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Trimethylsilyl 2,2-Dimethyl-4-(trimethylsiloxy)-4-(tri- 
methylsilyl)-4-butenoate (12). A l7.5-mmol(2-g) portion of 1 was 
added dropwise to a stirred solution of 17.5 mmol (4.07 g) of di- 
methylketene bis(trimethylsily1) acetal at 110 "C under a nitrogen 
atmosphere. Thc reaction solution was stirred at this temperature 
until the ketene had been consumed as evidenced by the disappear- 
ance of the ketene band in the IR (-36 h). Vacuum distillation re- 
sulted in 4.5 g (75%) of 12: bp 68 "Cat 0.025 mm; IR 1615 (C=C), 1720 
(C=O) cm-'; NMR (CC14 with CHC13 as a reference) 6 0.15 (s, 9 H), 
0.27 (s, 9 H), 0.33 (s, 9 HI, 1.35 (s, 6 H), 4.45 (s, 1 H); massspectrum. 
parent peak at mJe 346, found mJe 346. 

Anal. Calcd for Cl~H:,~C);~Si~:  C. 52.02; H, 9.83. Found: C, 51.92; H, 
9.83. 
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'J'he photoelectron spectra of the title compounds, 4 and 5 .  are reported, along with assignment> of the first threv 
bands in  each. Analysis within a ZDO model of the splitting between the first two bands in the spectrum ot' 4 le-  

quirts that t h e  bl orbital of the tetramethylcyclobutane ring hate an energy ot  -9.3 eY. This finding is discussed 
in light of calculations on the effect of tetramethylation of cyclobutane and the approximations inherenl in the 
Z1)O model. 

The  magnitude of the through-bond splitting between 
different symmetry combinations of x orbitals localized on 
unsaturated groups depends on the extent to which one 
combination is destabilized relative to the other by interaction 
with adjacent u orbitals of appropriate symmetry.2 The bonds 
of small rings, by virtue of their high energy and large amounts 
of p character, are ideal candidates for producing substantial 
t hrough-bond splittings c 3  In particular, cyclobutane rings have 
been shown by a variety of ~pectroscopic ,~ ~ h e m i c a l , ~  and 
t heoretica16 studies t o  interact strongly with unsaturated 
bridging groups. Therefore, the through-bond splittings in 
~~,4,7,8-tetramethylenetricyclo[3.3.O.O2~6]octane (1) and 
trnti-3,4,7,8-tetramethylenetricy~lo[4.2.O.O~~~]octane (2) are 
expected to  be significant. 

0022-3263/79/1944-0737$01.00/0 

1 , R = H  2 , R = H  
4, R = CH, 5 ,  R = CH; 

3 

More specifically, in 1 the bl and a2 combinations of the 
butadiene highest occupied molecular orbitals (HOMO'S) 
should be significantly split by their interactions with bl and 
a:, orbitals of the cyclobutane ring.T The  h l  orbital of the ring 
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Figure 1. Schematii driiwin~ iii’ the I W V  highest occupied 510’s of 
1. 

Figure 2. Schematic drawing of the two highest occupied MO’s of 
2. 

ightly heloa; the degenerate (e) pair of cy- 
’ s . ~  Interaction of the bl cornbination of 

butadiene rr HOMO’S with the ring orbital of the same sym- 
metry effects a destabilization of t,he former. The highest lying 
MO i n  1 results frc-jm this mixing and is shown schematicallj- 
i r i  Figare 1. Also shown is the clrbital that  arises from mixing 
of the a2 butadiene combination with the cyclobutane ring. 
There are no fi!led a2 ring oybitals, but there is an antibonding 
cyclobutane orbital i ) l ’  this syrninetry. Consequently, the 
mixing of the a? h t a d i e n t :  rr hfO combination with the ring 
should be weakzr thari that of I he I)! cornhination and. in ad-  
dition, should be stabilizing rather than dest,abilizing. Unlike 
the I-IOr\iIO’s os the !:iltadienr groups, there is no splitting 
between combinations of the lowest F orbitais for they belong 
to the e These 7i orbitals can interact with the 
degenerate pair of H(ih1O’s of the cyclobutane ring to give two 
pairs of relatively low-iying orbitals with e symmetry in 1. 

