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Abstract-The photockcrron spectra of methyknc and dimethyknc derivatives of bridged and 
unbridged cyclohexane and cyclohexcne were recorded and interpreted on he basis of an LCBO 
model. The conjugative interaction is found to be appreciably smaller for exocyclic cls diencs than for 
the corresponding en&cyclic cisdienes. whereas the homoconjugative interaction between exocyclic 
and en&y&c doubk bonds and between IWO cndocyclic double bonds is about the same. 

Olefins containing a double bond exocyclic to an 
alicyclic ring may differ in their physical and 
chemical properties considerably from their en- 
docyclic counterparts. Thus, the relative instability 
of methylenecyclopentane and methylenecyclo- 
hexane with respect to their endocyclic isomers, 
which has been illustrated by comparison of their 
heats of hydrogenation.’ as well as the difference in 
their C--C stretching frequencies as given in Tabk 
I. may be attributed to angle-bending strain. 

Although ionization potentials decrease with in- 
creasing ring size both for exocyclic and endocyclic 
double bonds, indicating for both series of com- 
pounds a n orbital destabilization by the inductive 
effect of the alkyl group’ which increases with 
increasing ring size, the different stability of the 
endocyclic and exocyclic n orbital in small ring 
compounds is fairly well documented by the data of 
Table I. 

Similarly. exocyclic I .2-dimethylene systems 
may differ in their properties from their endocyclic 
counterparts, as may be seen e.g. from the reactiv- 
ity of o-quinodimethane’ or from a comparison of 
the L’V spectra of cyclohexadiene and di- 
methylenccyclohexane.’ 

We therefore studied the photoelectron spectra 
(PE) of methylene and l.2-dimethylene derivatives 
of cyclohexane and cyclohexene, norbomane and 
norbomene and those of bicyclo[2.2.2]octane and 
bicyclol2.2.2loctene in order to get more informa- 
tion about the electronic structure of exocyclic 
double bonds. 

In particular, we arc concerned with the follow- 
ing problems: 

(a) The determination of the n interaction within 
-- 

*For Part V see Wcf 9. 

an exocyclic diene system as compared with that of 
an endocyclic cis diene. 

(b) The homoconjugative interaction between an 
exocyclic and an et&cyclic doubk bond. 

(c) The homoconjugative interaction between an 
exocyclic diene system and an endocyclic doubk 
bond. 

RFSULTS Ah-D DISCUSSH)F; 

The vertical ionization potentials 1. as dcter- 
mined from the PE spectra may LX equated with 
negative orbital energies within the framework of 
Koopmans’ theorem.’ Experimental I, values for all 
compounds studied are collected in Table 2. 
whereas Figs l-3 give correlation diagrams for n 
and u levels of the derivatives of cyclohexane. nor- 
bomane and bicyclo[2.2.2]octanc respectively. 

Assignmenf of PE bonds. From the data in Table 
2 and Figs l-3, the assignmment of the PE bands to 
ionizations from n and m orbitals is fairly obvious: 

as was shown by Heilbronner et al.&” double bonds 
cause a shift of the first (J bands in the PE spectra 
of hydrocarbons towards higher ionization poten- 
tials, this shift being to a first approximation prop- 
ortional lo the number of ?I bonds in the system. 
Thus. for all compounds considered the orbital se- 
quence must be such that all n kvels lie above the 
(I levels. For the cyclohexane and bicycle 
[2.2.2]oclane system, this cr stabilization is 
0.30435 eV per exocyclic or cndocyclic double 
bond; only for 2.3 - dimethylenebicyclo- 
[2.2.2]oclane 17. the m stabilization is 0.1 eV larger 
than for 5 - methylenebicyclo[2.2.2]oc~ene 16. 
For the norbomane system on the other hand, there 
is a great difference between the u stabilization due 
to an endocyclic double bond, which in this case 
amounts to 0~3MM2cV. and the other one to 
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Tabk 1. CC strctchinlt frequencies and vertical n ionizatiocl potattiak of small ring 
compounds with a&cyclic ar cxocycIic doubk bonds 

u&m-‘]’ I(nKeVl’ u,[cm-‘1’ I(UHCVl’ 

