Ph,Hg ' .
[ — "5 [EeonPO)LClHEPR),

B -
— 5 [(Et0),P(0)1,CClL- HgClL,

H,S/EtOH - _ - - .
————————> [(EtO),P(0)],CH, + HgS + 2 HOAc
Such mercuration was found not to occur with PhCH,P(O){OEt),. This
reaction was studied in detail by Egyptian workers (121). The reaction

course found was:

R RO OAc
: hexane, 2 hr. I‘J‘/N i
RO-P=0 + Hg(OAc), s RO-—PZ0-se.. Hg - >~
room tem “
CH,Ph P. H,Ph ¥ OAc
(R = Et, n-Pr, n-Bu) '
.
RO-P-OHgOAc + PhCH,OAc
(RO),P(O)HgOAC

Compounds of type are known and their reaction with mercuric
acetate in acetic acid at 100° led to a dimercurated product:

R
Ac OHgOI'Dl-Hg OAc

E. Mercurated Diazoalkanes and Carbenes

The chemistry 6f. mercurated diazoalkanes, which has been the -
subject of much study in the last few years, has continued to receive

attention, ,Organomercury-diazoketories have been prepared:
RHgN(SiMe;), + HG(N;)G(O)R' —>> RHgG(N,)C(O)R' + (Me;Si),NH ,
(R =Me, Et; R' = Me, Ph)
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Hg[N(Sngs)z]z, + 2 HC(NZ)C(O)R' S —— Hg[C(Nz)CR]z + 4(Me3SL)zNEi~
“All four compounds were obtalned in f:he form of yellow crystals theu-
mass proton NMR and vxbratxona‘l spectra were dxscussed in detaﬂ. (122).

v ,Anothersynthesx.s of mercurated dxazoalkanes is based on reactions

of orgaAhd-mebrc_uﬂc alkoxides and hydroxides (123):

EtOK HC(N,)Y
RHgCI ——— >  RHgOEt —» RHgC(N,)Y + EtOH. -
EtCH . S
EtOH

RHgOH + HE(N,)Y ————-> RHgC(N,)Y + H,0

Examples: (1) R = Me, rEt, i-Pr, Me,;C, PhCH,, Ph; Y = CO,Me
" (2) R =Me, Ph: ¥ = CO,Et
(3) R = Ph; Y = C(O)Me -
(4) R =Me; Y = CN
(5) R=Me: Y=Ph

(6) R =Me; Y = Me
7‘(7) R = Me; Y = HgMe
(These compounds also were characterized by their niass, IR, UV and

NMR spectra).

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

, : , RHgCCO,Me + N,
RHgC(N,)CO:Me '

R- + Hg + N, + -CCO,Me

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

7 increasmg'm.the order of the R- radical stability: Me<Et<Ph<MeZCH'<'
PhCHz?MeSC Also, higher énergy irradiation favors the frargment;ation »
Vprocess. Nearly quantxtatwe ylelds of the CH_,,Hg substﬂ:uted carbene were

obtamed onn u-radlatmn of the long wavelength absorptmn band ‘of the

- 'CHngC(Nz‘)Y compounds at te_rnperatures below 0°, The most labile tert-
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' butylr;lercufifs:ubétitutéd diazo éster was the"bést cairl:;y'ne_ '(-'éC'OZMé) e
- soﬁfcé. i - » -

The direct photolysis of methylmercuridiazoacetoné in olefin medium
(>335 nm irradiétion) gave l-methylmercuri-l-acetylcyclopropanes in 70~

90% vield (124):

\ 4 8 .
R uv Sc=c? \ _HgMe
MeHgC(N,;)CMe -——-—> MeHgCCMe ——— > Co
- N, ' : / C(O)Me
, ,\

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

Little, if any, of the Wolff rearrangement product was formed and no C-H
insertion products were detected. The addition to cis- and trans-2-
butene was stereospecific. A singlet ground state thus was suggested for
CH,;HgCC(O)CH;. Similar cyclopropanations could be achieved with MeHg-
C(N,)CO,Me, stercospecifically and in high yield. On the other hand,
CH3HgaC§N, obtained by photolysis of MeHgC(N,)CN, did not add stereo-
specifically to cis-butene, and 1,3-butadiene was found to be much more
reactive toward this carbene than butene-2 (125). The explanation given
for these observations was that the carbene was generated in the singlet
state, but that in this case the presence of the a-CH;Hg group greatly
accelerated mtersystem crossing to the triplet state (relative to HCCN
where the triplet state is less accessible),

The methylmercuri-substituted cyclopropanes were easily converted
to the respective halocyclopropanes by halogen cleavage of the C-Hg bond.

Insertion of CH;HgCCG,CH; into the O-H bond of methanol also

occurred readily (123):

' uv .
MeHgC(Nz)COZMe + MeOH —_— MeHgCH(OMe)COZMe (98%)
NabBH,
CH,(OMe)CO,Me

The Wolff rearrangement was shown not to occur in this system
Referencsp 1 21
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F. Olefl.nlc Mercurxals '
'I'he mterconvers1ons of cis- and trans-ﬁ-chlorovmylrnercur1c
’chlorlde have been studled (126)

‘cl HgCl ) - 01\ /H
C=,C\H ———— / \
S , H HgCl

Conditions: 56%vafter_ 25 min. at 75-85°%;
449% after 3.5 hr. in refluxing benzene;
44% after 50 min. in refluxing benzene containing

benzoyl peroxide.

= - -—-—-—9 C=
B  HgCl _ -4 H

Conditions: 50% after 7 min. at 140-150°;
32% after 10 hr. in refluxing toluene;

57% after 30 min. in refluxing octane

Such thermal isomerizations are believed to involve B-elimination of
mercuric éblori'de followed by its nonstereospecific readdition to acety-
lene. No isomerization of trans-C1CH=CHHgCl1 occurred during vacuum
sublimation at 100°, on proloﬁgéd standing at room temperature in organic
sblvents or in benzene at 80°., Slow cis &= trans isomerization did take
v place in THF at room temperature in the presence of 20 mole % of
mercuric chloride. ‘Thus, after 24 hr. in separate experiments pure
‘trans-ClCH=CHHgCI1 was: converted to'a 68/32 E_raﬁ/s}_s_ mixture and the
pure ::is_ isomer to a; 61/39 Eﬁ/ﬁ mixture.
V Some reactions of these compounds were studied (126, 127). Con-

sidérable différent;es were foﬁnd, rﬁvitb the trans isomer being very

Pprone to undergo B-elimination induced by nucleophiles,
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c___ Ml Clyg. o/ EPR

™
c=C + PhMgBr —— Cc=
B’ NH : , H” MH
Cl_ = HgCHCl
+ CH,N, —_ c=C{_
- H
_ c1
+ Nal —> |- \C=C/ )Hg
, A w4

+ LiAlH, —> CH,=CHCl + Hg

/c=c/ + PhMgBr ——>» HC=CH + Ph,Hg
H N\HgCl :
cy _H
+ CH,N, —_— E}:C\.
+ Nal ——= HGSCH + Hglg?-

+ n-Bu,Hg — HC=CH + 2 n-BuHgCl1

+ LialH, -———> HCSCH + Hg + CH,=CHCl1

New cyclopentadienylmercury compowds have been prepared by the

crganolithium route (128):

Me,

Hg_Cl

Varié.ble temperature NMR spectroscopy shovc;ed bot_:h to have fluxional
behavior. Thus there is rapid‘interconvers‘i\on among the following fo'rxn.:
in the case of tert-bufylty;::lopentadienylmercuric chldrid'e at room .
temperature: N '
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ey, o oMe, o ClE oy
s G
H HgCl -« - S ' o

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

configurations, either or , being unfavorable because of the

- steric crowding resulting from the geminal substitution,

G. Miscellaneous Organofunctionals

The mercurated nucleotides , and and their potentially

importént biological applications (110) have been mentioned in a previous

section,

The imino-mercurial l29| has been found to form complexes, through

nitrogen, with transition metal species (129):

RO ,OR [(RR(CO),Cl1} - RO C/OR
S -HeC > L C-Hg-C
ArN? Nnar ’ A_rlf/ SNar
(OC);Rh 1|zh(co)z
1 Cl

Mercurated photochromic polymers of type have been studied by

Japanese workers (130).

