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Abstract

Irradiation of the six isomeric dimethylpyridines or six isomeric trideuteropyridines in the vapor phase at 254
nm leads to two triads of three interconverting compounds. Monosubstituted pyridines undergo
phototransposition in the vapor phase at 254 nm to yield one triad of the three interconverting compounds.
Thus the three isomeric methylpyridines, the three isomeric cyanopyridines, and the three isomeric
tetradeuteropyridines each undergo phototransposition to three interconverting compounds.

These ring transposition reaction take place by photo-ring closure followed by N-migration around the five
sides of the cyclopentadienyl and rearomatization. This mechanism allows nitrogen to insert between each
pair of ring atoms. The mechanism predicts the observe regioselectivity of the transposition reactions.
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1. Introduction

Pyridine is a fundamentally important ring system in organic chemistry. Its thermal properties are well-known
and are rich and varied. Its photochemical properties are quite different. Like other heteroaromatic
compounds, pyridine has two excite states: (n—n*) and (m—mn*). Since these are electronic isomers, their
chemistry is expected to be unique. Furthermore, the reactivity very often is dependent on the phase of the
compound. Although a previous review dealt mainly with photochemistry in the solution phas.e,1 this review
deals specifically with photochemical reaction in the vapor phase.

2. Discussion

2.1 Early work

In 1966 Pascual and Tuazon reported? that irradiation of 2-methylpyridine 1 in the vapor phase for 72 hours
with a Hg arc lamp resulted in the formation of 4-methylpyridine 2, 2,4-dimethylpyridine 3, and a large
amount of polymer (Scheme 1). Irradiation of 4-methylpyridine 2 resulted in 2-methylpyrdine 1, pyridine 4,
and small amount of polymer but no dimethylpyridines (Scheme 2).

CH3 CH3
N hv A A
| o | + + polymer
Z 7
N" "CHs N N~ “CH,
1 2 3
Scheme 1. Irradiation of 2-methylpyridine 1
CHj;
N hv ~ N
| S | _ + | )+ polymer
N CH3 N
2 4

Scheme 2. Irradiation of 4-methylpyridine 2.
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They suggested the interconversion of 1 and 2 may occur via a radical methylation—demethylation
process. Linnel and Noyes reported?”4 that pyridine 4 vapor undergoes decomposition when irradiated at 254
nm with no identifiable product being formed. At shorter wavelength, however, gaseous products were
formed. A qualitative study using flash photolysis identified the products as acetylene 5 and H-CN 6.

These products were proposed to be formed by way of the Dewar-pyridine 7 intermediate. Loss of H-CN 6
was proposed to yield cyclobutadiene 8. Photolytic ring opening of 8 then gave rise to acetylene 5 (Scheme 3).

N h h h

O — V. m — ™ » HCN + D’ — s 2 C,H,
N
4 7 6 8 5

Scheme 3. Irradiation of pyridine at A < 254 nm.

Roebke’ also studied the photochemistry of 2-methylpyridine 1. In the gas phase, irradiation in the n — m* (0,0)
transition region (~ 288 nm) did not yield any detectable photoproduct. However, when the irradiation was carried out
in the T — 1* region (238 — 266 nm), 3-methylpyridine 9 and 4-methylpyridine 2 were formed in a 10:1 ratio (Scheme
4). The yield of these products increased from ¢ = 9.0 x 10™ to 5.1 x 10™ with increase in the energy of light
from 266 to 238 nm. This led to the suggestion that both electronic and vibrational excitation have important
roles in the photoreaction. Addition of O, or cis-2-butene, know triplet quenchers, lowered the yield of the
isomerization products. Thus, Roebke suggested that the involvement of a triplet state in the isomerization
could not be ruled out.

N hv
| B ——> No product
N” CHs
1 CHs
hy N CHj N
— | + |
— Uk = —
T T N N
9 2

Scheme 4. n —» nt* and it — nt* irradiation of 2-methylpyridine 1.

