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156 o D. SEYFERTH
1. REVIEWS

The second part of a long review on the reactions of org-
anomercury compounds by Makarova has appeared (1). Other re-
views published in 1971 have included coverage of the follow-
ing topics:

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

- Reactions of phenyl{trihalomethyl)mercury compounds and
related compounds with Group IV hydrides and halides (hL).

- Reactions of organomercury compounds with polyhalometh-

anes (5).

-~ Carbonylation of organomercurials in the presence of
stoichiometric or catalytic quantities of cobalt carbon-

yls ( a ketone synthesis) (6).

- The oxymercuration of olefins (7).

- The oxidation of olefins with mercuric salts (8),

- The SE1(N) mechanism in organomercury chemistry (9).

- Chromatographic and biological aspects of organomercury

compounds (10).

- Biological methylation of mercury (mercury pollution of

the environment) (11).

2. PREPARATION OF ORGANCMERCURY COMPOUNDS

Organic compounds of other metals continue to be useful

in the preparation of organcmercurials., The synthesis of

GH,CH,Nle,
5 HE

Fe III
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was accomplished via the appropriate ferrocenyl-lithium re-
agent (12). The action of C6F5Li on 7T—CSH5Fe(CO)2Hg01Agave a
mixture of (CGFS)'ZHg and Hg Ee(CO)ZCSHS—‘n]Z, rather than the
expected CGFSHgFe(CO)ECSHS—iT {i3). However, the latter com-
pound (as well as the related C6F5HgMo(CO)3C5H5—Tr and 06F5Hg-
Mn(CO)5 ) is stable (mp 14,5~1146°) to disproportionation (when
prepared by reaction of 1T—CSH5Fe(CO)2Na with C6F5HgBr in THF)
(1L). The formation of symmetrized products in the C6F5Li +
TT-C5H5Fe(CO)2Hg01 reactioh is due to the intervention of inter-
mediate anionic intermediates (12).

Grignard reagents were used in the prepartion of {(15)
and (16), and . was prepared by the organoclithium pro-

cedure (17). .

HgBe o
x " (x=a1,Br)
@Hgo Hg
OEt S X
o

B
@

Full details have been reported concerning the preparation
of perfluorocalkylmercurials by the generation of perfluorocarb-

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

‘examples are representative,

D¥F
HEF, + 2 (CF3),C=CF, ————> Hg [C(CF5) 5],

Et,0
-
PhHgF + (CFB)zc CFy ———> PhHgC(CFj)j

DMF
HgCl, + 2 KF + 20F3CF=CF2 _—D> ECFS)zc;‘ oHE

References p. 257



158 D. SEYFERTH

F
Fy F DXF 2 o
HgCl, + KF =+ —> 7,
F, F HgCl
' o

As reported in Annual Surveys last year (OGR-B, 8 (1971)
L28),  transfer of secondary alkyl groups from toron to mercury
does not occur undsr mild conditions. This reaction has been
studied in greater detail by Larock and Brown (19). The rela-
tive reactivities of some tri-sec~-alkylboranes in THF toward
mercuric benzoate were: cyclopentylj) cyclohexy1:> cyclooctyl
:> sec-buty1:> norvornyl. Those reactions with tricyclopentyl-
and tricyclohexylborane were of preparative utility, but with
only two of the three alkyl groups being cleaved. Boranes con-
taining more bulky alkyl groups reacted extremely slowly with
mercurié carboxylates. The reaction with tri-exo-norbornyl-
borane was found to proceed with retention of configuration.

The electrochemical reduction of diphenylthallium bromide
in DMF at ithe dropping mercury electrode resulted in formaticn
of diphenylmercury (2C). Fhenylmercuric chloride was produced
when triphenyltin chloride was treated with mercuric oxide in

boiling benzene (21):
Ph38n01 + Hg0o —> E?h3SnOHgC]] ~—> FhHgCl + (thsno)x

Similarly, the reactions of mercuric halides with bis(triphenyi-~
tin) oxide gave phenylmercuric halides, triphenyltin halide and
polymeric diphenyltin oxide. Mercuric chloride cleaves vinylic

groups from tellurium {(22):
Hg(OAc)2
(Ph20=CH)2T8012 > Ph,C=CH-HgCl
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Another example of the use of iodonium salts in organomercury

synthesis has been published (23):

i~-FrOH SnCl2
[PthH:CHP};JI + Hg > > PhHg + (PhCH:CH)QHg

Organosilver and -gold compounds transfer substituents to
mercury, btut such reactions are not of preparative utility. Two

recent examples are:

HgCl

2
(OC)3Mn—££S>*Ag = (OC)3MnF:T>FHgCl (ref. 24)
HgC12 »
PhAu-PPh3 > PhHEC1 + ClAu-PPhB (ref. 25)

Of no application in preparafive chenistry, but of great import-
ance (in a negative sense) in the biological aspects of organo-
mercury chemistry is the fact that alkyl transfer from primary
alkyl cobaloximes and vitamin B12 derivatives to mercury(II)
salts is a facile process (26-29). It is by such a route that
methylmercury compounds are formed in the environment.

Chromium(I) tetraphenylborate reacted with mercuric chlor-
ide and phenylmercuric chloride to transfer phenyl groups from
boron to mercury (30). Similar phenyl cleavage by mercuric
chloride was observed with (C6H6)2Cr E@hﬁ} (31).

The cleavage of the Fe-C & bond of TT-CSHSFe(CO)2CHDCHD-
CMe3 (threo isomer) by mercuric chloride occurred with retention
of configuration at carbon (32).

Novel tricyclic mercurials were fermed in the reaction of

diphenylmercury and diisobutenylmercury with the palladium

complex . The mechanism shown below was indicated.

References p. 257
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oac __PhaHg OAc
(py)ZPdCl (py)2 PdPh
5] +PnhHgCl

/.4

e
(py),PdOAc Ph (py),Pd
PhHgCH
H H
Ct Ph
Ph—Ph
+[PhPdOAC]
CiHg Ph

E

Chlorination of E] gave (33).

The metal displacement reaction involving the interaction
of metallic mercury with organic derivatives of other metals
has been used preparatively for some time. A study of its
mechanism in which a labelled mercury (203Hg) surface was al-

lowed to react with thTlBr, PhQCd, thMg-OEt2, Ph,. Zn, Ph3Bi,

2
PhuSn and Pthb in benzene medium has been reported (34). It
was found that when the Ph M structure is approximately linear
or planar, the metal displacement reaction occurs. An SEi
transition state similar to that which obtains in the thHngg
exchange reaction was postulated,

An interesting example of organomercurial synthesis via
aliphatic C-H bond mercuration and decarboxylation has been de-

scribed {(35):
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Hg(OAc)Z, DMF

> ECF3)25J oHe
AcGHg

i!—(CFS)ZCHCOJ SHg

(CFB)ZCHHgOAc

+ -EHg-—C (ij‘)'éq'n

-
18 was believed to be the intermediate in this reaction, i.e.

(CF3)20—C()2—H_g-020-C')(CF3)2 E
AcOHg HgOAc

the sequence of events was mercuration followed by decarboxyla-
tion in the formation of the first product.

More examples of the radical-initiated (photochemical or
peroxide-catalyzed) decarboxylation of mercuric salis of aliphat~-

ic carboxylic acids have been reported by Ol’'dekop, MKaier and
their coworkers.

([>>002)2Hg > [:>~ng (rer. 36)
(Q CO,) ,Hg > <>‘HgX (ref. 37)

(Ocoz)zﬁg —_— Oﬂgx (ref. 36)

( CH,GCO,) g ————> QCHZHgX (ref. 38)

(O CHQCOE) 2Hg — <:>CH2H3X {ref. 38)

References p. 257
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Some alkyl mercurials, RHgX (3 = n—06H13; n-C7H15; n-C8H17’and
cyclo—C6H11), wére'ppepared by this proéedure from mercuric
carboxylates which ﬁéd"been generated in situ by oxidation
of metallic mercury with 60% hydrogen peroxide and a catalytic
amount of nitric acid in the presence of the appropriate car-
boxylic acid (39).
The role of the solvent in such radical-initiated decar-
boxylations was investigated (LO). Various (RCOz)QHg (R =
n-¥r, n—C6H13, Me, Ph) were decarboxylated in the presence of
acyl peroxides,'(R’CO)go2 ({R' = Ph, n-Pr, n-C6H13). Two products
resulted: RHgO,CR and R'HgO,CR. The former predominated when
benzene or n—PrCO2H were used as solvents, wnile the latter pre-
dominated in reactions carried out in n-heptane or ethyl acetate.
A radical chain mechanism was suggested to occur in benzene and
n-PPCOZH, a molecular mechanism in heptane and ethyl acetate.
Ereparation of organomercurials by elimination of sulfur
dioxide ratﬁer than carbon dioxide from mercuric salts also has

been described (L1):

Hg(C58Ar), >- Ar,Hg + 2 S0,

(Ar = Fh, p-NeC¢H,, p-BrCgH , p-C1CgH, , p-FCgH, , 2,3,u-013c6H2,
2,&,5-013C6H2, 2~naphthyl, 8-guinolyl)

In some cases such S0, extrusion occurred at room temperature:

H20
2 2,u,6—3306H2302Na + Hg(OAe), >

2,u,6-330632-H302306H2R3—2,u,6

{for R = Me)

or
(2 ’,4- ’ 6—R3C6H2 )ZHg

(for R = i-Pr)
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3, USE_OF ORGANOMERCURIALS IN SYNTHESIS

A. ORGANCMETALLIC SYNTHESIS

The metal displacement reaction_continues to be useful in
the synthesis of organometallic derivatives of other metals
from organomercurials. The following examples were published
in 1971.

Li, Et,0
(CDS)EHg > CDSLi (ref. L2)

; Li, THF ~
(ND-CMe20H2)2Hg > NI\_-:__>—CMe2CH2Li (ref. L3)

Al, PhMe, reflux
. .
(PhLHa)ZHg > (PhCH2)3A1 (re nhy)

Ga, benzene
[>>2Hs ~ > [>>3Ga (ref. L5)

In
(G6F5)2Hg > (C6F5)3In (ref. L6)

The transmetalation reaction alsco has found application

B7):

< Sikeg 2 BuLi <> Sike,

=> Fe

d; HgC1 Q Li

When (CF3)2Hg and (CH3)20d were mixed in pyridine or diglyme

solution, alkyl exchange reactions took place, and sll possible
species were observed: CHBCdCF3, (CF3)2Cd, CHngCFB, (CHj)zHg
and starting compounds (48). Since such exchange reactions

are equilibrium processes, the favored Tormation of CHBCdCF3

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

References p. 257
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starting materials. Although this system only was studied by

nmr sﬁectroacoPy; preparative applications should be possible,
Alkylation of various derivatives of other metals and

metalleoids by organomercurials may be noted,

ke Hg 4 B,Cl);, ——————> MeC1BBCl, + ¥eHgCl (ref. L9)

> ®

s,
Hg (CH,COR), {
¥e-5i~-SH > Me-Si -0C(R)=CH, + CH,COR
N (R = H, Me, R
> CMe, Fh) ~ + Hegs
Ref.

» » 7

Me—Sl -SH > Me-Si -Y + + Hgs

(Y = 0ac, Owe) “

(It was found that these substitution reactions at silicon
proceceded with inversion of configuration., Similar displace-

ment reactions were observed with MePh(C(—Np)Si*—SSiMeB.)

DME

Ph,PE + Hg(CH,CHO), ————> Ph,POCH=CH, (ref. 51)
DME

PhyPK + ClHgCH,GOMe ——9Ph2POCMe:CH2 (ref. 51)
benzene

Ph,PH 4+ Hg(CHchR)2 > Ph,PCH,COR {(ref. 51)

(R = Me, Et, Pr, Bu)

dioxane
RSeSeR + R',Hg : > 2 RSeR' + Hg (ref. 52)
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dioxane
RTeTeR + R',Hg > 2 RTeR' + Hg (ref. 52)

-
PhICl, + PhCH=CHHgBr ——2> EhCH:CHIPE]I (ref. 23)
{(1ow yield)

4
Na2Pd01u + 2 CH2=CHCH2HgCl ——n [éPdC;J o L NaClr

+ 2 HgCl, (ref. 53)

el
2 NathC16 + L CHé:CHCHQHg01 —_— [<;ERhC s t 6 NaCl
+ L HgCl, (ref. 53)
In other examples, organomercury compounds have reacted with

< ~bonded ligands in transition metal complexes to give trans-

formed ligand systems.

Ph
i
P1r131>-\P Pnse  _Cl__C=NPh
dCl, + 2 Ph Hg —> Pa Pd\\
PhNEC/ PhN:('Z/ e PPh
Ph

+ 2 PhHgCl (ref. 54)

HCCoB(co)9 + (XCH Hg —mmm> 0330003(00)9 (ref. 55)

2)2
(X = I or Br)

The latter reaction most likely does not proceed via CH2 in-

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

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

References p. 257
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(Note the arylztion and alkylation of methylidynetricobalt

nonacarbonyl complexes with organomercurials: OCR—B,>8 (1971)

439).

B. ORGANIC SYNTHESIS

Organic syntheses in which organomercurials are used to
generate an organic-derivative of another metal (often in‘éitu)
which then is oxidized or otherwise treated to give an organic
product are becoming more numerous. (Note previous examples
in OCR-B, 8 (1971) h4L41 and GCR-B, 6 (1970) 2u6, 248).

A new, high yield synﬁhesis of phenols involves the aryl-
ation of diborane with organomercuric halides and oxidation of

the arylboranes thus formed {(without their prior isclation) (56):

B,Hg, THF H,0,, NaOH _
APHgX > ArB{ >  ArcH

The generation of reactive organopalladium intermediates from
organomercurials has found further application in organic syn-
thesis. Heck has reported further examples of the arylation
and carboalkoxylation of olefins using organomercury/Pd(OAc)2
systems (57). The products formed can be explained in terms

of the following sequence:
ArHgOAc + PdlOAc), ——= [ArPdOAC] + Hg(OAC),

H . CHj : H  CH4

[ArPAOAC + CH,==CHCH,—* |ar—C—C—Fcoac| + | acoPa—c—C—ar

b

H H H H
: -[Hpqo.nxcy —-[HPdOAcV
H “CHy H H " en
N d + N 7 + ArCHéCH cH L
== =C_ = CHy=C—Ar
v AN VRN ‘ : 2 ’
Ar H Ar CH.

3
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Tables I - 1V present the results reported. It would appear
that the addition is sterically controlled for the most part.
A catalytic (in PdClz) synthesis of ketene derivatives was de-

veloped, but product yields were low (58):

ArHdgCl =+ Pd012 ~————> (ArPdCl; + ngClQ

(AI‘PdCl) + CH2=CHCOC1 —_— APCHz(.':HCOCl _ APCH20H=C=O
Pdac1
+ Pd012

The ketene was isolated as its alcoholysis product, ArCHQCHQ—

002R.

