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REVIEWS AND BOOKS

A book by J.K. Kochi which deals with organometallic mecha-

nisms covers a good deal of the mechanistic aspects of organo-

mercurial reactions (1).

Reviews covering the following topics of orxrganomercury

chemistry have appeared:

the use of organomercurials in organic synthesis (2):
organomercurial reaction mechanisms (3,4);

the aqueous solution chemistry of CH3Hg (II) and its
complexes (5):

the chemistry of CH3Hg(II) toxicology (6).

An American Chemical Society Symposium Series volume on the

occurence and fate in the environment of organometals and organo-

metalloids ?7) contains the following (usually brief) reviews

on topics in organomercury chemistry:

kinetics and mechanim studies of Bjp-dependent methyl
transfer to mercury (Y.;T. Fanchiang, W.P. Riddley and
J.M. Wood, p. 54);

chemistry of organometallic cations (including RHg')

in aqueous medium (R.S. Tobias, p. 13);

organosilanes as alkylating agents for Hg(IX) (R.E. De
Simone, p. 149);

transmethylation between aquated metal ions, including
Hg (II) (K.L. Jewett, F.E. Brinckman and J.M. Bellama, p.
158) ;

mechanisms for alkyl transfers in organometals (J.K. Kochi,
P. 205);
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-~ aspects of Hg(II) thiolate chemistry and the biological
behavior of organomercury compounds (A.J. Canty, p- 327):

- mercury, lead and cadmium complexation by SH-containing
amino acids (A.J. Carty, p. 339).

2. PREPARATION OF ORGANOMERCURY COMPOUNDS

A. Organometallic Routes
The synthesis of organomercurials by the organolithium
Interesting mercurials have been

and Grignard routes is routine.
prepared using organolithium reagents:

2 (Me,Si) CHLi + HgCl, —— > [(Me,Si),CHI Hg
3 2 2 .8 3 2 2

(Me,S51i) ,CH] ,Hg + HgX, ————> 2 (Me;51) ,CHHgX (x = Br,I)

+ BCly— > (Me,Si) ,CHHgCL

2 (Me3Si)2(Me)CLi + HgClzg;;E—;T-[(Me3Si)2(Me)]2Hg

Me3si\t /H s hect Me3Si\b /H .
= —_— =
VAR N 9L “rer. o SN (20
H L1 H
M
Me HgC1, €
Me e
(ref.10) A
L1 M\ ClHg N
CH, CHy
Me
1
2 HgC12 ~ fe
(ref£.10) A\
CH2
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1,1-Bis(trimethylenedioxyboryl) alkanes have been used to
prepare 1l,l-bis(chloromercuri)-l-alkenes (11):

(o)
I
R! B HgCl R' HgCl
\_~/ © =72 « N0
C=C, 7 =
7\ /7 \
R B—0Q R HgCl

3

Prepared in this manner were CH2=C(HgC1)2 (70%) , EtZCHCH=C—
(HgCl), (81%), PhCH=C(HgC1), (85%), Me,C=C(HgCl), (85%),
[Etoc(d)](Me)C=C(chl)2 (80%) ., Me,C=CHC (Me)=C (HgCl) . (74%) and

 E—'
(CH2)5 c=c(ch1)2 (97%) .

Thallium reagents have been used to prepare bis (pentachloro-
phenyl)mercury (12):

(CgCLlg) ,TICL + Hg,Cl, —————> (CCl;) ,Hg (50%)

New examples of the transfer of organic substituents from
Group IV organometallics to mercury have been recorded. The
cleavage of methyl groups from methylsiloxanes by mercuric
nitrate (13) is not of preparative value. The action of mercuric
chloride on cyclic stannanes showed an interesting difference
in chemioselectivity between a stannacyclopentane and a stanna-
cyclohexane (14):
' Ziss

/[—————e>Mech1 + MeClsqi::}
Mezsﬁc::l + HgCl, S ’
‘———\\Liiii£>

MeZCISn(CH2)4HgCl

>
=95% Me /T \
Meésé > + HgCl, ————>> MeHgCl + \Sn >
7\ /
Cl
then

Me
\ .
Sn > + HgC
/ g l2 — MéClZSn (CHZ) ngCl '
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The kinetics of the cleavage of the phenyl-tin bond in triethyl-
phenyitin by mercuric salts in methanol have been studied (15).
The reactivity of the Hg(II) species investigated increased in
the ordér-HgIB- >>HgI,>HgCl,>Hg (OAc) ,. Phenyl cleavage from tin
by HgX., is about 400 times faster than methyl cleavage. A
mechanism involving an intermediate m-complex and a transition
state that is not particularly polar was suggested.

Arvlation or alkylation of Hg(II) halides by organotrans-—
ition metal compounds occurs readily. Most of the examples re-

ported are not of preparative utility, but some few are.

HgBr
PPh, 985, PPh,
Ve .
(ref.16) HgBr =~ CuBr
Cu
Hg (0) ’
CH.,HgC1
(ref.10) 279
( ) (77%)

\Z

PdCl

Hg (0)
—>PtCl, (zet.1i0] = HgCl
2

(28%)

l room temp.
(0)

' HgCl2 X
Fe (CO) ,CH,CH, — s | Fe (CO) ,C1
@ @ (CO) 5CHy 2@ (ref.17) @ 2

+

@CHZCHZchl

(85%)
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but:

@‘ Fe (CO) ,CH,CH, <D
) Fe
=

@—CHZCHZchl

Fe
@ (28%)

+

@Fe (co) ,C1
@ Fe (CO) 2HgCl

+

©CH2CH2C1

Fe

LN

Also studied have been the kinetics and mechanism of the methyl-
ation of mercuric chloride by methylcobalamin (18). The transfer
of the methyl group as the carbanion is involved.

B. Electrochemical Procedures

The electrolysis of Na[CH3AlCl3] (1.2v, 1 amp, 216 hr.)
using a mercury anode gave dimethylmercury (19). However, the
conversion of the melt was only 28% and the current yvield only
25%- Apparently the back-reaction between metallic aluminum at
the cathode and dimethylmercury regenerates methylaluminum
compounds. A French group has prepared 4-H-octafluorobutyl-

mercury compounds by an electroreductive technique (20):

Hg cathode, DMF -
I{(CF,) I - Hg (CF,CF.,CF,CF_H)
2’4" o.1sM niclo, 2727222

While bis(octafluorobutyl)mercury was the only product isolated
upon completion of the electrolysis, H(CF2)4HgI was shown to be
an intermediate product. Only small amounts of bis(l~-norbornyl)-—
mercury were found in the controlled potential electrolysis of
l1-iodo- and l-bromonorbornane at mercury pool cathodes in DMF

containing R4N+C104 ; norbornane is the principal product in-
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stead (21). This contrasts with the behavior of decyl iodide

in similar electrolyses, in which di-n-decylmercury is formed in
. substantial quantity. This difference is explained in terms of
the more facile reduction of the norbornyl radical to the anion,

whose protonation gives the hydrocarbon.

C. Miscellaneous

Since some organomercurial syntheses are based on
reactions of elemental mercury, the generation and utilization

of ultrasonically dispersed mercury should be of interest (22,23).

3. THE USE OF ORGANOMERCURY COMPOUNDS IN SYNTHESIS

A. Synthesis of Organometallic Compounds

New examples of the synthesis of organolithium reagents

from organomercurials have been reported.

/4 A\ 2 n-BuLi /4 A\
( 5 29 (ref.24) > 2 e B
Cr - Cr
(Co) 4 (co) 4

Li
HgCL 5 p-BuLi @

> )
Co (ref.25) R Co R
R R
R R
R R
(R = C6H5) + EfBqug + LiCl
Li/THF, -78°C

H—Y—?HCHZHgBr > LiY—?HCHZLi + Hg

R (ref.26) : R )
(Y = PhN, R = H
Y = PhN, R = Ph
Y = 0, R = Ph)

References p. 253
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Of particular interest are lithiated macroreticular copolymers
of styrene and divinvlibenzene which were prepared by an organo-

mercury route (27):
1) Hg(02CCF3) 2. e Q HgCl
P
2) [MeQN]C1
‘ \/ 2 n-BuLi

The reaction of (Me3SiCH252Hg with metallic zinc gave

(Me3SiCH2)ZZn (28) and cyclopentadienyldimethylborane has been
prepared using dicyclopentadienylmercury (29):

e .
{CcHp) 5Hg  + MezBCl——éMe?_BCSH5 + 'CgHgHgCL

Several examples of the use of organomercury compounds in
the preparation of organometallic compounds of the Group IV
elements are found in the 1978 literature:

HMPA .
Ph,Hg + (Me,Sn),S ——m————-3 HgS + 2 Me,SnPh (ref.30)
2 3 2 80° 3

Bis(trifluoromethyl)mercury is a useful reagent for the prepar-
ation of CF3-Ge and CF3—Sn compounds (31):

1107, 18 hr _

(CF3)2Hg + GeBr, > CF3GeBry + (CF3)2GeBr2
(55%) (22%)

+ (CF3)3GeBr + (CF3)4Ge
(18%) (4%)

150°, 24 hr -

(CF3)2Hg + GeBr, = (CF3)2GeBr2 + (CF3)3GeBr

(10%) (65%)

+ (CF3)4Ge

(20%)
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120°, 120 hr

W
Ny
'Y

v

In the last reaction, the yields of the various products de-
pended on the ratio of the reactants used. An about 2:1
(CF3)2Hg/GeI4 ratio gave (CF3) 5GeI (72%) and (CF3) ,Ge (15%),
while a 1:2 ratio gave CF3Gelq (90%) . (CF3)2Ge12 was the pre-
dominant product when the (CF3)2Hg/GeI4 ratio used was 1.72.

135°, 21 4
4 7
25°
(CF,Hg + SnBr, 5 {CF3),SnBr,_

(C,F5) Hg + Gel C,F Gely (53%)

2

Here also the reactant ratio determined which products pre-

dominated. Isolated and characterized were CF3SnBr and

(CF3)ZSnBr2. Reactions of bis(trifluoromethyl)merczry with
SiCl4, SiBr4 and SiI4 also were investigated (reaction temp-
eratures 0-100°C), pqt no - stable CF3—Si derivatives were
detected.

Bis(trifluorcmethyl)mercury alsc undergoes CF3~for~CH,
displacement reactions with tetramethyltin, trimethyl (trifluoro-

methyl) tin and, most rapidly, with tetramethyllead (32):

70°, 2 weeks :
(CF,) ,Hg + Me,Pb > Me3PbCF; + MeHgCF; + Me,Hg

(excess)

80°, 2 weeks

Sn > Me_SnCF

(CF3) ,Hg + Me 3 + MeHgCF; + Me,Hg

4 3

75°, 1 week
(CF3)2Hg + Me,;SnSnMe, ——————-—-—9 Me,SnCF3 + Me,Sn(CF3),

+ MeASn + Hg

Organomercurials also have found useful application in
the synthesis of o- and mw-bonded organic derivatives of the
transition metals.

Nesmeyanov et al. have prepared o-bonded organogcld com-

References p. 253
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Plexes using organomercury reagents (33):

R,Hg + CH3AuPPh; ————> [R(AuPPh3) ,1BF,

1l

(R XC_H,FeC_H,-, with X = H, Cl, OMe and CO, Me;

5°4 574
R = YC6H4-, with x = H, Me, NHZ;
R = duryl, 8-naphthyl, a-thienyl, styryl, (OC)3MnC5H4—)
but:
HBF 4

R,Hg + CHBAuPPhB——————e> RAuPPh,

(R = YC6H4—, with ¥ = p-~ and m—COzEt;

R = PhCH=?COZEt)
and:
% hr.
D-XCH ,AuPPh,
CHBAL'IPPh3
(p—XC6H4)2Hg
HBF

25 hr.o 1p-xC.H,

(AuPPhg3) ,1BF,

The reactive intermediate in these reactions was suggested and
confirmed experimentally to be [AuPPh3]+, formed by the action
of HBF4 on CH3AuPPh3.

Allylic mercurials are known through the work of Nesmeyanov
and Rubezhov to be excellent reagents for the synthesis of allyl
derivatives of the Group VIII metals. These authors have now
provided full details of this work (34), which was summarized
previously in a series of preliminary communications reported
in previous organomercury Annual Surveys. The equations which
follow show some of the applications of allylmercury compounds
which they describe.

4 RCH=C(R')CH,HgCl + 2 NajRhC1 o _—_ 4 HgCl, + 6 NaCl
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CH2=C(R)CH2HgC1 +AC5H5T1 + RhCl3'3H20 ——= HgCl,

+ + TIiCl

Rh_

% /. el

R

_ *HgI,
[ Ir12]2_+ CH2—C(R)CH2chl ir

«/o el

R

\

Na,S O3

©

r
N\

I

R

[ RucCl} 2 + 2RCH=C(R"') CHZHgCI _— </ \>
Ru
N / \Cl

~
7/

R

+ 2chl2

The same type of product was formed with [(ﬁ—CGHG)OsClZ]Z.

, L
PCH=C(R')CH2HgCl + PtL, _— [R'~<—Pt< JC1 + 2L + Hg

. L

R

(L = PPhj,)

The following transition state was suggested for the K2PdC14/

CH.,=CHCH.,HgBr reaction, which gives the m-allylpalladium chloride

2 2

References p. 253
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dimer:

/ S
S
c1-Pd\ _Hg-Br
~~cr"

Larock and Mitchell have described a mercurial-based route
to functionally substituted n~allylpalladium complexes (35):

R,2 /B 2nicl
C=C + CH,=CHC(0O)OEt + PdCl, —_—
AN 2 H

H Hgcl é

N —CHZC(O)OEt

C
}

H
cl/2

The hest yields were obtained when a ten~fold excess of the ole-
fin and two equivalents of anhydrous lithium chloride in THF were
allowed to react with the vinylic mercurial and palladium(II)
chleride at 0°C. This reaction is generally applicable to the
synthesis of w-allyl palladium complexes, as Table 1 shows.

A number of papers has dealt with syntheses of organo-

platinum complexes ‘using organomercury reagents.

Me,Pt(bipy) + MeHgCl —————> fac- MejPtCl(bipy) + Hg (ref.36)

(cycloalkyl)HgBr -+ PtL3-——————%> (cycloalkyl)Hg—PthBr (ref.37)
(L. = PPh,)
The products of these reactions-underwent demercuration upon

exposure to sunlight, giving (cycloalkyl)PtLZBr. The following

compounds were thus prepared:



_OMe OMe.
HgPtL,Br
HgPtL,Br g 2
3 3
— OMe
HgPtL,Br HgPtL,Br
3 &
(L. = PPhy)
HgPthBr
<

The stability of these compounds toward photolytic demercura-
tion increased in order 1<2<3<4<5<6<7. It must be noted
that the alternative structure, BngPt(cycloalkyl)Lz, was not
excluded. i

This reaction also has been carried out with the diastereo

isomeric L-menthyl esters of a-bromomercuriphenylacetic acid

153

(38). Optically active platinum-mercury complexes were obtained,

and it was concluded that the main process which occurs is L,Pt
insertion into the Hg-Br bond to give PhCH(COZClOng)HgPtLZBr.
A lesser pathway involves stereoselective L,Pt insertion into
the Hg-C bond. Detailed mechanistic discussions are given and
parallels to the R2Hg/Hg reaction are drawn.

Such PtL2 insertion into an olefin aminomercuration

(Continued on p-158)

References p. 253
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product gave a novel chelated Pt(II) complex (39):

Hg(OAc)2 NaCl
PhCH=CH > > PhCH-CH._HgC1l

2 2
MezNH NMe2

PtL (L = Ph3P)

PhCH—-CH2HgPtL2Cl
] (not isolated)

NMe,
-Hg
PhCHCH,,
PtL,C1
Me,N
Other syntheses include:
cis-C1,Pt(CO)L + R,Hg —— > r. Ut
//P;\\ 8
(L = PMePh,) oc R
[PtZ(U-Cl)Z(COR)ZLZJ (ref. 40)
9

Reactions were carried out with EtzHg, thHg; Me,Hg and (PhCHZ)ZHg.
The equilibrium between the carbonyl ccmplex 8 and the bridged
acyl complex 9 depends upon the nature of R: when R = Et, 9
predominates to the extent of 95%; when R = PhCHZ, only 8 is

present.

