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Broad-band irradiation (A > 370 nm) of 2-hydroxyphenyl
azide (1) in Ar at 10 K monitored by IR resulted in the forma-
tion of at least three major products, all of which were shown
to be photointerconvertible under these conditions. The two
products showing carbonyl stretching absorption bands were
assigned to an E/Z mixture of 6-imino-2,4-cyclohexadien-1-
one (3), while the product showing sharp absorption bands
in the cumulenic double bond region was assigned to 6-
imino-1,3,5-hexatrien-1-one (4). These assignments were
fully supported by comparison of the experimental IR spectra

with the theoretical data calculated at the HF/6-31G** level
of theory. Similar irradiation (A > 350 nm) of 2-aminophenyl
azide (6) in Ar at 10 K also afforded three photointerconverti-
ble products, which were assigned to a mixture of (E E)-
(E,Z)- and (Z,Z)-1,2-diimino-3,5-cyclohexadiene (8). The as-
signments were again supported by ab initio calculations.
The reactions are discussed in terms of a 1,4 H shift in the
photolytically generated phenylnitrenes (2 and 8) from the
azides (1 and 7).

The photochemistry of phenyl azides has attracted con-
tinuous and ever increasing interest!!! in view of the usual
applications in heterocyclic syntheses!!, in photoresist tech-
nologies!!-?], and in the biochemical methods of photoaffin-
ity labeling!!-34, The complete picture of the chemical reac-
tions initiated by the elimination of nitrogen is beginning
to unfold. Thus, photolysis of phenyl azide generates singlet
phenylnitrene which is in equilibrium with the rearranged
product, i.e., azacycloheptatetraene. This highly strained in-
termediate, characterized by IR spectroscopy!>®l, accounts
for solution-trapping results, giving, for example, 2-amino-
3H-azepines in the presence of amines. The singlet nitrene
undergoes intersystem crossing to the triplet, again charac-
terized by spectroscopic means!’-¥, which either produces
azobenzene by dimerization or affords aniline by abstrac-
tion of a hydrogen atom from the solvent in fluid solution.
The triplet nitrene, on the other hand, was shown to un-
dergo ring expansion upon photoexcitation within the ma-
trix[>-l,

The chemistry of phenylnitrenes with functional groups
at the ortho position has been recognized and employed as
a very useful route to nitrogen heterocycles!"%), since these
nitrenes usually interact with the proximate functional
group to produce an important class of azacyclic com-
pounds which are otherwise difficult to obtain. However,
spectroscopic studies to detect and characterize the inter-
mediates involved in these intramolecular reactions are rela-
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tively scarce. Therefore, it is of great interest to know how
the intermediates proposed in the chemistry of “simple”
phenylnitrenes are trapped by the proximate functional
groups. For instance, by using matrix-isolation techniques,
well%l and others!!! have provided spectroscopic evidence
that in the photolysis of 2-nitrophenyl azide forming benzo-
furoxan, 2-bis(nitroso)benzene, which was proposed!'?! to
be generated in the photointerconversion of benzofuroxan,
is actually produced. More recently, we have revealed that,
under matrix conditions, 2-(methoxycarbonyl)phenylnitrene
not only undergoes ring expansion to form 3-(methoxycar-
bonyl)-1,2.4,6-azacycloheptatetraene but also undergoes
unusual formal 1,4-methoxy migration to generte carbonyl
oximino benzenes, which then undergo cyclization to afford
azetinonel!3. A similar fascinating chemistry was also ob-
served with phenylcarbenes bearing functional groups at the
ortho positions!!'4~19). These studies clearly indicate that the
chemistry of these species is unexpectedly rich not only in
terms of new types of intermediates but also with respect
to reaction patterns, which have not been observed so far
under ambient conditions.

As an extension of our work on the intramolecular inter-
action of a divalent center with proximate functional
groups thereby generating a new reactive species, we investi-
gated the photochemistry of o-amino- and o-hydroxyphenyl
azides in an argon matrix at 10 K and found that the nitrene
center undergoes an interesting hydrogen abstraction from
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the ortho substituents to generate a series of o-quinoid
compounds, which are characterized by a combination of
spectroscopy with theoretical calculation.

Results and Discussion
Photolysis of 2-Hydroxyphenyl Azide (1)

Deposition of 2-hydroxyphenyl azide (1)[!” in an argon
matrix at 20 K gave the IR spectrum shown in Figure la.
Broad-band irradiation (370 min, A > 370 nm) of the
sample cooled to 10 K was monitored by infrared spec-
troscopy, which revealed a rapid and simultaneous disap-

