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Photochemical Interconversion of Phenylnitrene
and the Isomeric Pyridylmethylenes
Sir:

Recently we demonstrated that irradiation (>2160 A) of
phenyl azide matrix isolated in argon produces 1l-aza-
1,2,4,6-cycloheptatetraene (1).! The question whether phen-
ylnitrene (2) was formed in competition with 1 prompted us
to follow the irradiation of phenyl azide using electron spin
resonance.? Irradiation (>2160 A) of phenyl azide matrix
isolated in argon at 12 K produced the characteristic, intense
X.Y transition of the triplet phenylnitrene (Figure 1: D, 1.027
cm~L E, 0 cm™1).34 The excellent signal to noise ratio per-
mitted observation of the weak Am = 2 transition and the Z;
transition which had not been observed in previous studies.
Continued irradiation of the sample produced a new triplet
species (Figure 1) with zero-field parameters (D, 0.537 cm™1;
E, 0.027 cm~1) rather similar to those of phenylmethylene (D,
0.5098 cm~1; E, 0.0249 cm™!).5 The similarity in zero-field
parameters suggested that the new triplet species might be
2-pyridylmethylene (3). This possibility was confirmed by
independent generation of 2-pyridylmethylene. Irradiation (A
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Figure 1, ESR spectrum produced upon irradiation of pheny! azide (>2160
A) matrix isolated in argon at 10 K. The observed field positions for 2 are
Am =2,1668 G; XY, 6914 G; Z,, 7639 G. The field positions for 3 are
Z1,2377 G: X,,4934 G; Y, 6057 G; Z,, 9068 G. The g = 2 region is due
to the adventitious formation of free radicals.

Figure 2. ESR spectrum produced on irradiation of vic-triazolopyridine
(4, >2000 A) matrix isolated in argon at 10 K. The field positions are
identical with those given in Figure 1. The sharp signals symmetrically
disposed about the g = 2 signal are due to hydrogen atoms.

> 2000 A) of vic-triazolopyridine (4) matrix isolated in argon
is known to give first 2-diazomethylpyridine then l-aza-
1,2,4,6-cycloheptatetraene.! When this irradiation is monitored
by ESR, the signals characteristic of triplet 2-pyridylmethylene
(3) are observed (Figure 2). Continued irradiation produces
the signals of triplet phenylnitrene (Figure 2). Blank experi-
ments showed the vacuum system and the ESR cell to be free
of cross contamination.5

Irradiation (>2000 A) of 4-diazomethylpyridineS” matrix
isolated in argon at 12 K gave triplet 4-pyridylmethylene (S:
D, 0.533 cm™!; E, 0.0248 cm™1). Continued irradiation pro-
duces 3-pyridylmethylene (6, vide infra), 2-pyridylmethylene
(3), and phenylnitrene (2) as well (Figure 3). Similar irra-
diation of argon matrix isolated 3-diazomethylpyridine®’ gives
3-pyridylmethylene (6: D, 0.513 cm~!; E, 0.0241 cm™!), 4-
pyridylmethylene, 2-pyridylmethylene, and phenylnitrene
(Figure 4). The three isomeric pyridylmethylenes can be
clearly distinguished in the Z, and Y, transitions. The Z;
transition of 3-pyridylmethylene is complex owing to the
presence of two conformers.® Only one conformer is possible
for 4-pyridylmethylene, and only one of the two possible con-
formers is observed for 2-pyridylmethylene. This observation
is probably due to an effect of the nitrogen lone pair. When the
irradiation of either 4-diazomethylpyridine or 3-diazo-
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Figure 3. ESR spectrum obtained on irradiation of 4-diazomethylpyridine
(>2000 A) matrix isolated in argon at 10 K. The ficld positions for 5 are
Z1,2335G: X,,4966 G, Y,,6006 G; Z,, 9025 G. The inset shows an ex-
pansion of the ¥, region.

