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Summary

" Rates of cleavage by aqueous ‘methanolic alkali have been measured for
the C—MR3 bonds in some arenechromium tricarbonyl complexes. :
. The complex (h®-PhC= CGeEt3 )Cr(CO)3 is 16 times as reactive as the un-
complexed PhC=CGeEt; towards a mixture of methanol (5 vol) and aqueous
alkali (1 vol) at 30°, which leads to a value of +0.84 for the o-constant of the
Cr(CO); group. The relative rates for the complexes (h® -XCsH, C=CGeEt; )-
Cr(CO); with varying X correlate excellently with those for the’ uncomplexed
XCeH, C:CGeEt3 compounds, showing that the Cr(CO); group causes no
distortion of the pattern of substituent effects but the groups X have a sma]lex
inflaence on the rate in the complexed series. = -

- The aryl—SiMe; bond of the complex (h° -PhSlMe3 )Cr(CO)3 is much more
readily cleaved by base than that in the uncomplexed PhSiMe;, but the pattern.
of substituent ef:fects in (h€-XCs H, SlMe3 )Cr(CO)a complexes is cons:stent w1th
tha'r in the series XCs H,SiMe;. :
" The complex (h°-PhCH, SiMe, )Cr(CO)s’ is some 3 X 105 times as reactlve
as PhCHz SiMe; towards methanol (5 vol) contammg aqueous alkali (1 vol)at
30°, which. corresponds to: an apprommate value of +1 12 for the [ -constant of

the C’(CO)g group. : b

Introductlon '

Several studles have been made of the. electromc effects of the C]:(CO)3
group on the physmal propertles and reactivities of arenechrommm tncarbonyl '
complexes. These have mainly examined two separate factors, viz: (a)the dlrect v
effect of the Cr(CO); group ‘especially on react1v1ty, and (b) the eff' t of the -
-group on the inflience exerted by other ring subsi:ltuents._i ' A
T . Asfaras the direct effect of the Cr(CO)s group is' concerned, it is uss -
_accepted that the group frequently has an. electron-mthdrawm ffectf ther =
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smular to.that of a p-NOz group, as ongmally proposed by Nicholls and thtmg,
whofound that these two groups had similar effects on the dissociation con-. -
stants of benzoic. and phenylacetlc acid [1]: Confirmation of this proposal was -
provided by the observation that the rate of hydrolysis of (k¢ -C¢ Hs CO, Me)-
Cr(CO); in 56% aqueous acetone, a reaction strongly facilitated by electron
withdrawal in the aromatic ring, was identical with that of p-NO, C¢ H; CO, Me
[21, nnplymg a o-constant for the Cr(CO); group of +0.78. The validity of these
conclusions from the experimental evidénce has been questioned, however,
notably by Ceccon and Biserni [3]. Certamly in reactions in which enha.nced
delocalization of electrons into suitable substituents (e.g. p-NO, ) can be involved
in the transition state the Cr(CO), group seems to have a rather variable influence.
as indicated by the fact that it has (i) a markedly smaller effect than the p-NO,
group on the rate of elimination from XCs H, CH, CH, Br and XGC, H,CH, CH, -
0OS0, C; H; Me-p compounds (the results imply a 6™ -constant of + 0.74 or + 0.82
for Cr(CO);, compared with +1.53 and/or + 1.45 for p-NO, )* [3], (ii) essentially
the same effect as the p-NO. group on the reactivity of chloro- and fluoroben-
zene towards methoxide ion in the methanol [6], and (iii) a markedly larger
effect than the p-NO, group on the ionization of phenol in water; the effect
corresponds with a ¢”-constant of + 1.6, compared with + 1.24 for p-NO, [3, 7]
and a o"-constant of + 1.57 for the Cr(CO)3 group can be derived from data [9] or
the ionization of phenols in 50% ethanol. Furthermore, from the PMR chemical
shifts of the amino-protons of anilines, a ¢ -constant of + 0.71 can be derived for
- the Cr(CO); group, since it has exactly the same effect as a m-NO, group, and
‘a muc;h« smaller effect than the p-NO. group [8]1.
It is clear, furthermore, that in some special situations in reactions strongly
assisted by electrorhreleasmg substituents, the complexed Cr(CO); group can
also act as a source of electrons [10, 25], (6—) conjugation from the arene—Cr
bond and/or Cr-bridging probably being mainly respon51b1e, at least in some
cases. .
‘ There is more conslstency in the observations of the effect of the Cr(CO)a
- group on the influence of other ring substituents. In every case studied, the -
. presence of the group markedly lowers the influence of ring substituents, and
usually without any distortion from the normal pattern of substituent effects.
For example, (i) the effects of substituents, X, in the hydrolysis of (h¢-XCesH,,
‘CO, Me)Cr(CO); complexes correlate with o-constants (witha slope, p, of ‘
+1.55) just as do those in the hydrolysis of the uncomplexed XC¢ H, CO; Me
compounds (with a slope, p, of +2.36) [2]; (ii) the PMR chemical shifts of the
amino protons of (k°-XC, Hy NH, )Cr(CO); complexes correlate well with o-, .
or where appropriate o~ -constants, with a markedly smaller slope than is found
for the uncomplexed XCs Hys NH, compounds [8]; (iii) the pK_ values of
(h% X Cs H; OH)Cr(CO)5 complexes in 50% ethanol at 20° correlate well with
o- or ¢ -constants, with a slope of 0.99, compared with one of 2.51 for the un-
v_ complexed phenols [2]. The dampenmg of the mﬂuence of the X groups has. -
*Thé g -constants denved far the p- Noz group by, Ceccon and anerm are markedly la.rger than the
.commonly accepted value of +1.24. They suggested that their values represented the ability” of the
group to delocalize a negatwe charge on carbon, whereas the usual o ™-value is derived from reactions
“of phenols or'‘amines, but. -we have' shown that the usiial 6 -constants for the p-NO3 and other .