--E—-CHZ-—(“,H—-};
s
o7 “\nH
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6. C-Hg BOND REAC'IIONS OF uRGANOMERCURI.AIS

The pyrolys1s or photolysis of organomercurials are: cla$s1cal routes
to free radicals, and both have been the subJect of detailed study Aby Zhil'tsov-
and Druz'hkév (131). Such decomp051t10ns of R;Hg (R Me, Et, i- Pr) were
carried out in the absence of solvent and in solutlon (benzene and lsoprop-
anol). From the product distributions it was concluded that the "cage .
effect” is not very important. Methyl radicals generated by p.yrolysis of
dimethylmercury héve been allowed t;a reavc.:t with ;raribus chlorosilanes
and chlorobhydrosilanes at 450° (132). It was found that the Si-H bond is
much more reactive toward the methyl radical than are the C-H bonds of
a CH;-Si system. Of interest was the formation of silylmethylmercurials

during these reactions:

450°
Me,Hg + MeSiCl; ———> some (CLSiCH,),Hg

Me,Hg + Me,SiCl, —4—5—(19 some (MeC1,SiCH,),Hg
These silylmethylmercury compounds were not isolated as such, rather
were converted to the known (Me;SiCH,),Hg by the Grignard reaction.
Thermolysis and photolysis of this mercurial also has been investigated
by another group (133). It is much more stable than diethyl- or
diisopropylmercury. After a heating period of 100 hr at 200° over 95%
of the (Me;SiCH,),Hg was recovered unchanged. The decomposition pro-
ducts which were identified were tetramethylsilane and Me,;SiCH,HgCH,Si-
Me,CH, CH,SiMe;. Photolysis of this mercurial also was not easily
effected and gave tetramethylsilane, (Me3SLCHz)z, Me;SiSiMe;, n-Me,,Si,,
(Me3SLCHZCT-IzSLMezCHz)z and Me3SLCHZHgCHZSLMezCHzCHzSLMe3, ali pro-
ducts of Me;SiCH,-, Me;Si- and CH,;- radicals generated in the photolysis.
B The pyrolysis of Cl1HgCH,CH=0 above 200° gave ketene in an apparently
radical procgsbsr_whi_ch was facilitated by added beazoyl peroxide (134). The

photolysis of a functional arylmercurial also was studied (106):
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. U_V .
_ e N CH,_OAc + -
CsHs o ~CH,OAc

(66%) ' ) (22%

AcOCH, .-

‘The pyrolysis of rr.le,talllocenyl-substitﬁted mercurials in the presence of

silvér powder gave novel coupling products {24):

. ‘V i 26 5° :
[(OC)3Mn-@-17Hg —3>  (OC);Mn Mn(CO);
o . Ag :
‘ (67%)

' 265° |
[(oc)amn-@ﬂ—z—ﬂg + (S He =2

Fe Ag

The oxidation of organomercurials with various oxidizing agents has
been the subject of several investigations.

Ozoniéation of dimethylmercury in aquéous solution was found to be
too fast to allow kinetic studies, almost all of the di.!nethylmercur}; present
being.destroyéd within 10 min. at room tempei-éture (135). SimilérA ozo-
nolys:.s of agqueous. methyl-and ethylmercur:.c chloride in'the ppm range
‘has. been reported (136 ). Thus, ozomzatlun is a possible means of de-

stroyung organomercunals in environmental waters,



. 8T

' The action of nitronium tetrafluoroborate on RHéX c.:ornpoundé‘ (R =
alkyl or aryl; X = R or Br) in sulfolane results in an 6x1datiqn—reduction
Vreaction in which the arene together with some nitroarene Vare formed :
when R = aryl {137, 138). On the'other hand, the nitroarene was the major
product when the oxidiéing agent used was nitric acid in acetic anhydride
(138, 139). With alkylmercurials, one of the products of reaction with
NOZ+BF4— is the nitroalkane, and with bofh RHgBr and ArHgBr some
organic bromide was formed as well. The initial formation of a cation
radical, [RHgX]f was suggested, whose further "in-cage' or 'out-of-
cage' reactions gave the observed products.

The reactions of organomercurials with triphenylmethane derivatives
also proceeds via an initial electron transfer step in many cases (Reutov
et al, 1969). Further work by this group has shown that a peroxide is
formed when such an interaction is allowed to occur in the presence of

oxygen (140):

o,
Ph;CBr + R;Hg ———> PhyCOOR  (50-70%)

(R. = Me, ME3CH2)

The reactions of various alkylmercuric bromides with B hydrogen sub-
stituents (R = n-C3H,;, Me,CHCH,, EtMeCH, but not C,H;) reacted with
triphenylbromomethane to give low yields of triphenylméthane, presumably
v_ii; hydride abstraction mechanism (141).

The stereochemistry of the cleavage of the C~Hg bond by halogens has
been the subject of many studies in the past. In general, radical cleavage
(Br; in CS; or CCl,) results in loss of stereochemistry at the carbon atom
to which the mercury is bonded, while ionic cleavage (Bvrzrin methanol or
pyridine) results in_retentianof_conﬁgurati_on at carbon. It therefore was

- surp:_r.-ising to find thét brominolysis éf cis-~ and trans-propenyl- and 2-
vbutenry].merc!’;r‘ic 'bromide in carbon disulfide z;esuited in predominant

inversion of configuration at carbon (142):
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H. H; °  Br, H . r H_ CH,
CHy HgBr  CS, cH,” CH, CH; " SBr
(93%) (7%)
CH; - CH,  Br H C cH, CH, cH,
~Ne— < B Ne—c? T s Ne— <
H”  “HgBr CS; CH,;” Br H” Br
(88%) (12%)

In pyridine, on the other hand, such cleavage proceeded with retention of
configuration at carbon. The results of the experiments in CS, were
explained in terms of an addition-elimination sequence, rather than a

direct cleavage of the C-Hg bond:

cH,_ - _CH, Br, CH, r
~e=c( Hsﬁ——C/B
H HgBr (trans) By 1‘4 §H3
gor
trans-f-
elimination
CH; r
\c=c<B + HgBr,
H” CH;

Er_ax:.i—Bufenylmercurié bromide was found to be about 75 times more
reactive toward bromine in carbon disulfide than n-propylmercuric bromide,
butrdnly about 34 times more reactive in pyridine solution. Other studies
(143) have implicated carbonium ion intermediates in the bromodemercur~
ation of cg#tain organomercurials, especially of benzyl derivativeé, in
DMEF solution,

