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Reduktion des dideutcricrten Tetralons mit LiAlH, unter iiblichen Bedingungen ergab in 
ca. 90% Ausbeute 3a.  - I R . :  3630, 3610 (freie OH), ca. 3400 (sehr breit, geb. OH), 2250-2100 
(v CD), 1495 (Aromat), 1391 und 1371 (C(CH,),). - MS.: 178 (M+,  58), 177 (33), 176 (5), 161 (9), 
160 (46), 159 (12), 146 (8), 145 (54), 144 (19), 143 (12), 142 (7), 131 (8), 130 (17), 129 (15), 128 (8), 

93 ( S ) ,  92 (20), 91 (48), 90 (lo),  89 ( 8 ) ,  79 (6), 78 (11), 77 (13), 65 (15). 
5. 2,2,5,7- TetramethyZ-1 -tetra101 (4). 4 wurde wie iiblich aus dem entsprechenden Keton [12] 

bereitet. Smp. (PentanlAther) : 93-94", - MS. : 204 ( M + ,  32), 189 (5), 186 (21), 171 (14), 149 (12), 
148 (loo), 147 (30), 119 (16), 115 (6), 105 (S), 91 (9), 77 (5). 

123 (s), 122 (63), 121  (18), 120 (loo),  119 (a), 118 (15), 117 (14), 116 (13)) 115 (91, 105 (151, 104 (61, 
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168. The Conjugative Interaction between =-Orbitals and 
Cyclobwtane-Orbitals in Spiro[3.4]octa-5,7-diene and 

Spiro[3.4]octene-5 
by Peter Bischof a),  Rolf Gleiter a),  Armin de Meijere b) and 

Liider-Ulrich Meyer b) 
Institut fur Organische Chemie der Technischen Hochschule Darmstadt and 

Organisch-Chemisches Institut der Universitat Gottingen 

(25. 11. 74) 

Summary. The photoelectron spectra of spiro[3.4]octane (l), spiro[3.4]octene-5 (Z), spiro[3.4]- 
octa-5,7-diene (3), spiro[4.4]nonene-2 (4) and spiro[4.4]nona-2,4-diene ( 5 )  have been recorded. 
The first bands of these spectra are correlated with orbitals which are n-orbitals, Walsh orbitals 
resp. linear combinations of both. Our assignment is based on a qualitative ZDO-model, it is in 

a) Darmstadt. 
b) Gottingen. 
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satisfactory agreement with the rcsults of cxtcnded Hiickel calculations. The interaction found 
in 2 and 3 is of similar magnitude as the one in 4 and 5 and considerably less than that in homo- 
fulvene and fulvene. 

Experimental evidence strongly suggests an analogy between a carbon-carbon 
double bond and a cyclopropane ring. This similarity is well documented for the case 
where a positively charged sp2 hybridized carbon atom is attached to a vinyl or a 
cyclopropyl group giving rise to the ally1 cation and cyclopropylcarbinyl cation [ l j  
respectively. 

a b 

Based on the theoretical calculations 121 [3] it has been predicted that in the 
cyclobutylcarbinyl cation there should also be a considerable interaction between 
the positive center and the C-C-o-bonds of the four membered ring in the bisected 
conformation a as well as in the perpendicular conformation b. So far experimental 
evidence for this prediction is sparse [5]. 