: groups couelate excellenily the rates. ‘of base eleavage of XCgH4CH;2 SiMe3 compounds 4, 51.in
,'wh.\ch a large deaee of carbamomc character develops on.the benzyhc carbon atom in the transltion

Istate.
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been fairly generally atiributed to the large electron withdrawal by the Cr{(CO); =~
group, which takes up so much of the negative charge developed in the transxtlon
state that relatively little is left- to interact with the other substituents {2, 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-
plexing between the aromatic ring and the Cr(CO); group we have studied = -
spectrophotometrically the rates of the base-cleavages of the C—M bondsin
three types of system, viz. (@) (h® -XCz Hy, C=CMR; )Cr(CO); compounds (M =
Si or Ge); (b) (h5-XC,; H, SiMe, YCr(CO), compounds and (c) (h¢-PhCH, -
SiMe; }Cr(CO); .

Results and discussion

(a). Cleavage of (h®-XCyH,C=CMR3 )JCr(CO); compounds

Since the acetylenic bond has been shown not to be involved in the CcO-0r-
dination in (kS -aryl-C=CH)Cr(CO); complexes [11], valid comparisons can be-
made between the effects of the substituents X in cleavage of the C—M bonds
of (h®-XCg Hy C=CMR; )Cr(CO); complexes and those in cleavage of the cor- -
responding bonds in XC4 H; C=CMR; compounds.

To provide a measure of the electron-withdrawing influence of the (k(CO)a
group, the rate of cleavage of (h® -PhC=CGeFEt; )Cr(CO); was first compared .
with that of PhC=CGeEt; in a mixture of methano! (5 vol) and 0.20 M agueous
potassium hydroxide (1 vol), and it was found (see Table 1) that the complex

is 16 times as reactive as the uncomplexed compound. Since a plot of logk ,
against o (where k_, represents the rate for the substituent compound

XCcH, C:CGeEtg relative to that of the parent C, H; C=CGeEf; ) for cleavage
of XCs Hy C=CGeEt; compounds in this medium is +1.43, the effect of the
Cr(CQ); group corresponds with a g-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-NO, group (g = +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 og-rather than 6™ -constants apply.

