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group, with direction along the MCO bond axis. The
total A, intensity is thus proportional to

Is, = Gtt#’MCO2<1 + 4 cos? 6y)

It is important to distinguish this result from a con-
sideration of the intensities of the individual A; modes.
The highest frequency A; mode in the M(CO);L species
is identified with stretching of the four radial CO
groups. The lower frequency A; mode, which is always
more intense, is identified with the stretching of the
axial CO group. This means that Ly < Ly in eq 6A.
Since Ly is not zero, however, the stretching of the
axial CO does contribute to the intensity of the highest
frequency A; band. It is incorrect, therefore, to as-
sume that the intensity of the highest frequency A,
mode is determined entirely by the radial stretching.®
It is possible, however, within the approximation of the
local dipole moment derivative, to derive a relationship
between intensity ratios and bond angles which does not
require a knowledge of the individual L matrix ele-
ments. The symmetry coordinates for one component
of the E species mode are
SE = ZEb— 1) SP = sl -0

By proceeding as above, it can be shown that the in-
tensity of this one component of the E species vibration
is

Ig, = Gyp'mco? 2 sin? 6y

The total intensity of the E species absorption is twice

this.  The ratio I4,/Ix is thus
1+ 4 cos? 6y
Iy jIg = ——————— SA
Al/ B 4 sin2 01 ( )
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Thus the ratio of tofal A, intensity to the E mode in-
tensity is a function of the angle 6;, with no assumption
regarding the mixing of the two A; modes. Similar
relationships can be derived for other substituted com-
pounds. For example, in an axially-substituted iron
pentacarbonyl, Fe(CO),L, the ratio of total A; to E
species intensity is

1 + 3 cos? 6

Lo/ Ie = 3 sin? 6;

(9A)

The use of such intensity ratios for estimation of
bond angles rests on the assumption that stretching
of a CO bond in the substance of interest produces a
characteristic dipole moment derivative, in the direc-
tion of the CO bond axis, which is the same for each
MCO group in the molecule.

It is possible to gain an appreciation of the sensitivity
of the CO intensities to substitution by considering the
total intensity, Ir, for each substance over all allowed
CO stretching modes. For the M(CO);L we have

It =In + I, = G,(4sin?8 4+ 1 4+ 4 cos? )u’uco?
= 5Gtt#,MCO2

For the parent substance, M(CO)s, assuming the same
value for the local dipole moment derivative

It = 6G w00t

Thus, the ratio of total intensity in the monosub-
stituted derivative to the total intensity in the un-
substituted compound should be 5:6, if there were no
change in the characteristic dipole moment derivative
for the MCO group.
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Several new meta- and para-substituted benzoic methyl ester—tricarbonylchromium compounds have been prepared and
their rates of alkaline hydrolysis measured at 25° in 569, aqueous acetone. The chromium complexes undergo hydrolysis at
considerably higher rates than the corresponding uncomplexed compound. The p values for the two reactions are 41.55
and +2.36, thus indicating a lower degree of sensitivity of the chromium complexes to electronic changes in the aromatic ring.
The increase in rates for the chromium complexes is explained by a decreased electron density at the electrophilic center.
The effect on rates of a Cr(CO); group is practically equivalent to that of a p-nitro group.

Introduction

The problem of the reactivity of an aromatic sys-
tem when bonded to a chromium tricarbonyl moiety
has interested a number of investigators in recent
years. Ring substitutions and reactions on side chains
have been studied. The first group of reactions in-

cludes Friedel-Crafts acylations'—® and chlorine sub-
stitution by CH;O~ in chlorobenzenetricarbonyl-

(1) R. Ercoli, F. Calderazzo, and E. Mantica, Chim. Ind. (Milan), 41,
404 (1959).

(2) R. Riemschneider, O. Becker, and K. Franz, Monatsh., 90, 571 (1959).

