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Abstract: Methods are described for the synthesis of bis-diazene precursors of catenated tetraradicals. Photodeazetation
in a low-temperature matrix of tHe-tosylpyrrole member of the seriek3) gives mainly the monodeazetated biradical

34, which is characterized by its ESR spectrum as a triplet species. Determination of the absolute number of spins
present and analysis of the kinetics of the photolysis show that the tetraradisapresent to the extent of only
0.2-0.5% of the concentration of the biradical. The spectrum of the tetraratiddlerefore cannot be observed

under these conditions, and its spin remains unknown. Photodeazetation of the bis-diazene pi&g)uirsone
thiophene series gives successively the green monodeazetated biGglimatl the (also green) bis-deazetated
tetraradicalll. The reactions of compountl with alkenes in thawed matrices and its lack of an ESR spectrum
characterize the species as a singlet. The tetraradidala prototype of a nonclassical polymeric conductor. Because

of the presence of “half-filled” NBMOs, the frontier electrons of such molecules may be exceptionally conductive.

Accompanyind and previouspapers show how variation of Such non-Kekulebiradical units might serve as building
the group X can be used to control the spacings of the multiplet blocks for the eventual construction of multiradical “nonclas-
energies of a series of heterocyclic non-Kékuleleculesl—3. sical® polymers with useful and theoretically significant proper-
These species are formed in thermal or photochemical deazeties. Specifically, inz-electron theory, the monomeric units
tations of their corresponding diazends-6. That work 1-3 each contain a pair of half-filled nearly degenerate,

nominally nonbonding molecular orbitals (NBMOs). The triplet
: monomer¥>2dmight lead to conductively insulating high-spin

U polymers, such a8, with ferromagnetic propertie’s.On the
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demonstrates singlet ground states for the furan and thiophene 7: X=0 10: X=O R, =H
biradicals1 and 2 as well as for the pyrrole biradica&with T FATETRE
electron-releasing or moderately electron-withdrawing N-sub- 8: X=8S 11: X=S, Ry =CHg
stituents (R). Both singlet and triplet species can be observed
when the R group is strongly electron-withdrawing, as iFFR 9: X=NTs 12: X=NTs,Rz=H

p-toluenesulfonyl (Ts) op-bromobenzenesulfonyl (Bs).

other hand, from singlet monomers such lagand 2,1a.2ace
catenation should lead to antiferromagnetic low-spin polymers
7 and8, for example, in which half-filled electron bands derived
from these NBMOs would confer the capability for metallic
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Heterocyclic Non-Kekule Biradicals

conductiol without doping. Thus, in the present wadrRthe
tunability of a common structural motif might find eventual
application in practical devices and also in the search for
understanding of the spin interactions among very weakly bound
electrons in extended-conjugated systems.

Connectivity in Multiradicals. To preserve a non-Kekule
structure with its NBMO-rich spectrum of energy levels, and
to prevent the formation of new-bonds in both the high-spin
and low-spin series, the catenation of the biradicals must avoid

connectivity patterns that locate odd electrons at adjacent sites.

More generally, it is useful to be able to predict at least the
minimum number of Hakel 7-NBMOs from a given con-
nectivity. In the case of alternant hydrocarbons, this has been
possible traditionally from the CoulsetiRushbrooke-Longuet-
Higgins theorem: when the compound is written in the structure
with the maximum number of bonds, the number of such
NBMOs (in the case of non-Kekuleydrocarbons) is equal to
or (in the case of #h cyclopolyenesm = 1, 2 ...) greater than
the number ofz-framework carbon atoms that bear odd
electrons. For tetramethyleneethane, for example, the number
of NBMOs is 2, and for cyclobutadiene, it is at least zero
(actually 2). Strictly, this rule cannot be applied to heterocyclic
or nonalternant monomers such1as3 or to polymers derived
by their catenation. Recently, however, a generalized form of
the theorem has been proposed by Tyutyulkov and co-wdrkers
to cover such cases, which are designated as “quasi-alternants’
In quasi-alternant systems, every ¢tel graph ofN atoms is
characterized by a maximum sub3etonsisting ofN; noncon-
tiguous homonuclear-centers. Ther-centers not belonging
to T may be heteronuclear. If for a given’ekel system2N;
> Nis fulfilled, then its energy spectrum displays at lea®;(2
— N) NBMOs. In the cases df—3, for exampleN =7, N; =
4, and the numbers of NBMO=s 1 (actually 2).

Also, in the high-spin systems, the linkages must be made
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synthesis of diazene precursors of 3,4-dimethyleneheterocycles.
We hoped to apply analogous chemistry to the case of the
tetraradicals1l0—12, and accordingly, our initial goal was a
versatile synthesis aftphenylene-linked bis-diazenesd.,13),
which would allow for variations of the heterocycle.

', Palladium-Catalyzed Cross-Coupling of Pyrroles with 1,3-
Dihalobenzenes. Synthesis of Bis-Diazene 1&fter indif-
ferent success (described elsewBri a few initial attempts

to prepare difuryl-, dithienyl-, and dipyrrylbenzenes by adapta-
tion of classical methodsof 1,4-dicarbonyl cyclization, we
learned of a successful organometallic coupling of pre-formed
heterocyclic and phenyl moieties by Pelter and co-workers.
These authors had prepared 1,3- and 1,4-difurylbenzenes by the
cross-coupling of 2 mol of 2-furylzinc chloride (obtained from

through coupling elements that favor ferromagnetic interactions furan by lithiation and subsequent treatment with zinc chloride)

between the component triplet monomer units. Although the with 1,3- or 1,4-dibromobenzene in the presence of a catalytic
theoretical basis for such choices is still in a state of amount of tetrakis(triphenylphosphine)palladium. Encouraged
developmentsdttr we have chosen tha-phenylene coupler, by this work, we sought to generalize the cross-coupling reaction
which has a history in biradical chemistry dating back to the to accommodate variations in the structure and substituents of

studies of Schlenk and Brauns in 1918nd continuing to the
present.8o

To explore the electron spin properties of substances which
can serve as building blocks for the multiradical polynier®,
we describe here the development of synthetic methods for the
catenation of diazene precurs@rs6, the application of these

the heterocyclic ring. We found the procedure very sensitive

to changes in the structure of the heterocycle, and separate
careful optimizations of the reaction conditions were necessary
for each heterocyclic system. Procedures for the furan and
thiophene series are described elsewfe&cheme 2 outlines

our current procedure for the pyrrole series.

methods to the synthesis of the bis-diazene precursors of the We chose as the heterocyclic coupling unit 3,4-bis(methoxy-

set of tetraradicalsl0—12, and the nature of the species
generated by deazetation of the bis-diazenes.

