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The structure of phenylcyclopropane radical catiér,(R = H) is derived from CIDNP effects observed
during the electron transfer reaction dfwith chloranil. This species is an example of an elusive structure
type. The secondary cyclopropane protons show significantly divergent hyperfine coupling constants due to
an unprecedented stereoelectronic effect. Incorporation into a redox-active pentasil zechE&S\b)

convertsl or its p-methoxy derivativel, R =
OCH).

The structure and reactivity of cyclopropane radical cations
have attracted much attentiéf;the spin density distributions

OCH;) to trans-propenylarene radical cation2t, R = H,

The research described in this paper was undertaken to
provide experimental evidence for the prevailing structure

of many derivatives have been delineated, and many intra- andtype of phenylcyclopropane radical catiott®(). This species

intermolecular reactions have been studied in gas phase,

solution!®2or solid matrices. Vertical ionization of cyclopropane
from a degenerate pair of in-planecgbitals € anda) generates
a doubly degeneraf&’ state, which undergoes first-order Jahn
Teller distortion to two nondegenerate electronic st&®sand
2B, (Cy, symmetry)* These components relax to structures with
one (“trimethylene”; typeA) or two lengthened €C bonds
“m-complex”; typeB).1e5The majority of cyclopropane radical
cations have structures of type'e>Swhereas structure tyd#
has been realized in only very few cases.

The stabilization of structure typ® can be envisioned via
three different mechanisms involving conjugative, hypercon-
jugative, or homoconjugative interactions. The homoconjuga-
tive approach first led to a structure of tyge as exemplified
by the norcaradiene radical cati®fit. On the other hand,
hyperconjugation failed to stabilize the tyBestructure; thus,
ab initio calculations on radical cations of 1-methyl- and 1,1-
dimethylcyclopropane showed that their tyfe structures
undergo second-order Jahmeller type distortions, resulting
in scalene structurgs Finally, conjugation with a delocalized
m-system also stabilizes structure tyfe as indicated by
calculations on vinylcyclopropafeand phenylcyclopropane
radical cation$.
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has not been characterized by either ESR or CIDNP spectrum
as of this date. We have studied electron transfer reactions
of 1 in polar solvents and upon incorporation into a redox-
active pentasil zeolite (NaZSM-5). In solution, we observed
CIDNP effects delineating the spin densities and hyperfine
coupling pattern ofl*t (R = H). In the zeolite, on the other
hand, the EPR results indicated rearrangemertt (R = H,
OCHg) to trans-propenylarene radical cation&{, R = H,
OCHg).

H 3C\%\
-7 C6H4'p—R

-

CeH,pR -

Irradiation of chloranil in the presence df (R = H)©
generated strong polarization for the donor molecule: the
aromatic multiplet near 7 ppm and the benzylic cyclopropane
signals (t,t;0 = 1.9 ppm) showed enhanced absorption; the less
shielded secondary cyclopropane resonanées (.95 ppm)
showed strong emission whereas the more shielded ones (
0.6 ppm) showed weakly enhanced absorption (Figure 1, top).
These effects delineate the spin density distribution in the radical
cation,1*" (R = H), and establish its structure; in addition, the
signs and relative magnitudes of the hyperfine coupling
constants derived for the secondary cyclopropane protons show
an interesting stereoelectronic effect.

The enhanced absorption of the aromatic and the benzylic
cyclopropane signals indicates negative hyperfine coupling (hfc)
constants for these protons. Because the signals of the different
aromatic protons are not resolved, the overall polarization is
determined by the ortho and para protons, which outweigh the
weaker effects of the meta nuclei. Negative hfcs typically arise
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H H Hx . TABLE 1: Calculated Atomic-Atomic Spin Densities and
a B trans B cis Hyperfine Coupling Constants of Phenylcyclopropane
, I i Radical Cation

hyperfine
carbon  spin density proton spin densityp  coupling
C-ipso 0.179

C-o0, syn 0.140 H-o0,syn —0.0076 —-3.99
C-m, syn —0.068 H-m,syn 0.0013 0.87

C-para 0.368 H-para —0.0157 —9.04
C-m, anti —0.076 H-m, anti 0.0015 1.04

C-o, anti 0.147 H-o, anti —0.0077 —4.22

C-benzyl 0.136 H-benzyl  —0.0078 —4.34

Cc- 0.121 H-cis 0.0002 -0.70
H-trans 0.0103 7.80

o C-z 0.120 H-cis 0.0002 -0.67
T H-trans 0.0104 7.84

¥ T T I T T T i I T | |

. 20 10 _ o importantly, our calculations also reproduced the hyperfine
F|gure 1. 60 MHz H Spectrum of an aCetOn‘%—SOIUUOn Conta|n|ng Coupllng pattern denved from the ClDNP Spectrum exactly’