R,Hg + [Pr,N1,I[C1,Pt(CO),] —————>> 2[Pr,N][RC1,Pt(CO)}]
(ref.41)
(R = Me, Et, n-Pr, i-Pr, + Hg
VETBu' Ph)

In the reaction above, derivatives with R = t-Bu, CH2=CH and

CH2=CHCH2 could not be obtained.
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Mezpt(bipy) + MeHgO,CCF; ———> Me3Pt02CCF3(bipy) (ref.42)

The course of this reaction is complex:

Meth(bipy) + MeHgOZCCF3———_g> MeZ(CF3C02)(HgMe)Pt(bipy)

MeHgO,CCF 5

Meth(02CCF3)2(bipy) + MeQHg +-Hg

Me PtOZCCF3(bipy) + MeHgO,CCF4

3

PhHgO,CCF 4
The novel and interesting ytterbium derivative (PhCEC)sz

and PhHgOZCCH3 react similarly.

has been prepared via (PhC=C).,Hg (43):
—_ 2

THF, room temp.
(PhCEC)ZHg + Yb > (PhCEC)ZYb + Hg

(22%)

The highly air- and moisture-sensitive product very likely is

associated.

B. Application in Organic Synthesis

A review on the use of organomercurials as reagents in

organic synthesis has been published (2).

i) Ketones via Organomercurial Acylation and Carbonylation

Bis (tricarbonylchromium)-complexed benzophenone has been
prepared by the arylmercurial/dicobalt octacarbonyl reaction (44):

(\/f:;/\}‘;ng + Co,(CO)g ————}QQ—

Hg[CO(CO)
(co) 4 | (CO)3

The Lewis acid-induced reaction of acid chlorides with
o-bonded organometallics, which gives ketones, is well known.
This general reaction has been applied to the synthesis of a,B-

References p. 253 (Continued on p.162)
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unsaturated ketones from vinylmercurials (45):

A1C13/CH2C12 RCH=CH

RCH=CHHgCl1 + R'C(0)C1l > :h=0 + HgCl2
. R

The ketones are produced in good yields and high stereochemical
purity, and the reaction may be applied to the preparation of
functionally substituted enones as well as dienones. What makes
this synthesis of practical valuye is that the vinylic mercurials
are readily accessible from aceﬁylenes.by way of a hydroboration/
boron-to-mercury transfer sequence. Results are given in Table 2.
Reasonable mechanisms for this process include direct electro-
philic cleavage of the C-Hg bond by RCO+ or a two-step sequence
involving addition of RC(O)Cl/AlCl3 to the C=C bond of RCH=CHHg-
Cl, followed by elimination of HgClz. The latter was favored by

the authors, but the former mechanism was by no means excluded.

ii) Transition Metal Catalyzed Processes
Vinylmercurials have been used in a palladium chloride-

induced reaction with allylic halides to prepare 1,4-dienes (46):

R\ /H L12PdCl4/THF
cf . F CH2=CHCH2C1 > HgCl2
H HgCl room temp.
+
R H
C=C
/s N .
H CHZCH—CH2

The results are given in Table 3. Some of these reactions pro-
ceeded well using only catalytic (10 mole %) amounts of PdClZ,
but others required stoichiometric amounts of this reagent. The
mechanism shown in Scheme 1, i.e., overall SNZ' substitution

of the allylic halide, was suggested.

The reaction of vinylmercurials with palladium chloride/

triethylamine gives head-to-tail coupled 1,3-dienes (47):

R\ R ' R, HERY
2 c=c PACL/2 B3N  § c=c H
s/ N /7 N\ /
H HgCL benzene H /C=C\

R . H(R')



163

SCHEME 1
PdCl, + 2 LiCl— > LiZPdCl4
R H R - -2
AN e -2 \ /
/c:c\ + P4cl, > /, \ + ch12
H HgC1l H PdCl
R H -2 R -2
\C— / + CH \C—
P 5=CH-CH-CH; —> =
L: PdCl, cl H o~ CH~CH-CH 4
c1 4Pd C1
R H -2 H
\C—C/ \C 4 :
/ —_—> / _C\ +Pd4c1l d—2
H CH, —LH—?H CHg H CH,,~CH=CH-CH, =
| C13Pd c1

Results are presented in Table 4.

A catalytic quantity (10 mole %) of PdCl, sufficed when two
equivalents of anhydrous copper(II) chloride was added to
reoxidize the metallic palladium formed in the process. A
mechanism involving rearrangement of an intermediate vinylic
palladium compound as the key step was suggested.

Head-to-head coupling of the vinylic mercurial (MeBSi—CH=CH)2—
Hg was accomplished using the procedure of Vedejs and Weeks (9):

; Me 4 Sl H\ (Ph3P)4Pd Me351 /H
~
c=C H + Hg
/ ) 2" CH,CN - H/ \c—c/
3+t J/ N
H SlMe3
(95%)

An interesting and useful synthesis of B-chlorobutenolides, which
uses the chloromercuration of propargylic alcohols followed by

palladium-induced carbonylation of the resulting (E)-B8-chloro-vy-

(Continued on p.168) .
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TABLE 4. Synthesis of "Head—-to—-Tall" Dienes via
Vinylmercurials (47)
) Yield
Vinylmercurial Diene Time,h za
(CH,) ,C H (CH,) ,C H
N N 24 91 ()P
\ v AN 7/
H HgC1 H =
c./ N\
(CH3) 5 H
CH3 (CHz) 3\ /H CH3 (CH2) 3 /H
C= c=C H 12 98(2)
H/ \H C1l H/ \C C/
al =i
* yd \ [931(2)
CH3(CH2)3 H
H H
C= / Cc=C H 29 91 (2)
VRN el
H HgC1l H C=C
AN
H
CH3(CH2)7 H CH3(CH2)7\ /H
C=C C=C H 24 881 (5)
/ ' s N/
H HgCl H c=C
Ve AN
CH3 (CHZ) 7 H
(CHB)BQ\ /ﬁHB (CH3)3C\ /CHB
c=C C= H 62 (3)
/N / N/
H HgCl H C=Q\ 16 [59]1 (3) -
(CH3) 3C CH3 :

acLe yield using an internal standardgN[isolated yield];.(yield

of symmetrical 1,3-diene impurity).
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hydroxyvinylmercuric chloride, has been reported (48):

Cl H
A~ oo HgCl2/g20 ~ \h /
nuCn, =Cn = C=C
2 / Ny
Qsz gCl
OH co (1 atm), Li,PdCl,

Ccl

The carbonylation can be effected using either stoichiometric or
catalytic amounts of palladium chloride. In the latter case,
copper(II) chloride must _be used as reoxidant and benzene as the
Table 5 shows the mercuration reactions which were re-—
Table 6 brings stoichiometric carbonylation reactions of

solvent.
ported.
the mercuration products, Table 7, catalytic carbonylation
reactions.

1,3-Dimethyl-2,4-pyrimidinedion—-5-ylmercuric acetate, 10,
was treated with Pd(OAc)z/LiCI in acetonitrile in the presence

of cyclic enol ethers 11, 12 and 13. The l0-derived palladium

(Continued on p.174)

TABLE 5. Chloromercuration of Propargylic
: Alcohols (48)

%
Alcohol Vinylmercurial Isolated Yield
ClL H )
HOCH.,,C=CH C=C 54
2 /7N
HyC HgCl
OH
CH3 c1 H
= c “c=c” 31 -
CH,CC=CH HyC C=C_
OH C HgCl
7/ N\
H,C OoH



ik
CH3CH2?CSCH
OH

C=CH

OH

C=CH

OH

HOCHZCECCHZOH

CH3 CH,
CH3CC=CCCH
H OH

CH_ ,CH

Cl

\ /7

C=C
HgCl
OH

HgCl

26

37

31

17

45

- 85
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ot F1
N H
o= HgOAC H
/ R, \R3 /
2
1
Rgq
CH,
11, Ry =R, =Ry =R, = H
10
12, R; =Ry = H; R, = R, = OAc
13, R, = CH,0AC; R, = Ry = OAc;
R, = H.

intermediate reacted with 11, 12 and 13 to give coupled

products (49):

O\ = O u
110 — s +
\ R

24% 66%
OAC
H H ]
\ R /CH—ICH—CHZOH
+ =C OAc
12 + 10 —> AcO \o— H/ \H
20%
32%
o
- o " lAc
R\ /CH—-CHCH (OH) CH,0Ac
13 + 10 + C= OAC
i3 + 10 —> AcOH,C SN
H H
20%
73%
CH

o P

3
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iii) Use of Mercury-Nitrogen and Mercury-Sulfur Derivatives

Mercury-nitrogen and mercury-sulfur derivatives also

are useful in organic synthesis. Thus, the oxidation of benzil

bis(toiuene—p—sulfonyl)hydrazone with Hg(OAc)Z/HOAc gave a cyclic

product, 4,5-diphenyl-1,2,3-triazole-l-yl-toluene-p-sulfonamide,

14, via a mercury-nitrogen intermediate (50). The N-mercurated

intermediate, 15, could be isolated when the reaction mixture

HgOAc
PhC=NNHSO ,AT Hg(0Ac) , PhC=NNSO,Ar
Ny
AxrSO 2NHN=CP1’1 Arso 2NHN=CPh

HOAcC

- 15
(cold)

(heat)
Ph NHSO Ar

+ Hg + ACOSO,Ar

was not heated. In contrast, benzil mono({toluene-p-sulfonyl)~
hydrazone, 16, formed a stable mercury product, 17:.

HgOAC

PhC=NNHSOZAr Hg(OAc)2 PhC=NNSO Ar
S

I >
0=CPh HOAC o=CPh \

PhC—N :
~N ; Hg
—CPh
Aro ?

A cyclization also took place when the semicarbazone 18 was

m——-Z
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treated with mercuric acetate (51):

PhC=NNHC (O) NH,, Hg (OAc) ,/HOAC L 47 \

i Hg
PhC=0 20°C, 16 hr

(96%)

=t
w

1-Mercurithic-D-glucose derivatives have been used in the
synthesis of 1-thio sugars (52):

CH,OAC CH20AC
- (o]
O it PhHgOAC _ SHgPh
SCNMe2 s
QAc
OAc aAcO i
AcO + PhHgSCNMe,
OAc . OAcC
\ll, HyS
CHZOAC
0]
SH
aco \QAC + (PhHg) ,S
OAc

iv) Halomethyl-Mercury Compounds: Divalent Carbon Transfer

The major application of the phenyl(trihalomethyl)-—
mercurials as dihalocarbene sources in organic chemistry has
been in the synthesis of gem-dihalocyclopropanes. During the
past year, a rate study of the reactions of PhHgCCl; and PhHgCBr4
has been reported, in particular, the variation of krel with
temperature of the addition of CCl2 and CBr2 derived from these
mercurials to Me,C=CHMe and Me2C=CH2 (53). New synthetic appli-
cations of PhHgCBr3 are given in the equations below.



Cl\ /H
AN
H Ccl
Br H
N,/
VAN
H Br
Br Bx
/
C=C
/ N\
H H

- PhHgCBr3
N
C6H6,80°
(ref.54)
C1
PhHgCBr3 \——7A
- \( Cl +
Br Br
41%
Br
PhHGCBry
Br +
Br Br
31%
Br Br
PhHgCBr3 \<;27
+
Br Bx
29%

Br

(6%)

Br Br

71%

In these experiments with PhHgCBr,;/dihaloethylene reactions

the olefins are direct reaction products,
having shown that they are not derived from the cyclopropane
products in secondary processes. A singlet/triplet equilibrium

was suggested to rationalize this result (55)

References p. 253

control experiments

{Scheme 2).

177



178

SCHEME 2. Suggested Mechanism of the Reaction of Phenyl (tri-
bromomethyl)mercury with 1,2-Dihaloethylenes (55).

—_ T

:CBrz(triplet)

CGHSHgCBr3 —> :CBrz(singlet)

X
N

In contrast to a previous report, a gem-dichloroaziridine
product is obtained in the reactions of PhHgCCl,Br and PhHgCCl,
with PhCH=NPh (56):

Ph Ph
80° N /S
PhCH=NPh + PhHgCCl3-——————£> C N + PhHgCLl

/

- \\}{//

\
Cl/ Ccl
19

However, dichlorcaziridine 19 is thermally unstable in the
presence of phenylmercuric chloride, undergoing rearrangement to
the imidoyl chloride PhCHC1C(C1l)=NPh, whose hydrolysis gives
PhCHCI1C (O)NHPh. In a reaction in which a fourfold excess of
PhHgCCl, was used, hydrolytic work-up of this reaction mixture
gave this amide in 62% yield. The less stressful sodium iodide

procedure gave better results:

DME Ph2C NCHzPh
Ph,C=NCH,Ph + PhHgCCl; + Nal — > \\C/(
cr’ \cl (98%)

+ PhHgI + NacCl
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DME (H,0)
PhCH=NPh + PhHgCCl,; + NaIl > >;PhCHC1ﬁNHPh

(64%)

Landgrebe and his coworkers have studied the reactions of
PhHgCClzBr with substituted benzaldehydes in some detail (57).
Table 8 summarizes the major products of reactions carried out

in benzene solution at 80°C. Mechanistic studies suggested

that cci, is formed initially from the mercurial and a mercurial-
~aldehyde complex and then is trapped by the aldehyde to form a
carbonyl-ylide. Reaction of the latter with a further molecule
of aldehyde proceeds via an intermediate dioxolane:

PhHgCC1,Br
and CCl, + PhHgBr
PhHgCC1,Bx-O0=CHAr ArCH=0 l
o+
AYCH \CClz
' &~
AXCH=0
\ 0
/) ?Cl2 /
AYCH HAL —_— ArCl!H—O—CHC

\L/’Q cl \\Cl

In this study, treatment of the reaction mixture with methanol/
pyridine gave the isolated products, ArCH(Cl)OCH(Ar)COzMe- A
relative reactivity study established the series Me2C=CMe2
cyclohexene > p—Me0C6H4CH0 > n*04H9CH=CH2 v PhCHO >> m—CF3C6H4—
CHO for reactions with PhHgCClzBr; i.e., the more nucleophilic
the carbonyl oxygen, the more reactive is the aldehyde. Of
particular interest in this study was IR evidence obtained for
the formation of complexes between the phenyl (trihalomethyl)
mercurial and benzaldehyde and benzophenone (Table 9).

The insertion of a mercurial-derived halocarbene into a
Si~H bond played a key role in the synthesis of tri—-tert-butyl-

References p. 253
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TABLE 8. Products of PhHgCCl.,Br/Substituted
Benzaldehyde Reactions (57)

Cglg
AxCHO + PhHgCBrCl2 ————> PhHgBr
80°C + CoO + reaction MeOH
mixture T
pyridine, 0°C
Ar - Additional majoxr products
Ph PhCH (OMe) OCHPhCO ,Me® + PhCHXzb
3-CF,Fh 3-CF ;PhCH (OMe) OCH (3-CF 3Ph) CO,Me®
+ 3-CF3PhCHCL,
4-:MeOPh 4-MeOPhCHX, + 4-MeOPhCH (OMe),

+ 4—MeOPhCHOHC02Me

2,4,6—Me3Ph 2,4,6-Me3PhCHX2

@piasteriomer ratio, 1.8:1. bKnown to be a substagtial mixture
of benzal chloride and a-~chloro-c-bromotoluene. Diastereomer
ratio, 1.2:1.

TABLE 9. Benzaldehyde and Benzophenone
Complexes with PhHgCC1,Br (57)

vCo
vco2 com— b .
Compd (free) (plexed) AGCO Keg Keq
PhCHO 1708.0 1696.0 12 0.57+0.07 4.5i0-5
Ph.CO 1663.5 1647.5 16 0.56ip.01 Z.Bip.l

2 3 are given in cm-l and were measured in degassed benzene

under argon at ca. 25°c. Dbror an assumed 1:1 complex. CFor an
assumed 1:2 (mercurial-ligand complex.
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methylsilane (58):
C6H5C1, reflux ]
(Me3C) ;SiH + PhHgCHBr, > (MeBC)_BS_iCHZBr + PhHgBr

n-Bu.,SnH

(Me3c)351CH3
A remarkable new type of CF2 insertion reaction has been

reported by Escudié, Couret and Satgé (59), e.g.:

Hg(CF3)2
~
MeBGePMe2 — Me3§eCF2PMe2 (30%)

Germylphosphines form 2:1 complexes, 20, with bis(trifluoromethyl) -
mercury in benzene. On being heated to 80°C, the adducts 20 de-

. CFq
N ! -
—Ge-P->Hg<P-Ge—
< 1 \

compose as follows:

2 MeBGePMez-Hg(CF3)2 ——————€>(Me2P)2Hg + 2 MejGeF + 2 CF,

Under the reaction conditions, the bisphosphinomercury compound
decomposes to metallic mercury and Me,P- radicals; the latterx
are intercepted by CFZ' They also can dimerize to tetramethyl-
diphosphine which reacts with (CF3)2Hg by a radical displace-—
ment process to give Me,PCF,. Difluorocarbene insertion into
the Ge-P bond of Me;GePMe, gives Me,GeCF,PMe, . A similar re-—
action of bis(trifluoromethyl)mercury with 2,2-dimethyl-2-germa-

l1-phenyl-l1-phospholane gave 21 (R = Me). The insertion process

Me
R” 21
-
F ™~
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is stereospecific, according to experiments with a 70/30 diaster-
eoisomeric mixture of 21 (R = Ph), but it is not known whether a
retention or an inversion process is involved. The former was
reasonably assumed and a three-~center transition state was

suggested.

