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based on the full kinetic isotopic criterion, i.e., the 
variation of kH/kD with temperature. 
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Photochemical Rearrangement of 4-Pyridones 

Sir: 

The photochemistry of 2-pyridones has been ex- 
tensively studied and the 4 + 4 adducts' or bicyclic 
isomer2t3 was obtained. On the other hand, rela- 
tively little attention has been given to the photochem- 
ical reaction of the isomeric 4-pyridones. Sugiyama 
and his group reported that irradiation of IC resulted 
in the recovery of the starting material.4 We wish to 
report a novel photorearrangement of hindered 4-pyr- 
idones (la and Ib) leading to their isomers, 2-pyridones 
(IIa and IIb). 

Irradiation5 of Ia6 in acetonitrile, followed by column 
chromatography of the reaction mixture on silica gel, 
resulted in the isolation of IIa7 (mp 179.5-181.0"; ir 
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Ri 
Ia ,  R, = R, = Me;  R, = P h  
b, R, = Et; R, = Me; R, = Ph 
c ,  R, = Me;  R, = P h ;  R, = H 
d ,  R, = n - P r ;  R, = Me;  R, = P h  
e ,  R ,  = Me;  R, = R, = P h  

R8 R4A: 7 
R, 

H a ,  R, = R, = R, = Me;  R, = R, P h  
b ,  R, = Et ;  R, = R, = Me;  R, = R, = P h  
c. R, = R, = R, = Me;  R, = R j  = P h  
d ,  R,  = R, = R, = Me;  R, = R, = P h  

1630 cm-I (C=O); nmr (CCL) 6 1.62 (s, 3 H), 2.06 (s, 
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3 H), 3.51 (s, 3 H), 7.1-7.4 (m, 10 H); mass spectrum 
(70 eV) at m/e  (relative intensity) 289 (M+ 78), 288 
(IOO), 261 (44), 260 (39), 115 (27), 77 (39), 56 (37)) and 
IIc7 (mp 203.0-203.5"; ir 1625 cm-l (C=O); nmr 

7.5 (m, 10 H); mass spectrum (70 eV) at m/e (relative 
intensity) 289 (Mi  98), 288 (IOO), 261 (26), 260 (31), 
115 (36), 105 (20), 77 (72), 51 (28)) in 35 and 2.5p7, 
yields, respectively. Photolysis5 of Ib in acetonitrile 
gave IIb7 in 31 % yield (mp 159.5-160.5"; ir 1635 cm-I 
(C=O); nmr (CCL) 6 1.32 (t, 3 H, J = 6.0 Hz), 1.61 

(m, 10 H); mass spectrum (70 eV) at  mje (relative in- 
tensity) 303 (Mi- 99), 302 (71), 275 (50), 274 (IOO), 246 
(12), 230 (IO), 203 (14), 202 (17), 189 ( I I ) ,  115 (12), 77 
(IO)). Irradiation5 of Id6 or Ie6 in acetonitrile did not 
afiect the starting materials. 

In the mass spectra of photoproducts the presence of 
the intense peak corresponding to the expulsion of car- 
bon monoxide from the parent peak (mje 261 for IIa 
and IIc and 275 for Ilb) clearly indicates that the photo- 
products have the structure of 2-pyrid0ne.~ IIc was 
identical (melting point, ir agd nmr spectra) with an 
authentic sample prepared from the condensation of 
3,6-diphenyl-4,5-dimethyl-2-pyrone9 with methylamine. 
The appearance of an intense peak at mje 56 in the mass 
spectrum of IIa suggests the presence of a methyl group 
at C-6 in II.'O The change of the nmr signals of the 
C-methyl protons by addition of Eu(fod)s suggests" 
that the other methyl group should be at C-4 or C-5, 
not at (2-3. Confirmation of the structure of IIa was 
obtained by comparison with the melting point and the 
nmr spectrum of an authentic sample prepared by 
N-methylation of 4,6-dimethyl-3,5-diphenyl-2-pyri- 
done. 12 ,  * 

The accelerating effect of the phenyl groups on the 
photochemical rearrangement of the hindered 4-pyr- 
idones to 2-pyridones is reminiscent of similar substit- 
uent effects on the photoisomerization of the hindered 
4-pyrones to 2-pyronesg and the photoconversion of the 
hindered 4-thiopyrones to  cyclopentadienones. l5 A 
striking difference in the behavior of the hindered 4- 
pyridones upon ultraviolet irradiation from that of the 
hindered 4-pyrones is the position of the substituents 
in the photoproducts, Photolysis of Ia or Ib gave IIa 
or IIb, respectively, as the major product, whereas 
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(9) N. Ishibe, M. Odani, and M. Sunami, Chem. Commun., 1034 
(1971); N .  Ishibe, M. Sunami, and M. Odani, J.  Amer. Chem. SOC., 95, 
463 (1973). 

(10) R. Lawrence and E. S. Waight, J.  Chem. Soc. B, 1 (1968). 
(11) When the chemical shifts of the C-methyl protons of I Ia  and 

IIc were plotted as a function of added shift reagent, the following 
slopes (the lowest slope arbitrarily chosen as 1.0) were obtained: 1.1 
and 1.9 for IIa and 1.0 and 2.1 for IIc. The comparison of these 
values with those of 3-methyl-, 4-methyl-, 5-methyl-, and 6-methyl-2- 
pyridones (8.0, 1.0, 1.8, and 2.0) clearly indicates that a methyl group 
of IIa is not at C-3 of 2-pyridone. 

(12) J. F. M. Wajon and J. F. Arens, Recl. Trac. Chim. Pays-Bas, 
76,  65 (1957). 

