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zero-coordinate based on a distance criterion.? In [Eu'YCly]s-
Eu''| sNa-A, the displacement of the Eu(11) ion at Eu(2) from
the plane of its 8-ring may be due to a relatively weak 4.09-A
attraction toward two chloride ions at CI(1).

It is remarkable that the Eu(Il) ion at Eu(2) does not react
with chlorine. Perhaps such an ion, unperturbed by a ligand
field and nearly unpolarized, is afforded a special stability and
is in a sense “unprimed” for attack by chlorine. Perhaps also
the coordination number that might result from such attack
is inadequately low (i.e., zero-coordinate Eu'' + Cl, — two-
coordinate Eu'YCl,). No additional dichlorine or chloride
could be located; in particular, no peaks appeared near the
Eu(2) position.

The Eu(1)-CI(1) and Eu(1)-Cl(2) bond distances are
shorter than the sum of the appropriate ionic radii (0.85 A for
Eu(1V)310 and 1.81 for CI~ ), indicating a strong covalent
interaction. To date, only relatively weak covalent interactions
have been reported for the lanthanides, in a few organolan-
thanide complexes!! for example.

Some features of this structure encourage particularly co-
valent Eu-Cl interactions. First, the zeolite framework itself
highly favors the transfer of negative change from the chloride
ions to the Eu(IV) ions to lessen the unfavorable concentration
of positive charge within the 6-rings. Secondly, because the
chloride ions are one coordinate, their charge is transferred
more easily to Eu(1V) than it would be if the electrostatic field
about the chloride ions were more favorable, that is if the
coordination number were greater than one.

There are several unoccupied Eu(1V) orbitals of the correct
symmetry to accept electron density from the filled 3p orbitals
on chloride. The 4f;3, 5d;2, or 6p, orbitals could participate
in a ¢ interaction by accepting density from the filled chloride
3p; orbital. In addition, a number of less important = inter-
actions are possible.

The nonequivalence of the two Eu!Y-Cl bonds is probably
due to the very different environments experienced by the
chloride ions. Within the sodalite unit, the four Cl~ ions at
C1(2) are arranged tetrahedrally (see Figure 2) such that each

~ionis 3.65 ﬁfrom the three others. This crowding of anions
also acts to facilitate the back-donation of charge to Eu(I1V)
and contributes to the formation of this uniquely short
Eu(1)-CI(2) bond. In the large cavity, the chloride ions at
CI(1) experience no such crowding. The very unequal thermal
ellipsoids at ClI(1) and Cl(2) tend to support this interpreta-
tion.

It has been assumed that both chlorine atoms coordinated
to Eu(1) are chloride ions. However, the actual electron dis-
tribution in the EuCly?* complex cannot be established crys-
tallographically. Further work is needed to determine the
electronic structure, and therefore the charge, of those euro-
pium ions,

The fourth ionization potential of europium is very close to
those of other lanthanides whose +4 state is known in the solid
(see Table II of ref 4). Accordingly, it is reasonable that
Eu(IV) has been prepared and stabilized within zeolite A. It
can be anticipated that new high oxidation states of many el-
ements can be similarly stabilized and identified within zeo-
lites.
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Cyclopropa[3,4]benzocyclobutene!
Sir:

We report the synthesis of cyclopropa[3,4]benzocyclobu-
tene (1), the second isomer of benzene annelated with a three-

and a four-membered ring, the other isomer, cyclo-
propa[4,5]benzocyclobutene (2) having recently been reported

by ourselves? and others.?

1 2

Our initial attempts to prepare 1 were modeled on our syn-
thesis of 2; 7,7-dichloro-2,3-bis(methylene)bicyclo[4.1.0]-
heptane (3a),%> prepared in a similar manner to the corre-
sponding 3,4-bis(methylene) compound,? was irradiated with
a Hanovia 250-W lamp through quartz to give the cyclobutene
4 in 50% yield.*> Treatment of 4 with KO-z-Bu under a variety
of conditions gave none of the desired 1, The 7,7-dibromodiene
3b45 was also prepared, but photochemicai ring closure could
not be effected.® The failure of 4 to give 1 might have been due
to the position of the double bond, since we have also been
unable to synthesize cyclopropa[a]naphthalene or biscyclo-
propa[a.e]naphthalene by this route,” and no examples of the
Billups’ reaction® were known in which the double bond is in
the 2,3 rather than the 3,4 position. Accordingly, we prepared
5 and subjected it to reaction with KO-¢-Bu, when it was