Figure 1. (a) IR spectrum of 2-hydroxyphenyl azide (1) matrix-

isolated in Ar at 10 K; (b) IR spectrum obtained by irradiation (A

> 370 nm) of 1 in Ar at 10 K; bands marked @, O and A are due
to photoproducts A, B and C
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pearance of both absorption bands due to azido (2132 and
2092 cm ') and hydroxy (3554 cm™") groups and growth of
new absorption bands due to the formation of a cumulenic
double bond (2124, 2108 and 2028 cm™!) and carbonyl
groups (1680 and 1676 cm ™) (Figure 1b). A careful analy-
sis of these product absorption bands by plotting their
intensities as a function of irradiation time and wavelength
of light revealed that there were at least three major prod-
ucts designated as A (1676, 1570, 1376, 1218, 1142, 1070
and 722 em™'), B (1680, 1342, 1066, 902 and 706 cm™!),
and C (2124, 2108 and 2028 cm™!). Control experiments
showed that these products were all interconvertible upon
irradiation (Scheme 1). Thus, irradiation of the initial pho-
tomixtures, containing all the major photoproducts, with
light of & > 420 nm resulted in the disappearance of the
bands due to B and C and in the concurrent growth of the
bands due to the formation of A. Irradiation of the mixture
containing A as major component with light of A > 390
nm and 370 nm reproduced the IR bands ascribable to B
and C, respectively.

What are the photoproducts (A—C)? Analysis of the
major IR bands provided some insights into their struc-
tures. First, the presence of the bands at 1680 and 1676
cm™!, of A and B respectively, indicates the presence of car-
bonyl groups. This, coupled with the simultaneous disap-
pearance of both azido and hydroxy groups, points to 6-
imino-2,4-cyclohexadien-1-ones (3) as the most plausible

Figure 2. Relative energies and optimized geometries of 3, 4 and 5, calculated at the HF/6-31G** level of theory
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Figure 3. Theoretical (HF/6-31%*) and experimental IR spectrum of Z-3 (a) and E-3 (b)
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structures for A and B, which must be produced as a result
of 1,4-H migration in photolytically generated 2-hydroxy-
phenylnitrene (2). An analogous intramolecular interaction
of the nitrenic center with the functional groups at the or-
tho positions was reported!!’. The bands attributed to the
cumulenic bond observed in the spectrum of C are obvi-
ously too high in frequency as well as in intensity to be
assignable to that of hydroxy-1,2,4,6-azacycloheptatetraene
which is expected to be formed as a result of ring expansion
in the nitrene (2). Thus, most phenylnitrenes undergo ring
expansion to generate azacycloheptatetraenes which usually
show rather weak bands at 1850—1890 cm ™! in an argon
matrix at low temperature® . Absence of the hydroxy ab-
sorption bands also excluded this possibility. Since C was
produced by photolysis of the iminocyclohexadienones (A
and B), 6-imino-1,3,5-hexatrien-1-one, which must be
formed by ring-opening of the dienones (A and B) upon
photoexcitation, can be proposed as a plausible structure
for C since the analogous photochemical ring-opening reac-
tion for the corresponding bisketene was reported!!®:1],

In order to gain more support for these asssignments,
ab initio calculations were carried out for some C4HsNO
molecules expected to be produced from the nitrene (2) in-
cluding benzoxazetine (6). The calculations at the HF/6-
31G** level of theory revealed that all these molecules have
true energy minima on the corresponding potential energy
surfaces and that the imino ketone structures (3) are more
stable than their ring-opened (4) and ring-closed structures
(6) by several tens of kcal/mol (Figure 2). The vibrational
frequencies were calculated for those compounds and were
compared with the experimental vibrational frequencies ob-
served with A, B, and C. For comparison with the exper-
imental values, the theoretical frequencies were scaled by
0.91, as recommended by Grev et al.?Y). The calculated fre-
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quencies for (£)-3 and (E)-3 match the experimental data
for the photochemically produced compounds A and B, re-
spectively (Tables 1 and 2, Figure 3). The optimized geo-
metries of both isomers of 3 are planar and have an o-quin-
oid structure. The Z isomer was calculated to be more
stable than the E isomer by 6.6 kcal/mol. Inspection of the
structure suggests that this stabilization is caused by the
formation of a hydrogen bond between the imino hydrogen
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and the carbonyl oxygen atoms. On the other hand, the IR
spectrum of C is in agreement with the calculated frequen-
cies for 4 (Table 3). At least four rotamers are possible for
the bisketene monoimine (4). Calculations of the total en-
ergy for each of the stationary points indicates that the sta-
bility decreases in the order of s-trans,s-trans > s-trans,s-cis
> s-cis,;s-trans > s-cis,s-cis with energy differences of less
than 5 kcal/mol. Only the most stable s-trans,s-trans isomer
shows a planar structure. Irradiation of o-pyrone in argon
at 8§ K was shown to give 1-formyl-1,3-butadien-4-one as a