9-5 

9.19 

0 I 1614 9.18 1657 9.15 

0 I 1649 9.12 1651 - 

‘Ra-frequencies from B. Schrader, Angcw. Chem. Intanat Ed. 12, 884 (1973). 
‘PE vaIucs from P. Bischof and E. HeiIbronna. Hclo. CWm. Acta 53.1677 (1970). 
’ PE values from D. W. Turwr. C. Baker, A. D. Baker and C. R. Brundk, hfolecu&r 

Phofoclecfron Spectroscopy. Wiky. Interscience, London (1970). 

Tabk 2. Vertical ionization pc&ntiaIs of cxocyctic mcthykne compounds and 
reference systems (ail values in eV. vibtationai fine structure in cm-’ in brrkcts) 

I,(n) MU) I,(a) I(u) 

cycMte*ane 
Cycbohcxcne 
Methylenccyclohexanc 
4-MethyknccycIohexcnc 
I .2-Dimcthyknc 

cyclohexane 
45Dimfthylcnc 

cyclohexene 

Norbwnam 
NorbornelX 
2Methyknmorbornane 
5-Methylencnc&omcne 
2.3-Dimethykne- 

norbomane 
5,bDimethyknc 

lwrbornene 

Bicyclo[2.2.2]octanc 
Bicyclo(2.2.2]octenc 
2-Methykncbicyclo 

[2.2.2]oclarK 
5-Methylencbicyclo 

[2.2.2blCne 
2.3~Dimcthyknebicycl 

[2.2.2_ 
5.6Dimcthykncbicyclo 

[2.2.2)octene 

: 9.11;370, 
3 9.13(13703 
4 9*27( 1370) 

s 892 

6 9.00 

7 
8 aXI- 
9 9G4(1330) 

10 9.01 

11 8~4l(lUs) 

12 R.al470) 

13 - 
14 9@7(12sO) 

15 8X&1300) 

16 897(1250) 

17 8.37(1420) 

18 8.33(1445) 

- 
- 
- 

9.49 

9.85 

9.21 

- 
- 
- 

9.38 

IO~20(1230) 

9.02 

- 
- 

- 

9.34 

10~14(1210) 

9.06 

- 
- 
- 
- 

- 

IO.13 

- 
- 
- 
- 

- 

IO.35 

- 
- 

- 

- 

- 

IO.38 

IO.32 
IO.67 
1064 
11.0 

1098 

II.28 

10.17 
10.55’ 
IO.56 
II.18 

10.70 

II-29 

9.71’ 
10.0) 

10.06 

IO.43 

IO.53 

IO.71 

‘Values taken from P. Bischof. J. A. HashmaIl, E. HciIbronner and V. Hornunp. 
H&J. CWm. Acfo 52. 1745 (IW9); vduer for cycIohexene and bicyctitme given 
by these authors arr 9.12; lO+jeV and 9.05: 10.03eV respectively. 
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Fig I. Corrclaticm diagram for r and u levels of 
methylenc derivatives of cyclohexane and cyclohexenc. 

Fig 2. Correlation diagram for n and o levels of 
mcthykne derivatives of norbornane and norbcrnene. 

i .o! -. - d_ ._ L 
- 

I 
-_ 

-0 

-1, I 
Fig 3. Correlation diagram for w and (I levels of 
mcthylene derivativcx of bicyclo[2.2.2]ocrane and 

bicyclo[2.2.2]octenc. 

exocyclic double bonds, being of the order of 
0*14-0.39 ev. 

