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Abstract: Dispiro[2.2.2.2]deca-4,9-diene (1) was prepared in five steps from diethyl succinate. This particular cyclopropyl-
ethylene exhibits a relatively large bathochromic shift of the absorption maximum (222 nm) in UV and a marked lowering of
the ionization potential (7.23 eV) compared to cis-1,2-dicyclopropylethylene (203.5 nm in UV and P 7.70 €V). The chemical
shift of the olefinic protons, however, does not suggest the existence of cyclic conjugation in 1. The spiro olefin 1 underwent in-
teresting cycloadditions with a variety of unsaturated compounds. (1) 1t reacts with conjugated dienes at 160 °C to give [8]-
paracycloph-4-enes, 13 and 14, The two cyclopropane rings are cleaved and the central cyclohexadiene ring is aromatized. (2)
1t reacts with dimethyl maleate or dimethyl acetylenedicarboxylate at 160 °C to afford dispiro[2.2.4.2}dodecane derivatives,
22 and 23. One of the cyclopropanes is cleaved, to which the reacting olefin cycloadds. (3) It reacts with tetracyanoquinodi-
methane in o-dichlorobenzene to produce a [3.3]paracyclophane derivative, 30, The first two cycloadditions are proved to pro-
ceed via biradical intermediates, while the last reaction involves a zwitterionic intermediate which can be trapped by polar mul-
tiple bonds. Conformational equilibria of some cycloadducts are also discussed.

It is known that conjugative interaction between a cyclo-
propane ring and a double bond is maximized when a bisected
conformation is attained.! Dispiro[2.2.2.2]deca-4,9-diene (1)
where the double bonds and the cyclopropane rings are aligned
alternately around the six-membered ring in the bisected
conformation is, therefore, of considerable interest for a
number of reasons including (1) the possibility of cyclic con-

=X

1

jugation through the cyclopropane rings geminally substituted
by the double bonds, (2) the 7-base character due to the elec-
tron-donating property of a cyclopropane ring, and (3) the
expected formation of the species, via the cleavage of the cy-
clopropane ring, whose spiro[2.5]octane moiety possesses the
same structure as an intermediate (or a species in the transition
state) postulated for 1,2-aryl migration.2

Herein we describe the preparation of 1, its properties, and
some interesting reactions of 1 which proceed via homolysis
as well as heterolysis of the cyclopropane ring and provide a
convenient route to a variety of paracyclophane derivatives.

0002-7863/78/1500-1806%01.00/0

Results and Discussion

Synthesis and Properties of Dispiro{2.2.2.2]deca-4,9-
diene, 2,5-Dimethylene-1,4-cyclohexanediol (2), prepared from
diethyl succinate following the procedure of Murphy,? was
cyclopropanated with methylene iodide and zinc-copper
couple? to give the dispiro diol (3), which was subsequently
oxidized with the Jones reagent to the diketone (4). Treatment
of the bistosylhydrazone of 4 with n-butyllithium?® afforded
dispiro[2.2.2.2]deca-4,9-diene (1) in a 64% yield. The dispiro
compound, 1, could be obtained as volatile, colorless plates
melting at 121-122 °C. Proof of the structure of 1 was pro-

OH X
— 1
HO X

3. X=H,0H; 5, X=H, OC(S)SCH3
4, X=0 1 6, X=H, SC(0)SCHs

[ A}

2z

vided by its elemental analysis and spectral properties. Syn-
thesis of 1 was also attempted by the pyrolysis of the bisxan-
thate of 3, When the temperature of the heating bath was
slowly raised, the xanthate (5) isomerized almost quantitatively
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to the thermally more stable thiol carbonate (6).6 When the
flask containing § was immersed in a bath preheated to 300 °C,
however, the elimination reaction took place and 1 was ob-
tained together with 6. The compounds obtained through the
two different routes were identical in all respects.

It is known that a cyclopropy! substituent on an olefin brings
about a bathochromic shift of the absorption maximum in the
UV spectrum’ and a lowering of the ionization potential,®
owing to its conjugating ability and electron-donating property.
A comparison of the UV spectrum of 1 with those of cyclo-
propylethylenes clearly indicated the presence of extended
conjugation in 1. The absorption maximum for 1 appears at
222 nm compared to 203.5 nm for cis-dicyclopropylethylene.
The ionization potential (adiabatic) of 1 was found to be 7.23
eV.,® which was lower than that of cis-dicyclopropylethylene
by 0.47 eV and comparable with that of tetracyclopropyleth-
ylene.!0 These pronounced effects exerted by the cyclopropyl
groups in 1 may be rationalized in terms of the conformational
propriety of the cyclopropane rings for the conjugative inter-
action with the 7 system.

On the other hand, the NMR of 1 exhibits two singlets at
8 0.69 and 4.80, which indicates that no appreciable ring cur-
rent is induced since the chemical shift of the olefinic protons
is essentially the same as that of H-4 in spiro[2.5]oct-4-ene (7)

7

~

(6 4.90).11 In accord with the observations previously re-
ported,!2 these results suggest that conjugation between the
geminally substituted unsaturated moieties on the cyclopro-
pane ring is not significant even in the system in which the
cyclopropane ring and the double bonds are aligned in the bi-
sected conformation.

The dispiro compound (1) is stable at ambient temperature
indefinitely, but decomposes at 160 °C with a half-life of ca.
40 min in diglyme affording p-diethylbenzene as the major
product. The first-order rate constants for the disappearance
of 11in triglyme were (3.04 £+ 0,08) X 10~4s~1 at 160.0 °C and
(1.64 £ 0.03) X 1073 s~ ! at 179.9 °C. In the presence of p-
thiocresol, the disappearance of 1 was accelerated and the
addition product (10) was formed along with p-diethylbenzene.
Thus the thermal decomposition of 1 probably proceeds by way
of the biradical intermediates, 8 and 9, resulting from the

Scheme I .
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homolytic cleavage of the cyclopropane rings. In the absence
of a radical scavenger, that these intermediates are capable of
recyclization and are in rapid equilibrium with 1 was demon-
strated unambiguously by the CIDNP effect observed in 1
during thermolysis.!? The photolysis of 1 proceeded analo-
gously and the products isolated from the photolysate in ether
were p-diethylbenzene and an adduct of the solvent, 11, Thus
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it appears that strain relief by the cleavage of the cyclopropane
rings and the aromatization of the six-membered ring direct
the thermal and photochemical reaction pathways of 1.

Cycloaddition with Conjugated Dienes.! The chemistry of
paracyclophanes having a short bridge is of considerable in-
terest,!516 but has so far not been well explored. The finding
that the cyclopropane rings in 1 are cleaved thermally led us
to an investigation of the cycloaddition reaction of 1 with
conjugated dienes. The dispiro compound, 1, proved to be an
excellent precursor of {8]paracyclophane derivatives bearing
various functional groups on the bridge.

