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Summary. ESR. spectra of the radical anions of 1,6-methano[70}annulene (1) and its 2, 5,7, 10-
tetradeuterio derivative II are reported for a temperature range of over 100°. The abnormally
small magnitudes of the a-proton coupling constants are attributed to the deviation of the ten-
membered z-perimeter from planarity; an extension of the McConnell equation is proposed to
achieve agreement between theory and experiment. It is suggested that the marked temperature-
dependence of the ESR. spectra arises from slight changes in gcometry which for I® should have
a morc pronounced effect on the a-proton coupling constants than for planar n-radicals.

Several years ago, we reported the ESR. data for the radical anions of 1,6-
methano[70)annulene (I) and some of this deuterio derivatives [1]. The coupling
constants of the a-protons?) in I® were found to deviate strongly from the expected
values. Later investigations also revealed that the ESR. spectrum of I, which was
previously observed at —70°, is markedly temperature dependent.

In the present paper we report the ESR. data for I® and its 2, 5, 7, 10-tetradeuterio
derivative II® over a range of more than 100°C.4) We also discuss the effect of non-
planarity of the ten-membered perimeter on the a-proton coupling constants and
attempt to rationalize their temperature dependence in terms of changes in geometry.
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Results. — Radical anion of 1,6-methano[10)annulene (I). Fig. 1 illustrates the
effect of temperature variation on the ESR. spectra of 1® in 1,2-dimethoxyethane
(DME) with Na® as counter-ion.’} Before the observed changes in the spectra are

1)  Universitit Basel.

2)  Universitit Kosln.

3) In ESR. spectroscopy, protons are denoted by the Greck letters o, §, ¢ ... according to
whether they are linked to a m-electron center via 0, 1, 2... sp3-hybridized carbon atoms. The
cight protons attached to the ten-membered ring in I® thus represent a-protons, whereas
the two protons in the methylene bridging group must be considered as f-protons [2].

%) A selection of these ESR.-data has appeared in a recent review on non-benzenoid radical
ions [3].
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Fig. 1. ESR. spectva of the vadical anion I© at vavious tempevatures
Solvent: DME; counter-ion: Na®

analysed in terms of changes in the proton coupling constants, two points should be
noted:

1. The spectra do not exhibit a measurable hyperfine splitting due to the »*Na
nucleus, in contrast to the spectra of I® studied under different conditions where
such 23Na or 3K splitting is always present (see below).

2. For temperatures above —60°C, the same spectra as those shown in Fig. 1 are
obtained — albeit with slightly decreased resolution — by electrolytic generation of I®
in N,N~dimethylformamide with (C,H;),N®CIO,® as supporting salt. In this system
19 is considered to be non-associated with the counter-ion.

We conclude that I® is not associated with Na® in DME above —60°; since the
polarity of the solvent increases at lower temperatures, this conclusion is even more
valid for the spectra recorded below —60°. Consequently, one might anticipate that the
striking spectral changes do not arise from ion pairing phenomena.
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In Table 1 the pertinent coupling constants am(,), am(), and af™ are listed for
the two sets of four equivalent a-protons3) in positions 2, 5,7, 10 and 3, 4, 8, 9, and for
the pair of equivalent methylene S-protons3). The signs of these values will be consid-
ered in the Discussion and only their absolute magnitudes — as determined from the
ESR. spectra — are dealt with at present.

The plots of |anwl|, |are |, and |aS:| vs. temperature (7) are presented in

H
Fig. 2. In the range of investigation an almost linear relationship is observed, the
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Fig. 2. Coupling constants of the protons in I® vs. temperature

slopes of the lines being d|am|/dT = —2.9 4 0.3; d|an@]|/ T= +1.2 £ 0.1, and
d|a$|/dT = —0.8 4 0.2 milligauss/degree.