The oxymercuration reaction followed by organic group
transfer to palladium and oxidation of the organopalladium in-

termediate has served in the synthesis of ketones:

Hg (OAc) NaCl
©—<] 25 > @cn(OH)cHZCHZHgm
NaOH — _ :

o
PdC12, 75

o v
il
QCC32CH3 (ref. 59)
Hg(0ac), '

RCHQCH=CH2 > RCH2CH(OH)CH2HgOAc
THF/H20

Li2PdClh in THF

RCH2ﬁCH3 (#ef. 60)
(o}

In the latter reaction, excellent ketone yields were obtained

References p. 257
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TABLE III

PHENYLATION OF VARIOUS METHYL-SUBSTITUTED ALLYL
ALCOHOLS 7 (1ef. 57) '

Allylic alcohol 3-Phenylated products 2-Phenylated products
CH,=CHCH,OH CgHsCH,CH,CHO, CH,=C(CgHj3)CH,-
35;CgHsCH= OH, 5; CH3CH-
: CHCHO, 13 (CgH5)CHO, 4

trans-CH3CH= CﬁHSCH(CH3)- CH3CH2 (CGHS )-

CHCH,;0H CH,CHO, 38 CHO, ~1
trans-CH3CH= CegHsCH(CH3)- <5%

CHC(OH)HCH3 CH,COCH3, 44
(CH3),C= (CH3)2C(CgHs)- <5%

CHC(OH)HCH 3 CH,COCH3, 29

2 All reactions were carried out in acetonitrile sclution with phenylmercuric
acetate and a stoichiometric amount of palladium acetate at 0° with
completion at room temperature.

when only catalytic amocunts of Lide01u were used and copper
(I1) chloride was added to reoxidize the paliadium metal
formed. Methanol piroved to be the solvent of choice.
Another new ketone synthesis is based on the stoichio-
metric reaction of organomercuric halides with nickel tetra-

carbonyl (61):

DEF, 60-70°
2 ArHgX + Ni(CO)u > AI‘QC:C + 2 Hg + 3 CO

(>90%)

NiX2

Other solvents (MeCN, DMSO) may be used. Dialkyl ketones could
pe prjepared by this procedure using alkylmercuric halides, but

product yields were lower (55-65%). The reaction course



TABLE IV m
PHENYLATION AND CARBOMETHOXYLATION OF CYCLIC OLEFINS 2 (ref. 57)

Cyclic olefin Mercurial Product Isomeric com- % vield
position by glc
CeHy
CgHsHGOAC a7 76
29
CeHs
é °
COOCH,
@ CH;OCOHgOAC P 53 78
— 25
COOCH;,
O -
COOCH,
x
CH,OCOHgOAC 5 s
CeHg
NS ~
é s CeH HgOAC g? so
10
COOCH,
@ CH;OCOHgOAC 45 63
¥
COOCH,
O CHLOCOHgOAC Q 24 53
29
CHo CH3
e O -
CH, CH;
é CH4OCOHgOAC COCCH3 76
CH Hi
COO'CH3 CeHaHgOAC - %Hs OOCH, 62
CH CH4

@—«‘»g CH,OCOHgOAC csﬂ;é—coocm 20

a All reactions were casried out in acetonitrile solution with stoichiometric amounts of palladium
acetate. Reactions were begun at 0° and after 30 min continued at room temperature for 15 hr.

3
3
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shown below ﬁas-suggested:

Ni(CO) RHg R
5 \\Ni(CO)3 — ::Ni(co)3
i < B

+ CO

v

RHgX

RHgX \\Ni(co)z
RCR

With phenylmercuric acetate, diphenyimercury rather than
benzophenone was formed, presumably by reaction of intermed-
jates E and (X = OAc) with PhHgOAc. OFf special inter-
est is the reaction of nickel tetracarbonyl and iocdobenzene in-
the presence of p-tolylmercuric chloride, which gave
CGHSCoceﬂhue—p (68%), (p—MeCGHh)ZCO (30%) and (06H5)Zco

(3%). The first product was the result of the reaction shown

below.

I ArHgClL
PhI + Ni(CO)u —_— Pnﬁ—ﬁi(co)a] ———— PhﬁAr
o} 0

Presumably the reaction of iodobenzene with nickel tetracarb-
onyl competes quite effectively with the ArHgCl + Ni(CO)u re-
action. The drawback of this new synthetic chemistry is that
the extremely toxic and volatile nickel tetracarbonyl is re-

quired as a stoichiometric reagent and for this reason the pros-
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pects for its general application in synthesis are poor.
Reactions of a’-mercurated acetoacetic esters with re-

active organic halides have been described (62):

Hg(CHZCOCHzcoz:,se)z + CHBCOBI' —_— CH2:'CCH2C02Me
ogcc_q3

+ 00130001 —_ CH2=(‘)CH2C02M6

0,CCC1

2 3

I'e - «
+ CH,=CHCH,I —> CH3C(O)?H002Me

CH2 CH=C H2

+ CHBC(O)C(CH20H=CH2)2

COQMe

Another reaction of interest is (43):

C1lCO,Et Me

—_— 2
(/_D—cre cn, ) Hg > Et0 cﬁ::><:]
—_ 2CHs ) o > 2CN __

The mechanism of the preparatively useful reaction of

bpis(phenylethynyl )mercury with hL,h-dihalo=-2,5-cyclohexadienones
has been studied (63) (c¢cf, OCR-B, 6 (1970) 248). In general,
poly (p~-phenylene oxides) were produced in these reactions

(Table V). 2,3,4,4,5,6-Hexabromo-2,5~cyclohexadienone reacted

differently:
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0 i —
X X
minus
CeHsc=c—z_
& g N
. Z . R2 )
v \
“‘ 'l H‘g‘
C=C—Hg—C=C E;\‘ O
| ¥
L 4 o
X=8nCl
= minus
Z2=gr
Ry=R;=H, CHjy

RZ
r2 x :
™ ol - ) t
1
24 X ., .
(O]
R
but:
Q
Br B
+ C=C—Hg—C==C
a8r or
8r 8r
minus
Br N _
” Br
\C
Br- ar )
Br B¢

X
o
X
X
~©
ot
x

CgHs-C=C—Hg~—Y




MERCURY 175
TABLEV

REACTIONS OF (PhC=C(),Hg WITH SUBSTITUTED 4,4-DIHALO-2,5-CYCLOHEXADIENONES IN THF

Starting Average Average Yie!d Pol&mer
compound mol.wt. - . dec.p. (%) formed

r 9
>Q=o
Im'

@

~13000 ~50 ~90 Br B8r

+650
Br Br . H H
- e 1

(o} T

Ct Ct r 6 -‘l
~9700 ~~60 ~90 Ci Ci

H H +490
Br Br H H
——— 3

~2700~ ~17 10-20
+130

>< X==0
o

o
3

Ci

Ci

no reaction

|

Ci

o
o
A
o]
3

~4630 ~17 ~70
+230 ‘

o)
u 2
¥
0 o]
D
o
v
—
a
I
W
O-][
I

Br = . B8 =
Br er CH3 \. CHs
. | S S |
~2046 ~7 ~80

+100

CH CH;

Br Br

Ci Ci

no reaction

CH CHy

;’C}o

(o I & |
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The photolysis or thermol ysis of organomercury compounds
is a useful method for generatlng free radicais, and in 1971
the phenylation of anthracene via diphenylmercury photolysis
(64) and the benzylation reaction shown below (65) were report-

ed. The photolysis of bis(2-cyanocethyl)mercury in methanol

rorye o [ j] HOAc :f,CHéPh
Hy ) oH ~ >

+ PhCH

3 + Hg

solution resulted in radical dimerization, giving adiponitirile

in 90% yield (66).

C. HALOMETHYL-MERCURY COMPOUNDS

Halomethylmercurials are discussed in this section in view
of their excellent utility as divalent carbon transfer agents.
Discussion of their reactions andlapplications can be found
in Kirmse's second edition of “Carbene Chemistry" (67).

The thermal decomposition of phenyl(trihalomethyl)mercury
compounds in solution at about 80° to give phenylmercuric
halide and dihalocarbene has been studied in some detail and
‘has found much application in synthesis {c¢f. previous volumes
of OCR-B and "Annual Surveys of Organometallic Chemistry" for
references). Of great interest in this area have been studies
of the gas phase pyrolysis of trihalomethyl-mercury compounds
by Nefedov and his coworkers and Margrave and Hauge (68-70).
Thus, phenyl(trichloromethyl)mercury was decompcsed in a high
vacuum pyrolysis unit (at 220-390°) which was Jjoined to a

liquid helium cryostat. The volatile decomposition products



MERCURY 177
and the argon carrier gas used were condensed on the Kbr
window of the cryostat. Ir spectroscopic investigation of
the species present in the argon matrix showed them to be di-
chlorocarbene, the trichloromethyl radical, their dimers,
C2Clh and C,Cl., and phenylmercuric chloride. The compounds
Hg(0013)2 and CClegCI were studied in similar manner. Gas
phase pyrolysis of PhHgCClzBr and PhHgCClBr2 also was studied

using the rare gas matrix isolation procedure {(71):

350° CCl,
PhHgCCl,Br
*CCl,Br
390° CC1Br
PhHgCC1Br,
-CClBrQ

It was found that PhHgCCl2Br is a much more effective source

of dichlorocarbene than is PhHgCCl in agreement with pre-

39
vious solution studies (Seyferth et al., 1965). While the de-
composition of these mercurials at lower temperatures in solu-
tion will continue to find major application in dihalocarbene
generation for preparative purposes, such gas phase reactions
can be used in synthesis. Thus, the gas phase pyrolysis of
PhHgCCl3 or Hg(0013)2 in the presence of cyclopentadiene gave

chlorobenzene by the route shown below ( 68):

a 2
et (e,

Referenices p. 257
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In connection with this workx, Nefedov et al. (72) carried out
detailed infrared and mass spectrosccpic studies of phenyl-
(trichloromethyl)mercury and diphenylmercury.

The preparation of phenyl(trihalomethyl)mercury compounds
which relsase a dihalocarbene in solution at room temperature
at a fairly rapid rate represents a notatle advance in the
halcmethyl-mercury/carbene area. The most reactive of this new
generation of halomethylmercurials is PhHgCClQI, prepared as

follows (73):
!

THF/Et,0, -55°

PhHgC1 + H00121 + MeBCOK > PhHgCClZI + KC1

+ MeBCOH

At 80° in benzene solution, this reagent reacts with cyclohexene
almost instantanecusly to give 7,7-dichloronorcarane in 85%
yield. A similar reaction carried out at room temperature was
complete within 24 hr. and gave 7,7-dichloronorcarane in 89%
yield. This mercurial even transferred CCl2 to cyclohexene (in
71% yield) at Oo, but a reaction time of 8 days was required.
Other room temperature reactions of this new organomercury re-

agent are shown below.

24
PhHgCCLT  + —23N o ehHer + cl,
©3%)

(S3%)

PRHQCCLI  + Me,SiCH,CH==CHy ——o

PhHGI (88%)

+ Me,SiCH, —Cl,

(95%)

4h
PRHGCCL,L  + EtSiH —2ol e PhHGl 4+  E4SiCCLH

(B2%) (83 %)
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Phenyl (iodobromochloromethyl )mercury was less reactive (74).

At 80o in benzene solution, it“transferred CClBr to cyclooctene,
allyltrimethylsilane and triethylsilane during a reaction time
of 3-L min.; at room temperature, such transfer reactions re-

quired 4 days to achieve high yields of product,

Me ;S1CH,CH——CH,
Me SiCH,CH=CH, + PhHgCC1lBrI — > N\ / + PhHgI
c
7\
C1l Br

The high reactivity of PhilHgCCl,I and PhHgCC1BrI, in comparison

2
with that of PhHgCCl,Br and PhHgCClBr2, can be understood in

terms of the transition state ‘11§ , previously suggested for

(Ve
Ar‘—Hg-—L—)C\/

Ci

such dihalocarbene extrusion from phenyl{trihalomethyl )mercury
compounds. Cne might expect nucleophilic attack at mercury by
iodine to be more favorable and, Turthermore, the C-I bond is
weaker than the C-=Br bond.

Phenyl{(dibromofluoromethyl)mercury also was found to be a
very reactive divalent carbon transfer agent, and it provides a

good route to bromofluorocarbene (7hL).

\C/ Br

PRHgCFBr, _ + ==C ——— PhHgBr + \c/
Ve N C/ AN
AN F
Tts reactions at 80° and at room temperature are summarized in
Tacle VI,

The substitution of the phenyl group in PhHgCCl3 and

References p. 257
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TABLE VI (tef. 74)
REACTIONS OF PHENYL(DIBROMOFLUOROMETHYL)MERCURY?

D. SEYFERTH

Substrate Reaction temp. Productb Yield
CC/time) (%)
F_ ar
O 35°/ 3 days ﬁ 32
(I
Br F
)
. . 1 30
80°/20 min. { u ss
F
n-CsHy;CH=CH, 25°/ 3 days “‘Cf'”"‘v<ar 8
(mixed isomers)
IS
n-Csl-l, 1CH=CH2 80°/20 min. n‘c:\Hu‘—v< 72
8r
(mixed isomers)
: F
Me;SiCH, CH=CH, 25°/ 3 days MEJSECH-‘,‘T7< 60
Br
(mixed isomers)
F
Me3SiCH, CH=CH, 80°/20 min. MeJSSCHZ—v< 70
Br
(mixed isomers)
Et3SiH 25°/ 3 days Et3SiCHFBr 55
Et3SiH 80°/20 min. Et3SiCHFBr 92

a30 mmoLof substrate, 4-5 mmol of PhHgCFBr; in 10 ml of dry benzene, with stirring under

nitrogen.

Phenylmercuric bromide was obtained in high yield in each reaction.
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PhHECCl,Br by n-propyl groups was found by Shcherbakov (75)

to lead to more reactive 0012 transfer agents.
<

36-48 hr, 80°

FhHECClg  + @ > 0>012 (89%)

vs. 8 hr at 80°
~
n-G,H,HgCCly + @ > O>C12 (82%)

18 days, room temp.