(3) G. E. Herberich and E. O. Fischer, Chem. Ber., 95, 2803 (1962).
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TaBLE I
PrvsicaL PROPERTIES AND ANALYTICAL DATA OF SUBSTITUTED BENzo1c METHYL ESTER-TRICARBONYLCHROMITM COMPOUNDS
—C, Yo—— H, % Cr, % Other, % Yield.
Cr(CO)s compound Color Mp, °C Caled Found Caled Found Caled Found Caled Found %
0-CH;3;CeH,COOCH; Yellow 84-85 50.36 50.53 3.52 3.60 18.17 18.11 31
m-CH,C¢H,COOCH; Yellow 101-102 50.36 50.23 3.52 3.74 18.17 18.37 31
p-CH;CsH,COOCH; Yellow 104-105 50,36 50.62 3.52 3.68 18.17 18.00 47
m-CeHy(COOCH;), Red-orange  105-106 47.28 47.51 3.05 3.15 15.75 15.84 25
m-CICH,COOCH; Orange 76-77 43.09 43.28 2.30 2.52 16.96 16.70 Cl: 11.56 11.50 16
$-CICH,COOCH; Orange 103-104 43.09 43.76 2.30 2.42 16.96 16.71 Cl: 11.56 11.53 30
»-NH,CsH,COOCH; Light yellow 183-184 46.00 46.10 3.16 3.37 18.10 18.09 N: 4.88 5.00 35
p»-CH;OCH,COOCH; Yellow 101.5-102.5 47.69 47.81 3.33 3.55 17.20 16.92 33
0-CH;O0CH,COOCH;  Yellow 106-107 47.69 47.82 3.33 3.52 17.20 16.94 33

chromium.* The second type of reaction is comprised
of esterifications,® alkaline hydrolyses,® Claisen con-
densations,® and Cannizzaro” and Wittig® reactions.

Kinetic data are now available for ring substitutions
on chromium tricarbonyl arene derivatives showing that
either nucleophilic* or electrophilic® reactions occur
faster on chromium tricarbonyl arene derivatives than
on the corresponding uncomplexed aromatic ' com-
pounds. On the other hand, kinetic data on side-
chain reactions of chromium tricarbonyl arene com-
pounds are scarce. Pettit and co-workers!® have re-
cently published a paper concerning the rate of solvoly-
sis of (benzyl chloride)tricarbonylchromium and (benz-
hydryl chloride)tricarbonylchromium and found an
increase in rates for the complexes compared with the
uncomplexed compounds. We now report some kinetic
data for the base-catalyzed hydrolysis of a number
of substituted methyl benzoate-tricarbonylchromium
compounds. In the course of our investigation, we
prepared several new chromium tricarbonyl com-
pounds.

Experimental Section

Melting points are uncorrected. They were measured in capil-
laries sealed under nitrogen.

Microanalyses are by Dr. K. Eder, Ecole de Chimie, Geneva.
Titrimetric determinations were carried out with an automatic
Radiometer titrograph, Type SBR2/SBUI/TTA2, with a glass
electrode (Radiometer 6202B).

Preparation of the Compounds.—The chromium tricarbonyl
complexes were prepared by the direct thermal reaction of hexa-
carbonylchromium with the aromatic esters at atmospheric pres-
sure at 145-200°. The apparatus used, which was very similar
to that described by Strohmeier,!! provided an easy return of the
hexacarbonyl from the cold regions of the reaction vessel into the
reaction mixture. A nitrogen blanket was maintained during
the reaction time. No solvent was necessary in the case of
aromatic compounds liquid at room temperature; with solid
esters, dilution with di-n-butyl ether was used. The reactions
were usually run until no more hexacarbonylchromium appeared
on the cold regions of the apparatus. After cooling, the reaction
mixtures were diluted with dry diethyl ether and filtered over

