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configuration, and Eu(II) has the Xe, 4f structure. Accord
ingly, the Eu(3) position must be stabilized by the interaction 
of a vacant Eu(II) valence orbital of the proper symmetry with 
the four nearest 8-ring oxide ions, at 0(1), of the zeolite 
framework. The orbital should be 6s, 5d, or 4f in character, or 
a hybrid. Perhaps the Eu(II) 5dx2-yi orbital, which is empty 
in the ground state, is most likely. The energy of this interaction 
does not need to be large to explain the positional differences 
observed. 

The bright orange color of the crystal probably results from 
a Eu(II) f -*• d transition. For example, the Af -* 4f* 5d 
electronic transition occurs in the near ultraviolet around 
25 000 to 30 000 cm-1.22 Divalent rare earth ions doped into 
CaF2 are known to be deeply colored because of the 4f -* 5d 
transition.22 

It may be expected that the near-zero-coordinate Eu(II) ion 
may be catalytically important because of its severe coordi-
native unsaturation. Indeed, this could be said of every Eu(II) 
ion in this structure. The 8-ring near-zero-coordinate Ca2+ ion 
in dehydrated Ca6-A has been shown to be highly active in the 
isomerization of 1-butene.23 

The relatively high final error indices for Eu-A can be at
tributed in part to the disorder present in the structure. Only 
the average ring geometries can be calculated, but there are 
three differently occupied kinds of 6 rings and two each dif
ferently occupied kinds of 8 and 4 rings. One would expect the 
conformation of a particular ring to depend upon whether or 
not it contains a Eu(II) ion. Empirically it is observed that the 
final error indices increase regularly for the series, Ca6-A, 
Sr6-A, and Eu-A. Ba6-A decomposes upon dehydration. 
Together, these observations suggest increasing strain, disor
der, and instability with increasing divalent cation size or 
mass. 
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Correlation of Electrochemical Reactivity and 
Photoelectron Spectra of Aromatic Ketones 

SJV; 

Gooden and Brauman recently reported1 on the photodis-
sociation of butyrophenone radical cation and pointed out the 
possible connection between the photoelectron (pe) spectrum 
of the ketone and the kinetic sensitivity of the radical cation 
to incident radiation. These results prompt us to report a 
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Figure 1. H(I) photoelectron spectra of phenyl tert-buty\ ketone (top), 
acetophenone (middle), and p-methoxyacetophenone (bottom). 
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Table I. Photoelectron Spectral Assignmentsaand Electrochemical Ritter Reaction Products6 

AaNH. 

Starting ketone State obsda (calcd)c 

NHAc 

Acetophenone 

Valerophenone 

p-Cyanovalerophenone 

p-Methylvalerophenone 

" I I S " 

" i i A " 
no 
" I I S " 
" i i A " 
n0 

" I I S " 
" I I A " 
" I I S " 

" i i A " 

9.46 (9.45) 
9.50 
9.5 (9.50) 
9.3 
9.46 (9.45) 
9.5 (9.50) 
9.57 
9.80 (9.90) 

10.22(10.30) 
9.02 (8.92) 
9.32 
9.50(9.50) 

0.70 

0.37 

0.24 

0.18 0.37 

aSee footnote 3 for symbol designation. In electron volts. b Moles/mole of starting material consumed. Yields determined by GLC on a 5-ft 
SE-30 on Chromosorb W column. Product identification spectroscopically or by comparison with authentic material. c Calculated using 
equation 1, ignoring the effects of the larger alkyl group. 

method of assignment of the photoelectron spectra of such 
ketones and a correlation between the electronic structures of 
the ionic ground states of substituted examples with their ob
served electrochemical reactivity. 

The pertinent electrochemical results are acetamidations 
(electrochemical Ritter reactions)2 carried out potentiostati-
cally with a smooth platinum foil anode in acetonitrile using 
tetraethylammonium tetrafluoroborate as supporting elec
trolyte. The position of acetamidation, illustrated here (Scheme 
I) with valerophenone derivatives, varies widely depending 
upon the structure of the ketone as shown by Table I. 

The pe spectrum of acetophenone (Figure 1, middle) shows 
the first band maximum at 9.45 eV. The intensity of this band, 
relative to those of the <r framework, suggests that it arises from 
the superposition of three bands which correspond to produc
tion of the no and two Il ("nA", "lis")3 ionic states which are 
approximately degenerate in this case. We have verified this 
suggestion through studies of a number of substituted aceto-
phenones. These studies resulted in the observation that 
members of the para-substituted series show band maxima 
simply shifted from those of the corresponding monosubsti-
tuted derivatives (eq I).4 

IP (p - x - PhAc) =* IP (Ph - x) + 0.20 eV (1) 

This observation furnishes an attractive empirical basis for 
the pe spectral assignments. For example, the observed spec
trum of p-methoxyacetophenone (Figure 1, bottom) is assigned 
as "lis", 8.65 eV (eq 1, 8.69 eV) below "IiA", 9.48 eV (eq 1, 
9.43 eV). The no band is observed at 9.3 eV, slightly lower than 
in acetophenone. Para ring substituents affect one or both of 
the "II" states to a greater extent than they do the no state and 
lift the accidental degeneracy observed for acetophenone. 

On the other hand, the no ionic states are more sensitive to 
the nature of the ketonic alkyl group. The spectrum of phenyl 
tert-buty\ ketone (Figure 1, top) shows the no band shifted 
down to 9.02 eV while the "II" bands are essentially un
changed. This shift in the no band position, relative to aceto
phenone (—0.5 eV), is approximately the same as that from 
acetone to methyl /er?-butyl ketone (—0.57 eV). The corre
sponding shifts of the no states of 2-pentanone (—0.24 eV) and 
2-hexanone (—0.28 eV), relative to acetone, suggest the no 
bands for butyrophenone and valerophenone to be near 9.3 eV. 
The first bands in the spectra of the latter two compounds are 
broader and have lower onsets than that of acetophenone but 
the no band maxima are not clearly resolved. 