> I:/>012 (72%) (ref.76)

3 days, room temp.

n-0337ﬂgc0123r + @ > l::[,\clz (70%)

FhHgCCl,Br  +

vs,

shr, L0°

n~C;H_ HgCCl,Br + @ —_— 0>012 (85%)

n-pPropyl(trichloromethyl)mercury also was used to insert C012
into the benzylic C-H bond of cumene, (36%), into the SiH bond
of triethylsilane (4,8%) and into the Sn-Sn bond of hexamethyl-
ditin (4O0%¥), in reactions carried out for 5 hr, at 80°.
Details have been reported concerning a number of new

halomethyl-mercury compounds. The fluorine-containing mercur-
ial PhHgCClBrCF3 was found to transfer CFBCC1 to cérbenophilic
substrates, but relatively high reaction temperatures were re-

quired (77):
PhHgCCIBICF, + s 3 CF;
gCC 3 55 days o + Bt -PhHgBr
74% 5%

The yields of gem-CF3,61-substituted cyclopropanes obtained on

reaction of this reagent with other olefins were variable

References p. 257
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(Me2C=CMe2, -58%; Me,C=CHMe, Lé%; ~cyc:lohexene-, L1%; Me3SiCH2—
CH=CH,, 9%; cis-MeCH=CHMe, 27%), and this very likely re-
flects the instability of the product cyclopropanes under

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

bond also was reported:

'EtBSiH
FhHgCC1BrCF = Et,SiCHCLCF, + Et,SiCHBrCF
3 130, 6 4 3 3
307, & days (52%) (3%)
+ PhHgBr
(83%)

and this mercury reagent also was used to generate a phosphorus
ylide:

p-xylene, 130°

PhHgCCIBrCF; -+ Ph:P + PhCHO

7t bhr

Ph CF, Ph Cl
~N. / AN
PhHgBr + Ph;PO + ==C + —C
/7 ~N e AN
H Cl H CF,
8%
combined

yield

The action of sodium iodide in DME on PhHgCClBrCF3 resulted in

displacement of CF_CC1Br , but this anion underwent /g-eliminan

3
tion of fluoride ion (rather than CR-elimination of bromide

ion) to give CF,=CG1Br. The compound PhHgCClchj, as expected,
was much more stable than PhHgCClBrCFB, and its high stability
precluded its application in cyclopropane synthesis. These mer-

curials were prepared from the respective pentahaloethane:

THI, —10 to G°
PhHgCl 4+ Me:COK + CF,CXCiH
PhHgCXCICF, + Me,COH + KCl (3)
X =ClL75%
X = Br, 8679
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Also prepared was PhHgCCl,CHj (via L10012¢H3) (78). This

compound was found to transfer CHBCCI'in isolated cases: -

Et,SiH

~ Bt_,SiCHC1CH, (35%)
80-85°, 70 nr / = 73 3 '
PhHgCClQCH3
1\\ Me 3SiCH,CH=CH, - Me3Sig:2 .
‘\C/’ 2
cf. X
5 GC1
(31%)

However, the major mode of decomposition of this mercury com-
pound in the presence o0f 1less reactive substrates involved

elimination of HCl:

PhHgCC1,CH

—_—> _CH
oCHz PhHgCC1=CH, + HC1

with the formation of secondary products due to C-Hg cleavage
by HC1l and redistribution reactions. The decomposition of
PhHgCClch3 in chlorobenzene at 80° gave PhHgCl (17%).
CH,=CC1HgCl {(30%), CH30012H301 (16%), CgHg (67%), (CH2=001)2H3

and CH CC1,HgCC1=CH,. The equations below summarize the chem-

3
istry which possibly is responsible for the formation of these

products.

PhHgCCl,CH, — PhHgCCI=CH, +HCI
PhHgCCl,CH, +HCl — C¢Hg+CIHgCCl,CH;
PhHgCCI=CH, + HCl — CH,+CIHgCCI=CH,

PhHgCCl,CH; +CIHgCCI=CH, — PhHgCl+CH3CClegCC1—CH2
CH,CCl,HgCCl=CH, — Hg(CCI=CH,), +HCl

CIHgCCl,CH; — C!HgCCI=CH, +HClI

2 PhHgCCl,CH, — Ph,Hg+Hg(CCL,CH,),

(CH,CCl,),Hg — CH;CCl,HgCCI=CH,+HCl

References p. 257
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Trimethylsilyl-substituted mercury compounds which serve
as sources of silyl-substituted carbenes have been prepared by
organolithium or Grignard procedures (OCR-B, 8 (1971) L60).
Bis(trimethylsilyldichloromethyl)mercury reacted with cyclo-
hexene in the presence of an equimolar gquantity of diphenyl-
mercury (10 days at 118°) to give the expected norcarane deriv-
ative (79):

. Ci
{Me4SiCCL),Hg + PnyHg + —— = 2PhMgCI + 2

(82%)

iMe,
(62%)
A similar reaction with cyclooctene (125-135°, for 8 days in
chlorobvenzene) gave in 73% yield, while reaction with

allyltrimethylsilane resulted in the expected . Minor by-

SiMey Me;Si H
a el CH,SiMe,

b2l H H

products indicative of a free radical side-reaction (Me SiCClH,

3
Me;SiGCl:CClz) were formed in these reactions, and at 220° such

free radical chemistry predominated. Thermolysis of (Me3310012)2Hg

SiCCl=CC1 Me_.SiCl and

3 2’ 3
MejsiCC1=CC1SiMe3. The latter is best rationalized in terms

at 220° gave Me3SiCCl,H, Me;SiCCl,, Me

of a carbene process:

Me;SiCCl,HgCCl,SiMe; — Me;SiCCl+Me,SiCCl,HgCl
Cl
Me,;SiCCl4 Me,SiCClLHgR — Measicaz—(":—HgR —
SiMe,
Me;SiCCl=CClSiMe; + RHgCl

p~elimination
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but the others result from the initially formed Me3810012-

radical:

220° -
{Me,SiCCl,),Hg —— 2 Me;SiCCl, +Hg

) RH

Me,SiCCl, — Me,SiCClL,H
. RCI

Me,SiCCl, — Me;SiCCl,

2 Me;SiCCl, — [Me;SiCCl,CCl,SiMe;] —
— MegsiCCl:CCl 2 + Me 3SiCI

Bis({trimethylsilyldibromomethyl)mercury is a reasonably good

source of MeESiCBr (79):

Q
{(Me.SiCBr,_ ) H Ph,H e, > Silies
e .SiCBr g + £ + >
3 2’2 2 [::J 6 days [::I>ﬁ:5r

+ 2 PhHgBr

On the other hand, (Me3SiCHBr)2Hg was too stable for applica-
tion as a divalent carbon transfer agent. After it had been
heated in the presence of cyclohexene at 160° for 7 days, phen-~
ylmercuric bromide had been formed to the extent of only 19%
and MeBSiCH—derived products (7-trimethylsilylnorcarane and
1,2-bis(trimethyisilyl)ethylene) were found in only low yield
At higher temperatures (190-2100), homolytic C-Hg fission pre-
dominated (79).

Another halomethyl-mercurial which was prepared and
which was too stable to show divalent carbon transfer reactivi-

ty was (80).

OSiMe Hg(OAc),, EtOE/H,0

| \7 :
C=CHC1 + HgOQ > ( C(O)CHCl)2Hg

References p. 257
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ﬁew syntheses of known halomethylmercurials have been re-

portéd. The reaction sequence shown below makes PhHgCF3

readily available from easily accessible starting materials

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

wate1

2CF3;CO,H + HgO (CF;C0O,),Hg+ H,0

300°
(CF3 C02 )2 Hg _—> CF3 HgOz CCF3 + C02
CF3 Hg()z CCF3 + Nal —» CF3HgI + CF3 COgNa

CF;Hgl + Ph,Hg - PhHgCF; + PhHgl

treated with sodium iodide in benzene at 80° (CCR-B, 6 (1970)
250), and the CFBHgI intermediate in the preparation above

also transfers CF2 :

CF3HglL + Nal 2+ ] berzene,reflux F, + Hgl,
5h
(excess)

+ NaF

(8B %)

However, the very stable PhHgCF3 is preferable as a CF2 re-
agent to the light-sensitive CF3HgI. Full details have been
published concerning the preparation of Hg(CH21)2 and Hg(CHzBr)2
via the respective XZnCH2X reagents (82). This much more
easily effected synthesis of these reagents should enhance
their applicability as CH2'transfer agents.

The reaction of PhHgOCMe3 with dichloromethane gave
PhHECCl,oH in 50% yield (83), and the action of chloroform and
the lithium salt of t-buyl hydroperoxide on phenylmercuric

chloride gave PhHgCCl3 (84).
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Phenyl(trihalomethyl)mercury and related compounds have
found further application in organic synthesis. _Phenyl(tri~
bromomethyl)mercury was used to effect the following conver-

sions:

@ - [ (res. 85)

Br Br
-~ Br
- Br (ref. 86)
Si 5i T
N
me” e © Me” “Me
0 0
—_——— (ref. 87)
/
Br Br

0 0
. , 3 . Br ’ ]
Br (ref. 87)
o 0
—_—> ¢ref. 87)
/
OBt :
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Br

—_— (rer. 87)

(rer. 87)

(ref. 87)

The reaction of phenyl(trichloromethyl )mercury with 1- and 2-

methoxynaphthalene gave tropone derivatives (88):

7\

3 PhHgCCl3
| o >
06H6, 80
IllIIIlIII/OCHB PhHECC13 IIIIIIIII'F=
g E CgHgs 80° g

The results of a relative rate study of CC12 addition

OCH % Ccl
—
Cl
(o}

via PhHgCClzBr to silyl-olefins of type Men(t-BuO)3_nSi‘CH=CH2
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were rationalized in terms of the operation of dg -pg4 bonding
in the Si—CH:CH2 system (89).

The application of phenyl(dichloromethyl)mercury and
phenyl(bromochloromethyl )mercury in monochlorocyclopropane
synthesis has been studied in greater detail (90). As Table
VII shows, PhHgCHC1lBr is a CHCl transfer agent of moderéte
utility. The CHCl transfer to olefins is a stereospecific pro-
cess, but free monochlorocartene does not appear to be involved
as an intermediate. Phenyl{(dibromomethyl )mercury has been

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

CH;
> << PhHgCHBr» CH3
V4 105°, 14hr af

CH,

CH,
\QithHBQ
SCHs
rd
8r
Br
CHy

Divalent carbon insertion into single bonds (via organo-
mercury reagents) also has received continued study.

Among the most reactive of single bonds toward divalent
carbon reagents is the Si-H linkage. An insertion process
(rather than an alkylation-reduction or reduction-alkylation
sequence) has been demonstrated for the preparation of methyl
silicon compounds from silicon hydrides by reaction with
Hg(CH21)2 (82). This was shown by a reaction of eguimolar
quantities of EtySiD and BusSiH with Hg(CH,I1),. The only
products which were obtained were EtBSiCHZD and’Bu3SiCH3. The
kinetic isotope effect, k(Si-H)/k(Si-D), for the reaction of

tri-n-butylsilane with PhHgCClaBr was determined tc be 1.23

(92).
References p. 257
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To the previously reported examples of /3-metal activated

0012 insertion into C-H bonds in alkylmetal compounds (OCR—B

8 (1971) L54-458) have been added some reactions with crgano-

germanium- compounds;

VIII).

TABILE Vil

Phig CCl,Br was the CCl

o source (93) (Trable

CClz INSERTION PRODUCTS FROM TETRAALKYLGERMANES (via PhHgCCl2 Br)

Starting Insertion product
compound
Structure Yield (%4
Et,GeCH,CH,CH, Et;GeCH,CHCH, 4t
i
CClL,H
Et;GCCHzCH(CH})Z E(3GCCH 2$(CH 3)2 91
CClL,H
Et;GeCH,CH ,CH,GeEt, Et;GeCH.,CHCH ,GeEty 61
]
' CCL,H
Et,Ge > Et.Ge ) 71
CCiH
Etzeel EtzG? CCi,H 85
Et,Ce E1,Ge.
Et,Ge Et Ge
] | CCiH 64
Et,Ge Et,Ge

The results of a competition between i--BuSiEt3 and i-BuGeEt3

for a deficiency of PhHgCCl,Br gave k(Ge)/x(Si) = 1.35 for

this metal activation which is best explained in terms of

metal-carbon bond hyperconjugation.

A reinvestigation of the insertion of CCl

> (via PhHgCClQBr)

into the benzyliec C-H bond of optically active sec-butylben-

zene showed that this reaction proceeded with retention of

configuration at carbon, which is in harmony with the
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suggested transition state for CCl2 insertion into the C-H
bond (OCR-B, 8 (1971) L51).
Full details have been publieshed concerning the reactions

of PhHgCCl,Br with silacyclobutanes and a 1,3-disilacyclobut-

2
ane (95). The observed GGl, insertions into Si-C bonds are
very unusual, and the fact that they occur no doubt is due to
the ring strain of the SiC3 cycle. The reactions described in-

clude the following:

c o] H
™me, HCLC
PhHgCCI,Br AN £ Me
/Me —— Si S/
Si S I
N Me Me
Me (58%%) (12%)
Ci
H CCiyH <
Me
Me Me :
Me PhHgCCl,Br M
& — = s+ S
Me e Me Me
(39 °%) (23 %)
c Cl
Me\
Me PhHQCCI,Br Me Si
Clr : Ll s
N HC1LC
H CClyH
(68°%) (6 )
Me
Me, Me
Me—-Si PhHgCClBr \\Q//\\Q
—_————
Si— Me Me// Me
Ci
Me Ci

(76 %)

Several different reactions appeared to be involved in
the exothermic interaction of n-PngCC12Br and triethylthal-
lium (75). The presence of 1-chloropropene in the product

mixture suggested that some CC12 insertion intc the T1=C
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196 D. SEYFERTH

bond had occurred:

-
Et3Tl + n-PPHgCClzBP —_— iEtzTICCle;] + n-~-PrHgBr

e

Et2T101 + ClCCQH5

ClCH:CHCH3

Mcre has been reported on the addition of PhHgCClQBr-de-
rived dichlorocarbene to the C=0 btonds of ketones and aldehydes.

~ ~—
Stable oxiranes, §1§5 and glfﬁ , were obtained by reaction of

T H
CCl.C——CC1t CF3CF,CF,C——CCi =
7 s TETEN TR el
o ; O : K

this mercurial with CC13CH=O and n—03F7CH=O, respectively (96).

In the case of acyl chlorides derived from trihaloacetic acids,
the expected oxiranes were isolated, but the major products
were the ketones which presumably were formed in their thermal

rearrangement (96):

a
L b
PhHGCCLBr + CCLCCH 22?”9 PhHgBr + CCly—C, CCl, + (CCly), C=0
(89 %) Q (33 %)
(17%)
a

penzene , 65°

I
PhHgQCCH +
9CCi,Br CFsCC —glea tube

PhHgBr <+ CF;——C\—/CCIZ + CCRCCR
(85%) [o]

(8%) (26 %)

Also studied were reactions of PhHgCClzBr with ¢ -dicarbonyl
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compounds. Here also the initially formed oxiranes were not

very stable {(g6):

o o
“H W'+ PhHECCl,Br ——> G1G-C———cc1,
0 o )

c1
~~ oo

(obtained in YIRT

15% yield) CC15C-Cc1
(obtained in
L6% yield)

I Ph
PhC—CPh + PhHQCCLBr ————= PhHgdr + }PhC——C CClzl
; N
L ] o J
1
Ci /O
PhC—‘g—'—C/
I AN
O Ph Ct

The reaction of PhHgCClzBr with benzophenone does not give a
stable oxirane. The products of this reaction were found to
be Ph2ClCCOCI, Ph2CCI2 and carbon monoxide (97). It was sug-~
gested that a carbonyl ylide, Ph20=8-6012, may be the inter-
mediate responsible for the formation of these products, Fur-
thermore, ir spectroscopic evidence in favor of a PhHgCCIEBr~
benzophenone complex was presented ( av (C=0) of -16 cm'1),
and on the basis of this observation, it was postulated that
the PhHgCClzBr-benzophenone reaction does not proceed via free
CC12. However, subseguent experiments did not provide support
for this idea (98). The reaction of PhHgCClaBr with benzal-
dehyde proceeded in similar manner, giving CO, PhCHClz, and [EE].