The reaction of 1 with 2 equiv of 1,3-butadiene in benzene
at 160 °C produced a mixture of four products which were
subsequently separated by preparative GLC. The major
product was trans-[8]paracycloph-4-ene (13a), and the other
three products were cis-[8]paracycloph-4-ene (14a) and the

RICH=CR?-CR2=CHR3

12 A R! A R?
1 O"Ne + OL G
R3
13 14

\aCH-CHz
15 16 17

fead ~ o~

two 1:2 cycloadducts represented by 15 and 16. This novel
cycloaddition reaction was quite general and with various
substituted 1,3-butadienes afforded [8]paracycloph-4-ene
derivatives in 60-90% yields as shown in Table I. Proof of the
structures of the cycloadducts was provided by their elemental
analysis and spectral properties. In the 'H NMR spectra, the
olefinic proton signals characteristically appeared at an un-
usually high field reflecting the shielding effect by the under-
lying aromatic ring, i.e., at § 3.7-4.3 in those of the trans-4-ene
derivatives, 13, and at a somewhat lower field, 6 4.3-4.7, in
those of the cis isomers, 14 (Table II), Molecular models in-
dicate that in the trans-4-enes the planes of the double bond
and the benzene ring are parallel to each other and the olefinic
protons are located over the benzene ring whereas in the cis
isomers the plane of the double bond is tilted against that of
the benzene ring and the olefinic protons are at a greater dis-
tance from the center of the benzene ring, The UV spectra of
the cycloadducts exhibited shifts of the absorption maxima to
longer wavelengths relative to that of an open-chain analogue
and the disappearance of the fine structure, which are char-
acteristics of strained paracyclophanes. The cis-4-ene deriv-
ative invariably showed the absorption maximum at a longer
wavelength by 5-7 nm than the corresponding trans isomer
(Table III). This observation suggests the presence of a larger
extent of deformation of the benzene ring from a planar con-
figuration in the cis isomer than in the trans isomer.!” An ex-
amination of molecular models of the two isomers indeed leaves
little doubt that the cis isomer is more strained. The cis-4-ene
derivatives (1) were obtained in the reactions with 1,3-buta-
diene, methyl pentadienoate, and 2,3-dimethyl-1,3-butadiene,
but could not be isolated in the reactions with other dienes. In
the case of the 1,4-disubstituted dienes, the high steric com-
pression in the resulting 3,6-disubstituted cis-4-enes might
hinder their formation,

Conformation of Some [8]Paracycloph-4-enes. In the reac-
tion of 1 with the 1,4-disubstituted 1,3-diene, a mixture of two
isomeric 1:1 cycloadducts was obtained, These compounds
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Table 1. Cycloaddition Products from the Reactions of Dispiro[2.2.2.2]deca-4,9-diene (1) with Conjugated Dienes, 129

Products % yields®

Substituents Conen, mol/L 13
R! R2 R3 Geometry of 12 1 12 Trans® Cis¢ 14
a H H H 0.19 0.38 74 104
b H H CH3; 0.094 0.34 58¢
c H H CO,CH; Trans 0.19 0.38 65 5
d H H CN Cis/trans = | 0.19 0.38 68
e CO,CH; H CO,CH; Trans,trans 0.38 0.75 54f 9f
Cis,trans 0.38 0.75 39f 32f
f CO,CH; H CN Trans,trans 0.19 0.34 50f 29/
g CN H CN Cis,cis 0.38 0.72 58f8 3118
h Cg¢Hss H CeHs Trans,trans 0.38 0.75 30 (5)*
i H CH; H 0.094 0.19 57 14
j H Cl H 0.094 0.16 30

@ The reactions were carried out in benzene at 160 °C. The reaction products were analyzed after 1 had been consumed unless otherwise
noted. ¥ Determined by GLC with internal standards unless otherwise indicated. ¢ Configuration of two substituents, R! and R3, with respect
to the paracyclophane ring. 4 In addition to the 1:1 adducts, two 1:2 cycloadducts, 15 (5%) and 16 (4%), were obtained. ¢ In addition to 13b,
an open-chain adduct, 17 (13%), was isolated. / Isolated yields. & Determined after 86% of starting 1 had been consumed. Yields based on
unrecovered 1. # Not isolated.

Table 11, Absorption Maxima in the Ultraviolet Spectra of [8] Paracycloph-4-enes?

Compd A, nm (log €)

13a? 224 (3.85) 265 (2.53)¢ 271 (2.63) 278 (2.59)
14a’® 225 (3.88) 277 (2.56) 284.5 (2.51)

13b 224 (3.84) 271 (2.63) 278 (2.58)

13c 222 (3.86) 265.5 (2.51)¢ 270.5 (2.60) 278 (2.56)
14c 226 (3.79) 277 (2.57) 284 (2.52)

134 223 (3.83) 270 (2.62) 277.5 (2.59)

trars-13e 222 (3.91) 265 (2.46)¢ 271 (2.58) 278 (2.54)
cis-13e 221 (3.88) 270.5 (2.61) 277 (2.56)

trans-13f 220 (3.86) 269.5 (2.57) 277 (2.54)

trans-13g 223 (3.82) 269 (2.65) 276.5 (2.60)

cis-13g 223 (3.83) 269 (2.62) 276.5 (2.57)

trans-13h 262 (3.00) 269 (3.00) 279 (2.68)

131 222 (3.89) 273.5(2.64) 281 (2.59)

141 231 (3.80) 278 (2.58) 285 (2.52)

13j 221 (3.86) 265 (2.45)¢ 271 (2.53) 279 (2.48)

@ Spectra taken in 95% ethanol unless otherwise indicated. # Taken in hexane. ¢ Shoulder.

were identified as the trans-4-enes having two substituents in
the cis and trans configurations at the C-3 and C-6 positions
with respect to the paracyclophane ring primarily through the
scrutiny of their NMR spectra. An examination of molecular
models suggests that the trans-4-ene has the configuration
shown below.!” Therefore, the trans-disubstituted compound
can possess two different conformations, 18 and 19, The NMR
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spectra of the trans-disubstituted derivatives were found to be
essentially invariant with respect to temperature change and
were consistent with either of the two conformers. The olefinic
and allylic protons in the substance bearing the same sub-
stituents on the allylic positions form an AA’XX’ system. The
signal of the olefinic protons appears as a symmetrical quartet
(doublet of doublets) in the spectra of trans-13e and trans-13h
with the coupling constants |J| = 5.5 and 2.5 Hz in the former
and |J| = 5.6 and 2.6 Hz in the latter. In contrast, in that of
trans-13g the olefinic proton signal appears as a sharp singlet
and thus the coupling constants must be less than 1 Hz, Mo-

lecular models show that the olefinic and the adjacent allylic
C-H bonds are close to antiperiplanar to one another in the
conformer, 18, whereas they are nearly orthogonal in the
conformer, 19. Thus the coupling constants suggest that
trans-13e and trans- 13h possess essentially the conformation
of 18 whereas in trans- 13g the major conformer is 19,

