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Ri(max) = Ry, = pocN [hy = (87rl/20'./\//(‘2)e_AGDB’A/RT0
(8)

at unit [B]. This is identical with eq 4 obtained kinetically.
Therefore, the second law does restrict the maximum bright-
ness Smax and the maximum forward rate R°¢ but only in the
usual way that any activation energy slows a rate. We get no
new restriction from these second law arguments that we would
not have recognized from ordinary transition state kinetic
arguments.

Next consider the quantum yield, defined to be the number
of photons per molecule which reacts. By our hypotheses, this
has to be unity, since it was postulated that there was only one
path, so all molecules which react must follow that path and
each must give one photon. In reality there will be other paths
and a certain fraction of the reacting molecules will follow
them. If these competitive paths give no light, the quantum
yield will drop below unity. Without explicit knowledge of the
rates of the alternate paths, it is impossible to say ahything
further about the quantum yield, even to bound it.

These arguments show that the application of the second law
to chemiluminescent reactions does not introduce any re-
striction on the yield or any new restrictions on the rate which
would not have been recognized from normal activation energy
considerations.
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Conformational Interconversion in the Formation

of 75-Cyclopentadienyl-n3-allylmolybdenum Carbonyl
Nitrosyl Cations

Sir:

The susceptibility of ligands to nucleophilic attack is greatly
enhanced when the complex is cationic.! Thus
73-CsHsFe(CO)y(olefin) cations are readily subject to attack
by nucleophiles,” whereas neutral species, such as
7°-CsHsFe(CO)(SnR3)(olefin) are not.3 Chirality as well as
a localized charge can be introduced into complexes of this type
by replacing CO with NO*.# These reactions may be extended
to chiral 5*-allyl complexes, which are potential sources of
chiral stereospecifically substituted olefins.3

These #°-CsHsMo(CO)(NO)-53-C3Hjs derivatives can be
prepared on a large scale in high yield by reaction of the readily
available dicarbonyl n3-allyl complexes®’ with 1 equiv of
NOPF¢ in acetonitrile at 0°.

NO+
US-C5H5MO(CO)2-?]3-C3H5 —
CH;CN, 0°
nS-C5H5M0(CO)(NO)-1’]3-C3H5+
2

The reaction of 5°-CsHsMo(CO);(NO) with allyl bro-
mide/AgPFg to produce complex 2 has been reported,? but the
synthesis shown above provides ready access to a large number
of substituted derivatives,

NMR studies suggest that 2 undergoes an intramolecular
rearrangement which interconverts conformers arising from
two orientations of the n3-allyl moiety with respect to the
n3-cyclopentadienyl ring. This behavior is analogous to that
observed in 1,5 which exists in solution as an equilibrium
mixture of exo and endo conformers (Kexo/endo = 4.7, 0°,
CD;CN). At equilibrium the conformer ratio for the nitrosyl
derivative, 2, is approximately 5.2 (0°, (CD3)>CO).

1

endo exo

2n 2x

Carbonyl displacement from 1 is extremely rapid (7,2 <
5 s) and 2 is formed predominantly as one isomer (>85%). Two
sets of syn and anti proton resonances are observed for each
isomer as a consequence of the chirality at the metal.? Upon
standing, the weaker ABCDX pattern grows in intensity and
the original intense resonances shrink to 14% as the system
approaches equilibrium. By analogy with 1, the endo isomer
of 2 should be less stable thermodynamically and tend to
convert to the exo isomer. These intensity changes are inter-
preted as a kinetically controlled predominance of the endo
isomer in the initial product followed by a gradual approach
to an equilibrium in which the exo iomer is favored.'0 Thus,
the principal path should be as follows.

-

q 7 ¢
Mo M FAST Moru sLow M H H
oC"J@/ s — oy L
C;C Ral Jq M H
H
1x 2n 2x

It is noteworthy that the establishment of endo-exo equilib-
rium is over a million times faster in 1 than in 2;i.e., the half-
life at 0° is ~10~! s for 1 and ~106 for 2.

Summarizing the kinetics below: two extremes which ac-
count for the reversal of conformer ratios between reactant and
initial product are apparent based on the relative rates of re-
action with NO? vs. conformational interconversion of 1.