Figure 4. Theoretical (HF/6-31**) and experimental IR spectrum
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mixture of four rotamers, since a large number of bands is
observed in the ketene region®!!, while ratios are dependent
on the irradiation time as well as the matrix temperature.
This implies that electronically excited o-pyrone undergoes
electrocyclic ring opening, and that in the process of de-
motion and thermal equilibration a nonthermodynamic
mixture of rotamers is formed, and that the required move-
ment occurs even in argon at 8 K. These results suggest
that all possible rotamers might be produced in the present
electrocyclic opening of 3 upon photoexcitation. However,
we were not able to observe the large number of bands in
the ketene region. Instead, a single major band appears in
most cases and minor bands are observed upon thawing of
the matrix from 10 K to 35 K. Calculated frequencies for
the rotamers of 4 are very close to each other at this level
of calculation. The correspondence of relative intensities is
better for s-cis,s-cis-4 among the isomers (Figure 4).
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Figure 5. (a) IR spectrum of 2-aminophenyl azide (7) matrix-iso-
lated in Ar at 10 K; (b) IR spectrum obtained by irradiation (A >
350 nm) of 7 in Ar at 10 K; bands marked @, O and A are due to

photoproducts D, E and F
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Finally, for the azetine (6) the calculated frequencies do
not appear to match the experimental data calculated at
this level of theory. Thus, the predicted relative energies as
well as the calculated frequencies of the proposed inter-
mediates in the tautomerization of CsHsNO molecules fully
support the assignments based on the experimental obser-
vations (Scheme 2).

Photolysis of 2-Aminophenyl Azide (7)

Broad-band irradiation (360 min, A > 350 nm) of 7],
matrix-isolated in argon at 10 K, was monitored by IR
spectroscopy, which also revealed a rapid and simultaneous
disappearance of both absorption bands arising from the
azido (2132, 2114 and 2096 cm™!) and amino (3520 and
3418 cm™') groups and the growth of new bands (Figure
5). A careful analysis of these product absorption bands by
plotting their intensities as a function of irradiation time
and wavelength of light suggests that there were at least
three major products D (1431, 1356, 1341, 1094, 1060, 878
and 706 cm™1), E (1278, 1182, 1112 and 714 cm™!), and F
(1427, 1362, 1054 and 894 cm™!), and that all these prod-
ucts are interconvertible upon irradiation. Thus, irradiation
of the initial photomixtures obtained by irradiation (A >
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Figure 6. Relative energies and optimized geometries of 9, 10 and 11, calculated at the HF/6-31G** level of theory
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Figure 7. Theoretical (HF/6-31**) and experimental IR spectrum of E,Z-9 (a), Z,Z-9 (b) and E,E-9 (c)
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350 nm) of 7 with light of A > 300 nm tended to increase
the bands due to the formation of E. Irradiation of this
mixture containing E with light of A > 390 nm gave F while
longer wavelength irradiation (A > 420 nm) resulted in an
increase in the bands due to D (Scheme 3).

What are these products (D—F), then? First, it should be
noted that no bands appeared in the cumulenic double
bond region. This indicates that neither amino-1,2,4,6-aza-
cycloheptatetraenes (12), expected to be formed as a result
of ring expansion of the photolytically generated nitrene
(8), nor bisketene imines (10), which were observed in the
photolysis of 1, were formed. Disappearance of the amino
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bands and rather significant changes in the aromatic defor-
mation region suggest that aminophenylnitrene (8) is not
observed in the product IR bands. Thus, 1,2-diimino-3,5-
cyclohexadienes (9), expected to be formed as a result of
1,4-H migration in 8, can be considered as the most plau-
sible structure. A priori, three isomers are possible for 9.
However, it is very difficult to assign explicitly the observed
bands to each of these isomers simply on the basis of exper-
imental observations.

Thus, ab initio calculations were carried out not only for
the diiminodienes (9) but also for other C¢H¢N, molecules
(10 and 11) expected to be produced from the nitrene (8).
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The calculations at the HF/6-31G** level of theory showed
that all of these molecules have a true energy minimum on
the corresponding potential energy surfaces and that the
diiminediene structures (9) are far more stable than those of
10 and 11 (Figure 6). The vibrational frequencies for three
isomers of 9 were calculated and compared with the exper-
imental values, which clearly showed that the calculated fre-
quencies for (E.Z)-, (Z,Z)- and (E,E)-9 are in fair agree-
ment with the experimental data for the photoproducts D,
E. and F, respectively (Tables 4—6, Figure 7). The optimized
geometries of these isomers are shown in Figure 6. Both the
E,E- and the E.Z-isomer are planar, whereas a nonplanar
structure is optimized for the Z,Z isomer. The E,Z-isomer
was calculated to be the most stable isomer, whereas the
E.E-isomer is the most unstable one, lying 7—8 kcal/mol
higher in energy than the E,Z-isomer. It is probable then
that the planar E,Z isomer is stabilized by hydrogen bond-
ing, whereas the destabilization of the E, E-isomer is caused
by the repulsive interactions of the lone pairs at the nitrogen
atoms. The ring-opened isomers (10) which were not ob-
served experimentally were calculated to be more than 40
kcal/mol less stable than the diiminedienes (9). The stability
of the three possible rotamers decreases in the order s-
trans.s-trans > s-trans,s-cis > s-cis,s-cis with energy differ-
ences of less than 7 kcal/mol, and again only the most stable
s-trans,s-trans isomer has a planar structure. On the other
hand, for the ring-closed isomers (11) which were not ob-
served either, two isomers were calculated, with the C, sym-
metrical E-isomer more stable than the C, symmetrical Z-
isomer by 6.3 kcal/mol (Scheme 4).
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Summarizing Discussion