However, this statement contradicts the observation that the quantum vyield of triplet formation is higher
(b1 =0.21) from the (n,m*) state than from the (m, *) state (¢t =0.031) by a factor of 7. It has been shown by
the author” that no isomerization took place when the irradiation was carried out in the (n—t*) region. Thus,
the involvement of a triplet state in the isomerization process is doubtful. It is more likely that added O, or cis-
2-butene acted as a vibrational quencher.

According to Roebke®, a mechanism involving an azabenzvalene would not allow for the
photoisomerization of 2-methylpyridine 1 to 3-methylpyridine 9 and 4-methylpyridine 2. Indeed, from the
possible azabenzvalenes from 2-methylpyridine 1 only 3-methylpyridine 9 can be formed.

Roebke® suggested a mechanism involving an azaprismane intermediate formed from a Dewar-pyridine as
a reasonable reaction pathway for the observed rearrangement. The conversion of 2-methylpyridine 1 to 3-
methylpyridine 9 and 4-methylpyridine 2 is shown in Schemes 5 and 6. Thus Scheme 5 shows 2,5-bonding in 1
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resulting in the formation of Dewar-pyridine DP-1-2,5. Subsequent [2+2] cycloaddition of DP-1-2,5 would give
azaprismane AP-1. AP-1 can then undergoing opening by three distinct bond cleavage pathways resulting in
the formation pf Dewar-pyridines DP-1-2,5, DP-1-N,4, and DP-9-2,5. Rearomatization of DP-1-N,4 and DP-9-
2,5 would yield the starting material 2-methylpyridine 1 and 3-methylpyridine 9, one of the observed
products.

CH3

@ﬁﬁ%ﬂ@/?ﬁf@

N
1 DP-1-2.5 AP-1 CHs X CHs
7 — |
N s
DP-9-2.5 9

Scheme 5. Roebke’s mechanism for the conversion of 1— 9.

Alternatively, as shown in Scheme 6, Dewar-pyridine DP-1-3,6 formed by 3,6-bridging in 1 and
azaprismane AP-2 formed by [2+2] cycloaddition. Bond cleavage and rearomatization would yield that
starting pyridine 1 and 4-methylpyridine 2, the other observed product. Thus the mechanism suggested by
Roebke’ requires the involvement of both methyl substituted Dewar-pyridines DP-1-2,5 and DP-1-3,6 to
account for the observed products.

CHs
/
/ Q/C'ﬁ I
N _
N
DP-2-N,4 )

(= —»ﬁ
1 DP-1-3,6 AP-2 Z 7 s Q
DP-1-3,6
Scheme 6. Roebke’s mechanism for the conversion of 1— 2.
Although not considered by Roebke, a third Dewar-pyridine DP-1-N,4, formed by 1,4-bonding in 2-
methylpyridine 1 is possible. DP-1-N,4 would yield azaprismane AP-3 by [2+2] cycloaddition. As shown in

Scheme 7, bond breaking and rearomatization would yield the starting pyridine 1 and 3-methylpyridine 9, one
of the observed products.
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Scheme 7. An additional mechanism for the conversion of 1— 9.

The photochemistry of methylpyridines and dimethylpyridines in the vapor phase was reported in a
communication by Caplain and Lablache-Combier.® Unlike the report of Roebke,” Caplain and Lablache-
Combier® reported that irradiation of 2-methylpyridine 1 resulted in the formation of only 4-methylpyridine 2,
the minor product reported by Roebke.”

