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Tautomerism of 1 -Hydroxy-2-pyridone and 1 -Hydroxypyridine-2-thione in the 
Excited Triplet State 

Tadamitsu Sakurai and Hiroyasu lnoue 
Department of Applied Chemistry, Faculty of Technology, Kanagawa University, Kanaga wa - ku, Yokohama 
221, Japan 

Both the title compounds show dual phosphorescence depending on the excitation wavelength and 
the nature of the solvents at 77 K. 1 -Hydroxy-2-pyridone (HP) gives dual emission only in a nonpolar 
matrix, whereas dual emission of 1 - hydroxypyridine-2-thione (H PT) was observed even in polar and 
hydrogen-bonding solvents as well as in a nonpolar matrix. From a comparison with the 
phosphorescence behaviour of 2-ethoxypyridine 1 -oxide and 2-ethylthiopyridine I -oxide, which have 
structures corresponding to the enol and enethiol isomers of the tautomeric H P and H PT, respectively, it 
is concluded that tautomerization taking place in the excited triplet state is responsible for the dual 
phosphorescence of the title compounds. Further supporting evidence for this conclusion is obtained 
from the measurements of the phosphorescence lifetimes and phosphorescence excitation spectra. H PT 
is much more subject to tautomeritation to its enethiol isomer form than HP. This is explained on the 
basis of the fact that the thiocarbonyl group is more polar and more polarizable than the carbonyl group. 

Despite widespread investigations of the ground-state be- 
haviours of cyclic hydroxamic acids, there have been only a few 
studies on  the excited-state behaviour of these compounds.' 
Thus, we have embarked on a systematic study of the excited- 
state properties of 1 -hydroxy-2-pyridone (HP) and related 
compounds, analogues of aspergillic acid with antibacterial 
properties,2 to scrutinize the photophysical and photochemical 
processes of these hydroxamic acids. 

Studies of heteroaromatic tautomerism are important not 
only for a comprehensive understanding of the reaction 
mechanism of tautomeric heterocycles but also for the correct 
interpretation of biochemical processes involving these com- 
p o u n d ~ . ~  The tautomeric equilibrium of HP  and its sulphur 
analogue, 1 -hydroxypyridine-2-thione (HPT), in the ground 
state has been well studied and shown to lie practically 
completely in favour of the keto and thione forms, respectively, 
by i.r. and U.V. spectrometric4 as well as photoelectron 
spectroscopic  measurement^,^ whereas little attention has been 
paid to the tautomerism of H P  and HPT in excited states. We 
have recently reported that HP tautomerizes to its enol isomer, 
2-hydroxypyridine 1-oxide, in the excited triplet state.6 Since 
thiones have been known to display anomalous excited-state 
behaviour,' we are interested in examining the triplet-state 
properties of HPT with a thiocarbonyl group in the molecule as 
an extension of our investigations on the tautomeric equi- 
librium of cyclic hydroxamic acids in the triplet state. In this 
paper we discuss the dual phosphorescence of HP and HPT in 
glassy matrices, with our attention focusing primarily on the 
tautomerism of these two compounds. 

Results and Discussion 
Dual Phosphorescence ofHP.-HP in an alcohol glass exhibits 

an excitation wavelength-independent phosphorescence spec- 
trum with a maximum at 464 nm whose behaviour is identical 
with that of 1-ethoxy-2-pyridone (EP), which has a structure 
corresponding to the keto isomer of the tautomeric HP, as 
shown in Figure 1 [curves (a) and (b)]. The phosphorescence 
excitation spectra of HP  were determined by monitoring the 
emission at various wavelengths and agreed well with the first 
absorption band of HP existing in the keto form, which is a 
maximum at 304 nm in the same solvent (methanokthanol 1 : 1 
v/v) at room temperature. On the other hand, the phosphor- 
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Figure 1. Phosphorescence spectra of HP (a), EP (b), and EPO (c) in 
methanokthanol (1 : 1 v/v) at 77 K. Excitation wavelengths (nm): (a) 
307; (b) 307; (c) 307; [HP], [EP], and [EPO] 1.5-2.0 x 1Whi 

escence of 2-ethoxypyridine 1 -oxide (EPO), whose structure 
corresponds to that of the enol isomer of HP, has an emission 
maximum at ca. 440 nm which is much weaker in intensity 
compared with those of HP  and EP, thus providing no evidence 
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Figure 2. Phosphorescence spectra of HP (a), (b), EP (c), and EPO (d) in 
methylcyclohexane at 77 K. Excitation wavelengths (nm): (a) 310 (b) 
279; (c) 310 (d) 279; [HP], [EP), and [EPO] 1.5-2.0 x lW% 
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for the existence of the tautomeric equilibrium of HP in the 
triplet state in an alcohol glass. We have also observed an 
excitation wavelength-independent phosphorescence of HP at 
467 nm in n-butyronitrile at 77 K. In addition, the excitation 
spectrum for this phosphorescence corresponds to the first 
absorption band of HP with a maximum at 310 nm in n- 
butyronitrile, indicating no Occurrence of the tautomerization 
to the enol isomer in an n-butyronitrile glass. 

