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: The different courses-of the interactions of cyclopentadienyl and~arene.d&‘: Tl? 

-&atives of Croup VI aud VII transition metal carbonyl and nit&yl:c.omplexes -: ’ 
with ~ewi&ids, insolution& have. beer-i Studied by IR-spectroscopy. 1 .A’ .. : .:--::A 

The~fortition of add&s involvi.ng.the metal atom was observed for Q.. Y.1:. 
&Re(cO)2L (L = CO,.PRB) with &Cl& SnJ3i$ YJk$;. Ar&M(& j3 (M.4: 6$&E& 

. . JV) with-%(&; 7!‘iCb; akd Pli~PC~H,M(CO)~ (M = Ck, Mo,,-W):witli~~C~~~~..:=,ir :. 
AC&. Complexes CpM(CO),NO. and CpM(CO)(NC)PPk& cJep,end&g oti, tl& ’ :. ;--:? 
donor and acceptor nature; form-adducts involving the-oxygeti. atoms.of:CO.orY’>, 
NO groups.or the metalatom: CpCr(NO)&l &acts Wit& Leti a&ids via ih6.Y:‘. :: -:: 
chlorine. atom. The relative basicity.of the different .sites iu’the.complexes i&es-.{ 
t-&+d is .&cusged. . . ‘. . . :, -. ., 
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vCO'(cm )in~CH2C12~ol~~io~- T'.'.'Y_ _, ..- ,. ,.. --. 

_- 

_, :.. .- rion& -:. Addu.=t- .-_, -,. : .-- : 
~. ._ 

19299202% : 
-1929s2027s 

.CpFe(CO)g + TX4 2682&138m -.. :, 

c$Re(C0)2P(OPh)~ 1891s1961s": .. 
.cpRe~c6~2P~omj3+snCk- 1891~1961s 2OlOs206Om .~ ‘_ 

CpRe<CO)~P<OPh)g+SnBr4 ., .1891mi961m. 2002s2053m : 
~Cpgé<CO>2P<OPh)3+.~C4 : 1891m1961m 2021~2073s 

. 

cp&(CO)2P(OEt>3 1871~1945s : 

CpRe<CO)2P<OEt>g.+SnCQ 1871m1943m -2003s205&m 
.CpRe(COhP(OEt)j+TiC4 - 200&32023(sh)2061s2083&h) ‘-, 

.&Re(CO)2PPh3 1859s193Os 
CpRe(CO)2PPhg +Tic14 - 199Os2017m2051miO74m _ .. 

Mzcr(CO>3 * 1882s196is 
Mzcr<C0>3+Snc4 1881s196ls 2005s203Om206& 
Mzcr<co)3+ Tic4 1882~1961s 1997s(br) 2069s 

c6H6fi(CO>2PPh3 1834~1893s 
c&&k(cc)2PPh3+3IlC4 - 1953s2002sm 

MzMo(c0)3 1881~1963s 
kzMo(CO>3+SnC4 - 2012s2038m2081s 
,MzMoUZO>3 +Tic4 - <dec.) 

MzW(C0)3 1876~1961s 

MzW(CO)3 iSnc4 - 2OOls2023m2075s 
Mzw(C0)3+TïC4 - 1995s203Om207Os209l.s 

CpyfidCNCc)g b 1813~1918s 
CpYlïdCr<CO)3+CF3COOR 

ïnca,cl~ .. 1956sl9?l(sh)2036s : 
tiYlïdCr<~O),;+TiC4 - 195Os1963(sh)203-& 
CpylidCr(CO)j+_AlCl3 - 195Os1964(sh)2032s 
cpYkiMo(co)3 1811s1911s 
CpylidMo(CO)3+CF3COOH 

-illcH2cl2 - 1958s197&h)-2045s 
cpylïdMo(co)3 +Tic4 - 1962s(br)2044s 
cpY]idMo<co>3 -6 Alcl3 - 1961s<br) 2043s 

cPY~~<CO)3 1808~1904s 
CpyJidW<CO)3+CF3COOH -. 1964s<brj 2040s . . 
cpYlïaw<co)~ + Tic4 - '1957s<br).204oP 
CwlidW<CO)g+AlCl3 1953s<br)204Os 

:- 

oMz=me&lene. b &yiid= : .: 

_ _ . . . z.. . .; ,_ i_ ~, ‘;~‘--~___- : .i* 



,~~~~~~~~,~,~~~‘:~~:~~_~~~~~;~..~~~;-~.~.~~--_~~~~.~~~~:~~_.~-~ ‘, :; 1 -i_*-,z_ ‘1:-r 1’ _‘_; ~.y..~_,~. ‘: .: ;_t;-f ?_ 1,; ,:--_;.‘r:: ‘j::::;;: ;; y .::: _:-._; :_;;- CL_; :._y:;.; 
: ‘. t-r_.-_:-_.;:., ;;._y:__._:; -: .:.._ ‘. : :.+.;:_-.- : _-y. .-_._-:_ 1 .: ‘.y::jt_..~-. . . .T:._ _~ .,y .: ‘Y. .- 