Here also a carbonyl ylide intermediate was suggested (98).

References p. 257
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ph-c< | ©

0 —CHPh

Aryl azides were found to react with PhHgCCl, as follows

(99):

3

DME, 80"
Ny ———— =
PhHgCCl; + PhN; PhN=CCl, + PhHgCl + N,
(and  PhHgCCl, + PhN=CCl, —> PhHgCl + PhN\\ //5012 )
C
c1,

A rate study of this reaction was consistent with the scheme

shown below, (For reactions of PhHgCClzBr with RN=CCl,, see

OCR-B, 8 (1971) Uu50).

k
-1
FhHECCl; T====—-> PhHgCl + :CCl,
k_4
ko
: —_— =
PhN; + :CCl, PhN=CCl, =+ N,
ks
PhN=CCl, + 3:CCl, > PhN\\ //9012
C
C1,

The reactions of PhHgCClQBr with various heteroatom
cumulenes prcvided examples of interesting fragmentation pro-

cesses (100), summarized in a generalized way as follows:
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Y==C=27 + PhHgCCLBr — Y=—C=—% —» ‘_[\:/C= g
~CCL Cl

CLC=Y + C=2Z

Such behavior was found with:

Carbodiimides:

Me;CHN==C—=NCHMe: + PhHgCCL,Br —>
Me.CHN=CCl. + Me.CHN=C + PhHgBr

Isothiocyanates:

RN=C==S + PhHgCCLBr —»

CL,C=S + RN=C + PhHgBr
lPhHgCG!;Br

AR
S
Isocyanates:
PhN==C==0 -+ PhHgCCl,Br —»>

PhN=CCl, + C==0 + PhHgBr
lphﬂgccwr

Clo _CCIO
-('\N FCh

l
Ph

References p. 257
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Carbon disulfide:
PhHgCCLBr- + S§=<=C=—=S —>
CLC==S + [C=S] + PhHgBr
1?hHgCCEBr

Clac\_'—/CClz
S

Phenyl isocyanate was rather unreactive toward PhHgCC1,Br,
and olefinic isocyanates reacted with this mercury reagent to

form cyclopropanes (100):

OCN\ H
G=d{: + PhHgBr —>
¥ neo
OCN
N

H
}Y/\C/\\NCO

+ PhHgBr

'3

84%

Finally, to end this section on a humorous note,
chemists who have prepared and used phenyl(trihalomethyl)-
mercury reagents will be amused to learn that these compounds
have been patented for application as plant defoliants (101).
Included in the 1list 6f compounds claimed to be effective
are PhHgCBrs, PhHgCFB, p-BquHqu001zBr, as well as some
patent attorney's flights of fancy such as CBr3 HgCClgcClS,
PhHgCBrECBPB, PhHg0012013 and BquCIZCI3!

L. MERCURATION CF UNSATURATED COMPOUNDS

A, OLEFINS AND ACETYLENES

The most exciting new development in the area of olefin

solvonmercuration is the generation and identification of
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stable mercurinium ions by Olah and Clifford. Mercurinium

ions had long been postulated as intermediates in the solvo-

mercuration of olefins, but all previous claims of their:

spectroscopic characterization had turned out to be incorrect.
In highly acidic media such as FSOSH—SbFS—SOZ'at low

temperatures, 2-methoxyethylmercuric chloride was found to re-

act as follows {102):

CH.OCH,CH,HgCl &‘S@S—‘i»

CHOH," +

The 1H nmr spectrum ol this reaction mixture, in addition to
signals due to CH3OH2+, showed a singlet at S 7.68 with
J(199Hg—1ﬁ) = 190Hz. This signal was attrituted 4 tne
ethylenemercurinium ion, ,* Treatment of such a solution
i
The structure |18! represents Olah's way of depicting the
mercurinium ion, but we note it is only one of many which

have appeared in the literature:

X X X
! o) S
fe e He and
c.--_:c ) d" \c < \c=;=c {
7 A TS+ N N
X X X
) y i
g g g
<> >
- /+ \C . / ‘6 % \C
7 N> 7 NI AN
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with an excess of toluene, followed by reduction with NaBHh
gave p-CH306HhC2H5. The norbornylenemercurinium ion was

generated in similar manner at -70° (102):

OH FSO H-SbF,
) SO,
HgOAc

~--Hg** + CH,CO.H,* + H,0%

19!
Norbornylene was obtained when such solutions were quenched
with water, norbornane when they were treated with NaBH, .

Nmr studies indicated that (19! equilibrated (reversibly) on

being warmed to -30° in FSO H-SDF,-SO, solution:

e i

i i &
ﬁ% @ &r

em.
te.
ete Hg* ——= etc.

Mercurinium ions also could be formed by direct mercuration of

olefins in strongly acid media (103):
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(8] -
I <0,i1-SbFy- .
@ + HgOCCFy), it ~>=Hg™

This procedure made accessible methylmercurinium ions as well:

CHHgOAc + O = O:>--Hg“-cm

At —60°, the equilibrium process shown below could be dis-

tinguished by nmr spectroscopy.

OI>--Hg+—CH; == CHHg" + O

it should be emphasized, however, that if mercurinium ions are
observed as primary products of the interaction of olefins and
mercuric salts in such highly acidic media at low temperatures,
it does not necessarily follow that such mercurinium ions are
intermediates in the solvcomercuration of the same olefins un-
der completely different reaction conditions.

A study of the cis-oxymercuration of trans-cyclooctene
and norbornene (the effect of added salts) provided results
which were interpreted as being in favor of the intermediacy
of a mercurinium ion and against a L4-center mechanism (104).
on the other hand, work by Brown and Liu (105) on the cis-
oxymercuration of the strained norbornene and 7,7-dimethylnor-
bornene (relative ratio for exo addition, k(exo-norbornyl)/
k(7,7-dimethyl-exo-norbornyl) )} seemed to exclude the opera-
tion of a cyclic mechanism and an intermediate mercurinium
ion. These authors stressed the apparent unimportance of the

mercurinium ion under- ¥he¢ usual oxymercuration conditions (105).

References p. 257
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An interpretation of the mercuration of the C=C bond in
terms of the hard-soft acid-base concept has been published

(106).

The oxymercuration of L-tert-butylcyclohexene and 1-methyl-
h-tert-butylcyclohexene was found to give trans-diaxial prod-

uets (407):

Hg{O2CCHa)2
H,O0—THF

OoH HgO,CCH4
+ NaBH4
OH™
Hg(O,CCHY, OH
OH
N + N
OH
43%) (36%)
HG(OCCHa)s
H,O—THF
oH
N Nu BH ia N CHy
HgO,CCH, B,

After comparison of this result with those of the bromination,
methoxybromination and hydrobromination of the same olefins,

it was concluded by Pasto and Gontarz that the oxymercuration
of these cyclohexenes proceeds by way of mercurinium ion inter-

mediates which are formed in fast, reversible pre-rate deter-
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mining equilibria. In related studies, the same authors found
that the dominant steric effect operative in the oxymercuration
of such substituted cyclohexenes involves torsional angle ef-
fects which are a function of the size of the alkyl group in

cis-3-alkyl~5-tert-butylcyclohexenes (Table IX) (108).

TABLE IX

RESULTS OF OXYMERCURATION—REDUCTIVE DEMERCURATION OF cis-3-ALKY L-5-tert-
BUTYLCYCLOHEXENES AT 25° (108)

OH
&7 7 7 K
OH

R
R=

H 46.4 53.6

CH; 80.8 10.2

Catl; 90.5 9.5

CH(CH;): 94.2 5.8

C(CH;): 99.06 0.94

The process leading tc the observed oxymercuration products is
pictured as shown below for the oxymercuration of 3,5,5-tri-

methylcyclohexene.

HC

a0,CCH,

References p. 257 -



206 D.SEYFERTH

A very similar study was reported by French workers (109). For

the endocyclic substituted cyclohexenes,
CoH5 CHj

the oxymercuration/NaBHu reduction sequence gave » 95-99% of

oXa

the axial aleohol. For exocyclic olefins,

the reaction was less stereospecific, with alkyl substituents
in the 3 position favoring formation of the axial alecochol and
alkyl groups in the 2 position favoring formation of the

equatorial alcohol.

In the oxymercuration of trans-~cyclooctene, two products

are formed:

H gOAc gOAc
N + Hg(oac), SH3OH,
b H TOAc . “~ocH;

Which one is formed depends on the presence of other ligands
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that can bond covalently to mercury, either added salts (104)
or more nucleophilic solvents (110), with the acetoxy compound
Egﬂ being favored in the presence of added salts or more
nucleophilic solvents. The rate of racemization of (+)-]21:,
obtained from (-)-trans-cyclooctene, in solution, depended
upon the nature of the‘solvent, with racemization being faster
in the more nucleophilic solvents (1410).

In terms of more preparatively oriented oxymercuration
chemistry, one may note the following reports.

The preparation of optically active alcohols was achieved
via the oxymercuration-demercuration sequence using chiral
mercuric carboxylates in place of the usual mercuric acetate
(141). Thus, the conversion of 1~-decene to 2-decanol via
reaction with mercuric (+)-tartrate followed by NaBHh reduction
gave product with 17.4% enantiomeric excess ( (-) isomer). A
similar sequence carried out with mercuric (+)-lactate gave 2-
decanol with 2.3% enantiomeric excess ( (~) isomer).

The oxymercuration of bullvalene followed by reduction of
the mercuration product with NaBHu was reported to give 22]
(112) (cf. GCR~B, 8 (1971) 468 for a previous report of this
reaction). The solvomercuration of cis, cis-1,5-cyclooctadiene,
reported by two groups last year (OCR-B, 8 (1971) L65, L67)
has been reported by a third group to give in methanol
and in acetic acid solution, as part of a comprehensive
study of clefin reactivity (113). Hydroxymercuration of
1-methylcyclobutene by mercuric perchlorate in dilute HCth
solution gave the oxymercuration product , which, however,

decomposed in strong acid solution to give as final products

mercury and methyl cyclopropyl ketone (41L).
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The methcxymercuration

cross-linked divinylbenzene
benzene copolymers has been
(115).

slowly than oxymercurations

These heterogenecus

complete conversion.

Oxymercuration of functional olefins,

with functional groups which take part in the reaction,

of interest.

In carboxy~substituted

C—Me

of pendant vinyl groups in
polymers and styrene-divinyli-
reported at a polymer symposium
reactions proceed much more

in solution, but they do go to
in particular, those
are

norbornenes, the disposition of

the carboxy group is of importance (416):

CH,Ct
: Hg{OACc)2

CH,CI

NaBHs , CH T

COH

but:

o——C,
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COM
HO
COsH H ) o =
g(OAcl), NaBH 4 , OH C
= - Ci
+ CH
HO
CH,CH COH

CHCI

Cyclization of unsaturated amines was accomplished via the

mercuration-reduction sequence (117, 118 B

CiHgCHZ N CHay
|

H Pr Pr
HgCls CiHg
\C N
4 l
H PI" CHj Pr

Z

o J
-

AcOHg
Hg(OAc)z
Me
M'-’ Me
CH5
/

R=H, X=0Ac,70%
R= Me , X=0Ac,50%
Hgl\z R= n-Pr, X=Ci, 75%
= t-Bu, X=Cl, 60%
XHgCH, N R= Ph, X=Ct, 0%
H R R C'ZH3
CHy N
|
NH _HgXa (l:HCH3
~=—CH, HgX
+
s
N CH,
HgX

References p. 257.
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{The ratio of !;Ei to |27! obtained depends on the mer-
curic salt and on the solvent used).

’ HgCt

HgCly /
——
CH N
{ z \Pr

NH
Pr
Diene monoxides have been subjected to the mercuration-

NaBH, reduction segquence (11¢), and neighboring group partici-

pation by oxirane oxygen was found to occur:

o Hg(OAc), NaBH4
—_——
OH .
O

"OH

+ @
“OH
HO
- L
CH,OH o

A rate acceleration due to this participation was observed.

NN\ —

Q

Some relative rate data for oxymercuration of various 08

cyclic olefins are given in Table X (449).

Full details of the mercuration of steroidal 3-keto-

1,4,6~-trienes (OCR-B, 6 (1970) 273) have been reported (120).

(1) Hg(OAC),

CIHg
(2) NaCt

O /
R = Me, R°? = H
and
R = H, R'" = EtCO



RELATIVE RATES OF OXYMERCURATION AT 25°

Relative Time

ound
Comp rate sec. €
O 00005 7200
(:::t> 002 60
o)
Cr
(:::1>0 10 5
OAc
OH
2
/\/\<‘O I
/\\/\/\ 33
OH 092
/\/\/
= 90

@ Reaction run in 50% THF ~water, unless otherwise specified. b From competition
reactions; precision is about ¥20%. € Time required for decolorization of mercuric
complex in THF —water.

The R = Me, R' = H compound was epoxidized with 30% H202 to

References p. 257
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" The methoxymercuration of gave - {(121). ‘was

rather unrea,ctiire, and the highly active mercuric perchloraté had

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

Brominolysis of gave -

Ph Ph Bh
-COET CO,ET
, T/ 2 AcOHg ?/ Do Br T/COZE‘L
N N N
co,et MeO Ncoet MeO Scokt
Bh Ph Ph
=]

Also reported has been the mercuration of L-phenyl-i,3-

dithiolene-2-one (49122):

e} (e}
PN A
£ S Ha(OAC), ) S
>—,——=< CHCi4 [HOAC >=.<
Ph H Ph  HgOAc

3,5-Dinitro-1-cyclopentene was mercurated by Russian workers

(123):

_ MeO HgOAc
/O\ Hg(OAC),
—_——
O,N MeQH
2 N02 O,N NQz
2/
47
(o]
2/,
e
(ON),C HgCINO,),
ON NO,

Several papers have been devoted to the oxymercuration of

allenes. The methoxymercuration of. gave . (124). The
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Me HgCi
Me,

M92C=C==< MeO-——(!‘.—é Me,
Mez Nlte ;

Me2
33]
chloromercuri group of [gé} was readily réplaced by bromine via
brominolysis in pyridine solution, but the action of NaBH’4 in
agqueous NaCH on Egi was anomalous, giving the symmetrization
product, the diorganomercurial, instead of the expected reduct-
ion product., Reaction of lééi with LiAth regenerated allene

l32! . The acetoxymercuration of optically active 4,2-cyclo-

nonadiene gave an opticaliy active mercurial (125):

HgOAc
H Hg{OAC)
\ r'd
C=C=C/\ HOAc “H
H CAc
(SH—) (SH=)

(SH+)

The absolute configuration of 1,2-cyclononadiene was determined
during the course of this study. Indian workers (126) have
reported methoxymercuration (using HgClz)-demercuration of
1,2-cyclononadiene, 1,2-cyclodecadiene, 1,2-undecadiene and
1,2=tridecadiene. The first two allenes gave the cis—oxymer-
curial; the second two, the trans-oxymercurial, The ;esults

of the NaBHu<reduction of these products are shown in Table XI.
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TABLE XI o .
SODIUM BOROHYDRIDE REDUCT {ON OF CYCLIC VINYLIC
ORGANOMERCURIALS (126)
Compound - Product(s) Yield
. (%)
cis-CyoH720HgCl 3-methoxycyclononene n
. : S {cis, 100%) :
cis-Cyy H19OHzCl 3-methoxycyclodecene 54
A (cis, 718%; trans, 2250)
. trans-CyaHo 3 OHgCl 3-methoxycycloundecene 80
’ : (cis, 15%; trans, 85%)
trans-Cy4Ho50HgCl 3-methoxycyclotridecene 76

(cis, 15%; trans, 85%)

Iin view of the provgn radical mechanism of NaBH}_L reduction of
organomercurials, ti‘w formation of both cis and trans products
is not surprising.