4. MERCURATION OF UNSATURATED COMPOUNDS

A. Olefins
While the reaction of mercury (II) salts with olefins usu-
ally results in formation of B-functional ethylmercurials ("solvo-
mercuration"), the action of mercury(II) salts on 1,l-diaryl-
ethylenes gives vinylic mercurials. This reaction has been studied
in some detail by Sokolov, Bashilov and Reutov (60). These
reactions are observed with the more ionic HgX, salts with weakly

nucleophilic X substituents (CF4C0,, NO3, BF,):

Ar,C=CH, + HgX, —————> Ar,C=CHHgX EE—QEL%> Ar2C=CHHgCl(Br)

Dimercurated products, Ar,C=C(HgX),, also can be obtained.- in
such reactions. Table 10 gives the reported results. A term-
inal =CH, group is required; Ph2C=cHR (R = Me, Ph, Br) give no
vinylic mercurials. In the presence of suitable nucleophiles,
solvomercuration products also are obtained. The mechanism is
outlined in Scheme 3. '

Scheme 3. Mechanism of Ar2C=CH2/ng2 Reactions (60).

HgX
+ +
. _ N
ArZC‘_—__C_HZ + HgX B Ar2C CI?,— H
. i /’/H
I v -
+ —
Hgx |7 B HgX *
+ + _
Ar,C——C, ——=mH Ar,C——C ~u@H -~~~ Z
E “, ",
=2 H “H
b 4
| -HZ |
Ar,C—CH,HgX Ar,C==CHHgX
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The oxymercuration of o- and p-nitrostyrene was studied by

Russian workers (61):

Hg(OAC)2 Nacl / \ .
CHE=CH > > ’ CH (OMe) CH,HgC
2 MeOH e /— ( e) 2 g 1

O, N

02N

The oxymercuration-demercuration of vinylic and allylic silanes

has been investigated (62):

Hg(OAc)z/aq. THF* NaBH4/aq.NaOH**
> >MeSiCH2CH20H (90%)

Me331CH=CH2

(no Me;SiCH (OH)CH;)

(This result confirms a previous study; Seyferth and Kahlen, 1959)
H,=CHCH.,CE,SiM oM DM H OH)CH.,,CH,Si (99%)
C 2= 2CH, e3 7 > C 3CH( H)C 2C 2 1Me3
. oM DM~ .
CH3\ /§1Me3 CH3CH(OH)CH281Me3 (44%)
c=C
v N\
H H

By—products in the last reaction were Me;SiOH (25%) , CH3CH(0H)—
CH4 (19%) and CH3CH2CH20H (7¢). A comp;ication appears to be

Si-C cleavage by the Hg(II) species to give cis-propenylmercuric
acetate whose oxymercuration produces CH3CH(0H)CH(HgOAc)2. Re-—

duction of the latter gives 2-propanol.

SiMes  om DM
CH,=C_ . ———> —> Me,SiOH (38%) + CH,CH(OH)CH; (39%)

2
CH

3 -
+ CH3CH,CH,OH (96%) + (CH3)2C—0 (5%)

3

Elemental mercury and mercury(I) acetate were formed during the
course of the oxymercuration of isopropenyltrimethylsilane.

*
Hg(OAc)Z/aq-THF = oxymercuration = OM in subsequent equations.

**NaBH4/aq. NaOH = demercuration = DM in subsequent equations.
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oM DM
Me3SiCH2CH=CH2 —_ > Me3Si0H (44%) + (MeBSi)ZO (73)

+ CH3CH(0H)CH3 (25¢) + CH3CH2CH20H (10%)

In the latter reaction the initial process which occurs appears
to be C~Hg bond cleavage to give allylmercuric acetate. The

latter then is oxymercurated:

ACOHgCH,,CH=CH, > AcOHgCHZ?HCHZHgOAc

OH

22

Sodium borohydride demercuration of the dimerxrcurial 22 which
is formed results in the formation of CHBCH(OH)CH3.
Other examples of olefin oxymercuration or of the oxymexcura-

tion/demercuration sequence have been reported.

’ oM DM i R'
P e
2 3
L (ref. 63) P{\OH
(R = cyclo—C3H5, R' = H;
R = Ph, R' = H;
R = H, R' = Me)
oM DM
c.H ACH=CH2 - 76 . CHCH3 + C6HS>Zf_jX\
655 (ref.63) 6Hs 6H C6H5 o CH3
C_H
65 CGHS .
(83%) 23 (17%)

Reduction with NaBD, served to show that the tetrahydrofuran de-
erivative 23 has bis-mercurial 24 as its immediate precursor. The

gOAc
C6H5 24

H HZHgOAC

€5 0O
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following scheme was proposed:

_HgOCOCH
Hg (OCOCH3) 2 oy
Cetls—1 65T
CGHS C6H5
H,0
\LHZO
?gococn3 . ?gOCOCH3
CHCH, CeHs. / 2 ~cm=CH-CH,
C_H é c
65 H 7
C_H CgHg |
65 OH

ng(OCOCH3)2

24

TABLE 11. Oxymercuration/demercuration of Substituted
Methylenecyclohexanes and -cyclopentanes (64)

Reaction conditions
™

b“C, 15 min 20°Cc, 15 mig
Methylenecyclohexanes Product % (axial attack)
2-Methyl— ' 33 37
2-Isopropyl- : 30 34
2-t-Butyl 3 ' 4
3-Methyl 54 54
3-t-Butyl 58 58
4-Methyl-— 68 69
4-t-Butyl . 71 69
cis-2-Methyl-4-t-butyl 44
trans—-2-Methyl-4-t-butyl ) 79
2,2~-Dimethyl-4-t-butyl 73 71
3,3,5-Trimethyl- 71 70
trans—-2-Isopropyl-5-methyl- 24 25
Methylenecyclopentanes Product % (cis attack)
2-Methyl- 90 79
2-Cyclopentyl— 72 71

2-t-Butyl No reaction
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Substituted methylenecyclohexanes have been oxymercurated/de-
mercurated to give substituted cyclohexanols (64):

M DM
CH, =~ = ~— = /—\cn3
N /
X/ “om
R R

Of interest in this study was the product stereochemistry. With
unhindered methylenecyclohexanes the attack of OH on the ionic
intermediate occurs on the axial side; this situation changes
when bulky substituents are present, as Table 11 shows.

Brown and Hammar have investigated the stereochemistry of
the OM/DM of cis-bicyclo[3.3.0]loct-2-ene, endo-trimethylenenor-

bornene and related olefins (65):

L

1. OMl 2.DM
L
HOS -
3% 33 o
OH
33 %o 31 9fo
1. OM 1 2. DM
%, + %
F ‘OH TH3,
CH3 229 78%
1 OMl 2. DM
HO§ CH H3C\$ OH
16 %o 849/, CHoao
1 OMlZ. DM
; +
HO® "CH3 H3C\\$ ;OH
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1.OM

—_—
/ 2.DM HO@%

A e}

1.0M - 8% . 17 %

/. 2DM  HO Q
+
Ej EZ{OH

HO
39 °la 3 (5] Yo
(The reaction of olefin 25 with Hg(OAc), in aqueous THF was
very slow and the products very likely are those of thermodynamic,
not kinetic, control. A faster reaction, but not a significantly

different product distribution, was observed with Hg(0,CCFj3),-)

HoC

1. OM |2 DM

HOY HyC™

CH OH

(o 175 100 9.
Olefin 26 failed to undergo oxymercuration under the standard
reaction conditions which were successful'with the other olefins
studied.

H,C
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Other workers have studied the oxymercuration of bicyclic ole-

fins:
Hg (OAc) 5 NaCl )
CHCH MeQ CHCH
& 3 .
ﬂb/ MeOH = 3
(ref.66) ClHg
(66%) 27
HCH3
ClHg |
+ OMe
(34%) 28

The ratio of the yields of 27 and 28 is solvent-dependent. Sol-
vents of high dielectric constant (water, aqg. THF, methanol) lead
to formation of the 1,5-addition product 28 (91% yield of 28 in
water solution), but in glacial acetic acid or anhydrous THF only

27 is produced.

Me. € HgO (3-fold excess) NaCl
> >
— HC].O4 in aq. MeZCO
Me
Me e Me e
+
- OH
e HgC1l Me
29 (5%) 30 (20%)
ClHg H
Me
Me
H
Me
31 (75%)

In the reaction above, the rearrangement product 31 is not
formed by isomerization of 29 and 30, rather it is a directly
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formed reaction product. Its yield decreases- as the HC104/Hg0

ratio is decreased (67).

oM : DM

(ref.68)

Products analogous to those in the equation above were obtained

in the oxymercuration/demercuration of 32.
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oM DM ,lﬁ

—_ —
-

(ref.68) : "

Analogous products were obtained with 33.

In the above experiments with methylenelactone derivatives the
exo-methylene substituent of the a-methylene-y-lactone was un-

reactive toward mercuric acetate.

Hg (OAC) 2 NaCl .
HOAc
> HgqC1l

HgCl HgCl

[*%]
'S
e

As shown above, mercuration of longifolene, 34, gave 35 and 36

(69). Halogen cleavage of these products resulted in formation
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of the respective mono~ and di-~bromides and mono- and di-iodides

Camphene reacted similarly:

Hg (OAC) 2 NaCl
O g

HgC1 HgCl

37

In both cases, mercuration of the mono-mercurated products in
separate experiments gave the dimercurials, 36 and 37, respect-

ively.
In the examples below, the electronic effect of the substitu-
ent on mercury (X in ngz) is important in determining the regib*

selectivity (70):

MeO
Hg (OAc) 2
MeO, —>>
H,0 ‘
oH (room temp.) H HgOAc
38
MeO HgX
HgClo -
-

(x=C1)

39
Reaction of 38 with Hg(NO3),, Hg(ClO,),., Hg(0,CClj), and
Hg(OZCCFB)2 gave the chroman 39 (X = NO3, Cl0,, 0,CClg and
O0,CCF5, respectively) ; Hg(OZCCHZCl)2 and Hg (0,CCHCl,), gave
mixtures of both types of products.

‘. Hg (OAc) ,
—
OH o
40 41 H HgX

(X = OAc)
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Reaction of 40 with mercuric chloride gave 41 (X = Cl). In
this case the chroman isomeric with 41 is too strained for its
formation to be favorable.

The aminomercuration of diallyl ether, diallyl sulfide and

diallyl amine provides a facile route to mercurated morpholines,

tetrahydro-1l,4—-thiazines and hexahydropyrazines (71):

,///Z\\\ Hg (OAC) ,/THF KBr
?Hz ?Hz + HZN—<::;;Z\

CH CH X-

/ N »

| L
BrHgCH,” Ny CH,HgBx
(Y = 0, S, NH
X = p-Me, o-Me, p-MeO, o-MeO, =~ \

€

X

Sodium borohydride reduction of 42 (2 = 0) in alkaline medium gave
demercurated morpholines. In the case of the compound where Y
= S and NH, C-N bond fission occurred:

z
z NaBH4
BrHg HgBr CH N CH
N 3 { 2
Ar
Ar

Table 12 gives details of the preparation of 42.

Several papers have dealt with the preparation of cyclic

peroxides by the peroxymercuration of dienes. : .
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TABLE 12. Preparation of Mercurated Heterocyclic
- Compounds from Diallyl Ether, Diallyl
Sulfide and Diallylamine (71)

4
_ BngCHZ—[N j’CHzﬁgBr
(CH,=CHCH,) ,Y + Hg (OAc), -

X
+ ~NH,

KBr

X
Y X Reaction Conditions viela?
Ar-NH,/Hg2+ Time [%1
o H 8/1 5 min 100
s H 8/1 3nh - 100
NH H 5/1 5 min 100
o 4-CH, 4/1 3 h 100
S 4—CH3 4/1 22 h 85
NH . 4-CHq 3/1 40 min 99
o 4-OCH, 2/1 7 h 81
S 4—OCH3 3/1 25 h 83
NH 4—OCH3 3/1 1 h 100
(0] 4-NO2 2.5/1 2 d 80
S 4—NO2 3/1 4 a 62
NH 4—-NO2 3/1 20 h 68
(o] 4-C1 3/1 30 min 96
] 4-C1 3/1 3 h 98
NH 4-Ci 2/1 30 min 96
o 2-CHq 4/1 5h 100
(o) 2-—0CH3 4/1 3 h 87

?Based on diene 1.
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CH,HgNO
N / ) 2 Hg(NO3) ,-H,0 '
CH L~ o
2’n = (CHZ)nT
- H,0, o0
- 1
(ref.72) CH,HgNO
(n = 1 and 2)
KC1
CH,HgC1
o
(CH) ! 43
2 no
CHZchl

1) with alkaline NaBH,, bromine and p?ri—

Reactions of 43 (n
45 and 46, respectively.

dine produced 44,

oo CH.Br
\_113 v-‘z
o) (6]
1S CngCHz—c—cnz-?HCHzHgCl
o OH
CHgq CH,Br s
44 45 =
HgO,CCF 4
Hg (0,CCF3),
H,0,
£. 73
(re ) thZCCF3
NaBH, \Efrz
OH
Br

SO
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HgOZCCF3
Hg (02CCF3) 3
-
H,0,
(ref.74)
HgO,CCF 3
HOO : .
l 1)Hg (0,CCF3) 5 in o—-20 o—90
CMe s + | f‘
2 CFCl3 at —40°C du 1
= ~C —— CH_—~— . el
CH, <\ >  BrHgCH,-C e, CH;—C —=CMey
Me 2)KBr BrHgCH, BrigCH,
Br2
00 o—o
T
BrCH,-C—CMe,, ,CH3—?——+Q_§2
BrCH2 BrCH2
(isolated)

The dimercurated product was formed via an initial allylic

mercuration product:

HO? ' HO?
CMe., CMe,,
CH2= \ > CH2=C .
Me CH,HgO,CCF
11
CF3C02HgCH2—C——~CMe2
CF;CO,HgCH,,

The mercurated dioxetanes could not be isclated, but their

brominolysis and their LiAlH4 reduction products were character-
ized (75).
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p—mey “Hg(NO3) 2-H20 KBr Hgbx
CH,C1 i -
OOH 2 2.

o—0
(ref.76)
a1
rY " ~ " HgBr
' - -
HOO —0
4
x
r\=¥ > > (?/\/\Hglsr
HOO o0— .
49
HgBr ,-HgBr
/J/ﬁjl\ - cu, + _ cx
o,/O
50 51
These cyclic peroxy-mercurials were demercurated with basic
NaBH4 and bromodemercurated in dichloromethane and in pyridine
medium. Demercuration of 47, 48, 50 and 51 was accompanied by
formation of epoxy alcohols, e.g.:
HgBr
NaBHy4
- .
- > N .
OH \
—_ — ) OH o

(3 parts) (1 part)
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The mechanism below was suggested for this reaction (76):

ngyﬂ {::Z/«\//
HgBr ”
\/Y\/
_ NaBH 2

H . B
W/ LLI ./§W</
H
. o "\
H H H
+He. .
[ :
° 0 HO 0

B. Acetylenes:

The reaction of mercury(II) trifluoroacetate with arvl
2-propynyl ethers, 52, followed by treatment of the reaction
mixture with -alkaline sodium borohydride (demercuration con-
ditions) gave organomercury products, 4,4'-bis(2H-chromenyl)-
mercurials, 53 (77):

o)
=
Hg (OZCCF3) 2 R l
> e =
53
Hg -
/ N
52 R
y o

+ 2 CF3C02H

o

W
E(TEO-—/

The formation of 53 was rationalized in terms of Scheme 4.

When bis-alkynylmercurials of type 54 (prepared by known routes)
were subjected to the reaction conditions which served to con-

vert the aryl 2-propynyl ethers to 53, products of this type
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SCHEME 4

52 + Hg(0,CCF)
22 2°“F3l2 P

R — I

CH Cl2

Hg . .
o, .;.
. I\O/@—R + 2CF;CO,H
o 24
R@ W1§}->H:@v
!

Hg (0,CCF,) , Hg

[3,31
HO
#9 .
R > Hg
\ !
|
{1,5}]H shift_ Hg —_— 53
e [3,31 -
: = -Hg
Hg } R
1 =
(0]

also were obtained, thus supporting the idea of their inter-

mediacy.

