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The photoreaction of 2-amino-5-methylpyridine was investigated by matrix-isolation infrared spectroscopy
and DFT calculation. Photoinduced reversible amine=Q+-NH,)—imino (NH—C=NH) tautomerism was

found between 2-amino-5-methylpyridine and 5-methylFd¢pyridinimine; the amino tautomer changes to

the imino tautomer by UV irradiation (349 4 = 300 nm) and the reverse change occurs by longer-wavelength
light irradiation (420> 4 = 340 nm). The results of the CASSCF calculation revealed that the arimmnino
tautomerism proceeds in vibrational relaxation process from electronic excited state to the ground state. The
IR spectra of 2-amino-5-methylpyridine in the State and 5-methyl-2-pyridinamino radical were also obtained

by UV irradiation ¢ = 300 nm).

Introduction SCHEME 1

Tautomerism has an important role in biological system and O/H 0
has been actively investigated by many researchers. For
example, the origin of serious DNA mutation is regarded as SN N/H
keto—enol and/or amineimino tautomerism&:* One of the -—
most famous ketoenol tautomerisms is the system between = =
2(1H)-pyridinone and 2-hydroxypyridine (Scheme 1), which is enol keto
frequently used to be the simplest model for the DNA bases
such as cytosine, thymine, and uracil. So far, several matrix- SCHEME 2
isolation infrared (IR) analyses have been reported on tautomer- NH, NH
ism>~8 Especially, Nowak et al. have found a photoinduced H
tautomerism from keto to enol by UV irradiatibmnd have NN N~
extended the analyses to analogous compounds including -
cytosin€ and its derivative3?~13 On the other hand, the system = Z
between 2-aminopyridine and 2{)-pyridinimine (Scheme 2) amino imino

is one of the simplest models for the amirimino tautomerism
which exists in the DNA bases such as cytosine, adenine, andwe found that the photoinduced aminimnino tautomerism

guaninet-341415However, only a few amineimino tautomer- occurs by UV irradiation (346 2 = 300 nm) and also obtained
isms have been investigated by IR spectrosd§pyRecently, the IR spectra of 2-amino-5-methylpyridine in the lowest
we investigated photoreaction of 2-aminopyridine and found electronic excited triplet (i state and 5-methyl-2-pyriniamino
the photoinduced reversible aminos8C—NH,) —imino (NH— radical which is produced by one hydrogen-atom dissociation.
C=NH) tautomerism (Scheme 2); the amino tautomer changes The photoinduced reversible aminmino tautomerism mech-

to the imino tautomer by UV irradiation (349 1 = 300 nm) anism is discussed on the basis of the experimental and

and the reverse change occurs by longer-wavelength lighttheoretical results.
irradiation (370> 1 > 340 nm)Y’

In the present study, we have investigated the photoreactionExperimental and Calculation Methods
of 2-amino-5-methylpyridine (Figure 1) in a low-temperature
argon matrix by IR spectroscopy with the aid of density C
functional theory (DFT) calculation. Methylation of DNA base
is a serious substitute reaction in biological system. In addition,
a methyl group often brings about the stabilization through
hyperconjugation and participation in intramolecular proton
transfert®25 In the photoreaction of 2-amino-5-methylpyridine,

2-Amino-5-methylpyridine was obtained from Wako Pure
hemical Industries. The gas mixture was prepared by passing
argon gas (Nippon Sanso, 99.9999%) through the glass tube
containing with sample in a vacuum line and was deposited
onto a Csl plate cooled at 12 K by a closed-cycle helium
refrigerator (Iwatani, CryoMini D510). The matrix temperature
was monitored continuously by an Awhromel thermocouple
and was controlled by a thermostabilizer (lwatani, TCU-4).

