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SOME ASPECTS OF ORGANOMETALLIC CHEMISTRY 
NONTRANSITION METALS 

OF 

conditjons but hove sul?i&~y bigb reactivity. !ikmJdIy, 
the syntbctic mew for organomercurial8 are well 
dCVCbpCdlUd8WidGlWgCOftiKWCOUlpOUlldSlUC 

avaikbk. Finally, the optkaily active organic derivatives 
~~~~rn~~~~~~cC 
atoat)makapossi&tbtsialultancous~yofkiIletis 
andsheochhtxyofthemodelreacths. 

Tbemainre@uitksof&ctqMic~onata 
‘~Catomw~formulatedtlpughtheemploy- 

oqpWeu= and predomilmn* organomer- 
cwy coqowh. Nowadays, various orgarmmetaliic 
CompWnh, incll&Q organic dexhtives of transition 
metalrcumewitbhthescopeofttaxestltdies. 
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Ibe stereoc&!mistry of tbe electrophilic substitution, 
~~ns~~a~c~~~~~ 
exchrage of da- and trans - 2 - methoxycyclobtxyl- 
mcrcmy chloride.’ ‘Ibe reacths were conducted in 
dioxa&acetune,andi.Wbut4.Rctentionoftbc~ 
cQ~wasobservediaeveryawe: 

Q 

+I+* zzzzz + HgClz 

ctt,o HGCI 

+ki9ci, 

H9Cl 

H9Cl 

V VI 

CHSCH2 HCH3 
‘i 
HgBr 
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Itwasfoundthatthco-mercmotedoe 
undergo isotope exchange with %g4abe&d muauk 
halide lllldcr mild conditiorIs (2p, organic Solvents). l- 
~pi.tc0yi0~ (VI) is an exccpth Ihe 
rWainhg WgammlL?rcuiM require more energ& 
copditioIls (6%UP). Ttic rca&ity dccreM5 ia the 
0Nk.c I>~>~>~>V>~~~* 

The reactiona of the Q-mcrcumtcd oxo-cmnpounda arc 
ahlyxed by acids and base?. ‘%_~~~1$l88$ 
evidently due to a0 ifWachm 
the CO oxymns, resulting in a wchniajj of the GIQ 
bon&x 

lIebauesacc&ratetbcreacthubynolvat@theYg 
atoms of tile orsanomenrrry compoomls,whicbatso 
weakens the C-IQ IiakagM. 



ofthegreatestiotere3t.Asolventofthiskiodshauld 
have a bw pokrity and should have no free ek.ctroo 
pairsandllo&trondetlcit.UnforMately,theabove 
NM&iOnSUlUldnotbe8tUdkdinhMthydrocubons 
whkll do not have Pekctrons (hexane, cyclohexsne), 
beceusetherea&nts ~~y~~~~h 
~~.~~~n~~~~l~ 
tobenxeoe,whkhisrweakekctrondonorowillgtoits 
aromatic r-sy8tem. On the other ha& it was also inter- 
esting to perform the reaction in strongly polar, strongly 
ionixing media, and in strong complex-farmers haviog a 
~c~*~~~~c~~of~ 
~eo~,~~~~,kd~~~~~~i- 
tiv’@ Of Q-UICti fi!%ters to CVCKI Weak acids. 

The followiag solvents were finally tried: pyridine, 
dimethylformamide, aqueous dioxan, nitronlethlule, 
benxcne, aqueona etbano& and dimethyl sulphoxide. 

Inpyridine,DMF,aqueonsethanol,aadbenzeoethe . ‘ 
biinohb Thevaloesofk~obtainedat 

~~ ~~.~e~ fouod from the 
&mpeMEe cu&cient of the reaction rate between 5oD 
and8CParelktedinTabk1. 

The kioetic effects of aonle sub!&ituents Y were stu- 
dkd ill pyridine. It was found that halogen substiu!nts 
accekrate, end alkyl subs&ents retard, the above rea4F 
tion: Br>P>H>CH,>t-c& 

Itk~v~~~~~~~~~~ 
~r+isadincUy~~nt.Itiakmownthetpyri- 
dine complexes are formed very readily with various 
metalbalides,particuMymercuricsalts,bymeansofa 
dativebonddire&dfr0mthenitrogentothemetalatom. 
Thcrec.anh8rdlybeaIlydoubtthatinthepre!4enceofan 
CX~S~P~~~V~~~~~ 
bromide exists in the form of a pyridine complex, which 
isanelectrophifc~dItisalso~~~osumetbat 
the orgnnom compound too is solvated by pyridine 
molecuks. Such sol&on should fa&ate fission of the 
c-HgbondandincrMse the nuckophilic character of 
the attackal carbon atom. 

->+I + C,N,N: \? - -,c -M---: NC,H, 

The positive effect of the salvation of mercuric bromide 
is kss easy to interpret. It is known that additions of 
pyridine to other solvents, for example dioxan, will ac- 
~l~~ex~.~~~y~~~by 
~~ofa~f~rna~of~~~ 
the Hg atom in the orgnuomercury compound, i.e. by 
formation of a closed transition state: 

flr.18 
HHb. 

~Bka~~~,~~e~p~. 
IBthkcaSeitplaybepOStUUitlMt&hllUghtbc 

ekc4rophilic power of meruJric bromide io the pyridioe 
compkxkreduce4theactivityofmercurkbro~as 

-0wingtop&MiOllOftbeI@-& 
L%h fa&atea auckopb& coordbmtbo of a 

iiF= 
6.60 16.3 -255 
1.41 16.1 -2!u 

80464ethml 6.18 u.1 + 7.6 
0.79 cloq 

R-tig- Br 

54 
r b- 

* /Jr 
C,H,N----Hg 

\ 
8r 

Itshonldbenotedthattherepresentationofthetran- 
sitionstatei8nixesaarilyschematic,anddoesnot 
preteBdto4kcttheactualstoic&metrywithnspactto 
ihecomponentB.IfacertainnomberofmokcuksofB 
are bound more strongly than others, we should observe 
ap~~~~~~~B* 

othm+ we may expect that at solllciently smell 
COoU&aMtSOfBthenoctionretewillilKR%Sewith 
&eaaingccraccntrrtioaofthi8rcagent.S6iprobkm 
wasthesubjectofdiscu8aionbetweenIogoldand 
Ho&-“‘” on one side, and Swain,” suppo&d by 
Wmstein,” on the other. So far, the question remains 
apen* 

Direct co&m&ion of the fern of a compkx 
between HgBrz and an ekctrondonnting solvent, and 
co&nMbnofthef~thatthiscomplexismorereac- 
tiVCthllthCO&&ldUMCUiC bromide, was obtained by 
study& the isotope exchange in Dli4F.I 

2.t.z BcU ti *&ne?cluJ d#flnlt&b?s QIUL 
~&~~~& ~~exc~~~ 
in ethanol: 

where 

Alk=Me, X=Br, NOS, OAc 
AK= see-Bu; X-OAc, NO, 

was studkd by Ingold et uL’~” 
Kin& studks showed that the isotope exchange oc- 

cursinallcasesinasingkstepbydirectintemction 
between the reagents. With overall second &r, the 
orderwithrespecttoeach compooeatwE3equelto1. 

From stereochemical studks of the process, carrkd 
out 011 the opti&ly active s-butylmercmy acetate 
sllbaeq-tly converted into bromide, it wan found the 



various systems I&H&H& attempts wcrc made to 
solve the probkm whether tbe tra&ioo state is open 
(!M mecha0ism) or cyclic (SaZi: 

fomsrd the idea of oh a0d two-&lo 
cataW1c” (WeakoRep.7). 

u0dertbeco&ialsofone&o0 catalysistbetnul- 
sitLmstateisfonnedbyL0mkcukoftbeo~- 

ItwasfouPdthatthereactkmmterisessharplywith 
i0creasi0g ionic chars&r of tbe *x bo0d, i.e. 00 
passing from halides to acetates a0d nitrates (Tabk 2). 

ne rollo* para0leters of the Arrb&ls cqMtio0 
werede&rmi0edfromtbesedatafortbenWio0d 
q ethylmercmy bromide: E- - 19.8kWuok aad 
log 4 = 7.7.00 the basis of the results tbc au&on tend 
to favow the 0o0-cyclic form of the tn&tioo state (!&2 
mechanism) and reject the possiMity of add&ml 
coordination of tbe anion to mercury. However, it is 
unckarwhysatchcoo&atio0doesoottakepkccin 
cascswheoitwouldbepossii,e.g.withtbehalides. 

wbmtheMeladkalisn?pkcodbys-Butheroactioo 
ratedecreasesbyafactorofwmthpnlO.’I%e~ 
i0terestillg nWlts were obtained i0 tbe st0dy of the 
i0lIue0ceofsalteffectsootberateoftbereactio0.Itwas 
found that lit&n 0itrate exerted a ‘hormal” salt effect, 
snd in two systems MeHgBr-H&z pnd s-BuHgOAc- 
Hg(OAch the logariti of the rate co0sWt varied 
li0early with the conccotratio0 of the lithimn 0itrate 
added. Ibe positive salt effect shows thet in both rcac- 
tioostbetra0sitioostatcismorepokrtha0thestarti0g 
one;the~erenceinpolarityies~erintbecaseof 
theac&tes,aodtheobsewedeffectoftbeaddedsaltis 
correspondi0gly s0lalkr i0 this system. 

The authors b&eve that all tbcse facts are easier to 
reconcile with a0 open than with a closed trmitioo 
state,butitshouldbeootedthatifthestructurcofthe 
tra0sitioo state were i0 fact open, o0e should expect a 
much stnmger effect by addition of water than is actually 
observed. Thus the addition of 10 ~01% of water to the 
ethanol accekrated the isotope exchange of methyl- 
mercury bromide with mercury bromide by a factor of 
only 1.8. 

However, the effect caused by tbe add&m of bromide 
io0sisfm&neotallydiffere0tfro0ltbeusunlsaltedted, 
aad may be regankd as crtalytic. For exrrmpk, the 
additk0ofa0equi0lokcularco0ce0bntio0ofIiBrto 
the system MeHgBr-HgBr&tOH resulted in almost 
hundredfold acce4eratioo. 

nespe&actio0ofthealkalil&lhalidesk 
evidently due to the ability of haloge ions to coordinate 
to the mercury. Acc&i0g to the &r’s hypothesis, 
cumpkxes of two tyl~--HG- and RHpx--take part 
htllCM&lltIdilltllCSliSiDgkUbdbIlStatethe 
hfdogco anilnlS form a “briW between two Hg atoms. 
Depe0d@ 011 the relative uMlceotratio0 of the excha0& 
i0gMcta0tsaBdthecatalysthalidesal&tbereactko 
mixture will contain only HgX3- or both HgIG- and 
RHgX-,andeitheromortwoanionswinbepresentin 
the transition state. 00 the basis of this, tbe authors pot 

L .J L J 
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hlthCauthors’SClpiniw,theh8bgCllanions~bamd 
morcStmnglyinthetranJitioostatcthDninthestartiDg 
reacta0ts,becawetbeyareheldnotbyonebutbytwo 
atomsofHg.Asaresultofagai0ine0ergyduetothe 
formatioa of a cyclic tra0si& state u0der catalytic 
a the rate of the isotope exchaltgc is sharply 

Howevcq this argument doea not exclu& the possi- 
bilityofasecopdhypotbe+,namely~~re&io0is 
ac$r&ow~d asyk W of GI$J 

lacnasestbeOIK!kUphilE 
.chncteroftbes&rateandtbete0dency~oftbcelec- 
tmphilicrc!agc0ttowardsouc4eophiliccoo&la&. 

3.1 Tlw-auylcWhangu 
ExchUlges between two oqmWMWiM, of the type: 

RHgX+R’&~R&X+R’HgX 

have so far bceo stulied in a limited number of 
examples. 

Thus Reutov d ial.= rqmted some results 00 the 
excha0ge of amHg-kMkd pheoylmercury bromide with 
ethyl a-bro~ylaa?t& i0 pyridi0e: 

c6H&r+c&cHocooc&= 

C.&IWr+CWJCH(He&)COCGH~ 

Iherea&misofoverallseco0dorder(fIrstorderwith 
respect to each component), with &= 
4.4x lo-‘l/moksec at W. The activatio0 energy is 
12 kcal/mok. 

A0otber example of this type of reaction is the ex- 
cha0ge between phenybnenury chloride and p - 
diowthylaminopheoyhermy chhxide io tolueoe at 30”. 

RWHgCl+(CH&WI&l~ 

RCdU&l+(cIt~GH4H.@ 

‘I%eoveraIIorderisequaIto2,buttbeparUorders 
OIL each reacta0t are fra&mal, imlicatbtg a complex 
~harac of tbe reaction. It shou!d bl” noted that P- 

ykmmopheayhnercnrychlondenveryunstable 
a0ddecompoces ~yatafairlympidratewith 
&eraGalof0letallicmera0y. 

The0atnreofsubstiW0ti0tbepcvapceitioooftbe 
be0xe0eri0#i0phe0yh0ercurychloridehasastro08 
i0Uuemzo0therea&mrate.Tlmsift+substitueotisa 



OI&glWpthCCqUiIiiiSCS~WithiOSObwr, 
whileioihacaluoftbee4hoxycarboo~ 
cxmpomdtheexchaogeproceedstotbeextcntofoldy 
396afk6hr.‘Ibe&ctofthesubstitWntaRoOtherate 
of exchange deaease SiOtIEofdW 

bko>Ii>Cl>CooEt. 

lkOatureoftheaOio0wasfoundtohaveastro0g 
iO&IK!c:thll!Jtbchatf-pariodoftheexchaO#cwas 
3#)minforthechkridesat709,andinthecaseofthe 
acetates the equiIii was UXnpkte after less tha0 
sOli at W. when the phenyhnercury halide was 
repjacedbyallylmacoryWtle,theisotopic~ 
wits established almost iOstaOtaOeously.2’ 

cH~-CH2Ha?i+Me2N~* 

No other reports have as yet appeared on this type of 
botoPeexchange,probaMyowipemaintyto~aP 
pre&bled&uItkiOseparatiooofthereactaOts.The 
reactioOs studied iOvolved oranomerany cumpoutxts the 
separation of which presental M) partic& di5adties. 

Twealkyl exchanges are interest@ from the point of 
view of the stncture of the tra0sitioo state. If we assume 
that a closed 44nembered transition state appears i0 a 
biilccular reaction, we must choose between structures 
IaodII 

/ 

“g \ \ 
I?, ‘\R 

\ \ 
/ 

‘tig 

i 
II 

%ucturcI,inwhichthehalogeoiscoonkatcdtothe 
Hg atom, alul which is post&&d for oOe-alkyl ex- 
&aOgG3,doesOot&adtothep~oftbeexchaage. 
If, however, we assume a tra0sW0 state with a0 akyl 
briQe (coordiOa&m R+H& we should expect reactions 
ofthistypetoocw,withgreaterdilkdtythaOone4kyl 
a0dUuee4ylex~.Thisprobkmmustbcstndied 
for a series of related compounds, i.e. we must compare, 
for example, the rates of excha0ge i0 systems RHgX- 
R’HsxaOdR2HlPRHG 

ZYthcSP 

2RHgx. W+Hex2 

aOd the reverse reaction!3 (_OatkXls): 

RJie+HgX,~2RHgX. 

3.1.1 symmetrfiotionr of oQWW=aU 
cOmpoIuldY. The symmetrkatioo of 0rgaMmlaKWy salts 
uOdertheiOkO~of aOm&awastkurstsE2rcac= 
tioOtobesubjecWdtosimultaOeouskiOctkaOdstere4k 
cbeOlical studies.- 

m~bemltrywasstldiedoothesym- 
olhxathofdkstaeoi l40ethyla-ti 
mrauipbaykMatcawithrmmonro * illdhrofoml.pIn 
tbeymmetriutionof~~(l)with[a]~= 
-86”tbeproductirtbeonlyisomsrofthet~ 
VW compound clmmchd by [al:-2, 
whichisrcco0vertali0totkor&kaldiiisomeri0 
the presence of a~ equimokular amount of HBr or 
HgBn. The sy0unekatioo of diastereoisomer (II), 
chnct&ed by [a]b’= -$9D, kd3 to almtber+uld 
again tk only possible one4ymmctricd orga0omercury 
c5mpoUOd with [a]:= -8”. which is reconverted into 
the original diastcreoisomer (II) under i06ue0cc of HBr 
or HgBn. 

HBr 

R 

I?> 
NH,(CHCI,) 

d: 
- HgBr 

$36’ Hg6rz 

, 
1 

HBr 

NH, KHCI,) 
* 

R 
Wrt R R 

R&-HgBr - 

k 

R*&-Hg-C:R’ 

d R” 

&9* 
D 

I;I L-B’ 

II 

These result.8 show that sylooletlidoo of 
ormury satta which represent ebzctrophik 
sub&utiooatasatun&dCatom,proceedswithrete0- 
tioooftbecoOt@a& 1tOuLyalsobeconcludedthat 
the reverse real&O, ic. the react&l of symOletrical 
orgWmWcWycoOlpWKlswithOWurichal&!3, 
Mlarly pnxeods witb ret&o0 of cDO&uE&o. 

KiOeticsofaymmetrix&mwerestMiediOthecaseof 
ethyl and I-meothyl a - bromomercuripbeoylacetatea by 
a0M6odbasedo00qk4ometry.Ithasbcc0fou0dthat 
the M&o0 reaches compktioo (ill chloroform at XP) 
00Iyi0thepnsenceofalaqcexcessofa0unoOia(at 
kastate0foIdexcess).amIisofsecoOdorderwith 

