
Rates of &?avage by aqueous methanoIic alkalihave been mea&ecj’ f& 
the k-MR, ,bonds in some .aretiwhromium tricarboriyl c6mpleXes; 

The complk (h6 -PheCGeE& )Cr(CC), is 16 times as reactive as the un- 
complexed PhC-CGeEt, towards a mixture of methanol (5 vol).and aqukoti 
alkali (1 vol) tit 30”, which leads to a value of +0.84 for the &con&a& of the 
CLT(CO)~ group.- The relative rates for the complexes (h6 -XC6 H4 eCGeE& )- 
Cr(CC), with varying X correlate excellently %ith those for the.urmompiexed 
XC& I& eCGeEtJ compounds, showing that the Cr(C0); group -Causes no 
distortion of the pattern of substituent effects, but the groups X have a smaller 
influence on the rate .in the cOmplexed series. : 

The aryl+XVle, bond of_ the complex (h6 -FhSqe3 )Cr(CO), is much .more 
readily cleaved by basethan that in the unctimplexkd PhSiMe, , but the pa!terh 
of substituent effe$s i@ (V -XC6 & SiMe, )Cr(CO)3 complexes-is consistent with 
that .inthe series XC6 H4 @Me, ; 

The complex (h6 TPhCH, SiMe, )Cr(CG)$ is some 3 X 105 tin&& reactive 
a,kPhC& SiMej towards methanol (5 vol) containing aqueous alkali (1 VOl) at 
SO”, v&i& corres~ox$s t6 an approximate value of +1;12 for the o-ccksttit of 

-the G(CQl3 @oust .‘.. : : .’ -.: 1. __ _ 
.._ 

Tntroductioin’ ’ ‘: 

&v&al &&&es have beeri]inade of the eiec&onic effe& [bf_the~ Cry 
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sin&%r:tti -th$t df-a p-N@ @OUp, as or&gindly proposed by Nicholls and Whiting, 
‘\iGrho -f&&d .that these 1Ewi> groirpshad sin&r effects on &he dissoc&ion an-.. 
s&ants of b.enzoic arid ph&ryIacetic’a&d [I],; Contiation of this proposal was 
provided by.the observation that the rate of hydrolysis of (h6 -& f-Is CO, Me)- 
@(co), in 56% aqueous acetone, a reaction strongly facilitated by electron 
withdrawal in the aromatic ring, was idientical with that of P-NO2 C6 I& CC& Me: 
@f ; implybi$ a mxms~~~ for the Cr(CO)s group of t0.78. The validity of these 
conclusions from the experimental evidence has been questioned, however, 
notably by Ceccon and EG.erni [3]. Certainly in reactions in which enhanced 
delocalization of electrons into suitable substituents (e.g. p-NO2 ) can be involved 
in the transitiorr state the Cr(CO)3 group seems to have a rather variable influence, 
as indicated by the fact that it has (i) a markedly smaher effect than the p-NO2 
group on the rgte of elimination Erom XC6 H, CHiCHz Br and XC6 I-r, Cl& CH2 - 
OSO, C6 H4 Me-p’ compounds (the results imply a o”-constant of + 0.74 or f 0.82 
for C!r{CO), , compared with + 1.53 and/or + 1.45 forp-NOa )* f3’j, {ii) essenti&y 
the same effect as the p-NO2 group on the reactivity of chloro- and fluoroben- 
zene towards methoxide ion in the methanol [6f, and (iii) a markedly larger 
effect than the-p-NOz group on the ionization of phenol in water; the effedt 
corresponds with a ~--constant of + 1.6, eompared with -+ 1.24 forp-NC& [3, If 
and a o--constant of + 1.57 for the Cr(CO)3 group can be derived from data I[$$] oi 
the ionization of.phenols in 50% ethanol. Furthermore, from the PMR chemical 
shifts of the amino-protons of anilines, a o--constant bf + 0.71 can be derived for 
the (cr[CO), group, since it has exactiy the same effect as a m-NO2 group, and 
a much smaller effect than the p-NO, group 181. 

It is clear, furthermore, that in some special situ&ions in reactions strongly 
asstited by eIectron+easing substituents, the eompkxed Cr(CO), group can 
also act as a soume of eIectrons [lo, 25f, (o-n) conjugation from the arene-Cr 
bond and/or Cr-bridging probably being mainly responsible; at least in some 
eases.. 

