Vol. 5, 1972

ORGANOMETALLIC ELECTROCHEMISTRY 415

Organometallic Electrochemistry

Raymonp E. Drssy* aND Lro A. BARES

Virginia Polytechnic Institute and State University, Blacksburg, Virginia 24061
Recetved November 1, 1971

Although the areas of inorganic and organic electro-
chemistry have been explored rather intensively, only
during the last 5 years has organometallic electrochem-
istry been probed in breadth and depth. Electrochemi-
cal techniques have been employed in organometallic
syntheses,*? as an ancillary tool in electronic structural
studies,?~!! and in a miscellany of kinetic/mechanistic
studies.’?~1% This Account, which is not intended as a
review of the field, will be directed primarily to work
previously performed or in progress in this laboratory.
It is aimed at a broad survey of organometallic electro-
chemistry. Special attention will be given to (a) the
available pathways in organometallic electrochemical
reductions, and (b) the physical consequences of the
addition (or abstraction) of an electron from an organo-
metallic molecule.

Pathways for Reduction

A systematic study® indicates that the types of elec-
trochemical behavior shown in Scheme I are to be
found in organometallic species; R is a o- or m-bonded
organic residue, M is a metal, and Q is another ligand
such as R, MR, or halogen.

The exploration has involved electrochemical ex-
amination of the parent under three-electrode conditions
in dimethoxyethane with tetrabutylammonium per-
chlorate as supporting electrolyte and with all potentials
referenced to 10—° M Ag+|Ag. Electrochemical re-
versibility has been studied by triangular voltammetry
at a hanging Hg drop. The n values (number of elec-
trons/step) have been determined by exhaustive con-
trolled-potential electrolyses, and chemical reversibility
has been evaluated by reoxidation, followed by ir and
uv spectroscopic examination of the solutions. (A
very readable discussion of these techniques, used as
tools by the experimental inorganic chemist, may be
found in ref 2.) ,

Organometallic derivatives of main-group elements
tend to extrude carbanions or radicals, or to abstract

- hydrogen, as the following typical equations indicate.?

RHgCl ——~RHg: + Cl- ——R: - + Hg Anion extrusion
CCLHECl —— Cl~ + CClHg ——CCly- + Hg

CCLH Radical extrusion
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solvent

Ph;SnSiPh, —eb-Pthn: - 4 Ph;Si ——e->PhsSiH

H abstraction
2e
Ph;SiCl; — Ph,SiH,

Homodimetallic Species (R,MMR,,) and
Their Anions (R, M:™)

Derivatives of groups IV and V give rise to some in-
teresting metalloid anion species which are synthetically
useful; e.g.

RsMX —_— R;;NI: -4+ X-
(M = Ge, Sn, Pb; X = halogen, acetate)
RoMX —> RoM:~ 4+ X~ (M = As, Sb, P)20.22

These species result from the reactions

2e 2
IR MX —> 2X~ + 2RpM+ —> R MMR,» —> 2R, M: -

and parallel classical metal and metal/amalgam reduec-
tions. All of the systems show a one-electron reduction
near —1 V, typical of R,MX — R, M. + X—, with a
second wave at more cathodic potentials that can be
identified with R,,MMR,,.
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Table 1
Catenated bond® Ei/e Dy, keal/mole

si-si No red 42
ge-ge —3.5° 37
Sn~-sn —2.90 34
pb-pb —2,0?
sb-sb —2.5 30
bi~bi —-2.3b 25

¢ Lower case element symbols refer to the atom and one valence.
* Ph derivatives.

These metalloid anions are related to the series of
metallic anions derived from the transition series by
electrochemical reduction of the corresponding metal-
metal bonded dimers,?—2 ¢.g.

2

[CPM(COY]s —> CpM(CO)%:~ (M = Cr, Mo, W)
2

[CpM(CO )]s —> CpM(CO%:~ (M = Fe, Ru)

[CPNI(CO)]s > CpNi(CO): -

[(OC)Mnls > (OC)Mn: -

Each M-M bond system has a characteristic half-wave
potential and there appears to be a primitive correlation
between half-wave potential and bond strength; see
Table I for examples.