~~~Mgnomercpry saltaOdaOuDoOia,~ 
staeochermcpl results obtakd i0 

study& the symmetrizaGo0 of ethyl a-brom* . 
mcramwbtatca under the irduence of ammonia thus 
agrl!cbe8twittloOeofthetwoschemeP-= 

(a) RHgX+NI%~RHgX+II& 
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Inboth.scb2mesthcstep(b)issezreaction. 
lltcrc is no experimental evidence on which to base a 

cticc between these two possibilitks; both may in fact 
occur together. It is easy to see, however, that the 
transition state should in both cases by a Qmembercd 
ringoftypeA:” 

A 

This transition state is proposed on the foUowiag basis. 
The reaction is biikzular (of first or& with respect to 
each compoaept and of overall second order) and prcr 
ceed8 with strict retention of the um@ation (the in- 
coming metal acquires the position of the leaving atom). 
The open transition state of type B is not very probabk 
in solvents of low polarity (chloroform) because it would 
lead to the intermediate ions X- and w (or rather 
N&I&X+ or (NIM&X+). 

The only di&rcncc between the transition states in 
!kbancs 1 and 2 ill that, in the first one (#) both 
atoms arc cuordinatcd to molecules of NH3, while in the 
secondcasc(A”),oncoftheHgatomsiscoordhmtedto 
two ammonia mdecuks: 

Since the transition states A’ and A” do not d&r 
essentially from the transition state & the general 
conclusions reached in exam&g A and without tak& 
intoaccountthesolvationandthccoordbmtionoftheHg 

atomswinbeiden~.~m+membenacyclktmn- 
sitkostatcAwiUtbaeforcbcucdforsimpUcatiouin 
firrtba dkatc&n C’in the pure &ate”), but it sboald 
ahvaysbeburneinmindthateithcroneorbothHg 
atoms are solvated by ammonia mokcuks. 

Tostudytbeeffectofstrudunlfectorsontberateof 
symmetrix&n, the authmx used II-0~ ethyl .d- 
bromomercuryarykcet with various ekctron-accep 
tor and electrondonor substhmta in the mtb, mea- 
and py-e of the bclll!ene ring.- me effect of 
llb8maainvarimMposition8wa8thMevaluatedh 

Lcrtorc8olvetheirpolar&ctioto compopents (ii 
ductive effect and effect of conjugation). A fur&r aim 
wastoeIncidatetbepos&iUyofhypcrconju&min 
the given system. 

Thevalucsthusobtainaiforthescumd-orderratc 
constants of symm&zatkns arc Gstai in Table 3. 

lIEscratecOnstauts8howtllatthenatllrcoft&? 
sub8tihentaYexcrt.9averystrongin5ucnccontherate 
of symmetrization. Ekctron-acccptors (NG, Hal) (LO- 
celeratc and &ctrond~ors (Ark) retard the reaction. 
WtiY=N~thereactknwassofastthatitsrateundd 
not be measured. The subat&nt effect obeys Ham- 
mett’s equation (Fig. 1) with p = 2JEn 

Itshauldbcnotcdthatthc&ctof&stitucntsinthis 
Wmolccukrrcactionisanomaku fromthevkwpointof 
an!&2mechanism,andagrccsinsteadwithanSal 
mc&anism.Asimikrrektionshipwaskterfoundinthe 
protoIysis of anylmercllry iodide&‘) 

These facts have been explain+ initklly in such a way 
thateveninbimolecularaIbGMm8,itiatherupturcof 
tbeoldbondandnotthcformationoftbencwonethat 
may play the important part?- By the way, it must 

Tabk3. Ratccomhntsoft~ 

Y p-N% P-I p-Br m-Br 0-BI pa p-P Ii 

K~x IO YaYfast 6.1 5.4 14.45 4.26 4.7 1.48 1.1 

almok =I (ln3J)t 

Y PCH, mCH3 o-C& pczH¶ PaYi P-1-G% 

Kzx 10 a34 0.71 0.407 0.32 0.417 0.2lI 
W-9 



thereforebeassumedthatnotonlythenIptureofthe 
C-HgbondbutalsotheMordi&onofbromineto 
mercury is important in tran8ition state (explanation at 
present see Section 8). 

Q 0 

v 

owing to the structure of thi8 transhkn state, the 
sub&rent Y plays a twofold part: thus, when it 
promotuJNptureoftheGHgbondontheonehat&it 
~yhampemtheruptureoftheHg-Brbond 
on the other, i.e. hioders the coordinatkn of bromine of 
the secood mokcuk with mercury, and 0ice uaxa 
The LM situation is More reached in the 
Hco-aymmetrixatkn~ of such dilfccently sub&tuW 
mcTCIlftl&d cst~m XC&CH(HgBr)COOEt and 
YCdWH(HgBr)C!OOE~‘in which the sub&rents X 
and Y exert very diflerent polar effects. Ihis is because 
inthiscaseeacbsubMuentcanfullilafunctionthatis 
most favourable for the reaction. It has in fact been 
shown that the rate of such reaction8 always exceeds 
even that of the symmetrixation of the fastest reaction 
component. 