To contribute to  this discussion we have measured the photoelectron (PE) 
spectra of compounds containing vinylcyclobutane units fixed in a conformation 
corresponding to a. The interaction between the n-orbitals of the double bonds and 
Walsh-orbitals of the cyclobutane ring should be a maximum in this conformation 
[2] [4]. In  our study of tricycl0[3.3.0.0~~~]octene [6] we described the conjugative 
interaction between the bonding n-orbital of a double bond and the antisymmetric 
Walsh-orbital of a cyclobutane ring in terms of the atomic resonance integral 

BPaPf = (pa I HI Pf) = -1.9 eV3) (1) 

To test this result we investigated the PE-spectra of the following hydrocarbons: 
spiro[3.4]octane (1) l) ,  spiroC3.4loctene-5 (2 )  z, 

1 2 3 

and spiro[3.4]octa-5,7-diene (3) [7]. For a comparison the PE-spectra of spiro[4.4]no- 
nene-2 (4) [S], spiro[4.4]nona-2,4-diene (5) [9] and methylcyclobutane (6) were 
obtained. m m  

4 5 

1 was obtained from spiro[3.4]octan-5-one by a Wolff-Kishner reduction. A .  de Meij'ere and 
L.-U. Meyer, unpublished results. 
2 was prepared by reacting the tosylhydrone of spiro[3.4]octan-5-one with methyllithium. 
Cf. l c .  Footnote '). See also: C. F .  Wilcoxjr.  and G. C. Whitney, J. Org. Chemistry 32, 2933 
(1967). 
For the definition of pa and pf see below. 
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The PE-spectra o f  1-5 are shown in Figure 1 and Figure 2, the relevant data 
collected from these are summarized in Table 1. 

Tablc 1. Ionzzataon potentials of 1-6. All values in eV. 
~ 

Compound 1 2 3 4 5 6 

nand J I v J  1aJ I V J  I a J  IvJ I a J  I V J  I a J  I v J  I a J  I v J  I a J  

3 10.05 9.45 8.97 8.65 8.388) 8.20”) 8.86 8.73 8.14a) 8.30a) 10.37 9.60 
a 10.62b) - 10.38 9.84 10.12 9.50 10.65 10.05 10.18 9.78 10.94 - 

(4) 11.60”) ~ 
11.75 - 11.22 - 11.67 - 11.58 - 11.90 ~ 

s‘ 11.03b) - 10.83 - 10.80 - 11.08 - 10.98 - 11.43 - 

3 12.35”) ~ 12.60 - 12.58 - 12.73 - 12.37 - 12.65 - 

a) 

”) 
The two transitions have about the same intensity. 
The bands are very strongly overlapping. 
ivJ refers to vertical ionisation potentials, I,J to  adiabatic ionisation potentials of the cor- 
responding bands. 

For our interpretations we will make use of Koofimans theorem [lo] 
F J  = -Iv, J (2) 

which allows to correlate the bands of the spectra with molecular orbital energies 
calculated by semiempirical methods or estimated on the basis of simple perturbation 
arguments [Ill. 

We will focus our attention mainly on the systems involving the cyclobutane 
ring, i.e. compounds 1, 2 and 3 and use the other data for comparison. 

Compounds 1-3 can be regarded as systems containing formally a cyclobutyl 
fragment and a s-cis-butane-( l’), s-cis-l-butene-(2’) or s-cis-butadiene fragment (3’) 
respectively, interacting along the dotted lines in the manner shown below. 

In a model treatment, the nature of these interactions can be 
a) conjugative 

b) inductive 

or any superposition of the two types of interaction. To simplify our discussion we 
shall assume that in all three cases the two fragments are planar and lying in per- 
pendicular planes rsl(xz) and oz(yz) as shown in the above drawing. Under this assump- 
tion, 1 and 3 are of Czv-symmetry while 2 is of C,-symmetry with cr2 being the cor- 
responding plane of symmetry. 

Semiempirical calculations show that any reasonable deviation from this assump- 
tion will not alter the qualitative results of our discussion. 

96 



1522 HELVETICA CHIMICA ACTA - Vol. 57, Fasc. 6 (1974) - Xr. 168 

To proceed with our analysis, we need to choose an appropriate set of wave 
functions for the relevant orbitals z, was, wss and gas of the formal fragments. These 
orbitals are illustrated below. 

a) n-orbitals 

d 

b) Cyclobutane C-C-o-orbitals 

h f 

In  contrast to the case of tricycl0[3.3.0.0~~~]octene [6], the high lying osa-orbital 
(corresponding to the blg-orbital in the parent compound [12]) must be included in 
the basis set of the relevant orbitals, since it has a comparable energy and the right 
symmetry to interact with the n-orbitals of the formal olefin fragment. 