Relative to the values measured at —40° (range centre), the changes per 100°
amount to —11(4 1)%, +85(+10)% and —7(+1)% for |anw |, |an@| and |ag|,
respectively. The absolute magnitudes of am() and 4§’ thus decrease, whereas that
of an(g) increases with rising temperature.

Radical anion of 2,5, 7, 10-tetradeuterio-1,6-methano[10)annulene(11). Fig. 3 shows
the ESR. spectra of II€ observed at various temperatures in DME with Na® as
counter-ion. Table 2 contains the values |ape|, |ame| and |a$f":| for the four
equivalent a-deuterons in the positions 2, 5, 7, 10, the four equivalent a-protons in
3,4, 8,9, and the two equivalent methylene -protons. The almost linear temperature

5)  For the spectra taken below — 90° a few drops of tetrahydrofuran (THT) were added to prevent
solidification of DME.
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Table 1. Coupling constants of protons in the vadical anion 19
Solvent: DME; counter-ion: Na®; temperature range: — 120 to +40°C4)
Experimental error: [ane|: + 0.02; |an@|: + 0.005; |aff): + 0.01

Temperature Coupling constants in gauss
in °C lame | lar@ | ™|
—120 2.82 <20.055 1.17
—110 2.78 0.061 1.17
- 100 275 0.073 1.16
— 90 2.73 0.087 1.16
— 80 2.70 0.099 1.15
- 70 2.68 0.108 1.15
- 60 2.65 0.122 1.14
- 50 2.63 0.130 1.13
- 40 2.60 0.142 1.12
- 30 2.56 0.158 1.12
- 20 2.53 0.175 i1
- 10 2.49 0.187 1.10
0 2.46 0.198 1.08
+ 10 243 0.213 1.07
+ 20 240 0.226 1.06
+ 40 2.35 0.240 1.05
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Fig. 3. ESR. spectra of the vadical anion I1° at vavious tempevatuves
Solvent: DME; counter-ion: Na®
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Table 2. Coupling constants of protons and deutevons in the radical anion 119
Solvent: DME; counter-ion: Na®; temperature range: —90 to +22°C
Experimental error: |apey| and |ag@)|: 4+ 0.005; |af{H’|: + 0.01

Temperature Coupling constants in gauss
in °C lap(2)] larm@)| |a?1H'-'I
—-90 0.429 0.113 1.16
— 80 0.427 0.127 1.15
—-70 0.423 0.141 1.14
— 060 0.420 0.153 1.14
—50 0.412 0.162 1.13
—40 0.408 0.173 1.13
—-30 0.405 0.190 1.12
—20 0.401 0.195 1.11
~10 0.396 0.202 1.10
0 0.393 0.211 1.09
+10 0.389 0.219 1.08
+20 0.380 0.238 1.07

dependence of these values can be described by d|apy | /dT = —0.45 4-0.05; d|an |/
d7T = +1.1 + 0.1 and d|a%%(/dT = —0.8 - 0.1 milligauss/degree.

Changes per 100°C relative to the values at —40° amount to —11(+2)%, +65
(+10)%, and —7(+1)% for |ap( |, |amg | and [af|, respectively.

A comparison of the data for I® and II® allows one to make the following com-
ments:

the whole temperature range of investigation. This constancy is reflected by the equal
relative changes d|am(|/dT and d|ap(y|/dT.

2. The |anm| values for I© and II® differ significantly, in particular at lower
temperatures. However, differences of the same order of magnitude (0.01 to 0.03
gauss) have also been observed for the coupling constants of a-protons at the corres-
ponding non-deuterated positions in the radical anions of naphthalene and its deuterio
derivatives [4].

3. Deuteration does not affect the |a*| values.

The ESR. data for II® are thus fully in line with those for I®, and only the
latter need be considered in the Discussion.