The NMR spectra of the cis-3,6-disubstituted trans-[8]-
paracycloph-4-enes were found to be temperature dependent.
For example, in acetone-dg the methyl groups of the cis-
dimethoxycarbonyl derivative, cis- 13e, appear as a singlet at
23 °C, which broadens at —30 °C and splits into two sharp
singlets at —60 °C. Concomitantly, the two singlets of the
aromatic protons are replaced by two AB quartets of equal
intensity and the quartet of the olefinic protons also by a
doublet of doublets and a doublet of doublets of doublets. These
results suggest that, accompanying the rotation of the double
bond system with respect to the benzene ring, two isoenergetic
conformers, 20e and 21e, are equilibrating rapidly on the
NMR time scale at room temperature, but are frozen out at
—60 °C, The spectrum of cis-13g exhibits analogous tem-
perature dependence and, of the two singlets of the aromatic
protons, the one at the higher field becomes an AB quartet
while there is no apparent change in the lower field signal when
the temperature was lowered, which is also consistent with the
conformational equilibration between 20g and 21g. The bar-
riers for the conformational interconversion for cis-13e and
cis-13g were AG¥y33 = 12,3 keal/mol and AG¥y54 = 14.2
kcal/mol, respectively, which were similar in magnitude with
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Table ITI, Nuclear Magnetic Resonance Spectra of [8]Paracycloph-4-enes®
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Temp, 8, ppm (pattern)
Compd °C Bridge aliphatic protons Olefinic protons Aromatic protons Other protons
13a 69% 1.3-1.8 (m, 8 H), 2.54 (t, 4H)* 3.78 (brs, 2 H) 6.80 (s, 4 H)
—404 0.8-1.7 (m, 4 H), 1.7-2.4(m, 6 HY  3.80 (m, 2 H) 6.85 (AB q, 4 H)S
2.98 (d of d, 2 H)*
14a 600 1.3-1.5 (m, 4 H), 1.5-1.8 (m, 4 H)  4.42(t, 2 H)* 6.90 (s, 4 H)
2.64 (t, 4 H)2
—504 1.0-1.8 (m, 6 H), 1.8-2.6 (m,4H)  4.5-4.7 (m,2 H) 7.02 (s, 4 H)
2.8-32(m, 2 H)
13b 61° 1.0-2.0 (m, 7 H), 2.0-2.5(m,2H)  3.7-3.9 (m, 2 H) 6.7-7.0 (g, 4 H) 0.74 (d, 3 H)°
2.7-3.0 (m, 2 H)
13¢ 23 1.0-1.8 (m, 3 H), 1.8-2.4 (m, 6 H) 3.7-4.2 (m, 2 H) 6.7-7.2 (m, 4 H) 3.45(s,3H)
2.9-3.2 (m, 2 H)
14c 23 1.1-1.6 (m, 4 H), 1.9-2.6 (m, 5 H) 4.4-48 (m,2 H) 6.91 (s, 2 H) 3,44 (s,3H)
2.8-3.1 (m, 2 H) 6.96 (s, 2 H)
13d 23 1.0-3.2 (m, 11 H) 3.76 (d of d, | H)! 6.7-7.1 (m, 4 H)
4.1-4.4 (m, | H)
trans-13e 234 1.6-2.5 (m, 8 H), 3.05(q, 2 H) 4.12 (d of d, 2 H)/ 6.98 (ABq,4H)Y  3.53(s, 6 H)
cis-13e 234d 1.7-2.2 (m, 4 H), 24-3.0(m,6H)  4.30(dof d, 2 H)* 6.91 (s, 4 H) 3.60 (s, 6 H)
—60/ 1.6-3.2 (m, 10 H) 4.15(dof d, 1 Hym 697 (ABq,2H)°  3.45(s, 3 H)
4.46 (dof d of d, | H)" 7.00 (AB g, 2 H)? 3.57(s,3H)
trans-13f 234 1.6-2.5 (m, 8 H), 29-32(m,2H)  4.07 (dofd, | H)4 6.6-7.2 (m, 4 H) 3.60 (s, 3 H)
4.25(d of d, | H)4
trans-13g 234 1.6-2.1 (m, 2 H), 2.1-2.4(m, 2 H) 4.33(s,2 H) 7.03 (s, 4 H)
2.60 (d of t, 2 H)", 2.9-3.4 (m, 4 H)
cis-13g 5624 2.05(m, 4 H), 2.5-3.0(m, 6 H)  4.25(dofd,2 H)s 691 (s, 2 H)
7.10 (s, 2 H)
-304 1.6-2.8 (m, 7 H), 3.0-3.4(m,3H)  4.0-4.5(m, 2 H)! 6.95 (AB g, 2 H)¥
7.10(s,2 H)
trans-13h 23 1.6-2.1 (m, 4 H), 2.1-2.6 (m,4H)  4.14(dof d, 2 H)/ 6.7-7.2 (m, 14 H)
2.9-3.2 (m, 2 H)
131 23 1.5-23 (m, 10H),  2.8-3.1 (m, 2 H) 670 (ABgq,4H)*  1.12(s, 6 H)
141 23 1.0-1.5 (m, 8 H), 2.52(t, 4 H)¢ 6.92 (s, 4 H) 1.26 (s, 6 H)
13 234 1.7-2.5(m, 10H),  2.98 (brd, 2 H) 6.82 (AB g, 4 H)»

@ Taken on a JEOL PS-100 spectrometer at 100 MHz with tetramethylsilane as internal standard in carbon tetrachloride unless otherwise
indicated. Abbreviations used: s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet; br, broad. ¢ Fine structure broadens at room temperature.
¢J = 6 Hz. 4 Taken in deuteriochloroform. ¢ J = 5and 12 Hz./J =8 Hz, Av=22Hz. e J=7Hz. " J=5Hz. ' J=4and 15Hz./ J = 2.5
and 5.5Hz. ¥ J = 1.5 and 3.5 Hz. / Taken in hexadeuterioacetone.  J = 3.5and 15 Hz. #J = 1.5,9,and 15Hz. °J = 8 Hz, Av = 41 Hz.
PJ=8Hz,Av=13Hz. 9/ =8and 15Hz.”J =5and 13Hz.*J = 1.5and 3 Hz. * AB part of ABXY,Jap = 16 Hz. *J = 8 Hz, Ay = 23

Hz. *J =65Hz Av=55Hz ¥ J=72Hz, Av = 8.6 Hz.

20 zl

—~~

that reported for deuterated [8]paracycloph-4-ene.!® The AB
quartets of the aromatic protons in 13i and 13}, in which the
olefinic protons are substituted by methyl group and chlorine
atom, respectively, remained without observable change up
to 200 °C (AG¥ > 26 kcal/mol), Apparently the repulsive
interaction between those substituents and the benzene ring
is large enough to make the rotamer equilibration slow on the
NMR time scale. cis-[8]Paracycloph-4-ene also exhibits a
temperature-dependent NMR spectrum, which may be ex-
plained by the conformational equilibration formulated
below.

Reactions with Olefinic and Acetylenic Compounds. The
reaction of 1 with dimethyl maleate was carried out as de-

scribed for the conjugated dienes. GLC analysis of the reaction
mixture indicated the presence of a major product, which was
shown to be the dispiro cycloadduct, 22.!9 Analogously, the

@cozcm @/COZCHs

CO,CH; CO,CH;

22 23

At ~as

reaction with dimethyl acetylenedicarboxylate afforded 23 in
good yield. In both reactions, no formation of either [6]- or
[8]paracyclophane derivatives resulting from the 1:1 or 1:2
cycloaddition of 1 with the unsaturated compound was ob-
served. The reaction of 1 with phenylalkenes resulted in the
formation of [4.2]paracyclophanes,2? full accounts of which
were reported elsewhere.?!

Mechanism of the Cycloaddition Reaction of 1 with Conju-
gated Dienes and Olefinic and Acetylenic Compounds, The
present reaction may be explained by the pathway outlined in
the following schematic diagram. As has been demonstrated
previously, the cyclopropane ring in 1 cleaves homolytically
at an appreciable rate above 150 °C. The biradical, 9, thus
generated reversibly from 1 adds to 12 to give 24 and 25, which
subsequently cyclize to 13 and 14, respectively. In fact, the
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reaction of 1 with trans,trans-12e exhibited CIDNP in the
cycloaddition products substantiating the radical pathway of
the reaction, In the presence of p-thiocresol, the cycloaddition
reaction was completely inhibited and p-diethylbenzene and
the adduct of p-thiocresol to 1 (10) were the only isolable
products. The formation of the 1:2 cycloadducts, 15 and 16,
in the reaction of 1 with 12a also supports the above mecha-
nism. The formation of the cis-4-ene derivatives (14) observed
in some of the reactions would probably result from the addi-
tion of 9 (and/or 8) to the s-cis form of the dienes to give 25,
while the trans-4-enes from the addition to the s-trans dienes.
The rotational barrier for allyl radical (=17 kcal/mol)?2 is so
high that the interconversion between 24 and 25 may be ruled
out.

As shown in Table I, the reactions with trans,trans- and
cis,trans-12e resulted in different compositions of cis- and
trans-13e, This result implies that the biradical intermediate,
24e, collapsed to the paracyclophane before reaching the ro-
tational equilibrium. In other words, the adducts partially
retained the stable conformation of the dienes, i.e., 27 in

CH30,C H CH30,C H
H H H H
H CozCHs CH302C H
27 28
~ ~

trans,trans-12e and 28 in cis,trans- 12e, In the reaction of 1
with piperylene, the cycloadduct, 13b, was obtained rather
surprisingly in a higher yield than the disproportionation
product (17), which suggested, coupled with the partial re-
tention of the stable conformation of the dienes, that the ring
closure of the biradical (24) to the strained trans-[8]paracy-
cloph-4-ene (13), was not hindered so much and proceeded
efficiently.