The reaction of (X = C1) with HgCl, in acetone
gave as major product. In t-~butanol solution, on the
other hand, (X = G1) reacted with mercuric chloride to

give I36l s With mercuric bromide to give ‘ . The bromo

Ph
/x
PhCo=Ca=C
N Ct
C{CH1Ph,
(x==C1, Br) /c-—-F’h
Ph

CiHg

compound reacted with mercuric bromide in t-butanol to
produce »- with mercuric chioride to give . Demercur-
ation of » s and with ,NaBHu replaced the halo-
mercuri groups with-a hydrogen atom., The mechanisms of these

mnercuration reactions were discussed.
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Some studies of the oxymercuration of acetylenes also
have been. reported. Oxymercuration of ‘1-octyne, 3-hexyne,
cyclotridecyne and phenylacetylene, followed by treatment of

the mercurials formed with NaBHu gave ketones in good yield’

Bl

(128):
Hg (OAc) R  HgOAe - RC-CHR'
RC=CR" 2> HO’C=C\R' 0 Hgoac
aq. THF
e
l Na BH,
L4
RCCH,R*

Diphenylacetylene failed to react under these conditions.
Mercuration {(with Hg(OAc)2 in methanol) of 1,8-bis{phenyl-
ethynyl )naphthalene gave as final product, presumably

via the route shown below (129).

- -
9@ 9@ - O
T2
,‘ﬁ m Hg(OAC), g HgOAc ‘
a u —_— e ——— Q e HgOAc

00 = O
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Cleavage of . [3_?_; with sulfuric acid gave , which also

was formed~more directly by carrying out the mercuration of
1’S_bis(phenylethynyl)naphthalene-in HOAc/HZSOh medium. Mer-
curation of @ and under the latter conditions gave

E;ﬁ , R = Hand R = Me, respectively. However, the action of
mercuric -acetate in methanol on resulted in the formation
of , since the intermediate vinyl cation could not undergo

ring closure.

Of special interest is an example of the mercuration of a

coordinated acetylene (130):

PhoMeP C/CF 3 HgX, (X = C1, Br) -
Phyle “cFy EtOH, reflux
CF
V4
PhyMeP,_ 3% > Jo=c] 3
HgX

P

Ph, Mel ,\X

2
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The addition of mercuric fluoride to. a ketene has been describ-.

ed (131):

(033)204::0 + HgF, ———>> Ecps)ac;,}gﬁg
ZC

0¥ Tp

Treatment of with sodium carbonate gave =z mixture of
[CFQ:C(CPB;_] 2Hg . CP2=C (Cl«‘j)HgCH(CFj)2 and ECF3 )QCfﬂ 2Hg.
A new tertiary amine synthesis based on the mercuration-

demercuration of enamines has been developed (132):

o

DMF, -20 .
@»Nmz + Hgloac), > Et2N=<j oAc
HgOAc
/ NaBHlL

(78%)

Other conversions effected by this sequence were:

Et,N — EtzN‘O EtQN-O — Et,N

(77%) (50%)
Et,N ~—3 Et,N Etg=CiMe ~——3 BGHCHMe
NEtz NEt2
(93%) (71%)

: ~\ N\
Dw-@ - E:NO H32C=CHN\-/O —_> Me,CHCH, N, o}
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Bloodworth has provided full details of the peroxymercur-
ation of monosubstituted ethylenes, which coupled with reduct-
ion of the mercurials formed by NaBHh, constitutes a useful
new synthesis of secondary alkyl peroxides (433) (cf. OCR-B,

6 (1570) 265). -

RCH:CH2 + Hg(OAc)2 + t=BuQOH ———> t-BuOOCHCH,,HgOAc + HOAc
)
R

OH

HgOAc + NaBHu————-—> t-BuOOCHRM¥e + Hg

t-BuOOCHCH
1 2

=

n

This work was extended to the t-butylperoxymercuration of
o{,ﬁ -unsaturated ketones and esters (134). K -Mercuration

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

and R,C=CHCOY (Y = alkyl or alkoxy):

2
2 mole % HCth
CH,=CHCO Me + Hg(CAc), + t~BuOOH —>

t-BuOOCHz?HCOQMe + HOAc

HgOAc

However, with olefins of type CH,=CRCOY, /3 ~mercuration took

place:

CH2=CMeC02Me + Hg(OAc)2 + t-BuOOH —>

AcOHgCH??(He)002Me + HOAc¢

O00Bu-t

This investigation was extended to the methoxymercuration of

d,ﬂ -unsaturated esters and ketones (134). The same directional
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effects were observed, e€.g.:

MeCH=CHCOMe + Hg(OAc)z + MeOH —=> MeOCH(Me )CHCOMe + HOAc
!

HgOAc
but

CH,=CMeCOMe + Hg(OAc), + MeOH ——>> AcOHgCH,C(Me)COMe + HOAc

The results reported are summarized in Tables XII, XIII
and XIV, In most of the examples given, the organomercury
acetate produced initially was converted to the bromide or
chloride. Nmr spectroscopy was used extensively in determin-
ing the structure ot the products.

The kinetics of the methoxymercuration of phenyl cinnamate

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

TABLE Xl

t-BUTYL PEROXYMERCURATION OF a8-UNSATURATED CARBONYL COMPOUNDS: &-MERCURATION
RIRZC:CR3.COY — R1R2C(0-OBut)-CR?*(Hg-X)-COY

aff-Unsaturated carbonyl Rl R2 R3 Y Reaction Yield X Yield
compd. time (crude) (pure)
(%) (%)

But-l-en-3-one (methyl H H H Me 1 hr. 96 Br 50
viny! ketone)

Methy! propenoate (methyl H H H OMe 10 min. 99 Br 31
acrylate)

trans-Pent-3-en-2-one H Me H Me 5 min. 97 Br

trans-Methyl but-2-enoate H Me H OMe 30 min. 97 Br 58
(methyl crotonate)

3-Methylpent-3-en-2-one H Me Me Me 3 days 30 Cli 25

trans-Methyl 2-methylbut- H Me Me OMe 3 days 10 Br 8
2-cnoate (methyl tiglate)

2-Methylpent-2-en4-one Me Me H Me 5 min. 97 Br 95
(mesityl oxide)

Methyl 3-methylbut-2- Me Me "’ H OMe 5 min. 99 Br 94
enoate (methyl 3,3-di-
methylacrylate)

trans-1,3-Diphenylpropen- - H Ph H Ph 1 hr. 98 OAc 75
one (chalcone)

Chalcone H Ph H Ph 1 hr. 98 Br 60

trans-Methyl 3-phenyl- H Ph H OMe 6 hr. 96 OAc 86
propenoate {methyl
cinnamate)

Methyl cinnamate H Ph H OMe 6 hr. 96 Br 70
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TABLE X1l

METHOXYMERCURATION OF af8-UNSATURATED CARBONYL COMPOUNDS: a-MERCURATION
RIR2C:CR3.COY - R!R2C(OMe)-CR3(Hg-X)-COY

D. SEYFERTH

of3-Unsaturated carbonyl R! R2 R3 Y Reaction Yield X Yield
compd. time (crude) (pure)
(%) (%)
Methyl vinyl ketone H H H Me 5 min. 100 Br 25
Methyl acrylate H H H OMe 4 hr. 90 Br 40
Pent-3-en-2-one H Me H Me 5 min. 100 Br 73
Methyl crotonate H Me H OMe 5 min. 100 Br 70
3-Methyipent-3-en-2-one H Me Me Me 48 hr. 40 OAc 18
Methyl tiglate H Me Me OMe 24 hr. 57 Br 24
Mesityl oxide Me Me H Me 15 min. 100 Br 83
Methyl 3,3-dimethyl- Me Me H OMe 1 min. 100 Br 40
acrylate
Chalcone H Ph H Ph 3 min. 100 OAc 77
Chalcone H Ph H Ph 3 min. 100 Br 74
Methy! cinnamate H Ph H OMe 10 min. 98 OAc 90
Methyl cinnamate H Ph H OMe 10 min. 98 Br 74

TABLE X1V
METHOXY- AND t-BUTYL PEROXY-MERCURATION OF ¢f-UNSATURATED CARBONYL COMPOUNDS:
B-MERCURATION
CH;:CR?-COY - XHg-CH;-CR3(OR)COY
af3-Unsaturated carbonyl R3 Y R Reaction Yield X Yield
compd. time (crude) (pure)
(%) (%)
2-Methylbut-1-en-3-one Me Me Me 30 min. 97 Br 30
(methyl isopropenyl ketone)
Methyl isopropenyl ketone Me Me OBut 24 hr. 93 OAc 60
Methyl isopropenyl ketone Me Me OBut 24 hr. 92 Br 30
Methyl 2-methylprapenoate Me OMe Me 12 hr. 100 OAc 60
(methyl methacrylate)
Methyl methacrylate Me OMe Me 12 hr. 100 Br 25
Meathyl methacrylate Me OMe OBut 12 hr. 97 Br 70
Methyl 2-phenylpropenoate Ph OMe Me 12 hr. 50 Br
(methyl atropate)
Methyi atropate ) Ph OMe OBut 5 days 65 Br 165

The kinetics of the displacement of an oxymercurated

olefin by a free olefin (transoxymercuration) and of alkoxy

exchange reactions involiving oxymercurated olefins have been

investigated (136). Typical reactions might be:

13

MeOH

OMe

——————ney
+ GgH CH=CH2 < 06H1 3(l)HGHQHgX +
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HgC10, EtOH HEgC10,,

“*OMe T-OEt

Such reactions proceed best with the more ionic mercurials

(perchlorates, nitrates) and are catalyzed by acid. A bis-ole-
=

fin-mercury cation, {97- , Was believed to be involved in the

transoxymercuration reaction.

OMe
R'CH=CH, - ER
. s —C
RCHGH,HgNO 5 > ?Hz --CHR
one | _mE
; i GHR!
i CH, CHR

17!
Other /B -substituent exchanges may be noted. Japanese
workers have described the conversion of hydroxy- to nitro-

nercurated olefins (137):

NO,”, HMO

(6] S
H ?HCHQHgGth OZN?HCH

Me Me

2H8010u

On the basis of rate and stereochemical studies, a mercurinium

ion intermediate, luB! , Was suggested.

Hg
4 N
;,C' A o u8
4 \\\ ,” h 4 -
Nl
03

The decomposition of the methoxymercuration product of allyl-

urea, HQNCONHCH2CH(OMe)CH2HgCI ("Neohydrin", a diuretic) in

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

change to give H,NCONHCH,CH(OH)CH,HgGl (138).
The alkylation of substituted benzenes by oxymercurated

olefins has been known for some time:

H-i'

@R + ACOHgGH,CH,O1e ————D> R@ CH,CH,OAc
R
+ AcOCHZCH2\©

Ferchloric acid has been found to catalyze this reaction and

the following reaction course was suggested (139):

ACOCH,CH,HgOAC + HY —> '—+CHQCH,2HgOAc <> CH, ,CHZ]
. S+,

HgOAc

+ HOAc

+CH20H2HgOAc + R@ —_— R@ CHZCHZHgOAC + HY

R @ CH20H2H30AC + Hg(o0Ac )2 —>> R @ CHZCH2OAC

+ ng(OAc)z

(HCth)
Hga(OAc)z = Hg(OAc)2 + Hg

Thermal and photochemical reactions of n-08H17CH(0Ac)CH2HgOAc
with benzene and toluene gave moderate yields of aromatic

substitution products, but alkyl chain isomerization took
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place under photochemical conditions (140):
n-C8H17CH(OAc)CH2HgOAc + CGHG —_—
a) thermal reaction:
1-phenyl-2-decene (419%)
b) photochemical: .
1-phenyl~1i~decene (3.6%); 1-phenyl-2-decene (11.3%);
1-phenyl-3-decene (2.6%); 41-phenyl-4-decene (1.6%).
Among miscellaneous items appropriate to this section are
the following:
An oxymercuration-demercuration experiment suitable for
use in an undergraduate laboratory has been described (141).
The oxidation of olefins to alcoholsg by aqueous mercuric

sulfate proceeds by way of oxymercuration products (1L2).

B. AROMATIC COMPOUNDS

The interaction of mercuric trifluorcacetate in CF3002H
with highly alkylated benzenes was investigated using nmr and
uv épectroscopy (143). In most cases (durene, mesitylene,
7,12-dimethylbenzanthracene) crystalline mercuration prod-
ucts precipitated rapidly, but such solutions containing
Hg(OchF3)2 and CgMeg, CgEt, or Csuesﬂ in CF3COZﬁ appeared
to be stable. Unambiguous evidence for a l?GRG—HSOZCCFé]+
T -complex could not be obtained via uv spectroscopy. Nmr

spectra of solutions containing pentamethylbenzene suggested

the presence of d-complexes, and s depending on

XHg ﬁgx
Me Me
Me Me
Me Me
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the amount of Hg(OZCCF3)2 present, Dilution of such solutions

with water resulted in precipitation of 06Me5HgOQCCF3.

The mercuration of igl} gave iBZ? (144) and other workers

AcOHg | HgOAc

Etjng

s 9’¥ =
[

———

{51! 50!

have mercurated various aromatic sulfonamides ( 145), e.g.:

HgOAc
= HgO, HOAc -
MeGONH ¢ /* SC,NHCMe >  MeCONH <:\ /) SO, NHNe
s
HgOAc
Hg(OAc), HgOAc

N '
= 7\
MeCONH { ,° SO, NH k.s > MeCONH @ SO, NH L/ s \X HgOAce

Czechoslovak workers have studied the action of mercuric
acetate on various phthalides, obtaining either aromatic

substitution or addition to olefinic C=C bonds (146):

. (o]
(o]
(l_!
C
\\ HQ(OACc), \
/L a
c:—:cn@ C=CH—<©>-HQOCOCH3
+
o
|
C.
\O
H
a4
c—-C HQOCOCH,

CHCOC  pgococHh,
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|

C.