C. Cyclopropanes

The stereochemistry of the nucleophilic step in the
ring opening reactions of l-arylbicycloi4.l.0lheptanes, 55,
with mercuric salts has been investigated (78). The results
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suggested that intermediates with a high degree of carbocationic:

55 a=H
2 b = p—CH3
c = m—-Cl

character are involved. The cis/trans ratio of the product
obtained after demercuration of the mercurials formed in the
cyclopropane ring opening reaction, 56/57, varied markedly with
change in the Hg(II) salt used (Hg(OAc),, Hg (0,CCF3) ,, Hg(NOj),,:
Hg (C104)2) and the reaction conditions.

Ar OH

~

CH3

56 57

The methoxymercuration/demercuration of l-methoxycarbonyl-

bicyclo[l.1l.01butane has been examined by Russian workers (79):

Hg (OAc) , NaBH,
co,Me > >
2 MeOH ag. NaOH
H CO,Me MeO €OoMe 2
+ “parts
MeO H H H
C02Me
+ 1 part
Me

Nitro-~ and acetyl-substituted phenylcyclopropanes underwent:

mercuration with mercuric acetate only in the presence of
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perchloric acid (61):

Hg (OAc) 5 NaCl
THC104]
MeOH
X OMe
_ CHCH,,CH,HgC1
(Y = 0o and p-0O,N,
p—CH3C(0)—
OMe
R > > R (’:HCHZCHZHgCl
Y
(R = Me,CH, >
Y = 9702N)

*2,4-Dinitrophenylcyclopropane did not react with mercuric

acetate even in the presence of perchloric acid. '
Demercuration of the nitro-substituted methoxymercuration

products proceeded normally, albeit at a rather slow rate. '

The corresponding acetoxymercuration products, however, reacted

with sodium borohydride to give reduction of the acetoxy

group rather than reduction of the C~-Hg bond, e.g.:

OAcC ’ OH

| NaBH4 ]

CHCH2CH2HgCl —_— CHCH2CH2HgCl
NO

2 N02

This inhibition of the Cl-Hg bond reduction reaction was atri-
buted to intermolecular coordination of the nitro function to.
mercury, which either blocked BH4- attack at mercury or decreased
its rate to such an extent that the reduction of the acetoxy
group occurred instead. In support of this idea, it was found
that the reduction of such mercurials which did not contain a
nitro substituent could be inhibited in part by adding a molar
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equivalent of gfnitropheny1cyclopropane to the reaction mixtures:;

OAc
// \\ éncnzcuzngcl

\ QAc
NaBH4 |
HCHZCH3

: (72%)
NaBH, | Q_<
02
?H OAc
> CHCH,CH,HgCL  + HCH,CH,
(65%) (21%)
9 EME NaBH,4
CH4LC HCH,CH,HgC1 >
i i
i {
CH4C Cl—C2H5 (45%)
OMe
+
q . .
(CH4C ?HCH2CH2)2H9 (43%)
OoMe
but:
% ! ?Me NaBH4
CH,C CHCH,,CH,HgCL
NO,
?H
CH,CH ?HCHZCHzHgC1
OMe

(23%)

OH
{ .
(CH3CH ?HCHZCHz)zﬂg
OMe

(65%)
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As the authors point out, this ability of nitroaromatics to in-
hibit NéBH4 reduction of the Hg-Cl function in RHgCl-type mer-
curials provides the potential for selective reduction of org-
anic functional groups in chloromercuri derivatives of funct-
ional organic compounds. Tﬁis interesting observation merits
further attention.

The oxymercuration of longicyclene, 58, proceeded anomal-
ously, giving the cyclopropylmercurial 59 in 50% yield after
NaCl work-up (80):

1) Hg(OAc)2

2) NaCl
H FgCl
58 59
Lithium aluminum hydride reduction of 59 gave 58, its reaction
with bromine in pyridine the corresponding bromide. Tricyclene

60 reacted similarly:

1) Hg(OAc)2

@( 2) NaCl @V

H HgCl
_ 60 ‘
It was suggested that these mercurials were formed by HOAc

elimination from the original acetoxymercuration product, 61 in

the case of 58.

OAC

HgOAC

D. Aromatic Compounds

Although Hg(II)-arene complexes had been proposed as
intermediates in the aromatic mercuration reaction, none had been
isolated prior to 1978. Damude and Dean (81) have remedied this

situation by preparing such complexes in so, solution and in the
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solid state:

' 1ig.S02 :
Hg(SbFc), + 2 arene ——> Hq(SbF6)2°2 arene

la.q.SO2

HgF(AsFﬁ) + 2 arene Hg{AsF.) ,-2 arene + HgF, (s)

Such complexes in which the arene is pentamethylbenzene (yelloWL,
durene (yellow), mesitylene (yellow), p—xXylene (pale yellow),
toluene (colorless) and benzene (colorless) were isolated as thé
pure solids in the case of Hg(SbFs)z- 2 arene. These hydrolyze
slowly in moist air. TIn liquid sulfur dioxide solution they
readily exchange the complexed arene for free arene present in
excess in solution and the following equilibria were established:

308K
Bg?t + CH, T Hg (CeH ) 2* K, v 5 x 108 1.mor™?
Hg(C6H6)2+ + CgHg = = Hg(C6H6)22+ K,

(Kl/K2 = 120)

The bis(hexamethylbenzene) complex is the most stable. Struct-
ural information is not yet available.
Mercuration of the sterically hindered 2,6-~di-tert-butyl-

phenol occurs readily (82):

Mey CMe4 Hg (OAc) , - Me,C Me s
T
75% HOAcC
20°
HgOAc
Na25203

Me3C
HO H

( =
Me ,C
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Mercuration reactions of metallocenes have been reported:

co EO HgC1
’<g§§}-%e y Hg(OAc)p; . CaCly <§§§}‘,e
| EtOH, 70° co

Cco
Mn (ref. 83) n
Na28203
?O
(i) )=
- co 2
Mn
(Co)3
N=NPh

N=N @ Hg(OAch Licl @- HgCl
S e &S

Work-up caused partial svmmetrization of the product and treat-
ment with sodium thiosulfate solution caused complete symmetri-
zation to 62. Todine cleavage of the product gave 63 which
could in turn be mercurated. '

N=NPh
( HY 62
Fe 2
N=NPh N=NPh
I
<3S 1  Hg(oac), Licl _ ~ Iy T
Fe Fe

The ortho-mercuration of phenylhydrazones has received
further attention with respect to mechanism (85). Only when Y
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/NH -QY
NH Y
(¥ = NO,, Br; O

Hg (OAc) 2
HOAc

e
I

H, Me, MeO, CH=N:
ci, Br, NO,) ——— HgOAc

= NO, or Br is this reaction observed; with other aromatic al-
dehyde phenylhydrazones (e.g., ¥ = H, MeO, Me (o isomer) ) mixtnrés
of red resins and ng(OAc)2 were obtained. The results of
kinetic, selectivity and substituent effect studies of the ortho
mercuration réaction were interpreted in terms of a transition
complex, 64, which is stabilized by delocalization as shown and
which is on the pathway to ortho-metallation.

O

HgOAc
L \ -1
NI
/

X CH——N

-
—_——— - +"H
-,

+ \\ ,
HgOAcC “

— CH— N

>+

OAc

64

Forcing conditions were required to mercurate polyfluoro-
aromatic compounds which are rather resistant to electrophilic

attack (86), e.g.:
CgFgH + Hg(0,CCF3), + CF3SO3H .___.__> CgF5HgO3SCF3 + 2 CF3CO,H

HC1

C6F5chl
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In the absence of trifluoromethanesulfonic acid only a
negligible amount of product was formed. Numerous examples of
such p;eparations were given (Table 13). The symmetrical
mercurials were prepared from the crude mercuration products

by treatment with bromide ion:

2—-

2 AngOBSCF3 + 4 Br —> Ar,Hg + HgBr, + 2 CF3503
or by heating them in aqueous methanol.
5. ORGANOFUNCTIONAL ORGANOMERCURY COMPOUNDS

The photodecomposition of mercurated diazoacetic esters
in tetrahydrofuran, tetrahydrothiophene and pyrrolidine medium
has been studied (87). The major photolysis intermediate is the
carbene (65), and 10-20% of the reaction products could be

hv -
Hg[C(NZ)COZEt] 2 —_— EtOZC—C-Hg-—C (N2)C02Et
65
accounted for as derived from the carbyne, Etozc—é: . Both inter-

mediates undergo a C-H insertion into the solvent. Mercury-

containing'products were obtained when pyrrolidine was used as

solvent:
Et0O,C ’ ’
2 \CH Hg and ﬁ
)z 2 CH-C-N
N N l
H
. Hg
N.,=C-C-N
2

Novel phosphono-substituted mercurials were obtained in re-
actions of mercuric halides with ketene in the presence of tri-

isopropyl phosphite (88):

(i—PrO)3P + HgX, + 2 CH2=C=O —_— (i—PrO)ZP(O)C=CH2
C(0) CH,HgX

(X = Ccl, Br) 66
(Continued on p.210)
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The following reaction course was suggested:

I i i

L + HgCl, —> ﬂn\ _ —> C-P(OR) 4
il [i+ Hgcl + c1 _

CH, CHY H,C-HgCl

C1HGCH,C(0) P (0) (OR) ,

CH,=C=0

OC(O)CHZHgCl

Mercurials of type 66 were symmetrized by the action of triphen-~
ylphosphine and the symmetrical mercurials were found to react
with alcohols:

[(i—PrO)2P(O)FOC(O)CH2]2Hg + i-PrOH ———> Hg(CH,CO,Pr-i),

CH2

+ 2 (i-PrO)zP(O)C(O)Cﬁj

The carbanion derived from benzyhydryl cyanide displaces
chloride in Hg(czcCl), (89): '

- DME -
Hg(CECCl)2 + 2 PhZCCN _—_— Hg(CEC—CPhZCN)2 + 2 C1

More a suprising chemical curiosity than a useful synthetic
reaction is the fluorination of dimethylmercury at -78°C with
elemental fluorine diluted with helium (90). The yield of (CF,),Hg
was only 6.5% and cleavage products predominated:

' —78°C
(CH3) ,Hg + Fy/He ——— ~> Hg(CF3), + HgF, + CF, + CHF4
5 days :
+ CH,F, + CH,F

CHBHgCF3 was not present among the products.
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6. MERCURY-CARBON BOND REACTIONS

There are a number of procedures for the reduction of ole-
fin solvomercuration products and, more generally, of RHgX-type
compounds; to the respective hydrocarbon, RH, and elemental mer-
cury. While alkaline sodium borohydride is the most widely
used reagent for this purpose, sodium amalgam was used prior to
the advent of NaBH, and still finds occasional application.

Spanish workers have used alkali metals (Li, Na, K) and magnesium
(21,92) as well as calcium amalgam (93) in recent studies. In
this procedure the metal is added to the reaction mixture after
completion of the olefin solvomercuration step. The organometal-
lic intermediate which is formed is converted to the hydrocarbon
by reaction with the excess of the nucleophile used in the ole-

fin solvomercuration, e.g.:

CH,=CH, + PhNH, + Hg(OAc), ——> PhNHCH,CH,HgOAC

M (= Li, Na, K)
Y
PhNHCH,CH,M
PhNH,,
A
PhNHCHZCH3 (56-58%)

An alternate procedure also used involves the isolation of the

solvomercuration product prior to its reduction. A large number

of examples of. such reductions of olefin oxymercuration and amino-
mercuration products was provided.
Triethylsilane also reduces RHgO,CCF, compounds (94) :
Et,SiH in

Ar,C=CHHgO,CCF 4 3 Ar,C=CH, + Hg
CH,Cl,, CHCl,

or CH3CN

Et3SlH, CF3C02H

{Ph,C=CH) ,Hg > ° Ph,C=CH, + Hg
2 2 CHC13 - 2 2

Et3SiH in
CHCH2H902CCF = Ar2CHCH3 + Ar2C=CH2

3 CH,C1,, CHCl,

or CH3CN

Ar2

References p. 253
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In contrast to these reductions, the action of sodium stannite
on B-alkoxyalkylmercuric acetates resulted in symmetrization
(95) = )
SnClZ, NaOCH \ N
RR'C-CH(R" ) HgOAc > [RR'C (OMe) CH(R") ] ,Hg
OMe

Such symmetrical mercurials were prepared from the methoxymerc-
uration products of ethylene, propene, 2-methylpropene, cis-

and trans—2-butene, cyclopentene, l-hexene, cyclohexene, 1-
methylcyclohexene, styrene, 2-phenylpropene, 1,l-diphenylethyl-
ene, 1,3-butadiene, 1,3~-pentadiene, l,5-hexadiene, methyl

vinyl ether, diallyl ether and 3-oxacyclohexene, as well as from
various olefin ethoxymercuration products.

Other types of Hg—-C bond cleavage reactions have been
examined.

The kinetics of the iodinolysis of substituted arylmercuric
chlorides have been studied (96). ‘ '

The copper(II) bromide cleavage of PhCH(OMe)CHZHgOAc has
been studied in spin-trapping experiments with Me3CNO in aceto-—
nitrile (97). Although previous workers have given evidence for
a mechanism involving alkyl radicals, only weak ESR signals were
observed. In was conjectured that either the free alkyl radical
concentrations are quite low or that the alkyl radicals are not
‘completely free.

The action of triarylmethyl peréhlorates on dialkylmercuri-—
als containing B hydrogen results in Hg-C cleavage:

(RCH,CH,) ,Hig + Ar,C clo,  _9ichloroethane . peoy cu mpgclo
2CH3) 5 3 4 2CH, a
or CHBCN
(R = H, Me; 25°¢ + RCH=CH,

Ar = Ph, p-MeC.H,)

The rates of these reactions have been studied by proton NMR

spectroscopy (98). The hydride abstraction from the 8 position
by the Ar3
Hg-C bond (an EE
halides, initial coordination with the mercurial, as in 67, was

C+ cation occurs synchronously with rupture of the
2 mechanism). In the case of triarylmethyl

o]

g <€— :X-CPhg 67

e e

sl
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suggested, with subsequent ionization of the C-X bond thus being
facilitated.

Radical decomposition of dibenzylmercury in toluene medium
at temperatures of 130-170°C has been investigated in detail by
Jackson and O'Neill (99):

(PhCH,) ,Hg ———>> PhCH,CH,Ph + Hg (+ traces of PhCH=CHPh
and PhCH,CHPhCH,Ph)

In the temperature range 130-160°C first order kinetics were
followed, with log o = 16.0 + 0.3 and E = 38.5 £ 0.5 kcali/mol.

The following scheme was suggested:

rate determining
(PhCHZ) >Hg PhCH,- + PhCH,Hg-

Hg + PhCHz'

 —
2 PhCH, PhCH,CH,Ph

: —_—
PhCH," + PhCH,CH,Ph PhCH,; + PnCHCH,Ph

PhCHCHZPh + PhCHZ- PhCH=CHPh + PhCH3
— PhCH2CHPhCH2Ph
Radical polymerization of vinvl monomers such as methacryl-
ate and acrylate esters may be effected under aerobic conditions
using i—Pr2Hg/SnC14-5H20 as the initiator system. Stable poly-

meric coatings which were mold-resistant were produced (100).

7. MERCURY-FUNCTIONATL. MERCURIALS

A. Mercurials with Halogen and Oxy Substituents

The formation constants of CH3HgCl, CH3HgBr and CH3HgNO3
in aqueous and organic phases have been determined by liquid-
liquid extraction studies in the systems o-xvlene/1.0M (H, Na)

References p. 253
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(Br,CL,NO;) (ag) and o-xylene/2,5M (H,Na) (Br,Cl,NO,) (ag) (101):

MeHg® + c1” :5523 MeHgC1 (aq) log K = 5.50

MeHgt + 17 =—= MeHqgCl (org) 6.59
_ _

MeHg + NO4 — MeHgNO; (org) -1.21

MeHg+ + Br ———= MeHgBr (aq) 6.60

MeHg+ + Br ;5::55 MeHgBr (org) 8.30

MeHg+ + 2Br2:;::£§ MeHgBrz—(aq) 5.98

This gives distribution constants:

MeHgCl(aq)::——== MeHgC1l (org) - log K(D) = 1.09

It

'MeHgBr(aq).5;::E:MeHgBr(org) log K(D) 1.69
Another group has determined distribution constants for MeHgCl,
EtHgCl and n-PrHgCl between aqueous 1 mol dm-3 (H, Na)Cl and
penzene: K(D) = 10 1-9%, 101-90 4ng 10229, respectively (102).
The symmetrization of MeHgCl to give MezHg can be effected
by ethylenediamine in CDCl3 and by tertiary phosphines in di-
chloromethane, with the effectiveness of the latter decreasing
in the order: Et3P>Me2PhP>MePh2P>Ph3P (103). These homo-
geneous systems were studied by NMR. Thiols did not cause such

symmetrization.