The present observations have demonstrated that phenyl-
nitrenes and phenylcarbenes bearing proximate functional
groups can serve, as a result of intramolecular interaction
between the divalent center and the functional group, as
very attractive and clean precursors for the generation of
new reactive species that are otherwise difficult to prepare.
Moreover, these species are relatively easily characterized by
spectroscopic means coupled with theoretical calculations
because the reactions are usually clean and efficient even in
the matrix at very low temperature. The observations also
suggest that even the hydrogen atom of hydroxy and amino
groups can serve as a reactive center towards the divalent
center. Intramolecular H migration involving divalent spe-
cies within the matrix to generate quinoid compounds is
not unprecendented!'. For instance, similar 1.4-H mi-
gration reactions were also observed with 2-tolylcarbene
and 2-aminophenylcarbene!!®),

Photolysis of phenyl azides within a matrix usually re-
sults in the formation of azacycloheptatetraenes and triplet
nitrenes which are in photoequilibrium upon irradiation>"l.
It is hence rather unusual that neither nitrenes nor azacy-
cloheptatetraenes are observed in the photolysis of 1 and 7.
The observations suggest that the H migration is very ef-
ficient for 2 and 8 even under these conditions. It is interest-
ing to compare the present result with the analogous reac-
tion of 2-tolylnitrene!'®! within a matrix, where hydrogen
migration is not observed. In order to explain the difference
in reactivities between the present nitrenes and 2-tolylni-
trene, several factors such as bond energy, the intermediates
undergoing H migration, singlet—triplet splitting and the
overall mechanism should be considered.

The bond energies of PhCH,—H (85 kcal/mol)??! and
PhO—H (85 kcal/mol)?? are almost the same, suggesting
that this cannot be a crucial factor. In a stricter sense, how-
ever, one should take the transition state (TS) structure into
account since the H transfer should require a five-mem-
bered cyclic structure (vide intra) where little benzylic stabi-
lization is available. Exact TS structures are dependent on
the multiplicities undergoing hydrogen migration.

The reactions in the singlet state are usually believed to
proceed in a concerted fashion. This causes steric con-
straints especially in the transition state of intramolecular
reactions. Thus, in the case of a carbene, we expect that the
o2 configuration is the lowest singlet configuration while
the op configuration is the most probable one of the triplet
state. In the case of phenylcarbene, the most stable planar
conformer must be the one with the vacant p orbital per-
pendicular to the plane of the benzene ring where interac-
tion of the vacant p orbital with the aromatic © bond is
achieved. Since this type of n bonding is much less signifi-
cant in the perpendicular conformer, the rotational barrier
of the singlet about the bond connecting the divalent center
to the benzene ring is significant. In the case of triplet phen-
ylcarbene, both in the planar and perpendicular confor-
mers, interactions occur between the ring 7 electrons and
the half-filled obital. Therefore, the rotational barrier is low.
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The calculated (3-21 G) rotational barriers for the singlet
and triplet are 11.2 and 5.7 kcal/mol, respectively?]. It was
shown that, while most intermolecular C—H insertion reac-
tions of phenylcarbene proceed by a concerted singlet
mechanism, intramolecular C—H insertion reactions follow
a triplet abstraction—recombination mechanism, especially
when the TS requires a small-membered ringl®¥. For ex-
ample, in the intramoleculer C—H insertion of (2-alkoxy-
phenyl)carbene affording 2,3-dihydrobenzofurans, the con-
certed insertion of the singlet involving both the p and o
orbital which interact with -C—H bonds, requires the ro-
tation. This results in loss of benzylic stabilization and de-
formation of bond angles. In contrast, the transfer of d-
hydrogen to the half-filled, in-plane o orbital of the triplet
carbene can proceed via a favorable six-membered tran-
sition state in which the benzylic resonance is not disturbed.
If one applies similar TS structure considerations to the 1,4
H migration, the abstraction from the triplet state is ener-
getically more favorable than the concerted migration in the
singlet carbenel®. Actually, the 1,4-H shift in 2-tolylcar-
bene was demonstrated to occur in the triplet statel!],