Synthesis of Catenated Bis-Diazene PrecursorsScheme
1 shows the general route we have previously tséor the
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methyl)N-p-toluenesulfonylpyrrolel4 (Scheme 2), prepared
from the known 3,4-bis(hydroxymethyIN-tosylpyrrole. How-
ever, metallation of the pyrrole. positions of14 by direct
lithium-for-hydrogen exchange seemed unlikely to be successful.
For example,N-p-toluenesulfonylpyrrole, when treated with
n-butyllithium ortert-butyllithium, has been report&do suffer
cleavage of th@-toluenesulfonyl (tosyl) group. One might hope
that lithium-for-halogen exchange in erhalogenated derivative

of 14 might be sufficiently fast to compete succesfully with
tosyl cleavage. To test this idea, we prepared 2-bromo-3,4-
bis(methoxymethyIN-p-toluenesulfonylpyrrolel5) from 14 by

a knowri? low-temperature bromination procedure (Scheme 2).
Satisfactoryo-metallation in fact was achieved whé® was

(9) For reviews, see: (a) Sundberg, R. JClomprehensie Heterocyclic
Chemistry Katritzky, A., Ed.; Pergamon Press: Oxford, U.K., 1984; Chapter
3.06. (b) Jones, R. A.; Bean, G. Phe Chemistry of PyrrolesAcademic
Press: London, 1977. (c) Patterson, J. $¢nthesid976 281.
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(11) Anderson, Jr.; Freenor, F.J.Org. Chem1972 37, 624.

(12) Gilow, H. M.; Burton, D. EJ. Org. Chem1981, 46, 2221.



1430 J. Am. Chem. Soc., Vol. 119, No. 6, 1997

Lu and Berson

Scheme 2 Scheme 3
MeO OMe MeO OMe MeO OMe Br Br B Br MeN — NMe,
N 83% O N7 100% MesSnThy 7% B T\ 28
Ts Ts Ts N N > / \ / \
14 15 16 Ts Ts hv ¥s WNs
27 29
MeO OMe MeO OMe Br Br Br Br
and/or
I\ J\ . i\ /\ ,
N N —_— N N — I\ 1\
Ts Ts 79% Ts Ts 32% N N
S S
17 18
12
E\ /E E\ /E H H H H
NN NN, N=N NN Photodeazetation of the Bis-Diazene 13 at 370 nnPrevi-
ous synthesd%2d of the singlet and triplet forms of the
/N\ /Y vi /Y [\ i N-arenesulfonyl-3,4-dimethylenepyrrol2$—23 (Ts = p-tolu-
Ts #'S 5080 ?S ?’S - enesulfonyl, Bs= p-bromobenzenesulfonyl) took advantage of

19 E= CO,'Bu

N=

N N=N
I\ / \
N N
Ts Ts
13

20

aMethods. i. NBS, —78 °C. ii. (a) nBuLi, —78 °C; (b) SnMeCI.
iii. 1,3-diiodobenzene/(CECN)PdC}. iv. BroPPh. v. Di-tert-butyl-

hydrazodicarboxylate, #OBu, 18-crown-6. vi. HCI (g). vii. DMAD,

—30°C.

the wavelength-dependence of the photodeazetation of the
corresponding diazene®4—26, respectively. Typically, ir-
radiation at 370 nm produced the strongly colored, ESR-silent
singlet biradical, whereas irradiation at 265 nm led to the ESR-
active triplet. Another ESR-active species, tentatively assigned
as a diazenyl biradical, could be detected under certain condi-
tions in the 370- and 265-nm photolyses and was formed most
efficiently at 345 nm.

This approach now serves as a model for the bis-deazetation
of 13, the precursor of tetraradicdP. Immobilized in 2-me-
thyltetrahydrofuran (MTHF) at 77 K, the precursor bis-diazene
13 showed strong UVvis absorptions withax 240, 300, and
366 nm. After 5 min of irradiation with monochromatic 370

nm light, the sample was visibly green, but the BWs
spectrum showed only declining nonspecific absorption beyond
500 nm. Further irradiation for as long as 60 min did not
yield. increase the green color, and the Y¥s spectrum remained
The trimethylstannyl derivativé6 was more stable than the ~ Unchanged. Thawing the matrix caused disappearance of the
zinc derivative and could be isolated as an orange oil. Coupling 9réen color. We suggest that the weakness of the observed
of 16 with 1,3-diiodobenzene in the presence of tetrakis- absorption may be caused by efficient photobleaching of the
(triphenylphosphine)palladium required a higher temperature 9r€€n transient, in analogy to the photobleaching of the 3,4-
(140°C) than those usé&dn the coupling of the zinc reagents ~ dimethylenepyrrole biradicalgl-23* The properties of the
in the corresponding furyl or thienyl series (560 °C), and 370 nm photolysis product from bis-diazeh®d are similar to
consequently, a considerable amount of polymerized material those founé for the product of 370 nm photolysis of the model
was formed. The bis-cross-coupled prodigtwas obtained — diazene26.
in only 14% yield. However, in the presence of the more A stronger UV-vis spectrum could be obtained from the
reactive catalyst bis(acetonitrile)palladium(ll) chlorideeaction ~  tetrabromide precurs&7 by application of the photochemical
took place at room temperature and gave the desired productelectron-transfer method of Haider et'al. When 27 (see
17 in 47% vyield. Subsequent transformations (Scheme 2) to Scheme 3) was photolyzed with Pyrex-filtered light in the
the bis-diazend3were uneventfully analogous to thése the presence of tetrakis(dimethylamino)ethyle8)(in a MTHF
furan and thiophene series. Like the diazene precuratrs matrix, the sample turned orange within 30 s. Further irradiation
26 of the mononuclear 3,4-dimethylenepyrrok-2312 the produced visible islands of dark green material, which disap-
bis-diazenel3 was thermally unstable in solution at room Peared irreversibly when the matrix was annealed. Under these

temperature and usually was handled at a temperature36f conditions, the orange intermediate persisted, but it disappeared
°C or lower. at higher temperature. In a control experiment, tetrabromide

27irradiated in the absence of the am&gave only the orange
Rz Ry

intermediate. A reasonable interpretation would be that the
orange intermediate is an ordinary direct photoproduct, whereas
N N
| |
R, R

treated withn-butyllithium at —78 °C, followed by quenching
with trimethyltin chloride to give 2-(trimethylstannyl)-3,4-bis-
(methoxymethylN-p-toluenesulfonylpyrroleX6) in quantitative

the green intermediate, when formed from the tetrabror@itie
by the protocol just described, results from the electron-transfer
pathway. The green preparations, by analogy to the model
1 singlet biradicals21 (blue), 22 (blue), and23 (green), may

21: Ry=Ts,Ry=H (13) (a) Stille, J. K.; Simpson, J. H. Am. Chem. S04987 109, 2138.
(b) Stille, J. K.; Groh, B. LJ. Am. Chem. Sod.987, 109, 813.