Association with alkali metal cations. Use of tetrahydrofuran (THF) instead of DME as a
solvent and simultaneous replacement of Na® by K® as counter-ion result in a radical anion of
1,6-methano[/0lannulene (I) which is associated with the alkali metal cation. The association
is favoured both by the smaller solvating power of THF, as compared to DME, and by the weaker
solvation of K® relative to Na®8). The evidence for a relatively strong ion-pairing of I© with K®
in THF solution is given by an additional 3K hyperfine splitting which can be observed even at
the lowest temperature investigated (—120°C). Figure 4 shows an ESR. spectrum taken at
—30°C in which a fourfold increase in the number of lines due to a 3K splitting of 0.08 £ 0.01

6)  In the case of hydrocarbon radical anions such as 19, the association usually becomes stronger
as the radius of the counter-ion increases, because the solvation (which competes with ion-
pairing) decreases with increasing size of the cation.
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Fig. 4. ESR. spectrum of the vadical anion 1°© associated wilh its countev-ion K®
Solvent: THF; temp.: —30°

gauss is clearly evident. The presence of two small, temperaturc-dependent coupling constants
an( and ax (absolute magnitude of the order 0.1 gauss) greatly complicates the analysis of the

S{HZ have been measured

throughout the whole temperature range. In contrast to the EuﬁHﬂ[ values, which do not signi-
ficantly deviate from those listed in Table 1 for the non-associated radical anion, a remarkable
difference in |ay@)| is observed as a consequence of ion-pairing. Since this difference (0.3 to 0.4
gauss) persists throughout the whole temperature range (—120° to +20°), the plot of |ane)!
vs. T for the ion-paired species I® can be represented by a line which is almost parallel to that
found for the non-associated radical anion. This result is illustrated by Figure 5 which shows the
plots of |am | vs. T for the solvent/counter-ion systems DME/Na® and THF/K® as well as for
the two other combinations DME/K® and THF/Na®.

As might be expected, the systems DME/K® and THF/Na® are intermediate between DME/
Na® and THF/K® as far as the association of [® with the counter-ion is concerned. Whereas at

spectra. Therefore, only the two larger coupling constants an(,) and a

O DME/Na®  oDmE/K®
@ THF/Na® @ THF/K®

Gauss
317 © ° o
® o0
® o4
291 ® e,
0 ® 9
° 0o o o3 8
271 o 5 0 ® ©
@] o e
0
§ e °
SIS}
0
2.3-.

-20 -100 -80 -60 -40 -20 O +20°C
Fig. 5. Coupling constant |an)| for I© in four solvent[counter-ion systems vs. tempevature
At T << —40° the points for DME/K® and THF/Na® coincide with those for DME/Na®
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T < —40°, the ESR. spectra for the intermediate systems are identical with those of the non-
associated radical anion (DME/Na®), conversion to an ion-paired species (THE/K®) occurs at
higher temperatures. Such a conversion is not only manifested by an appearance of an additional
23Na or 3K splitting in the ESR. spectra, but also reflected by the plots of |am)| vs. T shown in
Figure 5. Whereas at T < — 40° the values |ap(, | for DME/K® and THF/Na® are equal to those
for DME/Na®, they approach those for THF[K® at room temperature. In the transition range
(—40° < T < +20°) a decrease in the [am)| value with rising temperature is opposed by a con-
commitant increase due to stronger association.

10 2
9 \;{\s III, when X = NH
B IV, when X = O
7 5

Radical anions of 1,6-imino- and 1,6-0xido[10]annulenes (111 and IV, vespectively). The ESR.
spectra of the two radical anions ITI® and IV®, which exhibit proton coupling constants asm(u)
comparable to those measured for I®, were also studied at —70° [1] [5]. Investigations of ITI®
and IV® at higher temperatures are impeded by the low stability of these radical anions. In
particular, the rapid decay of IVE above —70° precludes any definite conclusions that might be
made regarding the temperature dependence of the spectra. On the other hand, the radical anion
1119 is sufficiently stable up to —20°, and ESR. studies are feasible below this temperature. The
results of such studies (solvent: DME; counter-ion: Na® or K®) indicate a decrease in the values
laggs! for w = 2, 5, 7, 10 and an increase for u = 3, 4, 8, 9. The coupling constants of the ring
protons in III® thus display a similar temperature dependence as the corresponding values for I°.