(4) D. A. Brown and J. R, Raju, J. Chem. Soc., Sect. A, 40 (1966).
(5) G. Natta, R. Ercoli, F, Calderazzo, and E. Santambrogio, Chim. Ind.
(Milan), 40, 1003 (1958).
(6) F. Calderazzo, G. C. Tettamanti, and R, Ercoli, ibid., 44, 24 (1962).
(7) E. Mostardini, F. Calderazzo, and R. Ercoli, bid., 42, 1231 (1960).
(8) G. Drefahl, H.-H, Hérhold, and K. Kiihne, Chem. Ber., 98, 1826
(1965).
(9) V. N. Setkina, N. K. Baranetskaya, K. N. Anisimov, and D. N. Kur-
sanov, /2. Akad. Nauk SSSR, Ser. Khim., 1873 (1964).
(10) J. D. Holmes, D. A. K. Jones, and R. Pettit, J. Organometal. Chem.
(Amsterdam), 4, 324 (1965).
(11) W. Strohmeier, Chem. Ber., 94, 2480 (1961).

deactivated alumina. The eluates were then evaporated and
the solid residues were crystallized from heptane.

The purity of the known compounds—Cr(CO);CeH;COOCH;®
and. Cr(CO);—p-CeH4(COOCH; )2t —was checked by elemental
analyses, melting points, and infrared spectra. The new com-
pounds are reported in Table I, together with analytical data and
some physical properties.

Kinetic Measurements.—All of the kinetic measurements
were done in aqueous acetone at 25 =t 0.01°. The solvent con-
tained 400 ml o water made up to 1 1. with acetone (569, of
acetone by weight). Equimolar solutions of the ester and NaOH
in this solvent were kept separately in a thermostated bath and
then rapidly mixed. Samples of the reacting solutions were
withdrawn at regular intervals of time and poured into a stan-
dardized HCI solution and then titrated back with sodium hydrox-
ide. Since equimolar quantities of the two reagents were used,
the simplified kinetic equation, 2 = x/ta(a — x), could be ap-
plied to the exper mental values.

Similar procedures were used for the kinetic experiments with
both the uncomplexed aromatic compounds and the chromium
complexes. In the latter case, however, very dilute solutions
had to be used because of the high reaction rates, High reac-
tion rates were, however, desirable in order to minimize the
decomposition of the chromium complexes. Although for each
kinetic run good plots of x/(e¢ — x) vs. time were obtained up to
about 509, conversions, the reproducibility of the rate constant
values was not always very good. We therefore carried out at
least two independent measurements for each compound, except
in two cases. In Table II the kinetic results for one of the

TaBLE II
AvrxaLine Hyprovrysis oF Cr(CO);CeH;COOCH; IN AQUEOUS
ACETONE AT 25 = 0.01° AND AT AN INITIAL CONCENTRATION OF
NaOH = ¢ = 0.0025 M

Time, sec 100x/a 10k, M ~1 sec™!

93 12.7 6.26
145 18.7 6.35
230 28.0 [6.76]
336 35.0 6.41
463 42.0 6.25
629 49.7 6.28
Av 6.31

@ Three other runs gave the following values of rate constants:
6.14, 6.28, and 6.31. The average over the four independent
measurements is therefore (6.26 &= 0.12) X 10~ M ~! sec™k,

chromium tricarbonyl complexes are reported to give an idea of the
density of points. The rate constants given in Tables 11T and IV
for the uncomplexed ligands and for the chromium complexes,
respectively, are averaged values over the indicated number of
independent measurements.