(14) (a) Haider, K.; Platz, M. S.; Despres, A.; Lejeune, V.; Migirdicyan,
E.; Bally, T.; Haselbach, EJ. Am. Chem. S0d.988 110, 2318. (b) See
also ref 2c.

24: Ry=Ts, Ry =H
22: Ry=Bs,Ra=H  25: R,=Bs,Ry=H

23: Ry=Ts,R,=Ph  26: R;=Ts, Ry = Ph
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matrix of tetrabromid@7 and tetrakis(dimethylamino)ethylergf with ']J

Pyrex-filtered light at 77 K: (a) before irradiation; (b) after irradiation. Ts Ts
The sample contains green and orange regions after irradiation. 13

contain the biradical9 and/or the tetraradical2, while the and/or

orange species may result from reaction elsewhere in the N=N N=N -
substrate, for example, from photodetosylation. The-tis ’ )
spectrum (Figure 1) from the experiment of Scheme 3 shows I\ l_g
several weak bands in the 66800 nm region as well as a N N
strong band between 400 and 500 nm. Ts Ts

It is known that, under conditions of irradiation with a 1000 33
W Hg—Xe arc, secondary photobleaching of the pahétbsyl-
3,4-dimethylenepyrrole2(l) occurs fastest near 400 rihd of bisdiazend.3may be the diazenyl biradicaPR or bis-diazenyl
Thus, a likely reason for the more efficient generation of the tetraradical33 (Scheme 5) and related isomers resulting from
green transient from dibromid27 under the electron-transfer  the homolysis of the alternative-ON bond. No evidence was
conditions than from the bis-diaze8 may be that the strong  found for the formation of a higher spin state of our target
400-500 nm absorption, which is probably the source of the tetraradicall2 under these photolysis conditions.
orange color, acts as an internal filter to retard the presumably The tetrabromid®7 (Scheme 3) is structurally incapable of
similar secondary photobleaching of the green intermediate. generating the diazenyB2) and/or bis-diazenyl33) species

Of courseg, the use of the tetrabromRieas a precursor leaves  (Scheme 5), which we think are responsible for the narrow triplet
open the possibility that other transient species, such aspattern formed in 345 nm irradiation of bis-diazet® Thus,
monoradicals or triradicals, may be present in these preparationsthe absence of the narrow triplet pattern in the ESR trace of the
Because of the lack of detectable specific absorption in the orange-green preparations from the irradiated tetrabro2dde
visible region of our samples prepared from the bis-diaZeéhe  (Scheme 3) is consistent with the assignments of diazenyl
we cannot be sure whether some or all of the long-wavelength structures32 and/or33 to the carrier(s) of that pattern formed
bands observed in the green preparations from the electron-in Scheme 5.
transfer experiment (Figure 1) are present in the spectrum of  Spectroscopic Characterization of the Product Generated
the green photolysate from bis-diazet® from 265 nm Irradiation of Bis-Diazene 13. Analogy to

The ESR spectra of the orange/green samples from thegbservation®2d in the photochemistry of the mononuclear
tetrabromide/tetraamin@7/28 irradiations showed no patterns  diazene precursorg4—26) of the biradical21—23 led us to
that could be attributed to a triplet or a quintet species. The expect that 265 nm irradiation of bis-diazet®in rigid MTHF
only signals detected were in the center of the spectrum nearmatrix at 77 K would generate a colorless or yellow high-spin
3300 G and were probably associated with the products of tosyl species with a large zero-field splitting (ZFS) parameder
cleavage or other free radical impurities. The (one or more) Indeed, such samples showed no visible green color, and the
green species from the tetrabrom&igvia Scheme 3 thus seem  matrix UV—vis spectrum showed no characteristic absorptions,
to be ESR-silent. but even 1 min of irradiation sufficed to produce an observable

The green preparation from 370 nm irradiation of bis-diazene ESR spectrum as an intense six-line absorption iMthng= 1
13was examined by ESR spectroscopy in glassy MTHF at 77K. region with a total width of 423 G (Figure 2). Also, the half-
A narrow four-line spectrum was observed, with/hc| = field transition Ams = 2) was observed at 1643 G. If this signal
0.0132 cm! and|E/hg) ~ 0 cm L. In addition, the half-field is interpreted as that of a triplet species, the ZFS can then be
transition was observed at 1640 G. The same four-line signal extracted: |D/hc| = 0.0197 cntl, and |E/hc] = 0.00090 cm
could be generated from the 345 nm irradiation of bis-diazene -1, Whether this is a necessary assignment is discussed later.
13, with a higher quantum yield. Irradiation of the ESR-active sample with 400 nm light readily

TheD value of the 345/370 nm photoproduct was very similar pleached the ESR signal, in close analogy to the behavior
to those of the “narrow” triplet spectra which were speculatively observed with21—23.1¢.2d
considered to be the diazenyl biradica®(|D/hc = 0.014 cm'* The intensity of the signal of the six-line pattern continued

and|E/hg) ~ 0 cm?) and 31 (|D/hg) = 0.0129 cnt and [E/ to increase with further 265 nm irradiation for-385 min and
hc| ~ 0 cnTl), obtained from the 345 nm irradiation of the

mononuciear diazene precursarand26, respectively (Scheme -, (10 B 85, B BTy 5 B e e Yager
4)1>2d The similarity of the ZFS parameters suggested that . ' j. chem. Phys1964 41, 1763. (c) Wasserman, E.; Hutton, R. S.

the ESR-active species obtained from 345/370 nm irradiation Acc. Chem. Re<.977, 10, 27.
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These observations raise the question whether the ESR
spectrum is that of the tetraradick2. More specifically, the
imaginable carriers of the new ESR spectrum include the
monodeazetated tripléB4, the tetraradical species as a triplet
312, and the tetraradical as a quinfdf2. The last of these
possibilities 12) now must be considered unlikely for several
reasons, one of which (described elsewRris the failure of
the spectrum to conform to that predicted by a quintet
Hamiltonian. A second reason emerges from the spin count
experiments described below, which strongly suggest that the
concentration of tetraradical generated under our conditions is
too small to contribute significantly to the ESR spectrum. This
argues against eithédl2 or 512 as the carrier of the main
spectrum.