There is more consistency in the observations of the effect of the C&O), 
group on the influence of other ring sub&&tents, In every case studied, the 
presence of the group markedly lowers the influence of ring substituents, and 
usually without any distortion from the norm& pattern of substituent effects. 
For example, (i) the effects of substituents, X, in the hydrolysis of fh6 -XC6 H4, 
CO2 Me)Cr(CO), -complexes correlate with o-constants (with a slope, p, of 
+ 1.55) just as da those in the hydrolysis of the irncomplexed XC, H, CO; Me 
compounds (with a slope, p, of + 2.36) f2J ; (ii) th& PMR chemical shif& of the 
ammo protons of (h6 -XC6 H4 NH, )Cr(CO)3 complexes correlate well with G-, 
or where appropriate o--constants, with a markedly smafler slope than is found 
‘for the uncomplexed XC, Hq NH, compounds [S] ; [iii) the pKa values ,of 
(i;r6 -XC& I& OEI)Cr(CQ), complexes in 50% ethanol at 20” .correlate well with 
O- or.o--con&ants, with a slope of 0.99, compiired With one of 2.51 for the un- 
oomplexed phenok+I f9J. The dampening of the irifIue@? of the X &WPS has- 

* -~hk ir-&~~& da&d for tie p-NO2 -group by Ceccim in& 3ii are? mark&W h’h*~ the 
_ 

commonly a&ptad +ahze of + 1.24. They suggested that their’values repres&ted tlia abilitJiOf the 
gtoup to d&,&a a negktive chartie OP cmbon. whereas the usual ci--value is d&i& fmm raactioim 
of p&no& Or’tin&, but .we have shown that the.usiukl u’-con&mts for the ~-No2 and Q&x 
-tip& co=&+ exc&antly t&6 rates of base cleavage of XCeE4CH2 SiMef compaimds f;% 51. in 
‘w&b a ma‘&gree ‘Of carba&o&c character develops on the bena& CarfiOn atom.irk tha t%!a&tiOz% 
:&&a_ .-. 
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been fairly generally attributed to the large electron withdrawal bp the @(CO), 
group, wh$h takes up-so much of the negative charge developed in the transition 
state that relatively little is left to interact with the other subs@tuents [F&83. 
This is equivalent to the saturation effect commonly proposed to explain de- 
partures from additivity of substituent’effects in multiply substituted systems. 

To obtain additional information on the electronic effects of the com- 
pleting between the aromatic ring and the Cr(C0)3 group we have studied 
spectrophotometrically the rates of the base-cleavages of the C-M bonds in 
three types of system, viz. (a) (h6 -XC6 H4 CFCMR3 )Cr(CO), compounds (M = 
Si or Ge); (b) (I@ -XC& H4 SiMe, )Cr(CO), compounds; and (c) (h’ -PhCH2 - 
SiMe, )Cr(CO), . 

Rest&s and discussion 

(a). Cleavage of (h6-XCsHqC~CMRg/Cr(CO)~ compounds 
Since the acetylenic bond has been shown not to be involved in the co-or- 

dination in (h6 -aryl-(ZCH)Gr(CO), complexes [ll] , valid comparisons can be 
made between the effects of the substituents X in cleavage of the C-M bonds 
of (h6 -XC& H$ C%?MRJ )Cr(CO), complexes and those in cleavage of the cot: 
responding bonds in XC6 H4 -CM& compounds. 

To provide a measure of the electron-withdrawing influence of the Cr(CO), 
group, the rate of cleavage-of (h6 -PhC%CGeEt, )Cr(CO), was first compared 
with that of PheCGeEt:, in a mixture of methanol (5 vol) and 0.20 M aqueous 
potassiti hydroxide (1 vol), and it was found (see Table I) that the complex 
is 16 times as reactive as the uncomplexed compound. Since a plot of log kWe, 
against CJ (where k=, represents the rate for the substituent compound 
XC, H4 C%CGeE& relative to that of the parent C6 Hs eCGeE& ) for cleavage 
of XC6 & C%CGeEt, compounds in this medium is + 1.43, the effect of the 
Cr(CO), group corresponds with a a-constant for the group of * 0.84, which is 
consistent with the generalization that the group has an influence rather similar 
to that of the p-NO2 group (a = + 0.78) in reactions in which there is no in- 
creased demand for conjugative electron-withdrawal in the transition state, i.e. 
in reactions to which e-rather than o--constants apply. 