7 The results of isotope positional scrambling obf#ined in a study of the
reaction of l-propyl-l-“C-.-merCuri-c perchlorate v?ii;h trifluoroacetic acid
(reflux for 8 hr.) suggested that some of the CH,CH,CH,0,CCF; obtained
as the minor product was fqi'med V_)}iedge -p%otoxxa'téd cycloprépane (144)..
Ti;é major (93%) p»x_'odtiétr of this reactioé was MezC_HdZCCF:,. A‘det_ailed

kinetic study of fh,e, protolysis (HCI in EtOH) 'of 2-acetyl-3-chloromercuri--




l-metb.ylmdole has been- reported (145) Cleavage of trans-ClCH-CHHgCl .
with CuCl,-KCl1 and NH,C1-HCI1 has been studied (146) '
Reutov and his group have centinued their investigations of sub.stituent:'
exchanges ih crganomercury ‘cﬁe'mistry. In one study, the redistribution :,'
of dibenzylmercury; with mercuric haiides in pyridine was followed by »
prbton NMR spectroscopy (147). This second.order reaction was most
rapid with HgCl, (k = 4. 05x10~3 1/mol. sec at 46°). Mercuric broﬁide
(k = 3.33x10-3) and iodide (k = 1.19x1073) were less reactive. The energiés .
of activation for these reactions were: with HgCl,, 12.2; HgBré, 15.5;
Hgl,, 20.1 kcal/mol. The kinetics of the three-alkyl exchange between
dibenzylmercury and trifluorome thylmercuric tr1ﬂuoroacetate in -

pyridine also were determined (148):
(PhCH,),Hg + CF;HgQ,CCF; ——3 PhCH,HgCF, + PhCH,HgO,CCF,

Again, a second order process was found (k = 1. 75x10~3 l/mol. sec at 48°;

Eact 12.1 kcal/mol). Transition states or were favered. The

PhCH, PhCH,
Hg o g
PhCH,” ‘;o—gcrg PhCHZ_/H OJ:'CF:,
“He : “Hg
CF,s CF,

substituent exchange reaction between dibenzylmercury and trichloro-
methylmercuric bromide to give benzyl{trichloromethyl)mercury and
benzylmercuric bromide also was reported (148), but a kinetic study was
not possible, due to the instability of PhCH,HgCGCl, (*Hg°). 7

In 2 more preparative vein, it was found that o-tolylmercuric Ealides
undergo symmetrization to di-g-toiylmercury and mercuric halide on
chromatography columns of active basic alumina or magnesium oxide (249).

Presumably the usual nucleophilic process is involved. Symmetrization -
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fof ethylmercunc 1od1de could not be ac!neved in good y:.eld by thzs proce-’
:'_dure As the authors po:.nted out ‘this method has ‘6nly very 11m1ted 7
practlcal apphcablhty ' : '
Axnong m:.seellaneous react:.ons we note the formal insertion of sulfur
iato the C-_-Hg :bo»ndsi of b:.s(perﬂuoroalkyl)mercury compounds (150):
o+t " UKF in DMF . -
(Rf 2Hg + Sg ———> (RS)Hg
: o 70-100° .

(R = (CF3)3
and (CF3)ZCF)

The following mechanism was favored:

(Rf zHg r———ﬁ [(Rf)ZHgF] v____ R ---é.....Hg R

-F- ~-S “Sia \‘Fb

RfS—Hg-R:E

The reactions of alkylrn‘ercuric aikoxides with carbon tetrachloride at
50-60° do not form  RHgCCl, (as does the RHgOR' + HCCI; reaction).
Instead, the products are (in the case of RHgOCMe;) RHgCl, Hg°, Me,COH,
CHC1;, RC1 and the olefin derived from R (151). Also studied w’ere tert-
butyl peroxide-catalyzed reactions of Ph,Hg, i-Pr,Hg and i~-PrHgCl with
carbon tetrachloride at 100°, The results were explained in _varioﬁs ways
in terms of electron transfer processes in which subsequent in-cage and

out-of-cagé stepé produce the observed products. E. g.:

a,
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Me;C-0-0-CMe, | ' . |Me;C-0-0-CMe;
Ph—IiIgéﬁh ) — > | Ph-Hg:Ph
+ } - o
- CreCcl, T ' : : : cl-ccly’
S e : —_ -
initial interaction . , ' » " radical pair

cage reaction

Me,COOCMe,; + PhHgCl + PhCCl;
(71%)

The reaction of organotin hydrides with R,Hg compounds containing

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

EtO,C CO,Et : . EtO,C CO,Et
Sc=c] + R;SnH ——> Sc==c]
Me;C HgCMe; MesC NSnMe;

+ i-C,H,, + Hg
(PhC=C),Hg + (Me;C),Hg + 2Me,SnH ——=> 2 PhC=CSnMe; + 2 Hg
+ 2 i-C,Hy,
20°

(CH,=CHCH,),Hg + Me;SnH ———3> Me;SnCH,CH=CH, + CH,CH=CH, + Hg

00
(CCL),Hg + Me;SnH ———3 Me3SnCCl; + HCCl; + Hg

7. N[ERCURY -FUNCTIONAL IMERCURIALS

Diverse methylmercury compounds of type CH;HgXR (x=0,s, O,C
and R = aryl) have been prepared for an NMR study by Sytsma and Khne -
(152) (Table 10). Preparatwe methods A and B in Table 10 are stralght-'

forward, uwolvmg reaction of the approprlate RXH compound thh
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. _""Iable 10 New CH3Hg}CR Compounds

(Sytsma and Kl.me, ref. 152)

Parent Acid_ '

W

Method of Recryst. Melting
RXH. ' .. - ' preparation - solvent point (°C)
A. - X=0 o
" Phenol - A Hexane/ methylene 129(130)
, : - chloride
p~Chlorophenol A None 125(dec.)
1-Naphthol A Hexane/methylene 91(dec.)
chloride :
p-Bromophenol A None 130(dec.)
m-Bromophenocl C Hexane/methylene 101
- . - chloride
o-Bromophenol- B Hexane/methylene 88
- chloride
2,4-Dichlorophenocl A Hexane/methylene 135
chloride
8-Hydroxyquinoline A Hexane - 99(90)
p-Formylphenol A None 135(dec.)
p~Nitrophenol A None 167(dec.)
S—Acetyl—S-hy— B None 163
droxyquinoline
Pentafluorophenol B Hexane/methylene 134
chloride
B. X=S
Cyclohexylmer- B Water/acetone 65
captan
p-t-Butvlthiophenol B Hexane 89
p-Methylthiophenol B "Hexane 75
g_'—Methy;lthj‘.ophenoi B . Hexane 75
Thiophenol A 7 Water/ethanol 92(87)
—Fluoroth:.ophenol B Hexane 81
Z-Mercaptonaph- B Hexane . ) 93
thalene. : - ' ‘ -
7p-Chloroth10phenol.' 7 Hexane 63 -
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Table 10.. (Continued)

p-Bromothiophenol

1-Mercaptonaph-
thalene

o~Mercaptobenzoic
acid

2-Mercaptopyridine
2-Mexrcaptoguinoline

8-Mercaptogquino=-
line

Thiobenzoic acid

Pentafluorothio -
phenol

Dithizone (diphenyl-
thiocarbazone)