The NMR spectrum recorded during the reaction of 1 with
trans,trans-12e in biphenyl ether at 190 °C exhibited CIDNP
and the characteristic signal of the olefinic protons in the cy-
cloadducts, cis- and trans-13e, appeared as emission. The
observed polarization in the olefinic protons could be due to
S-To mixing in 2e.23 Alternatively, the biradical (9) in the
triplet state which was generated through the S-T- transition
in 913 might add to 12e to give triplet 24e, in which the polar-
ization was induced through T—-S transition. In the CIDNP
spectrum, all the lines in the quartet signals of the olefinic
protons in cis- and trans-13e appeared as emission and a
multiplet effect was not observed, Therefore, if the former
mechanism is operative, the g value of the odd electron on the
(-arylethyl carbon in 24e must be substantially larger than that
of the odd electron which delocalizes over the allylic system;24
this appears rather implausible, The latter mechanism appears
to be more consistent with the observation since all the CIDNP
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Scheme III

NC~o-CN (CN),

: TCNG in o-CsP'kClg
(CN), (CN),

in (CHg)g '/ \‘ CH3CN Na/hq NHz
(CHa CHs
(CN), (CN),
(CN), (CN),

signals occur in emission when a biradical is generated in a
triplet state.25

Reaction with TCNQ and Its Derivative. The reaction of 1
with tetracyanoquinodimethane (TCNQ) proceeded smoothly
at 60 °C in o-dichlorobenzene and 1 was consumed completely
in 20 h. From the reaction mixture, 1,1,12,12-
tetracyano[3,3]paracyclophane (30) was isolated in a 35%
yield as colorless crystals melting at 260 °C. Proof of the
structure of 30 was provided by its elemental analysis and
spectral properties, and finally by reductive decyanation, which
afforded the parent compound (31) in 76% yield. In acetoni-
trile, the reaction was complete within 60 h at room tempera-
ture. The sole product isolated was a solvent incorporated cy-
cloadduct, 32 (65%). Analogously, the reaction in acetone
resulted in the formation of 33, None of 30 was detected in
those reactions.

As mentioned previously, 1 possesses an unusually low
ionization potential, The reaction of 1 with TCNQ may be
rationalized by the initial formation of the zwitterionic inter-
mediate, 29, In o-dichlorobenzene, 29 collapses directly to 30,
In acetonitrile and acetone, however, the interception of 29 by
the solvent would be much faster than the ring closure to the
strained 30 and hence 32 and 33 would result.2¢ The formation
of the solvent incorporated products strongly argues against
the biradical mechanism.

Tetramethoxycarbonylquinodimethane (34), which pos-
sesses poorer electron-accepting ability as compared to
TCNQ,?’ no longer underwent the donor-acceptor type cy-
cloaddition with 1 and only its spontaneous polymerization
took place when a mixture of 1 and 34 in acetonitrile was

CH30,C~,_-CO,CH;

(CO2CH;z),

CH30,C” ~CO,CH; (CO.CH,),

34 35

stirred at room temperature. [3.3]Paracyclophane derivative
(35) was, however, obtained in 10% yield when the mixture was
heated at 170 °C for 5 h in benzene. Since the cyclopropane
ring in 1 cleaves homolytically at the above temperature, 35
would probably be formed by way of the biradical intermedi-
ates as formulated for the reaction of 1 with conjugated dienes.
The reaction with TCNQ in o-dichlorobenzene at 170 °Cre-
sulted in an increased yield of 30 (60%). It is noteworthy that
the cycloaddition of TCNQ is rare?? and, to our knowledge,
paracyclophane formation in which TCNQ participates is not
precedented. The cycloaddition-decyanation gives 31, which
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can be prepared only after tedious synthetic procedures,? in
a 46% overall yield in two steps.

Tetracyanoethylene (TCNE) undergoes a cycloaddition
reaction with a variety of electron-rich olefins.?? Treatment
of 1 with TCNE in acetonitrile and ethyl acetate, however, led
to the formation of amorphous polymeric material, but no
product of definite structure was noted.

Conclusion

Dispiro{2.2.2.2]deca-4,9-diene (1) exhibited interesting
chemical and physical properties and it also proved to be an
excellent precursor of some paracyclophane derivatives. Owing
to the bisected conformation of the cyclopropane ring in 1
which is most favorable for the conjugation between double
bond and electron-donating cyclopropyl group, 1 possesses an
unusually low ionization potential and shows a large batho-
chromic shift of the absorption maximum in the UV spectrum.
The thermal cycloaddition with conjugated dienes proceeded
by way of biradical intermediates and afforded [8]paracy-
cloph-4-enes in yields higher than 60%. The dispiro compound,
1, also underwent the donor-acceptor type cycloaddition with
TCNQ at ambient temperature.

Experimental Section

General, Melting points are uncorrected. NMR spectra were ob-
tained with a JEOL PS-100 spectrometer at 100 MHz; temperature
in the probe was maintained at 23 °C unless otherwise indicated.
Chemical shifts are given in parts per million from Si(CHj3)s. IR
spectra were taken on a Hitachi Model 215 grating spectrometer.
Mass spectra were recorded on a Hitachi Model RMU-6E spec-
trometer at an ionizing voltage of 80 eV; ions of each spectrum were
normalized to the spectrum’s most intense ion set equal to 100, and
relative intensities are given in parentheses. UV spectra were taken
on Cary Model 17 and Hitachi EPS-2 spectrophotometers. GLC work
was done on Hitachi Type 063 and Yanaco G-8 gas chromatographs
using helium as a carrier gas. The following columns were used: A,
20% Apiezon Grease L on Celite 545, 3 mm X 1 m; B, 20% Apiezon
Grease L on Celite 545, 3 mm X 2.5 m; C, 15% Apiezon Grease L on
Celite 545, 3 mm X 5 m; D, 5% Silicon SE-30 on Celite 545, 3 mm X
70 cm.

Materlals, Tetracyanoquinodimethane, tetracyanoethylene, p-
thiocresol, dimethyl maleate, 1,3-butadiene, and piperylene were
obtained from commercial sources and purified by recrystallization
or fractional distillation before use. 2,5-Dimethylene-1,4-cyclohex-
anediol,? methyl trans-2,4-pentadienoate,3! cis- and trans-2,4-pen-
tadienenitriles,32 dimethyl cis,trans-33 and trans,trans-2,4-hexa-
diene-1,6-dioates,3* cis,cis-2,4-hexadiene-1,6-dinitrile,35 trans,-
trans-1,4-diphenyl-1,3-butadiene,?¢ 2,3-dimethyl-1,3-butadiene,?’
2,3-dichloro-1,3-butadiene,3® dimethyl acetylenedicarboxylate,?® and
tetramethoxycarbonylquinodimethane?’ were prepared following the
procedures reported previously. Solvents were purified by fractional
distillations before use.

Dispiro[2.2.2.2]decane-4,9-diol (3). A mixture of 158 g of methylene
iodide (0.59 mol) and 60 g of granular Zn-Cu couple*? (0.92 mol) in
500 mL of dry ether was placed in a flask fitted with an efficient stirrer
and heated under gentle reflux for 20 min. Fifteen grams of 2 (0.107
mol) pulverized in a mortar was added portionwise*! and the resulting
mixture was agitated under reflux for 20 h. Then ca. 200 mL of sat-
urated aqueous NH4Cl solution was cautiously added to the cooled
reaction mixture. The ether was evaporated in vacuo and the residue
was filtered.42 The wet gray solid containing unreacted Zn granules
was washed with water, air dried, and extracted with 750 mL of
THF-CHCI; (1:1) solution. The dispiro diol (3) precipitated as fluffy,
colorless crystals from the hot filtrate, yield 9.0 g (50%). Crystalli-
zation from THF-CHCI; afforded pure 3 melting at 219-220 °C:
NMR (Me;S0O-d6) 6 0.00-0.20 (m, 4 H), 0.50-0.70 (m, 4 H), 1.25
(dofd,J = 5and 13 Hz,2 H), 1.63 (dof d, J = 10 and 13 Hz, 2 H),
3.58 (dof d,J = 5and 10 Hz, 2 H), 4.1 (br s, 2 H); IR (Nujol) 3350,
3065, 1060 cm™!. Anal. (C,oH603) C, H.