Results and Discussion

Since we were mainly interested in comparing the
reactivity of uncomplexed benzoic methyl esters with
(12) W. Strohmeier and P. Hartmann, Z. Nalurforsch.. 18b, 506 (1963).
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TasLE III
ALKALINE HYDROLYSIS OF SUBSTITUTED BENZOIC METHYL ESTERS AT 25 £ 0.01° 18 569, AQUEOUS ACETONE

Substituent [Reagent], M No. of runs
£-NO; 0.0025 3
0.01 3
p-COOCH; 0.0025 3
m-COOCH; 0.0025 3
0-COOCH; 0.025 3
p-Cl 0.0025 3
0.025 4
m-Cl 0.025 3
0-Cl 0.1 3
H 0.025 2
0.1 5
»-CH; 0.1 3
m-CHjs 0.1 3
0-CHj 0.1 3
»-NH, 0.1 3

o Reference 13 gives £ = 6.40 X 107! M ~1 sec™! under the same conditions.

divided by 2 in order to get the value per methyl group.

k, M lsec™! Log &

(6.40 = 0.09) X 1071| . P
(6,36 + 0.11) x 10-1/0:38 X 10 0.1952
(1.12 = 0.02) X 1071® —0.9508
(5.00 £ 0.07) X 10-2? —1.3010
(1.26 = 0.07) X 10-2% —1.8996
(2.45 = 0.01) X 1077 , s

(2,61 % 0.21) x 10-2/2:74 X 10 —1.5952
(4.28 = 0.18) X 1072 —1.3686
(1.26 = 0.05) X 1072 —1.8996
(8.06 %= 0.21) X 10-9 s

(8.00 = 0.13) x 10-¢/8-01 X 107 —2.0969
(3.09 % 0.09) X 107¢ —2.5100
(4.55 = 0.21) X 1073 —2.3420
(9.00 %= 0.35) X 10¢ —3.0458
(2.70 = 0.08) X 10744 —3.5686

b The experimentally determined rate constant was

¢ Reference 13 gives B = 9.01 X 1073 M ~1sec™! under the same conditions.

4 Reference 14 gives £ = 2,92 X 107* M/ ~*sec~!under the same conditions,

that of the corresponding chromium tricarbonyl com-
plexes, the two sets of reactions had to be run under the
same experimental conditions.

The values of the rate constants for the alkaline hy-
drolysis of substituted benzoic methyl esters are re-
ported in Table III. These rate constants have been
determined because most of them were unknown in the
solvent chosen for the investigation with the chromium
complexes, In three cases the rate constants had been
measured previously'®!¢ and our independent deter-
minations agree well with the values reported in the
literature.

The rate constants for the alkaline hydrolysis of the
substituted benzoic methyl ester-tricarbonylchromium
complexes are reported in Table IV.

TaBLE IV
ALKALINE HYDROLYSIS OF SUBSTITUTED BENZOIC METHYL
EsTER-TRICARBONYLCHROMIUM COMPLEXES AT 25 =+ 0.01° 1N
569, ACETONE
[Reagent], No. of

Substituent M runs k, M "1sec~t Log &

»-COOCH,; 0.001 3 3.50 £ 0.04 0.5441
m-COOCH; 0.001 3 1.58 = 0.03 0.1987
»-Cl 0.0025 3 1.28 £0.04 0.1072
m-Cl 0.001 2 2.23 £0.03 0.3483
H 0.0025 4 (6.26+0.12) X 10! —0.2034
»-CH; 0.0025 3 (3.13=+0.06) X 10t —0.5045
m-CHj, 0.0025 4 (6.06 = 0.07) X 107! —0.2958
0-CHj; 0.00256 3 (1.11=+0.01) x 107! —0.9547
p-OCH; 0.0025 1 2.16 X 107t —0.665

p-NH, 0.005 1 2.84 X 10~2 ~—1.5467

No product analysis was done systematically, but in
numerous cases the reaction was run over a very long
time, and the alkali consumption was checked and found
to be very close to the calculated amount. The ab-
sence of secondary reactions™ is also indicated by the
previous results® showing that the alkaline hydrolysis of

(18) E. Tommila and C. N. Hinshelwood, J. Chem. Soc., 1801 (1938).

(14) E. Tommila, Ann. Acad. Sci. Fennicae, ABT, 31 (1941); Chem.
Abstr., 38, 6171 (1944).