This difference can be rationalized in terms of the 
2scharacter of the o-frame, the highest occupied 
MO of the boat cyclohcxanc st~ctural part of the 
molecule being the “ribbon orbital”’ of aI sym- 
metry: ring strain in the norbomane system should 
have the effect of decreasing the C=C-C angle of 
an endocyclic double bond, thus increasing the 

Zs-charactcr of the CC (I bond adjacent to the 
double bond, i.e. increasing the Zs-charactcr of the 
o-frame. The opposite holds for the cxocyclic dou- 
ble bonds. The lacking sensitivity of the cyclohcx- 
ane and bicyclooctanc system towards these effects 
demonstrates fairly well the negligible angular 
strain the these compounds. 

The assignment of the first PE bands to ioniza- 
tions from a orbitals is confirmed by the vibra- 
tional fine structure, as may be seen from Table 2. 
All monocncs show a vibrational spacing of ap- 
proximately 137~l2SOcm ‘, which can be attri- 
buted to the C=C stretching mode of the ion.‘ For 
the exocyclic dicncs two different vibrational spac- 
ings of approximately 14.50 cm ’ and 1225 cm ’ are 
observed for the first two PE bands, corresponding 
to the antisymmetric and the symmetric C=C 
stretching mode. In the tricncs. only the first bands 
shows a fine structure. the spacing being again 1450 
cm ‘. 

Batis orbirds and their interaction. Methykne- 
cyclohcxenc 4 and the corresponding norbomanc 
and bicyclooctanc derivatives 10 and 16 show two 
II ionization potentials scparatcd by 0.22-0.37cV. 
thus indicating only a small homoconjugativc in- 
teraction between cxocyclic and cndocyclic doubk 
bonds. 

The two rr ionization potentials for the dicxo- 
mcthylcnc compounds are separated by 0.9 eV for 
the cyclohcxane derivative 5 and I+8eV for the 
bridged species 11 and 17; this difference in n 
interaction between 5 and the corresponding 
bridged compounds may be attributed IO the fact 
that the cis-dicne system is cxpcctcd to be 
non-planar in the chair cyclohexane structure of 5. 
but more or less coplanar in the boat cyclohexanc 
structure of 11 and 17. The trienes 6. 12 and I8 
finally, show three ionizations potentials at nearly 
the same values as were observed for the corres- 
ponding cxocyclic and cndocyclic double bonds (cf 
Figs l-3). 

In order to get quantitative data for the intcrzc- 
tion between the different kinds of double bonds we 
apply -a linear combination of bonding orbital 
(LCBO) approach’ within the frame of the HMO 
approximation. We start by assigning basis orbital 
energies E, to the different kinds of n orbitals. 
which, of course, can not be done unequivocally. In 
general. F, values differ only slightly from the E,” 
values belonging to the n orbital of the correspond- 
ing monocncs, i.e. E, - E,” + 6,. with S, = -0.35 cV 
for conjugated and 6, = - 0.17, eV for homoconju- 
gatcd double bonds, as determined by Heilbronncr 
et 01.” from the PE spectra of monocyclic polyencs. 

On the assumption that the basis n orbitals of 
both doubk bonds of a diene system arc perturbed 
to the same extent, the corresponding 6 can be 
evaluated according to Hcilbronncr” from 

8 - - ; 2 (1: - I,“). (I) 
..,-I: 
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where the I,” are the observed n ionization poten- 
tials of the appropriate monoene and the I; are 
those of the diene. Values for S and E obtained in 
this way from the monomcthylene alkenes 4.10 and 
16 are given in Table 3 for p = cndo. The corres- 
ponding interaction term H,..., was obtained from 
the experimental ionization potentials by means of 
the relation 

AI = I: - I, = g(E, - E,)’ + 4H;. (2) 

The values for E,, and H,.,, were determined 
similarly from the data of the diexomethylene com- 
pounds 5. 11 and 17 (cf Table 3). 