Dispiro[2.2.2.2]decane-4,9-dione (4), To a suspension of 9.8 g of 3
(58.3 mmol) in 300 mL of purified acetone cooled in an ice bath was
added slowly 35 mL of 8 N Jones reagent. After the addition, the
mixture was stirred for 15 min and then the excess reagent was de-
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stroyed with 15 mL of isopropyl alcohol. The reaction mixture was
filtered and the filtrate was concentrated in vacuo. The greenish-blue
precipitate was dissolved in water and extracted with 300 mL of ether.
The ethereal extract was combined with the concentrated acetone
solution, washed with aqueous NaHCQ;, and dried. Evaporation of
the solvent afforded 7.2 g of crystalline 4 which was recrystallized from
ether-petroleum ether to yield 6.6 g (70%) of 4 melting at 81-82 °C:
NMR (CDCIl3) 6 0.75-0.90 and 1.30-1.45 (AA’XX’, 4 H each), 2.71
(s, 4 H); IR (Nujol) 1690 cm™!. Anal. (C,pH,,0,) C, H.

Bistosylhydrazone of 4, A mixture of 5.0 g of 4 (30.8 mmol) and
12.0 g of tosylhydrazine (64.5 mmol) in 200 mL of ethanol was heated
at 60-70 °C for 12 h. The bistosylhydrazone precipitated as fluffy
crystals. The reaction mixture was cooled in an ice bath and filtered,
yield 14.5 g (94%), mp 230 °C dec. Anal. (C24H25N404S5) C, H,
N

Dispiro[2.2,2.2]deca-4,9-diene (1), A suspension of 27.4 g of the
bistosylhydrazone (55 mmol) obtained above in 300 mL of dry ether
was cooled to —20 °C in a dry ice-acetone bath and 250 mL of an
ethereal 1 N n-BuLi solution was added slowly. After the addition,
the mixture was stirred for 3 h at room temperature and then allowed
to stand overnight. To the reddish brown mixture was added 250 mL
of water and the ethereal layer was separated, washed with water, and
dried. The solvent was removed through a 30-cm fractionating column
and then with a rotary evaporator. The deep brown residue was dis-
solved in 50 mL of methanol and the solution was cooled in an ice-salt
bath. The precipitated crystals were collected, washed with a small
amount of chilled methanol, and dried over silica gel in a vial. (Because
1 is volatile, drying of 1 should not be carried out in an evacuated
desiccator.) Sublimation at 100 °C under atmospheric pressure af-
forded colorless plates melting at 121-122 °C in a sealed capillary:
yield 4.0 g (55%); NMR (CCly) 6 0.69 (s, 8 H), 4.80 (s, 4 H); IR
(Nujol) 3085, 1425, 1355, 1040, 975, 925, 845, 740, 730 cm™ L UV
(hexane) Amax(€) 222 nm (2.0 X 104); mass spectrum mi/e 132 (M*,
36), 131 (15), 117 (100), 116 (24), 115 (53), 105 (29), 104 (22), 103
(30),91(74),79 (21),78 (41), 77 (57), 65 (20), 63 (24), 52 (44), 50
(27). Anal. (C1oH,3) C, H.

Bisxanthate of 1 (5), Sodium hydride (2.0 g, 50% mineral oil dis-
persion, 42 mmol) was freed of mineral oil by washings with pentane
and the system was evacuated to remove the solvent. Dry Me,SO (75
mL) and 2.6 g of 3 (15.5 mmol) were added and the resulting mixture
was stirred for 2 h at 40-50 °C. The gray, syrupy solution was cooled
in an ice bath and 3.0 mL of CS; (50 mmol) was added. The reaction
was slightly exothermic and the mixture immediately turned deep
reddish brown. After standing overnight at room temperature, 3.2 mL
of methyl iodide (51 mmol) was added. The reaction mixture was
stirred for 8 h at room temperature, then poured onto ice, and the
product was extracted with chloroform. Evaporation of the solvent
and crystallization of the residue from chloroform-hexane afforded
3.8 g of the bisxanthate (§, 71%) decomposing at 146 °C: NMR
(CDCl3) 6 0.3-0.7 (m, 8 H), 1.50 (d of d, J = 3 and 15 Hz, 2 H),
2.45-2,70 (dof d and s at 2.59,J = 2 and 15 Hz, 8 H), 5.15 (m, 2 H);
IR (Nujol) 1205, 1030 cm~!. Anal. (C14H200,S4) C, H, S.

Pyrolysis of the Bisxanthate 5, When the bisxanthate was heated
in an oil bath, the decomposition began at ca. 140 °C and was com-
plete in 30 min at 150 °C, The viscous reaction mixture solidified on
cooling. The IR spectrum of the crude crystalline product lacked
completely the characteristic bands of the starting material. Crys-
tallization from chloroform-methanol afforded the rearranged
product (6) melting at 137-138 °C: NMR (CDCl;) é 0.20-1.00
(complex m, 8 H), 1.22 (brd,J = 15Hz,2H),2.42(s,6 H), 2.55(d
ofd,J = 3and 15 Hz, 2 H), 3.50 (brs, 2 H); IR (Nujol) 1720, 1635,
840 cm™!,

A flask containing 2 g of the xanthate was immersed in a salt bath
preheated at 300 °C and the pyrolysate was collected in a trap cooled
in a dry ice-acetone bath. The IR spectrum of the condensate showed
that it mainly consisted of 6. When the condensate was heated at 100
°C, colorless plates sublimed on the cold part of the glass wall. The
sublimate (50 mg) showed no depression of the melting point on a
mixture melting point measurement with 1 and its spectral properties
were indistinguishable from those of 1,

Rate of Disappearance of 1 in Triglyme. A 0.15 M solution of 1 in
triglyme containing phenyl isopropyl ketone as the internal standard
was placed in a NMR tube, which was subsequently connected to a
vacuum line. The solution was degassed by three freeze-thaw cycles.
Then the tube was filled with argon and sealed off. The decomposition
reaction was followed by measuring the relative intensity of the cy-
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clopropane proton signal of 1 to the methyl proton signal of the stan-
dard material. The reaction was clean first order at least up to the 70%
conversion.

Reactlon of 1 with 1,3-Butadiene, A solution of 200 mg of 1 (1.51
mmol) in 8 mL of benzene was placed in a glass ampule and bubbled
with argon for 30 min. Butadiene (260 L, ca. 3.0 mmol) was added
and the ampule was sealed off. After heating at 160 °C for 6 h, the
reaction was almost complete and only a trace amount of 1 remained.
The solvent was removed in vacuo and the residue was analyzed on
GLC (column A, 200 °C). Three major peaks in a ratio of 64:4:5
(retention times of 9, 32, and 42 min) were separated by preparative
GLC. The two minor products were shown to be 15 (5%) and 16 (4%).
The first component was subjected again to GLC analysis (column
C, 200 °C) and was found to be a mixture of two products in a ratio
of 83:13. They were isolated and shown to be 13a (74%) and 14a
(10%). 13a:!5 mass spectrum m/e 187 (5), 186 (M, 38), 145 (22),
130 (23), 129 (27), 118 (63), 117 (59), 115 (22), 104 (100), 91 (43),
78 (24). Anal. (C14H;5) C, H.