The equilibrium constants for the interaction of MeHg+ and
water and some carboxylic acids have been determined by a pot-—

entiometric method (104), e.g.:

MeHg? + H,O ——> MeHgoH + H' log K = -4.686
2 MeHg” + H,0 T———> (MeHg),0H" + H* -1.725
MeHgOH(s) ——> MeHg' + OH  (in H,0) . - 13.66
MeHg+-+OAcf<_____ MeHgOAc 3.204
MeHg™ + O,cH ——= MeHgO ,CH 2.681
MeHg" + 0,CCH(NH,)CiMe,” =

MeHgO ,CCH (NH, ) CHMe,, 7.268

MeHg® + O,CCH(NH,)Me ——

MeHgO ,CCH (NH, ) Me 7.516
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Also studied has been the complex formation between CHBHg(II)
and ethylenediaminetetraacetic acid (105).

The Hg(II) salt of nitrodifluoroacetic acid, Hg(0,CCF,NO3),,
has been prepared (106). Spectroscopic studies suggested that
there is a donor/acceptor interaction between a methyl substitu-
ent (probably NO2) and mercury. Reaction of this salt with
organic halides, RX (X = Br, I), in acetonitrile gave esters,
O,NCF,CO,R. Decarboxylation of Hg(02CCF2N02)2 occurred in basic
aqueous medium, giving HCF,NO,.

An interesting mercurial has been prepared by the reaction
of elemental mercury with perfluoro-t-butyl hypochlorite (107):

CC14F
_—
(CF3) 3C0Cl + Hg (CF3) 3COHgCl

The reactions of this product, a stable white solid, were studied:
(CF3)3COHgCl + CHBI - (CF3)3COCH3
—_—
+ CF5SCl (CF4) ;COSCF 4

+ CF5C(0)Br ——> (CF3) 3C0C(0)CF3

+ CF3C(O)SC1-—————E>(CF3)3COSC(O)CF3

(CF3)3COC (0)CFy + Sg

+Me3SiCl —_— (CF3)3COSiMe3

+ Me,SiH ———> (CF,) 3COSiMe;,
+ CH3C (0)CL —> (CF3)3COC(O)CH3
¥

(CF3)2C=NH —_— (CF3)2C=NC1
Organomercuric quinolin-8-olates have been prepared (108):

RHgOH + H(ox or Meox) —————> RHg(ox or Meox) + H,0

(H—ox= I H-Meox = I
X : XN
OH OH

R = Me, Ph)

Ar HgCl + T1l(ox) —> Aerg(ox) + T1Cl

(Ary = CgFg, pP-HC.F,, p—MeOC6F4)
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Detailed UV and mass spectral and solution molecular weight
studies were carried out and these supported chelate, rather
unidentate O-bonding of the ox substituent. Except for the MeHg
compound, all appeared to be partly associated in chloroform

and carbon tetrachloride solution.

B. Mercurials with Sulfur, Selenium and Tellurium
Substituents

A series of RSHgX compound (R = Et, t-Bu; X = Cl, Br;
R = Me, Et, n-Pr, n-Bu; X = OAc) has been prepared (109):

EtOH
RSH + HgX, —————> RSHgX + HX

(X = Cl1, Br)

H,0
(RS) ,Hg + Hg(OAC), -2z RSHgOAC + CH3C(O)SR

These RSHgOAc form crystalline adducts with pyridine of 1:1
stoichiometry. Vibrational spectra were measured and used in a
discussion of structure. Their reactions with imidazole and
related ligands were investigated (110). When a very stable
carbonium ion, R', can be formed, RSHGOAc compounds are quite
unstable (1il):

EtOH
Ph,CSH + Hg(OAC) , —————> [Ph3C—£;i—Hg+, oac™)

8-30°C

15‘h3c+ + HgS + Oac”
EtOH
Ph3COEt

The benzyl analog, PhCH,SHgOAc, did not undergo such solvolytic

decomposition until 90-100°C, and Me»CHCH,SHgOAcC is stable.
PhHgSR derivatives have served in the separation of thiols,

RSHE, by thin layer chromatography (112). A
The formation constant of RHg(II) derivatives of L-cysteine

were determined by liguid-liguid distribution (102):

RHGCl + R'SH ———— RHgSR' + H' + C1~

(R' = HOZCCH(NHZ)CHZ)
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(RHgSR') (H™) (C17)

x = (RHgC1) (R'SH)

For CH3HgCl K = 10l-71
EtHgC1l K = 101'55
n~PrHgC1l K = 101'49

The distribution of CH3Hg(II) between the chloride and
sulfhydryl ligands at physiological and at stomach pH has been
studied (113).

The mercury(II) derivative of trifluoromethylselenol,

Hg (SeCF3) ,, reacts with CF3SC(O)Br at 130°C to give CF3SC(0) -
SeCF3 and CF3;SeHgBr (114). The binding affinity of CHng(II)
toward selenium-containing ligands, HSeCH2CH2NH3+, (H3N+CH2Cste)2,
HSeCHZCH(Coz")NH3+ and (H3N+CH(C02—)CHZSe)2, has been studied

by proton MMR spectroscopy (115). For a number of common
biological groups the binding affinity toward CH3Hg(II) decreases
in the order:SeH>SH>Se—Se>NH2>S—S, SeCH;3, SCH5;. Also examined
were CH3Hg(II) complexes of peptides containing two sulfhydryl
groups, Z2-mercapto-propionyl-L-cysteine and 2,3-dimercapto-
propionylglycine. pH-Dependent equilibria were found to obtain

for the 1:1 complexes:

OH™
CH3CHC(0)NHCHC02~ — CH3CHC(O)NHCHC02—
Bt -
SHgMe CHZSH S CHZSHgMe
HS—CHZTHC(O)NHCHZCO2 ;EEE;E? MeHgS—CHZC_HC(O)NHCHZCO2

SHgMe

Organotellurium-mercury (II) halide complexes of type
R2Te-ng2 (R = Ph, p—EtOC6H4; X = cl, Br, 1), a-MeZTeIZ'HgBrZ,
thHg(MezTe12)2, (p—EtOC6H4Te)2Hg, p—EtOC6H4TeHgCl and R2Te2-
HgX, (R = P-EtOCgH,: X - Cl, Br, I) have been studied by 125Te

MOssbauer, infrared and Raman spectroscopy (116).
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C. Mercurials with Nitrogen Substituents
A cyclopentadienylmercuric. amide and the azide have
been prepared (117):

(C5H5)2Hg + Hg[N(SiM§3)2]2

C;H HgN (SiMes) ,
68
CgHgHGCL + LlN(SlMe3)2

Et,0

2
_(C5H5) ,Hg + HNg

C H HgNy

-~ - 69
g,5H5HgN(SlMe3)2 + HNg -

In 68 and 69 the CSHS substituents are monohapto according to
their vibrational spectra. The proton NMR and the mass spectra
of these compounds also were studied.

PhHg(II) derivatives of creatine, 70, and creatinine, 71, 72,
were prepared by Canty et al. (118).

H_N Me :
250
+§}c ------ N// IPhHg(Hzcreat)JtNo31 * %H,0 71
PhHgN” CH,CO,~
H [(PhHg)z(Hcreat)][N03](two forms) 72
70

72 could be either 73 or 74 , and the structure of one form was
determined by X-ray diffraction to be 74 (Fig. 1). 71 has the
structure 75 (119)

H
o N
. I~ Y o
(PhH _<-~ -' HgN==<1
9) 2N Y H \ N~— =0
N + /4
Me Me PhHgN ==({
H N
Me

NO NO3
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() Cc(6)
/ \ o)
1.23(4)
cea) c(5) _2.032) \
\HQ(")& 13204 _C(1)
. 3) ’ 143(5)
172(1)
c(9) c(1o) NG)'/// \\\\
C(2)H2
1.43(4a)
154(4a)
C(a) 136cq)
TT——n
c12) 133(4) 1.50(4)
13 2003}
i _,39531——Hg(2) NH(2) C(3)H,
c(11) 17001)°
c(14)
C(16)
c15)

Figure 1. Structure of the -cation [(PhHg) ZHcreat]+ in
[ (PhHg) ,Hcreat] [NO3]1 (la) and selected structural
parameters in the cation (1b). From A.J. Canty,
M. FPyfe and B.M. Gatehouse, Inoxrg. Chem., 17 (1L978)
1467.

N-Phenylmercurisulfonamides have been prepared by Russian
workers (120):
3-40°cC
Arso,NX, + Ph,Hg ———> ArSOZTHgPh + PhX
X
(X Cl, Br;
Ar = Ph, p—-MeC

gHar P—C1CgH,)
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ArSO,NX, + 2 Ph,Hg ————>> ArSO,N(HgPh), + 2 PhX

PhSOZNClz + PhSOZN(HgPh)Z —_—> 2 PhSOZTHgPh

Cl

The thermolysis of the monomercurated compounds gave insoluble,
polymeric products, (ArSOZNHg)x, which were found to be re-
sistant to agueous acid and alkalis and to carboxylic acids.
The action of phenylmercuric hydroxide or acetate on 1,3-
diaryl-l-triazenes gave mercurated products (121,122), 76:

(Ar = 2-XC6H4 with X = F, Cl, Me, OZN; 3—XC6H4, with X = Cl1, F
and O,N; 4-XCH,, with X = F, Cl, Me, O,N)

IR and proton NMR studies showed that these air- and moisture-
stable compounds have monodentate structures as shown in 76, but
that they undergo rapid 1= 3 site exchange. The fluorophenyl
derivatives have been the subject of a temperature-dependent lgF
NMR study which provided confirmation of this fluxional behavior
(122).

D. B—-Mercurated Carboranes

B-Mercurated carboranes serve as reagents for the
preparation of carboranes containing B-T1 (123, 124) and B-As
bonds (125):

(C2H2B10H9—9)2Hg + (CF3C02)3T1 —_— 9—(CF3C02)2T1—B10H9C2H2

+ 9—CF3C02Hg—B H,C,H

1079722
(with o~ and m-carborane isomers)

- _ > 9 -
(CZHZBlOH9 9)2Hg + AsCl3 9 C12As By oHgCoH2

(o- and m- isomers)
o m; + 9-ClHg-B, jHoC,H,



B-Mercurated carbpranes may also be used in the preparation of
carboranyl derivatives of tin, antimony and sulfur (126):.

(C2H2B10H9—9)2Hg + SnCl,—m> (czﬂzaloﬂg—e)zsnc12 + Hg
(o- and m~ isomers)
(C2H2B10H9—9)2Hg + sbc13 -_— 9—C125b—BlOH9C2H2

(o- and m- isomers) » + 9-ClHg-B; ,H,C

10HgCoH5

2

350°C
(m—-C,H,By gHg—9) JHg + Sz ——————> (m-C,H,B;Hy=9) ,S, + Hg

_ _ I, DMF _ Tl
(m C,H,B, gHg 9),Hg + Sg — 1 — > m-C,H,B, oHg=S~Hg-B, (HgaC,H,
1l15°C

The Raman spectra of B-mercurated carboranes (o- and E—CZHZBlO—
H9—H9R, with R = Cl, Br, Me, Et, (o— and m—cszBlOHQ—Q)ZHg) and

of C-mercurated o-, m- and p-carboranes have been examined.

Vibrations around 150 Cm-l were identified as Hg-carborane
stretching modes in which the carborane nucleus behaves as a

rigid body pseudoatom (127).

E. Mercurials with Group IV Substituents
A detailed study has been made of the l3C, 29Si and
l99Hg NMR spectra of silyl and gexrmyl mercurials of type RHgSiMe3,
RHgSiEt3 and RHgGeMe, (R = alkyl, SiMe,, SiEt; and GeMe,) (128).
Chemical shift and coupling constant data are tabulated and dis-
cussed. Tables 14 and 15 bring some of these data.

A silylmercurial has found useful application in the syn-—
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thesis of a 1,2-disilacyclopentane (129):

Me,Si (H) (CH,) 3SiMe,H + Et Hg-————€>(Me281(CH2 3SiMe Hg)

/C‘*\
N

Me2 Me2

The photochemical or thermal reactions of bis(trimethyl-
silyl)mercury with hindered diaryl ketones and a number of alkyl

" TABLE 14. lggHg and 2%si Chemical Shifts®

in Compounds RHgSiMe3 (in ppm) (128)

Compound R 5 (19%,qg) P 6 (%9%s1)°c
Me d 33.0
Et d,e -34.0
Pr 2527 35.2
Bu 2520 35.0
i-Pr 2312% 34.0
t-Bu 21729 33.6
Me351h 2927 63.6
H2Cl d 30.3
Btysif 3278 35.1

SThe usual sign convention is used. bRelative to a saturated
solution of Hg(NO o, + 2 ppm. Relative to internal TMS,
+ 0.3 ppm. Not measured SFor EtHgGeMe 4 § = 2272 ppm.

fFor i~PrHgGeMe3 & = 2122 ppm. 9For t-BuHgGeMe3 § = 2591 ppm,
for t-Bu,Hg 1598 ppm. DNLit. 64.0 ppm. I(Et3Si)oHg.
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aryl ketones were used to prepare O-silyl ketyls of types 77, 78,

79 and 80 (130).

R R’
H H
Me H
MeO MeO
Me - Me
Me Me
Me Me

R

R

CF3

CPh3

adamantyl

t-Bu

t-Bu

t-Bu

ooEmomom |

=

e
t-Bu

Similar (silylamino)methyl radicals were

OSiMe

3
O A
78
R
_/Me
\osiMe3
X s
R R
H H
Me Me
Me H
Me t-~-Bu
Et H
Et Et
iPr H
iPr iPr
t-Bu t-Bu

generated by the action of bis(trimethylsilyl)mercury (photo-
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chemical or thermal) on imines (131):

Ph Ph R*
N . \e _/
2 C=NR' + (Me,Si),Hg ——> 2 C-N + Hg
/ 372 AN
C ) R SlMg3
R R'
Ph Me
Me Ph Th
|
Ph R~-C————C-R
Me Me Me3SiNR' R'NSiMe3
H CH,Ph

Use of (Me3Ge)2Hg in place of the silylmercurial gave the analo-
gous (trimethylgermyl)methyl radicals. More hindered radicals,
81, also were prepared by this route.

R
_ph
R CH-N 81
N
MMe,

(M = Si, Ge; R = H, Me, Et, i-Pr)

Radicals also were produced in reactions of bis(trimethylsilyl) -
mercury and bis(trimethylgermyl)mercury with nitroarenes (132):

O
/
2 ArNO, + (MegM) Hg ——> , , + Hg

OMMe3

An excess of (MeBSi)ZHg in this reaction produces silyloxyaminyls:

Qs

/ = -
Ar—Q\ + (Me351)2Hg._____;> ArN(051Me3)2

OSiMe3 J

Ar—-N=0 + (Me3Si)20

Ar-N=0 + (Me;Si),Hg — > ArN-OSiMe,
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The final products are azobenzenes in the case of the less hindered
nitroarenes and silylated anilines in the case of hindered

nitroarenes, as shown in Scheme 5. Separate experiments showed

Scheme &

2 Ar-NO, Me;Sittg 5 o pO MeStlda, 21Ar-NIOSiMe;),]

40°C,-Hg 0SiMe, -Hg -2(Me;Si),0
2Ar-NO M__;z;_“z'is. 2Ar-N-0SMey—= [ Ar-B-iHAr ] —mognAr-A-N-Ar
: Me;Si0 OSiMe, o .
with {Me,Sil,Hg
steric -Hg
hindrance ’ .
in Ar: Ar-N-N-Ar 10°C
Me,SilHg AL .
Mg Ar-N=N-Ar o [MesSio SiMey {«— Ar-N-N-Ar
ME3Si0
R, CH _ . . CH
. . H-X g o slow,spon i
2 RHC Cr:i;(?)s|Me3_—x..z AriH ZIeSTe 2 Ar-NH SRS 2RHC e Cl;l‘H SiMe;
2 Me;Si-0 Me,Si-Hg 2
R=HMe
nitrosobenzene to react with (Me;Si),Hg ‘in this way:
) 0°C, exothermic :
2 Ph-N=0 + (Me45i) >Hg > Ph-N=N-Ph + Hg

O co
+ (Me3Si)20

(Me3SJ_) 2Hg, 100-°C

Ph-N=N-Ph

Bis (triethylgermyl)mercury reacts with substituted o-quinones

and 4-bromo-2,4,6~tri-tert-butylcyvclohexadiene-2,5-one to give
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initial radical products (133):

R R 20°C
>
(Et,Ge) ,Hg +
Br R
(R = Me3C)
82 _ —
ol
Et,Ges
R R 3
o
Br HgGeEt3
R
R OGeEt3 + EtBGeBr + Hg
R

(i—Pr3Ge)2Hg reacted with 82 in this manner only partially at
20°C and required a temperature of 100°C for complete reaction.