AN N
@[c—/_—oczu@x" HeOAde @c’fc/—H@x

(X=8r,1) I

o
l

: <
(CH3CO,),Hg @[
C——CH CH=C

O

g
QL. O ==~ c_m

cnacoo HgOCOCH3

I
HgOCOCH3
\ / (CH3CO,)Hg \
/ Na- C/ Na.
l( I
o o

Alsc to be noted is the rearrangement of |531i to 5—5 and of
to ; 56! on treatment with catalytic guantities of NaOMe

in methanol solution.

@[\ i) a\/t t“

References p. 257



26 D. SEVFERTH

5. ORGANOFUNCTIONAT, CRGANOUERCURY COMPOUNDS

Some references to organofunctional mercurials will Dde

found in previous seétiohs:

ferrocenyl-mercury compounds (12, L47)

cymantrenyl-mercury compounds (24)

polyfluoroarylmercurials (13, 1L, L6)

polyfluoroalkylmercurials (22, 23)

vinylic mercurials (22, 23)

allyliec mercurials (53)

alkynyl mercurials (63)

mercurials containing alkoxy (15), sulfur (16), ether (17),

nitrogen (L3), carbonyl (51, 62, 80) and ecyano (66) func-

tions.
The solvomercuration of olefins (Section LA) and the mercurat-
ion of substituted aromatics (Section LB) give organofunctional
organomercury products, and the halomethylmercurials (Section
3C) belong to the general class of organofunctional organo-

mercury compourds.

A. HIGHLY HALOGENATED ORGANOMERCURIATLS

(See also Section 3C)
Mixed alkyl pelyfluoroarylmercury compounds have been pre-

pared (147):

F F F__F F_F
EtHgCI
H@F — Li@r—' L EtHQ@F
F H F_H F H

F_F

F F

. . n—C3F;HgCl

L.@(_. Ll == 1 L= ACLSFER “'C3F7©C3F7—n
FF F_F
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F F F_F F_F F_F
F F

L F F L

COzHgMe

EtHg HgEt
HgMe

cr - @
—_—
Fla A =3
HgMe
F CO,HgMe p=

The unsymmetrical mercurial 06F

reaction (148):

Hg0601 was prepared by the

5 5

benzene, 80°

-
C6C15HgCl + C6F5HgCH3 06F5Hg06C15 + CH3HgCl

The more obvious possible syntheses (06F5L1 + C6Cl5HgCl and

el s 3 3 { r
C6“15L1 + CéFngBr) gave a mixture of (CGF5,2Hg and \Csul5)2Hg

rather than the unsymmetrical product, due to the presence of

LiCl whiech induces the symmetrization reaction. The action of

anhydrous HC1l on 06F

the C6F5 group.
(1u9):

(CgF5)pHe L

(CeF5)p-2L

ECGF5)2H-g] 2 L

HgCGCl resulted in exclusive cleavage of

5 5

Complexes of (C6F5)2Hg have been reported

L = L,4'-Me,-2,2"-bipyridyl, 2,2'-biquirolyl,
2,2':6,2"-terpyridyl, 2,&,7,9-Meu—
1,10~phenanthroline, ethylenediamine,
o-phenylenediamine, diphenylamine,
pyridine, L-cyanopyridine, triphenyle-

phosphine and its oxide, 1,2-bisdi-

phenylarsinoethane
L = di-2-pyridylamine
L = bisdiphenylphosphinomethane, bisdi-

phenylarsinomethane

The structures of these complexes are discussed using experi-

References p. 257



228 D. SEYFERTH

mental evidénce derived from solution molecular weight measure-
ments and uv and ir studies.

The direct reaction of 1-iodo~undecafluorobicyclo E_é.2.ﬂ"
heptane with metallic mercury under uv irradiation gave
(150).

Stable, g -bonded pentachlorocyclopentadienylmercury com-—

pounds have been prepared and their infrared and nuclear

F
e F. F>
F3 F.
Hg
F Fa
F2 (A
F F

Ci
C.CigTH C'-i><
Ci=x/ 'HgCi
Ci Cl
HgCIy 2CsClsgTt cl
Ci Hg (o}

C c
2 CoClaTl cu©<Cl
Cl HgCl » HgCl,
Ct
~
FhHgCl + 05C15T1 > PhHgCSC].5

Knunyants and his coworkers have developed procedures for
the synthesis of esters of O(—mercurated fluorocarboxylic

acids (152, 153):
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EtOH . .
CF2=CFOEt + ngz——‘———————€> XHgCF2C02Et + EtF + HX

(X = OAc, NOB)

EtOH
2 PnHgNOz + 2 CF =CFOEt —————> Ph Hg + Hg(CFQCO2Et)2

+ 2 EtF + 2 HX

Cd/Hg

C1HgCF.CO.Et > Hg(CF,_CO,.Et)
i room temp. 272 2

HgO, EtOH NaCl

O = - P 3
Hg(NO3), + CF;CH=CF, Cng?PCO

2Et

CF‘3

EtOH NaCl
Ny >~
Hg(OAc)2 + CF3GF=CFOEt : = CF3?F002ET.
HgC1

EtOH  NaCl
Hg(NO3), + (GF3),C=CFOE > > Hg[C(CogEt)(CFB)JQ

EtCH NaCl
Hg(OAc), + CFCl=CFOEt > > C1lHEGFC1GCO,Et

EtOH NaCl
Hg(OAc), + CF,=CFH > > C1lHgCFHCO

2Et

Hydrolysis of AcOHgCF2CO2Et gave the insoluble, probably

polmeric BECcmozfl s but CIHgCFZCOZH could be prepared by
reaction of the latter with the stoichiometric amount of HC1
in ether (152). Aqueous and alcoholic HCl cleaved the C-Hg

bond of such esters oI‘c(-mercurated fluorocarboxylic acids,
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but saponification with KOH in aquecus dioxane converted
them to the potassium salts without G~Hg cleavage (154).
Cleavage of C-Hg bonds in such esters also was effected with

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

CHCIB, reflux
CCHF)2Hg + PhCOC1 > C1lHgCHFCO,Et
OEt

+ CHF:C\
OﬁPh

0]

(Et02

B. CARBORANYL~-MERCURJIALS
New organomercury derivatives of carboranes have been

reported:

MeHgC=C~ ¢ = /c —H (prepared via the alkynyl lithium
\\B1OH10 or copper(I) derivative (156) )
PhHgs.C C,/Me HeHg~.C C_,Me
Noe N/
10“t40 10110
MeHg- C c—lighe Hg — G —Me
\\57/61 \\25/51
107710 107710
Hg-‘c c—H ClHg— c—Me
<3 N;
57 C1 /a1
10°%10 1010

The mercury derivatives of the decachlorocarboranes were pre-

pared by direct mercuraticn or via the anion (157):
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/Me

H~o——0o—Me | pnugoAc —————3 FhEE—(

% Y.

ofl40 (or PnHgORH) C1,
Heg —H Na/EtOH MeHgBr MeHg— —~HgMe
~, S
\O /C —> = \O
B,oCly0 B,oC1l,q

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

bromine,

C. MERGCURATED DIAZOALKANES AND RELATED COMEOUNDS

New examples of mercurated aliphatic diazoalkanes, pre-
pared by direct mercuration of the diazoalkane, have been de-

scribed by several groups:
Hg E(Nz)P(O)(OMe);J 2 (158), Hg E:(NQ)P(O)th]Z and

HgE:(NZ)P(O)(OEt);]Z (159), RHgC(N2)002Et (R = Me, Et) and
(RHg)20N2 (R = Me, Et) (160). Mercury silylamide derivatives

served well in the preparation of the latter (160):
\§
2 RHgN(SiMe;), + CH,N, ——> (RHg),CK, + 2 HN(Silley),

Treatment of diazomethane with Hg{ﬁ(SiMe3);]2 gave a polymeric,
explosive s01id believed to have the stiructure (160).

ON oN AN
ol ol u
u I u
// \\Hg HJ/ \\ H//’\\
AN
ﬂe l!l ®
\LII © \H/ o
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Also to te noted is the preparation of tetrazolato-mer-—
cury complexes (161):

Me

N—N
(PhyP),Hg(Ny), ~221ENEC o (MeNEC)ZHg(—-< | %

N—N

I
‘A
Me
]

NN

Hg(—< " )2 {(polymeric ?)

N—N

Nercury compounds of type '59} have been described pre-

viously by Wanzlick (OCR-B, 8 (1971) L89-490) and formulated
as ghown as complexes of H32+

with the nucleophilic carbene
60!

Such a formulation has been termed "bizarre" by Cooksey,

Ph ﬁn
§
[ p=fo= ] o 59]
N N
| |
Fh £h
Ph Pn
| |
N N
[ >; e E@>: ©
N N
! |
Ph Fh

[Ecl

Dodd and Johnson (162), who suggested that the simple covalent
structure l61l is much more reasonable, These authors have

T T

N N

AN -
[:%}—Hg—ﬁ%:ﬂ , 2% I

Ph

Ph
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———

»repared more members of this class of compounds, [62!.

Me
. b
N
|
Me
(Y = NO,, C1, H, Me; X = BF), HgCly)

The rates of c-Hg cleavage of these mercurials by agqueous
acid were measured and it was found that chloride ion catal-

yzed such reactions. The scheme shown below was suggested to

be operative (162).

©:N>HQCI -_—_— @[ >HgCl
_chuJPchb ;;>ch§‘

Me

—HgCly,
Me -
i N{E /{-‘gCl:‘}
X N x N
S UL -
n7 T+
Me

"f
Me

Mercurated phosphorus ylides serve nicely in the synthesis

of vinylic mercurials (163):

Hg(OAc)2
Ph3P=GH002Me = Eth-CH-HgOA(_:j QOAcC
02Me
NaOMe,,NH3
: Ph3P=(“,—Hg—C=PPh3
Me0,,C Co,Me
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|63! + RCH=0 —> RCH:(i:——-Hg-—-?:CHR + PhsPO
Me0,C Co,Me

Prepared in this manner were various [;rCH=C(COZMe£]2Hg (Ar =

p- and m-C,NCcH,, p~BrGgH,, Ph, p=MeOCgH, ), EﬂeCH:C(002Meﬂ2ﬁg

and [%CH:C(CNS]EHg (R = CC]_3 and p-Ochéﬂh) in yields ranging
from L3-T71%.

6. REACTIONS OF ORGANOMERCURIALS

The reduction of organomercurials of type RHgX by NaBHu
and organotin hydrides was discussed in last year's Survey
(0OCR-B, 8 (1971) h92). Radical intermediates, RHg. and R-,
were implicated by several lines of evidence, Jackson et al.
(164, 165) have reported full details cf their work in this
area dealing mainly with stereochemical results of reductions
of norbornenyl- and nortricyclylmercury compoundé and with
deuterium incorporation studies (cf. OCR-B, 8 (1971) L9L). Re-
duction of Eig by sodium naphthalenide (in excess) in THF gave

and mixture of iGSE and |66: , i.e,, essentially complete car-

CE| &5] [68]

bon skeleton retention (166); Photolytic reduction of IGhI
gave products in which the carbon skeleton retention was only
88%. Russian workers have studied NaBHh reduction of simple

alkylmercuric chlorides and of PhHgCl, and on the basis of their
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results also suggest a radical mechanism (RHgCl ——€>RHgBHh
——> RHgH ——>RHg- —>R. + Hg) (167, 168),
Fluorinated mercurials of type CF3CH(HgCl)CH20R (R =

alkyl or COCHB) can be reduced with NaBHu to give CF3CH20H20R

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

CF2:CHCH20R by zinc dust in agueous NHu01, but in the case of

CFSCH(Hg01)CHZCZCCH3’ deoxymercuration was the predominant re-

action. Treatment of CFyCH(HgCL)GH,OMe with N H, -H,0 at 130°

gave CFacHZCH OMe and CF.,=CHCH,GCMe in lcow yield; at 1000, sym-—

2 2 2
metrization to give Hg(CH(CFS)CHZOMe)e was the only observed
process {(169).

Aminomercuration products of various olefins have been de-
mercurated with NaBH, and other reducing agents (170). Of the
reagents tried in the case of <::>NCHQCH2HgCl {Na/Hg, NaBHh,
LiAlH), LiBH,, N,H ), sodium borohydride gave the best yield
of (h_JNCH2CH3. Alkaline sodium borohydride reduced

<::ﬁCH(R)CH2HgCl to <:::NCH(R)CH3 (R = Ph, Me), but when

agueous-ethereal NaBHh was used, rearrangement and more coms

prlex products were obtained, e.g.:

NaBHh
{ NCH(Ph)CH,HgC1 —=> N-CH(Ph)CHg (&%)
Et,0/H,0
< N~CH,CH,Ph (32%)

(__N-CH(Pn)CH, N (15%)
N\
E&_Jy'CH(CH2Phi}§ (5%)

Rearranged products also were obtained with Na/Hg, LiAth
and alkaline hydrazine. The results were rationalized in

terms of the operation of two mechanisms: (1) the usual radi-

cal mechanism alluded to above, and (2) an ionic mechanism pro-
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ceeding via an intermediate aziridinium ion capable of re-

arrangement:
vy _
<C::N<\ CH ——Hg—Cl —_— N H, + C17 + Hg
H/C “Ph '

{ N-CH(Ph)CH; + {  N~CH,CH,Ph

The polarographic reduction of 2-chloromercuri-3-ethoxy-
cyclononene and 2-chloromercuri-3-ethoxycyclododecene in 50%
dioxane-water was shown to g0 in two stepss first to the free
radical RHg., then to metallic mercury and the unsaturated

ether (171):

H
OEt

HACl + &7 —— Hg. + ¢!

The gaivanostatic reduction of (C6F5)2Hg and CGH5HgBr at the
mercury electrode has been studied (172).

The solvolysis of CH CH21uCHéHg01O in 10% dioxane-90%

3 L

water, acetic or formic acids'appeared to proceed via con-



MERCURY 237

current direct displacement and cationic processes as indicated
by a small (0.6-3.5%) extent of isotopic scrambling to C-2 and
C-3 (173). The isotopic scrambling process was discussed in
terms of possible protonated cyclopropane intermediates. Oxi-
dation of organomercuric halides and acetates by P‘:)(OAc)LL in
acetic acid at ca. 100° also appeared to generate carbonium
ions (174). PFor instance, in the case of isobutylmercuric ace-
tate, a mixture of iso-, sec-, and tert-butyl acetates (L.7:1:
1.8 ratio) was obtained, and in the case ¢f n-propylmercuric
chloride, a mixture of n-propyl and isopropyl acetates. It was
suggested that the carbonium ions were formed from radical in-
termediates since some paraffinic and olefinic hydrocarbons al-
so were formed. The anodic oxidation of organomercury com-~
pounds in aqueous acetonitrile gave products which suggested
that the first step in the oxidation is C-Hg cleavage to give

a carbonium ion (475). Thus when n-propylmercuric chloride was
subjected to anodic oxidation at 2.2V in 0.1k NaClOLl in 10:1
keCN:H,C, the products were n—03H7oh (28% current yield),

-n (1) and CH,CONHC

1-03H70H (41), CH,CONHC -1 (11). In

3 3ty 3 3ty
the case of benzylmercuric chloride, the products under these

conditions were PhCH,OH (7); PhCHG (60), PhCO,H (1), CH,CONH-

2 3
CHoPh (16) and PhCH,CH,Ph ( < 1).