14a: mass spectrum mfe 187 (4), 186 (M, 32), 145 (14), 129 (15),
118 (23), 117 (42), 105 (14), 104 (100), 91 (28). Anal. (C,sH,3) C,
H

15: NMR (CCly) 6 1.2-2.2 (complex m, 12 H), 2.60 (m, 4 H),
4.4-5.7 (complex m, 4 H), 6.98 (s, 4 H); mass spectrum my/e 240 (M T,
8), 157 (34), 130 (42), 129 (61), 117 (80), 115 (30), 105 (27), 104
(100),91 (72), 79 (26), 77 (25), 67 (31), 55 (27). Anal. (C1sH34) C,
H

16: NMR (CCl4) 6 0.9-1.1 (m, 2 H), 1.2-2.1 (complex m, 9 H),
2.60 (q, 4 H), 4.50 (m, 2 H), 4.6-4.9 (two m, 2 H), 5.3-5.6 (complex
m, 1 H), 6.93 (s, 4 H); mass spectrum m/e 240 (M™, 19), 211 (38),
171 (41), 157 (96), 129 (69), 117 (77), 104 (100), 91 (28). Anal.
(Ci1gH24) C, H.

Reaction of 1 with Piperylene, A solution of 200 mg of 1 (1.51
mmol) and 540 uL of piperylene (ca. 5.4 mmol) in 16 mL of benzene
prepared as described above was heated at 160 °C for 5 h. GLC
analysis (column B, 200 °C) of the reaction mixture showed two peaks
in a ratio of 19:81 (retention times of 18 and 23 min). They were iso-
lated by preparative GLC and shown to be 17 (13%) and 13b (58%).
13b: mass spectrum m/e 201 (8), 200 (M, 46), 185 (15), 157 (25),
129 (25), 118 (24), 117 (40), 104 (100), 91 (24). Anal. (CisHz0) C,
H

17: NMR (CCly) 6 1.22 (t, J = 7.5 Hz, 3 H), 1.5-1.9 (m, 2 H),
1.9-2.3 (m, 2 H), 2.4-2.7 (m, 4 H), 4.8-5.1 (m, 2 H), 5.4-6.4 (com-
plex m, 3 H), 6.92 (s, 4 H). Anal. (C,5Hy) C, H.

Reaction of 1 with Methyl trans-2,4-Pentadienoate, A mixture of
400 mg of 1 (3.02 mmol) and 680 mg of trans-12¢ (6.1 mmol) in 16
mL of benzene was heated at 160 °C for 6 h in a glass ampule under
argon. GLC analysis (column A, 220 °C) of the reaction mixture
showed two major peaks in a ratio of 7:93. A fraction of bp 100-140
°C (3 mmHg) was collected on the distillation and subjected to pre-
parative GLC to yield 13¢ (65%) and 14c¢ (5%). 13¢; mass spectrum
mfe 245 (5), 244 (M, 30), 212 (20), 185 (50), 184 (29), 157 (20),
143 (25), 129 (27), 118 (29), 117 (96), 115 (22), 105 (40), 104 (100),
91 (49), 79 (25). Anal. (C16H2003) C, H.

14c: mass spectrum mife 245 (6), 244 (M, 38), 185 (37), 184 (26),
143 (24), 118 (27), 117 (75), 105 (36), 104 (100), 91 (36). Anal.
(C16H2002) C, H.

Reaction of 1 with cis- and ¢rans-Pentadienenitriles. A solution of
200 mg of 1 (1.51 mmol) and 240 mg of a ca. 1:1 mixture of cis- and
trans-12d (3.04 mmol) in 8 mL of benzene was heated at 160 °C for
5 h under argon. The solution gradually became cloudy and at the end
of the reaction fine oily droplets which appeared to be polymeric
material separated. GLC analysis (column B, 230 °C) of the reaction
mixture showed a single major peak. The product isolated by pre-
parative GLC was shown to be 13d (68%). Each of the cis and trans
isomers of 12d was isolated and subjected to the reaction with 1, The
results, however, did not differ appreciably and 13d was obtained in
67% yield from cis isomer and in 69% yield from trans isomer. 13d:
mass spectrum m/e 212 (16), 211 (M+, 94), 143 (31), 131 (25), 129
(31), 118 (35), 117 (100), 115 (31), 106 (27), 105 (54), 104 (95), 93
(30), 91 (64), 77 (26). Anal. (C,sH7N) C, H, N.

Reaction of 1 with Dimethyl trans,trans-Hexadlenedloate, A mix-
ture of 300 mg of 1 (2.26 mmol) and 770 mg of trans,trans-12e (4.52
mmol) in 6 mL of benzene was heated at 160 °C for 10 h. When the
reaction mixture was cooled to room temperature, a small amount of
the unreacted diene precipitated. The mixture was filtered and the
filtrate was concentrated in vacuo. Chromatography of the residue

on silica gel with benzene elution gave trans,trans-12e (total amount
of the recovered ester was 130 mg). Further elution with benzene
produced 60 mg of cis-13e (9%), which when recrystallized from
petroleum ether-benzene had mp 90-90.5 °C, and then 372 mg of
trans-13e (54%) which when recrystallized from methanol had mp
144-145 °C. cis-13e: IR (Nujol) 1740, 1730, 12085, 1160, 1150, 970,
800 cm™!; mass spectrum m/e 302 (M™, 4), 242 (53), 183 (61), 182
(31), 155(31), 143 (31), 117 (93), 115 (32), 104 (100), 91 (52), 78
(31). Anal. (C13H2204) C,H.

trans-13e; IR (Nujol) 1730, 1275, 1150, 1020, 960, 815 cm™!; mass
spectrum m/e 302 (M™, 7), 270 (33), 243 (35), 242 (95), 210 (30),
183 (86), 182 (36), 155 (32), 143 (32), 117 (99), 115 (31), 105 (31),
104 (100), 91 (51). Anal. (C13H2,04) C, H.

Reaction of 1 with Dimethyl cis,trans-Hexadienedioate, A mixture
of 300 mg of 1 (2.26 mmol) and 770 mg of cis,trans-12e (4.52 mmol)
in 6 mL of benzene was heated at 160 °C for 10 h and the resulting
mixture was worked up as described for the reaction of the trans,trans
isomer. Chromatography on silica gel with benzene elution produced
160 mg of the unreacted ester, 210 mg of cis-13e (32%), and 268 mg
of trans-13e (39%).

Methyl 5-Cyano-trans,trans-2,4-pentadienoate, Methyl hydrogen
trans,trans-2,4-hexadienedioate?’ was converted to the amide ester
following the procedure of Roberts et al.#4 in 65% yield: mp 177-179
°C; IR (Nujol) 3440, 3170, 1712, 1680, 1615, 1320, 1240 cm™!. Anal.
(C7HyNO;) C,H, N.

A mixture of 1.6 g of the amide ester (10 mmol) obtained above and
1.2 g of phosphorus pentoxide in 10 mL of tetrachloroethane was
heated at 145 °C for 30 min. The supernatant organic layer was de-
canted and the residue was heated with another 10 mL of the solvent
at the above temperature for 30 min. Concentration of the combined
tetrachloroethane solution afforded light brown crystals which were
purified by a column chromatography on silica gel with benzene
elution: mp 93-94 °C; yield 1.0 g; IR (Nujol) 3090, 2230, 1720, 1640,
1600 ¢cm™!,

Reaction of 1 with Methyl 5-Cyano-2,4-pentadienoate, A mixture
of 200 mg of 1 (1.51 mmol) and 370 mg of trans,trans-12f (2.70
mmol) in 8 mL of benzene was heated at 160 °C for 6 h. The solvent
was removed in vacuo and the residue was chromatographed on silica
gel. Elution with benzene produced successively 90 mg of 12f, 77 mg
of oily cis-13f (29%), and then 135 mg of trans-13f (50%) which when
recrystallized from benzene-petroleum ether had mp 129-130 °C.
cis-13f: Anal. (C17H9NO,) C, H, N.

trans-13f; IR (Nujol) 2350, 1730, 1380, 1155, 995, 970, 805 cm™};
mass spectrum nt/e 269 (M*, 16), 237 (24), 210 (44), 209 (60), 183
(21), 182(23), 119 (21), 118 (27), 117 (100), 115 (27), 104 (62),91
(56). Anal. (C;7HsNO3) C, H, N.