(13) IId (mp 174.0-175.0") prepared by condensation, with methyl- 
amine, of 5,6-dimethyl-3,4-diphenyl-2-pyrone, which was synthesized 
by the reaction14 of diphenylcyclopropenone with u-methylacetonyl- 
pyridinium ylide, was ruled out as the structure of the photoproduct 
from comparison of its ir and nmr spectra with those of IIa. 

(14) T. Eicher, E. v. Angerer, and A. M. Hansen, Justus Liebigs Ann. 
Chem., 746, 102 (1971). 

(15)  N. Ishibe and M. Odani, Chem. Commun., 702 (1971); N. 
Ishibe, M. Odani, and R. Tanuma, J .  Chem. Soc., Perkin Trans. 1, 
1203 (1972). 

(CCL) 6 1.72 (s, 3 H), 1.97 (s ,  3 H), 3.10 (s, 3 H), 7.1- 

(s, 3 H), 2.11 ( s ,  3 H), 4.16(q, 2 H , J  = 5.5 Hz), 7.1-7.5 

Journal of the American Chemical Society / 95.10 / May 16, 1973 



3397 
Mashio of this department for his encouragement 
during the course of this work. 

Nobuyuki Ishibe,* Jun Masui 
Department of Chemistry, Kyoto Institute of Technology 

Matsugasaki 606, Japan 
Received December 16, 1972 

photolysis of 2,6-dimethyl-3,5-diphenyl-4-pyrone af- 
forded 3,6-diphenyl-4,5-dimethyl-2-pyrone as the sole 
product.s Neither IIa nor IIc is a precursor for the 
other in the formation of IIc or IIa, independent ther- 
molysis and irradiation of IIa or IIc having no effect. 
These results suggest the predominance of a distinctly 
different mechanism for the rearrangement of hindered 
4-pyridones. 

A tentative mechanism to account for the formation 
of 2-pyridones (11) from 4-pyridones (I) is presented in 
Scheme I. We believe that photolysis of the hindered 

Scheme I 

Ph$Ph +Me&'. 
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4-pyridones leads initially to the 6-azabicycIo[3.1 .O]- 
hexenone (111)16 which is converted, in either a photo- 
chemical or thermal process, to the pyridone IIc as a 
minor product (path a). This photoconversion is 
analogous to photoisomerization of the hindered 4- to 
2-pyr0nes.~ For the formation of the major product, 
photolysis of I may initially proceed by isomerization 
to the cyclobutenone derivative IV, l7 which is con- 
verted to I1 (path b). The entirely different nature of 
the photochemical primary reactions of furans and 
pyrroles was recently demonstrated by trapping of the 
transient species.ls,lg Stability of Id and Ie against 
light might be explained in terms of the steric effect of 
the substituents, 2o since molecular models show that 
C-N bond cleavage in Id and Ie would lead to the for- 
mation of intermediate I11 or IV in which there was 
appreciable steric hindrance. 

The proposed mechanism, while it rationalizes the 
experimental observation presented, may not constitute 
a unique explanation for the results. An investigation 
of the factors influencing reactivity in the 4-pyridones is 
currently in progress. 
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methanol was unsuccessful and photolysis of Ia in methanol gave only 
IIa and IIc. 

(20) Comparison of the absorption and emission (fluorescence and 
phosphorescence) spectra of Id and Ie  with those of Ia  and I b  did not 
give distinct evidence to distinguish their photoreactivity. Analysis 
of the absorption and emission spectra of 4-pyridones, 4-thiopyrones, 
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Gas-Phase lsopropylation of Toluene. On the 
Question of the Positional Selectivity in 
Gas-Phase Aromatic Substitutions 

Sir : 
From experiments carried out during the past five 

years in this laboratory with different gaseous electro- 
philes, including HeT+ ions from the 0 decay of molec- 
ular 80Br+ ions from the isomeric transition 
of CH3-"Br,' and radiolytically formed DzT+ 5 and 
alkyl6 ions, we conclude that the gas-phase electrophilic 
attack on the aromatic ring is characterized by a sig- 
nificant positional selectivity. 

In a recent paper the isomeric distribution of iso- 
propyltoluenes from the gas-phase attack of radiolyti- 
cally formed i-CaH7+ ions on C7Hs was reported to  be 
statistical (Le., 44.2x ortho, 4 0 . 4 z  meta, and 15.4% 
para) at low pressures of toluene, going to a thermo- 
dynamically controlled distribution (Le., 28.2 ortho, 
59.2x meta, and 1 2 . 6 z  para) at higher pressures of 
toluene. 

The formation of large amounts of the meta isomer 
was regarded as a typical feature of the gas-phase iso- 
propylation, and the statistical distribution observed 
at low C7H8 pressures was ascribed to the inherent lack 
of selectivity of the gaseous i-C3H7+ cation. 

Since the behavior of the i-C3H7+ ion described in 
ref 7 represented a conspicuous and disturbing depar- 
ture from the selectivity established for other gaseous 
electrophiles, further investigation was undertaken in 
the hope of accounting for the discrepancy. 

The isopropylation described jn ref 7 was carried out 
with gaseous i-C3H7+ ions obtained according to a gen- 
eral technique introduced by Ausloos and  coworker^,^ 
based on the y radiolysis of a gaseous alkane, in this 
case CaHa, containing a radical scavanger and a low 
concentration of the aromatic substrate. 

The well established radiation-induced decomposi- 
tion of CaHs and the subsequent ion-molecule reactions 

CaHs -+ CsH7+ + H + e (1) 

CaHs --f C~HS+ + CH, + e (2) 

GHS+ + CaHs - GHe + C3H7+, etc. ( 3) 

of the charged fragments lead to the predominant for- 
mation of the secondary propyl ion, whose attack on 
toluene gives isomeric arenonium ions and eventually 
the isomeric isopropyltoluenes, following the loss of a 
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