When the dimethylpyridines were irradiated in the vapor phase, these authors® reported that they
undergo photoisomerization as well as demethylation and methylation reactions. To account for the
photoisomerization they reported, Caplain and Lablache-Combier suggested a ring transposition mechanism
also involving azaprismane intermediates.®

A perplexing feature of the transposition mechanism shown in Scheme 8 is the selectivity required to
explain the reported products. Thus, as shown in Scheme 8, the reported conversion of 2,6-dimethylpyridine
10 to 2,4-dimethylpyridine 12 requires that 10 undergoes 2,5- (or 3,6-) bonding (but not N1-C4 bonding) and
regiospecific opening of the subsequently formed azaprismane via cleavage of C3-C4 and Cs-Cg bonds, but not
the C,-C3 and N-Cg bonds, which would have resulted in 2,5-dimethylpyridine 13 which was not observed.

CHs
HsC
o S
LN -
N~ >CH
H.C 7 DP-12-N,4 3

| A hv _CH 3 CH, -12-N, 12
_ > m — > (observed)
HsC~ "N~ “CH, N
10 DP-10-2,5 AP-4 élf \(j\
; —»

DP-13-3,6
(Not observed)

Scheme 8. Mechanism for the conversion of 2,6-dimethylpyridine 10 to 2,4-dimethylpyridine 12 as suggested
by Caplain and Lablache-Combier.®
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Furthermore, the reported conversion of 2,3-dimethylpyridine 14 to a mixture of 3,4-dimethylpyridine 15
and 2,5-dimethylpyridine 13 required (Scheme 9) initial N;-C, bonding’ (but not 2,5- or 3,6-bonding) followed
by azaprismane cleavage by both possible pathways.

HsC

7 CHs X
— = |
CHj N” “CHj
N CHs CH
| S by DP-13-2,5 13
~
N CHa
14 DP- 14N4 P- d CH3 xoCHs
— |
~
CHs N
DP-15-2,5 15

Scheme 9. Mechanism for the conversion of 2,3-dimethylpyridine 14 to 3,4-dimethylpyridine 15 and 2,5-
dimethylpyridine 13 as suggested by Caplain and Lablache-Combier.®

2.2 Dimethylpyridines
As a result of these mechanistic ambiguities, we have reinvestigated the photochemistry of the six isomeric
dimethylpyridines in the vapor phase.8 To our surprize the phototransposition products we observed’ are
totally different that those observed by Caplain and Lablache-Combier.°

Irradiation of dimethylpyridines in the vapor phase results in the phototransposition, demethylation and
methylation reactions. Experimental evidence indicate the operation of two mechanistically different
phototransposition pathways. The major products are formed when irradiation is carried out in the vapor
phase at 254 nm. These products are substantially guenched upon dilution of the reactant with N, gas and are
not formed when the dimethylpyridines vapors are irradiated at A > 290 nm.

7

\(\/\l/ H3C N CH3

11 HaC_~ b o~ CHs A£G 10
M
ENE =T EI ETF

N~ “CHj

13 14
> A
CHs )% v CH
= A 7)% 3 CHs
%
| |
SNT O CH, SN
12 15

Scheme 10. Two photochemical triads formed upon irradiation of dimethylpyridines in the vapor phase.
Reprinted with permission.® Copyright 1999, American Chemical Society.
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A second pathway is also implicated which is enhanced by dilution with N, and is the only pathway in
operation upon irradiation at A > 290 nm. The major products can be divided into two triads, each containing
three interconverting compounds as shown in Scheme 10. Inspection of the isomers of the two triads shows
that the compounds of each triad differ in the position of the nitrogen atom within the skeleton of the
pyridine ring.

A mechanism that allows for this selective insertion involves photo-ring closure, nitrogen migration
around the sides of the cylopentenyl ring, and rearomatization. The mechanism for Triad 1 is shown in
Scheme 11. Thus, ring closure of 3,5-dimethylpyridine 11 results in the formation of azabicylcohexenyl BC-11
shown as a diradical.

N CH3
A g pot2 N P
H3C = CH3 |
S | SN CHs
N 12
11

Scheme 11. Suggested mechanism for Triad-1. Reprinted with permission.8 Copyright 1999, American
Chemical Society.