(15) The authors are indebted to one of the referees for calling their at-
tention to this point.

Cr(C0O);CsH;COOCH; followed by acidification gives
Cr(CO);CeH;COOH in almost quantitative yields.
Finally it is worth mentioning also that, in the case of
the chloro-substituted benzoic methyl ester—chro-
mium tricarbonyl complexes, chlorine replacement by
hydroxide ion does not take place to any significant
extent under the reaction conditions used. This is
again indicated by the consumption of sodium hydroxide
over long reaction times and by the results contained
in a recent paper? on the chlorine replacement by meth-
oxide ions in chlorobenzenetricarbonylchromium. The
latter is a slow reaction (¢ = 4.9 X 107° sec™!, under
pseudo-first-order conditions at 64.9°), compared with
our rates of alkaline hydrolysis, which is therefore the
only observable process.

From the data of Tables III and IV it can be con-
cluded that the chromium complexes react consider-
ably faster than the corresponding uncomplexed aro-
matic compounds under comparable conditions. It is
very interesting to note that the effect of the Cr(CO)s
group on ester hydrolysis is almost exactly equal to
that of a p-nitro group, as shown by the fact that the
rate constants for the hydrolysis of Cr(CO);CeH;-
COOCH; and p»-NO,C:H,COOCH; are substantially
the same. The equivalence in electron-withdrawing
power between the chromium tricarbonyl and the p-
nitro groups was also indicated by Nicholls and Whit-
ing,'* who measured the pK values of Cr(CO);CsH;-
COOH and Cr(C0);CeH;CH,COOH.

The alkaline hydrolysis of both complexed and un-
complexed benzoic methyl esters is a bimolecular re-
action of the SN2(lim) type.*” For the chromium com-
plexes, the intermediate of the reaction can therefore
be represented as shown in Ib. The accelerating effect
of the Cr(CO)s group on the rates of alkaline hydrolysis
can be attributed to the fact that a higher positive
charge on the reactive carbon will be created as a con-

(16) B. Nicholls and M. C. Whiting, J. Chem. Soc., 5561 (1959).
(17) L. Wilputte-Steinert, P, J. C. Fierens, and H. Hannaert, Bull. Soc.
Chim, Belges, 64, 628 (1955).
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sequence of the bonding to the central metal atom, thus
favoring the approach of the incoming nucleophile.

The plots of log & for the alkaline hydrolysis of com-
plexed and uncomplexed compounds vs. the known®s
Hammett ¢ values are reported in Figure 1. The
values of p calculated from the slopes of the two plots
are 4+2.36 for the hydrolysis of the uncomplexed esters
and 41.535 for the hydrolysis of the chromium com-
plexes. The value of p for the uncomplexed esters com-
pares well with that known from the literature!® for the
alkaline hydrolysis of ethyl benzoates (p = +2.373).

Of particular significance is the decrease in the value
of p for the hydrolysis of the chromium complexes with
respect to the p for the uncomplexed compounds. This
means that the hydrolysis of complexed methyl esters
is less sensitive to electronic changes in the aromatic
ring induced by substituents. In other words, the
lower value of p for the chromium complexes suggests
that the electronic changes on the electrophilic center
are less important than in the case of the uncomplexed
compounds. This also can be explained by the pres-
ence of the strongly electron-withdrawing chromium
tricarbonyl group. In the parent compound, Cr-
(CO);CsH;COOCH;, the aromatic system is largely
deprived of w-electron density and the reactive carbon
atom is strongly electrophilic. Further substitution to
give Cr(CO);RCH,COOCH; will therefore modify the
situation on the ester carbon less than the same sub-
stituent will do in RC{H,COOCH;. In actual fact, the
decreased electron density on the aromatic ring bonded
to Cr(CO); will act against the removal of charge from
the ring induced by substituents such as COOCH;.
On the other hand, the presence of bonded carbon
monoxide groups with their well-known m-acceptor
properties will considerably decrease the effect of +R
substituents such as OCH;. The net result will be the
observed lower value of the reaction constant p (non-
additivity of Hammett’s ¢). The transmission of elec-
tronic effects induced by substituents from the aro-
matic ring to carbon monoxide groups has been directly
established” by measurements of the infrared C-O
stretching vibrations in the region 2000-1900 cm~! for
a large series of substituted benzoic methyl ester—
tricarbonylchromium compounds.