Discussion. — Preliminary remarks. The temperature dependent changes in the
coupling constants of the a-protons in I®, ap(,) and am(,), exceed by far those usually
found for hydrocarbon s-radicals. In Fig. 6, a comparison is made between the values
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Fig. 6. Coupling constants of the a-protons in the vadical anions I® and VO at 4- 20 and — 80°
Absolute values in gauss
172
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|@g (| for I® and the naphthalene radical anion V®. It is evident that the relative
changes for I® are one or two orders of magnitude larger than the analogous changes
for VO. As will be shown below, a comparison between the coupling constants of the
a-protons®) in IS and V® is also informative in another respect: although theory
requires similar values as,) for the corresponding a-protons in the two radical anions,
the experimental values differ considerably. In our opinion, the reasons for this
difference are closely related to those responsible for the temperature dependence of
the a-proton coupling constants; they will be discussed in the section dealing with
effects of non-planarity. Prior to this discussion, however, it is desirable to consider
whether ‘orbital mixing’ in I® could be the source of the temperature dependence.

Orbital mixing. Coupling constants of «-protons in a few hydrocarbon s-radicals
having a near-degenerate ground state are known to exhibit a temperature dependence
comparable to that observed for I® [6] [7]. In such m-radicals, thermal mixing of two
energetically close orbitals results in temperature dependent m-spin populations g uat
the carbon centers u, and hence, by virtue of the McConnell equation (1) [8] in

an ) = Q0u, (1)

temperature depzndent a4y, values. Since the bridged [70]annulene I can be treated
as a ten-membered perimeter, in which the orbital degeneracies are removed by a
perturbation [1] [9], it is tempting to assume that thermal mixing leads to the observed
changes in the values ajp,) for I® as well.

a.
0.019 0.181
(-0.037) (0.237)
0.131 0.069
b. (0.152) (0.048)
} }
0.200 0
(0.270) (-0.070)
(Pu)+ (Pp)-

Fig. 7. a. The degenerate lowest antibonding orbitals s, and ypa_ of the ten-membeved pevimeter

“Plus”’ signifies symmetric and “‘minus” antisymmetric relative to a mirror plane which passes
through the centers 1 and 6 and is perpendicular to the plane of the perimeter. The radii of the
circles are proportional to the absolute values of the LCAO-coefficients; blank and dotted areas
refer to relative signs of these coefficients.
b. m-spin populations (p,)+ and (p,) - for the single occupancy of ya,. and ya_, vespectively
Values calculated by the McLachlan procedure [10] are given in parentheses



HeLveTtica Caimica Acta — Vol. 54, Fasc. 8 (1971) — Nr. 289 2739

Fig. 7a presents the degenerate lowest antibonding orbitals g, = 0.447 (¢, — &) —
0.138 (¢s — 5 — ¢y + Pro) — 0.362 (d3 — ¢y — ¢bs + P) and ya_ = 0.425 (¢, + ¢
— g — 1) — 0.263 (¢ + ¢y — &g — ¢&,) of the ten-membered perimeter. In Fig. 7b,
the HMO and McLachlan [10] spin populations?), (¢,), and (¢,)_, are given for the
single occupancy of s, and y,_, respectively. From the ESR. data (|am() | > |959)])
one readily concludes that the s-spin population in I® is distributed according to
(04)— 7.e. the orbitaly,_ has lower energy than its counterpart ¢, and thus determines
the spin distribution in I®. An admixture of (g,), to (g,)_ is, however, possible if the
two orbitals differ only slightly in their energies (near-degeneracy) so that ga, can
contribute to the m-spin population (orbital mixing) [11]. Moreover, if the relevant
energy gap is small enough to be comparable to the thermal energy, the amount of
the admixture will increase with increasing temperature (thermal mixing) [7] [11].
Since (05),. < (0g)_ and (p3), > (pg)_, this increase would result in a smaller g, and a
larger g; m-spin population, in agreement with the parallel temperature dependent
changes found for |an(y| and |am |-