The pseudo-first-order rate constants, k, for the cleavage at 50° of
(h® -XC; Hs C=CGeEt; )Cr(CO); complexes by a mixture of methanol (5 vol)
and 0.20 M aqueous potassium hydroxide (1 vol) ave listed in Table 1, along
with the values of the rate constants, k__,, relative to those of the parent com-
pound having X = H. A plot of logk__ agamst o for the compounds (except the
one ortho-substituted compound) glVED a fairly good line, defined by least-
squares analysis as log2_, = 0.9560 + 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 g-units) and X = m-OMe which deviates rather less (by
0.07 o-units). The plots of log k_, against 6% (r=0.999) or 6” (r = 0.996) are
excellent, but we suspect that th1$ is coincidental, and certainly no clear signifi-
cance can be read into the superiority of these constants aver the g-canstants,

" since the difference arises almost entirely from the p-OMe substituent. A similar
deviation was observed for t}us substituent in the plot: of log ko agamst g for
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TABLE1 -~ o e
. CLEAVAGE OF (hﬁ.xcﬁuqc=ceem3)c:(c0)3 COMPLEXES BY A MIXTURE OF METHANOL (5 wol) -
AND 0.20 M AQUEQUS POTASSIUM HYDROXIDE (1 vol) AT 30°e. - , A

b 4 : 103 X k SRR Rre1 o . -AD
_ B (min1) - v L .. . (am)
m-CF3 698 0 0. - 275 el 250
m-Cl ) 62.0 _ -244 . .. . 250
m-OMe 279 1.10 250
H 25.4 - ’ 1.0 . : 250 -
m-Me 21.6 R 0.85 o 250
p-OMe 17.8 ' . 0.70 250
o-Me 150 S - 059 - 250

3 For PhAC=CGeEta, values of 103 X Fk, kya). and A were 1.59 minT1, 0.063, and 270.5 nm, respectively,
b wavelength at which rate was measured.

the uncomplexed XCsH, C=CGeEt; compounds [12], 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—GeEt;
bond plays a small but significant part in the cleavage, occurring synchronously
with the cleavage of the C—GeEt,; bond under the infiuence of the hydroxide

or methoxide ion, and that this electrophilic attack is specifically facilitated by

- para-substituents with strong electron-releasing resonance effects.

' The more significant feature for present purposes is that a plot of log k,,
for the complexed series against that for the uncomplexed series is an ex-
cellent straight line, even when the point for X = o-Me is included, as Fig. 1
shows; every point, except possibly ‘that for X = m-OMe is effectively on
the line 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.
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; The complexmg once agam has a marked effect on the magmtude of the .
‘effects of the substituents X; the plot in Fig. 1 has a slope of 0. 625, mdlcatmg
that the complexing reduces substantially the influence of the X groups. We- -
suggest that this is not due to a simplé saturation effect arising from the
electron-withdrawal by the Cr(CQO); group, since the 16-fold activation bythé -
group [measured by the difference in reactivity between (h®-C; Hs C=CGeEt;)-
Cr(CO); and Gz H; C=CGeEt; ] is most unlikely in ifself to cause a significant
departure from additivity of substituent 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)Cs H; C=CGeEt;, and thus no significant dif-
ference in the value of p for varying X between the series XC; Hy; C=CGeEt; and
(X)Y)Cs Hy C=CGekEt, . It is more likely that the Cx(CO), group acts as an
electron reservoir, absorbing a substantial proportion of the electron release by -
an eleciron-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(CO); 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-catalysed aromatic hydrogen exchange
[14], a reaction which is normally strongly accelerated by electron releasing
substituents, and which is powerfully retarded by the complexing {157 *.

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);
group, especially in view of the likelihood that there will be some of the synergis-
tic interaction of 0- and w-bonding influences which normally operates in transi-
tion metal complexes. Some minor distortions have been noted for the effects
of alkyl substituents on the strengths of complexed benzoic acids {181, but the
only examples of substantial distortion seem to be provided by the work of
Ceccon and Sartori on the raies of reaction of (XCzH,; CH, C1)Cr(CO); com-
plexes with sodium thiocyanate in acetone, in which rather special and conflict-
ing effects operate {251, and by the work of Klopman and Noack on the effects
of substituents X on the PMR chemical shifts of the ring protons in (k% -XCs H,-
CO; Me)Cr(CO); complexes, in which substituents capable of conjugative elec- .
tron release cause quite anomalous shifts at the meta-position {17] . Klopman
and Noack suggested that w-electron donation from the lone pair of such a group
would give rise to back donation by an inductive effect from the metal atom .
to all the positions of the ring, including the meta-position. Distortions arising
from this eﬁect would clearly be greatest for meta-substituents such as m-OMe ‘

