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The cyclization of the cation radical derived from
1,2-bis(3,4-dimethoxyphenyl)ethane in dry aceto-
nitrile or in acetonitrile containing trifluoroacetic
acid was observed to follow rate law (i) which is

Rate=k,,,[Ar—CH,CH, —Ar *J? )

consistent with either disproportionation (ii) fol-
lowed by cyclization (iii) or cyclization (iv) followed
by rate-determining electron transfer (v). A sec-
ondary deuterium kinetic isotope effect was de-
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tected when the ring protons were exchanged with
deuterium. It was concluded that the most likely
mechanism for the cyclization is mechanism (iv) — (v)
with rate-determining electron transfer (v).

The cyclization of the cation radical (3,4-dimethoxy-
phenyl)ethane (I) was one of the first examples
reported! of the general reaction, oxidative intra-
molecular coupling of alkoxy-substituted biaryl-
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alkanes.! 3% Most of the mechanistic work has
been based upon product studies and cyclic volt-
ammetric evidence. Symmetrically substituted com-
pounds (2) were observed to undergo intramolec-
ular cyclization while unsymmetrical ones (3) gave
intermolecular dimers (4).> Potential step-sweep

CH30 (CHp) 0CH,
2
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3
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voltammetry experiments, supported by the product
studies, indicated that the intramolecular cycliza-
tion of 2 involved the dication—diradical as an
intermediate. It was suggested that the methylene
groups separating the two aryl moeities have an
insulating effect so that the potential difference,
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E,—E,, is small for symmetrically substituted
compounds (2).> In the case of unsymmetrically
substituted (3) the aryl moiety with two methoxy
groups is oxidized about 0.5 V more easily than the
anisyl group. The cation radicals of (3) were ob-
served to undergo intermolecular coupling to
give (4).

More recently, linear sweep voltammetry (LSV)
and convolution potential sweep voltammetry
(CPSV) have been applied to the study of the
mechanism of the cyclization of two compounds
related to (1), (5) and (6).3° On the basis of the
voltammetric results, different mechanisms were
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‘ CHy0 ‘
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postulated for the oxidative cyclization of (5) and
(6). In the acidic media employed (5) is protonated
on nitrogen (5—H™). The mechanism in this case
was suggested to consist of reactions (3)—(6) which
would give rise to rate law (7). Rate law (7) leads

b-H*) =0G-H*')"+e” 3)

K
(S—H*y* =3(C—H")* (Cindicates cycle)  (4)

(C—H*)’*éC'*+H* ©)
C*+(5-H*"* ﬁ» products (6)
Rate=keK,Ks[(S—H*)"]*/[H*] Y]

to the prediction that dE®/d log v=(Iln 10) RT/3F
and dEP/d log C, =0 during LSV mechanism anal-
ysis. The independence of the peak potential on the
substrate concentration can be derived from equa-
tion (8) where a, b and i are the reaction orders in

dEP/dlog Cy=(a+b+i—1)/(b+1)(In 1O)RT/F (8)

substrate, cation radical and protons, respectively.3!
An apparent inconsistency in the analysis is that the
voltammetric experiments were carried out in
strongly acidic media and |H*| is expected to be
constant under these conditions. This inconsistency
was commented on in a footnote and the implica-
tion was made that the region near the electrode is
not buffered since protons are produced in the
reaction. It is, of course, possible that the acidity in
the double layer is enhanced but it must be kept in
mind that the reaction in question is second order
in cation radical and even if k¢ is a diffusion
controlled second order rate constant, the reaction
layer extends far beyond the immediate vicinity of
the electrode. In our opinion, this is adequate
reason for rejecting rate law (7) as accounting for
the observed LSV results.

A simple disproportionation mechanism (9)—(10)
with rate limiting cyclization was postulated to
account for the oxidative cyclization of 6. This

K
260 =362 +6 )
62" 51—9 products (10)

mechanism gives rise to rate law (11) and the same
Rate=k;,Ko[6*]%/[6] (1

LSV predictions as for (7).

The reason that different mechanisms were
postulated for the two reactions, in spite of very
similar LSV behaviour, is that the CPSV analyses
differed. Two factors should be considered in the
evaluation of the latter data. The first is that the
systems do not give ideal response and the
voltammograms do not have the theoretical shapes
necessary for the analysis. This is evident from
Fig. 3 of Ref. 30. The second is that the calcula-
tions *233 upon which the CPSV predictions were
made were derived for much simpler systems where
the overall wave consists of the transfer of two
electrons. During the oxidative cyclization of 5 and
6 and 2 in general, the overall reaction at the LSV
wave involves the transfer of four electrons resulting
in the dication of the cyclized product.?** This
added complication would surely have some effect
on the wave shape. Thus, we feel that there is
adequate reason to doubt the validity of the con-
clusions based upon the CPSV analyses in this case.