YWUWHgWCOOR + XC,H&H(HgBr)COOR _ _ . 

= 

ROOC 

Y --a- )c + 
II ‘hi 

I 
ROOC-c 

I a- X 

ki 

This type of “~symmctrixatkn” has been carried out 
withYmdXbeiiBrandH,Handbk,audBrand 
Me.= 

Exper&nt3~symme&&knofamixtureoftwo 
MerentlY rJ&QMed orga=Jmercury compau& one 
ufwhkhwaalabelkdwi&=H co&medtbe 
assumptknthattheruptureofthe~~buudinco 
ymmetnntion pruceeds in the mokcule with an ekc- 

state A then the co-symmetition of two salts, one of 
whichislabelkdwithmercury,isexpectedtoshowno 
stabs&al distrii of tbc activity between the resul- 
ting RHgR’ and HgBr,(NH&. In fact, the activity was 
predominantly (80%) exhibited by the second specks in 
thecMymme~ofp-bromo-substitutedandp- 
methyl - sulmtituted ethyl a - bromomercuriphenyl- 
acetates, the first of which ~a.4 Welled with “H8. 

The presence of activity in the precipitate may be 
merely the result of rupture of the C-Hg bond in ethyl 
a - bromomercuri - p - bromoplumylscetate. This means 
that the reaction occurs accordiq to the followhgl 
schemes: 

pCH&H,CH(HgBr)CCOEt 

+ p-BrGH&H~gBr)CooEt s 

Br 
203 I 

/ 

Hg\ 

Z Br -Ce He>..) (‘- Br 

‘\Hp / 

I 
- f- C,H,-CH, 

-9 BrCsH4CH-Hg-CHCIH,CH, 
I \ 
COOE t COOEt 

+ “‘HgBr2 (NH312 

On the other hand, if the labelkd atom is in the 
mokcuk with the ekctrondowr substituent, as in the 
cosymutetrixatkn of p - i - C&C&CH- 
~r)coOEt and P - BrCACH(HgBr)COOEt, 
then the acuvity remains predominantly (70.5%) in 
RHSR’. Therefore, tbc cbamctu of the 
cleatye of the C-Hg and Hg-Br beads in the 
Wamutxm state A &puuhng on the ekctronic 
ckuacterofthesubatituentsXandYcanberegardedas 
establkhed. 

3.1.2 lXspmpmtio~tions of Wit-murY 
compoti. The lltechrrniam of di!3proportionation!3 of 
organomercury compouads IUQ+Wz--,2RHgx 
has been studied by several authors.‘~~ 

In all canes tlk disproportionations proceed as Sd 
reactions with retention of co&uration. In two cases 
the results were not in a8reement with !Wi 
mechanism.~~ The distriiution of the activity between 
C&H&l and WI&Cl molecules, determined by the 
use of lab&d IQClz, was fournl to be uniform (5050). 
‘Ihk anomaly was explained by a non-linear structure of 
oqanomercury compounds, which makes possiik the 
formation of a &membered tmnsition state in which the 

two Hg atoms am equivaknt.” It has been found in 
simikr experimentsa on the disproportiona& of n- 
butylphenylmercury with kbelkd mercuric bromide that 
all tbe activity is transferred to the butylmcrcury 
bromide. 

However, a repeat of these investigations” reveakd 
tbattbere8ctknbetweenarylalkylmercuryaudlabelkd 
mercuichaWekadstotheformatknofiaactive. 
alhy&&yhaWeaudactivearylmercIuylmlide 
MyipsrIItbeactivity: 





Isotope excbaage has txm observed between 
dipbl?nytmercuryanddi-p-chlo~ylmerauyin 
pyridineat600.Tbeauthomb&vethatthisisnotafree 
Iuticalnrction,silK!e ~compomdsprob 
ablydonotformanyfreefadicaklmderthl?sec4mdi- 
tions. 

Inthec4nwscof~sadyofexchangcsinsystems 
R2M-R2Ml%ssyUaPasMkhedthatby~fora 
lona time at 65” in the system (C?I,hHg-(CD&Hg the 
unsymmetrical comm CDJQCH, appears in the 
l-l%CthmiXtU?C.Ollthi8titheprefere~W~giV~ 

toarlmembercdcycktransitioastate~with 
lXMK&ai tIans&n state. 

Recently an approach was developed which allows to 
rationalize the structme effects on positAs of red&i- 
bution equitMa in dilIerent types of exchaage reac&ms 
of ofgaMmetallic compou& (ii 4-alkyl ex- 
changes). The approach is based on the comparison of 
rcktive stabWes of anions correspolBd& to exchangiq 
groups and * c-o~xochemical plop&ks of 
organometallic cations in which excbrpee occurs‘~ (see 
also !kctioa 8.1). 

6.1 .%eochanistry of b-r dcctnqhilic snbstitn- 
~WnJc) 

Inallcasesofbimokcukre 
kF2 

hilic SUbstiMon 
which have been stMdkd’c”-~ (l-aW 24W 
and 3-alkyl exchaages) the strict retention of cunf@ra- 
tion at Wurated carbon was estdi!hal.t 
The question is: why retention always observed? 
In the case of !&2i mechanism a retention of am- 

@u&on is prcdestiued by coo&atioa of nuckophik 2 
with the & atom in one- or two-step reactions: 

systl?4araItyexktsinsomekns,forilWanceinH,’aIld 
CH,‘. 

7IlustbesB2rca&msatsaturaWcatomsoccur 
with retention of staeocbemial coa&untion (W 
fuk).“TbeWrukappiksnotoalytoc4oscdtransition 
states(&iibutalsotoopeatmnsitionstates. 

6.2 Biwukular dactrophilic sabsrirvlion at d&tic 
cat&m of oganomdlic compoundi 

Amongthetlm2epossibktypesofsubstitutionatan 
okfiuicCatomthegreatesattentionfromtbepointof 
vkw of stereochemistfy has been devoted to electro- 
philicandlmnnolyticsubstMons.startinpwithcid-and 
t~-~~vinyl argmoalcnxmy CumpoulKla wirb 
rigomdy c&abliahcd ca&mth, Nemwyaaov ad 
Borimv sbdkd the staeocbemistry of numerous tran- 
sitkas of chlofovinyl radkals from one metal to ano- 
th#and6naUyform+tedaruk~towhich 
thegeometricalumf@aMnispfeservediuelectrophilic 
ddiCdS~~Mti~~carbo0. 

The staeocbwnisby of olle-alkyl ekctquic substi- 
tutionatanoklhdccarbonwasstudkdintheisotope 
exchanges between cis- and tma.9 - /3 - chlorovinyl- 
mercury chlorides with radioactive macurk chloride,’ in 
acetoneatroomtaupemture.Inbothcasest&isotope 
~UiWXiUmbecamee~iIlkSSthFUl5mill,aad 
the geometrical co&Wation was strictly retained. 

“\ 2 
/cIC\ tH;CI, = 

“\c c/n 
Cl HgCl 

cI/ = \HSIfflgc’2 

In the case of an open transition state (!&2) the 
reasons also exist for preference of retention of 
consg9ration 

Inthecaseoftwopossiitranshionstates,I(with 
retention) and II (with iav&on) it win be conch that . 

y+- __! -a-_-M 

I 

I II 

thet.mmihlstateIshoaIdbemorestabk.~~Inthk 
tramibstatewelmveacydicsystem~ofa 
threcnuckusaadtwoekctrons.Asitisknown,sucha 

!JincetkfastexcbaqOedidnotpumitastudyofthe 
k&tics, the authors had insuftkknt grounds for formu- 
ktispitSIlKKhh.HOWCV~,tbCabscnceOfbiS-p- 

clhro~ioylmacury ia tbc reaction mixture shows that 
thee~isdoetoadirectintaactionbdweentbe 
/I - 4orovinylmmzry cMor&s and the mczcuric 
chlor&s,sothatthcresaltsareadirectco&mationof 
t&mkthattbccon@m&natanok!lniccarbonis 
Etainedin~sW 

TbenW&lrcacGoncboaeaforsimIlitaWWkiaetk 
~smdkswastbecka~ofthec-Iig 

styrylmaWJbmmi&lIak!rtheactkaofiodineand 
blum&E. 

Tbeauthcrs~abktoconducttheaercactionsby . m((mono-mdbiIlWl& 
~LdfrMdWndtostndythekimticaaDdthe. 
s&qo+&ylln&AnW~Theht- 
vc&gaMu wclc car&d out in a namba of polar 
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solvents @queous dioxan, DMF, methanol) in the 
presenceofCdIzinthecaseofiodineandNH&intbe 
case of bromine and later also in aoapokr solvents- 
he#!c~,~tetxac~. 

In the soivcnt di&hykulphoxide, secoiui order 
killetic3 are obswvai. 

cl-cH-cH-If&Jl+ 12(CdJ2+====+ 
Cl-CH-CH-I + HsClI(CdL) 

lbeaccekrationinrateproducadbyaddcdhromide 
ioM~showsthattherea&nisstiuanhKkpe&mt 
process, and not a comb&ion of two steps of the 
2-alkyl exchan#e, since the 2-alkyl exchan$e is known to 
be stro@y retarded by h&c ionic 

TIE magait& of the catalysis caJl be for insbuw 
ilbstmti by the following data? 

W), mole 1-l 0 0.06 0.12 0.18 
I@ &, 1 mok-’ h” 37 148 1444 2139 

The kinetics were followed apectrophotometricauy at 
V~~~~S~~~~ 

ofthereactants,iuthepmscntofateafoldexcessofthe 
halide anion. under thssc conditkos the IWction in 
all solvents was second order and had Urst pattial 
~~‘~~n~~~~~~~ 
tbegcometrical~~n. 

oathebasisofWWtc~andkhletkaldataan 
attemptcanbemadetoformuktesomei&asabouttbs 
mcclmaismoftheatudkdreactions.Itmaybcsaidthat 
~e~~~~~~~~~~~* 
mediateforx&onofacarboniumionsiucethestarting 
geometrical cow would then be lost. 

H~~o~t~~n~~~t~ 
(@WgBrJ - @igBrz] = 0.06), then the second order rate 
constant, &, iWeasesIinearlywithincrea&hiWline 
ion concentration IBr-] up to the point when [Br’_] = 
0,06.Atthispointtherebashatpc~ingradient, 
although the relationship bchvecn @r-I and K2 
continues to be lincar. Ihis change at [BT]=0.06 in- 
dicates that two types of catalysis are ogerativc. No 
further~iagredientisobservedat~~~2XO.~. 