* The presence of the Cr(CO)3 group also greatly dampens the mﬂuence of the substituents X in the
solvolysis of (h5-XCgHsCMey CH; 0SO,Me)Cr(CO); complexes as compared with those in the un-
complexed XCgqH4CMez CH2080;Me compounds, while causing only a small overall deactivation -
{16]. [The free C5Hs CMes CH, QS02 Me is 1.8 times as reactive as the complexed (6-CgHs CMeg-
CH, 080, Me)Cr(CO)3] Special effects operate in this system, however, the strong stabilization
of the S-carhonium ion by (M)—comuamnon fxom the C—Cr bonds count.erucf.mg the normal elec-

" tron withdrawal, : i . .
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—TABLE 2
CLEAVAGE OF (hG-XCGEL;SxMeg)Cr(CO) 3 COMPLEXES BY A MIXTURE OF METHAN’ OL (5 vol) :
XD AQ“Q\‘S TOTASTUIH, THDROGEIDE (Lway AT L ] . . S

X o koHIbD L 103X R kel lb s
P ¥ ) TP .,(mml) . ) o . . qmm) -
m-Cl . eus0 T 10.85° 62.5 - . 270
m-OMe - . . . 050 - . . 0.65 . . 3.7 .. . 285
e 1000 o 140 o - 285

H 10.0 : 3.74 .10 . ' - 259.5.
mMe . - - -10.0 .26 .. 074 . 276
pOMe . 100 ) " 1,96 . 052 - - 281

»-Me S 4 100 - . 0.885 - 024 264

@ Conen. of aqueous base. & Wavelength at which rate was measured.

in which the inductive electron withdrawal normally dominates over conjugative
electren release, and Klopman and Noack expressed surprise that an unusual in-
fluence of such meta-groups does not upset rate correlations. It is thus note-
worthy that the largest deviation from the plot of Flg 1, while still small, is that
for the m-OMe group_

(b) Cleavages of (h‘ -X05H4SIM83 )Cr( CO)3 compounds .

~ Base cleavage of aryl—MMe; bonds, where M = Sj or Sn, is knowu to be
strongly facilitated by electron withdrawal in the aryl group [13, 19], and thus
it was not surprising to find that for (h%-XC¢H, SiMe; JCr(CO); complexes
rates could be measured for cleavages by a mixture of methanol (5 vol) and
aqueous potassium hydroxide (0.20 M) at 50°, in which the reactions of the un-
complexed XCg; H, SiMe; compounds are much too slow for study. Results for
the complexes are shown in Table 2, in which the observed pseudo-first-order
rate constants are shown along with the rates, k_,, relative to those for (h°-
Cs H; SiMe; )Cr(CO)3 . A plot of log k , 2gainst o (not shown) is.an excellent
straight line, except for the point for the p-OMe substituent. (The correlation
coefficient, r, has a value of 0.997 if the p-OMe point is omitted). Better overall
plots which mclude the p-OMe point are obtained by use of 0° (r=0.983) or
o™ (r = 0.990), but again we believe that no direct significance should be attached
to the superiority of the use of ¢° - or " -constants since it arises wholly from the
behaviour of the p-OMe compound. We have shown previously that the p-OMe .
group, and other para-substituents capable of strong conjugative electron release,
have abnormal effects in this type of reaction, in which they specifically facilitate
the electrophilic attack at the carbon atom of the C—MMe; bond [13]. While -
direct comparison cannot be made with cleavage of uncomplexed XCs H, SlMe3
compounds in the medium used, in terms of the analysis we have previously
made [13] the devmtmn of the p-OMe point from the log &, ,—0 piot is fu]ly .
consistent with results for uncomplexed XC.H, SiMe; and XC,; H, SnMe; com-

7 pounds in other medla, and thus once agam the- powerful activation by the

= Usmg the symboﬂsm deﬂned in ref 13 the results in Table 2 satisfactoﬂly ﬁt the zelahonsh:p
“10g Bye} = plo + r+A71, with approximate p and r values of 4.8 and 0.5 respeetively, only the point
. for X = p-Me deviating significantly from the line; littie significance can. be attached to the r value
' however, since it depends so heavily on the rwult for the p-OMe group. .- el .
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Cr(CO); group is not accompa:med by any substantlal dlstortmn of subst1tuent
effects. -

