
of f-bmm 

remztions, d&bed. The latter lead to convenient 
rum was examined via matrix isolatian and ab 

tiom 

of the most 

The vibrational 

SE 28.5 

ME 25 248 

n estimated via extended 

the strain inherent in the ring systems, it was subtracted 
giving the AS?3 values which reprexnt the increase in 

The ratio of 1: 6 was d~~~~t on tha pressure in the 
system during the r~ti~~~ When it was X. ~~ a 1: 3 
ratio of E ts 6 wazs formed, whems when it was kGpt 
below 70 k a 4: I ratio wm abti 

with a short l&f-Me at 

kiiIetics of tbc ~~~e~~~~ of 1 to 6. A fi3 
may be made on the basis of the above data. The half-life 
of the reaction at 190” should be of the order of 1 rmt 

to 1 
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adduct (7) between 1 and 6. The structure of 7 was 
determined from its molecular formula, C12H 1 6, and its 
NMR spectra The ‘H-NMR spectrum consisted of 
muhiplcts at 6 1.84 (4H). 2.07 (4H), 2.20 (41-1) and 2.42 
(4H). The “C-NMR spectrum had bands at S 138.1, 
39.4, 34.5, 33.6 and 29.9 ppm. The Raman spectrum 
had a C=C band at 1680 cm- I, and there was 
no corresponding IR band. The latter suggests a 
symmetrically substituted cyclobutent, and the *%- 
NMR spectrum suggests a plane of symmetry. The ‘H- 
NMR band at 2.42 ppm is appropriate for the 
methylene bydrogens of a cyclobuttne.i3 The presence 
of a bicyclo[2.2.0]hexane unit in 7 was indicated by the 
AA’BB’ pattern at S 2.07 and 2.20. Thcrmolysis at 350” 
in a flow system gave an isomer (8) having four vinyl 
protons (5 4.55 (2H), 4.83 (2H)), weak IR absorption at 
1600 and 1630 cm- i, and strong IR absorption at 865 
cm- I. Thus, the internal double bond in 7 has been 
converted to a conjugated dicae in 8 as would be 
cxpacted for the proposed structure. 

8 

When an excess of cyclopentadionc was added to the 
cold reaction mixture hefore it was allowed to warm to 
room temperature, no 7 was formed, but rather 6 and a 
C i l H 14 hydrocarbon (9) were found. The spectra of 9 
were consistent with the Diels-Alder adduct of 1 with 
cyclopentadienc. 

The above method of preparation is inconvenient in 
that the reactive diene, 6, is formed as an impurity. All 
attempts to remove 6 from’ the mixture via a Ditls- 
Alder or other reaction were unsuccessful due to the 
high reactivity of 1. In a search for another method of 
preparation, we examined the dehalogenation of l- 
bromo4chlorobicyclo[2.2.0Jhexane (IO). It was 
conveniently prepared from the readily accessible 4- 
chlorobicyclo[2.2.0]hexana1-auboxylic acidi by a 
modified Hunsdiecker reaction.” The conventional 
reagents, Zn, Mg and Li amalgam, failed to react. I6 The 
use of sodium in liquid ammonia, which frequently is 
successful in forming cyclobutenes from the cor- 
respondingvicinaldihalides,i7 led toreduction, but the 
main product was bicyclo[2.2.0]hexane (11) along with 
a C,,His hydrocarbon (12). The formation of 1 as an 
intermediate was demonstratal by adding IO to one 
equivalent of sodium in ammonia at - 78”, and then 
quickly adding cyclopentadicnt. The Diels-Alder 
adduct, 9, could then be isolated in small yield. 
Although not useful for the preparation of 1, this 
reduction does provide a convenient source of 11 which 
is relatively difficult to obtain by other methods.1*0’9 
The C, 1 compound fomed in the reduction had NMR 
spectraconsistent with the structure 12. Other reagents 
such as sodium on alumiaazo or potassium-graphite2’ 
failed to give dehalogenation leading to the formation 
of 1. 

Metal-halogen exchange frequently provides a route 
to dehalogenation. 22 The reaction of 10 with n- 

&~[lIl]9m+g 
10 1 11 12 

butynithium in hcxana proceeded slowly at room 
temperature. After quenching with water, cyclopen- 
tadicne was added. A small amount (8%) of the Dick+ 
Alder adduct, 9, was obtained, but the major product 
was 1-bromo4n-butylbicycl~2.2.O]hexane(13). This 
was probably formed by initial conversion to 1, 
followed by addition of n-butylhthium and a second 
metal-halogen exchange. In order to minim& 
subsequent reaction of 1 with alkyllithiutn, t- 
butyllithium was tried. In this case, a larger amount of 
Diels-Alder adduct was obtained after adding 
cyclopentadiene (3579 but alkyllithium addition to 1 
still predominated. 

10 1 13 

Electrochemical reduction provides a convenient 
alternative to conventional reduction methods. 
Reduction of 10 was effected in dirnethylformamide 
solution using 0.1 M tetraethylamnonium bromide as 
the supporting electrolyte, a Pt gauze electrode, and a 
potential of - 1.95 V vs a mercury pool reference 
electrode. A two compartment cell was required in 
order to isolate the alkene from the oxidation products 
formed at the cathode. The reduction proceeded 
quantitatively,23a24 and the solutions cot&l readily be 
assayed by forming the easily isolated Diels-Alder 
adduct with cyclopentadiene. 