\c =c ’ +As -\-C/-A+\=( +BH9CI 
/ \ 0+ \ 

H9Cl HOC1 / ‘n 

Thepa&ipa&ofthe13-a&ninthe~n 
~~~~~~~~a~ 
sitioa state of type A without intermediate formation of a 
P con&x between the halogen and the ok&~ 

~~~~~~~~~CX~~ 

termsofanormalsalteffect;itindicatestheinam&mof 
anewmcchanisminwhichoneormoreoftheadded 
bromideionareinvolvedintheratedeWminingstep.At 
low conce&ations of the added anion @r-1<0*06), 
only one a&m is involved in the ratede~ steq. 
These two forms of catalysis are disti@shabk tinetic- 
ally, and have been c&d by Ingold ,y the “one-anion” 
and Yw~n” catalyscd N!Wions 

It is WaIly believed that the bro& anion complexes 
strongly w&h HgBrz, but only very weakIy with RHgBr. 
For the reaction under stady, bowever, the halide ion 
mpkxes strong@ with HgXz in the initial state, but 
evenmorcstronglyinthctransitioistatewhereitactsas 
a~~~~na~yf~~~~~~a 
~~rm$HBX;ion.TheoveraUrcsuitisalargcr 

Y +D CH24i98r + ;i9er;: 

7. - CATALYm w iJ# mAcram 

Theaddedcompkxiagsgent(aaionsofaeutralmok- 
cuks~canhlcrcaWtheratesdsBreac&sof 
oQanometauiccompou&byseveralpowersoftcn, 

Nuckophilic catalysis was studkd in &tail wing one- . 
alkylisotopeexchangereactknd~ 
bromider+ithEgEr~iUDMSO~amodel”llEresc- 
~n~f~~~s~~~~by~(~h 
ashaWions)whkhanknowntouxlrdnWwith 
mWcuricsalts.TbecatalysedrcactionisgeluXanyoft& 
form: 

Cy-ti96r + HgBrc 

when the collcentra~n of added anion exceeds the 
reactad concone (~~]>0.06), a second anion is 
involved ia the late-de- step. The suggesti 
transitionstatcforthis’yRKMnion” artsly&XInactionk 
shown oo the followia# page. 

Y CH,- -CH&i98r +H9Br, 



Y 
# 

CH,-HgB<- fig&; _T 

CH,- kgBc+Hg%r,’ 

Inthereactionunderstlldytbetw~ catalysis is 
-than* ollmnion catalyski 

~~0f~s~~~Yon~~of~ 
nondalysed reaction aIKl of the two-anioll catdysai 
reaction is different: 

CH,-HgBr tlig&, e 

CHI -HgEr+HgBrz 

witbout m-1: 

Y=Alk>H>Hal 
[Br-l=11[RHgBr]: Y=Hal>H>Alk 

j%&rz 

8- 
- CHZ-HgEr SE2 

Y- 
a+/ 

-CH*- H 
1; 

r - 

is formed more tily 

H- 
0 

- CHo-HgBr; ) Se2 [2Br-] 

Y- 
B’ 

- cH2-nb3 

minatycoodnahofthcHgatomoftheRHgXbythe 
disc part of the rea&g molecuk EN (inter- 
medi0tc A). TEis resuIt.8 in the formation of a cyclic 
trdtion state (A’) in which nuckophitic attack on the 
HgatomandelectrophilicattackontheCatomiscanicd 
out 8imul~y by dilTerent parts of the attadng 
~It~~~~~~~~~c~~ 
the Hg atom precedes the ~~~~~ step. 

R-HgX 
fart ) “-T’- x 

R-tjg-X 

ELN 

slow L/ 

- E-h 
-0 f; 

E-N 

A A’ 

R Hg-X 

-L+’ N 

Tie stildy of pmtolysis of atiplnomerclay c4nnpolnKis 
by HCI in uqjaaic solvents showed that the rate of 
lvu&onAswithh.~ inwatcrc4xmltof 
aolventa.Thismeansth8ttbereachg~tisanoo- 
ionized molecule HCI.=‘” 

R-HgX +H-t&S--R-Hg-X-_P>ig- X-R 

t 
gJa; 

f f ;“-” 
H-Hal H Hal 

RextionwithHCIOIdocsnotoccurataUbecauscof 
the absence of the tendency of HClO, towards eoor- 
~~~~~(~~~~ 

taking into coodefation 
the i&a of llu~hilic aaaistance. It was plWioudy 
nhowW~thatdqdingauthenaturcoft&solvaltthe 
r8acth of ~~~ ad of its com@ex 
with merauic txmidc with the ethyl ester of a- . 
By_ add takes place either ex- 
clnsiveayatthccatom(indichloroL?tlm)orpracticelly 
exchlsivdyattheOatom,ie.withtransferofthe 
fWtioncentre(inm’xromethpne): 

Ar,CBr.HgBr, + YC, He-CH-COOC,H, 

I 
HgBr 

CH,CI-CH,CI 
) YCeH4-CH-COOC2 Hs 

I 
CAr, 

Ar,CBr.HgBrp + Y C&I-CH - COOC 2 HS 

Hg6r 

OCoH5 

CH,NO, 
- YC6H,-CH- 

\ OCAr, 
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Moreover, it was found that with either solvent, tbc 
additionofmercuricbromidetotherenctantskadstoa 
-inralctkncatC.‘RItiaknowotbatannplexesof 
alkylbalideswithLewisaci&f4remorebi&lyionixed 
~~8~~~~~~~~~~s 
themselves. Aczcohg to the dat8 of skoklinov and 
Kosheshirovt” C)FpOlWt8IliC~pOUlJdS~~CX- 

ception. ltllm, alkyhtha ad acyhtioa of orglmmercury 

andongaaotiacompoWsaregreatlyfaciliGtedbytbe 
presence of llhlmhh cblohde: Therefore, the result 
showingthatt@~~&~~isinhibWbymgcuric 
txomide is 8nomaIous. In add&i, it IWs found 
~~~~~~~~p~~~ 
presence of a str~ngcr Lewis acid, nrch as stmic 
cblorik, which forms the ionhi compound 
MGH,hc+ksnx6* with tripbell~omet~ 
Nqtative results were also oWned when the completely 
hixedtriphenylJnethyl~wasussd. 

Y -0 -FH-COOR t Ph,C-N 

H9Br 

C N= Br- H9Bri 1 
Hence, it follows tht trahth states of diihmt 

EtNcturm ire tomled with d&rent alkylatitlg agents, 
the cyclk sbuctun 0 b formed in the cane of 
tripbenylbromomethaee and tbc non-cyck stmctupe 0 
nsuhiutbccaseofitscomplexwithlncnwicbro~ 
(WeSeCth8). 

1st 
Ph,C--- H9$ 

(II 

ntesecases&odifferkin&cauy.~nactionoftk 
o-rcW compound with the compkx 
QH&cBPHgBrr is of the second order; in the fat of 
tribromomehneiWlf,acompkxwithamokcukofthc 
gprnomerclaycompom%iisformedbdorethenlte- 
~~~*~~~~X~~~ 

~~y(~~8)~~~a~~r 
rate law.= The effect of atlb&twxlta in the lrukcuk of 
OQUO~R=IyC0lDpOdXlBO~etsillthWCtWO~. 
In reactmm of tbc unnplex (C!.&&CBr-HgJJa whb 
substitatedme-esters,tbeorderoftkeffl!ctof 
su~ntsistimtlMoallyobse~cdin~ 
~~~, qWci&any, ekctroM sag 
promote the rcWtion, whik electronacceptot 
substituents retard.* ne effect of s-ts is 
compktefy reversed in rcachs with tripbenyl- 
bromomethnncitself.Itmaybeassumedthatthisfactis 
assockted with the effect of the subobitueds on tbc 
Shangthdth:BP+HgCXKJ&8UiBtbC~ 
complex. It shadd be mentioned that for all compkxes 
f~~,~~~de~~~~(~by 
~~aftbc~~ cwvea d-f(r) to (s-0) is 

lhceowb~ofthe 
nature of tbc WbsthtWnt in the orgaaomerauy 
compound. TbgefoIe, we may not !qeak of di&rent 

amounts of compkx, but only of dilYerences in the 
strensth of the brWline-alercluy bond in tk compkxes. 
Intldscase,theratede~factaisappannuy 
scisshoftheGHgboad,alldthenlechanisminthis 
reaction is most probably Sgf (see Section 8). In any 
~,~~8f~~~Cff~OfS~C~a 

under txmdif&ns favoumbk to nttckophitic coordipILtiopL 
sioce, however, the ethyl ester of a - hno- 

tuert%riphcnykcetic acid does not &act with 
6Jdi5hm4orwith(c.4Hs~~itcanndbe 

assumedthatinthecaseof (c&)JzBr*HgBr~trlu&on 
s~~~~~e~rne~~a~k~~n 
system, since even an hrease in the ekctrophilic pro- 
pertksoftherea8ent,undercwditionssucbtbatcoor- 
diuathattbemeranydoesnotocutratalfdoesnot 
nlakealkykthpossibk. 

DitTereotrcsuItswereobtainedittastlldyofthealk- 
YhtiOn tg an twmitk systm, ok p!k!nm 

- CH - COOR + H9BrN 
I 

C Ph, 

Y- -&-&- Br 
I 
I I 

Ph, &---~:I: 

(II) 

+fQ>Hd>H7Alk) 

merchtedester,tberc&ionratedbmaws OlIgOhgtO 

the cm&x. However, the possii that this is due to 



ltteillhimQeffectof merauiclKomkkinre%ctkm 
ofpheny&rcurybromideisremovulbytheaddi&of 
anexcaJsoftetraMy~iodi&tother#ctioa 
mixture.Inthiscase,thelva!&nrateisshmplyin- 
creasul (by a factor of -lo)), which as shown pn- 
viuusly:‘isappaWlyaswciatedwiththefcrmaGonof 
thcolllpkxcdiagmr.ni8~ybec00.5ihd~~ 
example of m&o&ilk assistamz. However, a further 
mcreaseiniodideconcentntionwithrespecttoconcen- 
tmtions of the reagents (on going from 1:lO to 120) 
kadstoasl.i&butapp&abkdeuvaseintherateof 
thercWion.AnanalogoushutmoresubsW&lduuease 
inreactioarateintwo-anioncatalysis(i.e.undercondi- 
tionssu&thattheformaMofacompkxwithacharRe 
oftwoispoMible)lmsheenobsmvedrecMlyinother . 
reacWnsarulhasbeenexplainalbyhWanceto 
nucleoph&cas&tancebythenuckop&portionoftbe 
molecukattbefour4zoo&Wdmemuy.Tbeslight 
e&t observed in the present case apparently suggests 
tbtifmPcloophilic~dOCSCxist,itiSStigh~ 

however, itll wmplete ObSeItu? CaluKa be ammed. 

whetheritispossibkforanekdrophGsPbstitution 
tooccurinan~compounddcpendsona 
mlmbl!roffactors.withrospecttotlmmokcukofthe 
~compoandonesuchfactorispolarixa- 
tionoftheH&Cbol&i.e.primarQtbepresenceofan 
effective positive charge on the Q atom, which deter- 
mineswlmthernucleophiIicassistanceisposrible.Ano 
lessimporWfactoris&?ctronegativityoftheradicalat 
whkhtheekctrophilicattackiscarriedout.Inthe 
mokcule0ftheattack&agen~anotber.factoristhe 
ma@udeoftbeeffectivepasitivechaqeontbeCatom 
mdofthceffcctivenegativechargconBratom.mtaoll 
the e&t of substituents in the molecule of the attacw 
agaltillustratetheimportamXofbothtbenuckophilic 
attackontbeHgatomandtbjeMmphilkattackon 
theCatominalkyl&nmactions.Ontheonehsnd,tri(p- 
niuq&aiyW, in which the C-Br bond is 
covalentsotbstnuckophRicas&anceuumotoccur, 
camtotpe#ranybeusedastbealkyWonagcnt(p4hyl-, 
p-nitro-,anduns~ethyletln?rsofa-lJrom* 
memylacetic acid, benxylmercury bromide, and 
p-tolylmercury bromide do not react). On the other hand, 
aduzaseintlmelectrophilicityofthealkylatingagent 
leads to a decrease in the reaction rate, even under 
conditionssuchthatthereissomeiuaeasesinn~leo 
Philiccoordiaation.lllas,thefa!cofrllcreactionwitb 
mercmiamd esters decreases on going from triphenyl- 
bromomethane to tri - p - tolylbromomethane. 