The pseudo-first-order rate constar&, k, for the cleavage at 50” of 
(h6 -XC, Hb (ZCGeEt~ )Ck(CO), complexes by a mixture of methanol (5 vol) 
and 0.20 M aqueous potassium hydroxide (I vol) are listed in Table 1, along 
with the values of the rate constants, kreL, relative to those of the parent com- 
pound having X = H. A plot of log kxeI against o for the compounds (except the 
one o&ho-substituted compound) gives a fairly good line, def’ined by least- 
squties analysis as log km1 = 0.9560 t 0.003, with a correlation coefficient, r, 
of 0.973. This overall correlation is deceptive, however, since it disguises the 
fact that all the points lie on the line except those for X = p_OMe, which deviates 
rather badly (by 0.12 c-units) and X = m-OMe, which deviates rather less (by 
0.07 o-units). The plots of log kre, against co (r = 0.999) or 0” (r = 0.996) are 
excellent, but we suspect that this is coincidental, and certainly no clear sign& 
cance can be read into the superiority of these constams ov& the CT-constants, 
since the dtierence arises almost entirely -from the p-OMe substituent . .A simiiar 
deviation w&s observed for this substituent in the plot.of log k, against u for 
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TABLE1 - _ .: 

CLEAVAGE OF <ir5XC6~~GeEt3)n<O)B COMPLEXES BY AMIXTURE OF ME’i’EANOL (5 vol) 
AND 0.20 AS AQUEOUS POTASSIUM HYDROXIDE (I-vol) AT SO” 9 

X P03X.k .- -.- 
krel xb 

<min-’ ) <=a 
i 

mCF3 69.8 . 2.75 250 
m-Cl 62.0 2.44 250 
m-OMe 27.9 130 250 
H 25.4 1.0 250 
m-Me 21.6 0.85 250 
PO= 17.8 0.70 250 
o-MC 15.0 ~0.59 250 

- 1 For PhCZCGeEt~. values of 103 X k, k,l. axid h were 1.59 mm -1.0.063, and 270.5nm.tespectiv&, 
b Wavelength at which rate was measured. 

the uncomplexed XC6 H4 CSGeEt3 compounds [IS], and a special explanation 
has been suggested for it [13], based on the probability that electrophilic attack 
by an incipient proton from the solvent on the carbon atom of the C-Ce& 
bond.plays a-8+ but significant part in the cleavage, occurring SynC~OnOUSb 

with the cleavage of the C-GeEt, bond under the influence of the hydroxide 
or methoxide ion, and that this electropbihc attack is specifically facilitated b+ 
pam-substituents with strong electron-releasing resonance effects. 

The more significant feature for present purposes is that a plot of log kel 
for the complexed series against that for the uncomplexed series is an ex- 
cellent straight line, even when the point for X 7 o-Me is included, as Fig. 1 
shows; every point, except possibly that for X = m-OMe, is effectively on 
the Iine within the limits of experimental error. Thus there is very direct 
evidence that the complexing does not distort the pattern of substituent 
behaviour, in accord with previous conclusions. 

Fin;i: PI&._& 1004 k&.for ihe’aE@i c&age of (h6-XCsH4~GeEtJ)Cr(C0)3 versus log krel for the a&ali 
..cleaFge kKXCgH&C~GeEtg compounds. 
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The complexing Wee again has a marked effect on the magnitude of the. 
kfecb of the substittients X; the plot in’Fig; 1 has a slope of 0.625iindicating 
that the complexing reduces substantially the Wtienbe of the .X groUti. We , .’ 
suggest that &his is not due to a simple saturation effect arising from the 
&CtXOn-WitidraWd by .the Cr(CO), group, since $he 16-fold ‘activation by the 
group [measured by the difference in reactivity between (!.I~ -Cg H5 =CGeEt, )- 
Cr(CO), and Cs Hs CSGeEt3 3 is most unlikely in if;s&f to cause a significant 
departure from additivity of subs&uent effects; in other words, if such an 
activation were caused by a simple m- or p-substituent Y, (e.g., p-NO, ), little, 
if any, departure from substituent effect additivity would be expected for the- 
disubstituted compounds (X)(Y)C, Ha CkCGel& , and thus no significant dif; 
ference in the value of p for varying X between the series XC6 H4 CZCGeEtJ and 
(X)(Y)C, H3 CZCGeEt3. It is more likely that the Cr(CO), group acts as an 
electron reservoir, absorbing a substantial proportion of the electron release by 
an electron-supplying substituent and releasing electrons to compensate for- 
deficiency caused by an electron-withdrawing substituent, thus dampening down 
the influence of the substituents. On this-picture, the Cr(COJ3 group would 
dampen the influence of substituents even in reactions which are accelerated 
by electron release, whereas if the saturation effect mentioned above were 
dominant it should markedly enhance the substituent influences in such reactions. 
It is thus relevant to note that the Cr(CO& group very greatly dampens the effect 
of ring methyl or methoxy groups in acid-catalysd aromatic hydrogen exchange 
1143, a reaction which is normally strongly accelerated by electron releasing 
substituents, and which is powerfully retarded by the complexing 1153 *. 