However, these arguments in favour of the thermal mixing are invalidated by the
prerequisite that the gap between the energies of y4. and y,_ should be smaller than
0.05 eV. The values calculated for m-electron (PPP[12]) and all valence electron
(INDO [13]) models are at least one order of magnitude larger than those required
by an effective thermal mixing. This result can be expected even in terms of a qualita-
tive treatment of the perimeter model, because the bridging in 1,6-methano[70]an-
nulene should markedly affect the energies of the perimeter orbitals [14]. Conse-
quently, the orbital mixing is not likely to be the ‘mechanism’ responsible for the
temperature dependent coupling constants of the a-protons in I© and an alternative
‘mechanism’ must be considered.

Adequacy of the McConnell equation. Use of eq. (1) with ¢, ~ (¢,)- (Fig. 7b) and
Q = —20 to —30 gauss [15] yields coupling constants ag ) = —4 to —6 and agg = —1
to —2 gauss. Comparison of these values with those found experimentally for I1©
(Table 1) shows that the latter have absolute magnitudes reduced by 1 to 3 gauss
relative to the former. The reduction is also evident from the numbers in Fig. 6.
Since, in the HMO model, the lowest antibonding orbital of V is identical with p;_,
the coupling constants of the a-protons in I® are expected to be as large as the cor-
responding values for VO. Clearly, this expectation is not borne out by experiment.

The striking disagreement between theory and experiment cannot be due to any
substantial reduction in the z-spin populations g , 1 I© relative to the calculated
values (g,)_. MO models at various levels of sophistication (McLachlan [10], INDO
[13]) indicate that neither the perturbation due to the bridging group nor the moderate
deviation of the ten-membered ring from planarity (the twisting angle of two con-
secutive Zpz-orbitals out of alignment should not exceed 30° [16]) essentially alter
the m-spin populations g,. This prediction is supported by the ESR. data for the
methylene g-protons and '3C nuclei of I© which ~ in contrast to the a-proton coupling
constants ag () — are consistent with the expected values.

aFa=B. g, (cos0) @

") The McLachlan parameter A [10] was given its usual value of 1.2,
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Thus, use of the equation (2) [17] for the f-protons with B = +45 gauss, 6§ = 60°

and g, = —0.148) leads to a{f"* = —1.5 gauss, which is in fair agreement with the
experimental value [a${™| = 1.05 - 1.17 gauss. (Note that eq. (2) predicts a negative
sign for af™.)

Likewise, the coupling constants |ac()| = 6.9 and |acy)| = 6.4 gauss found for
13C nuclei in the carbon centers 2, 5, 7, 10 and 1, 6, respectively (see Appendix) are
fairty close to the corresponding numbers 7.3 and 5.6 gauss for V@ [19], despite the
striking differences in the values |ax(,|. Consequently, it may be deduced that the
m-spin populations g, in 1® are comparable to those in V€ and can be reasonably
represented by the values (¢,)_ given in Fig. 7b.

Since the apparent reduction in {am| and |amng | for I® cannot be due to any
substantial lowering of the z-spin populations g,, one may argue that the absolute
value of the parameter @ in eq. (1) should be reduced in order to achieve agreement
with the experimental data. However, the values | Q] required to reproduce the data
lap@| and |amg| are ~10 and ~1 gauss, respectively. These numbers seem quite
unrealistic and thus the question must be posed whether the McConnell equation as
formulated by (1) is still adequate to account for the coupling constants of the a-
protons in I®.