E_r:]gi?”f;spsoé‘g?\%ggﬁ?ng;_ze:zs1'82'424‘5735- Faxt81-82-424-5736.  |nfrared (IR) absorption spectra were measured with an FTIR
t Center for Quantum Life S;:Jipe'nces_ spectrophotometer (JASCO, FT/IR-615) equipped with an MCT
* Department of Chemistry. detector, where accumulation was 100 times and the spectral
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Figure 1. Structures of 2-amino-5-methylpyridine, 5-methyl-2j1
pyridinimine, and the 5-methyl-2-pyridinamino radical. Direction of
methyl group for the imino tautomers and radicals is the same as that
for the amino tautomer in the,State. Relative energies (in kJ mdl
calculated at the B3LYP/6-31+G** level are given in parentheses,
where the energy of one hydrogen atom is added in the values of the
radicals.

resolution was 1 cmt. UV radiation from a superhigh-pressure
mercury lamp (USHIO, SX-Ul 501HQ) was used to induce
photoreaction combined with a water filter to avoid thermal
radiation and short-wavelength cutoff filters, Sigma UTF-30U
(A = 300 nm), UTF-34U £ = 340 nm), SCF-37LA = 370
nm), and SCF-42L A = 420 nm) to isolate the desired
wavelengths of radiation.

DFT calculations were performed using the Gaussian 03
program?® The density functional, B3LYP?28with a basis set
of 6-31++G** was used to estimate relative energies, optimized
structures, and vibrational wavenumbers of conformers in the
electronic ground (§ and T, states and radicals. Those in the
first electronic excited singlet (Hstate were calculated by the
complete-active-space self-consistent-field (CASSCF) method
with a basis set of 6-31G**. The active space used in the
CASSCF calculations consists of 10 electrons and 8 active
orbitals: the threer and threet* orbitals on the pyridine ring,
the amino nitrogen 2pand the pyridine nitrogen nonbonding
electrons.

Results and Discussion

Optimized Structures. The structures and optimized geo-
metrical parameters of 2-amino-5-methylpyridine, 5-methyl-
2(1H)-pyridinimine, and 5-methyl-2-pyridinamino radical are
summarized in Figure 1 and Table 1, respectively. Each bond
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TABLE 1: Optimized Geometrical Parameters for
2-Amino-5-methylpyridine, 5-Methyl-2(1H)-pyridinimine,
and 5-Methyl-2-pyridinamino Radical Calculated by the
B3LYP/6-31++G** Level

2-amino-5-  5-amino-2(H)- 5-methyl-2-pyridin-
methylpyridine  pyridinimine amino radical
parameter S T, cis trans cis trans
Bond Length/A
d(1,2) 1.339 1.310 1407 1.401 1.378 1.376
d(2,3) 1411 1.484 1455 1456 1.433 1.437
d(3,4) 1387 1.430 1360 1.363 1.381 1.382
d(4,5) 1406 1.370 1.443 1439 1.408 1.406
d(5,6) 1.396 1488 1.361 1.365 1.417 1.418
d(1,6) 1341 1374 1378 1368 1.322 1.319
d(2,7) 1.387 1.358 1.294 1.294 1.333 1.337
d(5,Me) 1509 1.493 1507 1507 1.504 1.504
d(3,10) 1.086 1.084 1.084 1085 1.084 1.087
d(4,11) 1.088 1.086 1.088 1.088 1.087 1.087
d(6,12) 1.089 1.084 1.085 1.084 1.090 1.091
d(7,8) 1.011 1.011 2.425  1.027
d(7,9) 1.009 1.007 1.022 1.019 1.026
d(1,8) 2434 2476 1011 1.012 2.348
Bond Angle/deg

0(1,2,3) 1221 1253 1129 1129 120.6 120.1
0(2,3,4) 1184 116.8 122.0 121.7 119.6 120.0
0@3,4,5 1205 119.2 1221 1223 1197 119.6
0@4,5,6) 1159 119.2 116.3 116.1 116.8 116.6
0(5,6,1) 125.0 1225 1217 121.8 125.1 1255
0(,1,2) 118.1 1170 125.0 1253 118.1 118.3
0(,2,7) 1165 1183 1253 117.3 1205 116.1
0 (4,5Me) 122.2 1234 1212 1214 122.0 122.1
0(2,3,10) 1205 1205 1159 117.3 1181 119.2
0(3,4,11) 119.6 120.2 119.3 119.2 120.4 120.3
0(5,6,12) 119.8 120.2 123.0 122.8 1189 118.6
0(@2,7,8) 1142 1185 107.3
0(@,7,9 1174 1219 1123 1105 108.8
0(2,1,8) 1169 1145
0(1,2,7,8) 16.4 0.0 0.0 0.0 0.0
0(1,2,7,9) 205.0 180.0 0.0 180.0 180.0

a2 The values of other parameters are available upon request.