It is rather surprising nevertheless, that little or no distortion of the pattern 
of substituent effects is normally brought about by the presence of the Cr(CO)a 
group, especially in view of the likelihood that there will be some of the syner&- 
tic interaction of CT- and n-bonding influences which norm&y operates in transi- 
tion metal complexes. Some minor distortions have been noted for the effects 
of alkyd substituents on the strengths of complexed benzoic acids CS8l , but the 

only examples of substantial distortion seem to be provided by the work of 
Ceccon and Sartori on the rates of reaction of (XC, 3% CH, CL)CI$CO)~ com- 
plexes with sodium &ocyanate in acetone, in which rather special and conflict- 
ing effects operate [253, and by the work of Klopman and Noack on the effects 
of substituents X on the PMR chemical sb%ts of the ring protons in (h6 -XC, % - 
CO2 Me)Cr(CO), complexes, in which substituents capable of conjugative eleb- .’ 
tron reltie cause quite anomalous shifts at the meta-position [171. mopman 
and Noack suggested that ?r-electron donation from the Ione pair of such a &oUP 
would give +,e to back donation by an inductive effect from the metal atom 
b & the positions of the ring, including the me&z-position. Distortions &kg 
from ejs effect wou’ld clearly be greatest for meta-substituents such as m-OMe 

* m=.z l?rme of the e<C0)3 SOUP also Breatly dampens the iduence of the substituents X in the 
sOlvolY~ of (h6-XC6Z14CMe2CH20S02Me)Cr(CO)g ckmplexes as compared with those in the un- 
complexed xc6~4c~e2~20s%m? COmPOUadS. Whik Causing Only a sm& 0-d dea&iwtiOn 

CW. Cm@ free C&&TCMe2~20S02Me is 1.8 times as reactive ss the complexed @-QEx~Q,T~~- 
~~OSO2Me)Cr(CO)31. Special effects operate in this sntem. however, the strong stabilization 
of the &carbotium ion by (~)-~oniugation friim the C-Cr bonds counteracting the no& e&c 
tson withdrawal. 
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x_ ..-.. ._:,_‘ 
fr.cOExlb - 103X&- ’ ---k,1. Lb... 

:- :‘.a@> wn-‘> <nm-. 

m4X’..’ 0.50 10.85 62.5 ‘210 
m_OMe ._ oJ33 0.65 _; 3.7 285 

10.0 . 14.0 285 1 : .- 
H 10.0 3.74 

g4 
259.5 1 

m-Me ~- -10.0 .2.76 
P-O&% _; - 10.0 1.96 

0.885 
ok2 

276 
281’ 

D-Me 10.0 0.24 264 

c Comx. of aweox& base. b wavelength at which rate was measured. 

in ~which the inductive electron withdrawal normz&Uy dominates over conjugative 
electron reiease, and Kfopman and Noack expressed surprise that an ummual in- 
~u~~~~clf~~~~-~~~~dr3esn~tupsetraisecorrelatians,~t:ttthusn~~ 
worthy that the largest deviation from the plot of Fig. 1, while still small, is that 
for the m-QMe group. 

(b) Cleatiages of (h6 -Xcs&4SiMeJ )Cr(CO), compounds 
Base cleavage of aryE-MMes bonds, where M = Si or Sn, is known to be 