This structure is analogus to the bicyclic species originally named prevalene and suggested by Bryce-Smith
to be the photochemically generated precursor of benzvalene.” Sigmatropic migration of nitrogen around the
5 sided of the cyclopentenyl ring allows interconversion of BC-11 with the azabicyclohexenyl species BC-12
and BC-13 which, after rearomatization, allows the interconversion of 11 with 12 and 13, the other members
of the triad, but not any other dimethylpyridines. A similar mechanism can be envisioned for Triad 2 and is
shown in Scheme 12.
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Scheme 12. Suggested mechanism for Triad-2. Reprinted with permission.8 Copyright 1999, American
Chemical Society.

Although the 2,6-bonding-heteroatom migration mechanism accounts for the interconversions of the
three members of each triad, it excludes the interconversion of member of Triad 1 with members of Triad 2.
Experimental evidence, however, clearly shows that the two triad are connected via interconversion of 2,5-
dimethylpyridine 13, a member of Triad 1, and 2,3-dimethylpyridine 14, a member of Triad 2. These inter-triad
interconversions takes place by way of the second pathway observed which was enhanced by dilution with
nitrogen, and was the only pathway observed upon irradiation at A > 290 nm.

Interconversion of 2,5-dimethylpyridine 13 with 2,3-dimethylpyridine 14 can be viewed as a reversible 1,3-
shift of the methyl group from ring position 3 in 13 to position 5 in 14. A mechanism involving interconverting
Dewar-pyridine intermediates is consistent with this regiospecificity. Thus, as shown in Scheme 13, 3,6-
bonding in the excited state of 2,5-dimethylpyridine 13 would result in Dewar-pyridine DP-13-3,6. A 1,3-shift
of nitrogen from Cg to C4 (Path A) would yield Dewar-pyridine DP-13-3,6 which would rearomatize to the
reactant 17 with interchange of ring atoms 4 and 6. Thus, Path A would be a hidden transition. 1,3-shift of C,
to Cs (Path B) would lead to DP-14-2,5 and after rearomatization to 2,3-dimethylpyridine 14, the inter-triad
product.
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Scheme 13. Mechanism for inter-triad interconversion of 13 and 14. Reprinted with permission.8 Copyright
1999, American Chemical Society.

Interestingly, when 2,5-dimethylpyridine 13 or 2,3-dimethylpyridine 14 was irradiated in CD5CN at -30 °C,
'H-NMR spectroscopy at -30 °C showed the formation of Dewar-pyridine DP-13-3,6 or DP-14-2,5.

CH3
CHj
H3C X hv N’ Ny O3 A HsC XNy O3
| CD3CN, -30 °C / A | = * | = * | =
7 3 »
N~ DCH, HsC N° CHj N° CHs N
13 DP-13-3,6 14 12 11

Scheme 14. Low temperature irradiation of 13. Reprinted with permission.® Copyright 1999, American
Chemical Society.

When the solution was allowed to warm to room temperature, GLC analysis (Scheme 14) showed the
formation of 2,3-dimethylpyridine 14, the inter-triad product as the major product, and to much lower vyields
of 12 and 11 the intra-triad products.

CHs
X CH3 hv N’ H3C AN
» CDLCN,-30°C  // CHs 5 L
N~ “CHy ~ 77 N~ “CHs
14 DP-14-3,6 13

Scheme 15. Low temperature irradiation of 14. Reprinted with permission.8 Copyright 1999, American
Chemical Society.

When the solution of DP-14-3,6 was allowed to warm to room temperature, GLC analysis showed the
formation of 2,5-dimethylpyridine 13, the inter-triad product ,as the only transposition product (Scheme 15).
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2.3 Monosubstituted pyridines: methyl and cyanopyridines
These studies were extended to the photochemistry of monomethyl and monocyano substituted pyridines in
the vapor phase.’® It was observed that the three isomers of each compound constitute a photochemical
triad. Thus, irradiation of each methylpyridine or each cyanopyridine in the vapor phase at 254 nm resulted in
the formation of the other two isomers as primary products.