Metal and Metalloid Anion Nucleophilicities. Fig-
ure 1 shows the good correlation between the rate of
nucleophilic displacement of halide ion from an organic
halide and the oxidation potential of the anion at a
platinum electrode. This linear free energy relation-
ship is of the type of Edwards’ four-parameter equation

10g ]C/ko = aEN + bHN

In this expression, ¢ and b are empirically determined
coefficients, Ey is the standard electrode potential for
the nucleophile involved, Hy is defined by the equation
Hyx = pK. 4+ 1.74, and ky refers to the corresponding
process in water. Normally, Ex dominates the right-
hand side of the equation. Oxidation is a fair model for
nuecleophilicity, since the latter does involve formal loss
of electrons by the attacking nucleophile. This corre-

(23) R.E. Dessy, P. M. Weissman, and R. L. Pohl, J. Amer. Chem.
Soc., 88, 5117 (1966).

(24) R.E. Dessy and P. M. Weissman, tbid., 88, 5124, 5129 (19686).

(25) R.E.Dessy, R. L. Pohl, and R. B. King, 7bid., 88, 5121 (1966).

Stable radical anion or
singlet-state dianion

Metalloid anion production or
carbanion extrusion
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Figure 1. Rates of nucleophilic substitution processes for organo-
metallic anions vs. oxidation potential,

lation should have considerable synthetic use, and its
extension to new anions is easily implemented. It
should be noted that correlations involving Hg micro-
electrodes fail because of the process

RM: - —H——; (RM)Hg
1g

particularly when M is a transition metal.
Heterodimetallic Species (R,MM'R,,). The elec-
trochemical characterization of heterodimetallic com-
pounds resulting from the reaction
R-M-X + R’M:~ —>» R-M-M"-R" + X~
is very easy. Considering the half-wave potentials of
the processes

2e
RM-MR —~—> 2RM: ~
2e
R'M'-M'R/ —> 2R'M’: ~

when the reduction potential for the electrochemical
scission of RM-M'R’ lies between the two homodi-
metallic parents or is more anodic, the reduction will
proceed as

1
RM-M'R’ —> RM: - + R'M’-
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where R'M’- is associated with the parent reducing
most cathodically. In afew cases (all containing PhsM
moieties) n = 2, and the reduction proceeds to give
bothRM:~and R'M: .

It has been possible, utilizing the reduction potentials
for homo- and heterodimetallic species as identifying
criteria, to examine whether the reactions

R-M:~ + R-M/-X —>
and
R'-M’:~ 4+ R-M-X ——>

commute; <.e., do two apparently equal pathways to
the same product actually vield a unique compound?
Figure 2 indicates that commutation is not always ob-
gserved. (In the figure, lower case element symbols will
be used to refer to the atom involved and one valence.)
Further studies indicate that this is because of the fol-
lowing processes.

RM:~ + R-M'-Q — R'M’: + R-M" + Q~
(1e transfer)
RM:~ 4+ R-M'-Q —> R-M-Q + R'-M':~
(Q exchange)
RM:~ 4+ R-M-M’-R’ —> R-M-M-R + R'M': ~
(metalloid anion displacement)

A more detailed study® indicates that the nucleo-
philicity of the metallic or metalloidal anions is a key
to predicting whether the displacement reaction shown
above will oceur.

These facts should be useful in predicting which re-
actions would be most successful in an attempt to create
species having a polymetallic backbone, for example

[(7-C5H3)Mo(CO)]58nCl, (Gl Fe(C0e: -
[(m-CsH;)Fe(CO )] 28n[Mo(CO ) (m-CsHs)]e

[(=-CsHs5)Fe(CO),|sSnCly -G Mo(CO)ar -

As might be expected from available data, the bottom re-
action hag been reported to yield the desired compound.
The top reaction fails because CpFe(CO),: ~ displaces
CpMo(CQO);:— anion from any intermediate fe-mo
compound.

Structural Reorganization. Many cases studied,
particularly those involving acetylene~iron carbonyl
complexes, the bipyridyliron dinitrosyls, and corre-
sponding isoelectronic cobalt carbonyl nitrosyls men-
tioned later, show electrochemical reversibility wvia
cyclic voltammetry; however, exhaustive controlled-
potential reduction yields a solution whose oxidation
potential is anodic with respect to the previously de-
termined reduction potential. Yet, controlled-po-
tential oxidation regenerates starting material. This
appears to be akin to some of the reorganization or
structural changes reported by Busch in his study of the
electrochemistry of macrocyclic complexes? and to the
geometric changes occurring on change in charge state

(26) R. E. Dessy and R. L. Pohl, J. Amer. Chem. Soc., 90, 2005

(1968).
(27) D.H. Busch, et al., 1bid., 92,400 (1970).
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Figure 2.
products.