The displacement of carbanions from suitable organomercur-
ials (e.g., PhHgCX3) by halide ions is a known reaction. Now
Russian workers (176) have found that the action of catalytic
quantities of fluoride ion on perfluorbalkylmercurials gen-

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

KF/DMF
Ecp3 ) 3EJ oHg > Ecpj) 309?_] SHe
Sg

(no reaction in the absence of XF)
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Potassium fluoride also catalyzed the redistribution of bis-
perfluoroalkylmercurials with HgCl, and their cleavage by
iodine in bMF. The action of sodium iodide on ECF3)QC§]2H8
(R = F or CF3) also resulted in perfluorocarbsnion displace-
ment, butvunder these conditions, fluoride ion loss to prod-
uce the olefins, CF2=C(R)CF3, occurred,

Reactions of trityl derivatives with organomercurials
have been described previously by Reutov et al (OCR-B, 6 (1970)
292; 8 (4971) L496). The dehydromercuration of diisobutylmer-
cury had been shown to proceed via /3 H' abstraction by
Ph30+C10h- via deuterium labelling and a concerted, cyclic
mechanism had been pocstulated. In new work, Traylor and Jer-
kunica (477) demonstrated similar rapid dehydromercuration of

Et,Hg, n-Bu,Hg and [%hCHecH(Méﬂ oHE:

+ -
¥ B ———
RCHZCHzﬁgCHQCHQR + PhBC BFh RCH2CH2HgBFL + Ph3CH

+ RCH:CH2

The compounds (PhCMechQ)eﬂg and di-1-apocamphylmercury did

not react with trityl fluoroborate, demonstrating the necessary
presénce of a /3 C-H bond and the importance of its geometry.
The rate of such dehydromercurations was first order in mer-
curial and first order in trityl compound, and among the ethyl-

metal compounds examined, the rate per hydrogen decreased in

the order Et,Pb ? Et,Hg > Et), Sn > Et) Ge > Bt,Si. These re-
actions were pictured as going by way of vertical stabilized

carbonium ions as shown:

metatl :‘: +
+
metal
Q2C= —CR, ;

R,CHCR,metal + Ph,Ct ———a ———a PhCH + |R,C===CR,

L2 o2

i —cr, +metal—]
Phyt R,C=CR, +'metal
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Reutov and his coworkers have continued their work in this
area, The actionrof trityl bromide on R Hg (R = Et, sec-Bu,
1-Bu) resulted in predominant or total formation of Ph3CH. but
in addition to dehydromercuration, some coupling to give alkyl-
triphenylmetanes (Ph3CEt, Ph3CCHMeEt and Ph3CCH2CHMe2, respect-
ively) also occurred (178). In reactions of Ph;C'Br with di-
ethyl- and di-sec-butylmercury the chemical and esr evidence
indicated the formation of the trityl radical as an intermed-~
iate, i.e., an electron transfer process., The reaction of
Phjc derivatives with diarylmercury compounds also gave indic-
ation of electron transfer reactions (179). The products form-
ed in the presence of oxygen were a mixture of PhBCOOCPh3 and
ArCPh3 (60:40 in the case of diphenylmercury in 1,2-dichloro-
ethane solution; 20:80 for (p—ClC6Hh)2Hg; 90:10 for (p-MeO- .
C6Hu)2Hg in the same sclvent). In the absence of oxygen, the
PhBC- radical was detected by esr. The detection of chemically
induced nuclear polarization in the nmr spectrum of Ph3CCH2Ph
(from PhzCBr + PhCHZHgBr) confirmed the operation of a radical
process (180).

Protodemercuration rates of symmetrical mercurials, R2Hg
(R = CF2=CF, (CF3)2CH, (CF3)20F, C6F5’ Et02CCF2, CF3, PhSOZCHz,
C1CH=CH, Et02C(Ph)CH, EtOZC(CFj)CH, PhCEC, and Ph) by HC1 in
DMF solution have been measured (1841). A correlation between
log k and the pKa of the RH compbund corresponding to the
R2Hg was sought (Fig. 1). The R2Hg compounds in the left
branch of the curve react by an SE1(N) mechanism {(cf. ref, 9),
those in the right branch by the SEZ mechanism. The HClOb-
catalyzed cleavage of bis(acetylmethyl)mercury was shown to

proceed by the following mechanism (482):
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(rapid)

= EACCHQ)ZHgH’j

240
_ . . K,
(AcCHz)ZHg + H =
OH . k3
CH,=C + H
CH3

1
-,_1 o\ CH(CFR)COOC,H,

o \C‘JCSH:’CHCOOCZH:,

/
-3 // oPh
Ve
o /CH=CHC!
-4 CRICF /s
-5 PhSO,CH,

2 -2
N H
-* —
AcCHZHg + CH2~Q\
CH,
> Me,C=0 - ut

Fig. 1. Dependence of log k for protodemercuration of R7Hg on pKgof RH in DMF. (181)

The protolysis kinetiecs of 1-methyl-1i-acetyl-3-chloromercuri-

indole have been studied (183, 18L).

Detailed kinetic studies of the iododemercuration of

R, Hg (185) and RHgX (186, 187) compounds have been carried out

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

substituent (e.g., C6F5, (CFB)BC' etc.), an Sp1(N) mechanism

was indicated.
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The formation of bromobenzene and iodobenzene in high
yield by chlorinclysis of phenylmercuric bromide and iodide,
respectively, has been the subject of a communication (188).

In our opinion, this observation is by no means unexpected,
oxidation of bromide and chloride ion, and of polar MK-Br and
M-I bonds by chlorine being known reactions. The Br, (or BrCl)
and I, (or IC1) thus formed would lead to the observed products.
The brominolysis and chlorinolysis of ferrocenylmercury com-—
pounds was shown to proceed via intermediate ferricenium
species of type [éz] when carried out at -20° in dichlorometh-
ane (189). Esr, MUssbauer and magnetic susceptibility measure-

ments were cited.

Other oxidation reactions of organomercurials have been
studied. Oxidative degradation of di-n- and di-isopropylmer-
cury by t-BuOOH and t-BuOOBu-t proceeded via intermediate
RHgOCMe3 species and gave as final products Hg, RHgOH, CSHB’
C3H6, Me3CO and PrOH (190). Oxidation of dibenzylmercury was
found to be catalyzed by HC1 in DMF, THF or dioxane at low mer-

curial concentrations (191). The intermediate peroxide,

PhCH,O0HgCH,FPh, decomposed in the presence of NaCl to give

2 2
PhCHZHgOH and benzaldehyde.

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

ucts (192):
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ﬁgo2cu3 (50%), 4_(,—)0026113 (29%), MeC,C-CC, ke (5.3%),

Q—Q(h.‘s%), Hg (100%)

It would seem that carbomethoxy radicals are generated in this
photolysis. Diphenylmercury photolysis in THF gave quantitat-
ive yields of benzene, CK;X'-bistetrahydrofuranyl and elemental
mercury.

Substituent exchange reactions (symmetrization, dispro-
portionation, redistribution) are important in organomercury
chemistry. It is of interest that such reactions can occur in

the solid phase at room temperature (193):

2 Ph—c ____ —HET] > (PO~ ___c—)3HE
% N ety
Biotho Bioflio
The colorless crystals of the iodomercuricarborane became red
(due %o Hgla) on storage in the dark at 20° for several months.
The occurrence of this reaction was attributed to strong I->Hg
coordination in the dimeric molecules of the iodomercuricarb-

orane, Much more facile were the solid phase reactions listed

belew (194).

PhyHg + HgCl, —————3>2 PhHgCl

Ph,yHg + CCl,HgCl —> PhHgCCl + PhHgC1l

3 3

Phylg  + Hg(CC13)2 —_—2 PhHgCCl3

HgCl, + PhHgCC13 ~—————3 PhHgCl + CC1;HgCl
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The progress of these reactions was monitored by ir spectro--
scopy. All were complete within 4-10 hr. at 2G°; the PhyHg +
HgCl2 reaction was complete inr1 hr.

The symmetrization of arylmercuric halides to diarylmer-
curials can be accomplished by passing a chloroform solution
of ArHgX through an alumina column which has been treated with
NaCN (Table XV), a simple, practical procedure for small
samples (195). 1In contrast, such treatment converts alkylmer-
curic halides to alkylmercuric cyanides rather than to di-
alkylmercurials. Stable anion radicals (naphthalenides or
biphenylides) and solutions of alkali metals in (MezN)BPO
also serve to symmetrize organomercuric halides, but the
yields of RQHg are only LO0-70% and some radical by-products

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

TABLE XV
SYMMETRIZATION OF ARYLMERCURY HALIDES (195)
Organomercury halide Diarylmercury compound, R,Hg
% Yield
Ferrocenylmercury chloride 82,91
1-Acetyl-2-chloromercuriferrocene 81, 86
Phenyimercury chioride 96, 89
1-Naphthylmercury chloride 920
2-Thienylmercury chloride 56
4-Phenoxyphenylmercury chloride 90
Phenyimercury cyanide 84

Nmr spectroscopy has been used to study organomercury
substituent exchange reactions. In the system (C5H5)2Hg/
C5H5HgC1 and in the pure components there is continucus,
rapid intermolecular exchange of cyclopentadienyl and chlor-
ine substituents at temperatures as low as —300 (197). The

effectiveness of the soivent in promoting such exchange decreas-—
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es in the order DMSO ) DMF » py » ethers cpCl, > ccl,, > CgHg.
Redistribution'bétween Hg(CHZCHmz and diphenylmercury and
p-substituted (MeC and MezN) diphenyimercurys was studied by
1H nmr in DMSO and pyridine solution (198). Evidence for the
unsymme trical mercurials, AngCHchO, was obtained. These
findings have a bearing on the mechanism of radioisotopic ex-
change between pairs of symmetrical mercurials, RZHg and R'zHgL
suggesting that such exchange proceeds by way of unsymmetrical
intermediates, RHgR'.

The isotopic exchange reaction between (C6F5)2Hg and
203HgBr2 has been shown to be of the SE1(N) type, being catal-
yzed by bromide ion in benzene solution (199), In DMSO solu-~
tion no added catalyst was needed since the solvent played the
role of the nucleophilic catalyst. A critical {(nonexperimental)
study of isotopic exchange reacticns of organomercurials which
focussed on the consideration of three-dimensional potential
energy surfaces and the principle of microscopic reversibility

has been published (200).

7. MERCURY-FUNCTIONATL MERGCURIALS

A useful preparation of methylmercuric fluoride has been

described (201):
Me Hg + Hg2F2 —_—> 2 MeHgF + Hg

(The ir and Raman spectra of MeHgPF are reported),

Anionic halide complexes of RHgCl (R = Me, Et) have been
observed by spectrophotometry in acetonitrile solution (202).
The halide source was trityl chloride:

MeCN
+ -
Ph3001 + RHgCL —m—————> Ph3C RHg012
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No such complexes were detected with n-propyl or phenylmercuric
chlorides.

New crganomercury pseudohalides have been reported:

MeHgClL + CLNCO —————>> MeHgNCO -+ Cl (ref. 203)

2
(The ir and Raman spectra of the volatile, vile-odored MeHgNCC

are reported),

R2Hg + C1N3 —_— RHgN3 + RC1

(R = cyclo—CSHS, cyclo=-C_H_ and cyc10-06H (rer, éou)

579 11)

The vibrational spectra of these azides indicated the presence

of cis~trans isomers, e.g.:

N,

q 7 1

! Ve e MO—N
H C—Hg—N H FHs &\N
)? N\
H H NI

H

H H

Organomercuric azides reacted with (MeHg)20 to give salts of
the type EMeHg)QOHgﬁleB (R' - Me, Et, n-Pr, Ph) whose vib-
rational spectra were studied (205).

The hydrolytically sensitive peroxide EtHgOOCMegPh, pre-
pared by the reaction of EtHgCl with PhMeZCOONa, was found to
be stable at room temperature for 1 month (206).

Organomercury thiophenoxides can be prepared via organo-

germanium, or better, organotin thiophenoxides (207):

R3MSAr + PhHgCl —————> PhHgSAr + R5MC1 (4 = Ge, Sn)

Other organomercury sulfur compounds have been prepared (208):

¥SH '
R2N© sc1 > R,N @ HgSY
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(R = Me, Bt; Y = (EtO)QP(S), (Buo)eP(S), 09H19. EtzNo(S),
HO_CCH(NH, )CH, )}

The reaction of dithiophosphoric acid anhydrides with dialkyl-
mercurials at 80-100° gave compounds of type Hg(SP(S)RR')2
(209)+

Degradation reactions of (n-BuSe)ZHg have been studied
(210):

160°

(Buse),Hg ——> Bu,Se, Bu,Se,, HgSe, Hg

ov
(BuSe)QHg-———————%>-Bu28e, HgSe, Hg

The reaction of phenylmercuric chloride with polymeric

di-n~butyltin oxide gave white, solid PhHgOSnBu,.C1l (211).

2
Several papers in 1971 were devoted to aminomercury com-
pounds. The reaction of MeHgN(SiMe3)2 with liguid ammonia
gave (MeHg)BN, white needles with an unpleasant odor, in 30%
yield (205). The vibrational, nmr and mass spectra are dis-
cussed. EeHgN(SiMe3)2 and EtHgN(SiMej)z were prepared via
LiN(SilMes), (212). 'The chemistry of these organomercury

silylamides was investigated in some detail and they proved to

be useful intermediates:

MeHgN(Siue3)2 + Hy0 — (MeHg),0
+ HNs-—————-%?‘MeHgNB
+ H,NCN —-——e>(MeHg)2NCN
HeHgN(SiMe3)2 + Csﬁe —_— MeHgC5H5

The reaction of (MeSSi)zN-N(Siues)Li with mercuric chloride
gave 'EﬁGSSi)ZN-N(SiMesﬂ oHE (213).
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Reactions of n- and i-PngOCMe3 with diethylamine were ‘
not clean, giving metallic mercury in substantial amount, as
well as some CsHg and CiHg (214).
7-Azoindolatomercurials, , have been prepared (215).

Nmr studies suggested the nonchelated structure shown. Com-

pounds of type 169-_! gave found synthetic utility (216).