2-Mercaptopyri~-
dine-N-oxide

C. X=CGQ
Myristic acid

p-Hydroxybenzoic
acid

trans-Cinnamic-

acid

Benzoic acid

Salicylic acid

- Hexane/methylene

chloride

Héxane
Hexane/methylene
chloride
Water/ethanol
Hexane

Water/acetone

Wate r/acetone

Water/acetone
Methanol

Water/ethanol

Methanol

Hexane/methylene
chloride

Water/ethanol
Hexane/methylene
chloride

Methanol

71
97
168(171)

53
132
163

61

102

144(dec. )
(146)

117

82
205(dec; )
157
113(110)

118(114)

methylmercuric hydroxide or methylmercuric acetate, respectively, in-

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

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

treated with the RXH compound in methanol (48 hr. at reflux). Etker

was added to precipitate the etherate of hexacyanocobaltic acid and -
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‘ u.nre_a;te;iv meth}lmefq-ﬁrig}Heaic'aé.&anéc':obaltate5 ‘These were filtered to
‘leave a soh;tion@f the desired MeHgXR‘ compound. This is;a'géqd pro-
cedlu'e,f‘.of the preparation of very soluble x;nertvhyh‘ne'rcur‘y salts.: The
férmatioh of methylmercuric chloride from MeHg+ and C1~, andrits
distribution between aqueous and organic phases has been studied:using
radioacti;‘;e 2BHg labelling (153). .
The temperature jump method has been used to study the kinetics and
‘mechanisms of MeHgOH +'Y_ reactions (153a). Transition state was
' suggested for these rapid processes.

=OH Y = Py, C1", SCN™, Br~, I", Ph,PC¢H,S0;",
CH,Hg, p-O,NC,H,0~, CN~, OH", and others

Y
A striking analogy with proton transfer reactions was noted.
quodwcrth has continued his investigations of organomercury oxy-
derivatives with a study of the reactions of organomexrcury alkoxides,
oxides and hydroxides with organic isocyanates (154).
PhHgOR + R'N=C=0 —> PhHgI;TCOZR

Rl
(R = Me, Me;C)

(PhHg),0 + R'N=C=0 ——> PhHgNCO,HgPh
v 1

PhHgOH + R'N=C=0 ——> R'NHCO,HgPh
(R! = Et, Me;C)

Reactions. of aryl isocyanates with phenylmercuric hydroxide were more
compiicated-, giving the srecondary products indicated, presumably via

the pathiiaj slﬁbwn_:




PhHgOH + ArN=C=O -——3 ArNHCGHgPh

ATNGCO or -COo

(- C0;) . |
4

PhHgNHATr

ArNCO

Y
PhHgl\‘IC ONHAr (+ ArNHCO,Ph
Ar and/or

PhHgNHAT)

Some new organomercury peroxides, PhMe,COOHgC,H,Z-p (Z = Cl and
MeO), have been prepared. They appeared to be quite stable but were
readily hydrolyzed by atomospheric moisture (155),

Two groups have reported on the preparatidn of organomercury

amides. These may be prepared from the alkoxides (53, 154):

RHgOCMe; + Et,NH = RHgNEt, {not isolated) + Me3;COH
{ref. 53)

(R = n-Pr, i-Pr)

PhHgOCMe; + Et,NH (large excess) —————————>» PhHgNEt, + Me;COH

(ref. 53)
(mp 93-95°)
benzene
PhHgOH + PhNH, —— . > PhHgNHPh + H,0
(ref. 154)
benzene

PaHgOH + Ph;NH ——— > PhHgNPh, + H;0

Removal of the water formed during these reactions by azeotropic dis-
tillation was required.

Some reactions of PhHgNHPh were studied (154):

PhN=C=0
PhHgNHPh > PhHg(Ph)CONHPh

CG

S
r—d

PhNHCO,HgPh (viscous oil)
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CO,HgPh

V.

CONHPhh

The compound [(CF,),N1,Hg has found use in synthesis (156):

[(cF;),NIHg + HSiI ———> H;SIN(CF;), (37%)

\L room temp.

H,SiF + CH;N=CF,

Nitronate esters of organomercurials have been described (157):

RHgN(SiMe,;), + R'R"CHNO, — 3> RHgOI;T:C( + (Me,Si),NH
. "
: o)

(R = Me, Et) (R',R" =H, H
' H, Me
Me, Me)

These crystalline solids are not very stabie. MeHgON(O)=CH, readily
converted to the fulminate, MeHgCNO, in solution.

Several papers have dealt with Hg-SR compounds. Reaction of
methylmer.c'uric chloride with N-acetyl-L~cysteine gave MeC(O)NHCH-
(CO,H)CH,SHgCH,, and an NMR study of the formation of this compound
was reportéd'(158). . o

. 'Ih.e; (Rfs)éHg compoundsrme,ntioned already (150) were fo‘und to

undergo the following reactions:




o7

: . ¢l ,
[(CF;),Cs1Hg —z_;. - (CF3);C8Cl

“THCL L
>  (CFj),CSH

[(CF,;),CFS],Hg — — = (CF;),CFSSCF(CF,),

———> (CF3).C(CH),

CH,I
————> (CF3),CFSCH;

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

HgF,/KF/DMF
c<z>c(cr:'3)z > [(CF;),CFS1,Hg

(CF3).

The reaction of o-hydroxymercuribenzoic acid with silanethiols of type

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

co,” ofo
(RO),SisH + _—
Hg OH HgSSi(OR),

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

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

workers {160). ‘ ‘
Cox-n.poﬁnds containing a P-Hg bond have found application in carbohy-

drate synthesis (161; 162):
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- CH’z'OAc

.. _BrHgPO(OR),
/T CHINO, , 0% N _
' ' ' Ye)
OAc o-—i-‘-P—OR
=R N
H3C = OR
o Br O O\ _-PO(OMe),
, BrHg PO(OMe),
: AcO ) Ne) CHg
ACO AcO
OAcC OAc.
 CHOAC cHioAc
O, - : AcO O,
AcQy BrHg PO(OEt ),
OQAc — OAC
Br (@]
OAC o7|--=PO(OEt)2
zOAc CH,0AC
PO(OR
BrHg PO(OR), QR 2
: o OAc O
AcO AcO CHy

Mercurials with mercury-transition metal bonds have received further

study by Roberts (163):

DMSO
Me3SnFe(CO)z 5H5—1'r + MeHgCl ———> MeHgFe(CO),C3H;~7 + Me,SnCl

\

7 o ) v _ Me,Hg + HglFe(cO),CcH,],
(but PhHgFe(CO),CsH;~7 is stable).