In contrast with the behaviour in a polar glassy matrix, HP 
gives dual phosphorescence depending on excitation wavelength 
in methylcyclohexane at 77 K as presented in Figure 2. Shorter- 
wavelength excitation increases the intensity of the short- 
wavelength emission relative to that of the long-wavelength 
emission, resulting in a shift of the emission maximum to 
shorter wavelengths. Figure 2 shows that the short- and long- 
wavelength phosphorescence spectra are similar in both emis- 
sion maximum and intensity to those of EPO and EP, res- 
pectively, suggesting the existence of a tautomeric equilibrium 
between the keto isomer, l-hydroxy-2-pyridone, and the enol 
isomer, 2-hydroxypyridine 1 -oxide, in the triplet state. This 
possibility of tautomerization is further supported by the 
finding that the excitation spectra for the short- and long- 
wavelength phosphorescences nicely correspond with those for 
the EPO and EP phosphorescence, respectively, as seen from 
Figure 3. The excitation wavelength-dependent phosphor- 
escence of HP in a methylcyclohexane glass, therefore, can be 
interpreted as the superposition of the phosphorescence from 
the keto and enol isomers. From these observations, we 
conclude that tautomerization to the enol isomer form occurs to 
an appreciable extent in the triplet state.* The failure to observe 
the enol isomer spectrophotometrically in the ground state 
suggests that the ground-state enol isomer is thermodynamically 
less stable and reverts to the more stable keto isomer. Because of 
overlapping of intense fluorescence (peak at 365 nm) with weak 
phosphorescence of the two tautomers in a methylcyclohexane 
glass, we could not determine the phosphorescence lifetimes. 
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Figure 3. Phosphorescence excitation spectra (not corrected) of HP (a), 
(b), EP (c), and EPO (d) in methylcyclohexane at 77 K. Emission 
wavelengths (nm): (a) 525; (b) 435; (c) 477; (d) 435 
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There are two conceivable tautomerization processes to give 
the enol form. One is an intramolecular process (I) which was 
suggested for the tautomeric interconversion of 2-pyridone in 
the gas phase,g and the other an intermolecular process 
involving a dimer (11). Although we have no definitive evidence 
concerning the mechanism of tautomerization, the observation 
that HP is strongly hydrogen-bonding intramolecularly as a 
monomer in nonpolar solvents 46 suggests that an intra- 
molecular process is very likely. The measurement of the HP 

* In this regard, it is worth noting that HP undergoes a solvent dipole- 
induced rotational isomerization about the N-0 bond of the molecule 
in the excited singlet state at room temperature.* The rotational 
isomerization of HP do not take place in methylcyclohexane either 
at room temperature or at 77 K. In addition, this rotational 
isomerization is suppressed to a great extent in a polar glassy matrix at 
77 K, indicating that the rotational isomerization in the excited singlet 
state occurs to a negligible extent under the present experimental 
conditions for measuring phosphorescence spectra. 
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Figure 4. Phosphorescence spectra of HPT (a), (b) and ETPO (c) in 
methanol-ethanol ( 1  : 1 v/v) at 77 K.  Excitation wavelengths (nm): (a) 
350; (b) 293; ( c )  300; [ H W  and [ETPO] 2 x I@%. Intensities have 
been adjusted for the sake of clarity 

phosphorescence at low concentration ( lcr4w) and at low 
temperature (77 K) provides further support for this intra- 
molecular process. The facts that polar solvents weaken the 
intramolecular hydrogen bond of HP, and that intramolecular 
proton transfer is made unfavourable by the solvation of the 
carbonyl oxygen atom in the pyridone skeleton via hydrogen 
bonds in protic solvents l o  might be responsible for the failure 
to observe the tautomerism of HP in a polar and proton- 
donating matrix. 