2a,b R = CHg or CN 3ab

Scheme 16. Photochemical triads from irradiation of monomethyl or monocyanopyridines.

These interconversion are consistent with the 2,6-bonding, nitrogen migration, and rearomaization used
to explain the phototransposition chemistry of dimethylpyridines.

Inspection of the mechanism in Scheme 17 shows that 2,6-photocyclization of 1a,b results in the
formation of azaprefulvene BC-1a,b. N-migration in a counter clockwise direction converts BC-1a,b to BC-1a,b,
which would rearomatize back to 1a,b. This would be an energy wasting process. N-Migration in the clockwise
direction, however, leads to BC-2a,b, the precursor of 3-substituted pyridines 2a,b.

Inspection of Scheme 17 shows that 3-substituted pyridines 2a,b can be from 2-substituted 1a,b by either
the one N-migration pathway, 1a,b + hv to BC-1a,b to BC-2a,b to 2a,b, or the two N-migration pathway, 1a,b
+ hv to BC-1a,b to BC-1’a,b to BC-2’a,b to 2a,b. Furthermore, conversion of 1a,b to the 4-substituted 3a,b
cannot occur via the one N-migration pathway but requires either two N-migrations, 1a,b + hv to BC-1a,b to
BC-2a,b to BC-3a,b to 3a,b or the three N-migration pathway 1a,b + hv to BC-1a,b to BC-1"a,b to BC-2’a,b to
BC-3a,b to 3a,b. Thus it was impossible to determine whether the observed 3-substituted pyridines were
formed by one or two N-migration or whether the observed 4-substitutd pyridine were formed from 1a,b by
two or three N-migrations.

In order the explore these possibilities the phototransposition chemistry of 1a-4,6-d, was investigated in
the vapor phase (Scheme 18).'' Deuterium isotope effects were not investigated in this study. "H-NMR
analysis of the condensed product shows that irradiation of the 1a-4,6-d, led to the formation of four products
in similar yields after 24 hours of irradiation.
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2a,b 3a,b
Scheme 17. Phototransposition mechanism for mono-substituted pyridines. Reprinted with permission.lo
Copyright 2008, American Chemical Society.

D D CHj

_ | hy D._~_D _N_CH; D_~_CH; D

- — o o + | + ]
D° N CHs N~ "CH; D~ °N N~ "D N~ D

1a-4,6-d, 1a-3,5-d, 2a-4,6-d, 2a-2,5-d, 3a-2,5-d,

Scheme 18. Phototransposition of 1a-4,5-d,.

Thus, dideuteration of the ring has expanded the triad to a pentad. Irradiation and analyses as a function
of irradiation time indicated that all were primary products. The formation of 2a-2,5-d, and 2a-4,6-d,. thus
confirms that 3-methylpyridine is formed from 2-methylpyrdine by both the one N-migration and two N-
migration pathways.

D D CN
CN
= hv D CN P D~ P
L — | + | + | +
DD N D N N”CN D~ "N~ "CN N~ "D
2b-2,6-d, 2b-d,5-d, 1b-3,4-d, 1b-5,6-d, 3b-2,3-d,

Scheme 19. Phototransposition of 2b-2,6-d,.
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Comparison of the irradiation times for 3-methylpyridine and 3-cyanopyridine showed that the latter is
substantially less reactive. Interestingly, *H-NMR analysis of the condensed product from the irradiation of 3-
cyanopyridine-2,6-d, 2b-2,6-d,™* (Scheme 19) showed that the major product was 3-cyanopyridine-4,5-d, 2b-
4,5-d,. Since this transposition would not be observed in the absence of the deuterium labels, this explains
why undeuterated 3-cyanopyridine 2b appears to be unreactive. Other minor products observed were 2-
cyanopyridine-3,4-d, 1b-3,4-d,, 2-cyanopyridine-5,6-d, 1b-5,6-d, and 4-cyanopyridine-2,3-d, 3b-2,3-d,.