length of the amino and imino tautomers is the same as that of
2-aminopyridine and 2@)-pyridinimine within 0.01 A (1 A

= 1071° m),'7 indicating no remarkable hyperconjugation of
the methyl group with the pyridine ring geometrically. In the
S state of each tautomer and the radical, one hydrogen atom
of the methyl group is planar and is directed to the C6 side in
contrast to the hydrogen atom in thg 3tate of the amino
tautomer which is directed to the C4 side (Figure 1). Hydrogen
atoms of the amino group in the State are out of plane of the
pyridine ring on the same side, whereas the hydrogen atom(s)
of the amino group in thejIstate and the imino group is planar

to the ring. Most of the bond lengths for 5-methyl-2-pyridi-
namino radical have medium values between the amino and
imino tautomers, except for the shortened—@6L and the
lengthened C5C6 bonds.

The C2-N7 bond is shortened for 2-amino-5-methylpyridine
in the T; state and 5-methyl-2-pyridinamino radical and has
considerable double bond character. For 2-amino-5-methylpy-
ridine, the N1--H8 distance d(1,8) = 2.434 A) is shorter than
the sum of the van der Waals radii of H and N (271.2 +
1.5 A), indicating the existence of the intramolecular NN
hydrogen bond. Farans5-methyl-2(H)-pyridinimine,d(1,8)
is 1.012 A andd(7,8) is 2.425 A, and forcis-5-methyl-2-
pyridinamino radicald(7,8) is 1.027 A andi(1,8) is 2.348 A.
Thus, 2-amino-5-methylpyridine, thé&ans5-methyl-2(H)-
pyridinimine, andcis-5-methyl-2-pyridinamino radical are sta-
bilized by the intramolecular NH-N hydrogen bond. The
hydrogen bond of the cis radical is the strongest among them.
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TABLE 2: Observed and Calculated Wavenumbers of

r 2-Amino-5-methylpyridine in the S, and T, States with
MM Relative Intensities
3 i S state T state
§ L obs calé obs calé
'g i ®) L ‘ o S vlem™t int  o/emt int/km molt »/cm™1  int  »/cm™! int/km mol!
< 3525 16.7 3629 12.7 3539 41.7 3670 19.0
| 3423 321 3510 15.4 3416 100 3524 44.4
© A . L » 3023 50 3128 7.2 3155 0.4
, . , , 2990 2.4 3107 6.5 3063 10.0 3150 8.3
2958 2.9 3090 15.3 3044 1.8 3122 31
1700 1200 700 2936 3.0 3050 75 2984 3.2 3059 9.4
—1 . . . .
| Wevenumber fom ' g 2001 14 290 225 2807 33 2043 107
Figure 2. IR spectra of 2-amino-5-methylpyridine. (a) Matrix-isolated 1621  83.8 1632 100 1597 87.2 1614 100
infrared spectrum. (b) and (c) Calculated spectrum of the amino and 1591 475 1605 23.6 1556 6.7 1570 13.7
trans imino tautomers, respectively, by the B3LYP/6-31G** level. 1577 12.6 1581 14.2 1523 4.2 1540 14.8
1500 100.0 1502 63.2 1438 2.5 1447 38
The DFT calculations show that the amino tautomer is more 1462 7.7 112g12 37f w1 5a 11‘231‘:3 130-57
stable than the trans and cis imino cqnformers by 59.7 and 71.8 1595 570 1402 33.0 1369 8.0 1378 26
kJ mol, respectively, which is similar to the results of 1395 15 1366 0.7
2-aminopyridinet’ 1327 0.1 1296 19.2 1306 17.7
IR Spectrum of 2-Amino-5-methylpyridine in the S State. 1308 19.7 1308 203 1278 16.7 1286 12.6
An infrared spectrum of 2-amino-5-methylpyridine in an argon 1265 43 11222927 06'12 1179 8.2 ﬁgg %g
matrix is shown in Figure 2a, along with the calculated spectra 1142 4.7 1144 50 1045 1.1 1049 5.0
of 2-amino-5-methylpyridine in the (Sstate (Figure 2b) and 1055 3.3 1062 4.2 1007 1.4
trans-5-methyl-2(H)-pyridinimine being the most stable imino 1041 0.3 1044 12 992 19 994 19
conformer (Figure 2c). The comparison of the observed 1019~ 3.2 1018 2.5 983 0.9
\ L 82 0.0 982 0.4 869 16.4
spectrum with the calculated indicates that only the calculated g75 9o 958 0.0 801 57 804 6.5
amino spectrum reproduces satisfactorily the observed. Thisis 918 1.4 921 1.0 790 75 791 4.8
consistent with the negligible imino population<@.01%) 859 24 856 1.0 728 2.7
estimated form the energy difference (59.7 kJ mpht the 81® 162 812 17.8 644 6.2
" o 763 1.0 748 0.6 584 0.5
deposition temperature 298 K by the Boltzmann distribution 7,5 g6 741 10 553 58
law. Therefore, all the bands observed immediately after the 647 0.9 483 0.0
deposition of the sample are assigned to the amino tautomer 549 54.2 445 0.8
2-amino-5-methylpyridine. Table 2 summarizes the observed 2‘?% gg-g g?g 41'8
and calculated Wavenu_mbers. - 17 05 300 0.3
IR Spectrum of 2-Amino-5-methylpyridine in the T; State. 414 11 202 1.6
After UV irradiation was stopped, the sample in the matrix at 354 21.7 257 0.6
12 K radiated blue phosphorescence for about 10 s, in analogy 310 1.9 241 31
with the T; state of 2-aminopyridin&. To observe photoinduced igi %i 125 1;%
transient bands, we measured an infrared spectrum of the sample 71 01 23 28.2