Iri 2 the  1,2 bridging of the cyclobutane ring by the buta- 
diene units not only lowers the molecular symrnetry from D 2 d  
in 1 to  C”, but  also changes the ring orbitals with which the 
butadiene rr-orbital combinations can interact. The  a, com- 
hination of butadiene HOMO’S in 2 can interact with one of 
the csclobutane IIOM(3’s which also has this symmetry in 
Cih. This differentiatcs 2 fwni  riot only 1 but also from 
an t i  -tricl.cloi~.L.0.1)~,51octa-3.;-diene (3),  whose photoelectron 
spectruni has been aixilyzed by Iieilbronner and co-workers@ 
in terms of through-bcnd splitting between the two symmetry 
c:ombinatiiins (a, and of the ethylene F bonds. In 3, because 
of the difference in swimet ry  between the HOMO’s of e th-  
ylene and butadiene. iieither of the bonding ethylene 7i com- 
binations interacts stri,rigly with either of .the HOMO’s of the 
ring. Instead. the ag conibinatiuii of j7 bonds int,eracts with the 
ring irbital that lies jwi. bttlow the HOMO’S in energy, and the 
h, niixes with tlii antibonding ring orbital. Similarly, the b, 
~i combination i n  2 mixes only with an antibonding ring orbital 
since it also is antisymmeiric to the twofold axis which passes 
through two (r xmds i:f the  ring. The  MO’s of 2 that  result 
from the mixing of thc highest occupied butadiene x-orbital 
conibir!atims with the orbitals of the four-membered ring are 
shown schematlcaily ir ,  Figure 2 .  

Although I and 2 ale  both unknown molecules, we have 
preciously described the preparation of their 1,2,5,6-tetra- 
methyl derivatives, 9 and 5.9 Tn this paper we report the 
photoelectron spectra of these molecules and discuss the as- 
signments and positions of The bands. 

tj” -.. .., ~ . . ~  ~~ - 1 - F -  1-.--l- J 
8 IO IT, mi I4 it’ 

Figure 3. Photoelectron spectrum of 4. The inset shows the t; ~ 10 e\’ 
region at higher resolutioii. 

IONIZATIC~I P o T m r i A L  if2* I 

Experimental Section 
a n t i - l , ~ , ~ , t i - T e t r a m e t h y l - 3 , 4 . ~ ~ ~ - t e t r a m e t h y i e n e t r i c ~ - c l o [ ~ . ~ . ~ ~ . ~ ~ ~ ~ ~ ]  . 

octane (5)  was prepared by sensitized p1ioti)dirnerizatioii of 1,2- 
dimethyl-3,4-dimethylenecyciobutene, as described previously.9 
1,2,5,6-Tetramethyl-3,4,$,8-tetra1neth~lenetri~~;clo[3.~.~.l~~~~]~~cta~e 
(4)  was also synthesized by the literature praredure9 involving py- 
rolysis of 5 to 1,2,5,6-tetraniethyl-3,4,; ,8-tetramethyleiiecycloocta- 
1,5-diene, followed by sensitized photochemical ring closure to 4 .  Both 
1 and 5 were stored under an inert atmosphere at  -78 OC prior ti> 

sublimation a t  room temperature under high T’acuum into the iriiet 
of the ionization chamber of the photoelectron spectrometer.’” He 
I excitation was used, and the spectra were calibrated with the known 
ionization potentials of Nr and CHJ. 

Results and Discussion 
The photoelectron spectra of 4 and 5 are shown in Figures 

3 and 4. The first three bands in the spartrum of 1 are assigned 
as ionizations from, respectively, the uppermost b;. ai, and 
e orbitals, These assignments a.re supported by the results of 
EH11 and MIN1>O/312 calculations. Becaiise of the size limi- 
tations in the MINDO/3 program, calculations were carried 
out on 1 and 2 instead of 4 and 5. The geometry for both 
molecules was obtained by complete MINI)O/3 optimization, 
assuming D 2 d  symmetry for 1 and C12h fur 2. Although, as 
shown in Table I, both EH and MINDO/S find. the b; orbital 
to be the HOMO of 1, the  relative energies of a2 and e are in- 
terchanged in the two calculations. However, bot,h calculations 
indicate that  the separation between the a2 and e should be 
small, as is observed in the spectrum. Confirmatory evidence 
for the assignment of the first three bands as ionizations from. 
respectively, the hi, 82, and e MO’s is provided by  the sharp, 
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Table I. Calculated Orbital Energies in  1 and 2 and 
Observed Ionization Potentials in  4 and 5 

molecule orbital MINDO/Bu EHa observedu spacingb 

I- 

vibrational 

1A bi -d.61 -12.23 7.97 1350 
82 4 . 3 8  -12.68 8.80 1420 
e -4.58 -12.67 9.3 

2,5 a, - 3 . 7 7  -12.23 8.10 1220 
b, -9.21 -12.57 8.92 1350 
b,,, -3.lii -12.08 10.9 