Dual Phosphorescence of HPT.-The unexpected dual phos- 
phorescence of HPT was obtained depending on excitation wave- 
length in an alcohol glass at 77 K as illustrated in Figure 4. This 
phosphorescence behaviour is in contrast with that of HP in the 
same rigid glassy matrix. While excitation at the first absorption 
band of HPT gives long-wavelength phosphorescence with a 
maximum at 498 nm, short-wavelength phosphorescence with a 
maximum at 429 nm is observed on excitation near the second 
absorption band. The short-wavelength emission is intense by a 
factor of ca. 6 compared with the long-wavelength one. We have 
found that no photoproducts derived from HPT are responsible 
for this dual emission.* HPT which was prepared by an 
alternate route 2g also gave dual phosphorescence with the same 
intensity ratio, suggesting that this duality of emission is not due 
to impurities. The excitation spectrum of the long-wavelength 
phosphorescence very closely resembles the first A,A* ab- 
sorption band of HPT,? implying that the emitting state is the 
first triplet state of the pyridinethione form of the tautomeric 
HPT because HPT has been known to exist predominantly in 
the thione form in the ground state.& Unfortunately we could 
not compare the phosphorescence behaviour of HPT with that 
of 1 -ethoxypyridine-2-thione having a structure corresponding 
to the thione isomer because we have failed to synthesize this 
compound. On the other hand, a comparison of the short- 
wavelength phosphorescence and its excitation spectra with 
those of 2-ethylthiopyridine 1-oxide (ETPO), whose structure 

* The products formed by U.V. irradiation of HPT were isolated and 
checked for their phosphorescence. The emissions of these photo- 
products agreed with neither the long- nor the short-wavelength 
phosphorescence of HPT. 
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Figure 5. Phosphorescence excitation spectra (not corrected) of HPT 
(a), (b) and ETPO (c) in methanokthanol ( 1  : 1 v/v) at 77 K. Emission 
wavelengths (nm): (a) 498; (b) 429; (c) 438. Intensities have been 
adjusted for the sake of clarity 

corresponds to that of the enethiol isomer of HPT, shows that 
this short-wavelength emission may originate from the enethiol 
isomer, 2-mercaptopyridine 1 -oxide, formed by tautomeriza- 
tion in the triplet state (Figure 5) .  

Before we attribute the short-wavelength phosphorescence to 
the emission from the enethiol isomer form of the tautomeric 
HPT, the possibility of phosphorescence from the second triplet 
(T,) state should be discussed because the excitation spectrum 
for the short-wavelength emission follows the second ab- 
sorption band of HPT closely and because emission from upper 
excited states is of considerable interest and has received much 
recent a t t e n t i ~ n . ~  If we assume that the short-wavelength 
phosphorescence comes from the T2 state, the energy gap of ca. 
3 200 cm-' between T, and T2 makes it unlikely that this 
emission originates from the thermally repopulated T2 state at 
77 K,ll and that a mechanism similar to that for the S2 
fluorescence of azulene and its derivatives '' is operative as in 
the case of benzil and its related compound to which the energy 
gap hypothesis may be applied.12 Thus it is very improbable 
that the short-wavelength emission of HPT is assigned to the T2 
phosphorescence. A relatively intense phosphorescence band of 
HPT makes the determination of emission lifetime possible 
although fluorescence interferes with the lifetime measurement 
of the long-wavelength phosphorescence to some extent. 
Lifetimes of the short- and long-wavelength phosphorescences 
were determined to be 30 and 10 ms, respectively, in an alcohol 
glass at 77 K. The lifetimes are of the same order of magnitude, 
indicating that the emitting state is of largely X,A* character 
because phosphorescence from the 3 ( n , ~  *) state of thiones has a 
lifetime of the order of 0 .14 .01  ms at 77 K7' Therefore, the 
long- and short-wavelength phosphorescences observed in an 
alcohol glassy matrix are attributable to those of the thione and 
enethiol isomers of the tautomeric HPT, respectively. 

7 HPT exhibits no n,n* transition in the visible region even at a 
concentration of 2 x 1e2~. 
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Absorption and phosphorescence spectral data of HPT" 

Intensity 
Solvent kabb/nm (&/I mol cm ') &oJc/nm ( U n m )  Tph0JmS ratiod 

Methanokthanol (1 : 1 v/v) 282 (19 OOO), 347 (6 400) 429 (293), 498 (350) 30, 10 ca. 6 
Ether-ethanol (1 : 2 v/v) 283 (21 OOO), 350 (6 600) 430 (293), 497 (353) 25, 10 ca. 5 
n-But yronitrile 282 (21 OOO), 350 (7 OOO) 424 (294), 500 (332) 30, 15 ca. 8 
Meth ylcyclohexane 291 (19 OOO), 372 (4 300) 427 (305) 30 

a [HPT] 1-3 x 1 0 - 4 ~ .  At room temperature. ' At 77 K. Intensity ratio of the short- to long-wavelength phosphorescence. 
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Figure 7. Phosphorescence and phosphorescence excitation (not 
corrected) spectra of HPT (a), (b) and ETPO (c), (d) in 
methylcyclohexane at 77 K. Excitation wavelengths (nm): (a) 305; (c) 
303. Emission wavelengths (nm): (b) 427; (d) 430; [HPT] and [ETPO] 
2 x 10-4~.  Intensities have been adjusted for the sake of clarity 

fi small difference between the room- and low-temperature 
absorption spectra of HPT, showing that tautomerization to the 
enethiol isomer occurs to a negligible extent in the ground state 
at low temperature. This means that the less stable enethiol 
isomer is generated in a detectable amount by the triplet-state 
proton transfer (tautomerization) followed by phosphorescent 
relaxation under photostationary conditions and reverts to the 
more stable thione isomer when the excitation light was cut off. 
The excitation spectral behaviour of HP in a methylcyclohexane 
glass already mentioned can be explained similarly although 
attempts to measure the low-temperature U.V. spectrum of HP 
in this nonpolar solvent were unsuccessful owing to the poor 
transparency of methylcyclohexane glass. 