- : ' ' Me,CO '
Me;SnMn(GO)s + MeHgCl ————3. MeHgMn(CO); + Me,SnCl

(but PhHgMn(GO); is unstable to disproportionation).
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8. .MERCURY-GROUP IV COMPOUNDS

" A new silylaluminum complex has been used to prepare bis(triphenyl-

silyl)mercury (164):

(PhySi),AlEt-2LiBr-2THF — DEB(OACh o (ph i) Hg + Et,Hg

Opticaliy éctive (but not optically pure) (—);Bis[ﬁethyl(1‘-naphi‘:hyl)phenyl—
silyllmercury has been préparéd by reaction of (Me;C),Hg with the appro-
priate (+) —R3Si*H (165). The reactions of this fnercurial with various
substrates gave optically active products, presumably via predon;linant

retention of corfiguration at silicon:

- LiAlH, *
(1)-(R;81" ). Hg > (+)-R;Si H

BrCH,CH,Br « <
> (¥)-R;Si Br

uv N
> (-)-(R3Si ),

Russian workers (166) have prepared optically active (~)-bis[ methyl(1-
naphthyl)phenylgermyllmercury by a similar procedure. Its reaction
with Hg(CH,CO,Me), gave optically active (+)- RsGe  CH,CO,Me.

The decomposition of Group IV-mercury compounds has been inves-
tigated. Bis(trimethylsilyl)mercury was found to decompose by a second-
order process in benzene or cyclohexane, but more complicated kinétics
were observed in toluene or anisole (167). In any case, homolytic scission
of the Si-Hg bond is not involved as a major process in its decomposition,
rather bimolecular reactions with itself or with the solvent. A small
ﬁrst—ordér contribution detected in cyclohexane medium allowed the esti-
mation of D(Megsi—HgSil\(Ie3) as 47_. 8 k(;al/rnol é; a rough lower hm!.t
Bis(trimethylsilyl)mercury was found to induce the decomposiﬁbn of per; :

esters (168):
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| PHCRCEOOGCCPh + (MeSlHg —— > Hg + 2 PhG=CCOySiMes
'Phd?CﬁOOCMq + (Me;Si),Hg —3> Hg + PhC=CCQ,SiMe; + Me;COSiMe,
c - : : o

BiS(frimethyIstannyi)mercury reacted similarly, but with the diﬁEré;:ce
fhat a part of the PhCECCOzSnMe; p:;;oduéed underwent decafbo#yiation
u_ﬁder the reacf:?.ob~ conaitiohs. ; .

vachange feactioné of bis(triethylsilyl) meréury with bis(perfluoroalkyl)-
mercuriaié gévé stable products of type Et-GSngRf (Rf = CF;, CFZCF3); bué
[(Me;SiCH,);Sn],Hg reacted only with Hgl C(CF3);1, not with Hg(CFy), or

Hgl CF(CF;), 1, (169):

THF, 20°

Y
-

[(Me,;SiCH,);Sn1,Hg + HglC(CF;);1,

2 (Me;SiCH,);SnHgC(CF;); (unstable)

.

2 (Me3SnCH,);SnF + 2 Hg + 2 (CF;3),C=CF,

Full detajls of the preparation and reactions of [ (CgF5);GeLHg have been

published (170). Three methods served in its preparation: -

140°

2 (C¢F5);GeH + HgR, ,  [(CeFs)3;Gel,Hg + 2 RH

- (R = Et, Et;Ge, (Me;5i);N)

e .. 100° v
[(CeFs)3GehCd + Hg —— [(CeF5)sGel,Hg + Cd

e e . . UV/benzene . . :
. (Et;Ge),Hg: + (C4F5);GeBr > [(C¢F;);GelHeg + 2Et;GeBr
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Reactions of this germylmercurial were studied:
' UV/PhMe
[(CeFs);GelHg ——— > Hg + (CeFs)eGe, (52%) +

(CFs)sGeH (32%) + (CgF,);GeCH,Ph (24%)

HC1

— 5 (Cg¢Fs)sGeH + (C¢F;);GeBr
100°

49%

HeCl,
— 5 [(CeF;)3GeHgCll —a (CgF;);GeCl + Hg

(unstable)

(Et,Ge),Hg
(CeF5);GeHgGeEL,
20°

Br,
————————>» (C¢F5)3GeBr + HgBr,

Bis(triethylgermyl)mercury, via its reactions with alkali metals in ethers
and in hydrocarbons, is an excellent source of Et;GeNa and Et;GeK (171).
Triethylgermyl- and triethylsilylmercury derivatives of carboranes

have been prepared by redistribution reactions (172):

100°
(Et;Ge ,Hg + (R-C 5 C-)=—tHg > 2 _EtzGeHg(Y o
%10 . IOI_I'IO

(R = Ph, H)

(Et,Si),Hg + (Ph-G CyHg ——> 2 Et,SiHgG——C-Ph-

\gl/OHIO o = - \(.31/0}:_{10,"
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) e 100°0
CPh ——é : Et3GeHgC,—o—CPh .

(Et3Ge)2Hg T+ YHgC—
. . R o I
160 N - S1et0

~ (¥.=Cl, Me, Ph)
+ Et;GeY + Hg

o , - . 100° ,
(Et;Ge);Hg + HG——CCH,HgMe -——> 2 Et;GeHgCH,C
. 1g + ps :

CH
10510 : 1010
1, 7-MeC(BoH ,)CHgCL + (Et;Ge),Hg ——=> 1,7-MeG{(BH,;)CHgGeEt,
+ Et;GeCl + Hg

However:

MeHgC——CHgMe + 2 (Et;Ge),Hg ——> Et;GeC CGeEt,

\B/ oy Nt

+2 Hg + 2 Et;GeMe

A carborane with B-HgCl subsitution also reacted:

benzene, 20°
(Et;Ge),Hg + HC S CH = Et;GeCl + Hg

- 3>B4gH,HgCl

10HoHgGeEt,

- 1/2 (Et;Ge),Hg
HC——CH HC—7:H
\B oHTy-Hg- (3-13 0H9)

Mercury derlvatlves of dlgermanes have been used to good advantage

:y R1v1ere Satge and Soula in the generatwn of germylgermylenes (173):




1108

PhMe,GeGeH,Ph + n-Bu,Hg —> —Ge-Hg}= + 2 n-C,Hy,
B PhGeMe, : .

| Vs U
. Ph R N !
(via PmeZGe —aePﬁ)

digermyl-lithium reagents (174):

Ph,HGeGeHPh, + n-Bp,Hg ———=>» —{—GePh,~-GePh,-Hg}x-+2 n-C,H,,

Li
Mel
th(l}e-(i‘xeth —_— thGe-(i‘xeth
Li 1i Me Me
and heterocyclic organodigermanes (174):
Ph Ph

] i
—{—GePh,-GePh,~-Hg—5p + Mecﬁ-ﬁMe _— Ph;Ge—-—Gi-Ph

O O o o)
]\/Ie/ Me

Blaukat and Neumann (175) have published full details concerning the -
synthesis of bis(triorganostannyl)mercurials, (R;Sn),Hg, with R = Me, Et,
n-Pr, t-Bu,r Ph, via reactions of di-t-butylmercury with the appropriate
triorganotin hydride. The bis(trialkylstannyl)rne_rcu.ry compounds where

R = Me, Et and n-Pr are rat‘her unstable, decomposiné é.t ca. -10° (—> -
RgSn, + Hg) and are ra;;idly’oxidized by air (—> R,;SnOSnR;). The stannyl-
mercurials with ‘bulky'r R groups sﬁch a-s [(M¢3C)3Sn]zHg (mp 196“)-and'tvh’e -.
previously répérted [(Me;lsiCHz);Snl_Hg é?e much more si:able; Thg |
latter can be Vprepared by the ’hy'driae ‘route and aléc; by inetal displacemént'
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RER - - 200, 30 he ‘
_-~Z [(Me3SLCHz)3Sn]3T1 + 3 Hg ——————e 3 [(Me3SLCHz)3SnJZHg