Reaction of 1 with cis,cis-Hexadienedinitrile, A mixture of 300 mg
of 1(2.26 mmol) and 452 mg of cis,cis-12g (4.34 mmol) in 6 mL of
benzene was heated at 160 °C under argon. The clear yellow solution
gradually turned brown and became dark brown after 2 h. The reac-
tion was discontinued then and the solvent was evaporated in vacuo.
Chromatography of the residue on silica gel eluting with a benzene-
petroleum ether (2:3) mixture gave 40 mg of unreacted 1, Elution with
benzene produced 258 mg of the unreacted nitrile. Further elution with
benzene produced 270 mg of trans-13g (58%), which when recrys-
tallized from benzene-petroleum ether had mp 155-156 °C, followed
by 146 mg of cis-13g (31%) which when recrystallized from ben-
zene-petroleum ether had mp 134-135 °C. trans-13g: IR (Nujol)
2250, 1520, 1420, 965, 890, 810, 805 cm™!; mass spectrum m/e 236
(MT,34), 183 (21), 182 (17), 130 (18), 117 (100), 115 (19), 105 (17),
104 (57),91 (28), 77 (16). Anal. (C;¢H16N2) C, H, N.

cis-13g: IR (Nujol) 2260, 2245, 1380, 980, 970, 895, 805; mass
spectrum m/e 236 (M+,21), 118 (13), 117 (100), 115 (13), 105 (14),
104 (33), 91 (23). Anal. (C16H16N2) C, H, N.

Reaction of 1 with trans,trans-1,4-Diphenyl-1,3-butadiene, A
mixture of 200 mg of 1 (1.51 mmol) and 620 mg of trans,trans-12h
(3.00 mmol) in 4 mL of benzene was heated at 160 °C for 8 h. The
solvent was removed in vacuo and the residue was chromatographed
on silica gel. Elution with petroleum ether produced 265 mg of the
unreacted butadiene. Elution with benzene produced a yellow, viscous
oil which was subjected to distillation. A fraction of up to 160 °C under
10~2 mmHg was collected and dissolved in S mL of petroleum ether.
The resulting solution was allowed to stand overnight, then filtered
to remove yellow, amorphous precipitate and the filtrate was con-
centrated in vacuo. The NMR spectrum of the residue, which crys-
tallized on standing, showed two olefinic proton peaks characteristic
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of the [8]paracycloph-4-ene derivatives at 6 4.14 and 4.25 in a ratio
of 6:1. Crystallization from methanol gave 77 mg of analytically pure
trans-13h (15%) melting at 110.5-111.5 °C. The minor product ap-
peared as a shoulder on the peak of the major one on GLC analysis
(column A, 250 °C) and it was difficult to separate it by preparative
GLC. The NMR spectrum of the mixture with trans- 13h suggested
that it was cis-13h, trans-13h: 1R (Nujol) 3040, 1600, 1510, 1490,
955, 800, 745, 690 cm™!; mass spectrum m/e 339 (15), 338 (M™, 50),
234 (29),207 (29), 129 (20), 118 (77), 117 (73), 105 (20), 104 (100),
91 (52). Anal. (Cy6Hz6) C, H.

Reactlon of 1 with 2,3-Dimethyl-1,3-butadiene, A solution of 200
mg of 1 (1.51 mmol) and 248 mg of 12i (3.03 mmol) in 16 mL of
benzene was heated at 160 °C for 6 h. GLC analysis (column B, 210
°C) of the reaction mixture showed two peaks in a ratio of 1:4. A
fraction of bp 125-140 °C (2 mmHg) collected upon distillation was
subjected to preparative GLC to give 131 (57%), which when recrys-
tallized from methanol had mp 65-66 °C, and oily 141 (14%). 13i;
mass spectrum m/e 215 (10), 214 (M, 60), 173 (19), 143 (25), 131
(30), 130 (18), 129 (21), 118 (43), 117 (68), 104 (100), 91 (27), 55
(24). Anal. (C;¢H22) C,H.

14i: mass spectrum m/e 215 (8), 214 (M™*,47), 143 (17), 131 (23),
130 (17), 118 (40), 117 (54), 104 (100), 91 (20), 55 (25). Anal,
(CisH22) C, H.

Reaction of 1 with 2,3-Dichloro-1,3-butadiene. A solution of 200
mg of 1 (1.51 mmol) and 250 pL of 12j (ca. 2.5 mmol) in 16 mL of
benzene was heated at 160 °C for 4 h, GLC analysis (column A, 200
°C) of the reaction mixture showed two peaks in a ratio of 9:1 (re-
tention times 39 and 48 min). The mixture was distilled in vacuo and
a fraction of bp 100-140 °C (2 mmHg) was collected, Recrystalli-
zation of the distillate from methanol gave 80 mg of 13j (21%) melting
at 71-72 °C. The minor product was thought to be 14j, but was present
in such small amount that it could not be isolated. 13j: Anal.
(C[4H16C12) C, H, Cl

Reaction of 1 with 1,3-Butadiene in the Presence of p-Thiocresol,
A mixture of 150 mg of 1 (1.13 mmol), 220 uL of 12a (ca. 2.5 mmol),
and 700 mg of p-thiocresol (5.64 mmol) in 6 mL of benzene was
heated at 160 °C for 5 h under argon. The reaction mixture was
poured into 75 mL of ether and the resulting solution was washed with
2 N NaOH to remove the unreacted thiocresol. The solvent was re-
moved and the residue was analyzed by GLC (column A, 210 °C),
which showed three peaks. They were separated by preparative GLC
and shown to be p-diethylbenzene, di-p-tolyl disulfide, and 10, The
cycloaddition products, 13a and 14a, were not detected on the GLC
analysis.

Reaction of 1 with Dimethyl Maleate, A mixture of 132 mg of 1
(1.00 mmol) and 288 mg of dimethyl maleate (2.00 mmol) in 20 mL
of tert-butyl alcohol was heated at 158 °C for 11 h under nitrogen.
After solvent removal, the residue was subjected to vacuum distilla-
tion, which afforded 91 mg of the unreacted ester containing a trace
amount of the trans isomer and 201 mg of colorless oil (bp ~170 °C
(0.02 mmHg)) which solidified on standing. Crystallization of the
latter from a petroleum ether-diethyl ether mixture afforded 115 mg
of 22 (42%) melting at 66.0-67.2 °C. The yield of 22 determined by
GLC with internal standard was 49%. NMR (CCly) 6 0.72 (s, 4 H),
1.6-2.3 (complex m, 4 H), 2.84 (d, J = 9 Hz, | H), 3.3 (m, 1 H), 3.52
(s, 3 H), 3.60 (s, 3 H), 4.96 (m, 2 H), 5.40 (m, 2 H); IR (KBr) 1735
cm™!; mass spectrum m/e 276 (M1, trace), 216 (26), 157 (100), 156
(37), 129 (52), 128 (20), 117 (43), 115 (22), 91 (28). Anal.
(Ci16H2004) C, H.