Examination of Scheme 20 shows that the conversion of 2b-2,6-d, to 2b-4,5-d, requires the two N-
migration pathway 2b-2,6-d, + hv to BC-2b-2,6-d, to BC-2b-2,3-d, to BC-2b-4,5-d, to 2b-4,5-d,.

_~_CN
|
D7 N D
2b-2,6-d,

D
CN D AN

_~_7D NC D BC-2b-2,6-d, D D~
< N == Ne NC Q b I

N” "D D~ "N” "CN
3b-2,3-d, BC-3b-2,3-d, BC-1b-5,6-d, 1b-5,6-d;

\\ D \C D //4
D\Q/CN - . D
5 & BC-Eb—4,5-d2 BC-10-34d, N

D._\_CN _A\_D
o o

N N~ CN
2b-4,5-d, 1b-3,4-d,

Scheme 20. Mechanism for the phototransposition of 2b-2,6-d,. Reprinted with permission.lo Copyright 2007,
American Chemical Society.

Indeed, because of the stabilizing effect of the cyano group at the end of the allyl system in BC-2b-4,5-d,,
this is major pathway. Since both 1b-5,6-d, and 1b-3,4-d, were formed from 2b-2,6-d,, both one N-migration
and two N-migration pathways are implicated.

Because of the symmetry of 4-trideuteromethylpyridine-2,6-d, (3a-2,6-d;), the transformation remains a
photochemical triad. Thus, irradiation of 3a-2,6-d, led to the formation of 1a-4,5-d, and 2a-5,6-d, , the other
two members of the triad (Scheme 21) in essentially equal yields.
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CD4 D
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| — > | + |
N N\ N\
D” N~ D N~ Cbh; D~ N
3a-2,6-d, la-4,5-d, 2a-5,6-d,

Scheme 21. Phototransposition of 3a-2,6-d,.

This symmetry was removed by synthesizing and irradiating 4-trideutero-2,3,5-d; (3a-2,

irradiation *H-NMR analysis revealed the formation of 1a-3,5,6-ds, 1a-2,3,6-ds, 2a-2,4,6-d3, and

Pavlik, J. W. et al.

3,5-d3). After
28-2,4,5-d3.

CD; D D D
D.__D N D._~_D _~_D _~_CD; D_~_CD;
Ol e | + o L + |
N D D" N"cD; D7 N”cb; D7 N7 D N D

1a-3,5,6-d3 1a-2,3,6-d3 2a-2,4,6-d3

3a-2,3,5-d3

Scheme 22. Phototransposition of 3a-2,3,5-ds.

2a-2,4,5-d3

These results confirm that when the symmetry of the molecule is removed the triad is expanded to a

pentad.

2.4 Deuterated pyridines

In order to minimize the effect of substituents on the pyridine ring a series of trideuterated and

tetradeuterated pyridines were synthesized13 and studied.

It was observed that the six isomeric

trideuterated pyridines can be divided into two photochemical triads (Scheme 23). Triad 1 consists of 4-3,4,5-

ds, 4-2,3,4-d; and 4-2,3,6-d; while Triad 2 consists of 4-2,3,5-d3, 4-2,4,6-d5, and 4-2,4,5-d3.

D D = D
| g

/4345%\ /4235%\

D AN
»
D7 N
4-2,3,4-d5 4-2,3,6-d3 4-2,4,6-d3 4-2,4,5-d3

Triad 1 Triad 2

Scheme 23. Two photochemical triads of the trideuterated pyridines. Reprinted with permission.**Copyright

2008, American Chemical Society.
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The photochemistry of these six pyridines each bearing two ring hydrogen is almost identical to the
photochemistry of the six isomeric dimethylpyridines.® In that case, the six isomers could also be divided into
triads of three interconverting compounds. Although the case of the dimethylpyridines a linkage between the
two triad was observed, in the case of the trideuteropyridines, no interconversion of any member of triad 1
with any member of triad 2 was observed.”

