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Our research program has long maintained an interest in
structure-reactivity relationships with respect to electrocyclic
reactions. In earlier work, substituent effects in ther 4-

electrocyclic interconversion of cyclobutene and butadiene were H

examined, with this work and that of others culminating in the
invention of the concept of torquoselectivity by Houk in 1984.
More recently we have been interested in designing experi-
ments which could provide similar insight tos6-€lectrocy-
clizations. Houk has predicted similar, albeit diminished,
torquoelectronic effects for such proces&esinfortunately,
steric effects play a dominant role in determining the dynamics

of the classic 1,3,5-hexatriene to 1,3-cyclohexadiene electro-

cyclization process, to such an extent that the impact of

torquoselectivity cannot be assessed via studies of this system.

In pursuit of an electrocyclization system which would allow
unambiguous evaluation of B-electron torquoselectivity, we
initiated an investigation of substituent effects on the rates of
cyclization of o-vinylphenyl isocyanate%.” Lacking cis (or
trans) substituents at the isocyanate terminus of itssgstem,
this rearrangement system should be free of the usual steri
effects which have impeded past efforts to examimeddectron
torquoselectivity*

Parent systermh underwent thermal rearrangement smoothly
to 2-quinolinone produc3,®° with the reaction exhibiting good
first-order behavior. Activation parameters were obtained which
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Log A = 10.410.2; E, = 25.240.2 kcal/mol; AS* = -131 cal/deg

were consistent with a concerted, pericyclic pathway for the
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(8) Rates of rearrangement of the isocyanates to the respective 2-quino-
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Table 1. Experimental Rate Constants and Calculated Activation
Energies and Heats of Reaction for the Thermal Electrocyclizations
of o- and/orS-Substitutedo-Vinylphenyl Isocyanates in §Ds
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substituent (kcall E, Exv Eon
B T,°C k(s mol) (1—2) (1—2) (1—3)
H H 109.4 9.8(0.5)% 10°° 29.8 298 19.2 —-23.1
H CH; 112.6 7.3(0.5)x 10°° 30.1 29.1 20.8 —25.3
H F 178.9 2.0(0.3x 10°© 38.6 327 255 -21.1
CR 182.3 9.0(0.5)x 10°° 355 328 222 -24.4
CH; H 35 2.4x1074b 23.2 26.1 16.9 —24.3
Ck H 149.3 6.9(0.2)x 10°° 33.0 319 228 —21.3
F 101.6 3.80(0.01x 104 28.0 29.0 23.0 —22.0
H CN 347 27.2 —20.8
H CHO 323 235 -23.1
OCH; H 219 16.3 —235

aMP2/6-31G*//RHF/6-31G*+ ZPE."® See footnote 15.

reaction'® In view of the novelty of the system and its potential
for polar effects, we believed that it was essential to carry out
a computational study concurrent with the experimental one.
Utilizing ab initio [MP2/6-31G*//RHF/6-31G*] methodologl; 13

the structures and energies of the ground states, transition
structures, and products of the cyclization/rearrangement se-
quence { — 2 — 3) for 1 and a number of itsx- and

P-substituted derivatives were compuféd.

Table 1 provides the kinetic and computational data which
were obtained in our investigation of the reactivity of such
and S-substituted vinylphenyl isocyanates. From this data, it
can be seen that substitution, particularly by polar substituents,
gives rise to strong kinetic effects which can largely be attributed
to polar influences on the thermodynamics of the endothermic,
rate-determining step of these proces<és.

Interestingly, these transition structures (i.e., Figure 1) proved
not to be of a classic, disrotatory, /-electrocyclic nature.
Instead, the isocyanato function remained essentially coplanar
with the benzene ring<3.7° out of plane) in the transition state,

(10) The rates of electrocyclization were similar with and without the
added pyridine £10%), but the Arrhenius behavior was somewhat better
in the presence of pyridine.
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at the restricted Hartree=ock (RHF) level and characterized as minima or
transition structures by harmonic frequency analysis. RHF vibrational
frequencies and zero-point energy corrections are scaled by 0.8929. MP2
energy calculations on the RHF geometries utilized the frozen-core approach.
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Keith, T. A.; Petersson, G. A.; Montgomery, J. A.; Raghavachari, K.; Al-
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(14) B3LYP and BLYP investigations of this system yield very similar
transition structures, as do calculations of the transition structure of the
non-benzo analogue.