Organometallic anion-organometallic halide reaction

reported for classical coordination compounds by Gray
and Dahl? The organic counterparts are the change in
structure of cyclooctatetraene upon reduction (tub to
planar geometry) and the bond angle-length changes
reported for the tetracyanoquinonedimethide radical
anion-neutral system. It is known in coordination
chemistry that extensive structural changes lead to slow
electron-exchange rates. This Franck-Condon-like
limitation of electron-transfer rate is also seen in the
cyclooctatetraene (COT) area. COT and COT. -
exchange slowly (different geometry), but COT?~ and
COT - ~ exchange rapidly (both planar).

Figure 3 indicates the extent of one-electron transfer
between a large number of organometallic species.
Complete transfer (CT) and no transfer (NT) are found
in accord with Latimer redox concepts, where homoex-
change (A + A-~ = A-~ 4+ A) is involved. It is ob-
vious that some exchange rates are slow compared to the
diffusion limit, and that these slow rates occur where the
above-mentioned electrochemical reversibility anomaly
ig seen. Equilibrium constants determined on opposite
sides of the tieline are also not consistent for these
species. Unfortunately, single-crystal X-ray work in
the organometallic area has been hampered by crystalli-
zation problems and air sensitivity. At present the
nature of the distortions involved is not known. How-
ever, the question of charge and spin delocalization has
been carefully examined in those compounds formed
from the group VI metals (Cr, Mo, and W) and from
Fe and Ru. Both groups form a well-defined series of
mononuclear and dinuclear species.

Physical Consequences of Organometallic
Redox Processes

A meticulous study has been made of the following
series of charged species involving mononuclear com-
pounds by employing the indicated techniques to probe
the nature of (1) the location of spin density in the radi-
cal species (esr) ;%29 (2) the locus of charge distribution
(nmr) ;%31 (3) the nature of the electric field gradient at

(28) R.E. Dessy and L. Wieczorek, ibid., 91, 4963 (1969).
29) R. E. Dessy, J. C. Charkoudian, T. P. Abeles, and A. L.
Rheingold, tbid., 92, 3947 (1970).
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Figure 3. Electron-transfer processes in organometallic systems.
CeH, shifts of approximately 0.2 ppm for aromatic protons are
l\'I observed in the dianion species of the diacetylanil metal
N HC—T7 N complexes (A8 = ¢K,%? where Ad is the change in chemi-
NN HC M(CO), . X !
N\ / N cal shift, ¢ is the excess charge at an aromatic carbon
Mo(CO), | center, and K is a constant, approximately 10 ppm for
CeH; aromatic protons). Roughly 109, of the charge density
M=Cr, Mo, W for each of the two electrons added in dianion formation
O = O = © is retained in the organic ligand moiety of the complex.
. L Although this is in marked contrast to the findings in
neutral radical dianion - . . .
anion (singlet) aromatic organic radical ion-neutral systems, where a

the core metal atom (Mdssbauer);?* (4) the method of
transmission of charge density (ir).?2°

Octahedral Cases. The typical radical anion formed
from a neutral precursor complex shows an esr hyper-
fine splitting pattern which greatly resembles that of
the radical anion of the ligand itself. Hyperfine cou-
pling constants derived from spectral simulation studies
indicate that relatively small changes in hyperfine
coupling constants are observed. This is exemplified
in the case of 2,2'-bipyridyl and 2,2’-bipyridylmolyb-

denum tetracarbonyl radical anions shown. The
14 07 o 12 08 o
N N N N
248 \ 7/ g9
Mo(CO),

hyperfine coupling, (gauss)

conclusion is that spin density in the coordinated ligand
radical ion is not appreciably different from the unco-
ordinated ligand radical ion (@ = p@, where a = hyper-
fine coupling in gauss, p is the spin density at an aro-
matic carbon center, and @ is an empirical parameter,
~25 G for aromatic protons). Nmr studies on the
dianion species,’! however, indicate that only a small
amount of charge density resides in the organic ligand.
Relative to the neutral precursors, incremental upfield

(30) R. E. Dessy, A. L. Rheingold, and G. D. Howard, J. Amer.
Chem. Soc., 94, 746 (1972).