A further point which should be considered is
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that it is not possible to distinguish between cycliza-
tion reaction sequences (12)—(13) and (14)—(16) by
reaction orders, which is essentially the information
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~~ —~

ArtArt — Art-Ar? (13)
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available from the LSV wave,?! since both give
rate law (17).

Rate=k,, [Ar Ar*]%[Ar Ar] (17)

appi

A possible way to distinguish between the two
reaction sequences is to test for a secondary
deuterium kinetic isotope effect when the ring
protons are replaced by deuterium. Such an effect
has recently been demonstrated in a related case,
the dimerization of 4-methoxybiphenyl cation rad-
ical.®® The secondary deuterium kinetic isotope
effect arises when the carbon atoms attached to the
isotopes undergo a change in hybridization,3¢ sp?
to sp® in this case. The disproportionation scheme
(12)—(13) in the case where electron transfer (12) is
rate-determining is not expected to show the
kinetic isotope effect while the other mechanism
(14)—(16) could when either (14) or (15) are rate-
determining.

In this paper we report the results of an LSV
kinetic study of the oxidative cyclization of 1.
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Fig. 1. Derivative cyclic voltammogram for the
oxidation of (3,4-dimethoxyphenyl)ethane in aceto-
nitrile —trifluoroacetic acid (19/1) containing
Bu,NBF, (0.1 M) at 243 K and 80 V/s. E ;. —
E 2 =900 mV.

RESULTS AND DISCUSSION

Cyclic voltammetric oxidation of 1. The derivative
cyclic voltammogram observed during the
oxidation of 1 in acetonitrile —trifluoroacetic acid
(AN/TFA, 19/1) containing Bu,NBF, (0.1 M) at a
voltage sweep rate (v) of 80 V/s at a platinum
electrode is illustrated in Fig. 1. Similar
voltammetric behaviour was observed when the
solvent was AN. The potential difference between O’
and R’ was observed to be 265 mV at —30°C.
Normalized potential sweep  voltammetry
(NPSV),>” which gives a direct comparison of the
experimental LSV wave with theoretical data, gave a
slope of 1.009+0.004 when experimental data
measured under the conditions given above were

\R/\/JO

1 RZ

|
+0.4 +1.9

+0.4

E(V. vs. Ag/Ag")

Fig. 2. Cyclic voltammogram for the oxidation of I in AN/TFA (19/1) containing Bu,NBF , (0. 1 M) at100V/s

and —30°C at a platinum electrode.
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correlated as the Y axis vs. theoretical data for
Nernstian charge transfer as the X axis. This
analysis rules out the possibility that O’ —R' is due
to a quasi-reversible oxidation of 1. The NPSV slope
for a quasi-reversible process with a cyclic
voltammetric peak separation of 275 mV is much
greater than unity.>® An indication of the nature of
the process giving rise to R’ can be obtained from the
cyclic voltammogram measured at 100 V/s over an
extended potential range illustrated in Fig. 2. On the
reverse scan two reduction peaks, R, and R,, are
evident. The first, R, corresponds to R’ in Fig. 1. A
comparison with voltammograms already pub-
lished 2-3* showed that R, and R, are due to the
reduction of the dication and cation radical,
respectively, of the cyclized product (7).

e les

CHy 0CH,

LSV kinetic study. Preliminary experiments
carried out in AN which had been passed through
neutral alumina indicated that dEP/d log v was of the
order of 30 mV/decade. Under similar conditions it
has been found that the yield of cyclized products is
low.3° When the water concentration is kept to a
very low level by carrying out the voltammetry
experiments in AN in the presence of alumina *° the
reaction appears to approach second order kinetics
in cation radical. Data measured under these
conditions are summarized in Table 1. Each peak

potential listed is the mean of five measurements
and the numbers in parentheses are the standard
deviations. The precision, even at the exceedingly
low concentrations (0.05 mM), is noteworthy. The
last column gives dEP/dlogv obtained by linear
regression analysis of the peak potential data. The
last row of data gives the corresponding values of
dE®?/dlog C,. The data can be analyzed using the
LSV equations (8) and (18). For a reaction second
order in I'*, application of (18)3' results in

dE?/dlogv=1/(b+ 1)In 10)RT/F (18)

dEP/d logv equal to 19.3 mV/decade and assuming
that a and i are 0, eqn. (8) predicts dEP/d log C,, to be
—193 mV/decade. Solving (8) and (18)
simultaneously for b then results in a value of 1.65.
This result, along with the fact that the reaction
tends to first order in 1'* when water is less
rigorously excluded, suggests that the kinetics
correspond to competing reaction mechanisms, the
major one (~83%) being second order and the
minor component (~ 17%) first order in 1 **.