Using these parameters, the ionization potentials 
of the trienes 6. 12 and 18 were calculated by 
solving for each case the 3 x 3 secular problem. The 
results are given in Table 3 together with the 
experimental values. As is seen, the agreement is 
such that we expect the values for the interaction 
terms H,. determined by the procedure described 
above, to be rather reliable. If we expand the bond 
orbitals & in terms of atomic orbitals cp., we can 
express H,, in terms of the LCAO coefficients and 
the resonance integral 8._ As all coeficients equal 
+ l/e, we find for the homoconjugative interac- 
tion between exocyclic and endocyclic double 
bonds 8”. = -0.22 eV in the case of the cyclohex- 
ene derivatives and 8.. = - 0.36eV and 8.. = 
- 0.3 I eV for the norbomene and the bicyclooctene 
system. The differences may be correlated with the 
distances between the homoconjugated n centers. 
Similarly, for the conjugative interaction within the 
exocyclic diene system, we find 8”. = -0.93 eV, 
8.. = - 188 eV and f3,,. = - I.77 eV for the three 
series of compounds. The low value for the 
cyclohexane series is consistent with the assump- 
tion of the chair conformation” with non-coplanar 
exomethylene gruops; also, the greater flexibility of 
the bicyclooctane system, as compared with that of 
norbornane is reflected in the observed values. 

Assuming an angle 9 for the twisted diene sys- 
tems. the resonance integral is given by 

p*. = B”..cos 9; (3) 

taking the dimethylenenorbornane value as 82. = 
- 18OeV we find 9 values of approximately 60” 
and IO“ for dimethylenecyclohexane and di- 
methylenebicyclooctane respectively, in very good 
agreement with expectations from Dreiding 
models. 

Introducing another double bond reduces the g- 
frame-flexibility of compound 5 as well as that of 
compound 17, thus reducing the deviation from 
coplanarity of the exocyclic diene system. This 
effect is demonstrated fairly well by the PE spectra 
of the trienes. which show that for 6 and 18 the 
splitting I,(at_I,(n) is appreciably larger than the 
splitting I:(n)-I,(n) for the dienes S and 17, 
whereas for 11 and 12 both splittings are of 
comparable size. 

Orbital assignment. From the work of Heilbron- 
ner et al.” it is known that in the case of the 
symmetrical bicyclo[2.2.n)dienes, the effect of 
“through bond”-interaction”increases with increas- 
ing n such that for large n an unusual ordering of n 
levels is found, with the antisymmetric combination 
(b: in C:.) below the symmetric one (a, in C:.). 
whereas for n = I and n = 2. the natural order with 
the a, below the b? orbital is observed. Therefore 
we may ask, whether similar through bond interac- 
tions are to be expected for the dimethylene al- 
kenes studied in the present paper. The answer 
should be no for the following reasons: 

(a) Dimethylenecyclohexene is likely to exist in 
a chair conformation being less suited for through 
bond interaction than the fairly planar conforma- 
tion of I +cyclohexadiene. 

(b) The reduced symmetry in dimethyleneal- 
kenes as compared with the corresponding dienes 
has the effect that CH orbitals of suitable symmetry 

Table 3. Basis orbital energies E. - c A 8,. interaction energies I&_ as well as calculated and 
experimental n-ionization potentials all in eV 

LCBO parameters Ionization potentials 
Compound 6, E. K.., I,(n) l,(o) I#(rr) 

a I p=cndo p=uo - - 0.26 0.25, - - 9.37 9.3% -0.11 04& cak: exp: 9.02 8,92 9.32 9.2 1 IO.13 990 

ti I p=edo p _ cxo - - 0.19 0.26 - - 9.16 9.30, -0.18 - o+iI cak: exp: 8.41 848 9.02 9.10 IO.35 IO.26 

\ 

p = cndo - O.l& - 9.25, - 0.1% talc: 8.37 9.20 IO.19 
p=uo - 0.3% - 9.25, -0.88, exp: 8.33 9.06 IO.38 
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can interact with all three n orbitals, thus making 
an inversion of the orbital sequence rather unlikely. 