In Figure 2 log % values for the alkaline hydrolysis of
uncomplexed benzoic methyl esters are plotted ws.
log k values for the alkaline hydrolysis of complexed
esters. The two sets of log %k are linearly related for

(18) H. H, Jaffé, Chem. Rev., 58, 181 (1953).

(19) L. P. Hammett, “Physical Organic Chemistry,” McGraw-Hill Book
Co., Inc., New York, N. V., 1940, p 191,

(20) G. Klopman and K. Noack, in preparation.
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Figure 1.—Plot of log & against Hammett ¢ constants, Points
reading left to right: p-NH,, $-OCH;, p-CH;, m-CH;, H, »-Cl,
m-COOCH,, m-Cl, p-COOCH;, »-NO,. (A) Alxaline hydrolysis
of substituted benzoic methyl esters. (B) Alkaline hydrolysis
of substituted benzoic methyl ester—tricarbonylchrominm com-
pounds. The ¢ value for p-COOCH; was obtained on plot A
from the experimentally determined rate constant for the
alkaline hydrolysis of »-CoH(COOCH;); (¢ = 0.49).

log k

5 3 p 7

log k
Figure 2.-—DPlot of log % for the alkaline hydrolysis of substi-
tuted benzoic methyl ester—tricarbonylechromium complexes vs.

log & for the alkaline hydrolysis of substituted benzoic methyl
esters,

substituents in meta and para positions. No serious
deviations from linearity are found except for the p-
amino derivative. This can be due to experimental
inaccuracy caused by the longer reaction time with
consequent partial decomposition of the chromium
complex. From the experimentally found linear re-
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lationship between the two sets of alkaline hydrolysis
comes the important conclusion that an aromatic sys-
tem bonded to a Cr(CO); group shows a dependence of
reactivity on structure very similar to that of an un-
complexed aromatic system. This further supports
the view of a completely delocalized type of bonding
between the metal and the aromatic ring, in agreement
with a recent X-ray determination of Cr(CO);CsHs,
in which no significant deviations from a D, symmetry
of the hydrocarbon ligand were found to exist.?!

Pettit and co-workers!® have recently reported on the
rates of solvolysis of (benzyl chloride)tricarbonyl-
chromium. This appears to be an SN1 reaction with
rate constants considerably higher than those of the
corresponding uncomplexed compound. This was ex-
plained by an enhanced stability of the carbonium ion
Cr(CO);CsH;CH,* presumably formed in the rate-
determining step; in turn the increased stability of the
intermediate carbonium ion was attributed to back-
feeding of electrons from the Cr(CO); group into anti-
bonding orbitals of the aromatic ligand.

(21) M. F. Bailey and L. F. Dahi, Inorg. Chem., 4, 1314 (1965).
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Although the mechanism of benzoic ester—tri-
carbonylchromium hydrolysis is different from that of
(benzyl chloride)tricarbonylchromium solvolysis, a
similar stabilizing effect by the Cr(CO); group on the
incipient carbonium ion in I could be postulated in
order to explain the observed increase of rate constants
with respect to the uncomplexed compounds. That
this explanation is incorrect in our case is shown by the
fact that the p of the chromium tricarbonyl complexes
is positive; 1.e. the reaction is accelerated by electron-
withdrawing groups in mefa and para positions. Nega-
tive values of p would be observed if the stabilization
of the incipient carbonium ion was the important
factor.