71‘ :. .: z.:..---- _.::::_._.-.. CI ::: . .._.._I :__ :.. -.:. . . . ~_ y: .: : 

.“,? .I _:: :: ._.-y. -;: . . . ,:.y .{_*:y .-y_: ___- : :_:- 

?~~~~~~_~~~:~~~~..~~-~ .. - .;_ ..,_ ;:- >_. :.:_ b’ : 
g ~ .e .amouT IF o seniedjincoor~~~~~n-~~~:SnBr4;A$sumingth~~_::;:-- 
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_ y groups, p osphikè-ligand and thè coordi&ted~&cèptor. molecule .: -.... -1.1 
Irr_aire..i~.~~ed_in(tiie_baS’~~~of à.t~~~~~.~~r~~~~.SvithIthe_tr~ï~oll m_e&atom ; r 
~:‘~~,~~~~~e;t~=r~~~~~~ y-Lge ifi_.thE.angltt’~.b~~-po.~iEjle &ijfï trati_l~-&&& _~. 

-..‘acCé~~~~i~~h~~p~~~, ligaed._:vpon-co~~~tis~_~with g ar$AlCls the arigle- 
.-.-bi&&e i&gl&ibl_e and “.unequivocirl.co.~_~lusion_may..be;drawn on the adduct 
~~,geometry~ &ithougl+rmation of thé t6z.s ,isom~er seems more probable. 
_-::.j* j%&&icj~ tif CpRe(C.0)2PR3.with TiCL urilike other Lewis acids, the IR 

“= $@+t&.ri pattern of .the adductin the region of $CO) is more complicated, ! 
%b 3~4.h~ds-aieobservéd’~~tead of 2 ti(CO)~bands. The addïtional bands zkce lèss 
~iîÏ&&&~~~&cfshîf&& by_.20-30 cm:’ tow&r&.the higher fkequekes, withrespect 
_;.+& the; Pr& cipal adduct ‘ban&. .The intensity rat& of the principal arid addition: 
-.zil barids -ch&iges_.v$th time- which enables us to ascribe them.to different sub- 
..Ist&&s in solution. On thé addition of water all four bands disappear and the 
.:bands’of the initizil:carbonyl complex ‘are observed. A similar pattem has been 
~.obt&nëd&lier, inreaction of some phosphme CMT derivatives with Lewis 
.acîds[l]_ Additîonal bands may be due eîther to formation of adducts of dif- 
:ferënt composition or to a simultaneous presence of cis and trans adducts. 

:‘In reaction with SnCL coordination at the metal also takes place for the arene 
1 de&&.i~es of .Group VI metals, MzM(CO), (Mz = mesitylene. g = Cr, Mo, W), 
$which is ‘obvious from the data of Table 1. With excess SnCl* the Mo and W com- 
plexes a& converted.entirely into the adduct, while the Cr adduct is at equilib- 
riti-with thc &rting compound. This result displays an increase of metal 
b&icity in the complet-with increasing atomic number. ‘I?bis agrees with our re- 

1 sultk on’protonatîon [ 91 and with the regularities observed for other Group 
-. V~VIlmetal complexes [2,4]. Introduction of phosphine ligand increases the 
:-.tiansftion~metal baSicity, thus C&I&r(CO),PPh, converts alinost completely 
,-:mto the-addud-in the presence of ti excess of SnCL.. 

bene complèxes of Group.VI metals with TiCL also produce adducts bound 
& the.met& atom. The molybdenum,complex decomposes simultaneously, how- 
ever, -whereas the tungsten derivatîve shows four (instead of two) bands due to 

.: the adduct; The two bands are close to those of the TiCl~-MzCr(C0)3 adduct 
_and the two zidditional bands are shifted to the higher.frequencie& by 20-35 
cm -l_ Thc band pairs belong to different substances since their relative intensi- 

-. ties change.with time. All changes in the spectra are reversîble and when the 
adducts are decomposed with water the bands of the initial-co_mpounds appear 
is.&in: Thtq additional bakls may. be explained by formation of different ad- 

: ductsin solution. We ‘note that for some tricarbonyl complexes-the adduct 
--formationreduces the local symmetry of the M(CO)s fragment, as has been men- 
,: tîoned for AlCls adducts [ 33. As a result, înstead of two CO Stretching modes of 
A1 Gd E..species (local C3; synimetry), observed in the spectra of initial com- 
.plexes,:the-adducts show-three bar& due to the splittmg of the degenerate 
modes.& two components. .. 
--- .-. : 

;i- .ii&&tmtadienyiïd~ &n;kxes (C&+PPh,)M(Cijj.(bi = ër, Mo. iV) .~ 
YI-: It & been demonstrated by._IR-and.NMRmethodS [lO] that.cykopenta- 
-- dienylide’complexes (C,H&‘P&)M(C_O); (when+M = Cr, -Mo and W)*e pro- 
.: t&ï&ë~ in.~F~CO_,and:reat_~th:BF~ at the met% àtom:,Ourr&u.lts on 
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1 prot+&~gr&ik.ij ,--,i~t_~this:Conici~~~~n aiid show~$hat:the~,me&Ïjs ex- --:’ : r$. 
_jclu~ï~ë~y_-basiclin th&&n+&& CpYl$d(+(~$kI ji: i&àl+O& C_OIlipl#iif pro:. ’ :. :-.‘- -1. -. 