The results in the previous paragraph suggested
that acetonitrile containing TFA to reduce the water
activity *° would be a more suitable medium to

- study the cyclization kinetics in. Results of

measurements in AN/TFA(19/1) are summarized in
Tables 2 and 3 carried out at 18 and 0°C,
respectively. Some drift in the reference electrode
was observed in this solvent system. The most
convenient method to determine the LSV slopes
under these conditions was found to be to switch
back and forth between sweep rates of 100 and 1000
mV/s. The sequence of measurement used was v

Table 1. Derivative linear sweep voltammetry analysis of the kinetics of the cyclization of I'* in acetonitrile.®

EPatv/mVs~!

Cp/mM® 100 200 400 1000 dEP/d log v
0.05 227.9(0.3) 234.3(0.4) 241.0(0.5) 250.3(0.5) 24

0.10 224.4(0.1) 231.5(0.2) 238.4(0.3) 249.0(0.3) 245

0.20 221.5(0.1) 227.0(0.1) 233.8(0.1) 244.0(0.3) 226

0.40 216.6(0.0) 221.5(0.1) 228.2(0.2) 237.7(0.2) 21.3

0.80 - 215.7(0.1) 222.4(0.3) 231.9(0.2) 232
dEP/dlog C¢  —122 ~157 —157 ~160

“Measurements at 18 °C at a platinum electrode in solvent containing Bu,NBF, (0.1 M) in the presence of neutral
alumina. The peak potentials are expressed in mV vs. a potentiostat bias setting of +1.000 V relative to an Ag/Ag*
reference electrode. ® Substrate concentration. ¢ Expressed in mV/decade.
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Table 2. Derivative linear sweep voltammetry analysis of the kinetics of the cyclization of I'* in AN/TFA at

18°C.®
dEP/d log v*

C,/mM 1 2 3 4 Ave.
0.05 20.2 220 20.7 189 20.5(1.3)
0.10 229 20.2 209 23.6 21.9(1.6)
0.20 20.8 223 21.0 19.5 20.9(1.1)
0.40 21.8 19.6 20.6 22.8 21.2(1.4)
0.80 18.1 19.1 17.6 16.6 17.9(1.0)
dEP/d log C,¢ —21.6 —-23.6 -209 —23.6 —22.4(1.4)

“Solvent ratio (19/1) containing Bu,NBF, (0.1 M). Measurements at a platinum electrode. * The difference in potentials
measured at 100 and 1000 mV s~ ! expressed in mV/decade.  Expressed in mV/decade.

Table 3. Derivative linear sweep voltammetry analysis of the kinetics of the cyclization of I'* in AN/TFA at

0°C® »
dEP/d log v*

Cx/mM 1 2 3 4 Ave.
0.05 18.5 16.6 17.8 19.7 18.2(1.3)
0.10 16.2 16.6 17.2 16.8 16.7(0.4)
0.20 . 16.2 189 149 17.6 16.9(1.7)
0.40 14.3 15.2 15.1 14.2 14.7(0.5)
dEP/dlog C,° —18.1 -17.8 -19.8 -17.2 —18.2(1.1)

%Solvent ratio (19/1) containing Bu,NBF, (0.1 M). Measurements at a platinum electrode. ® The difference in potentials
measured at 100 and 1000 mV s~ ! expressed in mV/decade. ¢ Expressed in mV/decade.

equal to 100 then 1000 then 100 then 1000. The
numbers in column 1 of both Table 2 and Table 3 are
the differences in EP between the first 100 and the
first 1000 mV/s measurement. Column 2 is for the
first 1000 and the second 100, column 3 for the
second 100 and the second 1000, column 4 is the
difference in EP for the first 100 and the second 1000
mV/s meaurement. Each EP used in the analysis was
the mean of 5 measurements. The somewhat larger
than usual standard deviations listed in the average
column reflects the slow reference potential drift
during the measurements. At 0°C the numerical
values of dEP/dlogv and dEP/dlogC, are +18.0
and —18.0 mV/decade when b is 2 and aand i are 0
as is evident from eqns. (8) and (18). The observed
values were +16.6(1.4) and — 18.2(1.1), respectively,
both within experimental error of the theoretical
values (Table 3). The slopes obtained at 18 °C were
+20.5(1.5) and —22.4(1.4) which are slightly greater
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that the theoretical values, +19.3 and —19.3, for
dEr/dlogv and dEP/dlogC,, respectively. The
larger deviation in the latter value is probably a
consequence of the reference potential drift
mentioned earlier.