(c) Considering the n system of the di- 
methylenecycloalkenes as being composed of the rr 
systems of ethykne and butadiene as in Fig 4. we 
see that the principal effect of a through bond 
interaction would be to destabilize the n MO of 
lowest energy, thus reducing the splittings 
I,(n&I,(n) and I,(n)-I?(n); this effect is clearly not 
observed in the PE spectra. 

We therefore conclude that for all three trienes 6. 
12 and 18, the sequence of the n orbitals is such 
that the highest n ionization potential corresponds 
closely to the symmetric n orbital of the exocyclic 
diene system, the next one to the endocyclic double 
bond (both a’ in C.), and the first ionization poten- 
tial corresponds to the antisymmetric diene orbital 
(a” in C.), as is confirmed by the vibrational fre- 
quency Y - 145Ocm-’ of the first PE band, which 
may be attributed IO the antisymmetric C=C 
stretching of the diene system. 

A- 

S- 
__..- 

.n .’ 

s - ’ : ‘\ ‘,,: 
I 

~s ‘.. > 
I :. 

\ I 

\-A 
.- 

. . LS 
‘- 

ti 

Fig 4. Orbital interaction in dimcthyknc cycloalkenes 

coNcIAsloNs 

From the spectra of I .3_cycloaIkadienes,’ values 
of 6.. = - 2.16 to - 2.5 eV were found by HeiI- 
bronner et al. for the resonance integral. showing 
that as long as the w system is coplanar, the 
interaction between two ethylene n bonds is about 
the same for endocyclic cis-dienes as for Irons- 
butadiene, where 0.. = - 2.5 eV.” In contrast to 
these results. we found in the present investigation 
that the corresponding interaction in exocychc di- 
methykne compounds is considerably smaller, 
being described appropriately by &. = - 1.8 eV. 
The double bonds of exocyclic dienes thus appear 
to be appreciably more localized than their en- 
docyclic counterparts, which might be due mainly 
to angular distortions caused by steric interactions 
among the mcthykne hydrogens of the exocyclic 
doubk bonds. 

Similarly, the homoconjugative interactions in 
exocyclic methykne- and dimethylenealkenes are 
found IO be small. The values /I.. = - 0.22 eV for 
the cyclohexene derivatives, and 13.. = - 0.36eV 
and 0.. = - 0.31 eV for the norbornene and bicyc- 
looctene derivatives determined in this work, 
should be compared with &. = - 0.5 eV for 1,4- 
cyclohexadiene. 6.. = - 0.48 eV for norbornadienc 
and f3_. = -. 0.29 cV for bicyclooctadiene;” the ag- 
reement for the norbornanc and bicyclooctane de- 
rivatives is very good, whereas for the methylene- 
cyclohexenes, the numerically low value /&. 2 
- 0.22 eV may be explained again by the deviation 
from coplanarity of the n system. 

The fact that in spite of these &, values. the 
effect of homoconjugation on the orbital energies 
of the trienes is almost negligible. is easily under- 
stood from the orbital diagram in Fig 4: by reason 
of symmetry, only the lower n MO of the diene can 
interact with ethylenic rr MO. and these two 
orbitals are separated by more than 1 eV. 

These PE results are very nicely confirmed by 
the UV spectra of the 1,2_dimethylenaIkanes and 
-aIkenes as shown in Fig 5: the non-coplanarity of 
the n system of the cyclohexane derivatives 5 and 
6 is demonstrated by the value A, = 216 nm. 
whereas the negligible homoconjugative interaction 
between the exocyclic diene and endocyclic 
ethylene n system in the trienes 6. 12 and 18 is 
apparent from the fact that there is no batho- 
chromic shift nor an appreciable intensity change 
going from the exocyclic dienes to the trienes. In- 
deed, the dimethylenenorbornene 12 has its A,. at 
slightly shorter wavelengths than the diene 11, thus 
showing the increased strain of this system. 