during UV irradiation £ = 300 nm). The transient difference
a Calculated at the B3LYP/6-31+G** level. The calculated wave-

Spec_“”"." V.VhiCh is obtained _by Subtr_actin_g t_he spectrum b(.aforenumbers are adjusted by a scaling factor of 0'9Bhe bands exhibit
UV irradiation from that during UV irradiation, is shown in splitting.

Figure 3, together with the calculated spectrum of 2-amino-5-

methylpyridine in the T (upward) and &(downward) states. |t is likely that the photolysis of 2-amino-5-methylpyridine also
The calculated spectrum reproduces satisfactorily the transientyields an analogous radical, 5-methyl-2-pyridinamino radical
spectrum, indicating that the transient species is 2-amino-5- (Figure 1).

methylpyridine in the T state. An intense band appearing at  Figure 4a shows a difference spectrum, where the spectrum
1597 cnrt is assigned to the NHbending vibration. The  observed immediately after UV irradiatiod & 300 nm) is
observed and calculated wavenumbers are summarized in Tablgubtracted form that after subsequent annealing at 28 K. The

2, along with those of the Sstate. candidate radical has cis and trans conformations around the

Almost all the geometrical changes between thea®d T; imino group (Figure 1), whose calculated spectra are shown in
states of 2-amino-5-methylpyridine are the same as those ofFigure 4b,c, respectively. The calculated spectrum of Figure
2-aminopyridine within 0.01 A except for the €&6 bond'’ 4b reproduces satisfactorily the downward bands in Figure 4a,

The C5-C6 bond lengths of 2-amino-5-methylpyridine and which indicates that the downward bands are associated with
2-aminopyridine in the Tstate are longer than those in the S cis-5-methyl-2-pyridinamino radical that is retained by the strong

state by 0.092 and 0.078 A, respectivély. intramolecular NH--N hydrogen bond. Thus, this radical is
Identification of One Hydrogen-Atom Eliminated Inter- produced by the elimination of the H9 atom and might be
mediate, 5-Methyl-2-pyridinamino Radical. 2-Amino-5-me- stabilized by the methyl subsutituent, because the radical has

thylpyridine is decomposed to several species by UV irradiation been detected in a similar condition fiettoluidine?® but is not