Spin Count Experiments. The purpose of this study was

-l L J to estimate the total amount of the tetraraditalpresent in
Field/Gauss the samples that gave the six-line 423 G ESR spectrum just
Figure 2. ESR spectrum from 265 nm irradiation of bis-diaz&3én described. In analyzing the products from the pyrrole bis-
MTHF matrix at 77 K. diazenel3, the reasonable assumptions were made that (1) the
photolysis of the two diazene units occurs by the sequential
mechanism of Scheme 6, analogous to that obsérfeedhe
corresponding thiophene bis-diazene and (2) the photochemical
reactivity of the diazene unit of monodeazetated biradddas
the same as that of one of the two equivalent diazene units of
bis-diazenel3. Since there are two reactive chromophores in
13 but only one in34, the quantum yield for deazetation of the
the first diazene unit (reactiob3 — 34) is assumed to be just
twice that for the second diazene unit (react8&h— 12).

Determinations of the concentration of paramagnetic species
in a given sample were made by comparison of the ESR signal
intensity to that of a glassy sample of diphenylpicrylhydrazyl
(DPPH) of known concentration and volume at 77 K, according
to established procedur&&. The ratio of the total concentration
[X] of paramagnetic species in the unknown sample to the
concentration [STD] of the DPPH standard sample is given by
eq 1172 where Ay and Agg are the measured areas under the

1
3000 3150

Scheme 6
N=N N=N

I\ /\
N N
| |
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then leveled off to a steady value. Significantly, no additional

S|gnals were detectgd in e|.ther thens = 1 or theA.mS =2 X] A [SS+ 1))y
region upon further irradiation. The only change in the ESR ——— (2)
spectrum with further irradiation was in the central region around [STD]  Asa [SS+ D)

3300 G where radical pairs and doublet impurities commonly . . _ .

absorb. This resonance probably was due to products ofabsorption envelopes (obtained by double integration of the

detosylation of the bis-diazerf8 or of the photoproduct. usual ESR derivative curve) of the unknown and the standard,
Similar behavior was observed in irradiations at 5 K. The '€SPectively, and the term&S + 1) are intensity factors that

only detectable high-spin signal again was the same six-line correct for the inherently different signal intensities of species

i i ingl7a,b =1 —
triplet spectrum seen at 77 K. At 5 K, the resonance near the \f'(‘;':hadtﬁfelftn;grg' _ ;nf;?zcﬁﬁtléfreﬂsw 2, [F =1
central region at 3300 G grew in at a much slower rate, relative PieL, Hlx rag " .
A - - If the deazetation reaction is stepwise, at low conversions,
to the six-line signals, than at 77 K. These experiments essentially all of the sample’s paramagnetism originates in the
suggested that the triplet ESR signal observed at 77 K was not y P P 9 9

A . . biradical34. However, a crucial question is whether the very
attrlbu_table to thermal population 01_‘ a multiplet other than the small amount of tetraradical? present would be enough to
one directly formed in the photolysis.

) o ) exceed the limit of detection of the spectrometer, which is
During the growth in intensity of the ESR spectrum formed normally sensitive to concentrations of ESR-active species down
by 265 nm irradiation, the pattern of resonances remained to the level of 16° M.17¢ Once this criterion is satisfied, there

unchanged. This constancy was surprising, since we hadremains the question of how much the tetraradical contributes
expected to observe dramatic changes during photolysis. Anal-to the observable ESR spectrum.

ogy to the studies on the photochemical formation of the model  To estimate the concentration b2 that is present, one can
biradicals21—23'4?cand the stepwise formation of the thiophene proceed by either of two formalisms which, at low conversions,
tetraradical 1% suggested that the photolysis of the pyrrole should predict values that do not differ significantly for the
bisdiazenel3 would occur by stepwise deazetations and give purposes of this study. The first assumes that the degree of
successively the triplet monodeazetated blra(ﬁaam”owed (16) (a) The conditions required for the observation of extra lines in the
by the tetraradical 2 (Scheme 6). If then-phenylene unithad  Am = 1 region are described in: Teki, Y. Takui, T.; Itoh, & Chem.
behaved as a ferromagnetic coupler, the tetraradical should haverhys.1988 88, 6134. (b) For additional lines in th&ms = 2 region, see

existed as its quintet stat&]2, which should have shown an  ef 15. .
ESR tr mq( to 12 lin 17 yery different from that of (17) (a) Reference 15a, pp 46264. (b) Poole, C. P., JElectron Spin
spectrum (up 1o es ery diirerent iro ato Resonance2nd ed.; Wiley: New York, 1983; p 20. (c) Reference 15a, p

the triplet precursof34 (up to six lines). 451,
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photochemical conversion in the first step will be replicated in
the second (modified only by the statistical factor of 2).
Roughly then, the fraction of the monodeazetated biradidal
converted to tetraradicdl2 in the second step would be equal
to one-half the fraction of the bis-diaze&8 converted to the
biradical 34 in the first step, that is,12]/[13], = 0.5{[34])/
[13]0}2. For example, if the overall conversion of the starting
bis-diazenel3were 1%, approximately 0.005% of the original
13 would be present as the tetraradidal

Alternatively, and more rigorously, at low conversion, each

J. Am. Chem. Soc., Vol. 119, No. 6, 19933

to that of34 that detection of the pattern @2 under the wings

of the broad absorptions 84 might be impossible. We believe,
therefore, that the major carrier of the ESR signals observed
from the photolysis of the bis-diazed8&is the monodeazetated
triplet biradical specie84. Its ZFS parametergD|/hc| =
0.0197 cm™! and |E/h¢] = 0.0009 cm™1, are similar to those

of the model biradicaR3, |D/hc| = 0.0187 cm~1, and |E/hc]|

= 0.0005 cmL. The slightly largeiD value for34 calls forth

the suggestion that spin delocalization away from the 3,4-
dimethylenepyrrole unit may be slightly greater28 perhaps

of the steps can be treated as a first-order reaction with anfor conformational reasons.

exponential decay. Details of this procedure are given in the
Supporting Information. Then the kinetics of such irreversible
consecutive reactiofsmay be cast in the form of eqs—2,

@ _ 14 e*kll _ 2e*klt/2
[34] 2[e*k1'[/2 _ e*klt]

[12 1+ e (In6) _ 5e-(n6)2

[34 2[e N2 _ g=(no) (2
[[13_;]‘]0 = 2[e (M2 _ (o) 3)
%} =[1+ g Iné) _ 5g(in 0)/2] @)

where k; and ki/2, respectively, are the “rate constants”
(functions of the quantum yields and experimental conditions)
for reactionsl3 — 34 and 34 — 12, respectively, the ratio
[13]o/[13] of the concentrations of startind3 to the 13 after
some time of photolysis, is determined from the spin count
experiment. At low conversion, the concentratior8dfs very
close to [L3o — [13], and by the definition of a first-order
reaction,kit = In 6.