We attempted to measure the effect of the Cr(CO); group on ‘the reactmty '
by direct comparison of (h°-PhSiMe, JCr(CO); and PhSiMe; in a medium of di--
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 min
would be expected for the uncomplexed phenyltrimethylsilane. 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 [6] initially
took the powerful activation by the Cr(CO); group in base-catalysed aromatic
hydrogen exchange in liquid ammonia containing potassium amide [20] as
providing support for the conclusion, based on theoretical calculations, that the
Cr(CO); group should be able to facilitate electrophilic, and not only nucleo-
philic, aromatic substitution [21], but later Brown and Hughes observed that
the base-catalysed exchange must be regarded as nucleophilic rather than electro-
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—H or C—MMe; bond in forming the new C—H bond. The transi-
tion states are, however, very different from the positively-charged Wheland inter-
mediates which are involved in common electraphilic aromatic substitutions,
and which Brown used as transition state models in his calculations [21]. We
believe that electrophilic attack at carbon does, in fact, play a significant if minor
role in these reactions {13] (though others have regarded the slow step of the
hydrogen-exchange as involving direct proton abstraction to give the aryl
carbanion [23] ), but the dominant influence is the nucleophilic attack on the
hydrogen or metal atom of the C—H or C—MMe; bond, and both reactions are
very strongly facilitated by electron-withdrawal in the aromatic ring. (In the
hydrogen-exchange in liguid ammonia containing potassium amide, the value
of p, based on meta-substituents only {13], is ca. + 9.9). The Cx(CO); group
thus facilitates these reactions by its usual powerfuld electron-withdrawal rather
than by the electron release which would be required to facilitate common
electrophilic aromatic substitutions. The Cr{(CO); group is normally thought to .
deactivate the ring towards ordinary electrophilic aromatic substitutions [1, 24,
26, 271, although Brown and Hughes question the validity of deductions based
on acetylation resulis [22]. The very large reduction in the case of acid-catalysed
hydrogen exchange on going from arenes to the corresponding (k° -arene)Cr(CO),
complexes [14, 15] suggests strongly that the Cr(CO); group will normally .
deactivate markedly in the common types of elecirophilic aromatic substitution.

(c). Cleauage of (h" -PhCH, SzMe3)Cr(CO)3

To provide a measure of the influence of the Cr(CO)3 group in'a reactlon
known to be very strongly accelerated by electron withdrawing groups and to’
require the use of ¢"-constants, we examined the relative ease of cleavage of
(h® -PhCH, SiMe; )Cr(CO), and PhCH, SiMe,. A direct comparison was not E
possible because of the large reactivity difference, and so we comp_ared the



, CLEAVAGE OF m-cmsmcuzsmaes AND (hﬁ-PhCstxMeg,)Cr(CO)s BY A MIXTURE OF METHANOL
(5 vol) AND AQUEOUS POTASSIUM HYDROXIDE (1 vol) AT 30°. , , o

Compound [KOH] a 103 Xk - :,, Rel.rateb “ac "_ .
. It @ . - T (min 1) : S 27 (mm) .
"r.m-cm(,m;cnzs:Me_-, 100 .- 056 . -1 ' " 280
‘(h6-PhCH, SiMegz)- = - . : . ) ) - o o .
oxCO)3 ‘050 o125 o880 - - o 325

-a Concn. of the aqueous alkah b A linear rela.txonshm between ra.te and alka.h concn. 13 a.ssumed c Wa.ve—
’ _Iength at whxch ra.te was measured. i

‘IatAe of deavage ‘of the 'com'plex (R° -PhCH, SiMe; )Cr(CO); with that of the un-
complexed m-CIC, H, CH, SiMe;, in a mixture of methanol (5 vol) and aqueous
- alkali’(1 vol) at 30°. The results are shown in Table 8, from which it will be

“ seen that'the complex is 4.5 X 10% 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
compounds in 'a rather similar medium [4] we can calculate that the value of

k_, for the m-chloro-compound would be raised to 66 at 30°, which corresponds
to. a value of p of 4.9. The complex (h®-PhCH; SiMe, )Cr(CO)3 reacts 3.0 X 10°
times as rapidly as PhCH2 SiMe; at 30°, which leads to a valué of ca. +1.12 for
the o -constant for the Cr(CQO); 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 o-units. In this reaction, then, the Cr(CQ); group activates somewhat less
effectively than the p-NO,’ group (for which ¢~ = +1.24, a value which accurate-
ly correlates the effect of the group in this reaction [4]). It is clear, however

TABLE 4
(hS-XCgH4C=C MR3)Cr(CO)3 COMPLEXES PREPARED FROM XCgH4C=CMR 3 COMPOUNDS AND
Cr(CO)s - .