Bis(triethylgermyl)mercury reacts with c-mercurated nit-
riles to give o—triethylgermylinitriles (134):

20°C
(Et3Ge) ,Hg + Hg(CMe,CN), — > 2 Et;GeHgCMe,CN

2 Hg + 2 Et;GeCMe,CN

2

Oon the other hand, a similar reaction with mercury bis(perfluoro-
isobutyronitrile) in THF or toluene at 20°C gave a germanium-free
nitrile, CF2
silyl)mercury reacts similarly. Also studied was the analogous

=C(CF3)CN, and triethylfluorogermane. Bis(triethyl-



reaction of mercury bis(malononitrile):

(Et3Ge) ,Hg + Hg(CH(CN) ), —— > 2 Et3GeHgCH(CN) ,

229

Et,GeCH(CN) , + Et,GeN=C=CHCN

Et GeN=C=CGeEt3

3
N

+ CHZ(CN)2

With a substituted malononitrile the monogermylated product is
stable (135):
20°C
(Et,Ge) ,Hg + Hg(C(CN) ;CMes);, ————> 2 Bty
CN
The same reaction was observed with (Et;Si),Hg.
Bis(trimethylgermyl)mercury reacts with aluminum powder in

pentane/THF to give (Me3Ge)3A1 as its mono-THF adduct in 80%
yield (136). An attempt to prepare (Me3Sn)3Al by the analogous
(Me3Sn)2Hg/Al reaction at -20°C failed, apparently because the
stannylaluminum compound is very unstable.

The reaction of titanocene dichloride with bis(trimethyl-
silyl)mercury resulted in reduction of the titanium(IV) complex
(137) =

C1l
20°C v
. . .
(C_Hg) ,TiCl, + (Me;3S5i) Hg —— = [(CgHg) ,Ti 1
: HgSiMe

3

+ Me3SiCl

(C5H5)2TiCl2

2 (C5 TiCl + Me3SiC1 + Hg

Hg) 5

References p. 253
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A new preparation of [(C.Fg)3Gel,Hg has been recorded (138):

3 [(CgFg) 3Gel ,BiEt + 3 Hg ——> 3 [(C6F5)3Ge]2Hg + 2 Bi + Et3Bi

8. COMPLEXES OF ORGANOMERCURIALS

n-Butylmercuric nitrate in benzene solution forms 1l:1 ad-
ducts of type E—C4H9HgL(ON02) with pyridine, 4-methylpyridine,

2,2'-bipyridine, triethylamine, tri-n-butylamine, tri-n-butyl-
The stabilities

A 4-coordinate

phosphine, triphenylphosphine and diphos (139).
and the enthalpies of formation were determined.
adduct was formed with tetramethylethylenediamine. On the other

hand, in water, acetone and acetonitrile, £hese ligands form
complexes of type 27C4H9HgL+ NOZ—. Also studied was the dis-—
tribution of 27C4H9H9NQ3 between benzene and water as a function
of added 1ligand. Similar calorimetric studies of adduct forma-
tion were carried out with Hg(CN)2 (140) . The enthalpies of ad-
duct formation with Lewis bases and also adduct stabilities in-

crease for selected mercurials in the order:
RHgX << Hg(C6F5)2 < Hg(CN)2 . < Hg(CC13)2 < Hg(SCN)2 < HgX,,

i.e., with increasing electronegativity of the substituents on
mercury.

Other workers have studied the 1:1 adducts of mercuric
‘cyanide, chloride and bromide with nicotinamide, N-methylnico-
tinamide and nicotinic acid (141). The solvation of Hg(CN)Z,

'Hg(SCN)Z and Hg(NO3)2 in liquid ammonia has been investigated
by means cf Raman spectroscopy (142).  Similar studies were
carried out by the same group with EtHgCl, MeHgBr, MeHgI and
HgX, (X = Cl1, Br, I) (143). The following processes were found

to occur in the case of the organomercuric halides:

lig. NH3

+ -
RHgX + 3 NHjz = RHg(NH3)3 + X

(RHgX = MeHgBi, EtHgCl)

liqg. NH3

MeHgT + 2 NH 5 > MgHgI (NH3)2

[MeHg (NH;) 317 [I(solvated)l”
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The formation of alkylmercuric halide complex anions was examined
using vibrational and NMR spectroscopy. Complex anions of type

[RHgXZ]_ were found to be formed with RHgCl (R = Me, Et, n-Pr,
n-Bu) , RHgBr (R = Me, Et, n-Pr, n-Bu), RHgI (R = Me, Et) and
MeHgSCN in benzene, chloroform, dichloromethane, THF and aceto-

nitrile, but not in methanol and water (144):

RHgX + E_—Bu4N+X_ > [n-Bu,N"] [RHgX, ]

Attempts to isolate such complexes failed. A monomeric structure
in which essentially linear R-Hg-X molecules weakly bond the

added ligand, 83, was suggested.

Infrared evidence has been presented for intramolecular

coordination between mercury and the C=0 group in mercurated

ortho—formylphenolé (145) : //Ph
(o] “b
/

X 0\9

(X = halogen, CH=0)

Electronic emission spectroscopy at 77°K has been used to

obtain evidence for the formation of contact complexes between
diarylmercurials and dioxygen (146). In these complexes it appears
that the mercurial is the acceptor, the Oé molecule the donor.
Other workers have found electron transfer from aromatic molecules

to dimethylmercury to occur via a triplet exciplex involving an

electronically excited aromatic species and two molecules of di-

methylmercury (147).
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9. STRUCTURAI. STUDIES OF ORGANOMERCURIALS AND RELATED COMPOUNDS

The gas phase molecular structure of (CF3)2Hg has been
determined by means of electron diffraction (148):

/f'é(*:m-loa.eo(o-z)
D
N \Fe\m 1.345 &

-

2.101(5)&

CFé Hg

X-ray diffraction was used in the structural investigation of
CF3HgN=C=0 (Fig. 2) and CF3HgNg (Fig. 3) (149). Both exist as

nitrogen-bridged dimers.

Fl)

Ft2

F(3}

Figure 2. Structure of Dimeric CF3HgNCO. From D.J. Brauer,
H. Burger, G. Pawelke, K.H. Flegler and A. Haas,
J. Organometal. Chem., 160 (1978) 389.

Grdenié has reported the structure cf C(HgCN)4-H20, as de-
termined by X-ray diffraction (Fig. 4) (150). This compound
‘'was prepared by the action of potassium cyanide on C(HgOAc), -
Also investigated have been the structures of the oxymercuration
products of norbornene, 84 (Fig. 5) (151) and aldrin, 85 (Fig. &)
(152) . Both of these compounds come from the oxymercuration of
strained olefins, so c¢is, rather than ﬁrans,_addition has occurred.
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Cl Cl1

Cl
HgC1 ClHg Cl.

OAc AcO,
Cl Cl

A

Figure 3. Unit Cell of Dimeric a—CF3HgN3. From D.J. Brauer,
H. Bﬁrger, G. Pawelke, K.H. Flegler and A. Haas,
J. Organometal. Chem., 160 (1978) 389.

OH,0)
frany 2
=

{vi)

Figure 4. The Unit Cell of Tetrakis (cyanomercuri)methane.

From D. Grdenié&, M. Sikirica and B. Korpar-Colig,
J. Organometal. Chem., 153 (1978) 1.
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Figufe 5. Molecular Structure cf 2-exo~(Chloromercuri)-—-3-exo-
acetoxybicyclo[2.2.1lheptane. From J. Halfpenny,
R.W.H. Small and F.G. Thorpe, Acta Cryst. B 34
(1978) 3077.

Figure 6. Molecular Structure of exo-6-Chlormercuri-6,7-
dihydro-exo-7-methoxyaldrin. From J.L. Atwood,
L.G. Canada, A.N.K. Lau, A.G. Ludwick and L.HM.
Ludwick, J. Chem. Soc. Dalton Trans. (1978) 1573.

The o-phenylenemercury prepared by reaction of 1,2-dibromo-
benzene with sodium amalgam in diethyl ether was shown by X-ray
crystallography to be the trimer, tribenzolb,e,h]l[l1.4.7Jtri-
mercuronin, Fig. 7. (153).
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A crystal structure of some interest is that of trans -di-p-
iodobis (triphenylphosphonium cyclopentadienylide)dimercufy
since solution spectroscopic studies did not unequivocally dis-
tinguish between possible ¢ or T coordination of the C5 ligand
ti mercury. In the solid state, the dimeric molecule is of the
n- type, as shown in Fig. 8 (154), with iodine bridges. In this

do Y

K Y

Figure 7. Structure of Tribenzolb,e,hl[l,4,7]trimercuronin.

(22}

Unit cell contents projected down a. From D.S.

Brown, A.G. Massey and D.A. Wickens, Acta. Cryst.
B 34 (1978) 1695. '

Figure 8. An ORTEP Plot of trans-Di-p-iodobis (triphenyl-
phosphonium cyclopentadienylide)dimercury. Only
the C atoms attached to P are shown for the phenyl
groups. From N.C. Baenziger, R.M. Flynn, D.C.
Swenson and N.L. Holy, Acta Cryst. B 34 (1978) 2300.

References p. 253
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molecule I(C-Hg) = 2.292(8) A. Also of interest is the crystal
structure of l-methylmercuri-2-chloromethyl-o-carborane (Fig.9)
(155) . NMR studies had suggested that there is an intramolecular
donor/acceptor interaction between Cl and Hg in solution (Federov
et al., 1970, 1971). In the solid state, the Cl----Hg distance
is 3.27(3) a, just about equal to the .-sum of the van der Waals
radii of €1 and Hg (3.3 A). This does not exclude a weak intra-
molecular Cl—Hg coordination, and the C-Hg-Cl angles (see Fig.
9) speak in favor of such bonding.

The solid state structures of several methylmercury (II)

derivatives have been determined.

[CH3Hg(NC5H5)]+ N03— (Fig.10) (156) , which is composed of

[CH3Hg(py)]+ cations with a linear C-Hg-N moiety and uncoordin-

ated nitrate anions.
[CH3Hg (3,3"-Me,~2,2'~bipy) 17 NO;~ (Fig.1l) (157). The cation
has a bent C(1)-Hg-N(1l) moiety. Weak interaction between Hg and

the oxygen atoms of No3 and between Hg and the second pyridyl ring
of the bipy ligané appears to be taking place.

Methyl (2-mexrcaptopyrimidinato)mercury(II), 86, in which there
is a strong interaction between mercury and one of the ring
nitrogen atoms, with d(Hg-N) = 2.83.A (Fig. 12) (158).

Figure 9. Structure of 1-Methylmercuri-2-chloromethyl-o—
carborane. From N.G. Bokii, Yu. T. Struchkov,
V.N. Kalinin and L.I. zakharkin, Zzh. Strukt.
Khim., 19 (1978) 380.
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o)

N2} o)

[o]¥2]

Figure 10. Structure of Methyl (pyridine)mercury(II) Nitrate.
Perspective view of the compound with thermal-
ellipsoids scaled to 50% probability. From R.T.C.
Brownlee, A.J. Canty and M.F. Mackay, Austral. J.
Chem., 31 (1978) 1933.

Figure 11. Stereoscopic View of the Structure of Methyl(3,3'-
dimethyl-2,2'-bipyridyl)mercury(II) Nitrate. The
relationship between Hg and the nearest nitrate
ion is shown. From A.J. Canty, N. Chaichit, B.M.
Gatehouse and A. Marker, Acta Cryst. B 34 (1978)
3229.
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Figure 12. Packing Diagram for Methyl (2-mercaptopyrimidanato)-
mercury (IIX). From C. Chieh, Can. J. Chem., 56
(1978) 560. '

NN
) =
CH4HgS NF

Methyi(L—tyrosinato)mercury(II) monohydrate, 87 (Fig.13), and
methyl (L—) 2—amino~4-phenylbutanato)mercury (IT), 88 (Fig.14)

(159) .
NH .
C02

In 87, Hg is coordinated to fyrosine through the amino group;
there are further interactions with a Coz— oxygen and the phenyl
ring. In 88, on the other hand, there is no Hg-aromatic inter-
action and there is both intra- as well as intermolecular Hg-0
bonding. The principal binding of the ligand to mercury is
through the amino group. )



Figure 13. Molecular Structure of Methyl(L-tyrosinato)-
mercury (II). From N.W. Alcock, P.A. Lampe and
P. Moore, J. Chem. Soc. Dalton Trans. (1978) 1324.

cao &) AN

Figure 14. Molecular Structure of Methyl (L— (2-amino-4~phenyl-
butanato)mercury (II). From N.W. Alcock, P.A.
Lampe and P. Moore, J. Chem. Soc. Dalton Trans.
(1978) 1324.

References p. 253
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o-Methylbenzoin methylmercurio (p—tolylsulfonyl)hydrazone, 89
(Fig.15) (160).

Me
|
QO —=—=8=—
N—N-—Hg—Me 89

MeOQO—CH—

A linear C—-Hg-N configuration is present. The Hg-O distances
(80, oxygens) of 2.89 and 2.93 A indicate the occurence of sig-
nificant Hg---:-0 interaction.

The structures of some phenylmercury(II) derivatives also
have been determined.

(11}

cui2s

C<i3)

<(29) c(z8; c@n

C(25) cCt26) C(30}

Figure 15. Molecular Structure of o-Methylbenzoin methylmer-
curi (p-tolylsulfonyl)hydrazone. From A. Medici,
G. Rosini, E.F. Serantoni and L.R. d4i Sanseverino,
J. Chem. Soc. Perkin Trans. I (1978) 1lio0.
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PhHgCN*o-phenanthroline (Fig. 16) (161).
four—-coordinate.

The mercury atom is

The C-Hg-CN angle (177 ) is very similar to
that in PhHgCN (176°).

The individual molecules are held to-

Figure 16. Molecular Structure of Phenylmercuric Cyanide—g-

phenanthroline. From A. Ruiz-Aamil, S. Martinez-—

Carrera and S. Garcia-Blanco, Acth Cryst. B 34
(1978) 2711.

Phenylmercury (IT) quinaldinate, 90, and two phases of phénylmer—
cury(II) oxinate, 90 (162).

In 90, dimeric units are present
(Fig. 17 and 18).

The two phases of 91 differ in how the mole-
culés are disposed in the crystal (Fig. 19 and 20).

J/ 7\

Ph-Hg — PhHg ——

+2 - -
[Mg, (OCH,CH,0CH3) ¢ (CH30CH,CH,0CH3) , 71 [Hg(S1i(CHy) ,C HZ) 3 5.
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Figure 17. Molecular Structure of the Phenylmercury (II)
Quinaldinate Dimer. View projected normal to
the plane of the ligand nearest the viewer
(black bonds), showing 50% thermal ellipsoids
and displaying the relative disposition of
the two molecules. From C.L. Raston, B.W.
Skelton and A.H. White, Austral. J. Chem., 31
(1978) 537.

This complex anion which contains three Hg-Si bonds shows trig-~

onal planar symmetry around the mercury atom, 4 (Si-Hg)=

2.516 R, average Si-Hg-Si angle = 119.8°(163). a¥§e complex was
prepared by the action of metallic magnesium on Hg(SiMezPh)2 in
1,2~dimethoxyethane. Solvent cleavage obviously occurred during
the reaction. ’

A few compounds of mercurf which do not contain Hg-C bonds
have been the subjects of structural investigations, but they
may be of interest to organomercury specialists and, therefore,

we mention them briefly.
CH3SHg02CCH3 Polymer (Fig. 21), CHBSHgOZCCH3-NC5H5 (Fig. 22)

and (Me3C5)4C14Hg4(C5H5N)2 (Fig.23) (164).

(Continued on p.245)
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Figure 18. Crystal Structure of Phenylmercury(II) Quinal-

dinate. Unit cell contents, projected along
b. From C.L. Raston, B.W. Skelton and A.H.
White, Austral. J. Chem., 31 (1978) 537.
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L P\ @pcm
: c(1)

Figure 21. Structure of CH3SHgO,CCH4 Polymer, projected
along b. From A.J. Canty, C.L. Raston and A.H.
White, Austral. J. Chem., 31 (1978) 677.

Figure 22. Crystal Structure of CH3SHg02CCH3 Monopyvridinate.
Unit cell contents, projected along a. From A.J.
Canty, C.L. Raston and A.H. White, Austral. J.