We first carried out a model experiment in which a glassy
MTHF sample of diazen26, the precursor of the mononuclear
biradical23, was irradiated at 265 nm and 77 K until maximum
intensity of the ESR triplet signal was achieved. The concentra-
tion of triplet species, determined from eq 1, corresponded to
0.73+ 0.18% conversion of the starting diaze?@to triplet
biradicals, the error in the spin count measurement being
estimated by known method%

Photolysis of a glassy MTHF 0.124 M sample of bis-diazene
13, the potential precursor of tetraradid#l, was then carried

out under the same conditions. The data of the spin count

experiment, analyzed by eq 1 and the crude assumptidk2if
[13]o = 0.5{[34]/[13]0} 2, would calculate 34 =6 x 104 M

and [L2] = 3 x 1076 M, so that the tetraradicdl is present to
the extent of only 0.5% of the ESR-active species. The more
rigorous treatment of eqs—=2 showed that, for this run3fl] =

6 x 10*M and [12] = 1.2 x 10°% M, that is the tetraradical
12 constitutes only about 0.2% of the ESR-active species.

Thus it may be stated that the concentration of the tetraradical

12in this preparation is in the micromolar range, several orders

of magnitude greater than that needed to produce an observabl
ESR signal if the species is paramagnetic. Moreover, as is

shown elsewher®, in several cases, the ESR transitions
expected foP12 would not coincide with those of biradic#g4,
so that at even approximately comparable concentrations on

In retrospect, the disappointing outcome of this attempt to
generatel? in directly observable form might have been
anticipated. Bush et dlalready had observed similar low
conversions £1.6% by spin count) for the production of the
triplet biradical21 upon even prolonged 265 nm irradiation of
its diazene24. The difficulty of driving this photoreaction
further probably results from two factors: first, it has been
speculatet that, in the matrix, only a small fraction of the
diazene 24 is in a conformation capable of forming and
supporting a triplet ground state of biradicl; second, the
photochemistry of bis-diazen24 is sharply wavelength- de-
pendent. In order to produce clean specimens of the tridlet
the photolysis must be carried out at or near 265 nm, where the
irradiance of the HgXe arc is only about one-hundredth that
at 370 nm'® Similar restrictions apply in the case of the bis-
diazenel3. Attempts to force the photoreaction of this precursor
to higher conversion through the use of Pyrek->( 270 nm)
or band-pass (228420 nm) filtered light gave, as expected by
analogy with previous work,mixtures of products.

The results in the thiophene series were more fruitful, and
unambiguous evidence for the preparation and reactions of the
tetraradicalll was obtained.

Studies in the Thiophene Series. UWVis Spectroscopy
of Tetraradical 11. As we reported,the tetraradical 1 should
exist as a singlet ground state molecule and should have four
nominally degenerate NBMOs. Quantum mechanical computa-
tions® at the semiempirical PM3-CI lev@lplace these in two
sets of nearly degenerate orbitals—lt19/~118 and—94/—92
kcal/mol. These orbitals are the counterparts of the half-filled
electron bands that would exist in the hypothetical nonclassical
polymeric conducto8. The present effort to prepare tetraradical
11 can be considered first step toward such a polymer.

The UV—vis spectrum (Figure 3a) of a solution of bis-diazene
3% (Scheme 7) in glassy MTHF at 77K showed a broad
shoulder near 366 nm, presumably due to the A transition
of the azo chromophore. Irradiation of such a glass with-350
377 nm light generated an intense green preparation. The UV
vis spectrum of the irradiated sample (Figure 3b) showed new
absorptions withimax ~ 386 and 675 nm. These two bands
appeared to grow in at the same rate with further irradiation
(Figure 3c). There were also additional intense absorbances in
the short wavelength regior<50 nm) which were observable
immediately upon irradiation and quickly grew off-scale. The
green color disappeared irreversibly when the matrix was

éh awed.

(19) Oriel Equipment CatalogVol. Il, Oriel Corp.: Stratford, CT, 1994;
pp 1—-43.

(20) (a) Stewart, J. J. B. Comput. Chen1989 10, 209. (b)Ibid. 1989
10,221. (c) Dewar, M. J. S.; Zoebisch, E. G.; Healy, E. F.; Stewart, J. J.

€p. 3. Am. Chem. Socl985 107, 3902. (d) In these calculations, each

could expect to observe both patterns. However, the spin countmethylene group of tetraradicil and the model biradic&i8 was assumed

experiment shows that the concentratiod ®fs so low relative

(18) (a) Moore, J. W.; Pearson, R. Ginetics and Mechanisn8rd ed.;
Wiley: New York, 1981; p 290 ff. (b) Capellos, C.; Bielski, B. Kinetic
SystemsWiley: New York, 1972; Chapter 9.

to be planar with its thiophene ring. This assumption is supported by INDO/
S-Cl calculations on the model disjoint singlet hydrocarbon tetramethyl-
enebenzene, in which the,, planar singlet lies 12 kcal/mol below the
methylene-twistedQ) singlet?°¢ (e) Lahti, P. M. Ph.D. Dissertation (with
Berson, J. A.), Yale University, New Haven, CT, 1985; Appendix 2.
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Figure 3. UV—vis spectrum of thiophene bis-diaze88 in MTHF
(a) at 77 K; (b) after irradiation for 1 h; (c) after irradiation for 1.5 h.

Scheme 7
N=N
I\
s
(b) -2N; -N; | (a)

The ESR spectrum of the green matrix prepared by 77 K (or
5 K)/350-370 nm or 226-420 nm irradiation of bis-diazene

35 showed no indication of the presence of a high-spin species.

The UV—vis spectrum of the intermediate is invariant over
a range of solvent, such as MTHF, ether, ethanol, and poly-
(methyl methacrylate). The lack of a solvent effect suggests
that there is little difference in polarity between the ground and
excited states of the intermediate.

Lu and Berson

of 35 occurs by the sequential mechanism (Scheme 7, path a).
For the purpose of reference in the present paper, we give here
only brief reviews of the previous evidence on these two points
and add some new confirmatory information. Further, we now
show that, in thdluid solution phasethe reactive entity is the
monodeazetated biradicab.