Altogether the pe studies give an indication of the way in 
which the electronic ground states, of the radical cation derived 
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from such ketones, change with substituents. These variations 
in ground state are summarized in Table I6 and can be con
nected to the electrochemical results through the postulate that 
the no ionic states may abstract y hydrogen atoms followed by 
deprotonation and oxidation of the resulting radical to give, 
after hydrolysis, the Ritter amide. This is shown in Scheme I 
for p-cyanovalerophenone and it is noted that aliphatic ketones 
undergo this type of anodic reaction.23 The " l is" ionic states 
react by addition of the nucleophile to the ring2c or loss of an 
a proton in thep-methylvalerophenone case. The latter reac
tion is characteristic of alkyl benzene oxidations.2d Although 
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the use of gas phase data to explain electrochemical phenom
ena must be done prudently, it is often successful,26,7 and in 
this case the pe results demand that the electronic states of the 
electrochemical intermediates be considered. 

The present results nicely compliment those of Gooden and 
Brauman, although they do reveal complications concerning 
the nature of the electronic state and structure of the parent 
ion which is initially formed by electron impact on butyro-
phenone. The electrochemical results suggest that the observed 
3-eV band in the kinetic spectrum of butyrophenone radical 
cation might arise from a transition originating from the y 
radical cation analogous to no7 of Scheme I. 
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Photochemical Addition of Dienes 
to A'-Alkylphthalimides 

Sir: 

The photochemical rearrangement of ./V-alkylphthalimides 
to benzazepinediones 1 —• 4 via a type II process has been the 
subject of numerous recent studies.1-14 The reaction has been 
shown to be quite general, occurring with O,3'4 S,5'6 N,7-15 and 
aromatic moieties2'10'1' incorporated in the TV-alkyl substitu
ent. Despite the large amount of work on the scope of these 
reactions there is little mechanistic information available with 
the exception of reports1'5'13,14 that some of the reactions occur 
via the triplet state since they are quenched by dienes. 

When we conducted quenching studies on phthalimides la, 
our results indicated that normal photochemical quenching 
was not occurring but that the phthalimides were efficiently 
reacting with the c/s-piperylene quencher. We investigated this 
reaction using 7V-methylphthalimide (5) and butadiene in 
order to avoid unnecessary complications from competition 
with type II processes (i.e., 1 -»• 4) and isomer formation. A 
1% solution of 5 (3 g) in 2:1 butadiene-acetonitrile was irra-

I a R - H, R i = CH3 

l b R « C H 3 , R 1 = H 

diated for 6.5 h with a Hanovia 450-W medium-pressure lamp 
through quartz. NMR analysis of the semisolid residue from 
solvent evaporation indicated that 69% of 5 had been converted 
to product. Silica gel chromatography afforded a 93% yield 
of product16 which was shown to consist of a mixture of anti-
(6) and syn-3,4-benzo-6,7-dihydro-6-ethylidene-l-methyl-
azepine-2,5-dione (7). The structure of the major product fol
lows from chemical and spectroscopic evidence. The 1H NMR 
spectrum (CDCl3) of the major product (6, mp 109-111 0C), 
after purification by preparative TLC and recrystallization, 
showed <5 2.05 (d, 3 H, J = 7 Hz), 3.15 (s, 3 H), 4.25 (s, 2 H), 
7.1 (q, 1 H, J = 7 Hz), 7.40-8.00 (m, 4 H); IR (CCl4) 1680, 
1650 cm-';m/e 215 (10). The 1H NMR of the minor product 
7 showed 8 2.3 (d, 3 H, J = 7 Hz), 3.20 (s, 3 H), 4.05 (s, 2 H), 
6.5 (q, 1 H, / = 7 Hz), 7.4-8.0 (m, 4 H). 

SMO 

The anti orientation of the vinyl methyl group in 6 follows 
from its chemical shift (5 2.05) when compared with that of 
the vinyl methyl group in the syn isomer (5 2.30) which is 
shifted downfield by the c/s-carbonyl group. A complementary 
shift is seen with the vinyl proton in 6 which is shifted downfield 
by 0.6 ppm from its position in 7.17 

Confirmatory evidence for the structure of 6 and 7 was ob
tained by hydrogenation of the product mixture at atmospheric 
pressure in ethanol over 5% Pd/C to give the ethyl derivative 
8: NMR(CDCl3)S 1.0 (t, 3 H, J = 7 Hz), 1.3-1.8 (m, 2 H), 
2.7-3.1 (m, 1 H), 3.2 (s, 3 H), 3.5-3.8 (m, 2 H), 7.3 -7.9 (m, 
4 H); IR (CCl4) 1690, 1650 cm"1; m/e 217 (26). Irradiation 
of this material in acetonitrile cleanly converted it to the parent 
3,4-benzo-6,7-dehydro-l-methylazepine-2,5-dione (9): NMR 
(CDCl3) 5 2.8-3.1 (m, 2 H), 3.20 (s, 3 H), 3.6-3.8 (m, 2 H), 
7.4-7.9 (m, 4 H); IR (CCl4) 1695,1655 cm"1; m/e 189 (1954). 
The type II cleavage of the ethyl group6 clearly establishes the 
position of the substituent as a to the carbonyl. No evidence 
for any 7-substituted products was obtained. 

Possible mechanisms for this novel reaction,18 formally a 
[w2 + a2] photochemical cycloaddition, must explain the ob
served regiospecificity; i.e., the diene always adds with its 
terminal carbon attached to nitrogen. We suggest the sequence 
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