(15) Thea-methyl derivative rearranged at a rate competitive with that

linones @) were determined by measuring the decrease of an appropriate of the Curtius rearrangement, and thus its rate could only be estimated using

NMR (*H or 1°F) signal with respect to an internal standard. Quinolinone
products were isolated ir85% yield and fully characterized.

(9) 2-Quinolinones are often erroneously referred to as their less stable

tautomers, 2-hydroxyquinolines.
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the standard procedure for such two-step consecutive, irreversible pro-
cessed’

(16) Moore, J. W.; Pearson, R. &inetics and Mechanispdohn Wiley
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Table 2. Comparison of the Rate Constants for Electrocyclization
of the E- and Z-Isomers of Som¢-Substitutedo-Vinyl Phenyl

Isocyanate’:?”
calcd?
substituent AAE.,
o B T,°C  kekz AAGT  AAE.  (1—2)
H CHs 112.6 11.7 -1.9 —2.0 +2.0
H Ck 182.3 3.2 -1.0 -0.9 +2.9
. - N . CHs F 101.6 82.1 33 —7.4 +0.6
Figure 1. Transition structure for the electrocyclization@¥inylphe- H CHO 422 432
nyl isocyanate.
2 kcal/mol.® MP2/6-31G*//[RHF/6-31G*+ ZPE.
with the vinyl group twisted (28°2out of planef° thus orienting isocyanates would thus not appear to be classic, disrotatory

its terminal p-orbital for favorable overlap with the carbon pericyclic processes, they should still have the potential to
p-orbital of thecarbonylz-bond, rather than with that of the  exhibit torquoselectivity in theimonorotatoryprocesses. In-
C=N z-bond, which would have been the case for the classic, deed, the results given in Table 2, which provide a measure of
disrotatory process. The short bond length (1.883 A) of the the torquoelectronic influence & versusZ g-substituents on
forming bond in the isocyanate cyclization is indicative of the the electrocyclization of, are such that there can be little doubt
lateness of this transition state, whereas the length of the formingthat their source must be torquoelectronic in nature.

bond (2.118 A) in the pericyclic cyclization ofdivinylbenzene The ke/k; ratios are clearly nosteric in origin, since the

; h P 2422
is typical of such pericyclic reactiorts: smallest substituent (F) gives rise to the largest, whereas the

Such a transition structure permits the maintenance of largest (CE) gives rise to the smallest observed kinetic effect!
conjugation within the phenyl isocyanate system, where one of . ; :
119 preny y y Second, the results are consistent with both Houk’s general

the carbonyl nonbonded pairs becomes a bonding pair as the . VY
new o-bond is formed. This description is consistent with ©€XPectations for a smaller degree of torquoselectivity i 6-

Lemal’s definition of apseudopericycliprocess as one in which electrocyclizations?®and our own calculations for these specific
“nonbonding and bonding atomic orbitals interchange rofds”. ~ Systems (Table 2j:142% Another factor which probably serves
The above-described processoebond formation gives rise to to diminish the influence of torquoelectronics in this specific
a “disconnection” in the cyclic array of overlapping orbitals ~System is the significant endothermicity of the reacfiwhich
because the atomic orbitals which are switching functions are to a significant extent is derived from the loss of amide-like

mutually orthogonal. stabilization of the isocyanate grogp.
The potential importance of pseudopericyclic reactions, while  In conclusion, computational and experimental evidence has
being acknowledged occasionally since Lemal’s inverifdras been presented for a novel pseudopericyclic mechanism being

recently t;(;en given new emphasis through a series of papergnyolved in the electrocyclizations ofvinylphenyl isocyanates,
by Birney? who has concluded that, as in the electrocyclization gch reactions also providing the platform for obtaining the first

of 1, “when a pericyclic reaction has even one possible orbital ¢\igence of torquoselectivity in aBelectrocyclization process.
disconnection, this may result in a pseudopericyclic transition

structure.”
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