Ibus, the necessity of nuckophilic co&in&n is not 
the sole requirement in a mu&r of cases. Apparently, 
anoptimumsitua&nis~: 
char&oIltheCatom~ 

c&n 

portiunofthemokcukandtbepossibilityofn~ 
phitic assistaace by the mtckophilk portion of tk 
mdecuk.‘IbuereqairementsarenotsatisMbyeither 
acovalentoracompletdyionixedalkyMugcompou& 
lmtatlybyacompamdwithabondofacertainspecif& 
dqseeofionicchurcter. 

Usingtbeideaoftbenucltophiticaaishnqitis 
pouibktoCxplriamaIly rWmGaG% of !&+acW% 

ForhMancefromthispointofvkwtberea&nsia . 
which m of isotope exchaqrc by means of 
baseshasbeenohservedcanbeexplai&bytheawt 
schemein&dingn~cas&mnce 

Tbeunuiiisl~oftbe’arpmmercory 

cmpounds under action of nu&oph& n2qent 13- are 
now easy to urwlerstand taking into consideration the 
nece&y of nucleophilic assistance: 

+x + 1; - 

U~of~catalysis~yChanRetbereaction 
~;thus,itwasshownthatthereactionsof 
~withiodineorbromineprocecdbyahomdytic 
~butthe~~~C~tOSJ32illtbe 

mercurationreactionin 
cubolltdrachkukIesohttionindaylightproce&asa 
ZMeMion with formation of racemic alkyl halide.- 

rocanization 

InthepresenceofROHorILothisreactionbecomes 
SB2 and proceeds with strict retention of um@ration.W 

Taking into consideration the hypothesis of nucleo- 
ph&licassi+nceitispossiitoexpla+hischangeof 

me&msm because of a greater ability of compkxes 
like Br26IL to nucleouhilic assistance compared to that 

\ 
i 1 7ri@-x 

&Air -+~~+@XE~+R-O--R' 
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SimxinorganometallicMctiorlsoftbcsHtypethc 
role of the *trophile can be played by ncsstivcfy 
chag#f entities (-r3-, HgBQ-, ttc) one may conclude that 
(1) the controUiq# factor is not the elccbt‘aphilicity of the 
electropWc a@rJt, but its ability to enter into nuclco- 
philic cooniinati~ tith the metal atom, and (2) &c- 
trophiIic attack on B C atom proceeds arAy after nucb 
philic cWdixWion.~~ 

Nuclcopbilic ca&lysis has opened some new synt&ic 
pathways i orgWometa%c chemistry, nW, c&&B@ 
from the stronger &ctroph%c Ph3CC104 to the weaker 
elcctrophile Ph,CBr, which is capable of nuclaophiiic 
coordinatioa,cnabkSalkylaticmsbbetidoutwlZh& 

Series of ark C&lmpO~SP’~~ Ihe Ciltdyk 

reatbn of orlptnomemrry compounds with ecyi W&s 
is a convenient method for ayntbcsis of unsymmetrical 
k-s? The re&or~ of RHgX or R&g (R=C#,I 
MecOCH~, (CF,tM3H, CCt, PhCHCOCBt) w&b t&L 
brobenusnc in tJ5c presence of r-, or of RSnMe> (R= 
MecOW, PhC=C, cycb-C~H~, C&g, etc.1 in DMSO 
(which act as m&upt&c catalysts) result in qua&a- 
tiW yitlds of Mhehef’s comp2exes 
c6HJW12hR-~4 

E~lI1Y)~McxAWc~ 
The major&y of ekc&oph%c substitution reactions in 

0rganomcMic compounds have an S&2 mechanism, with 
attack of the electro&ilc at the metal bonded C atom 
being the most important reaction step. However, coor- 
~~~~UC~~C~~~~~l~~ 

wnt(E-N)withthemetalatomisquitesigniGumtin 
such r@actioW, and this cooniination on occasions ha8 an 
importglnt inftucnce on tbc possib%ty of their occur* 
rcnce. Such cooFdjlttsfio0 is relsponsr’ble fur mult&nter, 
c* fourcenter, transition states (S&i mccbanism). 

NuckqWic CCWI&GOII with the metat atom occurs 
aimultanclously (a) w%b or (b) before elcctroph%c attack 
at&CCtiOUL 

r 
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step involves iom of the 0rganomWXlry . 

LiSs~ 
iOtlprirSOgtWBtd~npidlyWith8Ildectrophik 

&Br~).TWegrecofioni&mintbetransitionstate 
is apparently i&encad by the strength of the nucko- 
phikandthestabWyofthecarb&nlintbeionpair. 
Tt@ r&tively stabk anion of phenykcetic eqtu<piL- 
17)bWXlltspklW,alKl~arWltMZlUltWIl~- 
CIUtLY 

studial of the symxnctrizatioll fcadion of substihlted 
ethyl &romolnera&Rny~ with ammonia in 
cbkroformslbowJthatthereactionwaasecoadorderia 
th organomercmy compound and also second order in 
amltloti= however the observed effect 

of aubatituents NQz>Hal>H>alkyl@=U) did not 
8glWwiththedesi@ationofthereacthasSr2.~ 

WlierthisreacthlKuIbeenas!3@!dtothe&2.i 
ck!M. 

ItwaeaMumedthttbereacthproceAdthroupha 
fo4lr4elltertypetra&ionstateinwhklltbeorigimd 
C-HgbOdCkWC2bCfOretbCllCWC-Hgbdis 

formed.Itwasfoondakotbatwhentbesubsthents,X 
andY,hdoppoSitepolprCffectstlEreactioarpteill- 
creased (%symmetrhath effect’), and in tbe tmn- 
8itionstatethemokcuksarearran&insuchawayso 
as to facilitate both the m Br-Hg 0’ is an 
ekcb0n*kaaing subhtuent and the ckavege of C-Hg 

‘. ‘. an&naboa properties of mercury. The retention of 
daeocbemicalco~iathksl31(N)typereacti~ 
ari&?SfnwtlEnacesSary orkntation of the reagents 
asso&tedwiththcBr+Hgcoordiartioa. 

Theobservedformals4Wxlorderkineticrand”ab 
normal” (in tams of !&2 mcbpnism) substituent effects 
in reac&as of ethyl a - hfomonn?rcurypbenylaceWe 
withI~-,p=23maybeexplrinedinasimilarfas~~~ 

The I; anion behaves not only as an iodiMing agent 
in the reaction, but also as a nuckophilic catalyst 
[S&I,-) mechanism]. It is suggested that the compkx, 
RHgX&-, is formed initiaUy in this reaction, and that 
fur& slow ionization occur along the C-Hg bond; 
such a prccquilibrium step is always involved When the 
solvent functions as a nuckophile. 

L - -I (R=XC,,H4CHCOOE1) 

P&ably the best illustrative example of such reac- 
tions is the reaction of ethyl a - bromomercuryphenyl- 
acetate with triphenylbromomethane. This reaction, 
which, depending on the nature of the solvent gives 
either C- OT O-tritylation pmduct.~,~ involves as a fast 
step the formation of the compkx RHgX%CBr. This 
complex ukrgoes decomposition by a 6rst order 
process, and the effect of subatituents Y in the phellyl 
group (NO+Hal>H>alkyl) is in accord with the 
asumptionthattheC-Hgbondionhtionistherate 
hitin# step? 

- ya<’ + w2 

xQH4/-- \ /-- 
“$iY 

cl-l-COOR I 1 I 
cd4Y 

S&N) 

bond (X is an ekctron-with&awing substitucnt).” All 
tbesefactscannowhereadilyexpkinedontbeassump 
tionthattbe~tnoctionntechanismis~lo,with 
tbesecondreagcntmokcukbearingac0&ma&d 
monk mokcuk behaving as a nuckophilic catalysta& 
as!3iatMtllisbehaviourbeiinlinewiththeknown 

Thus, triphenylhromomethane acts not only as an 
ekctrophiIic agent but also as a nuckophilic catalyst, and 
the reaction may be assigned an !M(PhXBr) 

ItisnotAvorthythatwbenthisreactioniscarrkdout 
with the complex Ph&BrHgBr2, second order kin&s 
are observed and the substituent effects agree with the 
&2 mechanism, i.e. alkyl>H>Hal>N&(negative p). 
It is evident that even with the compkx Ph,C!BMgBr2, 
some Br+Hg coo&a& takes place (i.e. &i 
mechanism), since the itrongcr ek&ophSc agenh 
PhKClO,, which is incap&k of nuckoph8ic assistance, 
ispra&aUyinactiveinthisreaction.Itmustthusbe 
conch&dtlmttbeweakcoordhmtion~inthe 
rea&n with the mercury bromide complex is 
insufEcknt to cause C-Hg bond ion%ion, but such . . 
- iltaews both the substrate nIlcleopbilicity 
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andthetritylbromideelectropbilicitytoanextellttbatis 
au%ellt to allow the SBi Eaction me&a&m. This 

TbcfonowingqlliliWmia~~maybeformally 
fcgarddasinvolving&j1nctKms : 

rcactioapfovidcsanilhlstrationofthefactthattherearc’ 

’ maayki&ofnction,whichareinWmuMc -’ two extreme cases of %ure’* snl and SJ lllecbaai8ms 
I&-CH(CDR)HgCl + Cl- ;+Pl&HCOR+ I&C&’ 

Thus, introducing a p-aitro group (or a - csrboctboxy 
group) into a molecule of bcnzybuerctuy bromide alters 
the rca&oa me&anism. ulldo&aRy, the explarrrrtion 
f~~~~~~~f~~~~~ 
~~~~~~~On 

stab%tyandthetendcncyoftbemctaltoundergo 
mickophilic attack. 

An lmusllally stroq nitro group effect has bee0 
obsc8ved’2iatherca&msofascr+ofsubstitaW 
ycrcy &lo& with I,“, +ch are second 

~t~~ou~~n~~of~ 
“s~.~f~~~(o~~~*~~> 
H > Hal, but tbc nitro group is an exception. Under the 
reaction umditions, p-~Moly chkwride 
reacts instantaneously, and it is reasonabk to suppose 
thattbercisachaagcofmcdnmkmiapassingtotbe 
nitrocompound. 