Effects of non-planarity. The McConnell equation implies that z-¢ spin polarisation
is the only essential mechanism for the transfer of spin from the 2pn-carbon-AQO’s
to the 1s-AQ’s of the adjacent a-hydrogens. It is therefore not surprising that eq. (1)
has proved to be quite adequate for planar z-radicals in which the s-¢ separation is
justified and a direct transfer of spin by delocalisation may be neglected. On the
other hand, in non-planar m-radicals such as I, the z-o delocalisation is appreciable,
and significant 1s-spin populations can be generated at the a-hydrogens by a direct
transfer of spin from the 2pn—AO’s of the carbon atoms.

A fragment comprising a carbon z-center g, an attached «-hydrogen, and two
neighbouring centers » and #' is depicted in Fig. 8b. The coupling constants a(, of
thering protonin a non-planar s-radical can be expressed as equation (3) [20] where the

are = Q- ou+ 4-0.< coste > +B'p, < cos?0 > +B'p,, < cos?0,. > (3)

A-and B’-terms are comparable to theright hand side of eq. (2). Accordingly, the para-
meters A4 and B, and the angles ¢, 6, and §,,,- have similar meanings to the corresp-
onding quantities B and 6 in eq. (2), as evident from Fig. 8.

The extension of eq. (1) by adding the 4- and B’-terms allows for the non-planarity
of the s-system in the neighbourhood of the relevant center u. Clearly, for a planar
m-radical, ¢ =6, =0,,, = 90° so that the three additional terms vanish and eq. (3)
reduces to eq. (1).

Evaluation of the parameters 4 and B’, both of which must be positive, is difficult. Consi-

deration of the distance between the a-proton and the pertinent z-spin population suggests an
order 4 » B’ > B.1f B is given a value of +45 gauss?®), then B’ should amount to at least + 50

%) The value 1/, B = 22.4 gauss was derived from the coupling constants of the f-protons in the
radical anions of dimethyl-naphthalenes [18]. The dihedral angle § = 60° (Figure 8a) has been
estimated from a molecular model of I. The 7-spin population g, = —0.14 was taken as the
sum of the McLachlan values g, +g¢ = — 0.14 at the two bridged centers 1 and 6 (Figure 7b),
which are linked by the methylene group.
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gauss [20], whereas the value of 4 could be as large as + 100 to + 150 gauss. Since Q is negative,
the A-term always has a sign opposite to that of the McConnell term. The sign of the B’-terms,

Fig. 8. Schematic vepresentations of :

a. Alkyl substituent at a center p
b. Fragment containing a proton-beaving center y and two adjacent centers v and v’

on the other hand, can be either opposite or the same as that of the McConnell term, according
to whether the n-spin populations g, and g, at the neighbouring centers are the same or opposite
in sign to g,. Consequently, the 4-term always leads to reduction in the value amyy from that
calculated by means of eq. (1), whereas the inclusion of the B’-terms can result in either a decrease
(the same sign of g, and g,, @) or increase in an(,) (opposite signs of @, and g,, o) [20].

Despite the uncertainty with regard to the values of A and B’, the contributions
to the coupling constants ag(y,) and au) can be qualitatively discussed in terms of eq.
(3), using the predicted z-spin populations g, = (¢,)_ (Fig. 7b). Since [g,| > [03] =
los] & lo¢l, and g, (in contrast to p, and p,) should have a negative sign, one may
deduce that the observed reductionin | agy | relative to the expected valueis primarily
due to the A-term. For the same reasons, an analogous reduction in |amg| would
arise mainly from one of the B’-terms. The angles required to attain a satisfactory
agreement with the predicted values are estimated as ¢ = 70-80° and 0,,, 0, =
65-75°; the latter estimates are consistent with the deviation of the ten-membered
perimeter from planarity, as indicated by molecular models and established by X-ray
analysis of 1,6-methano[70]annulene-2-carboxylic acid [16].