In some cases, it was desirable to examine the course 
of reactions of 1 in the electrolysis solvent, 
dimethylformamidc. This could easily be done by the 
use of ‘H-NMR spectroscopy. Deuterium labeled 1 
was prepared as shown in Scheme 1. Electrolysis of 101 
gave la which had the same chemical shift in the ‘H 
spectrum as 1 had in the ‘H spectrum. The spectrum 
could readily be observed in 0.02 M solutions. 

When the 2H-NMR spectrum of la was examined at 
-30°, the intensity of the band was found to decrease 

1oA 1A 

Scheme 1. 
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with time, and an AR pattern appeared (with proton 
decoupling) at 8 2.13 and 2.92 ppm. The product (14a) 
was isolated by extracting the DMF solution with 
pentam followed by washing with dilute acid and 
concentrating in the absence of air. The ‘H-NMR 
spectrum in CDCl, had bands at S 2.24 and 299 ppm, 
and the downfield band was broadened by coupling 
with the cross-ring deuterium. 

The reaction was repeated using unlabeled I, and 14 
was isolated, having a ‘H-NMR spectrum similar to 
that of 14a. In this case, however, bands for both the exo 
and endo hydrogens appeared as broadened doublets. 
The “C-NMR spectrum had bands at 6 35.6 and 139.2 
ppm. The upfield band resulted from a carbon coupled 
to two hydrogens (J,+n 133 Hz), whereas the 
downfield band was due to a quaternary carbon and 
had a chemical shift characteristicof olelinic carbons. It 
will be shown below that 14 is a dimer of 1. These data 
indicate that 14 is a dienc having the structure shown 
below. In view of the thermal reactivity of the 
[2.2.2]propellane,2s it is reasonable to propose that the 
pentacyclic propellane (15) is an intermediate and 
undergoes ring opening under the conditions of its 
formation. 

2111- 
1 

- kg 8 
14 

The kinetics of the dimerixation of 1 have been 
reported. 26 The reaction was second or&r in dilute 
solution (0.01-0.02 M) and had an activation entropy 
(as1 = - 25 eu) which is characteristic of bimolecular 
reactions. The activation enthalpy was remarkably low 
(AH’ = 11.5kcalmo1-‘).Thedimerixationof1amnot 
be concerted, both from orbital symmetryz7 consider- 
ations, and because of the steric effect of the methylene 
hydrogens. The reaction probably occurs via the 
formation of an intermediate l&diradical species (16) 
in a fashion similar to the thermal initiation of 
polymerization and related reactions.2e Several 
reaction paths are available to 16. It could react with 
more 1 ultimately leading to a polymer. This course is 
observed at higher alkene concentrations. It could also 
transfer a hydrogen atom to give an ene type product+3 
is found in the thermal dimerixation of cyclopropene.29 
This reaction is less favored in the present case since it 
will lead to a bicyclo[2.2.0]hex-1-ene which is expected 
to have considerable strain. Finally, it could couple the 
radical centers to give 15, which would cleave a d&rent 
bond to give 14. 

4Ib- 3” - Polymer 

1 * 16 

&i-La% 
17 15 14 

The dimerizat@n of1 always leads to a small amount 
of another diene, 17, and it was found that 14 was 

converted via a Cope -1 to 17 on heating 
The NMR spectrum of 17 showed two signah for 
hydrogens on a methykne group at 6 4.19 and 4.51 
ppm. Four allylic hydrogens appeared as a singlet 
at 6 2.33, and there was an AA’RB’ pattern (J =I 3.3,. 
9.6 I-Ix) at 8 2.28 which is characteristic of a; 
bicyclo[2.2.0] hexane unit. This suggested the structure 
2&limethylenetricyclo[4.2.2Uj&cane. The assign- 
ment was strengthened by the observation of an exo- 
methylene stretch at 1641 cm-’ and its wag at 885 
cm- ‘. The r3C-NMR spectrum had bands at 6 154 and 
107 wrresponding to an exe-methylene unit. The 
kinetics of the isomer-i&on of 14 to 17 have been 
examined26 

The structure of 17 was proven by reduction with 
hydrogen over Pt black to cis-2,5dimethyltricyclo- 
[4.2.2.O]decane (18). The same compound was 
obtained via the Diels-Alder reaction between 1 and: 
trmrs,trans-hexa-2,4diene giving 19 which could be 
reduced to 18 using diimide. The hydrogenation of 19 
using Pt or Pd catalysts led to rearranged products. The 
formation of 17 from 14 provides additional evidence 
for the structure of 14. 