Intcrcstiag data have been obtai& from a study of 
the protolysis of a 8&s of orgammimxry compounds, 
RJig, by HCl ia DMF as a solveWa The plot of Fii 2 
shows the dependence of the protolysis rate constants on 
thepILvaluesoftbcWrespo~uubollacidsRIi. 

Itiscleartbattheplothartwo~~in~coseof 
stable carba&ons the RzHg protolysis rate dccrca~ 
with dccr&ng acidity of RH, whereas for unstabk 
Gubaaioastberatc inaeaseSwithp~.TlKSCWdtsCan 
bcexplailledifillthepa&lkrscrksoforganomcrcwy 
compounds investigated the Sal(N) mechanism is 
arSUUEdtOChlUlgCtOSE2 

Tbc~lmccbanismhasbceopmposcdfWsevWal 
o&W nctions.- 

# lO2022242622W225425I 

metal aalta of hydrocarbons, and More CH4dity $ 
ofspecialimporWXillllndc$s~~ 
reactivity. 

One method for utudyiag CIi4dity is based on 
exp&Mltal detnminatioa of parameters of poIaW 
#aphicr&ctionof oW==W=Wo=is* 

-FortheestimaGoaofCH4ditkstheredox 

theRJigrcdu&nlpoteatialsalevezyscn&iveto 
ChlU@4%iOthCOrgPnicgN3Up~.Tb5~&tiOll 

b~twecn PK. values of CH-acids, RH, and ckclxocbc- 
mical properties of the rcspcctjve oganomercury 
compounds, R&, is givea by up (1): 

AW.IM * P x ApIL (1) 

whaehpKktbediflaeacek?twetnp~sfora~of 
CH-acids, I+ the half-wave potential for R#g, a the 
ekctrochermcal transfer cc9dcht (which is, in a sense, 
a&goustotbcBr6astedcocfiickot)andn,isthe 
oumber of ekctrons in the potentialde~ step. 

Thisqaationhasboenapplkdtoa~scricsof 
orsawmacury compoti, at& as a result, tbs 
pokrographic scak of CH-acidity was coa&ucted.~ 
This scale covers a more complex scak of PIG’s than 
any other ia the literature: it invdves CH-acids with 
pK’s from 0 to 60, such as alkancs, arcncs, alkcnes,” 
haloforms,” carWancs,=S hetcrocyclic aromatics,‘O” 
etc. It has been shown that qn (1) applies not only to 
organomcrcury compounds but also to cobalt (III) and 
paIlad& @I) complexe~.‘~’ The only parameter in qn 
(1) which is not accessI%k by tbcoreticaI calculation is 
the p coastant. This coantant must be estimated 
experimentally from some representative points. 

PK. VahKls provide a quantitative measure of 
carbanion StabilWS. 

The thermodymlmic stability of carbaniolX? in 
ccganomctallic compounds R-M may be delIned by the 
~~ constant KM of the reaction: 

where 

R-M+N- lyR-+MN+ 



ThcgrcatcristhevalueofK~themorestabilMwillbe 
~~~R-*~~~~k~S 
~~~~C~Of~~~~~~~ 
&onM.Inthemajorityofcascsv~ofKuare 
u&Down (except for very stabk carba&M of the type 
CN-).-IlWtherclativesWlityoftbecarbanionis 
generaUy judfjed from the acid dissociatmn constant 
&) of the corred lQdro&m RHp* 

RH+BaR-+HB+. 

Inapreviousstud~itwasshownthattbaeisalincar 
dcpcndcoce between the proton a&ities (pK.) and 
rne~~n~~~)~~~~~N~, 
and these iti were extended to simikr depemknccs 
for CH&ds: 

Iq&~=Ak&+8, ar logK,a--ApK.+B. (2) 
_. 

The MSAD sale does not take into account solvent 
effects upon the hydrocarbon acid&s, but io a semi- 
quanWive comparison these effects may be ignored. 

Foradetaikdanalysisofthein!lucnccof~turc 
upon hydmca&an acidity the reader is referred to 
Cram% rn~~‘~ and r~vkws.~~ 

The use of PK. vaiues for ehXid&I@ the rektion 
between structure and ncBctivity of oqpmometaltjc 
compounds in Sal reactions is based on the Brclnstcd 
priaciple: 

logk,=alogKw+C (3) 

@WC kr is the dissociation rate constant of the 
organometaUk compound in the presence of a m&o- 
phikN,oisthe~~e~aent(~O<u<l), 

logk,-- eAp&+constant, (4) 

i.e. a linear &pcndcmx should exist between the 
k@thmsofthcdissociationrateconstantsofthc 
Oganowtallrc compounds, R-M, and the acidities of the 
corrcspoIldiag cfiaeids, RH. 

It should be noted, however, that the Sal mechanism 
isnotdissociativebutionixa&einnature.Hencctbc 
coafiourationoftbecrypWarbanioninthcionpairmay 
be Merent from that of the free carbmdon in solution. 
For cxampk, in the presence of a - suck capabk 
of c4mjugation (NCh, COR CN, etc.) the free carbanion 
ha8 a pfanar Wncturc; with the ion pair, however, 
&au.se of cation effect the uubmdon configuation may 
be intermediate between an sp’ and an initial sp’ hybri- 
~~~~~~rn~~.~s~h~ 
~~C~~ofa~~~~~~~~ 
~~theknpairmayvsry,(sceforexampktheHinc 
data’- for a-F and cr_OCHs substitueats), and the 
dependence between thi 1-s of the rate constants 
for Sal reactions and PIG’S (cqn 4) may be nonlinear or 
nlmcxktcnt.~ 

Inanumberofcesesomcsnpredictthereectivityof 
an organometallk compmmd, %M, from the PK. of RH. 
Thu.9 organommcury compounds, RJQ, involving a 
group R which is capable of existence as a relatively 
stabk carba&n, R-, undergo hydrolysis in aqueous 
DMF in the presence of ~~-~~~o~ iodide 
as catalyst; the bydrofysis rate incrca~s with decreasing 
PK. of RH by lina~ interrelation’@’ (lee k, = 0.17 PK. + 
con&). The linear intcrrclation between log k, aad PK. is 
One of the critcrk for assignment of the reaction to 
!&l-type.‘= 

Another exampk is the appIication of p&s to the 
predictkn of the cquilii constants of redistriion 
reactions involving a series of organomcrcory 
compounds.‘op ‘l%e approach is to consider tbi R&g 
compounds as compkxcs of cf&nions, R-, with 
cations, R@g*. In such an approach the ~~~ 
constant for the ‘Wraalky~ cxchaagc may he written 
as: 

R3~2+R3~4~R1~4+R2~3 (5) 

where K(R&R) is the atMy of carbanion Ilr- for 
cation RJQ+. If the atMtks of c&anions for 
~~~~~f~a~~n~~iy 
depcodcn~t’o one can write for the reaction of cqn (5) 
the following expression: 

lo# & = (A’ - A’) X ApK.(R’H, R?I) (6) 

where A’ and A’ are the slopes of plots in coo&n& 
1 KtRHg+, Ri-) - pK&Ii) for tbc cations R’Hg+ an: 
I% l respectively. Equatkn 6 applies weIi to most of 
the NXEM&M @libria studied by us and other 
autbors.Tbcconchuknmnybcdrawnthatthether- 
modyMmjmnyprefds~ofthcsystem5istlIatin 
~h~~~~s~~l~o~f~rn~~. 
Inothcrwords,ifpKvzducsforcarbanionsimxcascin 
the order: R’<R <R’cR*, the cquiliium 5 wilt be 
shiftcdinsucbawaythattbcIQatomwilIbchondedto 
the kast and the most stable carbmdons, R’ and R’, in 
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orleorgawwcurycompound,amlwirIlcarbanknsof Cl 
intermediate stabilities, R2 and R’, in another. 

\C-/” + N- _ 

R%gR2+R’HgR4+R’HgR4+R2HgR3t 

“’ ’ HgCl 

R’HgR’ + R%I@. -c 

The A values in eqn (6) chuacte& the hardness (or 
softness) of organomelcury cations relative to protons. Cl’ 

As a ruk, a harder cation, RiHg+, corresponds to a 
stronger acid, RH. - HC-_HC 

Ananalogousapproachmaybeusedtoexplainredis- HQCIN 
triition e@lii in other systems, e.g. in organomet& 
lit compounds of Group IVB of the Mendekev Periodic 
system (see Ref. 1100). 

8.2 SE l(N) nactio~~ crt sp2-ca&on atoms 
Ithasbeenfoundthatbothproto-and1 

.__ 

alrations of rmn.9 : fl - chbrovblyhnercmy chloride 
retell&ofge4mletricalcoIl@wio&for 

haveanSe2aWmmsmindioxane,butthemeclmnism 
m, * &h 3, below 

c-s in DMSO to S~l(N).u1’1”‘2 
The i&topic eZhange of pl&&r&ry b&uide with 

WgBr2hasmWme&nisminbenzene,methano& 

ClCHanCH-HgCl ~CCH-@-x+‘HscI (a) 
DMF, DMSO and other solvents.“’ 

Pentallwophenyhnercury bromide reacts with 
?QRr2 in DhBO by the &J(N) mechanism.l’J 

CICHPCICH’-x+‘HgCl (b) 

!3ince the stability of the ca&anion ClCIwH- is 
relatively low (PK, 31.9, both w awl SalN 
mechanisms occur, DMSO actiog as a nuckophile in the 
latter case. With nuclwphiles stronger than DMSO, e.g. 
halide anions, elimina& of acetykne takes place,“’ It 
maybeassumedthatthetransitionstate.inthisreu&n 
issimilartothatoftheSel(N)reaction.Inthiscasethe 
carba&n center is sMlixcd by chloride anion elimina- 
tionfromtk/Waition,andtbialerdstoacetvlenc 

8.3 SE l(N) reactions in p&y carsOnic systems 
It is easy to understand that hydrogen isotopic ex- 

change reacticns of hydrwarbons catalyzed by bases 

stepinsuchreactionsproceukthrowhnuckop!dlic 
attack of base at the hydrogen atom, while intera&ms 
with the elcctroohile occurs in a subsequent fast step. 

formation. Such a mechan&n is supported by a large-isotopic elf& 

The reaction is of 6rst order overall (first in 
organomctallk compound and xero in mercury bromide). 

“\ /H 
F\ 

H HgCl 

H\ /H 
12 H\ /H 

7 “\ 
DMSO ---II c/c-c\l 

Cl HgCl 
DCI H\ /” 

_/c-c\0 

scbmle 3. 



tbCSpCdkiQOftbCCX~~iMkiDgit 

possiik to empby the Masted priocipk flask, = 
f&g K.&.)l to these systems, and thus aBowing the use of 
hydrogen is4mpic exchallp for detcrmin@ llydrotxbon 
kinetic aciditks.‘M 

RH+B-+-.-HB)+ (R--*DB)-+ 

RD+B- 

(rate= k,WiltB-I, if kz+k,). 

A similar rn~ has been proposed’“’ for metal- 
Won of bydrouubons: 

R-H + BM =r.= K ‘*El R-M+EH 

This~,ofmcchanismhaabcendescriias”p~ 
pbihc, anditmayrcadilybcsecnthatitisidcnti4 
with the W(N) mechanism which has been discussed 
above for the organometa& compounds. 