X MR3 ~ .Mp. Analysis found IR (cm™1)
o S Co (calcd.) (%)
_— »(C=0) vs »(C=C) w
c H
H SiEt,Me = 52—53 56.6 5.6 1918 1982 2162
. ) B (56.8) (5.3) : -
p-Me SiEt; -~ 53—54 58.7 6.0 1918 1980 2150
: o . L (59.0) . (6.0)
p-Me - siMez 77.5—78.5 - 55.5 . 5.0 1915 1981 2165
i R - o (55.6) (2.9) . -
" GeEtg 44—45 . 51.5 5.15 1915 1980 2156
o . (51.4) 6.1y . :
‘"m-Me . GeEtz - .. 81—815 52.3 6.5 1913 1977 2130
S, - (52.6) (5.4) ,
o-Me = GeEtj 2224 53.1 5.6 - ~ 1920 - 1982 - 21563
: Y ol (B2.6) G4 ' S ) .
m-OMe GeEt3 71—72 50.4 X 1919 1984 2156
o , s - -(50.6) 5.2) : ;
m-Cl = =~ GeEt3 46.5—47.5 47.5 47 . 1930 1990 . 2160
R LTI AR RN 1 % ) SRR ¢ -5 R L - - .
m-cg-sa 49.2 4.3 - 1938 -'1998 . . - 2168

. (49.7) L. (4.4)

e The identxty of the product obtamed asa yeuow oil wh.ich could not be mduced to aystallse was con-
firmed by its mass spectrmn (M"’ 466. other pea.ks at m/e 438 410, 382 354, 326 298, ‘with expected .
.’lsotope pattem).»_}. - - L BRI S ) o o .
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TABLE5 - - i . . : o -
(hGXGGH481ME3)C!(CO)3 COMPLEXES PREPARED FROM XCGH4SIMe3 COMPOU'NDS AND Ct(CO)G .

XL Mp.: . Analysxs fou.nd R IR (cm )
: N . o . (caled) (®) : ‘
: T v(C= =0) vs
_ B H S
H : 70—71¢ : 1910 1978 . -
m-Me . 64—65.5 . B82.0 X 1905 1975
- : : © (52.0) (5.3) - . . o
pMe = = 88.5-89.5 . b52.0 5.6 1905 1975
(52.0) (5.3) , ’
m-OMe - 57—57.5 49.3 . 5.0 T "1900 © 1974
T o - (49.9) (5.1) ,
p-OMe 93.5—94.5 ) 494 5.0 1904 - 1975
) (49.4) ©(5.1) R
m-Cl 57—58.5 . 451 44 1924 1988
' (44.9) (4.1) ' )

@ Lit., {111 m.p. 72—73°.

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

- Nothing in our resuilts seems to us to throw further hght 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 7-system [2, 17, 23].

Carbony!l stretching frequencies in (h® -XCs Hy C=CGeEt; JCr{CO); complexes
Carbonyl stretching frequencies were measured for some of the (h®-XC; -
H, C=CGeEt; )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 [8, 17, 29].

Experimental

General

Infrared spectra were recorded on solutions by use of 1 mm cells in con- -
junction with a Perkin—Eimer 257 grating spectrophotometer. Mass spectra
were recorded on a H1tach1-—Perkm-—E1mer RU6 instrument.

Preparatzon of arenechromium tricarbonyl complexes .

_ (h®-PhC=CSiMe; )Cr(CO); . In a typical preparation, a 25 ml flask ﬁtted with
_an air condenser surmounted by a water-cooled condenser was charged. with
PhC=CSiMe; (1.74 g, 0.01 mole), Cr(CO)s (2:2 g, 0.01:mole) and 1. 2~dlmethoxy-
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: (125-135°) for 12 h. During this penod
any chromium hexacarbonyl which sublimed on to the walls- -of the air con-.
denser was returned mechanically to the reaction vessél. The mixture, whlch
gradually turned yellow, with precipitation of solid, was cooled, then dﬂuted

