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Figure 2. Part of the crystal structure of 8a (asymmetric unit); selected distances (pm): Ni-C1 146.2 (3), N1-C8 145.8 (3), N1-C9 145.2 (3), O1-C3
121.5 (3), 02-C7 121.1 (3), Ci-C2 159.0 (3), C1-C15 152.0 (3), C2-C7 153.8 (3), C2-C16 151.5 (4), C3-C4 150.1 (3), C4-C5 153.6 (3), C4-C9
154.4 (3), C4-C17 151.9 (4), C5-C6 153.0 (3), C6-C7 150.0 (4), C6—C8 154.4 (3), C6-C18 152.7 (3), Ci0-C11 1379 (4), C10-C15 138.2 (3),
C11-C12 137.4 (4), C12-C13 136.4 (4), C13-C1i4 138.8 (4), C14-C15 139.5 (3). The values for the second molecule do not significantly deviate

from these data.

These facts support the conclusion that the unstable aza bicycle
6 is partly degraded in the complex reaction system, generating
formaldehyde equivalents, which enable the reorganization toward
the thermodynamically more stable heterotricyclic adamantane
system.

We used this result for preparative purposes. Adding form-
aldehyde analogues (in excess) to the reaction mixture stops the
degradation and establishes a simple route to a-substituted 1-
azaadamantanes 8 (Figure 1).8  We consider compounds 8 to be
valuable products for further investigations. The overall reaction
sequence cuts off a one-carbon unit from the tricycle and replaces
this by variable CHR groups. This results in a remarkable ary-
lation of a saturated tertiary amine within three steps.

Figure 2 shows the result of the X-ray analysis of 8a and
confirms the interpretations of the spectroscopic data.” Fur-
thermore, it is obvious that one or two more a-substituents are
necess?ry for the development of good model systems for concave
bases.

The azaadamantane 8a crystallizes in the monoclinic space
group P2,/c [a = 1490.0 (5) pm, b = 1478.1 (6) pm, c = 1360.9
(8) pm, 8 = 91.12 (4)°, ¥'= 2999 (2) X 106 pm3, Z = 8, d 4
= 1.255 g/cm®]. The structure was refined to R > 0.048 and R,
= 0.050 for 3394 independent reflections [F > 4¢(F)]. Figure
2 shows the two enantiomeric molecules of 8a, which are found
in the asymmetric unit of the monoclinic cell. The bonding pa-
rameters of 8a are in good agreement with literature data: The
C4-C9 bond distance, for example, is well comparable to the
distance of a normal single bond [154.1 (3) pm]'® and the value
found in adamantane [153.6 (5) pm].!! N~C and C~C (phenyl)
distances are also normal. The C~C bonds, which are neighbors
of one C-O bond [e.g., C6-C7 = 150.0 (4) pm}, do not deviate
from literature data [150.0 (2) pm].!® The carbon atom in the
neighborhood of two C-O bonds, however, shows two elongated
C-C(CO) bonds [C2-C3 = 151.3 (3) pm, C2-C7 = 153.8 (3)
pm], a strongly elongated C~C (ring) bond [C2-C1 = 159.0 (3)
pm}, and a slightly shortened C-C(Me) bond [C2-C16 = 151.5
(4) pm]. The deformation of the tricyclic system induced by the

(7) The yields and the analysis of the products show that three parts of §
reorganize to two parts of the diketone 1 and one part of the cyclohexanedione
7.

(8) Preparation of 8a: 4 mL of concentrated hydrochloric acid is added
dropwise to a mixture of 0.48 g (2.25 mmol) of 5§ and 1.1 g (10.5 mmol) of
benzaldehyde. The mixture is stirred at room temperature for 12 h. With
ice cooling, ammonia (25% aqueous solution) is slowly added until an alkaline
pH is obtained. Elution with dichloromethane is followed by washing of the
organic layer with dilute ammonia. The organic layers are dried with Na,SO,
and concentrated under reduced pressure. Unreacted benzaldehyde and 8a
are separated by column chromatography (silica gel, CH,Cl,/acetone, 10:1).
8a is isolated as colorless crystals (0.45 g, 1.6 mmol, 72%, mp 131 °C).

(9) The X-ray data will be helpful in future investigations to get infor-
mation about the interactions between the 1,3-dicarbonyl system and the
nitrogen lone pair. The pK, values of compounds of type 1 are in the region
of 3.5-4, which is remarkably low.

(10) International Tables for X-Ray Crystallography; Kynoch: Bir-
mingham, 1968, (Vol. 3).

