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aza[3.2]metaparacyclophane 6 was isolated (3%) along with
32% recovered 1 (n = 2) and compounds 3-8 (r = 2) in 3, 57,
and 3.5% yield, respectively.? The structure of 6 was supported
by the replacement of the characteristic ultraviolet maximum
of 1 (n = 2) at 302 nm with a broad featureless absorption
extending to a maximum at 254 nm (e 5250) in methanol. The
pKa, determined spectroscopically in methanol-water and
extrapolated to pure water, was 6.92, significantly higher than
5.06 obtained for N, N-dimethylaniline. Both phenomena are
in good accord with the expected effect of twisting the amino
group out of the plane of the aromatic ring.

The 200-MHz NMR spectrum (CDCI;) of 6 at —60 °C
displayed an NV-methyl peak at § 2.78 (3 H). The C-9 aromatic
proton signal was a triplet at 6 5.33 and the remaining three
protons of the meta-substituted ring were centered at § 6.76
and 7.1 (Jo,7=7.95,J56=6.92,J57=1.74,J79 = 1.25,and
Js9 = 1.78 Hz). The hydrogens of the para-substituted ring
appeared as AB quartets at 6 5.73 and 6.18 (J'= 8 Hz) and at
06.94and 7.10 (J = 8 Hz). At 15 °C the  6.18 and 6.94 bands
coalesced and at 60 °C were replaced by a broad signal at 6
6.53. The 6 5.73 and 7.10 signals merged into a broad shoulder
at 6 6.36 at this temperature. Using the expression’ k. =
7w Av+/2, these observations lead to an approximate AF¥ for
interconversion of 13.5 keal/mol.

The C-2 and C-3 methylenes protons of 6 at 25 °C appeared
as multiplets at 6 3.5 and 2.3. In 6, C(3)-d, which was pre-
pared from the corresponding c-deuterated alcohol 1 (n = 2),
the C-2 hydrogens appeared at —40 °C as an AB quartet at
4 3.39 and 3.82 (J = 15 Hz) which coalesced at 10 °C, AF*
= 14.0 kcal/mol. Exchange of the C(2) protons can only be
accommodated by flipping of the meta-substituted ring with
consequent transformation of the chiral structure 6 to its en-
antiomer. Although this transformation also results in ex-
change of the protons of the para-substituted ring, independent
rotation of the latter ring could produce the same effect. The
0.5-keal/mol lower activation energy for exchange of the
protons of the para-substituted ring lies close to the sensitivity
of the method but suggests that the latter ring may rotate in-
dependently and at a similar rate to enantiomeric intercon-
version.

In analogy to the photochemical condensation of benzyl
alcohol with N,N-dimethylaniline,}! the. [3.1]metacyclophane
2 is probably formed by cyclization of 7 either before or after
internal electron transfer (Scheme I, path a). The formation
of the [3.2]metaparacyclophane 6 may occur through proton
abstraction by OH™~ within the ion pair 7 (Scheme I, path b).
Successful competition of this pathway over cyclization to a
highly strained [2.1]metacyclophane would not be surprising.
Abstraction of a proton from the N-methyl in 7 has precedent
in the abstraction of protons from amine radical cations by
ketone radical anions.}? While abstraction by anions lacking
an unpaired electron does not appear to have been reported,
OH" is a stronger base than the ketyl radical anion!3 and
proton transfer to it is energetically reasonable. In agreement
with this mechanism the ratio of methyl ether 4 (n = 2) to
cyclophane 6 increased from ~14 to >62 when the benzyl
chloride corresponding to 1 (n = 2) was irradiated in place of
1 (n = 2) so as to form chloride ion instead of the more basic
OH-~. For these experiments short irradiation times were used
to avoid secondary photolysis of 4 (n = 2) since the latter
compound can be converted photochemically into 6 in up to
12% yield (31% based on recovered starting material).
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The Structure of Amidyl Radicals.

An Investigation by Variable-Temperature Electron
Paramagnetic Resonance Spectroscopy!

Sir:

There have been many attempts to determine whether am-
idyl radicals (V-alkylcarboxamidyls, R“”CONR) have a 7 or
o electronic ground state. Both the 7 (1) and on (2) states have
been suggested to participate in chemical reactions.?2 The EPR
data3->—which is limited in the extreme®—has been tentatively
interpreted in terms of a 7 configuration.” However, bent on
(2) and linear o (3) configurations cannot be excluded.!3
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We have examined the EPR spectra of a variety of amidyls
over the widest range of temperatures possible in each case.
The amidyls were generated by photolysis of the V-chloram-
ides in cyclopropane (cyclopropane-ethylene for the lowest
temperatures), which is the procedure pionegred by Danen and
Gellert.? In this communication we concentrate on just four
amidyls and on the magnitude and temperature dependence
of their a¥# parameters (the H hyperfine splittings (hfs) of the
NCHgR”R”” groups).'* The experimental results, which are
shown in Figure 1, can be interpreted only in terms of the &
configuration, 1. Both the bent (2) and linear (3) o config-
urations can finally be excluded.