(81) R. E. Dessy, J. C. Charkoudian, and A. L., Rheingold, bid.,
04,738 (1972).

good correlation exists between spin and charge density,
it is not, perhaps, very surprising when one views the
pronounced ability of metal atom systems to serve as
charge sinks and distributors, in comparison to organic
systems.

Electronic absorption spectral studies tend to support
the concept of charge and spin separation in these radi-
cal systems.?® Aromatic diimine intraligand bands and
metal to ligand (here, ligand refers only to the diimine)
and metal to carbonyl charge-transfer bands have been
identified. Shifts in these bands upon electrochemical
reduction of diimine group VIb tetracarbonyls suggest
that the electron reversibly added in forming the radical
anion enters a 7* orbital predominantly ligand in char-
acter, but that much of the resultant charge is trans-
mitted to the carbonyls.

The pertinent charge transfer bands for 1,10-phen-
anthrolinechromium tetracarbonyl are

O
©

The band assignments for the neutral complex were
tentatively reported previously®® and further sub-

M —> 7TL*
20,400 ecm !
~23,800 et

M ——> 7rco’k
30,700 em !

~35,800 cm

(32) G. Fraenkel, R. E. Carter, A. McLachlan, and J. H. Richards,
ibid., 82, 5846 (1960).

(33) An extensive study of the electronic absorption spectra and
electronic structures on neutral compounds, radical anions, radical
cations, and singlet-state dianions of diimine derivatives of group
VIb hexacarbonyls, Fe(INQ)2(CO)z, and Co(CO)3(NQ) and on (olefin)-
iron tetracarbonyls is near completion.

(34) H. Saito, J. Fujita, and K. Saito, Bull. Chem. Soc. Jap., 41,
359 (1968).
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Figure 4. Carbonyl stretch force constants »s. charge.

stantiated in this laboratory by extensive ligand sub-
stitutional perturbations. Band assignments for the
radical anion have been made by comparing the spec-
trum of the complex radical anion to that of the ligand
radical anion. The same types of band structures,
attributable to ligand = — #* transitions, are clearly
discernible in both spectra, although they do not oceur
at precisely the same energies. By subtracting out the
7 — 7* bands, it is possible to locate, with confidence,
the charge-transfer bands. The 20,400-cm~! band,
assigned as M — 71.*, is the lowest energy band in the
spectrum of the neutral complex. Consequently, the
electron added during reduction enters a lowest un-
occupied molecular orbital predominantly ligand in
character. If the charge of this electron is localized on
the ligand of the complex radical anion, one would pre-
dict, on the basis of gross electrostatic effects, that the
M — 71.* band would experience a more dramatic hypso-
chromic shift than would the M — mco* band. This is
not observed to be the case. The M — mco™ band
shifts to higher energy by roughly 5100 cm—* compared
to a blue shift of about 3400 cm ! for the M — =xp*
band. This observation suggests that much of the
charge due to the reduction electron is transmitted via
the metal to the carbonyls.

Charge distribution can be further studied by ob-
serving changes in the CO infrared stretching vibrations,
Infrared studies, using the Cotton-Kraihanzel force
field approximation method,®2%8 indicate that as
electrons are added to these molecules the CO stretch-
ing force constant decreases for all of the attached CO
molecules, One finds experimentally that k; is affected
more than k, (Figure 4) for all group VI derivatives, in
contrast to the prediction based on a m-only mechanism
of charge transmission to and through the metal atom.

ky
CO

N COk,
N
N

Co
Akl > Ak_g

COo
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This has led to the suggestion that an anisotropic ¢
mechanism of transfer is involved. Unfortunately, the

OCO

L co

(I:)CO
%

study of the electric field gradient and charge distribu-
tion at the central core metal atom has not been possible
in this series due to the lack of a nucleus appropriate for
Mossbauer studies.