The corresponding ZDO-wave functions are: 

[111 (3)  y' - ~ 

1 - (pxa + Pxb) 

y1 = 0.372 (pxa + pxd) + 0.602 (Pxb + pxc) [I11 (4) 

1yz = 0.602 (pxa - pxd) + 0.372 (pxb + pxc) [11] (5) 

@1 = 0.5 (Pxe - pxf f pxg - pxb) [GI (6) 

@% = 0.5 (Pze - Vzf + pzg - pzh) [GI (7) 

@s = 0.5 (pze + pxf - pzg - pxh) (8) 

1 

It is important to note that the 'orbital densities' of the C-C-o-orbitals of the 
formal cyclobutane fragment have the same magnitude on all four carbon atoms in 
the above notation. In  this is necessarily so due to symmetry. In  Q1 and Q2, 
however, the choice of a unique wave function is difficult. Semiempirical calculations 
suggest [a] [4] that both Walsh-orbitals are quite equally distributed over all four 
centers (see also [6]).  For sake of simplicicity we have therefore selected the ZDO 
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wave functions described above. In these equations the pti’s are pure pg atomic 
orbitals, while the qci’s are spp hybrid atomic orbitals parallel to the &axis. 

PE-Spectrum of 3. - Due to the higher symmetry of 3 compared with 2, the 
analysis of the interaction between n-orbitals of the double bonds and the Walsh 
orbitals of the four-membered ring is easier to perform. Therefore we will start our 
discussion with the interaction diagram corresponding to 3. 

The relevant orbitals are characterized in eq. (4) to  (8). They transform according 
to the following irreducible representations 

~1 (nsa) : B,; y2 (naa) A2 

@I (Wm) : B1; @z (wss) : A1 

@3 (om) : B,. 

In our basis set there are three orbitals of B, symmetry which can interact while 
y ,  and @, don’t have a counterpart. All the other molecular orbitals belonging to the 
A, and A, symmetry class are expected to have much lower (0) or much higher ener- 
gies (o*) than our basis orbitals. According to second order perturbation theory [ll], 
the shift resulting from the interaction is inversely proportional to the energy differ- 
ence of the orbitals in question. The influence of such orbitals is therefore expected 
to be small and we will neglect them in our qualitative treatment, 

The next step is to estimate the energies of the basis orbitals. 
The n-orbital y ,  is known to be the HOMO in butadiene. Due to symmetry, it 

cannot interact with any orbital of the cyclobutane ring which is similar in energy. 
Its energy is found to be 

E (yz) = -8.40 eV 19) 

from the spectra shown in Figure 1. 
Compared with the assumed energy of the corresponding orbital in s-cis-butadiene 

(-9.10 eV [13]) we therefore come to the conclusion, that it is shifted inductively by 

B E  (y,) = di = -8.40 + 9.10 = +0.70 eV (10) 

towards higher energies. 
Assuming that the inductive shift is the same for both n-orbitals and considering 

the orbital energy of -11.6 [14] for the corresponding n-orbital in butadiene, we 
obtain an estimated basis orbital energy of 

F (yl) = -11.6 + 0.7 = -10.9 eV (11) 

for the lower lying n-orbital y,. 
The basis orbital energies E ( @ )  can be derived as follows. The inductive shift of 

a vinyl substituent is thought to  be small [15]. If we assume this shift in cyclobutane 
[12] to be 0.1 eV per vinyl group, we obtain a basis orbital energy of 

and 
E (@J = - 10.8 eV 

E(Q = -12.3 eV. 