Figure 4. ESR spectrum obtained on irradiation of 3-diazomethylpyridine
(>2000 A) matrix isolated in argon at 10 K. The field positions for 6 are
Z,.2123G: X,,4924 G; Y5, 5923 G; Z,, 8817 G. Inset A shows an ex-
pansion of the Z, region. Inset B shows a similar expansion of the ¥, re-
gion.

methylpyridine is monitored by infrared spectroscopy, the same
primary photoproduct is observed. This photoproduct shows
bands at 1810 and 850 cm~! which we attribute to the presence
of a strained allene. The formation of a common intermediate
from 3- and 4-diazomethylpyridine severely limits the struc-
tures which may be considered.® Ring expansion to the allene
(7) seems most plausible, and we tentatively conclude that this
is the species with the 1810- and 850-cm ™! bands. Continued
irradiation destroys this species with the formation of un-
identified products. In the irradiation of 3-diazomethylpyri-
dine, formation of a small amount of 1-aza-1,2,4,6-cyclohep-
tatetraene (1) is observed (infrared spectrum). This observa-
tion provides a valuable clue to the crossover point in the
mechanism.

The observations given above can be understood in terms
of the transformations shown in Scheme I. This mechanism
is appealing in its simplicity, and it accounts for all of the ob-
servations. It is consistent with, but not required by, the data.
Simple 1,2 shifts in 1 give phenylnitrene (2) or 2-pyridyl-
methylene (3). Use of 1-aza-1,2,4,6-cycloheptatetraene (1)
as the vehicle for interconverting phenylnitrene and 2-pyri-
dylmethylene has the appealing feature of providing a reason
why phenylnitrene and 2-pyridylmethylene are not converted
to the 3- and 4-pyridylmethylenes (5 and 6). Ring expansion
of 2-pyridylmethylene to 1 is a process in which the nitrogen
lone pair participates, and this ring expansion is clearly favored
over the alternate expansion to 8 in which the nitrogen lone pair
cannot play a role. Interconversion of 3- and 4-pyridylmeth-
ylene is possible via 1,2 shifts in the allene (7). The crossover
point between the two almost independent systems (1-3 and
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5-7) is the allene (8) which we have not observed. It must be
a minor product which does not build up.

Thermolysis of phenyl azide and vic-triazolopyridine gives
virtually identical products.!® The same is true for the ther-
molysis of the 3- and 4-diazomethylpyridines.!! Interconver-
sions of the isomeric pyridylmethylenes and phenylnitrene by
various schemes have been considered as possible mechanisms
for formation of the thermolysis products. It is probable that
Scheme I is relevant to the thermolysis mechanisms since the
1,2 shifts can occur photochemically or thermally.
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Effects of Electric and Magnetic Fields on

Prochiral Chemical Reactions: Macroscopic Electrie
and Magnetic Fields Can Cause Asymmetric Synthesis!
Sir.

We address the question of whether the application of uni-
form and constant electric and magnetic fields to an achiral
or racemic (prochiral) reaction mixture can lead to asymmetric
synthesis of products.

The literature contains one report of asymmetric syntheses
in the presence of magnetic and presumed electric fields.?
Small optical rotations (maximum 0.024°) were obtained for
various reactions and field orientations. In spite of the fact that
the macroscopic electric field must have been zero? in the re-
actions conducted by Gerike, the theoretical possibility of
applied field effects on prochiral reactions is quite inter-
esting.

In answer to the question of the theoretical possibility of such
field effects on asymmetric synthesis, Mead, Moscowitz,
Wynberg, and Meuwese have presented a theorem* which
shows that, in the presence of constant and uniform electric
and magnetic fields, a molecule M and its enantiomer M* have
states of the same energy. Consequently, they conclude that
asymmetric synthesis under the specified conditions is im-
possible. Their argument is based on the application of two
symmetry operations to the entire system (reaction and applied
fields): a plane of reflection, o, and time reversal, T. The
electric field, E, and magnetic field, B, have arbitrary relative
directions. Successive application of o (chosen to contain E and
B) and T have the following effect:

[M, B, E] —> [M*, —B, E] —> [M*,B,E] (1)

Thus, the net effect of the two operations is to transform M into
M*, showing that the two enantiomers have (stationary) states
with the same set of energy levels in the presence of the
fields.