X Cl
X Cl
7 M,
~
3a, X = Cl 4
b, X = Br
a. N
KO-t-Bu @
—
5 6
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Table I. *C NMR Shifts and 'Jg; Coupling Constants in 1 and 2
Carbon chemical shifts, ppm,@ and‘coupling constants (Hz)
a b c d e f g h i Ref
X §
"EQ):]: 1480  121.0(162)  112.4(166) 1260 1196 1359  311(138) 309  19.9(170) b

145.5 110.0 (169) 122.8

b
d a g
<

29.0 (137) 19.2 (169.5) c

aPeaks measured from CDCl, which was taken as 77.2 ppm downfield from Me,Si. b These assignments are based on relative peak heights,
proton-carbon coupling, and comparison of the shifts with those in benzocyclopropene and benzocyclobutene. ¢ These values are from ref 2.

smoothly converted into benzocyclopropene (6). The rate of
conversion of 5 into 6 did, however, appear slower than the rate
of conversion of the 3,4 isomer into 6, and the fact that the
double bond in 4 is tetrasubstituted might be critical, partic-
ularly if prior rearrangement to the 3,4 position has to occur.'0
Consequently the preparation of an isomer of 4 with the double
bond in a different position was investigated.

The diene 7a, prepared by the chlorination of cyclooctate-
traene,!! was treated with KO-7-Bu and CHCl; to give the
dichlorocarbene adduct 8a, mp 78-79 °C, in 28% yield.** All
attempts to replace the cyclobutyl chlorine atoms with hy-
drogen were unsuccessful. Bicyclo[4.2.0]octa-2,4-diene (7b)
was therefore prepared,'? which on treatment with KO--Bu
and CHCl; gave the adduct 8b in 35% yield.** Treatment of
8b (1.0 g, 5.3 mmol) with KO-z-Bu (2.24 g, 20 mmol) in
Me,SO (20 mL) at 15 °C for S min gave 1 (25 mg, 0.2 mmol,
4%).'3 The mass spectrum (20 eV) had m/e (relintensity) 116
(M*, 45%), 115 (M* = 1, 100%); high resolution (70 eV)
116.0632 (CoHy requires 116.0625). The 'H NMR spectrum
(CCly) showed an AB quartetat67.04and 6.82(2H,J = 6.5
Hz), a singlet at 3.24 (4 H), and a singlet at 3.18 (2 H),'*and
the 1C NMR spectrum had nine absorptions (Table 1). The
electronic spectrum (hexane) showed a broad band with
maxima at 264 nm (sh, log e ~3.1) 270 (~3.2), and 276.5
(~3.2).'" These data are clearly in accord with the assigned
structure. Comparison of the '3C NMR spectra of 1 and 2 is
made in Table |, and the chemical shifts found for 1 could be
directly derived from those previously found for 2,

X Y !
CHCI X
———
KO+-Bu
Ta, X =Cl 8a. X=Y=Cl
b, X = H 2, e

b,X=H;Y=Cl

XCH,

9a, X=Cl;Y=H
b,X=Y=Br
c, X=Y=1

The electronic spectrum shows the expected hypsochromic
shift compared with that of 2, but the deviation from the trend
observed by Thummel and Nutakul!® for benzenes annelated
in the 1,2:3,4 positions by larger rings is less than that for 2 with
its related systems.!”

Treatment of 1 with HClin CCl, gave 9a,%° identical with
the compound obtained by a similar treatment of 2, and
therefore having the constitution shown, Treatment of 1 with
Br; gave 9b, mp 77-78 °C,*> and with 1, gave 9¢, mp 79-81
°C,% the substitution pattern being assumed on the basis of
the structure of 9a,!3:1°
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We are currently engaged in a comparative study of the
chemistry of 1 and 2,
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On the Nature of Ru(bpy);* in Aqueous Solution'
Sir:

Ru(bpy)s* (bpy = 2,2’-bipyridine) is generated?-° upon the
reductive quenching of *Ru(bpy);2* and is thermodynamically
capable of reducing H,O to H2.67 Thus, Ru(bpy);* could be
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