(13) 

(14) 
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Fig. 1. PE-spectra of 
spiro[3.4]octane (11, 
spiro[3.4]octene-5 (2).  
spiro[4.4]octa-5,7-diene 
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Fig 2 PE-spectra of spwo[4.4]nonem-2 (4) and spzro[4.4]nona-2, 4-dzene (5 )  (see legend to Fig. 1) 

The same basis orbital energies are found by applying the rules proposed by 
Heilbronner [16] to the correlation of the systems 1 and 3. Specifically the introduction 
of a double bond in place of a single bond shifts the adjacent C-C-o-orbitals by 0.3 eV 
towards lower energies. Assuming a symmetric pseudo- Jahn-Teller-split in 1 this 
yields 

1 
2 

F ( @ ~ )  = F ( @ ~ )  = - (-10.0 - 10.6) - 2 . 0.3 = -10.9 eV. (15) 

This is another confirmation of the value estimated above. 

resonance integrals Hij. We obtain from equations (4)-(8) : 
In order to  derive the interaction matrix, we now have t o  estimate values for the 

H,, = (yl I H' 1 GI) = 2 . 0.372 * 0.5 * (pxp 1 H' I pxa). (161 
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Equation (16) is derived under the assumption, that all resonance integrals between 
atomic orbitals can be neglected, if their corresponding centers are separated by 
more than one carbon-carbon bond. In (16) H is the perturbation operator while 
y1 and Q, are the basis orbital wave functions. 

In an analogous way we find 

H,, = (yl I H’ I Q3) = 2 * 0.372 .0.5 (pxf I H’ I pxa). (17) 

E, - E H,, 0 

D =  H,, E , - E  H,, 

0 H,, % - - E  

From (1) we obtain 

-12.3 - E -0.707 0 

= -0.707 -10.9 - F -0.707 = 0  

0 -0.707 -10.8 - E 

H,, = H,, = - 0.707 eV 

From this we derive by applying the same formula an estimated orbital energy of 
-11.08 eV for the symmetric n-orbital. This leads to the slightly different eigenvalues 
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Fig. 3. Orbital correlation diagram for  spiro[3.4]octene-5 (2) and spiro[3.4]octa-5.7-diene (3) based on 
perturbation arguwzeuts 

of -10.12 eV, -11.38 eV and -12.67 eV for E~ and respectively. These energies 
again are in close agreement with the ‘observed’ ones. 

Experimental evidence for -9.1 eV as the orbital energy for cis-butadiene is not 
sound. Assuming values in between -8.8 [15] and -9.1 eV [13] and using the same 
arguments as above leads to values for (pxf j H‘/ p,,) from -1.9 to -2.4eV. Although 
values in this range give reasonable orbital energies for 3, compared with experiment, 
we tend to favour the former value. The reason for this is that this value allows us 
to interprete the PE-spectra of tricyclo[3.3.02~6]octene [6], cis- and trans-divinyl- 
cyclobutane [HI, cis- and tram-diethynylcyclobutane and norpinenederivatives [19] 
while larger values give serious discrepancies. 

PE-Spectrum of 2.  - The interpretation of the PE-spectrum of 2 is hampered 
by the fact that there are several strongly overlapping bands between 10 and 13 eV. 
We use the interaction parameter derived from 3 to try to interprete the first bands 
of this spectrum. 

The four basis orbitals in this case are yl‘, GI, fB2 and @% shown in eq. (3), (6), (7) 
and (8). From these four basis orbitals yi, and G3 are antisymmetric and O2 is 
symmetric with respect to the plane of symmetry 0,. 