+2T1

~(Ph3Sn)zHg also is more stable thermally.. Dialk).rltin dihydri‘des.'also' )
‘Vreact with dx-t butylmercury, but of the mtermedxate stannylmercunals
‘ ",only [(Me_-,C)szzv.Hg]n is stable. _A;l others(R = Et, n-Bu, i-Bu, cyclo-
‘ CSH“; Ph) decompose immediatéiy to metéuic mercury and the ‘cycIo—
.staﬁnagés, (RZSn)n.
Somé reactions of bis:-stan.nylmercurials were examined:

-20°
{(Me;Sn),Hg + EtO,CN=NCO,Et ——>> EtOzCN——I;TCOZEt + Hg
v Me;3Sn SnMe,

(via EtOz(‘:N—-—NCOZEt demercuration)
Me,;Sn HgSnMe,

(Me,Sn),Hg + EtQ,CCsCCOEt — > EtO,C _CGEt
Me3Sn/ \HgSnMe3

- Hg
Et0,C. _CO,Et
C__
Me;Sn \SnMe3
' , ‘ _ 25° ,
(Me;Sn),Hg + PhC=CCQ,Et -——> Ph _EO,Et
. 7 ‘ \c=c\ .+ Hg
Me,Sn”  \SnMe,

(Me,Sn),Hg + HCECCO,Et ——3> Me;SnHEG=CCO,Et + Me;SnH

Vo

(Et0,CC=C),Hg + (Me,;Sn),Hg

/ Me,SnH

further reaction -
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Other stanh)*lmercuz;ia_l"s have been ﬁrebared:(l')?)i‘

: UV, 20° ST
EtsGeHgGe(Cer)s + (Cer)ssnBr —> (CgF's)3SnHgGe(CeFs)s

+ Et;GeBr

o Uuv, 20° ’ '
(Et;Ge),Hg + 2 (C4Fs);SnBr ———-> [(C6F5)3Sn],_Hg + 2Et;GeBr

but:
: no UV, 20° .
(Et;Ge),Hg + 2 (CgF5)3SnBr " ——0—m0m8 —uw-—> (C6F5)6Sn_,_ + Hg

+ 2 Et;GeBr

Two reactions of the bis-stannylmercurial were described:

[(CeFs)3Snl,Hg + HgCl, ——> 2 [(C¢Fs5),SnHgCll—2» 2 (C4F5),SnCl + 2 Hg

50°
[(Ce¥Fy5)sSn1,Hg + PthO%Ph —— 5 2 (CgFs);SnO,CPh + Hg

9. COORDINATION CHEMISTRY OF ORGANOMERCURIALS

Halide ion complexes of organomercuric halides afe well known (cf.
another report of CH,HgC1,?~ (178) ), but stable complexes of RHgX and
R,Hg compounds with neutral doeor molecules are quite rare. In the case
of RzHg compound;s, such adduct formation is restricted to those mercur-
ials with rather electronegative substituents such as C¢F5. Of many Lewis
bases tried, diphenylmercury only formed crystalline aaducts of type
Ph,Hg- 2L with 1,10-phenanthroline and its 2, 9-dimethyl and 2,4,7,9~
tetramethyi derivatives (179). Even these were very weak complexes.
which were completely dissociated in solution and whose solid state IR

and UV spectra gave no evidence of covalent Hg-N bond forrnatu_m The
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o ;z;.y'ls-tai' 's'trt'zctl‘.lresv of the latter two coniplexes did Anot unambiguousi’y'
) defme 'che role of the phenanthrohne ligands because of dlsorder problems
E :.(180) __Ea_ch»mercury atom was found to be adjacent to and approxxmately

: eqmd:.sfént‘froi‘n i:wo nitrogen atoms. Calorimetry confirmed this weak -
Lew:.s acxdlty of dxphenylmercury in its interaction with pyrldlne in carbon

tetrachlonde solution (181) For the process:

CC1
Ph,Hg + CgHN #‘} Ph,Hg* C;H;N K =~0.3 1/mol

He =~-2.9 kcal/mol

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

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

(CeFs),Hg + C:HN === (C¢Fs);Hg- C;H;N

in GCl;: K =20.1#1.0 1/mol

H = -5.40+0.11 keal/mol

in CgHg: K =2.1140.1 1/mol

H® = -4.3240.11 kcai/mol

(C¢Fs),Hg + bipy === (C¢F;);Hg-bipy

in CCl,: K =55.5+3.0 1/mol

HS = -7.2840.12 1/mol

in GgHy: K =19.2+2.11/mol
Hp = -4.1940.25 keal/mol |

It_ﬁas cdnsidéred likely that 2,2'bipyridine is acting as a bidentate ligand.
Crystallme 1 1 complexes of Hgl CF(NQ,), ], with 1, 2-d1methoxy-— _
ethane, diglyme and sulfolane, and 1:2 complexes with (MezN)3PO 1,4-
dloxane.and DMSO have been prepared (182). IR spectrosc_opy, m_dxcated '
that these were covalent adducts._ Complexes of this mercury compound

Wl.th pyrl.dl.ne Eng and TNIED were unstable. qum.d, water-insoluble
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products were fo:_rmed'when I-Ig[C.T.-"(NOz)‘z':Iz was treated 'With-'T.HF,— MeCN, -
MeéNCONMeZ, DMF and N-methylpyrrﬁlidine. A study of complexes of
HglCc(NG,),], with various Lewis bases in solution by means of 'H, 13C and
BN NMR specterscopy has been reported (183). V

A crystalline complex was found to form when trans-Cl1CH=CHHgC1l
was treated with hexamethyl phosphoramide in petroleum ether. This l:1
adduct, trans-CICH=CHHgCl OP(NMe;,);, dissociated in solution (DMSO,
dioxane, excess HMPA) >(184). A trimethylphosphine complex of methyl-
mercuric chloride, [Me3PHgMe]Cl, has been prepared (185). In solution,
this compound undergoes rapid ligand exchanéé witﬁ excbess trimethyl-
phosphine. (Other complexes of trimethylphosphine with Hg(II) compounds
(HgX,, Hg(CN),, Hg(SCN),, Hg(OAc),, Hg(NO;);) also were studied.)