The Diels-Alder reactions of 1 were noted above. 
With cyclopentadiene, butadiene, l&dimethylene- 
cyclobutane and rrans,trans-hexaG?.+diene, the reac- 
tion proceeds rapidly well below room temperature 
(Scheme 2). Not surprisingly, the reaction with 
cis,frarr.r-hexa-2.4-diene is quite slow, and cannot 
compete with dimerixation of 1. The Diels-Alder 
reaction with 1,3cyclohexadiene also did not compete 
effectively with dimerixation of 1. However, it is known 
that this diene reacts slowly in some Diels-Alder 
reactions.30Thesereactionsprovideawnvenientroute 
to the preparation of a number of [m.2.2]propellanes 
which have been used to explore the mechanism of the 
thermal rearrangements of these and related 
compounds.3 ’ 

Scheme 2. 
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The Diels-Alder reactions with isobcnxofuran and 
dipheayltctraxine also were examined. Isobtmofuran 
reacted to give a quantitative yield of the adduct. 
DiphenyItetraxine reacted rapidly, and the initial 
adduct readily lost nitrogen to give 20. A similar 
reaction has been observed with cyc10propcnc,3z and 
here, the product was in equilibrium with its valence 
isomer. This type of isomerixation was examined in the 
case of20, but the NMR spectrum was unchanged from 
- 50” to !JO*, and corresponded to that expected for 20. 

The addition of mcthylcnc or one of its derivatives to 
1 has not as yet proven suoccssful in forming a 
C2.2. l] propcllane. The reaction of bis(triphcnyl- 
phosphine) (ethylene)platinum with 1 did occur readily 
giving the organoplatinum [ZZ.l)propcllanc (21). The 
structure of 21 was demonstrated by X-ray crystal- 
lography, and the structural data have been reported. 3 3 
The g&me@ of 21 is that expected for a propellane: 
the angle between the two 4-carbon rings is 124” as 
compared to 114” in bicyclo[2.2.0]hcxane.“* A plane 
passed through the platinum and two methylcne 
carbons attached to the bridgehead carbon intersects 
the central bond 0.16 A from the bridgehead carbon. 
Thus, it does have an “inverted tetrahedral” 
geometry. 35 Its reactions also arc those expected for a 
small ring propellane. Thus, it reacts readily with 
ethanol to cleave the cuntral C-C bridge giving 22. 
This is unique among organomctallic compounds 
which normally prefer to undergo me-bon bond 
cleavage. The structure of 22 resembles that of 
norbomane with an angle between the two tibon 
units of 112” as compared to 108” in norboma.nt.36 

proceed at 0” and the product was isolated in the 
normal fashion. Besides the dimcr (14) and the Dick 
Alder adduct with 1,2&ncthylcnecyclobutane 0, 
there was obtained a small amount of a ketone, .23, 
havingMW 122,IRbandsat 1672and1625cm-1,and 
a UV &._ 255 nm (E 13,400) indicating an unsaturated 
ketone. The IR spectrum of ~mcthyknccyclohcx-2- 
cne-1-one3* was similar to that of 23 (1675 and 1620 
:I~) and it had a ylcd- 243 nm (e ll,!JC#). These 

suggest structure 3-methyl-6 
methylcnecyclohcx-2-cne-l-one. Adding the usual 
correction of 12 nm per p-alkyl subetituen&39 one 
would predict & 255 nm in good agreement with the 
observed spectrum. It is probably formed as shown 
below. Confirmation of this structure was obtained by 
treatment of 23 with palladium on barium sulfate 
giving 2,5_dimethylphenol(Z4). 

m l t-&x=0 - 

1 DYI- 

23 24 

Another possible 12 +2) cycloaddition would 
involve tranr-cyclooctcne which could react in an 
orbital symmetry allowed process.2’ The reaction, ifit 
does occur, cannot compete with the dim&at-ion of 1. 
The cycloaddition reactions of 1 are receiving 
continued attention. 

Other reactions of 1 include those with carbon 
tetrachloride, bromine and m-cbloroperbcnxoic acid. 
The facile reaction with carbon tetrachloride resembles 
that of tricyclo[4.2.1.~*5]non-2(5ftne.40 However, 
the less strained bicyclo[3.2.0]hcpt-l(5)cne does not 
react. The reactions with bromine and the pcroxy acid 
presumably involve carbocation intermediates which 
would be expected to rearrange to give the observed 
products. 

The stability of 21 resembles that of the The preceding has been largely concerned with the 
corresponding adduct of cyclopropcne.37 When the formation and reactions of 1. We are also interested in 
reaction with the Pt-ethylcae complex was carried out knowing how the bonding in 1 differs from that in 
using bicyclo[3,2.0Jhcpt-1(5)+ne, an adduct appeared related compounds such as cyclobuttnt. How does the 
to be formed. However, all attempts at bringing the C=C stretching force constant respond to the change 
precipitate into solution lead to dissociation back to the in structure, and how are the vibrational modes of the 
bicycloheptcne. The afkene, 1, could be recovered from 
21, but only by the addition of a good ligand for C% 
Pt(0) such as carbon disultide. Bis(triphenyl- 
phosphine)(ethylenc)i.ridium chloride reacts with 1 to 1 

CCl4_ 

Bb 
give a complex with an NMR spectrum very similar to w 

that of 21 and probably has the same type of spectrum. L!!L Br 
A [2 + 21 cycloaddition reaction of 1 would lead to a 

[2.2.2]propcllane. Since these compounds are not 
readily prcparcd,z’ we have examined the addition of 
kctene to 1. The reaction of 1 formed by the pyrolysis 
method with a large excess of kctent was allowed to 
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methylene group e5ected? This type of information 
may be derived from an examination of the vibrational 

The IR and Ramanspectra of 1 cannot be determined 
using conventional techniques because of its rapid 
dimerization or polymerization. The Raman spuztrum 
in a matrix has been reported by Casanova et ~l.,~’ and 
they also have reported a matrix IR spectrum. 