It is a matter of the point of view, whether one regards 2 as consisting of a formal 
cyclobutane fragment interacting with a formal l-butene fragment or a methyl 
substituted cyclobutane fragment interacting with a formal l-propene-fragment. 
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D = 

Both models should lead to the same conclusion although the latter is easier to handle 
for a variety of reasons. Using the same arguments as in the above analysis we 
estimate the basis orbital energies to be 

-10.6 - F -0.67 0 

-0.67 --9.5 - c -0.67 = o  
0 -0.67 --12.1 - F  

where ~ E A  is the inductive shift due to the alkylsubstitution and ~ E V  the one for 
vinylsubstitution (2: 0.1 eV) and is the energy of the corresponding orbital in  
the parent compound. 

By examining the spectrum of methylcyclobutane we derive 

or 

and 

1 
2 

~ E A  = -11.0 - - (-10.37 - 10.94) = 0.3 el; 

E ( @ ~ )  = E ( @ ~ )  = -11.0 + 0.3 + 0.1 = -10.6 eV 

E ( @ J  = -12.5 + 0.4 = -12.1 eV. 

Considering a basis orbital energy for the n-orbital of -9.5 eV and a resonaiice 

H,, = H,, = 0.5 * 0.707 . (pxf I H 1 pXa) 
integral of 

= 0.5 0.707 . -1.9 eV = -0.67 el7 

we find the following secular determinant 

yielding the following eigeiivalues : 

e2 = -10.86 el' 

e3 = -12.28 eV 

,4gain, there is a very good agreement with the experimental data. These values 
clearly demonstrate that in contrast to the case of 3 the interaction between Qj3 and 
the n-orbital is small. This seems reasonable due to the large energy difference 
separating both basis orbitals. 

The resulting interaction diagram is shown in Figure 3. 
Semiempirical calculations. - To test the analysis given above we have com- 

pared the results with those of extended Hiickel (EH) [20] calculations assuming 
standard bond lengths and angles with the parameters used by Hoffrnann [20]. 
According to our experience this treatment in many cases yields the same ordering 
of the upper occupied orbitals as does a semiempirical SCF calculation. 
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1;ig. 4. Coinparison of the n-orbital energies ofhounofulverze, spiroi3.4]octn-5,7-dietae (3) and spir014.4!- 
nona-2,4-diene ( 5 )  calculated b y  E H  T [ZO] 

Figure 4 shows the orbitals of 7c-type of homofulvene [lS], 3 and 5 as obtained by 
an EH calculation. 

We are using in this Figure only the orbitals of n-type since according to our 
experience r15] [Zl] [ZZ] for systems containing small rings, semiempirical calculations 
yield several o-orbitals in between the 7c-orbitals and place those a-orbitals which do 
not interact with the n-system too high in thcir orbital energy. 
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rig. 5 a) Schematzc dzagraln of the PE-spectra nfcyclopentad!crie, fulueize, homnfidvene, spivo[3 qloLta- 
5,7-dzeize (3) and spwo[4 4]itnnu-2, (I diefie ( 5 )  

This fact makes it rather difficult to assign other orbitals than the ones shown 
in Figures 3 and 4. 

The pattern derived by these calculations (Fig. 4) compares well on a qualitative 
basis with the one shown in the lower part of Figure 5a. The calculated energy 
differences between the orbitals of b, symmetry are 0.77 and I .06. The ratio 0.77 : 
1.06 = 0.72 compares reasonably well with the experimental value of 1.10 : 1.36 = 0.81. 

The agreement, however, between prediction and experiment concerning the 
energy gap between the HOMO (a2) and the highest occupied orbital of b, symmetry 
is rather poor (0.65 eV v m u s  1.74 eV). This result confirms our experience that 
semiempirical methods place the a-orbitals especially in four membered rings too 
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loni sat ion Potentia I (ev )  
Fig. 5 b). Schematic diagram of the PE-spectra of cyclopentene [24], spivo[4.4]nonene-Z (4), spiro- 

[3.4]octene-5 (2 ) ,  spiro[3.4]octane (I), methykyclobutane (6) and cyclobutane [I21 

high. This is corroborated by comparing the calculated orbital sequence for tricy- 
cl0[4.2.0.0~~~]octadien [23] with the reported PE-spectra [22]. 