(1 Energies in c!c’ ( i O . O Y ) ,  I J  In cni-1 (&do) 

structured Frarick- Condon envelopes of the first two, indic- 
ative of ionization frcm orhitals primarily T butadiene in 
character. The third band, in contrast, is broad, its shape being 
characteristic of the Jahn-Teller effect expected in the 2E 
state of the ion l’ormed by removal of an electron from a n  MO 
of e symmetry. 

The assignment of the first three bands in t,he photoelectron 
spectrum of 5 is also shown in Table I. Both sets of calculations 
predict a high-lying orbital of b, symmetry, consisting of one 
of the HOMO’S of the cyclobutane ring interacting in a n  an-  
tibonding fashion with the  central (r btmd of each of the two 
unsaturated bridges. This bu orbital is predicted to  be the 
HOMO of 2 by the EH calculation and the second highest 
orbital by MINDO/3. We have assigned the third hand in the 
spectrum of 5 as corresponding to ionization from this orbital 
for three reasons. First. the bands at  8.10 and 8.92 e\‘, like the 
first t,wo bands in the spectrum of 4 and like the first bands 
in the  spectra of other conjugated dienes that  have been stu- 
died.lf both show a v i h t i o n a l  progression with a splitting of 
0.13 and 0.17 e\.’! respectively. This suggests that  the first two 
bands correspond to  ionizations from MO’s that  are pre- 
dominantly butadienv 7i HOMO iii  r7haracter, which results 
in the observed reduction in the C=C vibrational frequencies 
in the ions. Second. 13eil.bronner4a has identified the ionization 
from the 11,; orbital in 3 with a band a t  10.57 eV in the photo- 
electron spect,ri.m of this molecule, in fair agreement with the 
assignment of this band at 10.89 eV in 5. Finally, the calcu- 
lations both predict that the through-bond splitting between 
a, and b, in 2 should be smaller than that  between bl and a2 
in 1. Tf either oi the first two bands in the tetramethyl deriv- 
ative c;f 2 ( 5 )  were assigned to ionization from b,, the splitting 
hetween the bands then assigned to  a, and b, would be more 
than twice as large as .that between the bands assigned to re- 
moval of electrons from t), and a? in the tetramethyl derivative 
of 1 (4) .  

With the assignment of the  first three bands in the photo- 
electron spectra of 4 arid 5 apparently secure, it is tempting 
to  try to fit the observed splittings with simple models for 
through- bond nteractions. For instance. Gleiter and co- 
workers have u!ied a sernieinpirical zero-differential overlap 
i ZD0)  model to  fit the  photoelectron spectra of other mole- 
cules containing unsaturatively bridged cyclobutane rings.*d-f 
In the ZDO calculations, energies were assumed for the u or- 
bitals of the ring and the TT orbitals of the bridges. Knowing 
the approximate f i ~ ~ ~ n  of these orbitals and taking f i  = -1.9 
eV hetween p orbitals of the ring and bridge, the matrix ele- 
ments for interiictions between the filled ort)it,als of the ring 
and bridge could be computed. Matrix diagonalization then 
gave calculated band positions, which were generally in very 
good agreemenl with experiment. 

We have not attempted such calculations for 5 ,  because the 
MINDO/3 and EH results for 2 show significant mixing be- 
tween the u and T orbitals of the butadiene bridging group. 
The  problem is that  in 2 and 5 there are no elements of sym- 
metry that  distinguish the cr from the i~ orbitals of the bridges. 
Consequently, the contribution of the unsaturated bridges to  

the au and b, MO’s consists not of pure a orbitals, but of u-x 
mixtures. ThiA fact renders pointless any at tempt  to fit the  
observed spectrum of 5 with a model that  involves mixing 
between only the 0 MO’s of the ring and pure a orbitals on the 
bridges. For the same reason, the 0.8-eV splitting between the 
first two bands in the spectrum of 5 should not be strictly in- 
terpreted as an experimental measure of the through-bond 
splitting between a, and b, combinations of pure butadiene 
i~ orbitals. 