Analysis for a possible secondary deuterium kinetic
isotope effect. The LSV kinetic results presented
above indicate that in AN/TFA (19/1) the cyclization
of 1'* follows rate law (19). This is the situation

Rate=k,, [1 *]? (19)

where it may be possible to differentiate between
cyclization mechanism (12) —(13) and (14)—(16) by
the secondary deuterium kinetic isotope effect as
was described earlier. For this analysis, compound 8
was prepared by exchanging the ring hydrogens of 1
with deuterium in trifluoroacetic acid (d) containing
trifuoromethanesulfonic acid.



176 Aalstad, Ronlan and Parker

CH30 CH,CH 0CHy

CH, 0CH,

At any given value of v, deuterium kinetic isotope
effects (ky/kp) can be calculated from the difference
in E® observed for the H and D isomers using egn.
(20).%! Thus, for ky/kp, of 0.7 and 0.9, negative shifts

AEP =log(ky/ky) dEP/d log v (20)

in EP of 3.1 and 0.9 mV are expected for a reaction
order in cation radical of 2 at 298 K.

Ordinarily, the measurements of a 1 mV peak
potential difference in two different solutions does
not represent any special problem with the precision
that we are able to attain.*> However, the reference
potential drift that we observe in the AN/TFA
solutions make this type of measurement rather
uncertain. In order to attempt to detect the effect,
pairs of solutions containing I and 8 in
concentrations identical within experimental error
were made up. The accuracy of the concentrations is
important since the peak potenatils shift linearly
with log C,. After removing the electrodes from one
solution and placing them in another, several
minutes are usually required for the potential to
settle down to a constant value under ordinary
conditions. In this particular case, the initial rapid
change in potential with time settled down in a few
minutes to a slowly drifting value. The procedure
used was firts to make a set of 15 measurementsona
solution of either I or 8, the interval between
measurements being constant at about 30 s. After
the first 5 measurements, the change in successive
values was 0.2 mV or less. After the completion of

the first set of 15 measurements, measurements were
begun on the solution of the other form. The
alternating measurements were continued until 10
sets had been gathered for each solution. The
procedure was carried out on three different pairs of
solutions. In all three cases, the oxidation of I was
observed at a potential positive of the potential for
the oxidation of 8, with peak potential differences
ranging from 0.9 to 3.2 mV. In view of the potential
drift problem encountered in the measurements in
solvent containing TFA, the same procedure was
carried out on two pairs of solutions in acetonitrile
with neutral alumina in the cell. Once again Ef, — ER
was positive, 1.0 and 1.1 mV, and this time there was
no potential drift problem. The data along with the
values of ky/ky calculated using eqn. (20) are
summarized in Table 4. Secondary deuterium
kinetic isotope effects ranging from 0.69 to 0.90 were
obtained.

The mechanism of the cyclization reaction. In either
AN with low water content or in AN/TFA, the LSV
kinetic studies indicate that the major reaction
pathway gives rise to rate law (19). This rate law is
equally consistent with disproportionation mech-
anism (12)—(13) or that involving cyclization of
the cation radical (14) —(16). In either case electron
transfer, either (12) or (15) must be the slow step. The
mechanism must take into account the secondary
deuterium kinetic isotope effect observed during the
comparison of the reactions of I " with those of
8 *. Reaction (12) which involves only the transfer
of electrons between cation radicals does not
involve any hybridization changes of the carbons
which are subsequently bonded in the cyclized
product. Thus, the observation of ky/k, ranging
from 0.7 to 0.9 makes the disproportions mechanism
highly unlikely. On the other hand, reaction (14)
does involve a change in hybridization of the two
carbons through which the two rings are joined in
the product. The change in hybridization from sp? to

Table 4. The secondary deuterium kinetic isotope effect for the cyclization of I'* and 8*.