Structure of UV —Vis Active Species. Presumptive evidence
that one or both of the species biradi@&land tetraradicall
(Scheme 7) probably are involved in the photolyses is given
by the structures of the cycloadducts formed when the bis-
diazene35 is deazetated in the presence of olefinic trapping
agents (see below). These products are exactly analogous to
those formed in the reactions of two 3,4-dimethylenethiophene
derivatives, the parent compouB@dprepared from diazer&?
and the 2-phenyl-3,4-dimethylene analo@8: prepared from
the diazeneg7.52

I/ \ I\

37 38

That the produciil of exhaustive matrix photolysis of bis-
diazene 36 contains two 3,4-dimethylenethiophene chro-
mophores is shown by the optical extinction coefficientdf
9700 M1 cm™! at the long-wavelength maximufAwhich is
almost exactly twice that of the mononuclear mod&I$Amax
570 nm,e = 5000M~1 cm™1) and38°2 (Aax 672 nm,e = 4800
M~1cmY). The mechanistic studies (see below) show that the
product in the matrix photolyses at lower conversions consists
of a mixture of monodeazetated biradiG& and bisdeazetated
tetraradicalll.

The UV—vis spectrumilmax 675, 9700 M1 s~ for 11 serves
to rule out other possible structures, suchB8sbased on the
1,1-diazene chromophore, since authentic 1,1-diaZéhese
very different properties: long-wavelength maxima near 500
nm and extinction coefficients 100 M~ cm™1.

Y \

I\

+

I\

The same (by visual observation) green color appeared when
the bis-diazene was photolyzed in an adamantane host. Simi-

larly, the green color could be generatégrmally when bis-
diazenothiophen#l, incorporated in a poly(methyl methacryl-

ate) support, was allowed to warm to room temperature. The

color of this preparation persisted for several minutes. Finally,
a green transientimax 670 nm, probably identical with the

39

Mechanism of Deazetation of Bis-Diazene 35 Determined
by Two Methods. On the question of mechanism, we note
that, for other compounds, the literature reports examples of

matrix-isolated species, has also been observed in solution byboth stepwise and simultaneous deazetations. An instance of

nanosecond laser flash photolysis studfes.

Nature of the UV—Vis Carrier and Mechanism of Its
Formation. Three main questions arise about the nature of the
UV —vis carrier: (1) Is it the desired tetraradiddl? (2) If so,

the simultaneous deazetation pathway was seen in the irradiation
of 1,3-bis@-diazobenzyl)benzendq) in rigid organic glass or
crystalline benzophenone host. This immediately gave the
quintet dicarbenell, which was identified by an ESR signal

is that species formed by sequential (Scheme 7, path a) or bywhose strength depended on the second power of the irradiating

simultaneous (Scheme 7, path b) release of thendlecules
from the bis-diazen&5? (3) In the reactionsfor example,
trapping by alkenesof the transients liberated by thermal or
photochemical deazetation of bis-diazedtein fluid solution,

is the reactive intermediate the monodeazetated bira8&at
the tetraradical 1?

In our preliminary communication and its Supporting
Information2we have given the basis for our conclusions that
tetraradicalll is indeed formed by exhaustive irradiation of
bis-diazene35 in cold matricesand that the photodeazetation

light intensity16ab

2 2
SACACECACAL
2N,

40 41
Quintet

Higher members of the metaphenylene-linked poly(diazo)
series also were shown to undergo simultaneous deazet&ion.
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On the other hand, the deazetation of several bisdiazeneScheme 8

precursors€.g.,42) of tetraradicals €.g.,44) in rigid glasses N=N
occurred by a stepwise mechanism passing over a monodea-
zetated biradical intermediate.§, 43).2%¢ T\
S
%N/_C %/k
triplet quintet

In both of these cases, the course of the deazetations could
be followed by the characteristic differences in the ESR spectra
of triplets and quintet¥® However, this technique was not
applicable in the present work, since the transient species
generated in the matrix photolyses of our bis-diaz8Beas
singlet molecules, were expected to be and found to be ESR-
inactive (see above).

We also examined U¥vis spectroscopic methods for
distinguishing between the two mechanisms (a and b) of Scheme
7. The most straightforward approach depended on the hope
that Amax Of the tetraradical 1 might be observably red-shifted
from that of the biradicaB6 (and that of the model biradical
38) because of the extension of conjugation. If mechanism a some independent evidence for it would be desirable. Therefore,
of Scheme 7 operates, this would produce-tiNs spectrathat  a second method, free of this assumption and in fact nonspec-
gradually move to longer wavelength with increased irradiation troscopic, was developed to confirm the result. The second
time. Unfortunately, this was not feasible, since the maxima method uses a two-stage trapping experiment, which takes
in the UV—vis spectra of the photolysates of bis-diazedte advantage of the large ratio (27:1) of reactivities of two alkenes,
occurred at nearly the same wavelength as those of the modelmaleonitrile and acrylonitrile, in intercepting (see below) the
biradical38; the wavelength maximum of the preparations from photolytically generated (in glasses at 77 K) transients from
irradiation of35in MTHF glasses at 77 K merely increased in  bis-diazene35. The rationale and execution of those experi-
intensity but hardly changed in position during the entire course ments have been descriSeahd will not be repeated here, but
of irradiation. That no shift was seen may be a consequencethe results confirm the stepwise mechanism.
of nonplanarity of ther-system, or it may be that, even in the Chemistry of the Tetraradical in Thawed Matrices Is
planar conformation, the extension of conjugation is only formal, Distinct from That of the Intermediates Generated in Fluid
because the meta position of ttrephenylene unit, where the  Medium. We assume that the stepwise mechanism demon-
second chromophore is linked, is a node in the HOMO. Related strated for the deazetation in matrices also applies to the
observations of minimal mutual chromophoric perturbations photochemical deazetation in fluid solution (see below) and to
have been reported in other 1,3-linked poly(arylmethyl) radicals, the thermal deazetation. However, it should be kept in mind
anions, and radical aniors. that the species actually undergoing reaction in the trapping

First Method. However, an alternative UVvis method, reactions of the species generated from bis-dia3&na fluid
which depended only on the intensity of the absorption, was solution are not the same as those being trapped when an
applicable. For the stepwise mechanism (path a of Scheme 7),irradiated glassy matrix preparation 86 is thawed. In the
if it is assumed that the quantum yields for each deazetation latter case, after extensive irradiation to deazetate both diazene
step @5 — 36 and 36 — 11) are approximately equal to that functions, the reactive intermediate is the tetraradi¢alUnder
for the deazetation of the model diaze3ig photolyses o085 the solution phase conditions (see below), the evidence is
and37 for equal times under comparable conditions at conver- compelling that the reactive intermediate is a biradical, either a
sions below the formation of one biradical unit would lead to speciet5from monodeazetation of bis-diazeB®, or an adduct
approximately equal absorbances. In contrast, a substantiabiradical 47, from deazetation of the capture product of the
contribution from a one-photon double-deazetation mechanismdiazene biradical.
for bis-diazene5would make the absorbance from the reaction ~ Chemistry of the Transients in Fluid Solution. Deazetation