The higher symmetry of 1 and 4 does differentiate between 
the u and i~ orbitals of the bridges, and we have attempted to  
fit the  observed spectrum of 4 within a ZDO model. Since in 
the ZDO model interactions between filled and unfilled or- 
bitals are not included, the stabilization of the a? combination 
of butadiene HOMO’s by the small admixture of’ the anti- 
bonding ring MO is ignored. Therefore, within the %DO model 
the energy of both combinations of butadiene HOMO’s before 
interaction with the ring is established as -8.8 eV by the 
spectrum of 4. This  compares fairly well with a value of -8.4 
eV employed by Gleiter and co-workers for the HOMO of 
endocyclic  diene^.^^^^ Following Gleiter. we use 0.6 for the 
coefficients of the bl ring orbital and 0.372 for those of the 
butadiene HOMO a t  the atoms adjacent to  the ring. ‘I‘hc 
matrix element mixing the hi  combination o f  bridge H03IO’s 
with the bi  ring orbital is then equal to  0 .5  X 0.372 X (-1.91 
X 4 / \ 4  = -1.0 eV. T h e  factor of 1/\ ‘2 comes from the nor- 
malization of the bridge orbital cornbination. Since it is not 
clear what energy to  employ for the bl ring orbital in -1: per- 
turbed as it is by four methyl groups. we instead use the hand 
observed a t  8.0 eV in the spectrum to calculate it. Substituting 
t = -8.0 eV in the secular determinant, 

x ,  the  energy of the bl ring orbital, is found to  be -9.3 e\.’. 
Using this value, the position of the first band in the spectrum 
of the monobridged compound 1,2,5,6-tetramethy1-3,4-di- 
methylenebicyclo[2.1.l]hexane (6),13 can be predicted as 8.3 
eV, in good agreement with the observed14 position a t  8.22 
eV. 

CH 

6 

RvR 
b 

l . R = H  
8, R = C H ,  

In their ZDO analysis of the photoelectron spectrum of bi- 
cyclo[4. J..l]octa-2,4-diene (7),4f Gleiter et al. assumed energies 
for the orbitals of the four-membered ring based on an in- 
ductive shift from the corresponding energies in cyclobutane 
itself of 0.1 eV for each attached vinyl group. Using their 
prescription and the resulting value of -12.1 EV for the bl ring 
orbital in 1, the  first band in the  photoelectron spectrum of 
this molecule is expected t o  appear a t  8.5 el:, if the second 
band is found a t  8.8 eV! as it is in 4. 

Because 1, as yet, has not been synthesized, it cannot be 
determined how well basis orbital energies of -8.8 and -1’3.1 
eV fit the  photoelectron spectrum of this molecule. Never- 
theless, there is good precedent for methylation of I ,  to  give 
4, resulting in a reduction of the first ionization potent,ial. All 
of the bands in the photoelectron spectrum15 of 7,Y-dimeth- 
ylbicyclo[4.l.l]octadiene (8)16 are shifted t o  lower energy b y  
0.3-0.5 eV from the corresponding bands in the spectrum of 
the  parent hydrocarbon (7) .4f  Within the ZDO model these 
lowered ionization potentials must be accounted for by de- 
stabilization of the ring orbitals upon methylation. and the 
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bands in the photoelectron spectra of alkylated cyclobutane 
derivatives are, in fact, shifted to lower energy, compared to  
those in the parent molecule.4d 