We conclude by saying that the enhanced reactivity
of complexed benzoic methyl esters can be best ex-
plained by a decreased electron density at the elec-
trophilic center. Bond making appears to be the
important factor in the alkaline hydrolysis of both the
uncomplexed benzoic methyl esters and their chromium
tricarbonyl complexes.

Acknowledgment.—The authors wish to thank Mr.
A. Mancuso for experimental assistance.
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Preparation and a Study of the Infrared Spectra of Mono- and
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Infrared spectra in the carbonyl stretching region are reported and discussed for a large number of mono- and bis(tetra-

carbonylcobalt) derivatives of germanium and tin, most of which are new compounds.

The monocobalt derivatives are of

the types X"Ra__"GeCO(CO)4 (X = Cl, Br,I; R = CHs, CsHs), XaSHCO(CO)4 (X = Cl, I), RaSnCO(CO)q, (R = CH3, CeHa),
and (CsH;)sPbCo(CO)s. Assignments are proposed for the three or four terminal stretching bands; a linear increase in fre-
quency of the A; modes with electronegativity of substituents on germanium or tin is noted. The biscobalt derivatives are of
the type X,RonM[Co(CO)l2 (M = Ge, Sn), and two of the seven or eight observed carbonyl bands are tentatively assigned.

Nmr spectra are reported for the methyltin derivatives.

The compounds are moderately stable in the absence of air, and

most are prepared by reaction of Co(CO);~ with halides or organometallic halides of germanium or tin.

Introduction

Compounds which would now be regarded as having
tin-cobalt covalent bonds were first obtained in 1957.%3
Only analytical data were available for these compounds,
and a satisfactory structural formulation was not then
possible. It soon became evident that their general
stability was much greater than that of simple organic
derivatives such as CH3Co(CO),, which decompose at

(1) Presented in part at the 49th Canadian Chemical Conference, Saska-
toon, Saskatchewan, Canada, June 1966. Part VI: U. Andersand W, A. G.
Graham, J. Am. Chem. Soc., 89, 539 (1967).

(2) W. Hieber and R. Breu, Chem. Ber., 90, 1270 (1957). Much earlier, a
yellow substance having the formula Sn{Co(CO)4]: was prepared in the
same laboratory.? The constitution of this material is unclear, and we have

not as yet been successful in preparing it.
(3) W. Hieber and U. Teller, Z. Anorg. Allgem. Chem., 249, 43 (1942).

temperatures above —35 to —20°.* There have been
several more recent studies of compounds in which cobalt
is bonded to tin, >~® as well as to silicon,®~!? germanium,®
and lead.®

(4) W. Hieber, O. Vohler, and G. Braun, Z. Naturforsch., 18b, 122 (1958);
D. S. Breslow and R. F. Heck, Chem. Ind. (London), 467 (1960).

(6) F. Hein and W. Jehn, Ann., 684, 4 (1965); F. Hein, P. Kleinert, and
W. Jehn, Neturwissenschaften, 44, 34 (1957).

(6) D. J. Patmore and W. A. G. Graham, Inorg. Chem., 5, 1405 (1966).

(7) F. Bonati, S, Cenini, D. Morelli, and R. Ugo, J. Chem. Soc., Sect. A,
1052 (1968).

(8) D.J. Patmore and W. A. G. Graham, Inorg. Chem., 5, 2222 (1966).

(9) A.J. Chalk and J. F. Harrod, J. Am. Chem. Soc., 87, 1133 (1965).

(10) B. J. Aylett and J. M. Campbell, Chem. Commun., 217 (1965).

(11) S. F. A, Kettle and I. A. Khan, Proc. Chem. Soc., 82 (1962); J. Or-
ganometal. Chem. (Amsterdam), B, 588 (1066).

(12) A. G. MacDiarmid, Y. L. Baay, S. K. Gondal, and A. P. Hagen,
Abstracts, 152nd National Meeting of the American Chemical Society,
New York, N. Y., Sept 1966, Paper 40-O.