1072 M each of phenylcyclopropané,(R = H) and chloranil (bottom) ; ; ; ; ;
and CIDNP spectrum observed during UV irradiation (top). Of ;n;(laté(tj:Srgnthe stereoelectronic effect on the hfcs revealed in this

particular interest are the divergent effects of the secondary cyclopro- .
pane resonances & 0.95, 0.6 ppm). The hfc constants of the (formal) benzyl moiety are unex-

ceptional. The ortho, para, and benzyktnuclei all have large
via 7r,0-polarization; accordingly, the CIDNP effects indicate Negative hfcs; the two ortfbl nuclei show slightly different
spin density in the aromatic ring and on the benzylic carbon. hfcs Bo,syn= —4.0 G vsAo ani= —4.2 G), essentially identical
The strongly polarized secondary protons confirm the presencet0 the benzylic protonA, = —4.2 G); the paraH nucleus is
of spin density on the benzylic carbon: the emission sup- Most strongly coupled, = —9.05 G). These couplings directly
ports positive hfcs, which arise typically vigo-delocalization ~ reflect the spin densities on the corresponding carbpgs,{
of spin density onto théH nuclei (hyperconjugation). Overall, = 0-14; poani = 0.149; o, = 0.147;p, 0.368). The negative
these results support a radical catidrf, R = H, in which hfcs supportr,o pola_lrization as t_he mechanism by wh_ich the
spin and charge are delocalized between the phenyl ring and™H nuclei interact with the unpaired electron spiilhe ipso
the benzylic cyclopropane carbon and in which the two carbon also carries significant spin densijiyd = 0.179; Table
cyclopropane bonds are lengthened and weakened @ype :
These conclusions are in full accord with the results of ab initio ~ While the hfc coupling pattern of the aryl moiety is
calculations (B3LYP/6-31G*), which documented the principal unexceptional, the spin density distribution in the cyclopropane

structural features and the charge density distribution in the Moiety has little, if any precedence. Both the benzylic and
radical cation1*+.2 secondary cyclopropane carbons have positive spin density; the

The divergent signal directions for the two pairs of secondary différence between, (0.147) andps (0.121), Ap = 0.026

. . (A~ 0, i
cyclopropane protons document an interesting stereoelectronlcg OZO%A)%;)/'S Igrger thart\ht.h?jt.flfoetweer! the or:_rtlo carlb('m@(:.th
effect. To understand the nature of this effect, it is crucial to , 5%). However, this difference in quantity explains neither

assign the orientation of these protons relative to the phenyl the diametrical difference betweghcis andf-trans hics nor

group. The protons cis and trans to the phenyl group are readilythe principal difference between thg-trans-hfcs and the

differentiated by the magnitude of the vicinal spspin splitting b enzg/ ”C.’ ortho andl pgrathfcs. Clea:jly,l thel.dat.ssri]ffl hhypﬁ rfine
constants Yeis > 3Jrand. The nuclei cis to the phenyl group mechanismsyr,o-poiarization orr,o-delocalization,” whic

have one more traniH neighbor whereas the trans nuclei typically give rise to negative and positive hfcs, respectively,

have one more cis neighbor. Accordingly, the spectrum of do not apply to thes-"H nuclei of 1°*.
the trans nuclei should be wider than that of thelelsnuclei
by AJ (Jis — 3Jyans = 8.4 Hz — 5.1 Hz = 3.3 Hz). In the Hymi Ho
spectrum ofl the downfield signal is wider by exactly 3.3 Hz.
These considerations unambiguously identify the strongly N
polarized secondary protons as those trans to the phenyl .
group. N HB,trans

The divergent hfcs of the cis and trals nuclei cannot be
explained by a different orientation of the-El bonds relative Ho,syn
to the spin-bearing benzylic cyclopropane orbital. This orbital HB,cis
lies in the plane of the three-membered ring and has the same
relative orientation to the cis and trans protons. Accordingly,  On the other hand, the calculated hfcs of fheis and trans
we considered the overall spin density distribution in the radical 1 nyclei (Ajs = —0.70 G;Ayans= 7.81 G) reproduce both the
cation. The previous authors did not comment on spin densitiesre|ative magnitude and the difference in sign suggested by the
or hfcs; thus, we repeated their ab initio calculatfo@3LYP/ CIDNP results. In this context, it is of interest that related
6-31G*), focusing on spin densities and hfcs. stereoelectronic effects and very similar hyperfine patterns were

Not surprisingly, our calculations duplicated the published obtained by ab initio calculations for the syn and anti confor-
structural parameters exactly. For example, the cyclopropanemational isomers of vinylcyclopropane radical catisgr¢ and
bond lengths ofl** were calculated as &Cs = C,—Cyp = anti-3").8 In this case, too, large hfcs were calculated for the
159.1 pm, G—Cg = 145.0 pm, and fgso—C, = 143.1 pm. More trans nuclei, whereas small or negligible hfcs were found for
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Figure 2. Pictorial representation of the spin density distribution (bottom) of SOMO (center) and LUMO (top) of phenylcyclopropane radical
cation (**) calculated by Spartan.