The same explanation cannot be applied to the reaction
of phenylnitrene unless one takes into account the change
in electronic configuration. If one considers singlet phenyl-
nitrene as a planar and approximately sp-hybridized species
with the nitrogen lone pair in a on orbital and two nearly
degenerate 7 orbitals, ¢ and w, on is thought to be the low-
est singlet configuration of singlet phenylnitrene since the
two p orbitals are nearly degenerate. This difference in the
electronic configuration can explain the difference in reac-
tivity between phenylcarbene and phenylnitrene (both in
the singlet state). Thus, while singlet phenylcarbene un-
dergoes a concerted insertion reaction with a C—H bond,
analogous reactions of singlet phenylnitrenes are rare. As-
suming that concerted insertion reactions of singlet carb-
enes involve the coordination of the empty p orbital with a
pair of electrons in a ¢ bond, this type of coordination is
not possible for the singlet nitrene>,

Another important factor which influences the reactivity
difference between phenylcarbene and phenylnitrene is the
singlet—triplet energy gap (AGsy). Kinetic studies and
chemical trapping studies of phenylcarbene suggest that
AGgr is small, probably less than 2 kcal/mol®®. However,
spectroscopy?’8l and theory?"® agree that AGgy of phenyl-
nitrene is large, approximately 17—18 kcal/mol. Thus, tri-
plet carbene can often serve as a reservoir for an easily ac-
cessible, highly reactive singlet since AGst is small and
hence intersystem crossing rates are high. This is not true
for phenylnitrene; triplet phenylnitrene will not reform the
more reactive singlet states because AGgr is much too large.

On the other hand, triplet phenylnitrene abstracts hydro-
gen atoms from alkanes rather slowly relative to triplet
phenylcarbene. This effect has a thermodynamic origin; the
reaction of triplet methylene with methane is exothermic
(AH = —5.6 kcal/mol)1?!], whereas the corresponding reac-
tions of triplet nitrene with methane is endothermic (AH =
+7.7 kcal/mol)??,
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Thus, the reactions observed with 2-tosylnitrene agree
well with those expected for typical arylnitrenes, while those
with 2-hydroxy- (2) and 2-aminophenylnitrenes (8) are un-
usual in that they undergo H migration very efficiently and
resemble those of phenylcarbene. Taking into account the
strong m-donating ability of hydroxy and amino groups,
electronic effects must play an important role in this case. It
is well known in carbene chemistry that electron-donating
groups stabilize the electrophilic singlet more than they do
the radical-like triplet®%l, Presumably, n-donating groups
stabilize singlet nitrene as well by stabilizing the 62 con-
figuration. It was proposed that ring expansion of singlet
phenylnitrene to form azacycloheptatetraene occurs in the
p? configuration which is usually not so high in energy com-
pared to the 6® and on configurations®’, Thus, the stabili-
zation of the o” configuration relative to the p? configur-
ation should result in an increase in the ring expansion bar-
rier. On the other hand, an increase of the contribution of
the o configuration should result in an increase in the reac-
tivity of singlet nitrene towards an X—H bond. As men-
tioned before, the concerted reaction in the singlet state
must be energetically less favorable than the stepwise reac-
tion in the triplet state for the present 1,4 H migration due
to the steric constraints in the TS, if the same mechanism
is applied to the H migration of 2 and 8. However, in the
case of 2 and 8, proton transfer from polarized X—H bonds
to the singlet nitrenic center is more likely and this does not
require more severe steric constraints than the concerted
migration of hydrogen involving both the p and the ¢ or-
bital, respectively. A change in the electronic configuration
and a decrease in AGgr should also favor the reaction path-
way proceeding from the triplet states. Thus, if the hydrogen
migration takes place on the triplet surface, the process
must involve surface crossing, i.e., there is a timing of spin
inversion and of chemical events. Thus, triplet to singlet in-
tersystem crossing occurs prior to H migration to the sing-
let or surface crossing occurs after the triplet has begun to
abstract a hydrogen atomP!l. In either case, a decrease in
AGgr results in an increase in hydrogen transfer efficiency
relative to that of unperturbed phenylnitrene (e.g., 2-tolylni-
trene). It should be noted here that 2-aminophenylcarbene
was also shown to undergo very efficient H migration to
generate o-iminoquinone methide under the same con-
ditions!®l,

One should also take into account the contribution of
tunneling in the present H migration, because a tunneling
mechanism was proposed to be involved in a similar 1,4-H
shift in triplet 2-tolylcarbene with a matrix at low tempera-
turest 332 It was shown that tunneling is very sensitive to
the width and the height of the barrier’®¥. Thus, the ob-
served difference in reactivities between 2-tolylnitrene and
2 and 8 may be ascribed to the difference in tunneling dis-
tance.

Finally, photochemical reactivities of o-quinoid com-
pounds are also sensitive to the heteroatoms. Thus, o-imino-
quinone methide undergoes cyclization to form benzoazeti-
tine upon photoexcitation, while a similar photochemical
cyclization 1s not observed with the quinoid compounds
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generated from 2 or 8. This can be understood at least
qualitatively in terms of the energy difference between the
quinoid compound and the bicyclic isomer. Thus benzoa-
zetine was calculated to be slightly more stable than imino-
quinone methide, whereas the cyclic isomers of the imino
quinoid compounds 3 and 9 were calculated to be less stable
than the quinone by 56 and 30—36 kcal/mol, respectively.
The difference in the photochemical reactivities cannot be
explained simply by the energy differences of the ground-
state molecules. Thus, although the energy differences be-
tween the quinones and the ring-opened isomers are small,
the photochemical ring-opening reaction is observed only
with the quinone 3, not with quinone 9. Obviously, the na-
ture of electronically excited states must play a more impor-
tant role in this case.