(11) Donohue, J.; Goodman, S. H. Acta Crystaligr. 1967, 22, 352.

incorporation of the phenyl ring is quite small.

Acknowledgment. We thank the Deutsche Forschungsge-
meinschaft and the Fonds der Chemischen Industrie for their
financial support.

Registry No. 1, 136947-01-8; 2, 136947-02-9; 3, 136911-70-1; 4,
136911-71-2; 5, 136911-72-3; 8a, 136911-73-4; 8b, 136911-74-5; 8¢,
136911-75-6; 8d, 136911-76-7; 8¢, 136911-77-8; benzaldehyde, 100-52-7;
4-nitrobenzaldehyde, 555-16-8; 2-nitrobenzaldehyde, 552-89-6; 4-(di-
methylamino)benzaldehyde, 100-10-7; 2-furaldehyde, 98-01-1.

Supplementary Material Available: Tables of positional pa-
rameters, bond lengths and angles, anisotropic thermal parameters,
and hydrogen positions of 8a (9 pages). Ordering information
is given on any current masthead page.

2,3-Dioxa-5,7-bicyclo[2.2.2]octadiene (Benzene
1,4-endo -Peroxide)

Taehee Noh and Nien-chu C. Yang*'

Department of Chemistry, University of Chicago
Chicago, 1llinois 60637

Received July 31, 1991
Revised Manuscript Received September 26, 1991

Energy-rich endoperoxides of aromatic hydrocarbons are of both
synthetic and theoretical interest./® Benzene 1,4-endo-peroxide
(2,3-dioxa-5,7-bicyclo[2.2.2]octadiene 1), the simplest and most
energetic member of this series, is not yet known. We have
developed a convenient synthesis of cis,anti-dibenzene 2,19 which
is a reactive substrate in Diels—Alder addition,!+'? and its adducts

' Dedicated to Professor George H. Bilchi on the occasion of his 70th
birthday.
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Table I. Results and Activation Parameters of Thermolyses of Arene Endoperoxides

endoperoxides solvent AH*, keal/mol AS*, eu 10, yield, %
9,10-diphenyl-1,4-dimethylanthracene 9,10-endo-peroxide® dioxane 31.8 0.3 74 £0.8 50
9,10-dipheny!-1,4-dimethylanthracene 1,4-endo-peroxide? dioxane 29.8 £0.3 -1.8 £ 0.8 95
naphthalene 1,4-endo-peroxide® 23209 -0.2£ 1.1 ~100
benzene 1,4-endo-peroxide? THF-d, 17.8 £ 0.5 0419 >90 %3

9Reference 6. ®Anthracene 9,10-endo-peroxide does not undergo thermal dissociation to yield singlet oxygen, ref 8. ¢Reference 4. ?This work.

are potential intermediates in the synthesis of formal cycloadducts
of benzene via retrophotocycloaddition (reaction 1). This com-
munication deals with the synthesis and chemistry of 1.
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Singlet oxygenation of 2 yields a mixture of monoperoxide 3
and diperoxide 4."> Under carefully controlled conditions, 3 may
be obtained in 35~40% yield, mp (dichloromethane-hexane) 114—6
°C dec; NMR (CDCl,) 6 6.79 (2 H, m, J = 3.9 Hz, OCCH=
CHCO), 5.71 (2, H, dd, J = 7.8 and 2.7 Hz, C=CHCH==C),
5.47 (2 H, m, CCH=C), 4.68 (2 H, m, C==CCHO), 3.11 (2 H,
br s, cyclobutyl CH), and 2.56 ppm (2 H, br s, cyclobutyl CH);
BC NMR (CDCly) 6 131.27, 125.63, 121.34, 72.20, 44.70, 32.67
ppm; IR (CHCI;) 3033, 2956, 1618, 1604, and 1587 cm™; UV
(cyclohexane) Apg, (€) 275 nm (3000); MS (EI*) calcd for
C,,H,,0, 188.0837, obsd 188.0852. Compound 3 undergoes
thermolysis to give diepoxide § (78%) and fragmentation prod-
ucts." The products obtained from low-temperature photolysis
of 3 were monitored by 'H NMR spectroscopy and were found
to be dependent on the wavelength of the exciting light. Wave-
length dependence of peroxide photolysis is known and has been
analyzed by Kearns.!? Excitation into each of the three accessible
excited states of 3, the n,c0.o* and n,6¢o* of the peroxide group
and the r,x* state of the 1,3-cyclohexadiene, may thus lead to
a selective photochemical pathway. We found that irradiation
of 3 with 365-nm light leads mainly to the O—O cleavage and the
formation of the.diepoxide § via the n,coo* excitation, and ir-
radiation with 254-nm light leads mainly to the C-O cleavage
and the formation of 4 and polymeric material via the n,cco*
excitation. These observations are in agreement with the analysis
formulated by Kearns.2 However, the 1,3-cyclohexadiene moiety
of 3 may still undergo the desired retrophotocycloaddition to 1
and benzene, since the more intense ,7* transition of the 1,3-diene
is known to protect an endoperoxide from photodecomposition
in the region of the diene absorption.> Compound 3 (0.02 M) was
thus irradiated in THF-d; with a Hanovia Hg arc through a

(12) Noh, T., unpublished results.