strongly facilitated by electron withdrawal in the aryl group [13,19], and thus 
it was not surprisii to find that for (h6 -XC, He SiMes )Cr(CO), complexes 
rates could be measured for cleavages by a mixture of methanol (5 vol) and 
aqueous potassium hydroxide (020 M) at 50”, in which the reactions of the un- 
complexed XC6 3& SiMe3 compounds are much too slow for stu&. Results for 
the complexes are &own in Table 2, in which the observed pseudo-reorder 
rate CC+&ZUI%S are shown along with the rates, kml, relative to those for (h6 - 
C, Nti SiMe3 )Cr(CO), _ A plot of log krer against cT (not shown) is an excellent 
straight hue, except for the point for the p_OMe substituent. (The correlation 
coefficient, r, has a value of 0.997 if the p-O&le point is omitted). Better overall 
plots which include the p-O&fe point are obtained by use of a0 (+ = 0.933) or 
cr” (r = O-990), but again we believe that no direct significance should be attached 
to the superiority .of the use of 5* - or oJ”-constants since it arise&wholly from the 
behaviour of the p-OMe compound. We have shown previously that the p-UMe 
group, and other dada-sub~tuen~ capable of strong conjugative electron release, 
have abnormal effects in this type of reaction, in which they specifically faciZit&e 
the electrophili~ attack at the carbon atom of the C-MMe3 bond [13f. While 
&re& comparison cannot be made with cleavage of tmcomplexed XC, H4 SiMe, 
com@oiznds& the medium used, in terms of the analysis we have previously 
made II.31 the deviation of the p-OMe point from the fog k,,,lr piot is -Y 
mflsistent with results for uncompkxed XC& H4 SiMe, and XC, I34 snMe3 corn- 
pcmnd~ in other media, and thus opce again the-powerful activation rjy the 

_- 
-. : 

_. . . 
* usixw t&e spmboK& defined in Y&. 13. the results in Table 2 eatMwtorily fit the relationship 

lag k& = @CO + r*A3, -nith approximate p and t values of 4.8 end 0.6 reeneet&&y, only the p&nt 
for X = P-Me devia$ing si&ficanuV from the line: little si@ficmce can be attached to the r value. 
honrever, eince it de&n& so heavily on the xesult for the p-OMe group. ‘. . . 
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WCO), group is not accompanied by any substantial distortion of ‘substituent 
effects. 

We attempted to measure the effect of the Cr(CO), group on the reactivity 
by direct comparkon of (h” -PhSiMe3 )Cr(CO), and PhSiMe3 in a medium of oli-. 
methyl sulphoxide (6 vol) and 0.10 M aqueous-potassium hydroxide (1 vol) at 
30”) but the reaction was effectively complete for the complex in the time, viz. 
2 min, required for the first measurement, whereas a half life of > 300 inin 
would be expected for the uncomplexed phenyltrimethyMlane_ The rate en- 
hancement by the Cr(CO), group is thus at least 500-fold, and is probably sub- 
stantially larger. 

It is appropriate at this point to note that Brown and Raju [S] initially 
took the powerful activation by the Cr(CO)3 group in base-catalysed aromatic 
hydrogen exchange in liquid ammonia contai@ng potassium a+ide [20] as 
providing support for the conclusion, based on theoretical calculations, that the 
Cr(CO), group should be able to facilitate electrophiic, and not only nucleo- 
philic, aromatic substitution [Zl] , but later Brown and Hughes observed that 
the base-catalysed exchange must be regarded as nucleophilic rather than electio- 
philic aromatic substitution [22] _ In fact the base-catalysed aromatic hydrogen- 
exchange and the base cleavage of aryl-MMe, compounds are indeed, by defini- 
tion, electrophilic substitutions, in that the carbon atom retains the electrons 
of the broken C-K or C-MMe, bond in forming the new C-K bond. The transi- 
tion states are, however, very different from the positively-charged Wheland inter- 
mediates which are involved in common electrophilic aromatic substitutions, 
and which Brown used as transition state models in his calculations 1211. We 
believe that electrophilic attack at carbon does, in fact, play a significant if minor 
role in these reactions [3.3] (though others have regarded the slow step of the 
hydrogen-exchange as involving direct proton abstraction to give the aryl 
carbanion [231), but the dominant influence is the nucleophilic attack on the 
hydrogen or metal atom of the C-H or C-MlSiIe, bond, and both reactions are 
very strongly facilitated by electron-withdrawal in the aromatic ring. (In the 
hydrogen-exchange in liquid ammonia containing potassium amide, the value 
of p, based on meta-substitnents only f131, is ca. + 9.9). The Cr(CO)J group 
thus facilitates these reactions by its usual powerful electron-withdrawal rather 
than by the electron release which would be required to facilitate common 
electrophilic aromatic substitutions. The Cr(CO)3 group is normally thought to 
deactivate the ring towards ordinary electrophilic aromatic substitutions fl, 24, 
26,271, although Brown and Hughes question the validity of deductions based 
on acetylation results 1221. The very large reduction in the case of acid-catalysed 
hydrogen exchange on going from arenes to the corresponding (h6 -arene)Cr(CO), 
complexes 114,151 suggests strongly that the Cr(CO), group will normally 
deactivate markedly in the common types of electropElk aromatic substitution. 