Numerous studies of the stcreochmnistry of isotopic 
exm carried oat by Cram et uf.,‘03 invoIviqg various 
systems have cstablishcd that varying the cxmditions of a 
reaction (type of base and solvent) may substaIltifJiy 
~~~~s~~.~~by~n~ 
topic exchange reaction of 2 - pbenyi - 2D - Mane in 
t-BuOH-t-BuOK as a solvent proceeds with retention of 
reactant con@uratico (804096), wbik in DMSO-t- 
BuOK Cmvoh ncgligiik quantities of t-BuOH) 
complete rW!mi?ati~ occur!& Dktbykueglycd as 
solvent causes partial invgsion of tlE #in. 

These cffcct.? were attriiutcd to tbe formation of 
various intermediates i.e. ion pairs and free ions wbicb 
$l;g&ave in a similar fashion durbg sob&ion by the 

Cram et of.“” also undertook a detailed study of tbe 
~~~~~ of ekctropbilic reaction at the carbanion 
center (the c&anion resulting from C-C bond cleavage 
by tbe base) in the system: 

a R’ R 

f i/ 
5-c -D +c .HB+BO 

(for exampk a - Pb, b = Me, c = Et). 
Asinthccascofisotopicexclumge*tbts~bcmis- 

try is found to vary tram almost entire retention of 
co&uratilm ia some cases to its substantial inversion in 
other cases. It can be easily seen tbat the reaction 
mecbimismbasmuchincommonwitbtbemccba&m 
proposed for hydrogen isotopic excbmge rtwtbus ad 
maylxclas&kdasoftbeS&N)type. 

Anumberofreactions~intheorganicchemistry 
inwtkhfoml8koofcarbnmm L3ypaAb~at 
a mionaly col%mhh may be”Lmed aa the limit- 

The ckssical react&m invdving the Lmmiaation of 
acctoneintbepresenccofbascmaybccitcdasanothcr 
cxampk’” 

CH,CCOCIi~ + OH-* ~cH34=CH* 

d- 

--% CHXOC&Br + Br- 

together with simiIar rcacGoos with bromide ion par& 
cipatkm which arc known to possess virhmily identical 
rates of bromim&m aml of by- isotopic exchaogc 
in reactions catalyzed by bases.“” 

Fe a few words should be said about practiud 
cooclusioos which fdhw from th above di.assion of 
!MQl) reactions of orgam~&%c compounds. It has 
been mentioned that organometallic compounds with 
organic groups having sw ekctron-at&active propcr- 
ties are kss reactive in &ctrophiIic bikcular substi- 
tution reactions &2 and S& Such compounds may 
ckave, boweva, even witb watcx, if the reaction mixture 
con* a suit&k nnckop@c catalyst (S&N) 
mccbamW.Thusbytbeuscofnuckopbilkcatalystsit 
maybcpossibktoeffcctrcMionsoftbesecompoondaas 
potMialcabankndonors~wbichumbeemployedona 
larger scale in pm&al organic syntbcsis. As an example 
the recently discoVexed ‘WgmtW reaction of penta- 
~benyltrimctbylsilane with hcnzaldcl~yde’~ may be 

C&SiMe~ t PhCHO’N’-Ph-CH+!SiMe~ 

Lxs 
(X=ForQ). 

Another interest@ example of the applkation of 
SiKI(N) rcac&s ill organic syothcses is the use of 
trWomcthyi organomctaUic compoum& for the pre- 
pat&g I$ diWxa&eaes uoder relatively mikI comii- 
tknls. - 

FromrelativeratesofR-Mbondckavagcinascries 
invo4vingonctypeofmctald&ativeitispossibkto 
~~~~Of~~~~OfV~S 
or@cgroupr,Ri.c.toarmngcsuchgroupsinorderof 
thtircbpsOinglmclmp~.S$~caMotsexve . . as a r&iv0 mcasorc of R group m&opWuQ 
however, beawe the l-cad&y of an organorocta& 
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compmmdisa@tuibyitsabilitytounMina&the 
mlclwphilkpartofekc&puicagentanditstendeacy 
towards soMio0. l&l ql&ative attempts to a con- 
struct “readi@” series for various organic groups R 
show numerous deviations. ‘&us for a series of 
o~rn~~~~ and Mganotiat”s ~ it may be 
sborm~tef[ectofachapseinRstntctmcontfrem~ll 
of acidic cleavage do not coin&b. 

For this reason the reactivity sequence C!HKH> 
CF&JF>Et obtai& tro RJI, decompositbo in 
excess HCP” is probably morq a consequence of the 
fact that the compouMfs (CF- and CFHIVIg- 
C& arc cap&k of exhii Sal(N) rn~~ on- 
&r the reaction conditions employed than of any ot&r 
reason. 

RSnK2Ish + h= RI+@zII&snI 

kp 1 mok” set-’ 

R-All CL& PhC=cCHP=CHPh 
2.3 x 10’ 9.6 x lo’ 3.4 X l$ 620420 

CH3 cz 
525 46.7 

k2” I nde- six-’ 

?;xT YtF ph . 135 x lti 

Habgc~& of R&Me, where R= cGI&; MeCOCH2 
aadCNinDxSowasofthellrstordcrwithxeroordcr 
by I%&, i.e. SE1 mechanism took place?= 

turd forms of an B compound, i.e. by 
ion-pa& Stiz m&w&m (S&p). 

Inauthorsophdon,thismcchanismmusttakepbcc 
when “nudeophility” of R is too bw for the direct 
ekctm@icattackbySB2mecha&mwhilecarba&nR 
s&bility is iosalU&nt for Sal(N) mechanism. In this 
cascthcsituationmayarisewhcnclcctrophilicattackat 
~~~~c~d~s~~p~ve~~~ 
moSt cik!tive. 

TbeliKC~SuggeStediShthCdinetaanloeywith 

nuckophik substmtion where SN~ ion pair mechanism 
ispqoscdbySnecnasaQifbd”nucleophilicsubsti- 
tution mcchanism.‘y Intbecaseofnuckophilicsubsti- 
tutbnthism&anismismostlikelytotakeplacefor 
secondary strum while for primary and Miary 
derivatives it is supposed to represent the extreme cases, 
i.e. common SNZ and SW1 mechanisms. At present, 
however, the afouments in favour of SNZ ion pair 
mechanism v nearly out-b&nced by, the arguments 

dgct&~ogoftit& gtince of such 
* -*this 

~t~~t~~~~~~~ 
and is @eMally appeal&*= The cssclltial featlEe of 
Sneca’s me&a&m is the assumption of contact ion pair 
fomlationinthcprc+qtiMumstagcwithnslllting 
inversion of un&uatbn at substitution. SN~ 
M&anismwouldrequircthetran&onofcontaction 
pair into solvent-separated ioo pair or free ions in the 
~ step. G!exlerally, however, this ~~ 
~~.~~~~~s~y~ 
accom&d for by the simpk scheme in dependence on 
the relation of t and k1 constants. 

L~*rkzPZNl LQ=kt (Sul) 

Drga~~Mc cl&&y is a rcwardiag lkld for such 
studies and for discernment of various mechanisms sina 
tbeionicityoftbeR-Mbondmayvaryovera~~ 
ductothechangcinthcnetnrcofuubaniona@mctal, 
not to mention the effect of solvent on ionization of 
o~~~rn~. 

~~~~~x~yf~~t~e 
latter factor strongly alIcctcd the state of & 
amlpoa& io sollltion. It was shown that some of u- 
bo&doqgmoGncompou&containingclcclronwith- 
drawing groups in suUkicntly polar solvents arc capabk 
of ionization or even diss&ation.‘~ W spectroscopy 
aad Gwen were empIoyed. Ekctrooic spectra 
of 9-sabstitutcd miorenys and indenyl derivatives of tin 
inhcptancareclosctothcspcctraofthccorrespoodiqg 
hydmcarbons which indicaM their covalent form. The 
spu%rum of 9-CNC,$I&Me~ in HMI’TA is, however, 
identialltothcspectNmofthccMrespondillgce8ium 
salLlEcpo&ionofmcuimumsofadsl@oB(AmBx458* 
4~~~)~~~~C~~~~~ 
~~~~~~~~~f~~ 
free ions or solvent- ion poiats 4 vy& 
organotincompoundsasspa%alch=teMcs 
specks are pra&aUy identical. Co&ctometrk studies 
showed that free ions were formed since equivalent 
co&&&y Kmained unchanged over @-8)lo-‘M 



Mctaktropic qt&rium is kftdispkced and the M 
of (1 - pltenyl - 3 - ~y~yl~e~y~ is lo- 
15%.‘” The retcBtion of optical activity shows tltc in- 
tramdeculat c&actcr of migration. 