-~tii@ityl in a J/lOO. mixt$rè.of CF~COOH/~H;~l~,Tk$ilé for.C,H&r(CO);PPh,. -, : ..- _‘i. 
ae p&ofi&~n &&&qj&e- ‘&’ a l/iO. et&@; : T&&~$&&~_~e~~ _Of ben- 1 i- 1. 
&h& rby Gp$fid -intirea,sei -th& -baSi&y of the deri~~ ~$i&i&‘&@iC Ïnuch -tiofe- Y.‘- 

‘. than carbonyl repkkement by triphenylphosphme. The. L&is&&$ TiC14- and -’ : .- --’ 
AK’&, %I$o-react witti ylide-c&ï$ekek in _CH,CI; ‘solutioti tkk-adduct fkmktion 

: at the metal atom. -Recently we have found [ 33 that- A@& Ïnay iea&ki~h tran 
sition metal kbonyls in two ways: at the metal &Y& at the c&boriyl qxygen, 
depending essentially on the nature of the solvent. In benzene adduct formation :- 

: at’ the CO llgand is more favourable than in CH,Cl, solutionCpyl@kIo(CO)g ..... f 
gives a sohd, oxygen coordiriated adduct with AlMe3 [ll] which is is&ite~~f$&m.~. 
toluene .solution. Ylide complexes are poorly soluble but dissolve upon addition ... 
of AIMeJ. The complexes studied are insoluble in benzene even in the presence 
of AK&. In CH&& the coordination with AlCL occurs via the metal, the high 
basicity of which favours such a reaction course. 

Unlike the neutral ylide complexes of Cr, Mo, and W the cationic ylide com- Y 
plex [CpylidMr~(C0)~~PF,- reacts with none of the Lewis acids ïnvestigated 
(SnC14, ‘I?CI+ AN&) and is not protonated in CF&OOH. The presence of the 
positive charge thereby decreases considerably both the metal and carbonyl 
oxygen basicity. 

3. Carbonylnitrosyl complexes CpM(CO)2N0 and CpM(CO)(Nb)PPh, (M = 
Mo, W) 

Table 2 presents the data on reaction of the carbonylnitrosyl complexes 
CpM(CO),NO (M = Mo, W) and their phosphine derivatives with- Lewis acids. : 
With respect to the compounds described before in this paper these complexes 
have an additional basic centre - the nitrosyl oxygen atom. 

The interaction of the compounds with complexes of the type Cp,Ln (wbere 
Ln is a lanthanide) bas been reported [12]. This occurs via the nitrosyl oxygen. 
which is more basic than that of the carbonyl. We found that,.depending on.the 
structure of carbonylnitrosyl complexes and the accepter, interaction.may oc- 
cur at the nitrosyl group, central metal atom or the carbonyl oxygen. : 

The present and earlier data Cl] show that SnC1, and TX& yield the adducts 
with carbonyl complexes at the transition metal atom, The adduct CAMONS. 
NO=TiC% is formed via the nitrosyl oxygen but CpW(C0)2N0 decomposes in re- -. 
action with TiCl+ SnC14 does not react with C~MO(CO)~NO but gives the :-_ :_ : 
nitrosyl oxygen adduct wlth thetungsten analogue. This result confirms the hi&&r:, 
basicity of nitrosyl .oxygen in the tungsten complex than that in the molybdenum. 
compound. This may be a consequence of the stronger elekron densityshift. ‘1: 
from tungsten towards the nitrosyl ligand compared-with molybdenum towards . . 
nitzosyl, owing to the ct,-p, interaction_ 

The phosphine complexes CpM(CO)(NO)PPh,, &h higher metal basicity;re_ :. 
.I 

.act with SnC4 to give the metal adducts..In this case the~stretching:modéfre~_ _‘~ .:. 
quencies of CO and NO shift by 150 cm-’ towards the higher.Yalues.-Anincréase: -: 
iri metal basicity upon addition of phosphine ligand:makes this.process more- .‘.‘-.I_JJ: 
ftivourable-th? coordination via nitrosyl group; The &o_mplex: décomposed in .-:r:k’c-- 
rea+on with TiCl+ ; 
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