An analysis of the spectral data is hampered by the 
inability to determine the symmetries of the transitions 
using techniques such as rotational band contour 
analysis. However, it is possible to calculate the spectra 
of many molecules with satisfactory ‘&curacy via ab 
hito MO methods.41*42 Therefore, we have calculated 
the molecular force field using the 4-31G basis set and 
the theoretical equilibrium geometry.* The vibrational 
frequencies thus derived are given in Table 1. It is 
known that the calculated frequencies are invariably 
somewhat too large. The calculation gives harmonic 
frequencies whereas the experimental frequencies are 
anharmonic and therefore lower. It has been found that 
the C-H vibrational frquencies calculated in this way 
should be scaled by the factor 0.91 whereas the other 
vibrational frequencies should be scaled by 0.88.43 
The predicted frequencies are given in Table 1. The 
calculation also leads to the polar tensors from which 
the intensities of the IR active bands may be estimated. 

The calculated frquenciea and intensities for the IR 
active modes do not correspond to those reported by 
Casanova et al.” They found only CH stretching bands 
andbandsat -400cm-*alongwithoneat288cm-‘. 
The calculations clearly indicate that there should be a 
relatively strong band at -1213 cm-’ as well as a 
number of other bands with reasonable intensity. 

In order to obtain more satisfactory spectra, we have 
prepared samples of 1 in an argon matrix at 20 Kin two 
ways. First, the pyrolysis of the tosylhydrazone salt, 4, 
was effected in a slow stream of argon, and the product 
which consisted of 1 and the diene, 6, was &ected at 20 
K. The spectrum of 6 was separately recorded, and 
subtracted giving the spectrum of 1. Second, the 
dehalogenation of the chlorobromide, 10. was effected 
with potassium in the gas phase** in an argon stream, 
and the product was again collected at 20 K. Here, l- 
chlorobicyclo[2.2.0]hexane was found as a second 
product, and its IR spectrum was again subtracted 
giving the spectrum of 1. The same set of reasonably 
strong bands was found in both spectra, and are listed 
in Table 1. The assignment was based on the agreement 
with the calculated spectrum. 

A sample of bicyclop.2.O]hex-1(4)-ene-2,2,3,3-d, 
was prepared from lo-d, by gas phase dehalomation, 
and here a remarkably clean IR spectrum was obtained. 
The D isotope e5ect may help to minimize hydrogen 
transfer reactions. The observed spectrum in the 4W- 
1600 cm-’ range is compared with the calculated 
spectrum in Fig. 1. There is generally good agreement 
between the two spectra. The bands, along with those 
for CH and CD stretching are listed in Table 1. 

The calculated spectrum for 1 places the C=C 
stretching band at 1689 cm-’ which is in good 
agreement with the value 1664 cm-’ observed by 
Casanova et al.” in the Raman spectrum. This should 
be an intense band, and therefore is probably correct. 
The details of a normal coordinate analysis and a 
comparison with cyclobutene will be presented at a 
later time. However, it is interesting to note that the 
CkC stretching force constant derived from this 

Table 1. IR bands of bicyclo[2.2.0]hex-l(4)+.@ 

Mode 
a, 4 

talc scaled Obs InP Mode talc scaled Obs Int’ 

B 1” v16 3264 
v17 1219 
VI8 907 
919 

B tu v23 3;: 
v24 1639 
v2s 1318 
v26 1036 
v27 431 

B 3” 932 3201 
933 1652 
934 1338 
V.W 1333 
v36 829 

2970 
1013 
198 

2;: 
1442 
1213 
913 
319 

2918 
1454 
1111 
1113 
130 

2966 145.9 
1061 2.8 
(790) 0.02 

2933 
19.5 

116.5 
1421 0.01 
1226 25.5 
921 0.1 
- 8.6 

2933 148.9 
1435 2.4 
1193 0.02 
1193 4.9 
128 1.3 

AI VI 
92 

V4 

95 

91 

99 

VI0 

B, 920 

921 

v22 

v23 

924 

925 

v26 

B2 927 

926 

V29 

930 

v31 

932 

933 

b4 

935 

v36 

3209 
2335 
1653 
1343 

816 
111 

3266 
2421 
1193 
926 
837 
649 
196 

3198 
2324 
1638 
1393 
1213 
1220 
1084 
1010 
846 
410 

2920 
2125 
1455 
1182 
1064 
111 
678 

2912 
2203 
1050 
815 
731 
511 
112 

2910 
2115 
1441 
1226 
1120 
1014 
954 
889 
144 
361 

2933 
2163 
1431 
1161 
1061 

GO 
2961 
2230 
1044 
815 
133 
571 

2933 
2119 
1427 
1228 
1154 

949 
904 

- 

14.2 
41.1 

1.2 
4.5 
0.1 
02 
1.1 

72.9 
44.3 

1.8 
0.9 
1.0 
0.2 

11.0 
58.3 
29.5 
0.01 

10.2 
3.8 
0.2 
2.8 
1.3 
0.04 
8.3 

‘The~poaitionsanpivcninan~‘andtheintcIlsitiesinLhlmol~*. 
*TheAandB,modcsareIRinactive. 
‘Some A, bands arc calculated lo have zero intensity and arc no1 l&al. The A, modes are IR inactive. 
‘Calculated intensities. 
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cm” 
Fig 1. Matrix isolated IR spectnun of bicydo[2.2.O]hcx-l(4)- 