The work was supported by a Grant-in-Aid on Priority Areas
Research on “Photoreaction Dynamics” from the Ministry of Edu-
cation, Science and Culture, Japan.

Experimental

Culculations: The ab initio calculations were carried out by the
program packages Gaussian 924 or Spartan®®! on SGI or Sun
workstation computers. The geometry of all compounds was opti-
mized at the HF/6-31G** level of theory. Vibrational frequencies
and intensities were calculated at the same level of theory.

Table 1. IR spectroscopic data of (Z)-6-imino-2,4-cyclohexadien-1-
one {Z-3), matrix isolated in Ar at 10 K and calculated at the HF/
6-31G** level of theory

Experiment[a] Calculated(b} Assignment[C]
Vib. v[em1] int viem1] int.
28 1676 s 1792 2363 C=Ostr.
27 1647 vw 1717 39.1 C=OC=NC=Cstr.
26 1622 vw 1663 106 C=OC=NC=Csr.
25 1570 w 1616 19.5 C=Cstr.
24 1390 vw 1419 13.3 C-Cstr,, CHNHip
23 1376 vw 1377 29.1 C-Cstr.,, CHNH ip
22 1342 6.0 C-Cstu., CHNHIip
21 1218 s 1212 122.5 C-Cstr.,, CHNHip
1210 w

20 1162 vw 1154 6.1 CH/NHIip
19 1142 w 1131 323 CHNHip
18 1070 ww 1058 29.8 6-ring, NH ip
17 1027 0.6 HC=CH torsion
16 1018 4.0 HC=CH torsion, NH oop
15 942 vw 987 31.4 CHNH oop
14 917 40 6-ring ip
13 869 8.6 CHoop
12 859 2.5 6-ring ip
11 764 4.4 CHoop
10 722 Vs 740 145.3 CH,NH oop

9 665 vw 681 12.1 6-ring ip

8 545 04 6-ring ip

7 544 W 532 129 CCOCCNip

] Measured in Ar at 10 K; vs = very strong; s = strong; m =
medium; w = weak; vw = very weak. — [®l Theoretical frequencies
have been multiplied by 0.91. — Flip = in plane; op = out of plane.

General Methods: TR: JASCO IR-700 spectrophotometer. — 'H
NMR: JEOL INM-EX 270 spectrometer, CDCl;, internal refer-
ence TMS. — Column chromatography: silica gel (ICN for dry col-
umn chromatography).

Matrix-Isolation Spectroscopy: Matrix experiments were per-
formed by means of standard techniquesi®®-3"! using an Iwatani
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Table 2. IR spectroscopic data of (E)-6-imino-2,4-cyclohexadien-1-
one (E-3), matrix isolated in Ar at 10 K and calculated at the HF/
6-31G** level of theory

Experiment[a] Calculatedlb] Assignment[C]

Vib. v[em1}] int viem 1] int.
28 1680 s 1813 2124 C=0str.
27 1652 vw 1718 27.1 C=OC=NC=Cstr.
26 1628 vw 1667 8.6 C=OC=NC=Cstr.
25 1604 vw 1626 39 C=Cstr.
24 1411 41.1 C-Cstr.,, CHNHip
23 1361 09 C-Cstr, CHNHip
22 1342 s 1345 147.2 C-Cstr,, CH,NH ip
21 1197 04 C-Csu., CHNHip
20 1170 vw 1163 9.6 CHNHIip
19 1111 vw 1126 10.2 CHNHip
18 1066 m 1048 66.7 6-ring,NH ip
17 1026 0.3 HC=CH torsion
16 1011 7.1 HC=CH torsion, NH oop
15 902 Vs 948 128.1 CH,NH oop
14 923 0.6 6-ring ip
13 852 vw 870 2.9 CHoop
12 848 vw 855 1.5 6-ring ip
11 766 02 CHoop
10 706 w 720 31.1 CH,NH oop

9 673 1.4 o-ring ip

8 544 0.8 6-ring ip

7 536 vw 526 287 CCOCCNip

la—<] See footnotes a—c in Table 1.

Cryo Mini closed-cycle helium cryostat. For IR experiments, a Csl
window was attached to the copper holder at the bottom of the
cold head. Two opposing parts of a vacuum shroud surrounding
the cold head were fitted with KBr windows for spectroscopic view-
ing, and the remaining parts were fitted with a quartz plate for UV
irradiation and a deposition plate for admitting the sample and
matrix gas. For the UV experiments, a sapphire cold window and
quartz outer window were used. The temperature of the matrix was
controlled by an Iwatani TCU-1 controller (gold vs chromel ther-
mocouple).