The three isomeric tetradeuterated pyridine isomers were also synthesized™ and their vapor phase
photochemistry studied. Upon irradiation, each of the three isomeric tetradeuteropyridines was observed to
undergo phototransposition leading to the other two isomers.

»
D7 N D
4-2,3,5,6-d, \
D / \ D

D N D H N D
| -— |
~ ~
D N H D N D
4-2!314!5-d4 4'2,3,4,6'd4

Scheme 24. Photochemical triad of tetradeuteropyridines. Reprinted with permission.** Copyright 2008,
American Chemical Society.

These three pyridines bearing one ring hydrogen, constitute a photochemical triad (Scheme 24) and are
analogues to the monosubstituted methyl and cyanopyridines.

The product ratios are also informative. Thus, 2,3,4,5-tetradeuteropyridine 4-2,3,4,5-d4 and 2,3,4,6-
tetradeutropyridine 4-2,3,4,6-d; were formed in a 1:1 ratio from 2,3,5,6-tetradeuteropyridine 4-2,3,5,6-ds.
Inspection of the transposition mechanism shown in Scheme 25 reveals that starting with 4-2,3,5,6-d,; there
are an equal number of ways that the two products can be formed. This is consistent with their formation in a
1:1 ratio.

In contrast,, Scheme 25 shows that starting with 4-2,3,4,6-d,; there are two pathways leading to 4-2,3,4,6-
d4 and one pathway leading to 4-2,3,5,6-d,4. This is consistent with the observed ratio of 2:1.

Finally, the mechanism (Scheme 25) shows that starting with 4-2,3,4,5-d4 there is one pathway leading to
4-2,3,5,6-d, and two pathways leading to 4-2,3,4,6-d,. This is consistent with an observed ratio of 1:2.
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Scheme 25. Transposition mechanism for tetradeuteropyridines. Reprinted with permission.14 Copyright
2008, American Chemical Society.

2.5 Mechanistic discussion

The energies of the S; (n,7*) and S, (m,n*) states in 2,6-dimethylpyridine 20 are 100.4 and 105.5 kcal mol™,
and the six dimethylpyridines are expected to have similar excited state—energies.16 Irradiation of
dimethylpyridines with light of 254 nm is expected to result the population of S, (m,n*) with excess vibrational
energy.

The non-radiative decay properties of pyridines are reported to be dependent on this excess vibrational
energy. Thus, the ¢ in pyridine shows a dependence on the excited vibrational energy in the lowest n-n*
excited state.'®'® The sudden decrease in ¢r suggests the existence of a decay channel known as channel
three.’>?* In benzene, this decay pathway leads to the formation of the ground-state diradical prefulvene, the
presumed precursor benzvalene.’

In pyridine theoretical calculations predict that the S, (w,®*) state of pyridine crosses both the S; (n,7*)
and S, states along a concerted pathway leading to ground-state azaprefulvene diradical, the suggested
intermediate responsible for the intra-triad isomerization.”> Quenching of these intra-triad reaction by added
N, is consistent with their origin from an excited state possessing excess vibrational energy.
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On the basis of femtosecond absorption studies and theoretical calculations,”® Zewail and Chachovillis
have shown that in solution, the S, (w,m*) state of pyridine can readily pass over a low energy-barrier and
through a conical intersection to yield the azaprefulvene species which has a lifetime of greater than 2 ns.
Apparently this is enough time for nitrogen to migrate around the sides of cyclopentadienyl ring.

3. Conclusions

Early work reported that irradiation of pyridine in the vapor phase at 254 nm resulted only in decomposition.
No identified products were detected. Later it was discovered that pyridine vapor undergoes
phototransposition upon irradiation. These reactions involve the interchange of ring carbon atoms in the
pyridine molecules. Thus, in the absence of labels at the ring carbons, these reactions would not be observed.
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