(c). Cleavage of (h6 -PhC& SiMe3)Cr(CO), 
To provide a measure of the influence df the Cr(CO)3 group in a reaction 

known to be very strongly accelerated by electron withdrawing groups and td 
req&e the use of o--cor&ants, we’examined the &ative ease of cleavage of 
(h6 -PhC& SiMes )Cr(CO), and PhCH2 SiMe, _ A direct conipaiison was n& 
possible because of the large reactivity difference, and so we compared the. 
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CtiAVAGk.OFm-&&H&H~SiMe3 ANn(h6-~hcICI2a~~3~=<~)3 BYAMIX$REOFMkT~O~ 
~(5_~~l)AND,~~~~dS~PO~A~SI~~YD~O~~DE(~~ol)AT 30°. 

: 
Coxixyound:: ::._ .. KOH! = -103 i.k Rd.rateb._ 

(mi&) : -. .- 
.h+ :' . 

:. 00 (vi. 

.m-C1c6HqCHj6iMe3 .. 10.0 . . _~ 0.56 .l 280 
(hQ?b~~2si~a3>~~ 

Cr(CO)3' 0.50 -125 .-. 880 1 325 

o~q&x_oftheaq~eous~.5 ~IinearreIationsbipbetw&e~ rate andalkaliconcn.isassumed.e~ave- 
Ien&b~t&&&ewasmeasured~ 

rak of cleavage-of the complex (h6 -PhCH* SiMe, )Cr(CO), with that of the un- 
COk@eXed m-CIt& H4 CH, SiMe3, in a mixture of methanol (5 vol) and aqueous 
alkali ‘( 1 vol) at 30” _ The results are shown in Tabk 3, from which it will be 
seeu that-the complex is 4.5 X lo3 times as reactive as the m-chloro-compound 
at 30” _ The latter is 57.3 times as reactive as the parent benzyltrimethylsilane 
in this medium‘at 50”, and from activation energies derived for these two 
compouirds in’s rather similar medium [4’J we can calculate that the value of 
kz_ for the m-chloro-compound would be raised to 66 at 30”, which corresponds 
to a value of p of 4.9. The complex (h6 -PhCHi SiMe, )Cr(CO), reacts 3.0 X 10’ 
times as rapidly as PhCH, SiMe, at 30”, which .leads to a value of ka. + 1.12 for 
the o--constant for the Cr(CO)3 group, and while there are approximations in- 
volved in this derivation they are unlikely to give rise to an error of as large as 
0.05 e-units. In this reaction, then, the Cr(CO)3 group activates somewhat less 
effectively than the p-NO* group (for which o- = + 1.24, a value which accurate- 
ly correlates the effect of the group in this reaction [4] ). It is clear, however, 

TABLE4 

(h6-XC6~~MR3)Cr(CO)3COMPLEXESPREPARBDFRO~XC~H~C~MR3COMPOWNDSAND 
-(CO), 

X MR3 
-%- 

Anidysisfoukd IR (cl&) 
(calcd.) (‘3%) 

V<cso) vs V(c=c) w 
C H 

.. H 6iEt$&s 52-53 56.6 1918 1982 2162 
(56.8) 

p_Me. -3 5344 58.7 6.0 1918 1980 2150 
(59.0) (6-O) 

PMe ==3 ?7.5-78.5 55.5 1915 1981 2165 

Hi 
(55.6) (Z, 

C&-Et3 4445 5.15 1915 1980 2156 

m-Me GeF.tg -. 81-81.5 ..g:;, (K' 1913 1977 2130 

o-Me GeEi ’ 
(52:6) (5:4) 

22-24 53.1 5.6 1920 1982 2153 

(52.6) (5.4) 
m-OMe GeEtj 71-72 50.4 L919 1984 2156 

(50.6) 
m-C1 GeEx3 46.5-47.5 47.5 (g). 

m-CF3=_ Ge&3 
(47.3) <4:4> 

1930 1990 2160 

49.2 (E, 1938 1998' 2158 

(49.7) 

liTheIden~o;fthepi;dau~,:obiainedasa yell~~oilwhkh &Idnotbeinduced toawtaUb~w~con- 
rirmea+~qsinass ~e~(~466;oth~~atm/e438,410,382.354,326,~298,~~espeo~ 

.isotone~+zIg-.'.. :-, ::.. '. ._ 

. . ._ 
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TAFiLE 5 ::-_ ::. 