(A = 300 nm). In the photolysis gé-toluidine, the 4-methyla- detected for 2-aminopyridin®. The radical was produced by
nilino radical is produced by UV irradiatiort (= 300 nm)?° UV irradiation ¢ = 300 nm), but not longer-light irradiation

As such, a radical easily disappears by annealing, the radical(A = 340 nm). The observed and calculated wavenumbers are
can be distinguished from other photoproducts by anne#lliffy.  summarized in Table 3, along with their relative band intensities
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TABLE 3: Observed and Calculated Wavenumbers of
cis-5-Methyl-2-pyridinamino Radical
' :[0'01 obs caleé
8 @) J\ -1 i -1 -1 i
S ey MWWW\MW.WMMWMWWWW vlcm int vlcm int/km mol assignmerft
8 \ 3417 37.8 3372 9.3  »(NH)
2r 3158 5.2
< (b) ‘ 3117 24.0
- = o L 3083 69.9
# \ 3061 275
3024 25.3
2972 46.4
1700 1200 700 1553 19.0 1568 570  »(CC)+ »(CN)
Wavenumber / cm’™ 1519 21.6 1521 43.0 v(CC)
Figure 3. Photoinduced transient IR spectrum of 2-amino-5-meth- 1464 14.7
ylpyridine in the T, state. (a) Observed difference spectrum, where the 1470 18.9 1457 18.0 Me def
spectrum obtained immediately after the deposition of the sample is 1439 13.2
subtracted from that measured during UV irradiatidan=( 300 nm). 1393 11 .
(b) Calculated spectrum of 2-amino-5-methylpyridine in théupward) 1376 324 1390 23.6 B(ring,NH,CH)
and $ (downward) states, by the B3LYP/6-33-G** level. 1349 8.2
1322 64.9 1323 53.6  B(CH,NH)
1259 5.9
1213 135 1214 122 v(C-Me)+ B(CH)
@) 1137 75.7 1142 50.0  B(CH,NH)
1098 703 1098 100 B(CH,NH)
- 1029 16.2 1031 11.7 y(C-Me)
3 | o 1005 21.6 999 201  B(CH,Me)
& R RAERE vy . 977 1.8
£ ( ‘ l ‘ ' y ! ‘ 970 0.0
2| (© 925 27.0 922 7.7 y(CH,Me)
< r —r o — 839 1.3
[TTT ] T ’ 834 973 827 812  y(ring,CH)
766 100 761 792 y(CH,NH)
745 1.4
S 701 91.9 699 841  y(CH,NH)
1600 600 638 17.3
491 18.8
Wavenumber / cm™ 477 2.8
Figure 4. Difference IR spectrum of 5-methyl-2-pyridinamino radical 433 18.7
(downward). (a) Observed spectrum, where the spectrum obtained 385 0.4
immediately after UV irradiation’(= 300 nm for 2 min) is subtracted 305 0.7
from that after subsequent annealing at 28 K. (b) and (c) Calculated 294 0.5
spectra otis- andtrans5-methyl-2-pyridinamino radicals, respectively, 122 0.0
by the B3LYP/6-3%+G** level. 40 0.2
aCalculated at the B3LYP/6-31+G** level. The calculated wave-
and assignments. The infrared spectrumcaf5-methyl-2- numbers are adjusted by a scaling factor of 0°98. stretching;s,

pyridinamino radical is reported for the first time to our in-plane deformation mode, out-of-plane deformation mode.
knowledge.
Identification of the Imino Tautomer, 5-Methyl-2(1H)- @ |

pyridinimine. Photolysis of 2-amino-5-methylpyridine in the M’W\ATWL\J%ML«AWwJﬂﬁW
matrix produced several stable photoproducts that can be ‘

distinguishable to each other by irradiation of different wave-
|) T ¥ | l

lengths. Figure 5a shows the difference spectrum, where the
(A = 300 nm) is subtracted form that after the second light ‘ ‘ v Y e

(b)

Absorbance

spectrum measured immediately after the first UV irradiation
irradiation ¢. > 370 nm). The bands increasing in intensity by

the second light irradiation (upward) were due to not only the
parent species, 2-amino-5-methylpyridine, but also other pho-