Reaction of 1 with Dimethyl Acetylenedicarboxylate (DMAD), A
mixture of 132 mg of 1 (1.00 mmol) and 284 mg of DMAD (2.00
mmol) in 5 mL of tert-butyl alcohol was heated at 158 °C for 10.5
h under argon. After the reaction, a trace amount of 1 and ca. 20%
of the starting DMAD remained. The GLC analysis (column D, 170
°C) of the reaction mixture showed a single major peak with some very
minor peaks. The major product was isolated by preparative GLC and
shown to be 23 (169 mg, 62%). Treatment with active charcoal and
crystallization from an ether-methylene chloride mixture afforded
analytically pure 23 melting at 75.8-77.3 °C: NMR (CCly) 6 0.76
(s,4H),2.00(t,J = 8 Hz, 2 H), 2.66 (t,J = 8 Hz, 2 H), 3.64 (s, 3 H),
3.68(s,3H),5.05(d,J = 10Hz,2H),5.45(d,J = 10Hz,2H); IR
(KBr) 1742, 1713, 1652 cm™!; mass spectrum m/e 274 (M*, 3.6), 243
(32), 242 (86), 227 (100), 214 (35), 184 (28), 183 (26), 156 (51), 155
(}?3)’ 141 (27), 128 (32), 107 (20), 105 (25). Anal. (C;¢H,304) C,

Reaction of 1 with Tetracyanoquinodimethane (TCNQ) in o-Di-
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chlorobenzene, A mixture of 200 mg of 1 (1.51 mmol) and 370 mg of
TCNQ (1.82 mmol) in 40 mL of o-dichlorobenzene was stirred at 60
°C for 20 h. After the mixture was cooled to room temperature, in-
soluble amorphous material was filtered off and the filtrate was
concentrated in vacuo, Chromatography of the brown residue onsilica
gel with ether elution gave a crystalline product which was crystallized
from ethyl acetate to give 179 mg of 30 (35%) melting at 26C-260.5
°C. When the mixture of 1 and TCNQ in o-dichlorobenzene was
heated at 170 °C for 6 h, the yield of 30 was increased to 60%. NMR
(CDCl3) 6 2.7-3.2 (m, 8 H), 6.72 (s, 4 H), 7.3 (s, 4 H); IR (Nujol)
2260 em™!; UV (CH,Cly) Amax(€) 262 nm (680), 267 (580), 297
(150); mass spectrum my/e 337 (27), 336 (M+,97), 132 (49), 131 (33),
118 (22), 117 (100), 91 (27). Anal. (C22H1¢N4) C, H, N.

Reductive Decyanation of 1,1,12,12-Tetracyano[3.3]paracyclo-
phane, Under nitrogen, 1.7 g of sodium (74 mmol) was added to 160
mL of liquid ammonia and stirred until a dark blue color persisted;
this was followed by portionwise addition of 800 mg of pulverized 30
(2.37 mmol). After 30 min of further stirring, the resulting reaction
mixture was poured into 300 mL of ether cooled in an ice bath. lce
cubes were slowly added to the mixture until the blue color dissipated,
and the ammonia was then allowed to boil off. The ether layer was
separated from the aqueous residue, which was extracted with ether.
The ethereal extracts were combined, dried with magnesium sulfate,
filtered, and evaporated to give a white solid. Chromatography of the
crude product on silica gel with 5% benzene in hexane elution followed
by crystallization from acetone-methanol afforded 429 mg of 31
(76%) melting at 100.5-103.0 °C. When recrystallized from ace-
tone-methanol, the product had a mp of 104.9-105.2 °C (lit.2%2
105.0-105.5 °C). The spectral properties agreed well with those re-
ported.2%®

Reaction of 1 with TCNQ in Acetonitrile, Since the cycloaddition
product, 32, is highly susceptible to hydrolysis, all operations were
carried out under anhydrous conditions. A mixture of 209 mg of 1
(1.58 mmol) and 308 mg of TCNQ (1.51 mmol) in 50 mL of dry ac-
etonitrile was stirred at room temperature. The color of the reaction
mixture changed from light green to brown during 5 days. The solvent
was removed and the residue was crystallized from acetonitrile to yield
365 mg of pale yellow 32 (64%) decomposing above 110 °C.

The dispiro compound (1) and TCNQ were dissolved in acetoni-
trile-d3 and the reaction was followed by its NMR spectrum, which
showed that the reaction was complete in 60 h at room temperature.
32: NMR (CD3CN) 6 1.90 (s, 3 H), 2.8-3.1 (m, 6 H), 3.80 (m, 2 H),
6.65 (s, 4 H), 7.25 (AB q, 4 H); IR (Nujol) 1680 cm™!; mass spectrum
mfe 377 (MT, 24), 198 (48), 197 (78), 183 (52), 170 (89), 129 (80),
128 (100), 127 (50), 116 (34), 115 (89), 102 (24), 89 (31), 75 (28).
Anal. (C34HsNs) C, H, N.

Reaction of 1 with TCNQ in Acetone. A mixture of 200 mg of 1
(1.51 mmol) and 320 mg of TCNQ (1.57 mmol) in 40 mL of dry ac-
etone was stirred at room temperature. GLC analysis of the reaction
mixture showed that 1 was consumed in 2 days. Evaporation of the
solvent gave the crude crystalline product, which was washed well with
methanol to remove reddish-brown oil and then crystallized from
benzene to yield 166 mg of 33 (28%) decomposing at 153 °C. 33:
NMR (CDCl;) 6 1.58 (s, 6 H), 2.80-2.95 (m, 4 H), 3,10-3.20 (m, 2
H), 3.75(t,J = 5.5Hz,2 H),6.72 (AB q, 4 H), 7.12 (s, 4 H); mass
spectrum m/e 297 (31), 141 (23), 131 (21), 119 (100), 118 (28), 117
(83), 115 (26), 105 (40), 104 (47), 91 (74), 77 (28). Anal
(C45H22N40) C, H, N.

Reaction of 1 with Tetramethoxycarbonylquinodimethane, A mix-
ture of 128 mg of 1 (0.97 mmol) and 218 mg of 34 (0.65 mmol) in 20
mL of benzene was heated at 170 °C for 6 h and then filtered to re-
move amorphous precipitate. The filtrate was evaporated in vacuo and
the residue was crystallized from methanol to give 30 mg of colorless
35 (10%) melting at 158.0-158.5 °C: NMR (CDCl3) § 2.6-2.9 (m,
8 H), 3.78 (s, 12 H), 6.70 (s, 4 H), 7.05 (br s, 4 H); IR (Nujol) 1725
cm™; mass spectrum m/e 469 (12), 468 (M, 42), 306 (47), 274
(100), 117 (80), 104 (24). Anal. (C26H250s) C, H.
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Abstract: The technique of electron pulse radiolysis has been used to produce aromatic carbonyl triplet states in liquid benzene.
Kinetic absorption spectrometry has allowed the determination of the rate constants for quenching of these states by norborna-
diene (1), quadricyclene (2), and their ethoxycarbonyl analogues (3 and 4). Analysis of the rate constant data together with
quantum yield measurements shows that norbornadienes quench high energy triplets such as that of acetophenone via an ener-
gy transfer mechanism and the free triplets of the diene thus produced decay mainly to the corresponding quadricyclene (2,
~ 96%, and 4, ~ 93%). With lower energy triplets the rate constant for quenching decreases as does the proportion of free trip-
lets produced. The balance between energy transfer and decay to ground states then depends on the triplet energy and electron
accepting properties of the triplet state involved. Quenching by quadricyclene involves charge transfer stabilization of the en-
counter complex and subsequent decay to ground states. Although attempted correlation with the function [3AEqq + E(A~/
A)] is inconclusive, there is a strong correlation with the quenching of the same triplet states by triethylamine.

Introduction

A classical reaction of organic photochemistry involves
the light-induced interconversion of norbornadiene (1) and
quadricyclene (2) and their derivatives, On direct excitation
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1is converted to 222 whereas triplet sensitization leads to the
establishment of a photostationary state between these valence
isomers,2>3 The strained hydrocarbon 2 has been shown to
quench aromatic hydrocarbon fluorescence. It was originally
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