<~6&,ti~qj)Cr<CO)J COMPLEXES PREPARED FtiOM XC&SiMe3 COMPOUNDS ANI~ Cam 

X_ - M.P; 
cc> 

i&lwis iound IR <air’) 
<ca.kd.l (93, 

Y<c=o)vs 
c H 

H 70-710 1910 -1978 
m-Me 64-65.5 62.0 

(52.0) (2:) 
1905 1975 

p-Me 

m-O-Me 

p-OMe 

m-Cl 

83.5-89.5 62.0 1905 1975 
(52.0) (ii::) 

57-57.5 49.3 -1900 .1974 
C49.4) & 

93.H4.5 49.4 1904 1975 
(49.4) ,5:9, 

57-58.5 1924 1988 

= Lit.. Cl11 m.p. 72-73O. 

that the Cr(CO)3 group can, by delocalizing an excess of negative charge con- 
jugated wit31 the aromatic ring, withdraw electrons substantially more effective- 
ly than would be expected from its o-constant, which seems to have a value 
in the range 0.75-0.85. 

Nothing in our results seems to us to throw further light on the ques- 
tion of whether the effect of the Cr(CO), group on the aromatic ring is exerted 
mainly through the o-system [3,28] or mainly through the z-system [Z, 17,233. 

Carbonyl stretching frequencies in (h6 -XC6 H4 C=CGeEt3)Cr(CO), complexes 
Carbony stretching frequencies were measured for some of the (h6 -XC, - 

E& CZCCeEta )Cr(CO), complexes, with the results shown in Table 5. The varia- 
tions are small, but the frequencies generally increase with increasing electron 
withdrawal by X, as would be expected from previous work [S, 17,291. 

Experimental 

General 
Infrared spectra were recorded on solutions by use of 1 mm cells in con- 

junction with a Perkin-Elmer 257 grating spectrophotometer. Mass spectra 
were recorded on a Hitachi-Perkin-Elmer RU6 instrument. 

Preparation OF arenechromium tricarbonyl complexes 
(h6 -PhC=CSiMe3)Cr(CO), - In a typical preparation, a.25 ml flask fitted with 

.-an air condenser surmounted by a water-cooled condenser was charged .with 
PheCSiMe; (1.74 g, 0.01 mole), Cr(CO), (2~2 g, 0.01.mole) and 1,2-di+hoxy-. 
ethane (10 ml), (freshly distilled from sodium).,.The system was’degassed by 
a series of freezing-evacuation cycles then filled with oxygen-free nitrogen, and 
the’flask was heated in an oil bath(3.25-135°) for 12 h_ During-this period -. : 
any chromium hexaearbonyl which sublimed on to the walls -of’ the air con- 
denser was returned mechanically to the reaction vessel. The-mixture, which 
graduall$ turned yehow, with precipitation of solid, was cooled, then diluted~ 
with light .petroleum (100 ml,‘b.p. .~@-60~) and filterecl~ Volatile mater .. 

: 
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: $I was &novec% from the _&ate .under reduced pressure and the r&dual y& 
lqw-brown Oil was ChromatographGci on a 45 cm~.column of silica gel (B_D;H: 
60-lZ&mesh) with pYOte&ion from s&light, light petroleum/diethyl ether 
being used for elution.~ The solidremtining after concentratio& df product-rich 
eluent fractions was recrystallised from nipentane to give the complex (h6 -PhC 
zCSiMe,)Cr(CO), (36.5%); m-p. 73-74’ (lit. Ill] m-p. 75-76O); IR (Ccl,): 
v(C=O); 1920 (vs), 1985 (vs), Y(C=C), 2162 (w) cm-‘. 

DetGls of other new (h6 -XC, Hq CZCMRB )Cr(CO), complexes prepared 
in.the same way are given in Table 4. The complex (h6 -PhCH, SiMe3 )Cr(CO), 
(nc) also prepared in this way from benzyltrimethylsilane had m.p. 143-144’ 
(Found: C, 52.3; H, 5.1. C13H16 Cr03 Si c&d.: C, 52.0; H, 5.3%). IR (C&): 
v(c=O) 1903 (vs), 1973 (vs) cm-l . New (h6 -XC6 & SiMeB )Cr(CO), comple*es 
(Table 5) were synthesised by the same method except that the reaction mix- 
ture was heated at 130-140” for 48 h. 