1700 1200 700

toproducts. The reverse change to produce 2-amino-5-meth-
ylpyridine suggests the existence of similar amimmino Wavenumber / cm™
tautomerism occurring in 2-aminopyridiA€ The imino tau- Figure 5. Difference IR spectrum of 5-methyl-2(-pyridinimine

tomer, 5-methyl-2(#)-pyridinimine, has two conformations  (downward), where most of the upward bands are due to 2-amino-5-
(Figure 1). Several downward bands are assigned to the tranénethylpyrldlne. (a) Observed spectrum, where the spectrum obtained

. . . immediately after the first UV irradiatiom.(= 300 nm for 5 min) is
or cis conformer by comparing the observed spectrum with the subtracted from that after the second light irradiatibre(340 nm for

calculated of the trans and cis conformers (Figure 5b,c). FOr g min) (1) and (c) Calculated spectratrns- andcis-5-methyl-2(H)-
example, the bands observed at 1671, 1615, 1541, 1158, anthyridinimine, respectively, by the B3LYP/6-31-G** level.

1083 cn1! are consistently associated with the trans conformer

and the bands at 1679, 1633, 1571, 1298, 1154, and 107% cm is assisted by the N7H8N1 hydrogen bond, and then
the cis conformer. Therefore, one of the stable photoproductstransformed into the cis imino conformer by UV irradiation.

is surely identified as 5-methyl-2f)-pyridinimine. The trans The observed and calculated wavenumbers are summarized in
imino conformer is produced by the H8 atom migration, which Table 4, along with their relative intensities.
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TABLE 4: Observed and Calculated Wavenumbers of
5-Methyl-2(1H)-pyridinimine

obs calé
trans cis
lem™ int wlem™t intkm mol!  w/cm™!  int/km mol?
3456 6.4 3551 10.6
3447 17.8 3542 175
3351 2.6 3455 2.7
3398 3.7
3147 1.6 3165 0.5
3141 2.9 3145 2.6
3106 4.1 3112 4.1
3049 6.1 3050 6.3
3013 6.7 3014 6.5
2965 18.8 2966 17.8
1679 17.9 1689 70.4
1671 17.5 1682 88.0
1632 32.8 1635 100
1615 100 1628 100
1571 16.0 1558 7.0
1541 7.2 1548 11.6
1490 5.0 1476 3.1 1475 2.5
1456 2.2 1456 2.2
1450 1.9 1444 0.1
1417 115 1422 2.3 1424 15.2
1399 0.4 1398 0.6
1358 4.3 1356 1.0
1317 0.9
1298 324 1290 23.5
1215 5.7 1219 17.3 1209 8.2
1205 8.5 1209 9.6 1204 3.0
1158 8.7 1160 6.9
1154 10.7 1154 11.5
1083 2.8 1072 23.8
1077 8.3 1069 17.5
1046 0.5 1046 0.5
1006 0.1 1007 0.9
971 0.0 982 0.0
936 5.4 965 4.3 960 0.3
864 1.1 844 1.8
816 3.6 819 3.3
812 14.3 808 16.6 809 4.9
758 25.1 749 2.4 745 1.1
755 2.6 732 2.3 736 30.1
697 2.2 691 2.1
637 26.1 635 0.3
635 0.1 565 2.0
468 3.4 463 0.6
465 14.1 460 25.4
431 0.9 436 6.3
379 0.9 374 0.0
292 0.3 293 0.4
266 1.0 270 0.3
139 0.0 148 0.1
104 0.3 104 0.2

a Calculated at the B3LYP/6-31+G** level. The calculated wave-
numbers are adjusted by a scaling factor of 0%9Bhe band exhibits
splitting.

The DFT calculation predicts that the trans imino conformer
with the intramolecular NH-N hydrogen bond is more stable
than the cis conformer by 12.1 kJ méland that the barrier
height from the trans to the cis conformer is 94.0 kJ Tholt
is well-known that the conformational change around the imino
group often occurs by UV irradiatio??; 34 the two conformers
in imino-oxo methylcytosine change each other by UV irradia-

Akai et al.