The generally accepted relationship between aMs and 8, the
dihedral angle between the C-Hg bond, and the axis of the
semioccupied orbital is!?

aHs= A4+ Bcos?

where A4 and B are constants, and A can usually be neglected.!
In EtCONCH; the average value of 8 is 45° at all tempera-
tures and, since aHs = 29.5 G, it follows that B ~ 59 G. We
have found for EtCONCH;Me, and related radicals,!” that
aHsis always >29.5 G and that there is a very large variation
in aHs with temperature.'® The value of aMé decreases with
increasing temperature and approaches the temperature in-
variant value found for EtCONCHj. At the lowest tempera-
ture attained (109 K), EtCONCH;Me has aHs = 43.3 Gand
hence the average value of the dihedral angle, , is ~30°, while
at higher temperatures 6 tends toward the “free rotation” value
of 45°. This behavior is analogous to that found for alkyl
radicals of the type RjR2CCH3R3 in which # also becomes
smaller as the temperature is reduced. !’

© 1980 American Chemical Society
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Figure 1. Values of ats as a function of temperature: EtCONCH3, 0;
EtCONCH;Me, O; EtCONCHMe;, A; MeCONCH(Bu?),, v.

In sharp contrast, the value of "% for EECONCHMe; is less
than that for EtCONCH; at temperature above ~120 K.
Nevertheless, it too decreases as the temperature increases.
The average value of 8 is not, therefore, approaching 45° as
the temperature is raised, but rather a value >45° and,
moreover, f# must be greater at high temperatures than at low.
This means that the isopropyl group in EECONCHMe;, unlike
that in alkyl radicals of the type R;{R,CCHMe,,!* does not
tend towards “free rotation” at the highest temperatures at-
tained. The MeCONCH(Bu*);, radical also has an aH# which
decreases with increasing temperature and the absolute
magnitude of aM¢ is even smaller than that of Et-
CONCHMe;.

We can account for the foregoing observations only in terms
of the 7 radical structure, 1. There must be a substantial bar-
rier to full rotation about the N-CHR”, bonds, the alkyl group
rocking between energetically equivalent conformations, 4. The
situation can be represented as shown in Scheme I. The barrier
to interconversion, which arises from the eclipsing of the C-Hg
bond and the adjacent lone pair on the carbony! oxygen, should
be relatively low. The preferred (low temperature) angle is
determined by two opposing effects: hyperconjugation to the
C-Hpg bond which tends to reduce § toward 0° 15 and steric
repulsion between R’ and oxygen which tends to increase
toward 90°.16 These effects make the rocking motion subject
to a double minimum potential function. The observed negative
temperature coefficients for a6 presumably arise because the
slopes of the double-minimum potential energy profiles are less
steep as f — 90° than as # — 0 or 180°. As a consequence, §
increases as the temperature is raised,'® and a¥s falls.?0 The
magnitude of ats for MeCONCH(Bu'); is much smaller than
for EECONCHMe, because greater steric interaction between
R’ and oxygen forces Hg closer to the plane of the radical.?!
This result rules out the bent o configuration, 2, because the
magnitudes of at# would have been reversed in these two
species if the semioccupied orbital lay in the plane. For the
same reason, the linear on configuration, 3, can also be ruled
out. An additional reason for ruling out 3 is that steric effects
should be negligible in the linear o configuration. We con-
clude, therefore, that amidyls must be 7 radicals. Though the
m structure has been generally accepted for some time, the
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present experimental results put it on a very much firmer
base.

In conclusion, we note that implicit in structures 1 and 4 are
the assumptions that the R’CO group has a trans arrangement
of R’ with respect to R and that it lies in the CNC plane. The
former assumption is based on analogy with the known trans
arrangement in carboxylic esters?2 and in carboxamides.?? The
latter, fortunately, is relatively unimportant in the context of
the preferred conformation(s) of the R”,CH group and the
conclusions that arise therefrom. That is, structure 4 shows that
the R’CO group provides a steric barrier to rotation of the
R”,CH group about its C-N bond. A certain steric barrier will
remain even if the R’CO group were to be rotated partly or
fully out of the CNC plane. That is, whether amidyls are planar
or are “twisted” 24 about their R’C(O)-NR bonds will not
affect the validity of our conclusion that they have a 7 structure
with the unpaired electron in an orbital perpendicular to the
CNC plane. Experiments are now in progress to determine
whether or not amidyls are “twisted”.

Acknowledgment, We thank Professor N. C. Baird for his
very helpful comments regarding the value (or otherwise) of
MO calculations on amidyl and related radicals.
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Nitrogen-Centered Free Radicals. 10. Electron Spin
Resonance Evidence for a 7 Ground Electronic
Configuration for Sulfonamidyl Radicals!