Visible absorption spectroscopy failed to pi'ovide evidence in favor
of a ground state complex between dimethylmercury and 1-chloronaphtha-
lene. (In the presence of this mercurial the first singlet to triplet
absorption band of l-chloronaphthalene is strongly enhanced.) (186). In
a related study; quenching of the 1,2-benzanthracene fluorescence by
dimethylmercury via an exiplex has been reported (187). Again, a ground
state complex of any stability between dirhethylmercury and the aromatic -
compound was not con#idered probable., -

Arene complexes of the mercurous ion have been prepared by the
action of arenes on sulfur dioxide solutions of mercury(I) hexafluoro-
arsenate (188):

so,
m Hg,(AsF;), +nArH —> m Hg,(AsFg),* nArH
1:1 complexes with benzene_z, biphenyi, naphthalene, m-dinitrobenzene

2:1 and 1:3 complexes with 9,10-benzophenanthrene

Raman spectroscopy showed that the Hg-Hg bond was retained in the
complexes. The fact that the position of this band was dependent on the
arene confirmed the arene-Hg,2t interaction. Such complexe;é, also could
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be detected m eult’ur dx.oxxde solutxon by 13’C ‘NMR m those cases where

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

complexes rémains u.nknown, although it was guessed that they are »

sunx.lar to. the d:.palladxumarene complexes . ‘
anally,although a chemzcal bond is not involved,’ we note the first

clathrate compound of ‘dimethylmercury. The host ‘molecule is 4—p—

hydi‘o'xyphe‘nyl-?,2;4—trimethy1th.iochroman , and the host—to-guest

ratio ie 6:1 (189). This adduct ie prepared by crystallization of from
neat dimethylmercury. It is stable to vacuum but releases dimethyl-
mercury when its crystals are ground up or dissolved in a solvent. This
clath:t-ate is recommended as a practical means of handling dimethyl-
mercury, although the chemist who must prepare the adduct in the first

place may not quite appreciate this advantage.

10. STRUCTURAL, SPECTROSCOPIC and PHYSICAL STUDIES

. Str uctural Studies

: An electron diffraction study of gaseous dxrnethylmercury gave 2.083
+0.005 & for the C-Hg bond dlstance (190). (A Hg -cl d:.stance of 2. 252+
-0. 005 A and a linear. structure thhm an error of 16° were determxned for
‘gaseous HgClz by the same z:nethod (191) )} L

Several X—ray d:.ffract:.on stud:.es of organomercurr.als and vanous
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mercury compounds without mercury-carbon bonds that might be of '

interest to the arganometallic chemist have been repor.ted':'r

(CH;CH,),NCH,CH,HgC1 (192) (Fig. 1). ©Of interest is the intermolecular

® e
/O 7 /o -l;‘ 'c,_',c. c‘

(a)

c
¢| cs c!
N Ca
b) Ce
C

e e :

0,
[~} Q

[ ]

o

Projection of the unit cell of the N-[2-(chloromercuri)ethyl]diethylamine crystal along the
C axis.

Projections of one molecule of N-{2-(chloromercuri)ethylldiethylamine. (a) Along the 4
axis. (b) Along the B axis.

Figure 1. Structure of Et,CH,CH,HgCl (from K. Toman and G. G.

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

N-Hg distance of 2.77(2) A , which is less than the van der Waals
contact distance of 3.0 A and suggests weak intermolec-ula.r N-Hg
coordination. The observed nonlinear C-Hg-Cl angle of 167.1(8)° may

be a consequence of such intermolecular coordination,

B ! i : | : -
r'Q‘OHgPh (193) (Fig. 2). In this molecule the intramolecular
. _Cl ' - ‘ - '
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Figure 2. - Structure of Phenyl(2-chloro-4bromophenoxy)mercury

(from L. G. Kuz'mina et al, Zh. Strukt. Khim., 14
_ (1973) 508)
i—Ié—-~--CI distance 153. 03 ‘&’, which is smaller than the van der Waals
confact distance. » ‘This suggests the occurence of weak intramolecular

O-#Ig coordination.

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

‘C~Hg bonded constitution of dipivaloylmethanemercuric acetate as

determined spectroscopically.

The 1:1 (195) and the 2:1.(196) meihylmercuri derivatives of DL -~penicill-
amine. (Fig. 5 and 6). This study is of special interest in that it
demonstrated the ability of CH3Hg+ to coordinate t'o"nitrogen in such

nitrogen-containing bases.

'[(MeO)zP(O)]zHg (197) (Fig. 7). The P-Hg-P angle was determined to be

165.9°. Two phosphoryl oxygen étoms from neighboring molecules inter-

act weakly with mercd;y (Hg-e--- O distapceﬁ_‘Z. 54 A), which results in the’

formation of chains parallel to-the: a axis .
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Figure 3. Structure of (Me;CCO),CHHgOAc (from R. Allmann and
H. Musso, Chem. Ber., 106 (1973) 3001)
Projection of the two symmetry-independent (Me;CCO),CHHgOACc

molecules on the x, y plane.

c7-ce-C1 112"
c5-C8-C19 111:2°

£2-£3-C¢ 110=3"
£5-03-C6 m_t.?' :

Figure 4. Bond distances and Bond Angles in (Me,GCO),CHHgOAc
(from R. Allmansd and H. Misso, Chem. Ber., 106 (19737).3001)

l,:
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Figure 5. Structure of DL—Peﬁicillaminatomethylmercury (Im),
MeHg[5C(Me),CH(NH;)CO,] (from Y. S. Wong, P. C.

Chieh and A. J. Carty, Chem, Gommuna. (1973) 741)

Figure 6. Stn..cture of DL-bxs(methylmercun)pem.c:.llanune (from

Y 8. Wong, P, C Chxen andA J’ Carty, . Can J Chem.,

- 51 _(_1973)2597)_ MeHgSCMezCH(COO)NH;_HgMe
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Figure 7. Structure of Hg[ P(O)(OMe), ], (from G. G. Mather and
A, Pidcock, J. Chem. Soc. Dalton (1973) 560)

Figure 8. Structure of Ph7_56~ HgCl, {(from P. Bisca_rini et al.,

J. Chem. Soc. Dalton {1973) 159)
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',_'1":Phésd; Hg'C‘12> (19'8‘) '(AFig.' 8)A” O'f;interest'i.'n this compoun'd’ is the pbssibie o

’ weak 11 J.nf:eractxon between the mercury atom and one of the puenyl rzngs',

- of the d1pheny1 sulfoxide 11gand (.LHg-C6H5 dlstance 3 51 A)

Figure 9. Structure of B-mercury(lI) N, N-diethyldithiocarbamate

{(from- H. Iwasaki, Acta Cryst., 29B (1973) 2115)
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N;Nébiethyldithioéafbamato derivatives of mercury(li) (199, 200).
See Fig. 9 and 10. ’ '
The two-dimensional structure of 2,3,4, 5-tetrakis(acetoxyrhéféuri)

thiophene, , was determined by dark field transmission electron

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

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

AcOHg HgOAc

6
AcOH /S\ HgOAc

microscopy (201). Not only the four mercury atoms, but also the sulfur
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atom; were. clea{riy"reireal'e'diirrl'thé:"compoéite image resuiting from the

‘photographic superposition of 64 individual images.

' B. Spectroscopic’ Studie s

i. V1brat10nal Spe ctrOScopy

The v1brat10nal spectra of Me SiCH,HgX and (Me3SLCHz)zHg

_(133) and of pentachlorocyclopentadxenylmercurlals (113) have been

reported.

i uclear Magnet:.c Resonance Spectroscopy

Proton NMR studxes of Me;SiCH,HgX and (Me3SLCHZ)ZHg (133),
Me,C=CHHg-substituted carboranes (117) and methylmercury compounds
'(152) have been repoi'ted. Of spécial ihterest in the lattér study was the
change in magnitude of.J'(l”Hg-lH) as Y in CHBHgi{ was varied. This
coupiixig constant decreased with Y in the order OR > G, CR > SR, that is,

with ihcreasi.ng covalent character of the Hg-Y bond.