(13) Diperoxide 4 exhibits the following features: mp 147 °C dec; 'H
NMR (CDCl;) § 2.53 (4 H, br s, cyclobutyl H), 4.63 (4 H, m, C=CCHO),
and 6.87 ppm (4 H, m, C=CH); IR (KBr) 3065, 2970, 2944, 1374, 1242,
1030_}8942, and 899 cm™; MS (Ei*), 220, 188 (M - 32), 104, 91, 81 (100),
and 78.

(14) Diepoxide 5§ exhibits the following features: mp (CH,Cl,—hexane)
136-138 °C; 'H NMR (CDCl;) § 2.81 (2 H, d, J = 2.2 Hz, cyclobutyl H),
2.93-2.95 (4 H, m, 2 oxiranyl H and 2 cyclobutyl H), 3.49 (2 H,d, J = 2.6
Hz, oxiranyl H), 5.62 (2 H, m, C=CH), and 5.78 ppm (2 H, dd, J = 7.7 and
2.7 Hz, C==CH), '*C NMR (CDCl;) & 32.85, 40.05, 48.01, 50.36, 122.35,
and 125.78 ppm; IR (CHCl,) 3025, 3018, 2938, 1603 (w), 1584, 1418, 1372,
1268, 1058, 944, and 875 cm™!; UV (cyclohexane) A, (€), 274 nm (3200);
MS (EI*) 188, 115, 110, 91, 81 (100), and 78.
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Figure 1. (a) Upper curve: 'H NMR (500 MHz) spectrum of 3 in
THF-d; at —45 °C; the peaks at 1.72 and 3.55 ppm are due to THF, and
the peak at 2.89 ppm is due to H,0. (b) Lower curve: 'H NMR
spectrum of 3 in THF-d; at —45 °C after irradiation; the peaks at 5.17
and 6.72 ppm are due to 1, the peak at 7.3 ppm is due to benzene, and
those at 2.39, 4.58, and 6.80 ppm (marked by arrows) are due to 4.
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300-nm interference filter (5 nm) at -78 °C (dry ice—ether in
a quartz Dewar). The reaction was complete after 5 h, and the
'H NMR spectrum of the reaction mixture at —-45 °C is given
in Figure 1. The result indicates that a major product of ~90%
purity is formed in 40-60% yield which exhibits two peaks at &
5.17 and 6.72 ppm at a ratio of 1:2 in addition to that of benzene
at 7.30 ppm. The major byproduct is 4, most of which precipitated
from the solution at that temperature, and its '"H NMR peaks
in solution are marked in Figure 1b. The structural assignment
of 1 is supported by its '"H NMR spectrum, which exhibits signals
in the expected region,* and its thermal and chemical behavior
presented below.

The thermolysis of arene endoperoxides has been studied ex-
tensively by many chemists, and some of the results are sum-
marized in Table I. Wasserman and Scheffer reported the first
instance of singlet oxygen formation from meso-substituted an-
thracene and rubrene peroxides.* Turro and co-workers showed
that the yield of singlet oxygen is higher from anthracene 1,4-
endo-peroxides than from the 9,10-endo-peroxides and that singlet
oxygen formation from arene endoperoxide, which has a low
activation entropy, is thus a concerted retrocycloadditiont A
similar observation was noted by Vogel in the thermal dissociation
of naphthalene 1,4-endo-peroxide. When the solution of 1 was
warmed up to 21 °C, its NMR peaks disappeared while the
benzene peak intensified. The rate of decomposition was deter-
mined at five different temperatures between —30 to ~47 °C. The
calculated values of AH* and AS * are 17.8 % 0.5 kcal-mol™ and
—0.4 £ 1.9 eu, respectively. When either 9,10-dimethylanthracene
or excess 3 was used as a trapping agent for singlet oxygen, the
corresponding endoperoxides, identified by comparison with au-
thentic samples, were obtained in 90 % 3% yield.™'* Our results
are in agreement with a mechanism by which the thermolysis of
1 to benzene and singlet oxygen is a concerted process and the
rate of arene endoperoxide thermolysis to the corresponding arene
and singlet oxygen is related to delocalization energy of the arene
product.