Sir:

Amidy! radicals have been the subject of considerable
controversy because of the possibility of such species existing
in either a 7 or o electronic ground state.2 In an earlier report3
we published the first unequivocal identification of two simple
amidyl radicals and interpreted the aV, aHs, and g values in
terms of a 7 electronic configuration, 1, although the possibility

of a bent on (2) or linear on (3) configuration could not be
rigorously excluded. Theoretical calculations have not been
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definitive. Semiempirical INDO calculations predict a 7 state
with a CNH angle ~114-120° for formamidyl but the avail-
able ESR data were best correlated with a o configuration.2¢

Table 1. Electron Spin Resonance Spectral Parameters? of Amidyl
and Sulfonamidyl Radicals in Cyclopropane

temp,

radical aN aHs gvalue °C
CH;3SO,NCH; 134 297 2.0041 30
CH3SO,NCH,CH; 132 357 2.0041 30
CH3SO,NCH(CH3), 13.09 870  2.0041 0
(N-,\soz 133 434 20042 30
CsHsSO,NCH(CH3;), 13.07 8.82¢  2.0042 0
7.36 —80
7.36 —60
8.00 —40
8.51 -20
9.43 20
10.01 40
_ 10.91 60
(CH3);CCONCH; 1500  29.30 2.0053  —100
(CH;);CCONCH,CH; 147 378 2.0053  —100
(CH3);CCONCH(CH3); 14.85 22.10 2.0053 =100

@ Hyperfine splitting constants reported in gauss.  aHv = 0.92 G
(6 H). < aHy = 0.98 G (6 H).
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Recent ab initio calculations (STO-3G and 4-31G basis sets
including configuration interaction), however, indicate that
molecular orbital calculations at even this level cannot give
reliable conclusions concerning the ground electronic config-
uration of formamidyl.# The results do suggest that an oxy-
gen-centered configuration (O—CR’=NR, 7 or ) should
probably not be excluded from consideration.

In the accompanying paper, Lessard, Giller, and Ingold5
provide definitive, variable-temperature ESR data for a =
configuration for amidy! radicals. Although sulfonamidyl
radicals cannot exist as completely planar species because of
the tetrahedral-like arrangement about the sulfur atom and
no theoretical calculations have been reported, similar ques-
tions can be raised concerning the preferred electronic con-
figuration of this class of radicals.

We now report ESR data for sulfonamidyl radicals, R’-
SO:,NR, which necessitate a 7 configuration for such species.
A 7 electronic ground state is defined as that electronic con-
figuration in which the unpaired electron on nitrogen resides
in the nitrogen 2p orbital perpendicular to the SNC plane.

The sulfonamidyl and amidyl radicals were generated by
photolysis of the corresponding N-chlorosulfonamides® or
N-chloroamides in cyclopropane solution directly in the cavity
of the ESR spectrometer.? The ESR parameters are summa-
rized in Table I. It is observed that N =132+ 0.2Gand g
= 2.0041 % 0.0001 for the five sulfonamidyl radicals and &N
=149+ 0.2 G and g = 2.0053 for the three amidyl radicals.
These values are similar to those reported for other nitrogen-
centered = radicals?7:8 and strongly mitigate against a o, oo,
or a bent on configuration, the latter of which would be ex-
pected to exhibit a much greater a™ value since the unpaired
electron would reside in an orbital with significant s char-
acter.

In contrast to the similar a™ values, the aH¢ interactions vary
widely but systematically for both the sulfonamidyl and amidyl
radicals when R is changed from CHjz to CH,CHj; to
CH(CH3); as a result of restricted rotation about the N-R
bond. The dependence of aMs on the dihedral angle 8 between
the 8 hydrogen and the p orbital of the radical center is well
documented and exhibits a relationship aHs = 4 + B cos? 0
where 4 ~ 0.% Since aHs = 29.7 G for CH3SO,NCH; and a
freely rotating methyl group exhibits § = 45°, B = 59.4 G for
sulfonamidy! radicals; B = 58.6 G for the amidyl radicals.
From these B values the time-averaged dihedral angles given
in Table II may be calculated for the cases in which R =
CH2CH3 and CH(CH3)2

The ESR results for the relatively rigid cyclic sulfonamidyl
radical listed in Table I definitely require a 7 electronic con-
figuration since such a species cannot possibly exist as a linear
on radical.}® Furthermore, @ is calculated to be 31° which
matches almost precisely the ~30° dihedral angle anticipated
from structural considerations for a 7 configuration as depicted
for 4. The magnitude of aH% calculated for a bent on structure
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1 0

4 Ty 2

N

Table II. Comparison of 3-Hydrogen Hyperfine Splittings and Time-Averaged Dihedral Angles for Related Nitrogen-Centered =

Radicals?
R CH;SO,;NR*® 6,c deg (CH3);CCONR? 6, deg R,N¢ 6,c deg
CH; 29.7 45 29.30 45 27.36 45
CH,CH; 35.7 39 37.8 37 36.90 35
CH(CH3); 8.70/ 68 22.10 52 14.31 59

@ Hyperfine splittings in gauss. # 30° except where noted. © See text, ¢ —100°. ¢ Reference 7, —90°. / 0°,
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