Qtkauy active indcttyl derivatives of tin in low-pokr 
aprotic solvents (c&F& dimctoxyetbatlc) arc sullkktttiy 
stabk stcrcocltcmically. ‘Ihey then are, however, quickly 
raccmhdiatwrq:formorittHMPTAsohtion(Tabk7). 

~~~Of~~OS~~ 
compotmdsisiuagwmetttwitbtlteifsbilityto’~. 
Tbua, (1 - methyl - 3 - phcny&ndeny~thyltin which 

corwfitions is extremely stow. 
Midently fess of stcrWchmiad cxnl@ration oWWs 

as the result of ionhfion (facihted by t&c coordhation 
oftinatomwithtbesofvent)witbtbefonnaticMofanion 
psirtkrCtUFflOfWbiChilltotbCillitidStSgC~Witb 

IUClllhtiOlL 

Me 
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Tdtb7. FhctofddodHMFTAomracddonntecoartrntr 
forS-(+)-(3-m~DDMEItlg 

-1 x ld [HMpTAl x Id TIR x 10-Z 
M mio 

k;!p’ 

1 2 3 4 

4.98 0 34.0 0.34t 
1.18 13.8 0.83 
1.88 9.7 1.2 
2.30 6.8 1.7 

3.72 4.a 
7.77 g 1: 

123 0.60 19.3 

tin I:5 DMETHF. 

lItcabiIityoforgaaotittcompouadsstudicdtoion- 
&ion and Sa2 ion pair pathway which accouoh for 
thciriIlcrwd~abilitymaybcu8cdforsynthetic 
purposes. To demonstrate &is aspect of the problem,‘” 
the rcafhu of orguwtin compounds (R-fluorcnyl, 3- 
methyliadcnyl, indcnyl, 9-cyan~nyl) was carried 
out with akyhtillg a&Ilk3 (MCI, Mcurs, (Mco)#&) in 
HMFTAandamixturcoftctrahydrofmaw-ctkr(l:l) 
at W. The rce&n of alkykkstmmyhtion is known to 
be non-spccifk for organotin compounds. It has been 
shownbygkthatiaexcessofalkylatingagcntandtk 
lmtwellt time of the rcactkm yields of alkyIdcstalmyl- 
ation proancQ were quantitative. 

RSnMe,+CH~-R--CIt+XSnhk,. 

rnthcirreactioaabilityoganotincompwndsintllia 
rcactkmformtkscriescorrcspondingtothdccreascin 
ekctronwithdrawing prop&es of the group. 

!J-cNc,JtsnMe3 * c9H7SnMc3 
> %c%weJ + &&!h&. 

l%ercMionabilityofmethy~agent8dccrewsin 
the 8&s McI>MeoTs>Me&o4. lbl? &ct of the 
Mturcofleavinggroupischarrrcteristicofthercacti~ 
of nucleophilic sabaitution with the par&ipxtion of 
“soft” nnckophilic agents. 

TherutcthofBxHgClwithDClindioxancgivcathe 
fonowing -Ws under condition8 of 
pseudomowwdeculprity: OaJux&wh (p&y 
00, PhCKD 0. o-- 
dcutcrium ia found only in ortho positions-. l-be follo& 
mechanism has been propowd for this rwtion.l” 

Pl 

-llhcc~isinagrcemcntwithmo~~~data 
on dcut&eww and acctyidenwcumh. 

A8.imihrmcchiamwas~fordeuteriode- 
metaWon of thnxyfh chbrid~.‘~ 

IftbeAi!Mxtkcformofto~isinBeedfo~rs 

procdttotonlymderthcactionofH+@+)butal8oia 

II+ 
(a) 

I 
-C-H(D) 

H+lD? H(D) 

‘C’ 
@I 

H 
Hm) 

A 

c 

b 0 

I 
-C --yCI 

Hoc4 
H(D) 

(cl 

In&ed,additkmofHgC&toBz,SnCl+DClrwtion 
mixture proauceS Bz-H&l with dcuterinm in orrho 
poaith.bfcranibramideal8oactaasa”ekctrophik 
trap” for the arcne isomer. 

Fiiy, it w&l II&own that pldmindy prepad 
mcthykttecycbhexadienes readily undergo “aromatiza- 
thtal metdatiott”.ln r 1 

HgClL 
CH,HgCI 

EcLO_ 
+ 

Et 



Therc?acthofaromatiEationalmetplationendin- 
crceseofthemteofBzHgCldeutcaxchaqjcinortiro- 
positiolliDthpfC&3llCCofQCl2(aSwCll8stbC8b8CDM 
ofdeu&etcdBzHgClwhentbcractionianmtol5- 
20%ofcampk?tjDn)spppeststhat”~n”ofthe 
mctakhmboodhthe~ofirotope~ 
maybconlyilhtKwy.‘w’IntlliscasethcraKhl 
mccltanismmeybcreprwePtedbymalimUh 
addithscheme:t 

I 
-c-HgCI 

6 
0 

/ 

. . 
Almmbtm metalotion, epperently, provides possi- 

bilik9forsyntk&ofIEworgaM&&systcms.lhis 
isih&atcdbythesyotbcxisofpr&owlyunaa&bk 
OIthO8DdpUlMlCthO~ - r- bmyl derive- 
tivcsofmercufyaadtin’ (seesclKaneoonextpfagc). 

lL--O?~Al.UC 
aHmu?m8wHuMlrr~ 

nc well known syatlMis of organomctanic 

\ 
C-D 

/I 

The8erca&a8~the~neturcofthe We heve exam&d two of the moat simpk model 
discovered reactha e8 e new method of synhsis of re&kmsofthhtype:‘“‘a 

oQamM&acompounds. 



H ’ ‘CHpOCH3 

and 

RHgx+iigdigx+?I& 
Aromatic, beta-chlorovinyl organomercurials and al- 

pha+xomerauic Wmpouis readily enter into such iso- 
topic reactions (aeon at aromatic, oki%& or 
~~~D~~~~~~~~~). 
RWtionsproceedinorganicsolvelltsinsocllmild 
cooditkns that iotcrmcdiate fomMtion of free oqanic 
radicals is excluded. 

The rcactioo rate for aromatic compounds 

X+Qj-Hp-Q)-Xt+;(pe= 

x-@ho-@x+litl 

DisproporMoadocsaotoccurinthcrca&oasofun- 
symmetrkal compounds with radioactive mercury? 

*IQ--M+&--‘Ar-Ag++Hg 

&I?# and A&& arc not formed). 
Bcta-cblorovioyl Wmpouis react with retention of 

gcome&ical co@ntioalar 

+ “9 

COOR WR 

b CH&CHS 

MCI ‘TiEi- 0 + 

M-HgCI, EtSnCIL 

lb 
CH, 

on the basis of tbc abovementioIKd experimental 
data a cyclic transition state was proposed.* 

,pg\, 
A/ ‘At- 

‘\ I 

\ wg#’ 
5ilh!qwntly, Pollard and Westwood’“‘~ carried out 

a dctaikd kinetic study of this bcte~ocous reaction. 
l%eyconbmcdtb8datamcntkncdaboveintbcexampk 
of P - Wb~Y~==Y. 

It~sbo~by~of~~hy~ 
~y~~~k~~exc~~~ 
tr8cCsddip8cnyl-aaddWybMWy wCndCtStMl.By 
auTyingontthcrcztknsio~lkdumditkMthc 
autllonwcfeabktoacbkvcanapproximatclyconstut 
degreeoffractionatkndmctallkmcrcmy(coWancyof 
surface)aadhighropMxiiofkinetkdata.ne 
~~~ panmeWs of ScWtion were deter- 
~f~~CX~Of 10~~ 
witbmetaUicmcrcnryinbmzene.l%erca&mrat8isin 
goodagreemcntwitbtbcHammettcolWltoftbe 
substitucIlt. For an WmpoWds studkd (illclodinll dibcll- 
ZyhWcWy) an ~etic~lip~bscrved (irk 
kio&temperahHe 
~~~a~~~~* 
S~~~C~~~k~~OfS~~- 
tioos. 

T~intoaccountcbangesofhybr&&odueto 
substmtcsolvationandthcfactthattbcrcactionis 
ioterfacialitwasproposcdtodqpicttbc&a&ioustatc 
as: 

“tl 
Ho wrherf 

ThcMxtstageiothostudyofthcreactionsunder 
consideretionis- with the applkath of ekc- 
trocbcmkal methods. usin# the pulse CkctrocW 
tecMqueitwas~tbatcoatrctdR2Hgwith 

COOR COOR 

&&--qpJy_v H+~~H-L--~ -II+Hg 

A! L I I 
Ar Ar 

iettmtioIl 



tbesurfaceofmet@cmercurykadstoformatiollof 
‘kganic calomels?1(6 

‘Qgrulic calomels” are highIy UWablet and their 
life-timevariesintherangcof lo-*-1o-%ecdepeodblg 
onR’” 

~Y~~~~~~~~ 
isotope exchange; the mechanism being represeated by 
the following scheme: 

U&g the galvanostatic method it was shown that the 
react&n of tmfu-metaktion 

solvents at room temperature (under argon atmosphere). 
An example of synthesis of an +8l&l complex:‘” 

RJl++Hg-a&r&tn+ 

pfoccdi via fin of beg cat& L2Pe+(xQ-cH~==cH*--, 

R’Il+IQR’e’ which is an isoektronic organic calomel.“” 
lbe reaction is prWlmablY similar to tbc above- 

mentkncd i8otope eichange: - 

R-TI+-R 

( 
HQ 

(cl 

Tbc posdbWy of intmmolecular cyclizatkm consider- 

2t 

i 1 yi 

I?-H&R - R-HO-R tTI + 
L .J 

Fix Jlurveys of smdisr devoted to thee exchange reac- 
tiolls m RcfR 171,172. 

It may be assumed from the above-deacribcd in- 
ve&ation of exchaoge nction mechaninms that 
RaMHgR-type intermediates are usuany formed in rcac- 
ths of tnurs-metalation invoMng metallic mefcnry or 
WticWnNmdS. 

Roatdiss from this assumption a new synthesis of 
u-Pt and a-Pd o~~c m was 
devefoped. The use of this method is apparently limited 
only by the avaiMlity of the appqu&e organomer- 
at& compound.‘tJ~‘74 

abIy sthnulates the formation of new car&*tral&ioIl 
metal bonda. 

Thereactio0ulllkcXmak&oll~outtobeW 
ful for the synthe& of &elate metallocyckJn 

c-7 +lig+ L 

CH,N&%,), CHIII 

HgCl 

FI 
Pd’ ( DBA)n 

C6H6 

d- 0 Pi/NtcHs)2 

F6 , I ;c+, 
2 

0 
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CbC&tC deriv&iVC with a “spirane?-m metal atim my 
be produced as a result of double coord&&n wjtb 

A characteristic reaction of acidoiysis was found? 

Ctiri of the kbik ti@md. ‘Ibis rcactka was carried 
out for several a7@arcllc!i sod rclKkrcd with high yields 

R’Hg-PtLyR’t CF,CClOH--+ 

compounds which arc di&uIt to synthesiu: in any other 
R"H+H#tCM!OW&-Rp 

fL= PPb,; RF= CF3, C&). 
way. 

Hence, compkx L3Pt or the active specks LQto cor- 
responding to it, act as a carbcnoid, bcii iacorpoy 2 
the mercuryckmeat bead. Ibe c&+n&uabo 
CF,Hg-P&&X$ is consistent with such an inter- 
prctation. The L#t specks acts a8 a nuckcphilk 
iXrbcaoid since the rcactkn with (C.&t&I proccuk 
more rapidly than witb (GH&Hg.“4 

Incqoratkn of (Ph,Phpt and (Pb,P)Qa along I&- 
Ck and Hg-Sn bonds has been rca&ed? 

(CXGM-Hg-M’GFsh + M(PPh&---, 
@6F~)~-I+M(PPh3~M’GF43 

(a) M=Pt, M’=Ge; (b) M-Pd, M’=Ck; 
(c) M=Pt, M’=Sn. 

Compounds witb ol&ometaUic cb+ns arc very s&k 
(tbcy decompose only in boiliog tn&nacctic acid). A 
stable compound with a Pd-Hg bond was obtained for 
thefusttime. 

R=H,Mc; M-Pd. Pt. 
tic chains contain&g cadmium or zinc were 

also synthcsiscd:‘79 

Zerovaknt pktinum complexes also react with 
orgaaokad compounds: I” 

L,Pt + PhzpbBrz L$t&Ph + IphPbBr] 

77% 

2[PhPbBrl-----, PbsPbBq t Pb 

Highly stable cmpouds with a Pt-IQ o-bead were 
s*si=@‘4*n*‘n 

%_~+L?rpt--+R,4Ig-P&X; X-H&RF; 

for instance, 

(CF&H.g+L,Pt-+CF~PtL&F3 (86%). 

lllc k.uucnce of stcfic hindrance on tbc stability of the 
Pt-EIg bond is i&&rated by the following sequence:“’ 

!igOCOF, CH3 

,nil &I 
L 2 PIOCOCF, L&l 

(K&o). 
_ - 
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‘9. P. Belctabya, 0. h Mamki~ and 0. h Beutov, Ibid. 42, 

~~?&amand,.hHill &Id 7 ll(1967) 
“0. h WV, V. I. So&obv knl L’P: B&al&, Cbrcfutlon 

qwtbns k OaorJc &m&y vd. 1, p. 342 Tarb (1962). 
nL P. Baktskaya, 0. h Artunkm md 0. h Rcutov, Zb&/. 

AM. Nauk SSR I53.588 (1963). 
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