NHC\Ph
=
| N (R=Me, Ph)

N k

HgR HgCl

A temperature-dependence nmr study of organomercury pyrazoles
has demonstrated an intramolecular migration of the organomer-—

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

Ph
Hg PhH
‘/HgPh A 9
N——N N__N N—-N
/ _ v
Me L Me Me N Me \ Me

(X=Ct, Br, NOp)

creased with decreasing temperature and at very low temperature
(ca -1 00°) a static system resulted.

‘ The bright yelliow, explosive Hg E\I(Ph)NS(ﬂ 2 has been pre=-
pared (218). Mercury bis-imidosulfuryldifluoride, Hg(NSOF?)Q,

has served as reagent for the synthesis of Men81(NSOF2)h_n

(n = 0~l), P(NSOF,);, As(NSCF,); and OS(NSOF,), (219).

Also to be noted are the reaction of Hg(O2SPh)2 with
zinc dust to give Zn(0281>h)2 and metallic mercury (220), the
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use oszgg(OQCCH=CH2)2 in photosensitive plates (221), and two

papers on organomercury dithizonates (222, 223).

&§. MERCURY-GRQUF IV_COMPOUNDS

A bis(trialkylstannyl)mercury compound which is quite

stable has been prepared by Russian workers (224L):

2 (Me;SiCH,) SnH + EtpHg —> [(Me;8iCH,) 80| He + Cplg
:
170! does not decompose at its m.p.; pyrolysis at 150o gave
(MeSSiCHZ)bSn and metallic mercury and tin. Oxidation produced
(Me3SiCH2)BSnOSn(CﬂzsiMe3)3 and treatment with mercuric chloride

gave (MeSSiCH sncl (via the unstable (MeBSiCH2)3SanCI).

2)3
1H nmr studies have shown (Mejsi)zﬁg and (MejGe)2Hg to
undergo self-exchange in xylene and triethylamine via a second

order process, presumably as shown below (225),

Me3
/Si\
* . . .. N . * .
Me3Sng Sl'Me3 + Me381Hg81Me3 ~ Mejsl-ﬁg\\\ /,Hg SlMe3
si'
Me3

. * s st
Mejslﬁg Slhe3 + Me351Hg81 Me3

The analiogous tin compound, (Meisn)zHg, decomposed above —200,
-
but qualitative evidence for its self-exchange could be ob~

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

vestigated decreased in the order (R in RoHg): HeBSnf> e ;Ge
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> Me;Si » MeCl,Si > Me. The mixed compound,MeBSiGECMe was
shown to have rapid exchange of the propynyl group.

The substituent exchange reactions occurring between
(MeBSi)2Hg and other diorganomercurials have been investigated
by nmr (226). Mixeéd species, MeSSngR, were detected for R =
Me, Ph, cyclo-C3H5, CH,CHO, CH,=CH, 06015, PhCH, and (MeSSi)ZN.
Fairly rapid decomposition of these EeBSngR compounds (to

Me,SiR) prevented determination of equilibrium constants.

3
Russian workers have applied such reactions to preparative

purposes (227, 228):
(EtsGe)zﬁg + Hng——> E:ltBGeHg‘R] — 2Et3GeR + Hg

Thus prepared were Et3GeCH2002Ee, EtjGeceH5 and Et3GeCN. WYhen
the ketones Hg(CHZCOR)2 (R = Me and Et) were used, a mixture

of Et;GeCH,COR and EtSGeC(R)=CH2 resulted, in line with ex-

3
pectation (Lutsenko et al.). Similar reactions were observed

with (Et3si)2Hg.
Triphenylphosphine was found to be a catalyst for the

oxidation of (EtESi)ZHg by molecular oxygen (229):
(Et3Si)2Hg + L —m> (Et3Si)2Hg-L (L = Ph3P)
(Et3Si)2Hg-L + 0, —_— EtBSngOOSiEtB + L
Et;SiHgO0SiEts + (Et3Si)2Hg —_— 2 Et;SiHgOSiEty

Et3SiHg0SiEty —_—> Et3SiOSiEt3 + Hg (catalyzed by L)

The autoxidation of (PhSGe)QHg in xylene at 15-50° has been
studied (230). A molecular mechanism rather than a free

radical process was indicated.
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Esr studies have demonstrated one-electron transfer from
(Et3Ge)2Hg tb tetracyanoethylene with precipitation of ele-
mental mercury (231). The interaction of trityl chloride with
(EtBGe)ZHg appears to be a radical process (232):

20°, PhMe

(Et3Ge)2Hg + 2 Ph3001 > Hg + Et

at o
3GeCl + Ph6C2

The mercurials (Me3Si)2Hg and (MejGe)zﬁg dehalogenate vicinal
dihalides (233):

SiBr + Hg + R,C=CR

2

329—9112 + (Me3Si)2Hg — 2 Me 5

Br Br

3

The debromination of erythro- and threo-=2,3-dibromo~hL-methyl-
pentane was found to be stereospecifically cis, which speaks

in favor of a molecular mechanism. 1,3-Ditromopropane was con-
verted t¢ cyclopropane by these mercurials. The reaction of
(MeBSi)zﬂg with CGFSBI‘, which gives Me331c6F5 as final product,
has been shown to proceed via intermediate C6F5HgSiMe3. Similar
observations were made with CF,=CFBr (234}

(Me3Si)2Hg 60° or uv
—, —Tn — 3 — — 3
CF2—CFBP N > CF2_CFHg81Me3 CF2_CF81M6
60- or uv +

Hg

3

With other fluoroolefins, (MeBSi)zﬂg adds to the C=C bond in
the first step (OCR-B, 8 (41971) 509). Full details of this

work now have been provided (235}, Some examples are:

uv
CF,=CF, + (Mejsl)zﬁg —— Me ;SiHgCF,CF,SiMe
CF,=CFSiMe, + Hg + Me,.SiF

2 3 3
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(The similarity of this reaction to the double insertion of

CC1l, into (Me3Si)2Hg (OCR-B, 8 (1971) L459) is to be noted).

F, F . w s SiMe,
m +  (MeySi)pHG —————— + Hg + Me;sSiF
Fa F Fa F

uv [ {Me3Si),Hg

Fa SiMey
] + g + Me,iF

Fs SiMe,

Similar reactions occur with perfluorcacetylenes (235):

CF3\\ /,Siues

C=C
s N
MeBbl CF3

uv
CF5C=CCF; + (Me;Si),Hg ——>

uv
CFBCECF + (MeBSi)aﬂg —_— {éFBC(HgSiMe3)=CFSiMe5]

¥

CF_C=CS8iMe + Me.B8iF + Hg
> 3 3

The mechanism of these reactions was discussed and a radical

process was favored.
Bis(trimethylsilyl)mercury reacts with aromatic hydro-

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

stance, reaction with benzene gave PhSiMe3 and y @as well

MeBS’
XD @
H

as small amounts of higher products. Hexamethyldisilane also
was produced. The reaction course shown below was believed to

be operative.
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”
HOISiMe,), ———e= Hg + 2 Me,Sie

MeSie + HQ(SiMe,), ——= (MesSi) .+ Hg + Me,Si®

2 Me,Sie ——= (MeqSi),

H
e - O =
—_— SiMe,
(I}
SiMe,
2t —» SiMe, +
H
MeaSt /T \ H H
———l—
21 H . H SiMey

tand other isomers)

Bis(trimethylgermyl )Jmercury was less effective in this appli-
cation. Tt was suggested that the photoexcited (Me3MIV)2Hg*
molecules produce free Mezmlv- radicals only in the absence
of reactive molecules with which the excited mercurial mole-
cules could undergo a molecular reaction not involving radical
intermediates. Among such 'reactive' molecules are anisole .
and bromobenzene.

The synthesis of chalcogen-containing Group IV mercurials

has been reported (237, 238):

(R3M)2Hg + 1/8 Yg ————>R3MYHgMR3

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

(EtBGe)ZHg + Bt SiYH —> Et,GeH + Et

3 3 GeHgYSiEt

3 3

(¥ = 8, Se, Te)

¥ercury was eliminated in the slow room temperature decompos-~

ition or photolysis of these compounds, €.g.:
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- EtyGeHgYSiEt; ——> Et;Ge¥SiEt; + Hg (Y = 8, Se, Te)

3

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

hexane

+ 2 1Lj ———————2> Et,SiLi + EtBSiSLi + Hg

Et331Hg881Et 3

3

The use of (i—PrBGe)zﬁg in the synthesis of i~Pr_GeLi by re-

)
action with metallic lithium has been reported (238).

Several examples of the use of Group IV-mercury compounds
in the synthesis of Group IV-transition metal derivatives have

been describved:

(ref. 239)
VI v
(1?-05H5M (CO)3)2Hg + (Et3M )2Hg >
v VI ,
2 Bt N =M (00)3051{5 v+ Hg
(ref. 239)
Ir'—05H5MVI(CO)3HgCl + (Et3MIv)2Hg >

- - ti
Et3M M I(CO)3CSH5 n 4 2 Hs + Et3LI'Cl

(MY = 51, Ge; MVT - cr, Mo, W)

Ph, ( Ph, Ph,

P ref, _P MMe P MMe

N ~N_ 3 N 3
[: PtCl, + (MeBM)zHg —_— //Pt or Pt//
e 2L0) \‘MMe3 7 a1
Ph2 Ph2 Ph2
(ref. 241)

trans-(EtSP)QIr(CO)Cl + 2 (Me3M)2Hg =

(Et3P)2(CO)Ir(HgMMe3)(MMe

+ Hg + Me_MC1l

3)2 3

(M = 81, Ge)
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({Cieavage reactions of were examined., Treatment of the

¥ = Ge compound with HCl gave (EtjP)z(CO)Ir(HgCl)(GeMe3)2 and
its reaction with 1,2-dibromoethane gave (Et3P)2(CO)Ir(HgBr)-

(Geﬁej)z.)
PPh '
/ 3 (ref. 242) -
1T~C5H5N:L\ o + (EtBGe)zﬁg =
PPh3
T—CSH5NJ'\ + Et3G801
GeE‘l‘.3
+ Hg

The same product was obtained by reaction of nickelocene with
(Et3Ge)2Hg in the presence of triphenylphosphine (242).

Finally, we include some compounds containing Hg~P and Hg-B
bonds in this section.

Salts of the [EMeag)u§]+ caticn have been prepared by re-
action of PH; With MeHgX (X = BF,, PFg, SbFg) (2L3). Vibration

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

Fig. 2. Heavy atom structure of [Zn(ByoHj2)2] 2. each boron,is attached to one terminal hydrogen, and
there are bridge hydrogens between the 6,7 (6',7') and 8, 9 (8, 9) positions (245).
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Reaction of alkylmercuric halides, RHgY, with the deca-
borane-Grignard reagent, B10H13ng, gave the solvated double
salts of magnesium, (Mg¥) {ug [Hg(B1OH10)2]} which dissolve
in water to produce the ion [HS(B1OH1o)é)2_’ a mercury(II)
complex of the dodecahydro-nido-decaborate(2-~) ion (2hl1). An
X-ray crystallographic study of the analogous Zn(B1OH1O)22”
salt showed the structure reproduced in Figure 2, and the Cd

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

9. STRUCTURAL, SPECTRCSCOPIC AND PHYSICAL STUDIES

A, STRUCTURAL STUDIES

An X-ray crystal structure of Ecer)zﬁgzEthsCHQCHQAsPhQ]
showed three coordination for mercury in this molecule with
approximately T-shaped stereochemistry (246). The structures
of methyl-~ and phenyl-o-carboranylmercuric bromide and of
phenyl -o=-carboranylmercuric iodide have been determined by

X-ray erystallography (193).

B. SPECTROSCOPIC STUDIES

i. Vibrational Spectra

The vibrational spectra of (CH3CH2)2Hg and (CD3CH2)2Hg
(247), the vinylmercuric halides (248), divinylmercury (249),
4 -indenylmercurials (250), the methylmercuric halides (X =

Ci, Br, 1) in the vapor phase (251), (HeHg)3N and (MeHg)20
(205), and MeHg-ammonium salts (HnN(Hgle)u_n+Clou- and the

N-D analogs, where n = 0-3) (252) have been measured and dis-
cussed, as have been the rotation-vibration spectra of (CHB)ZHg
and (CD3)2Hg (253). The valence force field for (CH3)2H3 has

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

To be noted are nmr studies of some arylmercury compounds
(FhHgC1l, various isomeric mono-, di-, tri- and tetramethyl-

rhkenylmercuric halides, various p- and m—RC6H HgCl, where R =

1y
?, C1, Br, CF3 and CMe) (255), of various RHgCH3 compounds
(JHg—C-H for R = Me, PhCEC and 1L carborane derivatives in 10

different solvents) (256), of (CF,=CF),Hg and MeHgCF=CF, (1%
and 199Hg nmr) (257), of di-2-furyl- and di-2-thienylmercury
(258),. of the fluxional, { -bonded (MeC5Hh)2Hg {(temperature
dependence) (259), and of isomeric CF306HhHg compounds (260).
Evidence was presented in the latter study for through-space

coupling between Hg and F in o-CF CGH

3 quX compounds.

iii. Mass Spectrometry

The mass spectral fragmentation of diaryl- and dialkyl-
mercurials and of functional derivatives (CngCHQCOCHB, ClHg-
CH,CHO, etc.) was studied in detail and discussed (261). When
pairs of symmetrical mercurials, R2Hg and R'ZHg, were intro-
duced into the mass spectrometer, ions of type [RHgR']*" »
were observed in addition to [Rzﬁg]+' and [R'2Hg]+' (261).
Also examined was the fragmentatioh under elec¢tron impact of

MeZC;—C(HgCl)2 and CHSCH(HEC]_)2 {(z62), CGCl and CClQ=CCl

5
mercury compounds (263) and trihalomethylmercury compounds
(71, 72).

Vapor phase bimolecular reactions of R2Hg+, RHg™® ana Hg*
with neutral molecules have been observed in the mass spectro-

meter (26L).

C. OTHER PHYSICAL STUDIES

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

ethylmercury, D(EtHg-Et) has been determined to be L3.7 kecal/
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mole by the toluene carrier pyrolysis method (265). D(Hg~E%)
thus is 6.5 kcal/mole.

10. MISCELLANEOUS

Among miscellaneous items to be noted are the use of d4i-~
methylmercury as an enhancer of spin~forbidden transitions
(266) and orf p-RzNC6HquOAc (R = Me, Et) compounds in the ex-
traction~photometric determination of sulfhydryl groups (267).

The analysis of Hg2+ in the presence of organcmercurials
has received attention (268-270). Separation of traces of Hg2+
from organomercurials in agueous solution could be accomplished
by adsorption on microbeads of soda lime (271). Methylmercury
and inorganic mercury collectionlby a selective chelating resin
has been reported (272).

Precautions to be used in handling methylmercurials have
been suggested (273), and this article elicited a remarkable
reply from G. F. Wright, an organomercury chemist of long
standing (27L).

A biochemical model for the biological methylation of
mercury has been suggested from results of methylation
studies in vivo with Neurospora crassa (275). The subject

of mercury (includiné methylmercury) in the environment has

been reviewed (276).
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