Table 3. IR spectroscopic data of 6-imino-1,3,5-hexatrien-1-one (4),
matrix isolated in Ar at 10 K and calculated at the HF/6-31G**
level of theory

Experiment(al Calculated[b] Assignmentlc]
Vib. v[eml] int vem1] int.
s-cis, s-cis-4
28 2121 11306 C=C=0Ostr.
27 2037 507.0 C=C=Nstr.
s-cis,s-trans-4
28 2058 913.7 C=C=0str.
27 2037 14646 C=C=Nstr.
2124 Vs
2108 s
2028 s
s-trans,s-cis-4
28 2119 1043.2 C=C=Ostr.
27 2033 10580 C=C=Nstr.
s-trans,s-trans-4
28 2123 16121 C=C=0Ostr.
27 2032 1589.3 C=C=Nstr.

[a—] See footnotes a—c in Table 1.

Organic compounds were sublimed on the cold window and si-
multaneously a large excess of argon (Seitetsu Chemicals, 99.999%)
was deposited.
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Irradiations were carried out with a Wacom 500-W xenon high-
pressure arc lamp or an Ushio 500-W mercury high-pressure arc
lamp. For broad-band irradiation, Thoshiba cut-off filters were
used (50% transmittance at the wavelengths specified).

Table 4. IR spectroscopic data of (E,Z)-1,6-diimino-2,4-cyclohexa-
diene (E,Z-9), matrix 1solated in Ar at 10 K and calculated at the
HF/6-31G** level of theory

Experimentla] Calculated[b] Assignment[C]

Vib. vfemrl) int viem 1 int.
30 1555 % 1738 247 C=CC=Nstr.
29 1539 w 1691 67.9 C=CC=Nstr.
28 1662 13.2 C=CC=Nstr.
27 1620 11.0 C=CC=Nsm.
26 1431 wvw 1422 19.8 C-Cstr, CHNH ip
25 1385 wvw 1379 299 C-Cstr.,, CH,NHip
24 1352 ww 1354 59.8 C-Cstr., CH,NH ip
23 1314 Vs 1313 1203 CHNHip
22 1164 7.1 CHNHip
21 1168 vw 1160 13.3 CHNHip
20 1094 w 1082 36.2 6-ring,CH,NH ip
19 1060 s 1042 52.8 6-ring,CH,NH ip
18 1021 1.7 HC=CH torsion
17 1013 0.1 HC=CH torsion,NH oop
16 928 w 980 60.8 CH,NH oop
15 924 2.0 6-ring ip
14 878 vs 918 129.6 CHNH oop
13 858 5.7 6-ring ip
12 852 2.3 CHoop
11 739 vw 750 4.8 6-ring oop
10 706 m 719 50.9 CH,NH oop

9 668 W 683 3.8 6-ring ip

8 569 0.5 6-ring ip

7 528 vw 515 232 CCNip

Experiment[a] Calculated[b] Assignment[cl

Vib. v[em 1] int viem 1} int.
30 1734 17.6  C=CC=Nstr.
29 1649 vw 1693 422 C=CC=Nstr.
28 1664 127 C=CC=Nstr.
27 1626 6.2 C=CC=Nstr.
26 1427 m 1418 423 C-Cstr.,, CHNHip
25 1362 s 1371 162.5 C-Cstr.,, CH,NH ip
24 1364 03 C-Cstr,, CHNHIip
23 1302 vw 1298 37.7 CHNHIip
22 1169 0.9 CHNHip
21 1174 w 1166 264 CH,NH ip
20 1104 vw 1091 41.7 o-ring,CH,NH ip
19 1054 m 1031 62.5 6-ring,CH,NH ip
18 1017 0.0 HC=CH torsion
17 1008 11.1 HC=CH torsion,NH oop
16 894 Vs 938 197.5 CH,NH oop
15 933 0.1 6-ring,CH ip
14 919 0.1 CH,NH oop
13 854 0.1 6-ring ip
12 847 0.0 CHoop
11 752 0.0 6-ring oop
10 668 W 707 6.7 CH,NH oop

9 680 0.1 6-ring ip

8 554 0.6 6-ring ip

7 512 28.5 CCNip

la=cl See footnotes a—c in Table 1.