Could the shift from -12.1 to -9.3 eV in the bl cyclobutane 
MO energy, which is required to  fit the spectrum of 4, be due 
entirely to destabilization of this ring orbital by the methyl 
groups present in 4? MIND0/3  and EH calculations for cy- 
clobutane and for its all-trans 1,2,3,4-tetramethyl derivative17 
do show destabilization of the bl  ring orbital on tetramethy- 
lation,’* amounting to  1.02 eV in the MIND0/3  and 0.62 eV 
in the EH calculations. However, the highest occupied bl or- 
bital in tetramethylcyclobutane ( t  = -9.90 eV in the 
MIND0/3  and -12.95 eV in the EH calculation) is found by 
both methods to have smaller coefficients on the ring carbons 
than the bl  orbital in cyclobutane itself. Apparently, the de- 
stabilization of the bl  ring orbital of cyclobutane on tetra- 
methylation is due primarily to  hyperconjugative mixing, in 
an antibonding fashion, with the  pseudo P orbitals.of the 
methyl groups. Consequently, the matrix element, used in the 
ZDO treatment of 4, for the interaction of the highest occupied 
bl orbital of tetramethylcyclobutane with the, b1,combination 
of butadiene HOMO’:; should be reduced in magnitude from 
the corresponding ma.trix element in 1. Thus, if coefficients 
of 0.5 for the ring carbon atoms in 4 are.used for computing 
the off-diagonal matrix element within the ZDO model, -9.3 
eV represents a fictitious effective energy for “the bl  ring or- 
bital”. The  actual energy of the upper of the two orbitals re- 
sulting from the interaction between the bl combination of 
methyl group pseudo T orbitals and the cyclobutane ring or- 
bital of bl  symmetry would have to  be greater than -9.3 eV 
to give the pair of bl MO’s in tetramethylcyclobutane this 
effective energy. 

I t  seems prohable, therefore, that  the value of -9.3 eV for 
the effective bl ring orbital energy in 4, which must  be as- 
sumed in order to fit the observed spectrum, is an artifact. We 
suggest that  it results from the breakdown of Koopmans’ 
theorem in 4. Koopmans’ theorem equates ionization poten- 
tials with the negative of orbital energies,lg whereas an ion- 
ization potential actually represents the difference in energy 
between a neutral molecule and a particular state of the de- 
rived positive niolecular ion. Application of Koopmans’ the- 
orem neglects possible electronic reorganization in going from 
the neutral molecule to the positive ion. For instance, electron 
donation from the methyl groups in 4 is expected to be greater 
in the positive ion states than in the neutral molecule. If the 
electronic reorganization energy is the same for two states of 
an ion, the Koopmans’ theorem prediction of the energy dif- 
ference between them should be satisfactory. However, in the 
two lowest states of the positive ion formed from 4, there is 
ample cause to question whether the electronic reorganization 
energies can reasonably be expected to  be the same. 

Since the bl MO of 1 has substantially larger coefficients 
a t  the cyclobutime ring atoms than does the a2 MO, the 2B1 
state of the positive ion, formed by removal of an electron from 
the hl MO, is anticipated to  have more positive charge local- 
ized in the ring than the 2Ai state. Consequently, the enhanced 
electron donation expected from the methyl groups in the 
positive ion states of 4 should have a greater stabilizing effect 
on the ‘I31 state than on 2A2.20Therefore, the 0.8-eV difference 
hetween these states, observed experimentally, is not expected 
to be fully mirrored in the difference between the ZDO ener- 
gies of the highest occupied bl and a i  MO’s of 4.22 Thus, we 

believe that the energy of -9.3 eV for the t)1 cyclobutane ring 
orbital, which is required to reproduce within the ZDO model 
the splitting between the first two bands in the spectrum of 
4, does not represent an effective average energy of the two 
bl orbitals in tetramethylcyclobutane, bu t  is instead merely 
an artifact, resulting from the assumption of Koopmans’ 
theorem. 

Acknowledgments. The financial support of the National 
Science Foundation, the Alfred P. Sloan Foundation, the 
National Research Council of Canada, and the Petroleum 
Research Fund, administered by the American Chemical 
Society, is gratefully acknowledged. We thank Professor C. 
A. McDowell for his interest in this work. 

Registry No.--d,34106-16-6; 5 ,  34101-24-1. 

References  a n d  Notes  
(1) (a) University of Washington; (b) University of British Columbia: (c) Purdue 

University. 
(2) Through-bond interactions are reviewed by R. Gleiter. Angew. Chem., ht.  

Ed. Engl., 13, 696 (1974), and by R. Hoffrnann. Acc. Chem. Res., 4, 1 
(1971). 

(3) See, for example, P. Asmus. M. Klessinger, Meyer, and A .  de Meijere, 
Tetrahedron Lett., 381 (1975). 