eoo2,&4+4+ (upper) and calculated sp&rum (lower). 

analysis is 10.0 mdyn A-’ which is somewhat larger 
than that for cyclobuttat (9.5 mdyn A-‘).*’ The ring 
bending mode is of some interest in view of the 
calculations of Wagner ef 01.‘~ on the structurea of 
strained alkencs. Although 1 is cakuiated to be planar, 
this mode is calculated to ttc at 184 cm- 1 and to have a 
force constant of only 0.15 mdyn A- I. Thus, it is a 
rather Yloppy” dkcnc. 

EXPERIMENTAL 

Thetmolysir of spiro(2.3&exun4one tosy/t~ydkone. To a 
solo of 0.48 g (8.9 mmol) of NaOMt in 40 ml of diglyme 
(distilled from LAH at 25 Torr) in a 1ClOml flask contained in a 
dry box was added 2.0 g (7.6 mmol) of powdered 
spiro[23]hexan&zme tosylhydrau>ne.4’ The solo was 
stirred at room tcmp for l-2 h, after which time the mixture 
solid&d. The flask was evacuated with a mechanical pump 
for 24 h to ensure removal of diglyme. The solid was powdered 
in a dry box and then placed in a side arm of a flask which was 
attached to a trap and then to a 2 in diffusion pump through 
wide bore tubing. The flask was hcatcd to 185-190”. When the 
pressure in the system reached 1 H a small amount of salt was 
allowed to drop into the flask. The addition of the salt was 
carried out at a rate which allowed the system pressure to stay 
under 20 cc, and required about 3 h 

la oat case, after the thermolysis had been completed, 0.75 
ml of acetone-& and 0.27 g of tolucnc were distilled into the 
trap. The trap was warmed to -78” and the contents were 
transferred into an NMR tube. The NMR spectrum was taken 
at - W, and showed a 4: 1 ratio of 1 to 6. Using tolucae as the 
internal standard, the yields were 43 and loo/, for 1 and 6, 
respectively. 

The ‘H-NMR spcctrum(CDCl,, 100 MHz),of 1 had a band 
at 6 3.21. The ‘%-NMR spectrum had bands at 43.4and 1628 
ppm.The “H-NMRspcctrumof6hadbandsat~2.50,4.66and 
5.13. 

When the product from a pyrolysis at a higher pressure (1 
Torr) which contained an cx<xss of 6 was allowed to warm to 
room tcmp and the products separated by GC (12 ft x 3/8 in 
Dow 710, IloO), after 6 there was found tttracydo- 
[6.2.2.0.03*6]dodoc-3(6~e (5P~). ‘H-NMR (CC14, 60 MHz) 
6 1.84 (m, 4H), 2.07 (d, 4H), 2.20 (4 4H) and 2.42 (m, 4H); “C- 
NMRb29.9.33.6.34.5.39.4aad 138.1.Massspcctru~parcnt 
at m/e 160. The IR spectrum showed no C=C band, but it was 
found in the Raman spectrum at 1680 cm-‘. Anal. C, H. 
Thermolysis in a flow system at 350” gave 3+dimethylene 
tricyclo[4.2.20Jdccane which was purified by GC as above. 
‘H-NMR(CCl,6OMHz)62.08(bs,8H),2.28(bs,4H),4.73(bs, 
2H) and 5.35 (bs, 2H). The IR spectrum had C=C bands at 
1600 and 1630 cm- ’ and a strong terminal CH2 wag at 895 
cm-‘. Mass spectrum, parent ion at m/e 160. 

1-Bromo-Qchlorobicycl[22.0Jhexane (10). A 1 14-necked 
rouhd-bottomed Bask which had been flame dried was fitted 
with a condenser, additional funnel, stirrer and a 
thermometer. To the flask was added 19.7 g of red mercuric 

oxide, 15 g of anhyd MgSO, and 160 ml ofCH&ll. A roln of 
23.1 g (144 mmol) of 4-chIorobicydo[2lO~hcxan+l- 
carboxylic acid **and 10mlofBrlin#W1mlofCH,Q,was 
added to the stirred slurry over a 1 b period at room temp. The 
mixturewasbrought toagcntiere&mmdirradiatodwitha60 
W light bulb for 3 h. The mixture was allowed to cool to room 
tunp, and then 10 ml of sat NaHSO, aq followed by enough 
solid NaHSO, to remove the Br color was added. 