2-Azidopheno™ (1): To a stirred solution of 2-aminophenol (50
mg, 0.46 mmol) in 6 N HCI (2 ml) at 0°C was added an aqueous
solution of sodium nitrite (38 mg, 0.55 mmol). After stirring for 2
h, a solution of sodium azide (60 mg, 0.92 mmol) in water (2 ml)
was added dropwise to the stirred mixture. After an additional hour
at room temp., the reaction mixture was extracted with CH,Cl,,
and the extract was washed with water, dried (Na>SO,) and concen-
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trated. The residue was separated by preparative TLC with 50%
CH,Cly/n-hexane to give 1 as a red oil; 34%; — 'H NMR (CDCl):
8 =540 (s, 1H), 6.89~6.97 (m, 2H), 7.02—7.10 (m, 2H); IR (Ar,
10 K), ¥ = 3554 cm™! (m), 2132 (vs), 2092 (m), 1601 (m), 1588
(vw), 1512 (vw), 1495 (vs), 1353 (m), 1306 (s), 1294 (vs), 1251 (vs),
1207 (vs), 1143 (w), 1089 (vw), 1030 (vw), 795 (vw), 745 (s), 649
(vw), 524 (vw).

Table 5. IR spectroscopic data of (Z,Z)-1,6-diimino-2,4-cyclohexa-
diene (Z,Z-9), matrix isolated in Ar at 10 K and calculated at the
HF/6-31G** level of theory

Experimentlal Calculated(bl Assignmentlc]
Vib. v[em'1] int viem1) int.
30 1731 241 C=CC=Nstu.
29 1533 vw 1686 823 C=CC=Nsm.
28 1525 vw 1663 141 C=CC=Nstr.
27 1625 27 C=CC=Nsu.
26 1419 3.1 C-Cstr, CHNHip
25 1360 w 1369 16.0 C-C str., CH,NH ip
24 1312 vw 1349 149 C-Cstr, CHNH ip
23 1278 m 1270 61.6 CHNHip
22 1182 m 1171 66.4 CH,NH ip
21 1162 w 1156 191 CHNHip
20 1112 s 1095 120.8 6-ring,CH,NH ip
19 1021 0.4 HC=CH torsion
18 1014 0.2 HC=CH torsion, NH oop
17 1024 vw 1010 115 6-ring,NH ip
960 vw
16 924 5.8 6-ring,CH ip
15 917 6.7 NHoop
14 896 w 915 66.5 CH,NH oop
13 857 0.8 CH,NH oop
12 852 99 6-ring ip
11 739 0.3 6-ring oop
10 714 vs 731 186.1 CH,NH oop
9 681 116 6-ring ip
8 555 0.3 6-ring ip
7 517 1.7 CCNip

[a—<] See footnotes a—c in Table 1.

Table 6. IR spectroscopic data of (Z)-1,6-diimino-2,4-cyclohexa-
diene (F,E-9), matrix isolated in Ar at 10 K and calculated at the
HF/6-31G** level of theory

Experiment[a] Calculated(b] Assi gnment[C]
vib. v[eml] int vicmr1} int.
30 1734 17.6 C=C,C=Nstr.
29 1649 vw 1693 422 C=C(C=Nstr.
28 1664 12,7 C=C.C=Nsu.
27 1626 6.2 C=CC=Nsu.
26 1427 m 1418 42.3 C-Cstr, CHNH ip
25 1362 s 1371 162.5 C-Cstr., CHNH ip
24 1364 0.3 C-Csur, CH,NH ip
23 1302 vw 1298 37.7 CHNHip
22 1169 09 CHNHip
21 1174 w 1166 264 CHNHip
20 1104 vw 1091 41.7 6-ring,CH,NH ip
19 1054 m 1031 62.5 6-ring,CH,NH ip
18 1017 0.0 HC=CH torsion
17 1008 11.1 HC=CH torsion,NH oop
16 894 Vs 938 197.5 CH,NH oop
15 933 0.1 6-ring,CH ip
14 919 0.1 CH,NH oop
13 854 0.1 6-ring ip
12 847 00 CHoop
11 752 0.0 6-ring oop
10 668 vw 707 6.7 CH,NH oop
9 680 0.1 6-ring ip
8 554 0.6 6-ring ip
7 512 285 CCNip

[2=<l See footnotes a—c in Table 1.
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2-Azidoaniline!" 1 (8): To a stirred solution of 4 (5.9 g, 22.5 mmol)
and MeOH (14 ml) was added 80% hydrazine hydrate (1.41 ml,
24.8 mmol) all at once. After a few minutes the reaction become
very viscous. An additional MeOH (7 ml) was added and stirring
was continued. After 30 min, 3 N NaOH aqueous solution (9 ml)
and water (90 ml) were added to the reaction mixture, which was
subsequently extracted with Et;O. The organic layer was washed
with water and dried (Na,SO,). Evaporation of the solvent pro-
duced 5 as a white solid: 79%; m.p. 60.0-63.0°C. — 'H NMR
(CDCly): 8 = 6.70 (d, 1 H), 6.79 (dd, 1H), 6.94 (dd, L H), 7.03 (d,
1TH); IR (Ar. 10 K) v = 3520 cm™! (w), 3418 (w), 2132 (vs), 2114
(vs), 2096 (m), 2084 (m), 1616 (s), 1593 (vw), 1510 (m), 1497 (m),
1306 (s), 1270 (m), 1151 (w), 1126 (w), 794 (vw), 756 (vw), 738 (m),
652 (w).
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