ExPERIMEmAI. 

The PE spectra were recorded on a modified PS 16 Pi? 
specIromcIcr of Pakin-Elmer I-Id. (Beaconsfield. Eng- 
land). The spccIra were calihrarcd with an ArlXe mixture 
as infernal standard. 

The UV spcclra were recorded at 24°C cm a Gary I2 UV 
spccIromcIa. using n-bcxane solns of approximately 5 x 
lO”mok/l. 

All compounds studied were purified by gas chromatog- 
raphy through a IO’ x ;’ cdumn packed with silicone Rum 
rubber SE30 on 45Ml A/W DMCS Chromosorb P 
(Varian Aerograph Co.), using a N: Row rate of 32 mllmin. 

77~ dimethylene compounds 5. 6. II and 17 were 
prepared by ater pyrolysis as reporuzd by Baiky cf al.” 

4-Mcthyknccycfohucru 4 was obhrained similarly by 
pyrolysis of the acetate of 3 - cyclohexene - I - carbinol at 
4W in a combustion tube described by Baikv and 
Roscnbrrp:‘. 3Op of the acetale gave. 9.3 8 -of 4 
methykaecyclohexcne. b.p. 5WloOmm (lit.” b.p. 
W/l IO nun). m product was idcntifkd by comparison of 
the IR- and NMR spectra with published data.” 

2 - Mnhylmrbkrlo[2.2.1lh~r~ 9 was prepared by 
pyrolysis from Ihe acetate of cndo - 2 - bicyclo- 
I2.2.I)beptykarbind according IO Bclikova cf 01.:” b.p. 
l2W7sO nun (Iii.” b.p. 123”/75Omrn); IR: 3070(m). 
294Wl. 287%). 1665(m), I4.HXml. 1430(m). 1300(m). 
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nm 

Fio 5. UV spectra of diithykne derivatives of cycloalkancs and cycloalkems. 

87O(s)cm-‘. NMR I(CCUTMS): 4.77/4-52 (2H). 2‘6512.32 
(ZHf, l-98 (2H) 166/1+50 (2H), 1.33 (4H). Mass spectrum: 
hi’ - IO8 - M.W. 

2 - Mefhyknebkyclo[2.2.2]ociane 15 was prepared 
under the same conditions: pyrolysis of I09 acetate of 
ettd~ - 2 - b~yc1~2.2.2~tylc~i~ at 55Vgave 3-8 g 2 - 
mcthyknebicyclo[2.2.2]octane, b.p. 51”122 mm; IR: 
3060(m). 2940(s). 286&l. 165tXml. 14.XMml. 14UWml. 
1230(m), 910(m). 875(s)cm ‘. NMR G(CCl.fTMSl: 
46814.53 (ZH), 2.28 (2Hl. 2.18 (ZHI, I.58 (BHI. Mass 
spectrum: M’ - 122 = M.W. 

~~hy~~~hu~e 3 was obtained from cyclohex- 
anone by a standard Wittip-reaction.” 

5.6 - Dimcthyiencbicyc/o[2.2.I)hrpfmc - 2 12 was pn- 
pared by Hocks”’ method of dehydrochlorination from 
frcans - 5.6 - dkhl~~thylbicyc~2.2.lJ~pt~ - 2 85 
dcscrihd by Toda et af.;“’ IR-. N.MR- and mass spectra 
agree with the data given by these authors. 