47 48

of 35 much larger than that frorB7. As has been reportéd, of the model diazen87 or the bis-diazen85 can be effected
the experimental results are compatible with the stepwise either thermally ¢ —10 °C) or photochemically in fluid solu-
mechanism. tions. When electronegatively substituted alkenes such as

Second Method. Although it is a plausible assumption that  maleonitrile (MN), fumaronitrile (FN), acrylonitrile (AN), etc.,
the presence ir86 of one biradical unit does not affect the are included in the reaction mixture in sufficient concentration
photochemistry of the remaining diazene unit remote from it, (>0.1 M), interception producigfor example 48, Scheme 8)

(21) Schultz, P. G.. Dervan, P. & Am. Chem. Sod982 104, 6660 analogous to those obser\?gd t_he reactions of 3,4-d|r_’nethyl-
and references therein. enethiophene?) are formed in yields of 5685%. The kinetics

(22) (a) Teki, Y.; Takui, T.; Itoh, K.; Iwamura, H.; iéobayashi, K. of the thermal decomposition, monitored By NMR at 283
Am. Chem. Sod 986 108,2147. (b) Sugawara, T.; Inada, M.; lwamura, it i i _ i i
H. Tetrahedron Lett1983 24, 1723. (c) Dougherty. D. A : Jacobs, 5. J.. | aré firstorderir85and essentla:cly zero-order in thg;rapplng
Silverman, S. K.; Murray, M. M.; Schultz, D. A.; West, A. P., Jr.; Clites, @gent, as would be expected for a reaction with a rate-
J. A. Mol. Cryst. Lig. Cryst.1993 232, 289. determining unimolecular step. The rate constant,»2 404
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s™1 (at 283 K), remains steady over almost 3 half-lives, which Table 1. Relative Reactivity of Various Pairs of Olefins with
indicates that the rates of release of the first and second Tetraradicalllin Thawed Matrices
molecules of nitrogen are virtually equal. [35], [olefinX], [olefin Y], counts of counts of

A mechanistic question about the thermal deazetation now mM M M X=X&  Y=Y2 ke Kref
arises (Scheme 8): Once the first molecule of nitrogen is lost 1.4 [DMF]0.071 [MN]0.073 7650585 2485222 190 246
from the bis-diazen85, does the intermediate biradical diazene 1.4 [FN]0.31 [MN]0.29 2412647 1146286 1.38 189
45 lose the second molecule of nitrogen (path a) to give the MN MN — — 100 135
tetraradicalll, which is then captured, or alternatively, is the ii %gkﬂl],\?]i 3 [[l\'\/’l'“]]g'ggg sgfgggg 5127722;: 8'83’773 i’ 0
biradical diazend5first captured (path b) by the trapping agent i i i : ’
(FN, for example), which only then loses the second molecule 2 X—X represents the products obtained from trapping 2 mol of olefin
of nitrogen? The issue here is not the one considered before X and Y—Y represents the products obtained from trapping 2 mol of

. olefin Y. P kel = Kolefin x/Koleiny @s determined from eq 5K with

namely whether both Nmolecules come out SImu.Itaneously,' respect to DMM.{ The trapping reaction in this case was carried out
but rather whether the second step of the sequential mechanismynder thermal conditions in fluid medium.
for N, release can compete with capture of the intermediate
stage (biradical diazenb) in the deazetation sequence. The  Thus the intermolecular cycloaddition products of the tet-
answer requires an estimate of the ragg-N]/kq, where [FN] raradicall1 can be obtained in moderate to good yields, despite
is the concentration of the trapping agent FN. We make the the formal possibility of a competing intramolecular process,
plausible assumptions thig, the absolute rate constant for the  the cyclization by junction of two of the radical centersidf

capture of the monodeazetated biradi@8 by FN, is ap- to give the biradicab0. We have not found products in these
proximately the same as that measdfed for the parent
biradical of the thiophene serie,about 16 M~1 s71, and that . °

36, is about the same as that of the first nitrogen, 2.30°4
s 1 at 283 K. Thus, at 0.1 M [FN], the rate of capture of the /N N
biradical 45 would be about 19-10'0 times faster than its O
deazetation, a ratio so overwhelming that our assumptions could
be in error by orders of magnitude without affecting the major
conclusion: under thermal conditions in fluid mediunthe . .
formation of trapping product8 occurs largely by path b, and reactions that can be attributed 36, _although we cannot rule
tetraradicall1 is not an important intermediate. o_ut the presence of_suqh product; in the reaction mngtur(_a. The
The observed steady rate constant for thermal deazetation ofSiMplest interpretation is that the intramolecular cyclization to
bis-diazene35, which signifies near-equality of the rates for 201S slow in comparison to the cycloaddition (or conceivably,
loss of the first and second molecules of khen means that it is reversible). Just how slow the cyclization can be is
the deazetation of the monoadduct-monodiaz&fbas about ~ Suggested by a comparison with the rate of cycloaddition.
the same rate as that of the bis-diaz8Be As might have been  Although the absolute rates of capture b have not been
expected, the remote substituent (azo function in the bis-diazengMeasured, data for the parent 3,4-dimethylenethioptigrer¢
350r carbocyclic function in the cycloadduts) has little effect ~ availablez®™ If we assume for a rough estimate that the rate
on the rate of deazetation. constant for capture of tetraradickl is the same as that of the

Structure48 shows one enantiomer of the racemate obtained biradical2, 1.1 x 10° L mol™* s, the actual rate under the
as one of the trapping products from FN. Also formed in experimental conditions of the trapping reaction (0.127 mM FN)

roughly equal amount is the corresponding meso compound.Would be 1.4x 10" s™%. At most, products fron0 could

No other product isomers are observed. Similarly, with MN, account for 43% of the tetraradlcals.generated, so that (43/57)
only a racemate and a meso compound are formed, both* (1.4 X 10) s™* or about 1x 10" s™*is an upper limit for the
different from and uncontaminated by the FN adducts (HPLC 'ate of cyclization. This is an exceptionally slow rate for the
analysis). The addition reaction is thus completely stereospe-intramolecularcombination of two radicals. A major cause of
cific. Itis also regiospecific for fused addition, sinté NMR this must be the high strain energy 8@, which has a formal
analysis of the crude adduct mixtures showed that bridged frans double bond in a nine-membered ring, seven of whose
adducts such ad9 were entirely absent. This matches the carbons are trigonally bonded. N
behavior of the parent 3,4-dimethylenethioph@7&¢ which Relative Reactivities of Tetraradical 11 by Competition

also gives regiospecific fused addition to alkenes. Experiments. Thawing of an extensively irradiated matrix
containing bis-diazen85, together withtwo trapping alkenes