Chem., 31 (1978) 677.
(CF3C02)2Hg(C5H5N)2 (Fig.24) (165) and (CF3C02)2Hg(C5H5N)3

(Fig. 25) (166).

10. SPECTROSCOPIC STUDIES OF ORGANOMERCURIALS

A. Vibrational Spectroscopy

The IR and Raman spectra in solution (THF, CHZClZ, CDCl3
and C6
CC13) and of the solids have been studied. Complete assign-
ments of vibrational fundamentals were made (167). In solution
these compounds appear to be monomeric. Also investigated were
the vibrational spectra of CFyHgN4 and CF3HgNCO (149). Goggin
and Hurst (168) have presented the results of a detailed study

H6) of CF3HgX (X = cl, Br, I, CF3) and CCl3HgX (X = C1, Br,

of IR and Raman intensities of stretching vibrations'in HgX,
(X = Cl1, Br, 1), CH3HgX (Cl, Br, I) and (CH3)2Hg in solution

References p. 253
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asinf
Lol

Figure 23. Crystal Structure of (Me3CS)4Cl4Hg4(C5H5N)2-
Unit cell contents projected along c. From
A.J. Canty, C.L. Raston and A.H. White,
Austral. J. Chem., 31 (1978) 677.

and used them to estimate the charge distribution in CH3HQX and
HgX,. Mink and Goggin (169) have calculated force constants of
methylmercury compounds, CH3HgY (Y = CH,, C1, Br, I, SCH5, CN

and AsMe3+). Other workers have investigated solvation of ng2
and RHgX (X = Cl, Br, I) in liguid ammonia solution using Raman

spectroscopy (143). A single crystal IR study of HgCl2 and HgBr

2
has been reported (170).

IR and Raman spectra of CGHSHgY and CgPsHgY compounds (Y =
CGHS(CGDS)' Cl1, Br, I, CN, OAc) have been studied in detail (171).
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Figure 24. Perspective View of the Asymmetric Unit of Bis
(pyridine)mercury (II) Bis(trifluoroacetate). From
J. Halfpenny, R.W.H. Small and F.G. Thorpe, Acta
Cryst. B 34 (1978) 3075. '

Figure 25. A Unit of the Structure of Tris(pyridine)mercury
. {II) Bis(trifluoroacetate) Showing the Coordina-
tion Around Mercury. From J. Halfpenny and R.W.H.
Small, Acta. Cryst. B 34 (1978) 3758.

References p. 2563
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Mercury- chlorine sﬁretching frequencies of some polyfluorocaryl-

mercuric chlorides have been reported (86).

OZNC
SnPh

The aromatic ring and nitro group stretching vibrations in
H SMRn (172) and 02NC6H4OMRn (173) , including RnM = PhHg,

64
37 PbPh3 and SbPh4, have been shown to be useful probes of

the electron-donating capacity of the organometallic groups, R M.

The IR spectra of mercurated carboranes have been investigated

by two Russian groups (127, 174).

B. Nuclear Magnetic Resonance Spectroscopy

The following NMR studies have been reported.

lH, 13C, lggHg NMR spectroscopy of dimethylmercury, in con-
nection with the relativistic theory of nuclear spin-spin
coupling in molecules (175)

13C and 199Hg NMR spectra of diverse RHgX (41). Results
are given in Table 16.

l99Hg NMR study of CH3Hg(ID and Hg(II) in aqueous solution
(176)

19944 NMR study of 2- (L = py) and 3- (L = 2,2'-bipy)
coordinate [CH3HgL]+NO3_ compounds (177). The 199y4g
chemical shifts in the complexes are downfield from MeHgNO 4,
not upfield as stated in the paper: A.J. Canty, private

communication.
1y ana 199Hg NMR spectra of methyl-substituted benzyl-
mercuric chlorides (178). Here lg9Hg'shielc1ing constants

were used to obtain information on ¢ -7 conjugation in these
molecules. A
13C, 295i and
germyl mercury compounds (128).

lgF NMR studies of fluorophenyl-substituted mercurials (179):

199Hg NMR spectroscopy of diverse silyl and

FC H4CH=CHCH2HgCl, FC6H4C=CH2 . FC6H4HgCl

6
CH.,HgC1l
11,1 : 2
B-{ H} NMR spectra of C-mercurated carboranes (174).

C. RBlectron Spin Resonance Spectroscopy

ESR studies have served to characterize radical intermed-—

jates in the reactions of dialkylmercurials with sterically hin-

dered o-quinones. ESR parameters were given for 92 (R = Me, Et,

n-Pr, n-Bu, cyclo—CsHll, t-Bu and ¥ = H and t-Bu) (180).
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D. Nuclear Quadrupole Resonance Spectroscopy

A variable-temperature, variable-pressure NQR study of
diverse polychlorinated mercurials has been reported (181).
aAmong the compounds examined were the following:

1
ClHg H ¢ (R = Ph, PhCH,,
\c C/
= OH
/ \ gR CeH NMe )
H Ccl
cl
CC14HgR cl

(R = cCly, Ph, C1, Br) SHgR (R = -Ph)

RHgC6C15 c1
(R = C6C15' cl, Br, CH3)
c1
1
CIZ \ IR (R = c,Cl,, Cl, Ph, Cl, Br)
1
cl 1

E. Photoelectron Spectroscopy

A new hollow cathode lamp has permitted the measure-
ment of the Hg 5d5/2 spectrum of dimethylmercury with bettgt
resolution (182). Additional peaks not previously seen were
identified. As a result, the Hg 5d orbital energy-ordexing for
(CH3)2Hg was reassigned: wm > § > o. This new ordering retains
the implication that the Hg 54,2 orbital is involved in bonding.

Cradock and Duncan (183) have studied the photoelectron
spectrum of dicyclopentadienylmercury (prepared by reaction of
CgHgT1 with mercuric chloride in THF at -40°C). An interpre-

tation in terms of a peripherally-bonded structure was given.

(Continued on p.252)
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11. ANALYTICAL ASPECTS OF ORGANOMERCURY CHEMISTRY

Papers on the following topics are noted:

~ GLC determination of trace amounts of inorganic mercury by
conversion of Hg(II) to Ph,Hg by reaction with NaBPh4 (184) :

NaBPh, + 2 HgX, + 3 H,0 —————> 2 Ph,yHg + 3 HCl + NaCl + B(OH)4

(x = C1, NO3)

The PhyHg is extracted with toluene. Nanogram quantities of

Hg (IT¥) can be determined by this method.

- Molecular activation analysis for CHBHg(II). This
procedure was not successful in attempted application to
the species specific determination of methylmercury (II)
in fish (185). .
- Dithizone extraction of RHg(II) (R = Me, Et, Ph), i.e., the
distribution of RHg(II) between aqueous phases and
pure CCl4 or sgggtions of dithizone in CCl4 (186) .
- The use of CH, HgCl in analysis (187).

- The solubility of CH,HgCl and C,H-HgCl in water (188, 189).

12. MISCELLANEOUS

Miscellaneous items involving organomercurials include:

- Calculations of the stabilities of cis- and trans-ClCH=CH-
HgCl (190) )

- The use of CH3Hg(II) as a spin-orbit probe (effect of
complexing on the excited state of tryptophan, tryptamine
and benzimidazole) (191).

- The breakdown of organomercury compounds in agueous
solution (192).

- The sulfur-containing polymers which strongly bind Hg(II)
and CH;Hg(II): a brief review (193).

Finally, we note the commercial availability of highly
porous, water-insoluble polymeric amine-borane acrylic- and -
styrene-based resins which find application in the reduction: of
Hg(I), Hg(II) and CH3Hg(II) (194). The mercury obtained is

retained in the highly porous resin and may be recovered.



13.

9.

10.

11.

12.

13.

14.

15.

16.

7.

18.

19.

20.

263

‘REFERENCES

J.K. Rochi, "Organometallic Mechanisms and Catalysis",
Academic Press, New York, 1978, xvii + 623 pages.

R.C. Larock, Angew. Chem., 90 (1978) 28; Angew Chem. Int.
Ed. Engl., 17 (1978) 27.

O.A. Reutov, Pure Appl.Chem., 50 (1978) 717.

O.A. Reutov, Tetrahedron, 34 (1978) 2827.

D.L. Rabenstein, Acct. Chem. Res., 11 (1978) 100.
D.L. Rabenstein, J. Chem. Educ., 55 (1978) 292.

P.E. Brinckman and J.M. Bellama, ed., ACS Symposium Series,
82 (1978).

S. Al-Hashimi and J.D. Smith, J. Organometal. Chem., 153
(1978) 253.

D. Seyferth and S.C. Vick, J. Organometal. Chem., 144 (1978) 1.

A.N. Nesmeyanov, V.A. Blinova, I.V. Shchirina—ﬁingorn and
I.I. Kritskaya, Izv. Akad. Nauk SSR, Ser. Khim. (1977) 2345.

A. Mendoza and D.S. Matteson, J. Organometal. Chem., 152
(1978) 1.

P. Royo and R. Serrano, J. Organometal. Chem., 144 (1978) 33.

J.S. Thayer, Synth. React. Inorg. Metal-Org. Chem., 8 (1978)
371.

E.J. Bulten and H.A. Budding, J. Organometal. Chem., 153
(1978) 305. ’

M.H. Abraham and M.R. Sedaghat-Herati, J. Chem. Soc., Per-
kin Trans. II (1978) 729. ' )

H.-P. Abicht and K. Issleib, J. Organometal. Chem., 149

(1978) 209.
A.N. Nesmeyanov, E.G. Perevalova, L.I. Leont'eva, S.A.
Eremin and E.A. Zhdanova, Izv. Akad. Nauk SSSR, Ser. Khim.

(1977) 2557.
P.J. Craig and S.F. Morton, J. Organometal. Chem., 145

(1978) 79.

A.v. Rumohr and W. Sundermeyer, %Z. anorg. allg. Chem.,
443 (1978) 37.

F. Calas, P. Moreau and A. Commeyras; J. Fluorine Chem.,

12 (1978) 67.



254

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

33.

34.

35.

36.

37.

W.F. Cafroll, Jr. and D.G. Peters, J. Org. Chem., 43
(1978) 4633.

A.J. Fry and D. Herr, Tetrahedron Lett. (1978) 1721.

A.J. Fry, G.S. Ginsburg and R.A. Parente, J. Chem. SocC.
Chem. Commun. (1978) 1040.

"M.D. Rausch and R.E. Gloth, J. Organometal. Chem., 153

(1978) 59.

D. Seyferth and J.S. Merola, J. Organometal Chem., 160

(1978) 275.
J. Barluenga, F.J. Fananas, M. Yus and G. Asenso, Tetra-
hedron Lett. (1978) 2015.

J.M. Burlitch and R.C. Winterton, J. Organometal. Chem.,
159 (1978) 299.

D.M. Heinekey and S.R. Stobart, Inorg. Chem., 17 (1978} 1463.

H.D. Johnson, T.W. Hartford and C.W. Spangler, J. Chem.
Soc. Chem. Commun. (1978) 242.

V.I. Shcherbakov, I.K. Grigor'eva and 0.S. D'yachkovskaya,
Zh. Obshch. Khim., 48 (1978) 1148.

R.J. Lagow, R. Eujen, L.I. Gerchman and J.A. Morrison,
J. Am. Chem. Soc., 100 (1978) 1722.

R. Eujen and R.J. Lagow, J. Chem. Soc., Dalton Trans.
(1978) 541.

A.N. Nesmeyanov, E.G. Perevalova, 0.B. Afanasova, M.V.
Tolstaya and K.I. Grandberg, Izv. Akad. Nauk SSSR, Ser.
Khim., (1978) 1118.

A.N. Nesmeyanov and A.Z. Rubezhov, J. Organometal. Chem.,
164 (1978) 259. ’

R.C. Larock and M.A. Mitchell, J. Am. Chem. Soc., 100
(1978) 180.

J.K. Jawad and R.J. Puddephatt, Inorg. Chim. Acta, 31
(1978) L391. ’

V.V. Bashilov, V.I. Sokolov, G.Z. Suleimanov and O.A.
Reutov, Izv. Akad. Nauk SSSR, Ser. Khim. (1977) 2562.

0O.A. Reutov, V.I. Sokolov, G.Z. Suleimanov and V.V.
Bashilov, J. Organometal. Chem., 160 (1978) 7.

V.I. Sokolov and V.V. Bashilov, 2h. Obshch. Khim., 14
(1978) 1114.



40.

41,

42,

43.

44.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

G.K. Anderson and R.J. Cross, J. Chem. Soc. Chem. Commun.
(1978) 819. '

J.-Browning, P.L. Goggin, R.J. Goocdfellow, N.W. Hurst,
L.G. Mallinson and M. Murray, J. Chem. Soc., Dalton
Trans. (1978) 872.

J. Kuyper, Inorg. Chem., 17 (1978) 1458.

G.B. Deacon and A.J. Koplick, J. Organometal. Chem.,
146 (1978) cC43.

D. Seyferth, J.S. Merola and C.S. Eschbach, 3. Am. Chem.
Soc., 100 (1978) 4124.

R.C. Larock and J.C. Bernhardt, J. Org. Chem., 43 (1978) 710.

R.C. Larock, J.C. Bernhardt and R.J. Driggs, J. Organo-
metal. Chem., 156 (1978) 45.

R.C. Larock and B. Riefling, J. Org. Chem., 43 (1978) 1468.
R.C. Larock, B. Riefling and C.A. Fellows, J. Org. Chem.,
43 (1978) 131.

T. Arai and G.D. Daves, Jr., J. Am. Chem. Soc., 100 (1978)
287.

R.N. Butler, A.B. Hanahoe and W.B. King, J. Chem. Soc.,
Perkin Trans. I (1978) 881. .

R.N. Butler and A.B. Hanahoe, Chem. Ind. (London) (1978)
39.

R.J. Ferrier and R.H. Furneaux, Carbohydrate Res., 57 (1977)
73.

B. Giese and J. Meister, Angew. .Chem., 90 (1978) 636.

P. Hildebrand, G. Plinke, J.F.M. Oth and G. Schroder, Chem.
Ber., 111 (1978) 107.

J.B. Lambert, K. Kobavashi and P.H. Mueller, Tetrahedron
Lett. (1978) 4253.

M.K. Meilahn, D.K. Olsen, W.J. Brittain and R.T. Anders,
J. Org. Chem., 43 (1978) 1346.

C.W. Martin, P.R. Lund, E. Rapp and J.A. Landgrebe,
J. Org. Chem., 43 (1978) 1071.

'R.J. Wroczynski, L.D. Iroff and K. Mislow, J. Org. Chem.,

43 (1978) 4236.



256

59.

60.

61.

62.

63.

65.

66.

67.

68.

69.

70.

71.
72.

75.

76.

77.

78.

J. Escudie, C. Couréet and J. Satgé, Bull. Soc. Chim. France
IT (1978) 361.

V.I. Sokolov, V.V. Bashilov and O.A. Reutov, J. Organometal.
Chem., 162 (1978) 271.

Yu. S. Shabarov, S.S. Mochalov, T.S. Oretskaya and V.V.
-Karpova, J. Organometal. Chem., 150 (1978) 7.

J.A. Soderquist and K.L. Thompson, J. Organometal. Chem.,
159 (1978) 237.

S. Nishida, T. Fujioka and N. Shimizu, J. Organometal.
Chem., 156 (1978) 37.

Y. Senda, S. Kamiyama and S. Imaizumi, J. Chem. Soc.,
Perkin Trans. I (1978) 530.

H.C. Brown and W.J. Hammar, Tetrahedron, 34 (1978) 3405.
N.A. Belikova, S.A. Lermontov, T.I. Pekhk, E.T. Lippmaa
and A.F. Plate, Zh. Org. Khim.,b14 (1978) 884.

E.V. Skorobogatova, L.N. Povelikina and V.R. Kartshov,
Zh. Org. Khim., 14 (1978) 663.

S.V. Govindan and S.C. Bhattacharyva, Indian J. Chem.,

16 (1978) 1.

S.N. Suryawanshi and U. Ramdas Nayak, Tetrahedron Lett.
(1978) 4425.

T. Hosokawa, S. Mivagi, S.-I. Murahashi, A. Sonoda, Y.
Matsuura, S. Tanimoto and M. Kakudo, J. Org. Chem., 43
(1978) 719.

J. Barluenga, C. Najera and M. Yus, Synthesis (1978) 911.
A.J. Bloodﬁorth and M.E. Loveitt, J. Chem. Soc., Perkin
Trans. I (1978) 522.

A.J. Bloodworth and J.A. Khan, Tetrahedron Lett. (1978) 3075.
W. Adam, A.J. Bloodworth, H.J. Eggelte and M.E. Loveitt,
Angew Chem., 90 (1978) 216.