The conclusion that such fields cannot induce asymmetric
synthesis is based on the condition of complete thermodynamic
equilibrium, whereby, in accordance with the above theorem,
equal concentrations of enantiomeric products, P, and P*, are
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attained. In many systems, however, the actual concentrations
of reaction components may be kinetically, rather than ther-
modynamically, controlled. This is the case, in particular, if
given reactants can produce different products by reaction
paths having different activation energies, and if equilibrium
strongly favors product formation. Such reactions can essen-
tially go to “completion” without reaching complete thermo-
dynamic equilibrium. In these cases the theorem above does
not apply.

We will show below that parallel E and B fields, which are
constant and uniform, can differentially affect the rate constant
for the formation of enantiomeric products, P and P*, from an
optically inactive mixture of reactants. The argument depends
on the existence of a current density (or magnetic moment) in
the transition states which are precursors to products. We
denote the current density by j and the precursor molecule with
current density by A(j). Now consider the effect of the oper-
ations ¢ and T as defined above:

[AG), B, E] —> [A*(j*),—B, E] —> [A*(—j*).B.E] (2)

The symbol j* represents oj, the reflected current density. This
result shows that molecule A with current density j has the
same energies in the fields as does molecule A* with current
density —j*.

Let us assume that A(j) is the precursor to product P and
that A*(j*) is the precursor to the enantiomeric product P*.
While it is true that A(j) and A*(—j*) have the same energy,
it follows that, in general, A(j) and A*(j*) do not have the
same energy if j and j* are not superimposable in space.
Therefore, at thermal equilibrium, the concentrations of the
two species will differ and, consequently, so will the rates of
formation of P and P*.

The current density in the precursor molecule may be in-
trinsic to the molecule (such as a stationary magnetic moment)
or it may be induced by the applied fields or by molecular in-
teractions. Induced currents may be due either to adiabatic
(stationary) response or to nonadiabatic (transient) response
of the molecule. Nonadiabatic responses may be particularly
important in transition states.

The adiabatic response to the applied field B is of particular
interest. Formulation of the second-order response tensor, K(2),
for the response of j to B shows3 that, for molecules having no
current density in the absence of the field, K> = 0. This
implies that, for such molecules, Aj(A,B) = Aj*(A,—B) =
Aj*(A,B*), where Aj(A,B) is the current response of molecule
A to B and B* = ¢B. However, it follows that Aj*(A,B*) is
identical with Aj(A*,B); therefore,

Aj(AB) = Aj(A%,B)

which shows that the adiabatic current response of A and A*
are the same. Consequently, if the unperturbed A has no cur-
rent density, adiabatic current response to B cannot, of itself,
contribute to asymmetric synthesis.

The above argument reduces the number of possible sources
of effective current density to (1) the presence of an intrinsic
stationary magnetic moment and (2) the nonadiabatic response
of a (transient) magnetic moment.

An example of the first is a precursor molecule A having
only one plane of symmetry and a magnetic moment perpen-
dicular to the symmetry plane. The magnetic moment could
be due to spin. There are two possible species, denoted by A(j)
and A(—j), having opposite magnetic polarizations relative to
the molecular plane. One is produced from the other by the
successive operations of reflection and time reversal. In the
absence of magnetic interactions, A(j) and A(~j) are degen-
erate, Distortions of molecule A which destroys the symmetry
plane lead to P and P* depending on the direction of distortion.
If the electric field influences the direction of distortion (be-
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