Solution Solvent Ef,—E§/mV* ky/ky

1 AN/TFA 3.2(0.6) 0.64—0.74
2 AN/TFA 1.3(0.9) 0.77—-0.95
3 AN/TFA 0.9(1.0) 0.80—1.01
4 AN® 1.0(0.5 0.84-0.94
5 AN’ 1.1(0.6) 0.82—0.94

?The potential difference measured at 100 mV/s in solutions containing either I or 8 with a substrate
concentration of 0.5 mM. ® Measurements in the presence of alumina.
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sp® in forward reaction (14) is expected to be
accompanied by a kinetic isotope effect in the range
observed.®3-*¢ Thus, the kinetic data suggest that
the mechanism of cyclization of 1 "™ involves initial
cyclization of the cation radical (14) followed by
electron transfer reaction (15). It must be pointed
out that there is a high degree of uncertainty in the
value* of ky/k, due to the difficulties in
measurement of the electrode potential difference to
a high degree of precision. However, in the
numerous experiments on which the data in Table 4
are based, no negative valies of Ef,—ER were
observed, i.e. ky/kp, in all cases was found to be less
than unity.

The two mechanisms (12) —(13) and (14) —(16) are
a special case of the two mechanisms of
electrodimerization, radical ion dimerization or
radical ion-substrate coupling that are currently
under discussion.?3+4344 It is perhaps not surprising
that mechanism (14)—(16) is a favorable reaction
pathway in view of the fact that the charged and
uncharged rings are held in close proximity for the
intramolecular coupling reaction. In order for the
ion radical dimerization analog, dication diradical
cyclization in this case, to occur second order
electron transfer (12) must first take place. No data
are available for the equilibrium constant for
reaction (12) but it must surely be less than unity and
probably 1072 or smaller. Thus, the radical
—substrate analog (14) is more favorable during the
cyclization reactions than in the intermolecular
reactions. Previous work has shown that the
intermolecular radical ion —substrate reaction is a
favorable reaction pathway.35:43.44

The question arises as to why the cyclization of
1" follows rate law (19) while that for the related
cation radical of 6 is consistent with rate law (17). A
significant structural difference between I and 6 is
that one of the rings in 6 does not have an
unsubstituted position para to an alkoxy group. This
then requires that the intramolecular coupling take
place at a substituted ring position. This factor could
change the balance between mechanisms (12) —(13)
and (14)—(16) in favor of the disproportionation.
The same argument can be put forth for the
cyclization of 5 *. However, in this case the
apparent kinetics are consistent with rate law (19),
providing the arguments against rate law (7) are
accepted. There are no data vailable to distinguish

*The uncertainty is in the magnitude of the effect, not
the existance of an isotope effect.

Acta Chem. Scand. B 36 (1982) No. 3

Cation Radical Cyclization Kinetics 177

between rate-determining (12) or (15) in this case.
The added complication of protonation equilibria of
the side-chain nitrogen makes this system very
much more complicated.

EXPERIMENTAL

The practical aspects of making LSV kinetic
measurements have been described in detail.*? The
solvent and electrolyte handling procedures were
the same as those described in related work.3%43

Deuteration of 1 was carried out by dissolving in
trifluoroacetic acid (d) containing trifluoro-
methyanesulfonic acid and allowing to stand at
room temperature as described in a previous
preparation.’’

REFERENCES

1. Ronlan, A. and Parker, V. D. Chem. Commun.
(1970) 1567.

2. Ronlan, A., Hammerich, O. and Parker, V. D. J.
Am. Chem. Soc. 95 (1973) 7132.

3. Parker, V. D. and Ronlan, A. J. Am. Chem. Soc.
97 (1975) 4714.

4. Ronlan, A. and Parker, V. D. J. Org. Chem. 39
(1974) 1014.

5. Falck, J. R., Miller, L. L. and Sternmitz, F. R. J.
Am. Chem. Soc. 96 (1974) 2981.

6. Falck, J. R, Miller, L. L. and Sternmitz, F. R. J.
Am. Chem. Soc. 95 (1973) 2651.

7. Falck, J. R., Miller, L. L. and Sternmitz, F. R.
Tetrahedron 30 (1974) 931.

8. Miller, L. L., Steward, R. F., Gillespie, J. P,
Ramachandran, V., So, Y. H. and Stermitz, F. R.
J. Org. Chem. 43 (1978) 1580.