: w1th hght petroleum (100 ml, b.p. 40—60") and ﬁltered Volatlle mate- :
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; na.l was removed from the flltrate under reduced pressure and the resrdual yel-
B low-brown. oil was chromatographed on a 45 cm column of silica gel (B.D: H
60—120 mesh) with protection from sunhght light petroleum/dlethyl ether
- being used for elution. The solid remaining after concentration 6f produci-rich
. eluent fractions was recrystallised from n-pentane to give the complex (k2% -PhC
'=CSiMe; )Cr(CO); (36.5%); m.p. 78—74° (lit. [11] m.p. 75—76° ); IR (CCls):
»(C=0), 1920 (vs), 1985 (vs), »(C=C), 2162 (W) cm™*.
Details of other new (h°-XCs; H; C=CMR,; )Cr(CO); complexes prepared

- in the same way are given in Table 4. The complex (k¢ -PhCH, SiMe; )Cr(CO);
‘(nc) also prepared in this way from benzyltrimethylsilane had m.p. 148—144°
(Found: C, 52.3; H, 5.1. C,3H,60r03 Si caled.: C, 52.0; H, 5.3%). IR (CCl;):
- p(C=0) 1903 (vs), 1973 (vs) em . New (h° -XC, H, SiMe; )Cr(CO)5 complexes
- (Table 5) were synthesised by the same method except that the reaction mix-
ture was heated at 130—140° for 48 h.

Kinetic measurements
Rates of cleavage of ethynyl—germanium and —silicon bonds and of

benzyl—silicon bonds in m-chlorobenzyl(trimethyl)silane and in the complex
(k% -PhCH, SiMe; )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 thermostatted cell-holder. A small quantity of a methanol solu-
tion of the appropriate organometallic compound (sufficient to give a concen-
tration of ca. 10™? 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. 10™* M solution of the complex in methanol (10 ml)
was mixed with aqueous potassium hydromde (2 ml) and a portion transferred

to the sample cell.
Optical densities, D ;> were then recorded at appropriate times, £, and

suitable wavelength, A, up to 75% of reaction. Slow decomposition of the
product complexes (h® -ArC=CH)Cr(CO); in the reaction media led to a drift in
the ‘infinity’ value of optical density, D_ , (i.e., after ten half-lives), and so first
order rate constants, &, , were evaluated by a computer programme which con-
tinuously adjusts D_ 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 maxrmal Rates were measured in triplicate for most
compounds because of the low overall optical density change 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 (h®-XCs H, SiMe; )-
‘Cr(CO); complexes. A sample of the complex (ca. 0.1 g) was dissolved in a
mixture (60.ml) of methanol and agqueous potassium hydroxide of the composi-
‘tion specified in Table 2, contained in a 100 ml flask fitted with a rubber suba
seal cap. The flask and contents were thermostatted at 50° for 10 min, and 5 mi
aliquots were then withdrawn at appropriate intervals by means of a syringe
‘and shaken with water (25 ml), dilute hydrochloric acid (5. ml), and spectrosco-
pic grade n-hexane (10 ml). The hexane layer was separated dned (MgSO4 ), and
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irradiated for 45 min with a Hanovia 100 watt UV lamp It was then centnfuged
and its optical dencity recorded at 25° at an appropriate wavelength For runs
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 agueous methanolic alkali were sealed mto glass
ampoules which were then placed in the thermostat, .
The reliability of the method was checked in the followmg way. A mmple
of the complex (h®-PhSiMe; )Cr(CO); (0.10 g, 0.35 mmol) in hexane (50 ml)
was irradiated for 45 min and 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 (k® -PhSiMej; )Cr(CO); (0.035 mmol)in a
mixture of methanol (10 ml) and water (2 ml), acidifying and extracting into
hexane as described above. Comparison of the UV spectrum of the dried hexane
solution with that of a solution of (2°-PhSiMe; )Cr(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 (k¢ -PhC=CSiMe; )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 (MgS0O, ), concentrated by evaporation, and the residue was recrys-
tallised from n-pentane to give (k¢ -PhC=CH)Cr(CO); (51%); m.p. 67—69° (lit.,
[11] m.p. 70—71°); IR (CCl,): »(C=0), 1990 (vs), 1930 (vs), v(C=C), 2118 (w).
~1 . NMR (CCl; ): 7(CsH;s ) 4.56—4.8 (5H m); (C=C—H) 7.16 (14, s).
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