SCHEME 3
O
//O
N/H hv /C N/H
| — |
= X

NH
_NH
N/H hv /C N/H
| — |
¥z A
Me Me
TABLE 5: Relative Energies and GC=C=NH Conjugated

Stretching Wavenumbers of Conformers for Ketenimine,
4-Methyl-1,3-pentadien-1,5-diimine

conformer relative energy/kJ mdl2 vlcm1b
tttt 0 2063
tttc 6.8 2065
ttct 14.8 2062
tctt 9.0 2063
cttt 10.3 2053
ttcc 22.2 2065
tcet 12.4 2056
cctt 19.9 2058
tcte 14.1 2065
ctet 24.4 2051
cttc 17.7 2058
tcce 27.0 2063
ctce 30.6 2056
ccte 27.0 2062
ccct 29.9 2035
ccee 41.2 2057

aCalculated at the B3LYP/6-34+G** level. ® The wavenumbers
are adjusted by a scaling factor of 0.98.

similar ring opening to produce ketenimine, 4-methyl-1,3-
pentadien-1,5-diimine, might occur (Scheme 3). The-Iig2
bond of the cis imino 5-methyl-26)-pyridinimine is longer
by 0.006 A than that of the trans imino conformer stabilized
by the intramolecular N1H8-N7 hydrogen bond. In addition,
reaction barrier from the cis imino to the ketenimine is lower
than that from the trans imino by about 15.5 kJ molThus,
the photoreaction to ketenimine by cleavage of the-82 bond
mainly occurs in the cis imino conformer.

The ketenimine has 16 conformations around four rotational
axes HNCCG-C=C—C=NH; for example, the ketenimine in
Scheme 3 is represented as thect (cis—cis—cis—trans)
conformer. Thecctconformer is produced by the ring opening
of 5-methyl-2(H)-pyridinimine directly but is less stable by
about 30 kJ mol® than the most stable conformett in Table
5. The ketenimine has a characteristit=C=NH conjugated
stretching band appearing in the 26360 cnt? region. The
calculated wavenumber of the<C=NH conjugated stretching
for each conformer is shown in Table 5, together with its relative
energy. Figure 6 shows the time dependence of UV irradiation
(A = 300 nm) of the IR spectra. In the=<€C=NH conjugated
stretching region, the 2020 crhband appears in early irradia-
tion period, and the 2047 crh band increases in longer

tion.3 Then, we attempted to separate the two conformers of irradiation time compared to the former. Thect conformer

5-methyl-2(H)-pyridinimine, but no remarkable selective popu-
lation change was detected by irradiation of different wave-

has the lowest calculated wavenumber at 2035cmwvhich is
away from the others. Thus, the 2020 ¢nband is associated

lengths in the present study. No conformational change betweenwith the ccctconformer and the 2047 crhbands is related to

trans and cis of imino tautomer were also observed in 2-ami-

nopyridinel”

Other Photoproducts. Nowak et al. have reported the
photolysis from 2(H)-pyridinone to a conjugated ketene
compound (Scheme 38)In 5-methyl-2(H)-pyridinimine, a

the more stable conformers such astttteconformer produced

by photoinduced rotation. On the other hand, the intense band
at 2155 cm?! is assigned to the £C stretching of some
photodecomposed product that is likely to be produced by the
photolysis of the ketenimine.
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Figure 6. IR spectra of 2-amino-5-methylpyridine at different times
of light irradiation ¢ = 300 nm) in the 20062200 cnT* region. tautomerism mechanism in this system is ruled out and the
] . . o tautomerism occurs through electronic excited states.
Photoreaction Mechanism of 2-Amino-5-methylpyridine Schematic potential energies for the tautomerism are shown
and Amino—Imino Tautomerism. The amine-imino tautom- in Figure 7, where the energies of the stable and transition

erism between 2-amino-5-methylpyridine and 5-methyk¢1  structures in the Sand T; states are calculated by the DFT
pyridinimine is found in the present study. The amino tautomer, method, whereas those in the State are obtained by the
2-amino-5-methylpyridine, changes to the imino tautomer, CASSCF(10,8) method and the vertical transition energies from
5-methyl-2(H)-pyridinimine, by UV irradiation (340> 4 = the stable $to S, states are obtained by the time-dependent
300 nm), and the reverse change occurs by longer-wavelengthbFT method. The first irradiation wavelength (3201 = 300
light irradiation (420> 1 = 340 nm). The DFT calculation leads  nm) is consistent with the;S S transition energy of the amino