5 - Methy&tubkyclo[2.2.2]ocfcne - 2 16 w= obtained 
by a modification of this method: IO a mixture of lop 
KOH in 30 ml DNSO and 4 ml water in a Claiscn flash 
which was heated KO I8tP. a soln of lop of 5 - 
bromomcthylbicyclo[2.2.2)octene - 2 in 30 ml DMSO was 
added dropwise over a period of 2 h under vigorous stir- 
ring. As the reaction proceeded, oily products were distil 
led out under a gentk stream of nitrogen and colkctcd in a 
ftask cooled in an ice bath. The collected products were 
washed with water. extracted with ether. and the com- 
bined ether layers were dried over sodium sulfate. After 
removal of the drying reagent and (he ether. fhc products 
were fractionally distilled to yield 3.59 of 5 - 
~thyk~bicycl~2.2.2l~tene - 2. bp. 145” (lit.” b.p, 
StP/~mm). IR: ~3030(ml, ;zwoisI, 2850(m). 16600& 
1625(w). 1440(w). 135Wmf. 1175(m), 885(s). 860(m) cm“. 
NMR 6(CCUIMS): 6.08j6.02 (2Hl. 4.714.5 (?Hl, 

2981265 (ZH). 2.12 (ZH). I .47 (4H’& Mass spectrum: M’ = 
120 - M.W. 

5 - Methylerubkydo[2.2. llkeptene - 2 10 was obtained 
from 5 - bromomcthylbicyclo(2.2.Ilhcpttnc - 2 under the 
same conditions: b.p. 1!6°/760 mm (tit.” b.p. 60”/100 nun). 
IR: 3070(m), 2980(s). 2940(m), 286Hml. 1665(m). 1570(w), 
1435(m). 1335(m), %lO(m). 875(s). 83Ym)cm ‘. NNR 
G(CCWTMS): 603 (ZH). 4.95/466 (2H). 3.12/292 (2H). 
2.lUl.82 (ZH). I.50 (2H). Mass spectrum: M‘ = lO6- 
M.W. 

5.6 - Dtnvthyle~bkyclo[2.2.2]octcnc - 2 18 was pre- 
pared by a dctosylatioo under the same conditions as 
described above for the preparation of compound ii: I2 p 
of the ditosylate of 5.6 - bicyclol2.2.2loctcnc - 2 - 
dicarbinol (4.~. ‘SF) gave 2-S; of -5.6 - dimcthykne- 
bicyclo[2.2.2]octcnc - 2. hp. 162V6Omm (lit.” b.p. 
68Yl2mm). IR: 3OtXXml. 3045(m), 2950(s), 2900(m), 
286&m), 1620(m). 1445tw1, 1425(w), llrllww), 8801s). 
8.5rXml. 74Ots). 68tXslcm ‘. NMR d(CCUI’MS): 6.22 
(ZHj, 507/4-70(4)3);3: 17 (2H), I.52 (4H). Mass spectrum: 
M’ - 132 = M.W. 

Prrparnfbn oj stusdng materkatz. 3 - Cyc1ohcnenc - 1 - 
carbinol was prepared by reduction of 3 . cyclohexene * I 
. carboxaldehydc” with LAH; the acetate of this alcohol 
was prepared by the method described by Bailey et ol.” 
b.p. 78Y 10 mm. 

endo - 2 - Bicyclo(2.2.2]octykarbinol was prepared by 
LAH reduction of the Dkls-Alder adduct of 1.3- 
cyclohcxadienc with acrokin;” the unsaturated alcohol, 
b.p. 104”120 mm, was hydrogenated with a S% PdlC catal- 
yst at M”. Again the acetate of the reduced alcohol was 
prepared as described by Bailey et ol.” b.p. 116°120 mm. 

5 - Bromomcthylbicyclo[2.2.2]octene - 2 and 5 - 
bromomcthylbiiyclo(2.2.1 Jheptene - 2 were prepared as 
described by Alder and Windcmuth.M 



Photoelectron spectra of organic compounds-VI 2483 

5.6 - Bicycloj2.2.2loctcnc - 2 - dicarbind was obtairxd 
by LAH reduction of the Dick-Alder adduct of 1,3- 
cyckA~ex&m with maleic anhydride.” Tosylation of the 
diakohd (m.p. %9 by standard methods” yields a white 
crystalline product: m.p. 57”. 
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