Th~CH~CI,solnwaesepar~tad.~d~~~&werawrshad 
withCH,CII.Tbcoombinad~~w~wub~dwithtffo150ml 
portions of sat NaHSOx aq and driaI over MgSQ. The 
solvent wan removed under reduced prwaure to #e a yelrow 
Oil Which ~hdificd On StiUldi43 OVCt’ni#tt in a fraatr (- u”). 
The solid was dissolved in a minimum amount of pentanc and 
passed through a short column of boric alumina It was dutcd 
with 600 ml of pea tanc. The 9olvent wl~s mmoved awing 23.6 g 
(85~~oflO,m.p.~1”.Thc *H-NMRspu~rum(CDCI,)bad 
a band at b 2.73. 

Bicyclof2.2.O~x-1(4)-cnc (1). The eh5ctrolyain cell was a 
Kimax 14060 dye beaker having an tnlprsad top and no apout 
(~01420 ml). The cell top was a snug fitting machined T&on 
stopper fitted with an O-ring and seven ports. Tbc d was 
equipped with a large Pt gauxe cathode, a Coors porous 
ceramic cup (76 x 25 mm) fusad to a 25 mm Pyrex tube which 
served as the counter electrode compartntant, a mercury pool 
reference cl&rode, a gas dispersion tube, a low tcmp 
thermometer, and a sdrrcr. To the ceII was added 350 ml of 0.1 
N tctraethylammonium bromide in anbyd DMF. Several 
grams of the &ctrOIyte were added to the f~amiC cup (the 
anode compartment) and it was f&d with rx~augh elactrolytt 
soln to match tho solvent level in the oall. A graphite felt 
ckctrode was placed in the cup. The sob in the cd was purgsd 
with N, which was first paasad through reducrd BASF R3-11 
catalyst to remove tram of Oz. The soln in the cell was 
prercduced byxtdngthe workingvoltagew,that ther&rcact 
potential was betaan - I .7 and - 2.0 V. After the current bad 
dropped to h SO mA, the power supply was disownectcd and 
the cell was placed in a mling soln (1: 1 EtOH-water) 
maintainad at -30” by a Forma Sckntik model 2026 
refrigerated bath. At this point 20 g (10 mmol) of l-bromo4 
chlorobicyclo[2,2,0]hcxane was added, and the soln was 
stirred until it dissotvcd. The working potential was set so that 
the reference electrode indicated - 1.8 to -2.0 V. The initial 
current was 200-350 mA, and the reaction was oonsidcrul 
complete when the currant dropped to -30 mA at -20 V. 
Thtce~tcmpwasmaiotaincdbetwsen-20and-JO”,andtbt 
contents of the anode compartment was replaced regularly. In 
many of the 8ubsequcnt experiments, the rca@nt to be w#d 
wasaddcd tothoelactrolyttsola.Iootber~thcalLene was 
first extracted into pentano or butane. The solus must be 
maintained dilute and cold to avoid dimcrization or 
polymcrix.ation of 1. * 

Diei+Alder reactions of bicyci~2.2.0~x- 1(4)3ne 
(a) Butoditnc. The clcctrolyais soln was cooicd to -60” 

under argon and was treatcd with 8 ml of butadicnc After 
warming to room temp, the soln was cxtractaI with three 250 
ml portions of pcntanc. The latter was washai with 1 N HCI, 
dried over MgSO, and concentrated to give 1.03 g (62%) of a 
clear liquid. Analysis by GC (6 it x l/8 in SE30 column at 
120”) showad 9% of butadicnc dimcr and W/, of 
tricyclo[4.22.0]dcc-3une. ‘H-NMR (CDCI,, 270 MHz) b 
1.9&2.08 (A part of AIBl and allylic CH2, 8H), 208-2.33 (B 
part, J = 6.6 Hq 4H-), and 5.9 (t, J = 1.5 Hz); “C-NMR b 32.2 
(t),33.6(t),37.9(s)aad 126.9(d).Anal.C,H. 

A similar reaction with Iranr,rrrms-hexa-2,4-dieae gave the 
Diel~Aldcr adduct (19). ‘H-NMR 6 0.83 (d, J = 6.6 Hz, 6H), 
1.72(t,J = 6.6Hz,2H), 1.79(q,J = 6.6Hz,2H),2.04(q,J = 6.6 
Hz, 4H-), 2.29 (q, J = 6.6 Hz, 2w) and 5.62 (s, 2I-I); I GNMR S 
13.3,24.8,32.0,36,0,43.1 and 134.9. Anal. C, H. Reduction of 
32 mg of 19 with diimidc forma! from 20 ml of 85% hydrazinc 
hydrat~20mlofmcthanol,O.lmlof~~cupricrulfab~d7ml 
of 30% H102 gave 18 which was pa&cd by GC (10 ft 20”/, 
SE30,140”). NMR (CDCl,, 270 MHz) b 0.67 (d, J = 6.6 m 
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6H),1.31(m,2H),1.52(m,2H),1.68(q.J - 6.6Hz,ZH),1.83(m, 
2H), 1.96 (m, 2H), 2.05 (m, 2H) and 2.15 (m, 2H); ‘“C-NMR d 
14.6,23.8,27.5,31.6,32.8 aad 43.1. 