CAUTION. Due to its thermal instability and high energy
content derived from the strain energy and the delocalization
energy of its product, no attempt was made to prepare 1in a purer
or more concentrated form. Peroxides 3and 4 are also potentially
hazardous compounds.



9414 J. Am. Chem. Soc. 1991, 113, 9414-9415

Acknowledgment. We thank the National Institute of General
Medical Sciences and the National Science Foundation for the
support of this research. We also thank the NSF Instrumentation
Program and the National Cancer Institute via the University of
Chicago Cancer Research Center (CA-14599) for the NMR
instruments used in this work.

A Lamellar Conducting Polymer by Self-Assembly of an
Electropolymerizable Monomer

David M. Collard and Marye Anne Fox*

Department of Chemistry and Biochemistry
University of Texas at Austin
Austin, Texas 78712

Received August 5, 1991

Despite the number of studies of electronically conductive
polymers,! material intractability? and the design of anisotropic
conductors have only recently been addressed. Attempts to impart
directional asymmetry to the structure of conducting polyheter-
ocycles include polymerization in restricted geometries® and with
bulky counterions,* stretch orientation of the polymers,® dissolution
of the polymers in multilayered films,® and polymerization of
heterocyclic monomers with high molecular anisotropy.” The
latter two approaches include studies directed toward the prep-
aration of Langmuir-Blodgett multilayers of conductive polymers.
Here we demonstrate that by further increasing the molecular
anisotropy (amphiphilicity) of a monomer (2) we can rely on
molecular self-assembly to afford a highly ordered lamellar
polymer which is soluble in chloroform and water.
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Figure 1. Formation and electrochemical cycling of poly(potassium
3-(3-dodecylpyrrol-1-yl)propanesulfonate): (A) cyclic voltammetry (25
cycles at 100 mV s™') of S mM 2 in 0.1 M aqueous KNO; at a gold
electrode, versus Ag/AgCl (saturated KCl) reference electrode; (B)
cyclic voltammetry (100 mV s°') of poly(2) prepared in part A in I M
HCIO,.

Potassium 3-(3-alkylpyrrol-1-yl)propanesulfonates 1-3 were
prepared by the reaction between the potassium salt of 3-alkyl-
pyrrole® and 1,3-propanesultone.® The critical micellar con-
centrations (cmc) of these surfactants were determined by the
method of Corrin et al., whereby the color of a solution containing
pinacyanol chloride turns from pink to blue upon increasing the
concentration through the cme.!® In deionized water the cmc
of 2! is 5 X 107* M. Upon addition of potassium nitrate (0.1
M), the value is reduced to 2 X 10> M. The higher homologue
3 is not sufficiently soluble to exhibit a cmc. The unsubstituted
analogue 1° is freely soluble in water. These potassium sulfonates
are soluble in DMSO, only slightly soluble (<1 mM) in acetonitrile
and benzonitrile, and insoluble in dichloromethane and THF.

The monomers described here undergo an irreversible elec-
trochemical oxidation to form a nonconductive film on a gold
electrode surface if the potential is swept to greater than ca. 1
V (vs Ag/AgCl (saturated KCl1)).? If the positive potential is
limited to +800 mV, polymerization takes place to afford a
conducting film. When a 5 mM micellar solution of 2 in 0.1 M
KNO; is repeatedly cycled between 0 and +700 mV, a smooth
red polymer, poly(2), is deposited on a gold electrode. The current
at the upper potential limit increases during the first 10 cycles,
Figure 1A. A reversible wave develops at ca. +200 mV corre-
sponding to redox cycling of poly(2), which persists upon transfer
to monomer-free electrolyte solution (Figure 1B). The charge
beneath the polymer redox wave corresponds to approximately
5% of the charge passed during deposition although this is difficult
to determine with certainty because of the change in capacitive
charging. Assuming a two-electron oxidative mechanism for the
addition of one pyrrole unit to the growing chain, this implies a
doping level of ca. 10% (i.e., there is 1 cationic charge/10 repeat
units in the oxidized polymer).

In contrast, cyclic voltammetry of 5 mM solutions of pyrrole
or N-methylpyrrole in 0.1 M KNO; failed to deposit a polymer
layer, with a conductive polymer being deposited only at higher
concentrations (60 mM).!2 The observation of polymer formation
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