1 endo %’ 2 endo
NO*\enx
~10* kmj Rinx km1 ke ~107°
b0
1 exo N—‘&‘> 2 exo
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TableI. Exo/Endo Conformer Ratios at 0°
Reactant  Initial product Final product
Ligand CH;CN (CD3),CO (CD3),CO
1,2 Allyl 4.7 0.15 5.2
3,4 2-Methylallyl  0.38 2.4 0.35

(Scheme I) The NO™ cation reacts with 1 endo faster than
with 1 exo and the endo configuration is retained. Excess 2
endo is observed because exo-endo interconversion in 1 is rapid
compared to reaction with NO*. This is consistent with
kixa[1x] > kna[NO*][1n]. (Scheme II) The NO* cation
reacts rapidly compared with endo-exo interconversion in 1,
but stereoselectively interconverts configuration, e.g., 1x —
2n. This is consistent with kx,[NO*] ~ kp [NO+] > kypy ~
k 1xn or the formation of a common intermediate with stereo-
selectively decays to product.

A choice may be made between these alternatives on the
basis of observations with the 2-methylallyl derivative. The
endo conformer of the dicarbonyl complex, 3n, is thermody-
namically preferred due to steric interactions between the ring
and the 2-methyl group (Kexo/endo = 0.38, 0°, CD3;CN). The
reaction with NO™ proceeds to yield a conformer excess in the
initial product opposite to that observed in the reaction with
1. This product distribution slowly reverses to yield a final
equilibrium for the nitrosyl derivative, 4, of Kexofendo = 0.35.
Thus opposite conformations to the allyl system predominate
in the 2-methylallyl system at all stages—reactant equilibrium,
initial product distribution, and final equilibrium (see Table
D).

If the rate constants for reaction with NO* are not signifi-
cantly perturbed by the methyl group, Scheme I is untenable.
Since the endo conformer already predominates in the reactant
in 3, there should be a predominance of endo isomer in the
initial product distribution if Scheme I were to be operative.
Thus, Scheme 11, which implies inversion of conformation in
the major isomer upon reaction with NO*, appears to be op-
erative.

Since the reaction with NO* occurs so rapidly, it probably
does not involve attack on a coordinatively unsaturated species
such as nS-CsHsMO(CO)z-nl-C3H5 or nS-CsHsMO-
(CO)-n*-C3Hs. Thus it appears that a concerted SE2 attack
displaces CO and interconverts allyl conformation, perhaps
via a n'-allyl. The n'-allyl, which might be accessible from
either 1x or 1n, might produce a product determined by the
kinetic preference for re-formation of the two #3-allyl con-
formers.!2

These chiral cationic allyl complexes react with nucleophiles
to produce mixtures of diastereomeric olefin derivatives. Weak
stereoselectivity is shown in the addition of hydride or cyanide;
however, reactions of 2 with methanol/Na>COj or sterically
hindered enamines produce a single diastereoisomer.!3

o-N-N:o-c-o O-N-N:O'C-O
"CH,Nu  NuH,C’
(R,R) (R,S)

We have observed high stereoselectivity in the formation and
reaction of 1-substituted and 1,3-disubstituted analogues of
2; furthermore, it appears that asymmetric induction in olefin
substituents is related to endo-exo isomer ratio. This stereo-
selectivity of the nucleophilic reactions may be attributed
to the asymmetry in charge distribution introduced by the
nitrosyl ligand. Thus, in addition to the novel “inversion” of
conformation in their formation, these nitrosyls provide a
system wherein asymmetric induction in nucleophilic atack
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appears to be dominated by an electronic rather than a steric
effect.!4
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Chemistry of the Macrocyclic Cobalt(IT) Complex,
[Co(C22H22Ny)]. Reactions with Halogens, Molecular
Oxygen, Alkynes, and Nitriles

Sir:

The multifarious roles of cobalt in the biochemistry of vi-
tamin Bi,'? suggest that considerable potential still exists for
the development of new chemistry with cobalt in other suitably
designed ligand systems. The macrocyclic ligand, derived from
the metal-template condensation of o-phenylenediamine with
2,4-pentanedione (see Scheme 1),34 is grossly distorted from
planarity due to the steric interactions of the methyl groups
with the benzenoid rings.5¢ These distortions lead to a strained
coordination environment for metal ions as well as activated
methine carbon atoms of the ligand and may lead to unusual
reactivity at either the metal or activated ligand centers, or
both. The reactivity of iron(1l) complexes derived from this
ligand has been recently reported.’
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