(b) Cyclopenfodiene. The electrolysis sohi was transferred to 
a flask and 5.Og of freshly distilled cydopentadiene was added. 
Theaolnwes~owedoDwPrmtoroomtampovsrtheof 
1 h. Excess cyclopcntadiene was removed under reduced 
pressure.Thesoln wasextractedwiththree2OOmlportions of 
pentanc, and the pentane extract wax washed with two 150 ml 
portions of 1 N HCl. It was then dried with MgSO*, and 
concentrated to give 1.68 g (94%) of a clear oil which was 
shown by NMR to be essentially pure tetracyclo- 
[4.2.2.1fs.01~b]undec-3eoe. Further puriticatioo could be 
effectedviapreparativeGCusinga6ft x 1/8io 10% SE30col- 
umo,m.p. 74.5-76.5’. AnalC, H. 

‘H-NMR (CDCl,, 270 MHz) 6 1.48 (d, J = 8.8 Hz, lH), 
1.55-1.67 (m, 2H). 1.78-1.91 (m, 3H), 1.9g2.02 (m, 2H), 2.17- 
228 (m, 2H), 258-2.61 (m, bridgehead, W), 6.23 (s, W). 

(c) Isobentofurrm. The electrolysis solo was extracted at 
-25“ under argon with two 250 ml portions of precooled 
pentane. To the pentane soln was added dropwise a solo of 
isobenxofurao in benxeoe (prepared from 2.98 g of 1,3- 
dihydro-1-methoxyisobenxofuran4s) at about - 60” over a 10 
min period. The solo was allowed to warm to room temp 
overnight. The soln was washed with four 100 ml portions of 
sat NaHCO, aq, dried over MgSO, and concentrated giving 
201 g (94%) of a clear oil. NMR spectra showad it was mainly 
3,4-ben7_o-11-oxa-tetracydo[4.221z*’.01~6]uudec-3-ene. 
Purification could be effected by GC uaiog a 2 A x l/8 in 20% 
SE30 column at 130”. Anal. C, H. 

‘H-NMR(CDClj,270MHz)6 1.09(ApartofA2Blsystem, 
J = 14.3 Hx, 2H), 1.93 (A part ofA;B; system, J = 12.8 Hz, 
2H), 2.23 (m, B and B; parts, 4H), 5.13 (s, bridgehead, 2H), 
7.1873O(A,B,multiplet,4H). ‘“C-NMR(CDCl,,67.9MHz) 
6 24.15 (t), 26.71 (t), 40.30 (s), 84.22 (d), 120.88 (d), 126.28 (d), 
143.44 (9). 

(d) 3,6-Diphenyl-s-tetne. An electrolysis solo prepared 
from 1.56 g of 10 was transferred to a cooled separatory funnel 
( - 15’) and extracted with 2oOml ofdry butane. To the butane 
solo at N -50” was added a soln of 1.87 g (8 mmol) of 3,6- 
diphenyl-s-tetraxine in 200 ml of dry ether. The soln was 
warmed to _ - lo” and loss of color was observed. The soln 
was allowed to warm to room temp with the butane slowly 
distilling from the vessel. The products were separated by 
preparative column chromatography oo silica gel using 700/, 
pentane-CHCl,. The tirst fractions contained the tetraxioe, 
the next fraction contained an unidentified compound with 
‘H-NMR bands at d 8.04 and 7.50, and the later fractions gave 
1.06g(46%)of2@,m.p. 172-173”(dec.). ‘H-NMR62.93(&B, 
m,8H).7.45-7.36(m.6H)and7.54(m.4H): “CNMR634.5. 
34.7, 127.5, 128.5; 130.8, 133.0 add’160:9. Mass soecu& 
molecular ion at 286.1465 (talc for C2,,H,sNI, 286.i470). 

1 - Chloro - 4 - rrichloromerhvlbicvclof220lhexane. An 
electrolysis soln prepared from 1.6 g of 10 {- 30’) was mixed 
with 75 ml of ptecooled degas& CCl,. The mixture was 
warmed to 0” and was treated with 175 ml of precooled sat 
Na;SO, aq. The CCl, layer was separated washed with two 
100 ml portions of 1 N HCl, dried over MgS04 and 
concentrated to give 1.04 g of a low melting solid. NMR 
spectroscopy showed that it contained 1 - chloro - 4 - 
trichloromethylbicyclo[2.2O]hexane along with a small 
amount of 2,5-dimethylenetricyclo[4.2.20]decane. 

The crude solid was purified by column chromatography 
over 15 K of basic alumina uainn 6 column volumes of nentaoe. 
Cooceoiratioo gave the pure adduct (0.8 g, 42%), m’.p. 115- 
119”. Anal. C, H, Cl. ‘H-NMR (CDCL,, 270 MHz) S 2.25 (A 
part of AsBs system, W), 259 (m, B and B’ parts,4H), 2.91 (A 
part of AsBs system, 2H). i3C-NMR (CDCl,, 67.9 MI-Ix) 6 
29.27 (t), 34.91 (1). 64.90 (s). 65.69 (s), 101.22 (s). 