Kinetic measurements 
R+es of cleavage of ethynyl-germanium and silicon bonds and of 

benzyl-silicon bonds in m-chlorobenzyl(trimethyl)silane and in the complex 
(h’ -PhCHz SiMe3 )Cr(CO), were determined by the spectrophotometric method 
previously described [4]. For measurements at 50”, methanol (10 ml) and 
aqueous potassium hydroxide (2 ml) of appropriate strength were thoroughly 
mixed, and samples were transferred to 1 cm stoppered cells which were left 
for 10 min in a thermostat&d cell-holder. A small quantity of a methanol solu- 
tion of the appropriate organometallic compound (sufficient to give a concen- 
tration of ca. 10d4 M in the cleavage medium) was injected from a microsyringe. 
The cell was removed, shaken quickly, and replaced in the cell holder. For 
measurements at 30”, a ca. ILOW4 M solution of the complex in methanol (10 ml) 
was mixed with aqueous potassium hydroxide (2 ml) and a portion transferred 
to the sample cell. 

Optical densities, D,, were then recorded at appropriate times, t, and 
suitable wavelength, h, up to 75% of reaction. Slow decomposition of the 
product complexes (h6 -AIC%CH)C~(CO)~ in the reaction media led to a drift in 
the ‘infinity’ value of optical density, DOD, (i.e., after ten half-lives), and so first 
order rate constants, kl , were evaluated by a computer programme which con- 
tinuously adjusts Do0 until the correlation coefficient for a least-squares analysis 
of the experimental readings, D,expressed in the rate equation form log,, 
(D,--D, ) = k, - t -+ C, is maximal. Rates were measured in triplicate for most 
compounds; because of the low overall optical density chtige in some of the 
cleavages the uncertainty in the values of the rate constants is +- 5%. 

-The following technique was used for most of the (h6 -XC6 % SiMej)- 
Cr(CO)3 ‘complexes. A sample of the complex (ca. 0.1 g) was dissolved in a 
mixtur& (6O.ml) of methanol and aqueous potassium hydroxide of the composi- 
._tion specified in Table 2, contained in a 100 ml flask fitted with a rubber suba 
se& cap. The-flask and-.contents were thermostatted at 50” fqr 10 miu, z&d 5 ml 
aliquots-were$hen withdrawn at appropriate intervals by means of a syringe 
and shaken,with water (25 ml), dilute hydroch!oric acid (5 ml); and spectrosco- 
pic g@de n-hexane (10 ml). The hexane layer was separated, dried (MgSO, ), and 

,. : 
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irradiated for 45 mm with a Hanovia 100 watt UV lamp. It was then centrifuged, 
and its optical densify recorded at 25” at an appraP&ate wavelength_ F&r r&s 
of long half-lives, e.g., with X = p-OMe, and p-Me, separate 5 ml samples of the 
solution of the complex in the aqueousmethariolic alkali were sealed into glass 
ampoules which were then placed in the thermostat. 

The reliability of the method was checked in the following way. A sample 
of the complex (h6 -PhSiMe, )Cr(CO), (0.10 g, 0.35 mmoi) in hexane. (50 ml) 
was irradiated for 45 mitG&nd then centrifuged. The UV -spectrum of the super- 
natant solution was recorded and found to be identical with that of a solution 
of trimethyl(phenyl)silane (0.35 mmol) in hexane (50 ml). Irradiation of the 
sample for a further 2h caused no further change in the spectrum. The work-up 
procedure was checked by dissolving (h6 -PhSiMe3 )Cr(CO), (0.035 mmol) in a 
mixture of methanol (10 ml) and water (2 ml), acidifying and extiactinginto 
hexane as described above. Comparison of the UV spectrum of the dried hexane 
solution with that of a solution of (h6 -PhSiMe, @(CO), of known strength in 
hexane, showed that the extraction was essentially complete in a single step. 

Preparative scale cleavage 
Confirmation of the nature of the base cleavage was obtained in a repre- 

sentative case, as follows. To a solution of the (h6 -PhCrCSiMe3 )Cr(CO), com- 
plex (0.1 g, 2.4 mmol) in methanol (50 ml) was added 0.1 M aqueous potassium 
hydroxide (20 ml) and aqueous 0.025 M borax (50 ml). The resulting homo- 
geneous mixture was kept at 30” for 2 h, then water (100 ml) was added, and 
the organic products were extracted with ether (3 X 50 ml). The ether extracts 
were dried (MgSO, ), concentrated by evaporation, and the residue was recrys- 
tallised from n-pentane to give (h6 -PhC=CH)Cr(CO)3 (51%); m-p. 67-69” (lit., 
[llj m.p. 70-71”); IR (CCIB): v(eO), 1990 (vs), 1930 (vs), v(GC), 2118 (w), 
cm-’ . NMR (CCL, ): T(C6 H5 ) 4.5-4.8 (5H m); (CZC-H) 7.16 (lH, s). 
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