Trigonal-Bipyramidal Cases. However, in the (ole-
fin)iron tetracarbonyl molecules (exemplified by the

o)
CO()

N

Cco

structure) it has been possible to employ Méssbauer
spectroscopy to study the transfer mechanism.?® Esr
studies indicate that spin density in the radical anion is
largely confined to the olefin ligand (see Table IT). Ir

Table 11
Olefin® HFe(CO)s
radical anion radical anion
Ligand al, G aH, G
Methyl fumarate 6.7 5.1
Methyl cinnamate 5.5 5.0

@ M. Baizar, Monsanto Central Research, unpublished ob-
servations.

studies show shifts of the CO stretch force constant,
upon reduction of these complexes, to lower values as
expected. The corresponding Méssbauer data reveal
clearly the mode of charge transmission. The isomer
shift is positive upon reduction, indicating a lower s-
electron density at the core metal atom resulting from
inereased s-electron shielding due to ligand — metal »
donation (Table III).

Table IIT
Mossbauer Parameters®

—18,%% mm/sec— ~——Q8} mm/sec—

Neutral Radical  Neutral Radical
Compound molecule anion molecule anion
Fe(CO)s° 0.201 2.60
Maleic anhydride- 0.266 0.28 1.359 0.87
Fe(CO)4
N-Phenylmaleimide- 0.248 0.37 1.540 0.73
Fe(CO),
N,N-Dimethylacryl- 0.260 0.30 1.654 1.26
amide-Fe(CO),
Dimethyl fumarate- 0.263 0.39 1.563 0.79

FG(CO)4

e All measurements made at —196°, relative to sodium nitro-
prusside. b Neutral compounds ==0.005; radical anions ==0.02.
¢ R, L. Collins and R. Petit, J. Amer. Chem. Soc., 85, 2332 (1963).

—_(35) F. A. Cotton, Inorg. Chem., 3, 702 (1964), and references
therein.
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Tetrahedral Cases. The tetrahedral species LiFe-
(NO); and L.Co(CO)NO are of interest since a good
“spin label” is present in the form of the nitrosyl nitro-
gens that can test spin density in this area.?* The sys-
tems form the charge states

L:,Co(COXNO) > (®

® < Lr@o, > ® % ©

Hyperfine coupling constants are indicated in Table IV.

Table IV

an, G o, G

(no. of (no. of

ay, G nuclei) nuclei)
Bipyridyleobalt carbonyl 6.9 3.4 (2) 6.9 (2)

nitrosyl radical anion

(Di-2-pyridyl ketone)iron 2.4 (2) 8 (2)
dinitrosyl radical anion 0.6 (2)

No NO hyperfine coupling is observable. The simi-
larity between hyperfine coupling in the ligand radical
anion and coordinated radical anion again suggests spin
localization in the ligand = system. Mossbauer data
indicate that charge transmission again is ¢ in nature,
negative isomer shifts indicating increased electron
density around iron (Table V).

Table V
Méssbauer Parameters®

(Di-2-pyridyl ketone)-

iron dinitrosyl I8, mm/sec QS, mm/sec
Radical cation 0.64 0.66
Neutral 0.52 0.72
Radical anion 0.43 0.97

@ All measurements made at —196°, relative to sodium nitro-
prusside.

Studies on the organie carbonyl stretching frequency
in the (di-2-pyridyl ketone)iron and -cobalt complexes?!
indicate that the radical-cation, neutral, and radical-
anion species all have the same organic carbonyl group
absorbing at 1661 cm—?, although the NO frequencies
shift by 40 em—! per unit charge. Since this carbonyl
should be extremely sensitive to charge density, one has
further proof that in L-M-CO systems the coordinated
ligand is a good spin sink, but a poor charge sink.

Effect of Charge on Fluxional Behavier and Geom-
etry. Some geometric and energetic information is
available for charge states of compounds from the group
VI metals and Fe and Ru which involve dimetallic
bridged species involving M-M bonds. The accepted
structures for these compounds are shown in Figure 5.%

In all cases, we are dealing with systems that show
electro-reversible two-electron reduction to singlet-state
dianions, where neutral species and dianion are in equi-
librium with radical anion.

O+ @ = 2

Compounds of structure I constitute XeAA'X's spin
gystems where Jxx = 0, and compounds of structure
IT constitute XsX 3AA X, X'"’; systems factorable into

Accounts of Chemical Research

Figure 5.

two XGAAX; systems 1if 4/un 18 taken to be immea-
sureably small. Two parameters arc important in
analyzing these systems: L = [Jxa — Jxa'l; N =
Jxa +Jxa|. Usually 4Jup < 2Jup, and it is assumed
that L = N.