The sign of am) should be negative, since the large McConnell term (—4 to —6
gauss) certainly predominates in this case. On the other hand, either sign can be
advanced for ag (s ; the negative Q-term and the sum of the positive A- and B’-terms
must be here of similar magnitude (1 to 2 gauss) and almost cancel out. Attempts to
measure the sign of ayy by NMR. spectroscopy have failed, because the direction
of the ‘Knight shift’ for the 3, 4, 8, 9-protons in mixtures of IT and II® (2, 5, 7, 10-
tetradeuterio derivatives of I and I®) [7][21] could not be unequivocally determined
f22].

Temperature dependent changes in geometry. We suggest that the marked tempera-
ture dependence observed for the coupling constants of the «- and g-protons in 19 is
in both cases due to slight changes in geometry. Whereas for the f-protons such a
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suggestion is readily substantiated by experience, it is less obvious in the case of the
a-protons and requires some further supporting arguments,

The cos®-function changes very little for angles close to 90°, but it becomes more
sensitive for angles significantly deviating from this value. Thus an increase of 1°
alters the cos?function by 0.0003, 0.0062 and 0.0114, when the pertinent angle is 90,
80, and 70°, respectively. Assuming the general validity of eq. (3), one theretore
predicts that slight changes in the geometric parameters ¢, 0,, and 6,,. should
affect the a-proton coupling constants for I© to a much larger extent than the corres-
ponding values for a planar m-radical. This prediction also holds with regard to varia-
tions in temperature, provided that such variations produce similar changes in geo-
metry of both radicals.

Again, it is instructive to consider the a-proton coupling constants for I® and V©
in which the relevant X-ray temperature factors are likely to be comparable?).
Examination of eq. (3) for I® with ¢ = 70-80° and §,,,, 6,,. = 65-75° shows that
changes of 2-3° in these angles for a range of 100°C would suffice to produce the
observed temperature dependence of the values |ap,)| and |an(,)|. On the other hand,
analogous changes for V®, with ¢, 6,,,, ,, ~ 90°, would lead to variations in a-
proton coupling constants which are smaller by one to two orders of magnitude, as
found experimentally.

Final vemarks. We conclude that the deviation of the ten-membered perimeter
from planarity is not only responsible for the abnormally small values | ax | but
also indirectly for the their marked temperature dependence. Because of this devia-
tion, the coupling constants ap(,) are very sensitive to small changes in geometry,
produced by variations of temperaturel?).

INDO calculations [13] which have been referred to in the present paper confirm
the sensitivity of the proton coupling constants to the slightest changes in the
geometry of I©. They yield negative signs for ax ) and ag, in accordance with the
predictions of the respective egs. (3) and (2), and favour a positive sign in the case of
an(). However, a quantitative agreement between the calculated and experimental
values has not been so far achieved. We are planning to perform further calculations,
in which the numerous geometry parameters are systematically varied, and hope to
be able to report the results in the near future.

Appendix. The 13C coupling constants for I® quoted on p. 2740 have not been given previously
[11 and are therefore briefly considered in the present paper. Figure 9 shows the satellites at the
low-field end of the spectrum, the analysis of which yields two coupling constants

lac@y| =69 £ 0.1 and |aca]| = 6.4 + 0.2 gauss

for 13C nuclei in four (2, 5, 7, 10) and two (1, 6) equivalent carbon centers, respectively. These
assignments are based on the intensities of the satellites relative to those of the corresponding
main lines, and on calculations by means of current formulae [24]. The latter predict a positive
sign for ac@) and a negative one for acq). They also indicate that the absolute values of the non-
identified 13C coupling constants, acg) {centers 3, 4, 8, 9) and aSHz should be only about 1 gauss.