the cis protons, although no experimental data are available forprotons, actually enveloping them and placing positive
comparisor?. spin density on them (Figure 2). In contrast, the £igrotons
have only very minor spin density, very likely because they
\<Huans lie in or near the nodal plane bisecting thgs&-C, bond
_ (Figure 2). The negative sign of thegkk coupling implies
m,0-polarization from the modest spin density at (b3 =
Hg 0.121).
The sizable positivgg-trans hfcs 7.8 G) must be induced
ot ot by a delocalization mechanism, albeit not directly analogous
anti-3 syn-3 to the typical hyperconjugation mechanism. Similar direct
coupling was invoked for several free radicals derived from
Accordingly, we examined the nature of the singly occupied rigid bi- or tricyclic systems, for example, to explain the
molecular orbital (SOMO) and the spin density distribution in  significanty hfcs of 1-adamantyl radicad;, A, = 4.66 G12 or
the cyclopropane moieties in more detail; the results are the sizable hfcs for the anttH nuclei at Ge7g of 2,3-
illuminating (cf., Figure 2). Adjacent to a nodal surface between diazabicyclo[2.2.2]oct-2-ene radical cati@n;.*® In both cases,
the ipso and benzylic carbons, nearly 40% of the spin density the coupling was ascribed t-delocalization. Similarly, the
of 1°* is contained in a pair of Walsh lobes which encom- significant difference between tfe andZ- azomethinéH hfcs
pass the benzylic (§ and extend along the°32° cyclopro- of iminoxyl radicals 6'; Ag ~25 G; Az ~6 G) reflects
pane bonds to secondary cyclopropane carbong. (The preferentialo delocalization due to back lobe overlap in the
back lobes of these orbitals are distorted toward the tfans- trans geometry?
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v =9.6455 GHz

However, the coupling mechanism in the pheriyitf and
vinylcyclopropane radical cation$'¢) cannot be completely
analogous to those operating in spedes 5", and6®. Although
the G—Hyansbonds are aligned in the general direction of the Figure 3. X-band EPR spectrum generated upon incorporation of
Cipso—Cq bond, their dihedral angle®¥ans = ~ 140°) allow phenylcyclopropanel( R = OCHg) into pentasil zeolite (Na ZSM-5).
less than perfect back lobe overlap. As a possible rationale for The spectrum is identified as that of anethole radical cat®h) .(
the divergent hfcs we note that the nodal surface through the
S-carbons appears to be aligned in such a fashion as to avoidenvironment of zeolites often increases the stability of radical
bisecting the nodal plane betweegp<gand G. Whatever the cations by protecting them from external reagents and/or
detailed mechanism, the ab initio calculations reproduce the restricting their mobility. These features fail to protect species
remarkable stereoelectronic effects deduced from the CIDNP such asl**, which react with the zeolite active sit&&While
spectrum. The spin density distribution df* (Figure 2) this is an interesting observation, it hardly contributes to
illustrates the observed differentiation between cis and fdns  elucidating the structure of phenylcyclopropane radical cation.

nuclei. The EPR spectrum of this species remains elusive.
The results discussed above delineate the structure and spin In summary, we have delineated the structure and spin density
density distribution of phenylcyclopropane radical catit, distribution of phenylcyclopropane radical catiof;”, by

and establish it as a species with a unique coupling mechanismCIDNP experiments and ab initio calculations. The most
and as an example of a structure type for which only few significant feature is the stereoelectronic effect deduced for the
examples are knows.” We found it surprising that this  B-nuclei of the cyclopropane ring. The positive hfcs of therds
relatively simple species, which can be obtained from a readily nuclei, assigned on the basis of CIDNP results and reproduced
accessible precursor, was not characterized earlier and, apparby ab initio calculations, reflect the delocalization of spin density
ently, has not been studied by EPR. This method would allow onto these nuclei (cf., Figure 2). These results delineate the
direct observation and provide detailed structural information. structure and spin density distribution of phenylcyclopropane
These considerations led us to attempt generatiotrofn a radical cation]1*™, and establish it as an example of a structure
zeolite host and to characterize it by its EPR spectrum. We type for which only two examples were known previousty.
incorporatedL into the channels of pentasil zeolite (NASM-
5). This approach appeared promising since various radical Acknowledgment. Financial support of this work by the
cations are generated Spontaneou3|y upon incorporating apN&tiOﬂﬂ' Science Foundation through grant CHE-9714840 and
propriate precursorsEf, < 1.65 V) into zeolited5 The an equipment grant, CHE-9520633, is gratefully acknowledged.
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