(4) (a) J. Meinwald and F. Uno, J. Am. Chem. Soc., 90, 800 (1968); (b) M. B. 
Robin, H. Basch, N. A. Keubler, B. E. Kaplan, and J. Meinwald, J. Chem, 
Phys., 48,5037 (1968); (c) J. Meinwald and H. Tsuruta, J. Am. Chem. Soc., 
92, 2579 (1970); (d) P. Bischof, R. Gleiter, M. J. Kukla, and L. A. Paquette, 
J. Electron Spectrosc. Relat. Phenom., 4,  177 (1974); (e) P. Bischof, R. 
Gleiter, A. de Meijere, and L.-U. Meyer, HeIv. Chim. Acta, 57, 1519 (1974); 
(f) R. Gleiter, P. Bischof, W. E. Volz, and L. Paquette, J. Am. Chem. Soc., 
99, 8 (1977); (9) R. Gleiter, E. Heilbronner, M. Hekman, and H.-D. Martin, 
Chem. Ber., 106, 28 (1973). 

(5) See W. T. Borden, A .  Gold, and W. L. Jorgensen, J. Org. Chem., 43, 491 
(1978). for a summary. 

(6) (a) R. Hoffmann and R. B. Davidson, J. Am. Chem. Soc., 93,5699 (1971); 
(b) R .  Gleiter and T. Kobayashi, Helv. Chim. Acta, 54, 1081 (1971); (c) W. 
L. Jorgensen and W. T. Borden, J. Am. Chem. Soc., 95,6649 (1973); (d) 
W. L. Jorgensen, ibid., 97, 3082 (1975); (e) W. L. Jorgensen and W. T. 
Borden, Tetrahedron Lett., 223 (1975): (f) see also ref 4d-g and 5.  

(7) This has previously been discussed by P. Bischof, R .  Gleiter, and R. Haider, 
Angew. Chem., Int. Ed. Engl., 16, 110 (1977), and J. Am. Chem. SOC., 100, 
1036 (1978). 

(8) For the same reason there is no splitting between combinations of the 
ethylene T orbitals in tricycle[ 3.3.0.02~6]octadiene.6a.b 

(9) W. T. Borden, A. Gold, and S. D. Young, J. Org. Chem., 43, 486 (1978). 
(IO) D. C. Frost, S. T. Lee, C. A. McDowell, and N. P. C. Westwood, J. Electron 

Spectrosc. Relat. Phenom., 12, 95 (1977). 
(1 1) The EH parameters used were those of R. Hoffmann, S. Swaminathan, B. 

G. Odell, and R. Gleiter, J. Am. Chem. SOC., 92, 7091 (1970). 
(12) R. C.  Bingham, M. J. S. Dewar, and D. H. Lo, J. Am. Chem. Soc., 97, 1285 

(1975). 
(13) G. Capozzi and H. Hogeveen, J. Am. Chem. Soc., 97, 1479 (1975). 
(14) A. Schweig, private communication. We wish to thank Professor Schweig 

for communicating this result to us in advance of publication. 
(15) We are indebted to Professor R .  Gleiter for obtaining this spectrum for 

us. 
(16) W. T. Borden and S. D. Young, Tetrahedron Lett, 4019 (1976). 
(17) For these calculations, the geometry of the ring was taken as that of the 

cyclobutane ring in 1 
(18) The calculations also reveal a destabiliratioii ot the degenerate pair of e 

orbitals. On tetramethylation of cyclobutane these orbitals move from 
-10.22 to -9.31 eV in the MINDO/3 and from -13.22 to -12.39 eV in 
the EH calculations. Both methods again reveal hyperconjugative interaction 
between the pseudo K orbitals of the methyl groups and the ring orbitals, 
although it appears smaller in size than in the b, manifold. 

(19) T. Koopmans. Physica(Utrecht), 1, 104 (1934) 
(20) Within the ZDO model, which assumes Koopmans’ theorem and no inter- 

action between filled and unfilled orbitals. ionization trom the a? orbital in 
I and 4 should require exactly the same energy since the az orbital is as- 
sumed to be localized completely on the butadiene biid es in both mole- 
cules. However, for reasons discussed by Heilbronner,?’ the breakdown 
of Koopmans’ theorem should cause the ionization from a3 to appear at 
higher energy in the spectrum of 1 than in that of 4.  In addition, since we 
believe that the methyl groups in 4 stabilize the 2B1 ion much more than 
the *A?, we predict a smaller splitting between these bands in the spectrum 
of 1. 

(21) F. Brogli, P. A .  Clark, E Heilbronner, and M Neuenschwander, Angew 
Chem., lnt. Ed. Engl., 12, 422 (1973) 

(22) A similar situation is expected in 5. 