9) The X-ray analysis of naphtalene (V) [23] and the 2-carbonic acid of I [16] point to comparable
temperature factors in the two molecules. We thank Dr. M. Dobler of the ETH Zurich for
supplying us with the X-ray data in a form suitable for a meaningful comparison.

The considerable increase in |am@)| upon association of I with the counter-ion (see Figure 5)
can be interpreted, too, by the sensitivity of ag¢;y to slight changes in geometry.

10)
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Studies of temperature dependence for ac@y and acqy have been carried out in the range
—-120° to —30° (DME/Na® as solvent/counter-ion). The observed changes are of the same order
of magnitude as the experimental error.
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Fig. 9. The low-field end in the ESR. spectrum of I®
Solvent: DME; counter-ion: Na®; temp.: —90°; low (~—~) and high (
signals

) amplification of the

We thank Dr. J. Heinzer (now at Lab, fiir Organische Chemic der ETH Zirich) for taking some
of the ESR. spectra reported in this paper. The work was supported by the Schweiz. Nationalfonds
(Project No. SR 2.120.69).
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290. Uber den Verteilungssatz der Auxochrome bei Azokorpern IV.
Azokdrper mit zueinander p-stindigen Auxochromen

von K. Kokkinos und R. Wizinger
Institut fiir Farbenchemie der Universitit Basel

(3. XI. 71)

Summary. In azo compounds with CH;O groups in o-position to the azo groups the introduc-
tion of the weak auxochromes CHy— and CHO- into the p-position to the methoxy groups
(m-position to the chromophor) causes relatively strong bathochromic effects, in conformity with
the rule of repartition.

In unserer dritten Mitteilung [1] tiber den Verteilungssatz der Auxochrome bei
Azokdrpern wurde an einigen Derivaten des 2-Hydroxy-azobenzols und des 2-
Hydroxy-4'-nitro-azobenzols gezeigt, dass — in Ubereinstimmung mit dem Ver-
teilungssatz — Auxochrome in p-Stellung zur Hydroxygruppe eine sehr beachtliche
Farbvertiefung hervorrufen, trotzdem sie nicht in Konjugation mit dem Azochromo-
phor stehen. Wir haben dieses Gebiet nun ein wenig weiter ausgebaut durch Ein-
beziehung von Azokdérpern mit Methoxygruppen in 2-Stellung zur Azogruppe.

In der Reihe der symmetrischen 2,2’-Dimethoxy-azokérper standen uns zur
Verfiigung: 2,2-Dimethoxy-azobenzol (I), 2,2’-Dimethoxy-5,5-dimethyl- azobenzol
(IT) und 2,2', 5,5-Tetramethoxy-azobenzol (III).

Das 2,2’-Dimethoxy-azobenzol (I) stellten wir dar nach Starke (2] durch Reduk-
tionvon o-Nitro-anisol mit Zinkstaubinalkoholischer Natronlauge. Das2,2’-Dimetoxy-
5,5'-dimethyl-azobenzol (II) erhielten wir nach Brasch & Freyss [3] durch Kuppeln
von diazotiertem 3-Amino-4-kresolmethyldther mit p-Kresol zu 2-Methoxy-2'-
hydroxy-5,5’-dimethyl-azobenzol (ITa) und Methylierung des letzteren mit Methyl-
jodid in alkalischer Kalilauge. Die Absorptionsspektren der drei Azokdérper I, II
und ITa waren noch nicht untersucht. Beziiglich des 2,2’, 5,5 -Tetramethoxy-azo-
benzols (ITI) sei auf Mitteilung I [4] verwiesen.

Die Messungen in alkoholischen L.osungen ergaben fiir I, IT und III:

OCH
A Amax in nm (loge)
\‘N- 1 H- 312 (3,877), 368 (4,017)
I CH,— 314 (3,938), 381 (4,056)
111 CH,O- 315 (3,809), 411 (3,890)1)

1) Beziiglich weiterer Details an den Absorptionsspektren s. Experimentelles.