that 2-amino-5-methylpyridine is more stable thaans and tautomer and the second irradiation (4204 > 340 nm) is
cis-5-methyl-2(H)-pyridinimine by 59.7 and 71.8 kJ md, consistent with that of the imino tautomer as well as 2-ami-
respectively, and the barrier height form 2-amino-5-methylpy- nopyridinel” The tautomerism might proceed in the Sate
ridine totrans-5-methyl-2(H)-pyridinimine is 205.7 kJ mof. because the molecular orbital phases at LUMO of the imino

The barrier height from the trans to the cis imine conformer is tautomer are consistent with those of the amino tautomer (Figure
94 kJ moft. These barrier heights are high enough to avoid 8). However, the energy of the first irradiation is not enough to
thermal conversion of structures in the matrix at 12 K. get over the barrier from the amino to imino tautomer in the S
Dissociation energy of NH bond to produceis-5-methyl- state; the amino tautomer is less stable than the imino by 69.4
2-pyridinamino radical and H atom is calculated to be 407.4 kJ kJ mol~ and the tautomerism barrier height from the amino to
mol~1, which is nearly consistent with the first irradiation energy imino is 164.6 kJ mol*, which denotes the same tendency of
(300 nm= 400 kJ mot?). The intensities of bands assigned to  keto—enol tautomerism between 2{kpyridinone and 2-hydroxy-
the 5-methyl-2-pyridinamino radical are much weaker than those pyridine38-41 On the other hand, the DFT calculations show
of the other photoproducts. This means that the hydrogen-atomthat in the T state the trans imino tautomer is more stable than
migration from the amino to imino tautomer is easier than the the amino tautomer by 30.4 kJ méland the tautomerism
hydrogen-atom dissociation to produce the radical in photore- barrier from the amino to imino tautomer is 154.7 kJ ol
action process of 2-amino-5-methylpyridine. On the other hand,

trans-5-methyl-2-pyridinamino radical is not observed, sug- 700 1
gesting that the hydrogen-bonded H8 atom of 2-amino-5-
methylpyridine is not released but is migrated from N7 to N1 600 s
atom by UV irradiation. Thus, the imine has been produced by : Ea
this migration for 2-amino-5-methylpyridine as well as 2-ami- 500
nopyridine produced no radical intermediates by UV irradia- = 400
tion.l7 It is therefore noted that the amifémino tautomerism E
through the hydrogen-atom migration assisted by the intramo- i; 300
lecular NH-+N hydrogen bond can easily proceed without the S
methyl subsistent, though the amininino tautomerism through i 200
the radical intermediate stabilized by the methyl subsistent is
also possible ip-toluidine?® Then, the photoreaction mecha- 100
nism of 2-amino-5-methylpyridine in the present study is shown
in Scheme 4. 0
Intramolecular proton (or hydrogen-atom) migrations often Amino Imino

occur in low-temperature matrixes by tunneling effect. Rost- Figure 7. Schematic potential energy surfaces for amiimino
kowska et al. have recently reported that a tautomerism from tautomerism between 2-amino-5-methylpyridine and 5-methyHp(1
thione to thiol in thiourea occurs by UV irradiation, in analogy PYyridinimine. Optimized minima in theoSand T, states (solid line)

. . . are obtained by the B3LYP/6-34-G** level, whereas those in the
with the photoinduced keteenol tautomerism, and the reverse S; state (broken line) are obtained by the CASSCF(10,8)/6-31G** level.

- B 37 i . € .
change occurs by tunneling efféet>" In 2-amino-5-methylpy-  The vertical transition energies from the 88 S, states are calculated
ridine, no change from the imino to amino tautomer occurs in at the time-dependent B3LYP/6-3%G** level. Dotted lines with

the matrix in darkness at least for 3 h. Then, the tunneling arrows represent vibrational relaxation process.
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