The X part of the X, AA’X", system has a deceptively
simple appearance when L and N are of similar magni-
tude. When Jaar < L the spectrum is a doublet.
When Jaa/>> Litisatriplet.

Compounds of type I show doublet spectra, charac-
teristic of a low Jpp.. Compounds of type II show a
triplet nmr spectrum, characteristic of a high Jep,, and
division of the methyl hydrogens into two sets; one is
exo to the dihedral angle, the other endo.

—-i——l-—— compound I
—Lh———d-]- compound II

Upon clectrochemiecal reduction to the radical anion,
compounds of type I exhibit an esr spectrum which is
characteristic of a high phosphorus coupling (1:2:1
triplet). Compounds of type II show an csr spectrum
in which the exo hydrogens are still distinguished from
the endo hydrogens, indicating that during the esr time
scale of observation the dihedral angle is maintained.

TFurther reduction to the dianion species gives rise to
solutions of I and IT which exhibit strong P-P coupling.
In the case of compounds of structure I1, however, the
nmr spectra are strongly temperature dependent (Figure
6). In retrospect, it seems obvious that the molecules
are undergoing inversion and belong to a new class of
fluxional molecules. The activation parameters for the
inversion process are given in Table VI. Cotton has
recently reported another member of this series, (Ro-
GGCO(CO>3>2.36

The mechanism of the fluxional motion is still under

(36) R.D. Adams and F. A, Cotton, J. Amer. Chem. Soc., 92, 5003
(1970).
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Figure 6. Nmr spectra of [FePMe:(CO)]2?~ as a function of
temperature.
Table VI
Kinetic and Thermodynamic Parameters®
Compd EF, ky, 0°, Jppr
11 T keal/mole ASF, eu 1./sec cps
Fe () 3382 21=%02 —45+1 15.3 85
Fe (& 207+=2 22£03 —-39=x2 352 >500

¢ Coalescence temperature, *X.

study. The observations suggest the following expla-
nation for the large change in kinetic parameters for
inversion upon addition of the two electrons: occupa-
tion of an MO largely ¢* in character involving metal
orbitals leading to an increased M-M distance and
an increased charge on the metal. The nmr chemical
shift data and the Mossbhauer spectra are in agreement
with occupation of an orbital with high ¢ character.
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The methyl protons show a strong shift to higher field
upon reduction, and the isomer shift of the iron is in the
direction of increasing s-electron density at the nucleus.
The consequence of ¢* occupation and addition of
charge to the core metal atom would be a repulsion be-
tween the atoms and a lengthening of the Fe-Fe distance.
The only way this can be achieved is to shorten the P-P
distance and increase phosphorus coupling, as observed.

Consequently, one reaches the conclusion that the
addition of electrons to a previously unoccupied molecu-~
lar orbital results in a change in molecular geometry.

The Future

Thus far, the chemical reactivity and catalytic be-
havior of electrochemically generated organometallic
species have not been fully exploited. Some of the
avenues that need exploration hinge on the following
observations.

Several of the species can induce polymerization of
olefins. Bispyridinemolybdenum tetracarbonyl reduces
in a multielectron process to give the radical anion of
2,2'-bipyridylmolybdenum tetracarbonyl. Since chem-~
ical reduction of pyridine yields the 4,4'-bipyridyl, a
stereospecificity has been achieved by the template
action of the core metal.

Although the precoupling lifetime of the radical
anions derived from negatively substituted olefins

C—=C—Q —> O=C—Q: = —> (—C—C—Q),

is of the order of milliseconds, the lifetime of the species
coordinated to Fe(CO), is measured in months. The
source of this stability must lie in the spin-charge dis-
tribution examined above.

It would thus seem that organometallic electrochemis-
try is a multifaceted area. The electrochemical results
can be used to predict the pathways to new compounds.
The large number of charge states existing for many
species permits the study of spin and charge delocaliza-
tion in a molecular species with minimal perturbation
of the coordination sphere. Electrochemical template
syntheses and tailoring of catalytic activity remain to
be explored.
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Apostolos G. Anastassiou: The Heteronins.

Page 283. The last reference of footnote 19 should
read: ‘. ..(R. T. Seidner and 8. Masamune, J. Chem.
Soc., Chem. Commun., 149 (1972)) as well.”