9. Miller, L. L., Sternmitz, F. R., Becker, J. Y. and
Ramachandran, V. J. Am. Chem. Soc. 97 (1975)
2922.

10. Becker,J. Y., Miller, L. L. and Sternmitz, F. R. J.
Electroanal. Chem. 68 (1976) 181.

11. Becker, J. Y., Miller, L. L., Boekelheide, V. and
Morgan, T. Tetrahedron Lett. (1976) 2939.

12. Sainsbury, M. and Wyatt, J. J. Chem. Soc. Perkin
Trans. 1 (1976) 661.

13. Sainsbury, M. and Schinazi, J. Chem. Soc. Chem.
Commun. (1972) 718.

14. Kotani, E., Takeuchi, N. and Tobinaga, S. Chem.
Commun. (1973) 551.

15. Kotani, E. and Tobinaga, S. Tetrahedron Lett.
(1973) 4759.

16. Kotani, E., Miyazaki, F. and Tobinaga, S. J.
Chem. Soc. Chem. Commun. (1974) 300.

17. Kupchan, S. M., Dinghra, O. P., Kim, C.-K. and
Kameswaran, V. J. Org. Chem. 43 (1978) 252.



178

18.

19.

20.
21.
22.
23.
24.

25.
26.

27.
28.

29.
30.

3L
32.

33.
34.
3s.
36.
37.
38.
39.
40.
41.
42.
43.

44,
45.

Aalstad, Ronlan and Parker

Kupchan, S. M., Liepa, A. J,, Kameswaran, V.
and Bryan, R. F. J. Am. Chem. Soc. 95 (1973)
6861.

Kupchan, S. M., Kameswaran, V., Lynn, J. T,,
Williams, D. K. and Liepa, A.J. J. Am. Chem. Soc.
97 (1975) 5622.

Kupchan, S. M. and Kim, C-K. J. Am. Chem.
Soc. 97 (1975) 5623.

Kupchan,S. M., Dinghra, O. P.,Ramachandran,
V. and Kim, C.-K. J. Org. Chem. 43 (1978) 105.
McKillop, A. E., Turrell, A. G. and Taylor, E. C.
J. Org. Chem. 42 (1977) 765.

Taylor, E.C., Andrade, J. G. andMcKillop, A. E.
J. Chem. Soc. Chem. Commun. (1977) 538.
Kametani, T., Shishido, K. and Takano, S. J.
Heterocycl. Chem. 12 (1974) 305.

Elliot, I. W. J. Org. Chem. 42 (1977) 1090.
Hess, U., Hiller, K., Schroeder, R. and
Grundemann, E. J. Prakt. Chem. 319 (1977) 568.
Sato, T. and Kamada, M. J. Chem. Soc. Perkin
Trans. 2 (1977) 384.

Sato, T. and Torizuka, K. J. Chem. Soc. Perkin
Trans. 2 (1978) 1199.

Elliot, 1. W. J. Org. Chem. 44 (1979) 1162.
Kerr, J. B, Jempty, T. C. and Miller, L. L. J. Am.
Chem. Soc. 101 (1979) 7338.

Parker, V. D. Acta Chem. Scand. B 35 (1981) 259.
Andrieux, C. P. and Savéant, J. M. J. Electroanal.
Chem. 53 (1974) 165.

Andrieux, C. P.,Savéant, J. M. and Tessier, D. J.
Electroanal. Chem. 63 (1975) 429.

Ronlan, A.,, Coleman, J., Hammerich, O. and
Parker, V. D. J. Am. Chem. Soc. 96 (1974) 845.
Aalstad, B., Ronlan, A. and Parker, V. D. Acta
Chem. Scand. B 35 (1981) 649.

do Amaral, L., Bull, H. G. and Cordes, E. H. J.
Am. Chem. Soc. 94 (1973) 7579.

Aalstad, B. and Parker, V. D. J. Electroanal.
Chem. 122 (1981) 183.

Aalstad, B., Ahlberg, E. and Parker, V. D. J.
Electroanal. Chem. 122 (1981) 195.

Hammerich, O. and Parker, V. D. Electrochim.
Acta 18 (1973) 537.

Hammerich, O., Moe, N. S. and Parker, V.D. J.
Chem. Soc. Chem. Commun. (1972) 156.

Parker, V. D. Acta Chem. Scand. B 35 (1981) 233.
Parker, V. D. Acta Chem. Scand. B 35 (1981) 373.
Parker, V. D. Acta Chem. Scand. B 35 (1981) 149.
Parker, V. D. Acta Chem. Scand. B 35 (1981) 279.
Aalstad, B., Ronlan, A. and Parker, V. D. Acta
Chem. Scand. B 35 (1981) 247.

Received October 7, 1981.

Acta Chem. Scand. B 36 (1982) No. 3