W. Adam and K. Sakanishi, J. Am. Chem. Soc., 100 (1978) 3935.
J.R. Nixon, M.A. Cudd and N.A. Porter, J. Org. Chem., 43
(1978) 4048.

D.K. Bates and M.C. Jones, J. Org. Chem., 43 (1978) 3775.

C. Battistini, P. Crotti, B. Macchia, F. Macchia and C.H.
De Puy, J. Org. Chem., 43 (1978) 1400.



79.

80.

81.

82,

83.

84.

85.

86.

87.

88.

89.

90.

91.

92,

93.

94,

95.

96.

97.

257

V.V. Razin and M.V. Eremenko, Zh. Org. Khim., 14 (1978) 1113.

S.N. Suryawanshi and U. Ramdas Nayak, Tetrahedron Lett.
(1978) 465. )

L.C. bamude and P.A.W. Dean, J. Chem. Soc. Chem. Comﬁun.
(1978) 1083. ‘

A.G. Milaev and O. Yu. Okhlobystin, 2Zh. Obshch. Khim.,

48 (1978) 469.

E.G. Perevalova,E.V. Shumilina and L.I. Leont'eva, Izv.
Akad. Nauk SSSR, Ser. Khim. (1978) 1438.

P.V. Roling and M.D. Rausch, Synth. React. Inorg. Metal.-—

Org. Chem., 8 (1978) 83.

R.N. Butler and A.M. O'Donohue, Tetrahedron Lett. (1978)
275.

G.B. Deacon and D. Tunaley, J. Organometal. Chem., 156
(1978) 403.

T.B. Patrick and T.-T. Wu, J. Org. Chem., 43 (1978) 1506.

M.A. Kazankova, I.G. Trostyanskaya, T.Ya. Satina and I.F.
Lutsenko, Zh. Obschch. Khim., 48 (1978) 301.

T. Izumi and S.I. Millexr, J. Org. Chem., 43 (1978) 871.

E.K.S. Liu and R.J. Lagow, J. Organometal. Chem., 145 (1978)
167.

J. Barluenga, A. Ara, G. Asensio and M. Yus, Anal. Quim.,
74 (1978) 455.

J. Barluenga, J.M. Concellon, A. Ara, G. Asensio and M.
Yus, Anal. Quim., 74 (1978) 785.

J. Barluenga, J.M. Concellon, G. Asensio and M. Yus,

Anal. Quim., 74 (1978) 512.

V.V. Bashilov, V.I. Sokolov and O.A. Reutov, Izv. Akad.
Nauk SSSR, Ser. Khim. (1978) 108l. '

A.J. Bloodworth and R.A. Savva, J. Organometal. Chem., 152
(1978) C29.

P.L. Yadav, V. Ramakrishna and N.XK. Jha, Indian J. Chem.
A, 16 (1978) &23. )

S. Uemura, A. Toshimitsu, M. Okana, T. Kawamura, T.
Yonezawa and K. Ichikawa, J. Chem. Soc., Chem. Commun.
(1978) 65.



258

98.

99.

100.

lo01l.

loz2.

103.

104.

105.

106.

107.

lo08.

109.

110.

113.

1i2.

113.

114.
115.

116.

E.V. Uglova, Yu. K. Grishin and O.A. Reutov, Izv. Akad.
Nauk SSSR, Ser. Khim. (1977) 2478.

R.A. Jackson and D.W. O'Neill, J. Chem. Soc., Perkin Trans.
II (1978) 509.

G.A. Razuvaev, S.F. Zhil'tsov, V.A. Sokolova, L.M. Maza-
nova and Yu. D. Semchikov, Dokl. Akad. Nauk SSSR, 239 (1978)
106. _

M. Jawaid, F. Ingman, H.H. Liem and T. Wallin, Acta. Chem.
Scand. A, 32 (1978) 7.

M. Niitsu, T. Manri and N. Iritani, Bull. Chem. Soc. Japan,
51 (1978) 2165.

K. Stanley, J. Martin, J. Schnittker, R. Smith and M.C.
Baird, Inorg. Chim. Acta, 27 (1978) L1ll.

M. Jawaid, F. Ingman and D.H. Liem, Acta. Chem. Scand. A,
32 (1978) 333.

M. Jawaid, Talanta, 25 (1978) 215.

A.V. Fokin, V.A. Komarov, A.F. Kolomiets, A.I. Rapkin
and T.M. Potarina, Izv. Adad. Nawuk SSSR, Ser. Khim. (1978)
707.

S.D. Morse, K.A. Laurence, G.H. Sprenger and J.M. Shreeve, J.
Fluorine Chem., 11 (1978) 327.

R.J. Bertino, G.B. Deacon and J.M. Miller, Austral. J.
Chem., 31 (1978) 527.

A.J. Canty, R. Kishimoto and R.K. Tyson, Austral. J. Chen.,
31 (1978) 671.

A.J. Canty and R.K. Tyson, Inoxrg. Chim. Acta, 29 (1978) 227.

O.A. Reutov, V.I. Rozenberg, V.A. Nikanorov and A.3%. Kreindlin,
Dokl. Akad. Nauk SSSR, 239 (1978) 1371.

R.C. Thapliyal and J.L. Maddocks, J. Chromtog., 160 (1978) 239.
D.L. Rabenstein and C.A. Evans, Bioinorg. Chem., 8 (1978) 107.

A. Haas and M. Lieb, Chem. Ber., 111 (1978) 2891.

Y. Sugiura, Y. Tamai and H. Tanaka, Bioinorg. Chem., 9

(1978) 167.

N.S. Dance and C.W.H. Jones, J. Organometal. Chem., 152 (1978)"
175.



117.

1i8.

119.
120.

121.

122.

123.

124.

125.

12s.

127.

128.

129.

130.

131.
132.

133.

134.

259

I. Sarraje and J. Lorberth, J. Organometal. Chem., 146 (1978)
113.

A.J. Canty, M. Fyfe and B.M. Gatehouse, Inorg. Chem.,
17 (1978) 1467.

A.J. Canty, private communication.

A.M. Khmaruk, T.V. Kovalevskaya and A.M. Pinchuk, Zh.
Obshch. Khim., 48 (1978) 625.

P. Perxinger, 2. Naturf., 33b (1978) 1091.

D.N. Kravtsov, A.N. Nesmeyanov, L.A. Fedorov, E.I. Fedin,
A.S. Peregudov, E.V. Borisov, P.O. Okulevich and S.A.
Postovoi, Dokl. Akad. Nauk SSSR, 242 (1978) 347.

V.I. Bregadze, V.Ts. Kampel', A.Ya. Usyatinskii and N.N.
Godovikov, Izv. Akad. Nauk SSSR, Ser. Khim., (1978) 1467.

V.I. Bregadze, V.Ts. Kampel', A.Ya. Usyatinskii and N.N.
Godovikov, J. Organometal. Chem., 154 (1978) Cl1.

L.Y. Zakharkin and I.V. Pisareva, Izv. Akad..Nauk SSSR,
Ser. Khim. (1978) 1226.

V.I. Bregadze, V.Ts. Kampel' and N.N. Godovikov, J. Organo-—
metal. Chem., 157 (1978) Cl; Izv. Akad. Nauk SSSR, Ser. Khim.
(1978) 1951.

L.A. Leites, L.E. Vinogradova, V.I. Bregadze, V.Ts. Kampel'
and A.Ya. Usiatinsky, Inorg. Chim. Acta, 31 (1978) L467.

T.N. Mitchell and H.C. Marsmann, J. Organometal. Chem., 150
(1978) 171.

R.J.P. Corriu, G.F. Lanneau, D. Leclerqg and D. Samate, J.
Organometal. Chem., 144 (1978) 155.

M. Ziebarth and W.P. Neumann, Justus Liebigs Ann. Chem.
(1978) 1765.

W.P. Neumann and F. Werner, Chem. Ber., 111 (1978) 39b4.

K. Reuter and W.P. Neumann, Tetrahedron Lett. (1978) 5235.

E.N. Gladyshev, P.Ya. Bayushkin and V.S. Sokolov, Izv.
Akad. Nauk SSSR, Ser. Khim. (1278) 685.

0.A. Kruglaya, L.I. Belousova, N.P. Aktaev, G.A. Sokol'skii
and N.S. Vyazankin, Izv. Akad. Nauk SSSR, Ser. Khim. (1978}
2800.



260

135. 0.A. Xruglaya, L.I. Belousova and N.S. Vyazankin, Zh. Obshch.
Khim., 48 (1978) 1430.

136. L. ROsch and W. Erb, Angew. Chem., 90 (1978) 631.

137. G.A. Razuvaev, V.N. Latyaeva, L.I. Vyshinskaya, A.V.
Malysheva and G.A. Vasil'eva, Dokl. Akad. SSSR, 237 (1977)
605.

138. M.N. Bochkarev, N.I. Gur'ev and G.A. Razuvaev, J. Organometal.
Chem., 162 (1978) 289.

139. D.P. Graddon and J. Mondal; J. Organometal. Chem., 160 (1978)
377.

140. D.P. Graddon and J. Mondal, J. Organometal. Chem., 159 (1978)
9.

141. I.S. Ahuja, R. Singh and C.P. Rai, J. Cocord. Chem., 8 (1978)
117.

142. D.J. Gardiner, A.H. Haji and B.P. Straughan, J. Mol. Struct.,
49 (1978) 301.

143. D.J. Gardiner, A.H. Haji and B.P. Straughan, J. Chem. Soc.,
Dalton Trans. (1978) 705. i

]44. P.I.. Goggin, R.J. Goodfellow and N.W. Hurst, J. Chem. Soc.,
Dalton Trans. (1978) 561.

145. L.M. Epshtein, L.D. Ashkinadze, L.S. Golovchenko, V.M.
Pachevskaya and D-N. Kravtsov, Izv. Akad. Nauk SSSR, Ser.

Khim. (1978) 1300.

146. A.V. Shabanov, V.A. Kuznetsov, A.N. Egorochkin, S.F.
Zzhil'tsov and G.A. Razuvaev, Dokl. Akad. Nauk SSSR, 239"
(1978) 617.

147. E. Vander Donckt and C. Von Vooren, J. Chem. Soc., Faraday
Trans. I, 74 (1978) 827.

148. H. Oberhammer, J. Mol. Struct., 48 (1978) 389.

3149. D.J. Brauer, H. Bﬁrger, G. Pawelke, K.-H. Flegler and
A. Haas, J. Organometal. Chem., 160 (1978) 389.

Pl

150. D. Grdenic, M. Sikirica and B. Korpar-Colig, J. Organometal.
Chem., 153 (1978) 1.

151. J. Halfpenny, R.W.H. Small and F.G. Thorpe. Acta. Cryst. B,
34 (1978) 3077.

152. J.L. Atwood, L.G. Canada, A.N.K. Lau, A.G. Ludwick and L.M.
Ludwick, J. Chem. Soc., Dalton Trans. (1978) 1573.



153.
154-
155.
156.
157.

158.

159.
160.
161.
162.
163.
164.
165.

166.

le67.
le68.
169.
170.

171.

261

D.S. Brown, A.G. Massey and D.A. Wickens, Acta. Cryst. B,

34 (1978) 1695.

N.C. Baenziger, R.M. Flynn, D.C. Swenson and N.L. Holy, Acta
Cryst. B, 34 (1978) 2300.

N.G. Bokii, Yu. T. Struchkov, V.N. Kalinin and L.I. Zakharkin,
Zh. Strukt. Khim., 19 (1978) 380.

R.T.C. Brownlee, A.J. Canty and M.F. Mackay, Austral. J.
Chem., 31 (1978) 1933.

A.J. Canty, N. Chaichit, B.M. Gatehouse and A. Marker,

Acta Cryst. B, 34 (1978) 3229.

C. Chieh, Can. J. Chem., 56 (1978) 560.

N.W. Alcock, P.A. Lampe &and P. Moore, J. Chem. Soc.,

Dalton Trans. (1978) 1324.

A. Medici, G. Rosini, E.F. Serantoni and L.R. di Sanseverino,
J. Chem. Soc., Perkin Trans. I (1978) 1110.

A. Ruiz-Amil, S. Martinez-Carrera and S. Garcia-Blanco,

Acta Cryst. B, 34 (1978) 2711.

C.L. Raston, B.W. Skelton and A.H. White, Austral. J.
Chem., 31 (1978) 537.

E.A. Sadurski, W.H. Ilsey, R.D. Thomas, M.D. Glick and
J.P. Oliver, J. Am. Chem. Soc., 100 (1978) 7761.

A.J. Canty, C.L. Raston and A.H. White, Austral. J. Chem.,
31 (1978) 677.

J. Halfpenny, R.W.H. Small and F.G. Thorpe, Acta Cryst.
B, 34 (1978) 3075.

J. Halfpenny and R.W.H. Small, Acta Cryst. B, 34 (1978) 3758.
P.L: Goggin, R.J. Goodfellow, K. Kessler and A.M. Prescétt,
J. Chem. Soc., Dalton Trans. (1978) 328.

P.L. Goggin and N.W. Hurst, J. Chem. Res. (1978) (s) 388,
(M) 4713.

J. Mink and P.L. Goggin, J. Organometal. Chem., 156 (1978)
317. .
D.M. Adams and D.J. Hills, J. Chem. Soc., Dalton Trans.
(1978) 776.

P.L. Goggin and D.M. McEwan, J. Chem. Res. (1978) (S5) 171;
(M) 2253.



262

172.

173.

174.

175.
176.

177.

178.

179.

180.

181.

182.

183.

184.
185.

186.

187.
188.
l89.

190.

L.M. Epshtein, V.L. Beloborodov, L.D. Ashkinadze, E.M.
Rokhlina, S.I. Pombrik, D.N. Kravtsov and L.A. Kazitsyna,
J. Organometal. Chem., 162 (1978) Cl.

L.M. Epshtein, V.L. Beloborodov, L.D. Ashkinadze, L.S.
Golovchenko, V.M. Pachevskaya, D.N. Kravtsov and L.A.
Kazitsyna, J. Organometal. Chem., 162 (1978) C5.

V.I. Stanko, V.V. Khrapov, T.V. Klimova, T.A. Babushkina and
T.P. Klimova, Zh. Obshch. Khim., 48 (1978) 368.

J. Jokisaari and K. Raisanen, Mol. Phys., 36 (1978) 113.
J.L. Sudmeier, R.R. Birge and T.G. Perkins, J. Mag. Reson.,
30 (1978) 491.

A.J. Canty, A. Marker, P. Barron and P.C. Healy, J.
Organometal. Chem., 144 (1978) 371.

Yu. A. Strelenko, Yu. G. Bundel', F.H. Kasumov, V.I. Rozen-
berg, 0.A. Reutov and Yu. A. Ustynyuk, J. Organometal. Chem.,
159 (1978) 131.

S.P. Gubin, Z2.A. Rubezhov and L.I. Voronchikina, J. Organo-—
metal. Chem., 149 (1978) 123.

E.N. Gladyshev, P.Ya. Bayushkin, G.A. Abakumov and E.S.
Klimov, Izv. Akad. Nauk SSSR, Ser. Khim. (1978) 176.

G. Wulfsberg, R.J.C. Broﬁn, J. Graves, D. Essig, T. Bonner
and M. Lorber, Inorg. Chem., 17 (1978) 3426.

L.L. Coatsworth, G.M. Bancroft, D.K. Creber, R.J.D.
Lazier and P.W.M. Jacobs, J. Electron. Spec., 13 (1978) 395.

S. Cradock and W; Duncan, J. Chem. Soc., Faraday Trans. II
(1978) 194.

V. Luckow and H.A. Russell, J. Chromatog., 150 (1978) 187.

J.-P. Schmit and D.R. Wiles, Can. J. Chem., 56 (1978) 1956.

J. Stary, K. Kratzer and J. Pragilové, Anal. Chim. Acta,
100 (1978) 627.

D.C. Stuart, Anal. Chim. Acta, 96 (1978) 83.
K. Tajima and F. Kai, Chem. Lett. (1978) 201.
K. Tajima and F. Kai, J. Chem. Eng. Data, 23 (1978) 234.

D.A. Bochvar and Yu.A. Borisov, Izv. Akad. Nauk SSSR, Ser.
Khim.- (1978) 1166.



263

191. P. sSvejda, A.H. Maki and R.R. Anderson, J. Am. Chem. Soc.,
100 (1978) 7138. -

192, B.J. FParey, L.A. Nelson and M.G. Rolph, The Analyst, 103
‘(1978) 656.

193. G.A. Nyssen and M.M. Jones, Chem. Tech., 8 (1978) 546.

194. "AMBORANE Reductive Resins”, data sheet, Alfa Division,
Ventron Corp.