Table 1. Carbon-Mercury Coupling Constants in R;Hg Compounds

(in Hz) (ref. 202)

‘Substituent VeHg “Tecug “ceceHg  YecccHg
Methyl | 69-2

Ethyl - 648 24

n-Propyl = 659 ) -25.2 . 102.6

n-Butyl _ 656 26.3 100 ‘o
I‘soprcpyl . 633,.76 » , 32.2

Vinyl 41159 +2

Phenyl - 1186 . 88 © 101.6 17.8
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Table 12. J(.BC;“-’_’Hg) in 'RzH;g Compounds (ref. '263). o

C_ompoﬁnd _‘ : Solveﬁf .T(EC:.-lq"Hg) J(’-"C—C-“"i—lé)
(PhCH,),Hg CHGL, 631 Hz
'  CgHN 669
(CH,CH,),Hg Ccal, 642 25 Hz
CHGl, 648 25
DME 663 25
C,H,N 679 25
DMSO 688 . 25
(CH,),Hg _ - ccl, 687.4
(CH,0,CCH,),Hg CHC1, 753
CH;N 820
(CF;CH,),Hg CHCI, 896
C5HN 1023
(CH,=CH),Hg CHCI, 1133 38
DME 1162 41
GsHsN 1200 42
DMSO 1202 42
(trans-CICH=CH),Hg CHCI, 1256 191
(cis-CICH=CH),Hg CHCl, 1330 53
(CgHs), Hg CHCl, 1176 87
; CsHN 1254 85
(PhC=C),Hg CHC], 2584

References p. 121
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C Spm-spm couphng between ‘3C and l"9Hg nucle:. in organomercunals

‘has been stud1ed by two groups (202 203) (Tables 11 and 12) Noteworthy
-is the xncrease in the magnltude of thzs couplmg as the Farbon atom

’ hybr1d1zatxon goes from sp3 to sp"- to sp and as the solvat_ng power of the

L solvent 15~;ncreased.

"~ Pulse Fourier transform 99Hg NMR spectra of several organic and
. inorgani‘c mercury compounds have been reported by Maciel and Borzo

(204) (Table 13). This technique should find useful application in organo-

mercury chemistry.

Table 13. Some !9°Hg Chemical Shifts (Ref. 204)

Sample ' -§199Hg> Line width?

(C¢H;CH,CH,),Hg ' L 9
CH,HgCl 0.52 M in pyridine 474.72 12
CH,HgCl 0.51 M in DMSO 537.34 12
CH;HgBr 0.50 M in pyridine 589.22 23
CH:HgBr 0. 49 % in DMSO 654.69 21
Hg(CN); 2.0 M in pyridine 764.42 8
Hg(CN), 0.41 M in pyridine : 768.09 10
CH;HgI 0.50 M in pyridine 791.86 34
CH,HgI 0.49 M in DMSO 842.23 37
HgCl, 0.25 M in ethanol 1187.79 3
' HgCl, 1.39 M in ethanol . 1205.93 3
Hg(NO3)Z 2,0 M in 0.84 M HNG, 2055.26. 4

Hg(NQ;), 4.0 M in 70% HNO; 2280. 06 4

ChEmlcal shift in ppm with respect to (C6H5CHZCH2)2Hg, :
increasing magnitudes correspond to 1ncreasxng shielding.
All spectra were recorded at approximately 298°K. Bulk
susceptzblhty correct:.ons have been made.

_,b_ rA‘pproxirn:até_l.ine'wivdthiat half height.
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ili. Nuclear Quadrupole Resonance and M#ssbauer Spéctréscdpy
The 35C1 NQR spectr; of several:fentachloi-ocyclopentadienyi;

merciu‘ial_s have confix;med other spectroscopic evidencé thét these com-~
pounds contain covalently bound CsCl; groups(113). The 3*C1 NQR spe_céruxn

of has béeh reported (205), as has an B9 MHYssbauer study of p-
Cl
SHgPh
c1
ZC¢HHgl (Z = F, Cl, H, MeO) (206). Effects due to the para substituents

were slight as a result of the strong damping effect of the mercury atom.

iv. Photoelectron Spectroscopy

The photoelectron spectrum of allylmercuric iodide gave
evidence for Hg-C bond hyperconjugation (interaction of the Hg-C o, and

ethylene ﬁ(blu) orbitals) (207).

v. Mass Spectroscopy

Mass spectra of Me;SiCH,HgX and (Me;SiCH,),Hg have been
reported (133). McLaughlin and Rozett (208) have described a computer
technique which calculates a least-squares fit-monoisotopic mass spectrum
restricted to positive solutions from polyisotopic measurements. This

useful procedure was applied to the mass spectrum of dimethylmercury.

C. . Other Physical Studies

A magneto-optical investigation of liquid dialkyl derivatives of zinc, -
cadmi_u.fn and mercury gave resuits Whiéh ‘were interpreted in terms of
nonlinear dialkylrn}erygu:y molecules (209). An i.nveise ‘correlation be-
tween Qrientation-and atom polafizationsi has ﬁeén.fomd-fo; P—ox_'y;alkyl-
mercuric salts (210), and the eléctricai polarizations of dirnethylmércury

References p. 121 »
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..,enci Annercurzc chlor:.de have been stud1ed 1n the temperature range . 8 5-'=O°
| Cc (211) D:.pole moments of alkyhnercunc bahdes have been determmed
7(212 213) | ‘ _ ' R
) . The polarographxc reduct:.on .of RHgX compounds in acetomtr:.le DMF
' ‘avx-idre__th»anol/benzene has been studied by Denisovich and Gubin (214).
VEffecteinf R, X and the "solvvent on the'reduction f:rocess were examined.
Po‘larographic reduction of various RHgCI and R,Hg ‘compounds, including i
rnetalloccnylrnercurials, was used to estimate the pK_ values of the ‘
i meta].iocenes via the now well-known rlinear correlation between E1/2 and
ipKa (215). A’ Detaile_d studies were carried out of the polarographic reduc-~
tien of these metallccenylmercurials (diferrncenyimercury, ferrocenyl-
mercuric chloride, bis(cyclopentadienylmanganese tricarbonyl)mercury
and the rhenium analog, chloromercuricyclopentadienylmanganese (and
rhenium) tricarbonyl), as well as of twelve carboranylmercurials (216).
"The notential utility of EI/Z value determinations in the assessment of
gross electronic properties of substituents was pointed out. Japanese
workers (217) have reported on the polarography of o-hydroxyphenylmer-

curic chloride in aqueous nitric acid.

11. MIéCELLANE ous

A few miscellaneous items remain.

.Dimethylmercury, when used as a solvent, has been found to be a
spin-forbidden tfansition enhancer which allows the measurement of -
phosphorescence spectra in fleid medium at room. temperature This

enabled the study of - the T -'S radxatwe transition of a number of poly-

1
nuclear arornatzc hyd*ocarbons (218) o

A.mong 1tems from the analytmal chem:.stry of organomercurials we
note a: study of the extractlon and GLC determination of RHgX cornpou.nds

(R Me, Et, MeOCHzCHz) usxng ZBHg—tagged matenals (219) ‘The pro-
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ceduré deveipped was useful for deférmiﬁingi low levels of.'drgapqmér'curif
als in biological materials. Techniques for the collection and separation
of metallic mercury and organomercury compéunds in air have been
des?:ribed (220).

Finally, a detailed a‘c'count has been given of methylmercury poison-

ing (via seed grain) in Iraq (221).
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