In Figure 4 we have indicated with a dotted line the energy of the orbital (b,) 
which corresponds to the bl, orbital of cyclobutane. It is interesting to note that the 
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EH-method predicts the corresponding orbital in 2 at the same position (-14.7 eV). 
From this result one is temptcd to assign band @,) o f  2 and the shoulder of band ‘$ 
in 3 to an ionization process corresponding to an ejection out of this orbital. 

Conclusion. - A current question in small ring rliernistry is th- one, whether it 

cyclobutyl substituerit can stabilize a positive charge or not. Since in photoelectron 
spectroscopy we are ejecting an electron from the neutral niolecule we should be able, 
in the franiewoi-k of t l i t  one elcckron approacli, to contribute a qualitative aiiswcr 
to this question. 

In Figure 5 a  the PE-spectra of fulvciie Ill!, hornofulvene 1~121, 3 and 5 and in 
Figure 5 b  those of 2 and 3 are compared. Our assignment shows that the ionization 
potential of  cacli second band in Figure 5a is due  to an ionization out of thc orbital 

where 03 stands for the exocyclic n bond iii fulvcnc, ;I. FValsh or a o-orbital of approp- 
riate syiiinirtry. A comparison between these ionization potentials clearly shows, 
that  tlic effect of thc cyclobutane ring is comparable to the effect of a five membered 
ring wliile the shift caused by a cyclopropane ring is close to the one due to a double 
bond. 

betwecn a double bond and a three- or fourmr:mbered ring respectively in the bisected 
conformation in which the interaction is a t  a maximum. 

This observation is corroborated by a comparison of the resonance integrals H, 

For the vinylcyc1oprop;rne case we obtain 

and for the vinyl-cyclobutane case 

Tlie inucli smaller value for the vinylcyclobutane systems confirms the conclusion 
drawn b y  others [l] that tliere is a considerable difference to be expected between a 
cyclopropyl and a cyclobutyl group, as far as stabilizing a positively charged center 
is con(-crned. The fact that  the cyclobutane basisorbitals are lower in energy than 
thc oiics in cyclopropane contributes to this trend. 

Experimental. - The PE spectra were recorded on a 1’s 1 8  Photoelectron Spectrometer 
(Prvkiiz-Eluzev Ltd., Ikaconsfield England) o f  llic type described by ?‘uv?zev [24]. For further 
cxpcrjmental details see [ Z l ] .  

Thjs work was supported. by grants from t hc ficirtsche I~ovscR~~iagsgemeinschuft  and the Land 
.Virtlcrsaclisen. 

\Ve also thank the Foizrls der Clzeiizisrhen I?zditstvie and the Otto Rohnz Stiftwzg for financial 
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169. Formation and Properties of Losod, a New Sodium Zeolite 
by Werner Sieber and Walter M. Meier 
Institut fur Kristallographie und Petrographic, 
Eidgenossische Tcchnische Hochschule Zurich 

(15 I11 74) 

Sunzmary. Losod, a new type of crystalline hydrated sodium aluminosilicate, Na,,hl,,Si,,O,, . q 
H,O, has bcen prepared from reaction mixtures containing bulky quaternary alk~hni i ioniurn 
ions, particularly azonia-spiro[4.4]nonanc, besides sodium ions. Losod crystallizes from batches 
with a low sodium content ( N a / A l s  1 and SijAl w 1). Thc quaternary ammonium hydroxide 
primarily serves as a source of hydroxide ions and is not incorporated into the zeolite crystals. 
These bulky bases provide a useful means for controlling thc alkalinity of the system independently 
of the concentration of the necessary cations built into thc zcolitc. 

The crystals of Losod are hexagonal ( a  = 12.91 and c = 10.54 A) and thc proposed franie- 
work structure shows a polytypic relationship to sodalitc and cancrinitc. IAosod has rc~rrs ihle  