CN CN in large excess and known ratio, permits the determination of
CN NC the relative reactivities of the alkenes in competition for the
e ﬁ tetraradicalll. Under these conditions, the products are of two
O types: homogeneous, in which both alkene moieties are the
same, and mixed, in which one molecule of each of the trapping
49 alkenes is incorporated. The mixed adducts, which generally
emerge with HPLC retention times intermediate between the
Chemistry of the Tetraradical 11 in Thawed Matrices. two homogeneous adducts, can be recognized by their absence
Extensive irradiation, monitored by UWis spectroscopy, of  when either competing alkene is used alone and by their mass
frozen MTHF matrices containing bis-diazeBeand an alkene  spectra when the competition is between non-isomeric alkenes.
trapping agent, was carried t895% of complete deazetation Complete analysis of the complex mixtures obtained was
to generate an immobilized mixture of tetraradithbnd alkene. impractical, and accordingly, we calculated the reactivity ratios
When the matrix was thawed, the same adducts observed inusing only the HPLC peaks of the homogeneous addects
the solution reactions were observed in yields of 57% from FN and P,_, (Scheme 9 and Table 1). Our interpretation of the
and 61% from MN. data assumed that the rate of reaction of the tetraratlicvo

kg, the rate constant for loss of the second nitrogen from biradical . . . . y A

1" 50
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Scheme 9
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1
2k, 2k,
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P14 P2 P2
reactive sites) with a given alkene is just twice that of the 254—t—+—+—+—+—+—
reaction of the adduct biradical (one active site) with the same I * ]

alkene, that is only a statistical factor differentiates the rates,
and the presence of the alkene moiety in the adduct biradical
has no other effect. This is probably not strictly correct, since
small steric and other structural differences would be expected,
but as is shown below, the assumption cannot be grossly in I 1

error. Application of the steady-state approximation to the % 154 1
concentrations of the intermediate adduct biradiédland52 £ .
then gives eq 5, which expresses the experimentally determined g I
product ratios in terms of the trapping rate const&ntndks. s J: ]
g o1t 1
Py k’ftrap]® g [
Py kftrap)? ©)
2 L 4
0.5+ 4

Solution of eq 5 for the pairwise competitions gives the series
of relative rate constants: dimethyl fumarate, 246; fumaronitrile,
189; maleonitrile, 135; acrylonitrile, 5; dimethyl maleate, 1. L
When the defined point (DMM) is omitted, these relative rates o -1—
correlate quantitativelyr(= 0.99) in a logarithmic plot with os 1 15 2 25 3 3s
thosé® for capture of the parent 3,4-dimethylenethiophene ’ - ’ '
biradical 2 (Figure 4). log k ,, biradical 2

The agreement of the two series of relative rates supportsFigure 4. Relative reactivities of biradica? in fluid solution and
the assumption that the rate constadatandk; for the second tetraradicalll in a thawed MTHF matrix (see also Table 1).
steps of Scheme 9 may properly be obtained by statistical
adjustment of the rate constants, 2nd X, of the first steps. . . . o .
This in turn strongly suggests that the reactivity at one biradical Senes, 2065 nm maFrlx phqtolyss of the'bls-dlazene proceeds in
reactive site of the tetraradical is not appreciably influenced  °N1Y 0-5% conversion (spin-count) to give the monodeazetated
by the presence of the other biradical site. triplet biradical, which is recognized by its characteristic ESR

Conclusions and Prospects. Flexible methods for the  Spectrum. The tetraradical is present only to the extent of 0.2
catenation of 3,4-dimethyleneheterocycles of the furan, pyrrole, 0.5% of the biradical and, therefore, cannot be observed directly
and thiophene series have led to the synthesis of bis-diazenddy ESR under these conditions. Eventual use of this type of
precursors ofnphenylene-linked tetraradicals. In the pyrrole catenation for the construction of high-spin systems will require
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a precursor with a much higher quantum vyield for photocon- is made toward the synthesis of these polymers, it would be
version to the polyradical. advisable to have some experimental confirmation that the
In the thiophene series, the bis-photodeazetation can be drivemonclassical structure will in fact confer high conductivity on
to completion, and the intensely green singlet tetraradidal  the isolated chain of such a system. We propose, in other words,
can be characterized by UWis spectroscopy and by its that a comparison be made of the actual conductivity of an

characteristic cycloaddition reactions with alkenes. Potentially oligoradical of type8 with that of a modem-inked dithienyl-
useful in a practical sense is the observation that the tetraradicabenzene oligomer of conventional structure lacking the “half-

also can be generated thermally from the bis-diaZgmand filled” NBMO feature. The objective would be to isolate for
persists for a significant time even up to room temperature in examination the specificallytramolecularcontribution of the
a hard matrix. nonclassical structure to the conductivity. One approach might

Tetraradicalll is a prototype of polymeric species such as be based upon recent experimental advaiicesdich have
8, which embody the structural motif of a nonclassical conduc- permitted the determination, by scanning tunneling microscopy,
tor. We believe that this type of polyradical merits further study of conductivities of classical single molecular wires inserted
as a potential molecular wire. Of course, many unsolved into n-dodecanethiol self-assembled monolayers on a gold
problems remain before the fabrication of such wires can surface. These results offer the hope that the experiments
become practical. One major property of potential polymeric proposed here for the nonclassical species also could be done.
conductors which frequently is unknown or predicted with Experimental Section. See the Supporting Information.
difficulty is the specifically solid-state intermolecular interac- ] )
tions between or among chains, which can be decisive in the Acknowledgment. This work was supported in part by the
ultimate bulk conductivity. This feature is common to all such ~ National Science Foundation and by a Dox Fellowship to
Systems_ HSML

However, there is another problem inherent uniguely to the
single-molecule level of the nonclassical polymeric conduc-
tors: is it true that the weakly bound frontier electrons in the
“half-filled” NBMOs really are exceptionally favorable to high
conductivities? Although actual synthetic accessibility now
seems likely, we suggest that, before a major investment of effort JA9631155

Supporting Information Available: Text describing the
synthesis of pyrrole bis-diazenk3, spin count, and kinetic
analysis of its photolysis products (10 pages). See any current
masthead page for ordering and Internet access instructions.