Reaction of 1 &th k.ete&. A pyrol$is was &&ted using 3.0 g 
(11.3 mmol) of spiro[23]hexan4one tosylhydraxooe. At the 
end of the pyrolysis, 50 ml of CH,Cl, was distilled into the 
trap. The contents were transferred into a 100 ml 3-necked 
tIask and kept at -78” under N,. Ketene (100 g) which had 

previously been generated from acetone was bubbled through 
the stirred mixture at - 78” over a 3Omin period. The soln was 
allowed to warm to room temp as the excess ketene distilled 
away. The soln was concentrated and added to 100 g of basic 
ahmioa JZlutioo with 200 ml of pentane gave only the dimer 
of 1 and its Diels-Alder adduct with 1,2dimethykn~ 
cyclobutane. Elutioo with 400 ml of ether followed by 
concentration and purification by gas chromatography gave 
3-methylbmethylencyclohex-2cn-l-one. ‘H-NMR(CDCl,, 
270 MHz) 6 201(3H, s), 239 (2H. 1. J = 6.62 Hz), 2.73 (2H, 
1, J = 6.62 Hz), 5.58 (lH, s), 5.97 (lH, s), 6.02 (lH, s). UV 
@OH) &, 255 nm (e 13,400). Mass spectrum, parent at 
m/e = 122. 

Approximately 5 mg of the enooe was dissolved in 1 ml of 
EtCH, and was treat&d with -1 mg of Pd on BaSOI. 
Filtration followed bvmeoarativeGCusiunan 18ft2OYSE30 
column at 145” gave a khiie solid which pr&ed to be &o&l 
withauthentic2,5dimethylphenol byNMR,IR,UVandmass 
spectroscopy. 

Reaction of bicyclo[2.2.0ylex- l(4)-ene with m- 
chloroperbenzo6 acid &d &th &m&e. A 2-3 ml aliquot 
of a soln of la in DMF was treated with 0.05 R of m- 
chloroparbenxoic acid in CHsCI,. After standing for ih at 0”. 
the NMR spectrum corresponded to that of authentic 
spiro[23]hexat&ooe. In a similar fashion, a 2-3 ml aliquot 
wastreatedwith0.4mlofasolnof1.15gofBr,io5mlofDMF 
at 0”. An immediate reaction occurred and the ‘H-NMR 
spectrum had new bands at d 2.91,208 and 1.03 (I : 1: 2) which 
are very close to those of the spiroketone (8 308,215 and 1.1). 

Reaction of 1 - bromo - 4 - chlorobicyclo[22O]hexane with 
sodiuminMutoa&.Asolnofl.l5g(O.O5mol)ofNain175mlof 
dry ammonia was prepared in a 250 ml 3-necked tlask fitted 
with a mechanical stirrer, stopper and Dewer coodenser 
toppadwithaKOHdryingtube. Allat once 1.95g(O.O1 mol)of 
10 was added. The reaction was very vigorous. After stirring 
for5min,theteactioowasquenchedwithNH4Cluntiltheblue 
color was diiged. The ammonia solo was poured gently 
into 600 ml of water and 200 ml of peotane. The layers were 
separated and the water tray was washed twice with 150 ml 
portionsofpcntane.Thapentane~lnwaswashedwith 1OOml 
of loo/, HCI, 100 ml ofbrina After drying over MgS04, 0.092 g 
of cycloheptane was added as ao internal standard The 
mixture was analyzed by GC using a 20 ft x l/8 in 30”/. SE30 
column. The ratio of bicyclo[2.20]hexans to i,l’-bis(i&yclo- 
r2.2.Olhexatte) was 17: 1. The vidd of bicvdof2.20lhexaoe 
was 7+A and’that of l,l’-bii(b&do[22.Ojh&e) &is 6%. 
Preparative separation was effected using a 10 R 20”/. SE30 
column at 130”. The identity of bicyclo[2.2.0]hexaoe was 
established by its NMR and “C spectra. 

Reaction of 1 - bromo - 4 - chlorcbicyclo[22.0]hexane with 
butyllizhiun~ To a solo of 1.0 g of 10 in 190 ml of dry ether was 
added at - 78”. 2.4 ml of a 24 M solo of o-BuLi in o-heptane. 
The mixture was warmed to 0”. After 2 h, the solo was treated 
with 93 d of water followed by 3.4 a of cvc4otnmtadieoe. The 
mixture’ was washed with water, dried ovtr MgS04 and 
concentrated. Analysis by GC using a 12 ft x l/4 in Zoo/, SE30 
column at 132” gave 9% (1.3 mitt) l~l’cthoxyethyl)bicyclo- 
[Z.Z.O]hexane, 21% (2.8 mitt) uoreacted 10, 8% (4.0 mm) of 
the Die&Alder adduct, 42% (6.2 mitt) 1-bromo4o- 
butylbicyclo[2.2.0]hexane and 4% (11.2 min) of l+?‘- 
bromoethyl)-2-n-butylcyclobutene. The products were identi- 
fied by their NMR and mass spectra which are given in detail in 
the thesis of Matturro (1981). 

The reaction of t-BuLi with 10 was carried out in the same 
fashion and gave 35% of the Diels-Alder adduct. 
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