The dual phosphorescence of HPT was obtained also in other 
polar glassy matrices. The Table summarizes the phosphor- 

comparison of dual emission observed in an alcohol glass with 
that in other polar glasses indicates that the short- and long- 
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Figure 6. Absorption spectra of HPT (a), (b) and ETPO (c) in methanol- 
ethanol (1 : 1 v/v) at  different temperatures: (b), (c) room temperature; 
(a) 100 K; [HPT) 6 x 10% 

However, there still remains the reasonable possibility of 
ground-state tautomerization which can explain the observed 
dual emission of HPT since the excitation spectrum for the 
enethiol isomer form has been obtained. To shed light on this 
point, we have measured the absorption spectrum of HPT in an 
alcohol glass at low temperature (100 K). For comparison the 
absorption spectrum of ETPO was obtained in the same solvent 
at room temperature. As shown in Figure 6, one can only find a 

wavelength emissions are assigned to the enethiol and thione 
isomers in any polar matrix, respectively, and that tautomer- 
ization also takes place to a similar extent in other polar 
solvents at 77 K. Interestingly, HPT in methylcyclohexane at 77 
K has only the short-wavelength phosphorescence with no de- 
pendence upon excitation wavelength. This emission corres- 
ponds well to the short-wavelength phosphorescence observed 
in an glassy alcohol matrix as illustrated in Figure 7 which 
includes phosphorescence and phosphorescence excitation 
spectra of ETPO in a methylcyclohexane glass. There is an 
appreciable difference in emission intensity between the 
phosphorescences of HPT and ETPO, whereas the emission 
maxima of these two spectra are consistent with each other. 
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This difference in emission intensity is larger in methyl- 
cyclohexane than in an alcohol. This is accounted for by the 
finding that the phosphorescence intensity of HPT is not much 
affected by the polarity and hydrogen-bonding ability of 
solvents, but a solvent change from an alcohol to methyl- 
cyclohexane decreases the emission intensity of ETPO by a 
factor of CQ. 5.  Because the phosphorescence lifetime in 
methylcyclohexane is compatible with the short-wavelength 
phosphorescence lifetime in an alcohol, we conclude that the 
emission observed in a nonpolar glass originates from the 
enethiol isomer form generated by tautomerization in the triplet 
state. Since HPT has been known to be hydrogen-bonded 
intramolecularly as a monomer in nonpolar solvents,4b it is 
highly probable that the presence of a strong intramolecular 
hydrogen bond markedly accelerates tautomerization in the 
triplet state and makes an intramolecular process of tauto- 
merization predominant as in the case of HP. 

A comparison of the phosphorescence behaviour of HP  with 
that of HPT reveals that HPT undergoes tautomerization to its 
enethiol isomer with greater facility than HP in both polar and 
nonpolar glassy matrices. In addition, the finding that the extent 
of tautomerization in the triplet state is affected by the polarity 
and hydrogen-bonding ability of solvents suggests the solvation 
effect plays a crucial role in determining the ease of 
tautomerization.* 

All physical and chemical evidence l 3  indicates that the 
thiocarbonyl group is inherently more polar and more 
polarizable than the carbonyl group. This means that the 
dipolar formula (IV) contributes more to the thiocarbonyl 
group than to the carbonyl group. The larger acidity of HPT 
(pK, 4.6, lit.,& 4.67) than that of HP  (pK, 6.0, lit.,4b 6.0) is 
consistent with a more highly ionized bond in the thione case. It 
is reasonable to assume that the tautomerization of HPT takes 
place to greater extent owing to the greater contribution of (IV) 
to HPT than to HP. On the other hand, the solvation of the 
carbonyl oxygen and thiocarbonyl sulphur atoms of (111) and 
(IV) in polar and hydrogen-bonding solvents should inhibit the 
tautomerization of HP and HPT to a great extent. One might 
expect that this solvation effect is reflected in the difference in 
the extent to which tautomerization occurs in polar and 
nonpolar solvents although the tendency that HPT tautomerizes 
to a larger extent may not be altered in both solvents. These 
considerations of the ground-state properties of HP and HPT 
can nicely explain the difference in the extent of tautomerization 
in the triplet state between HP and HPT, implying that the ease 
of tautomerization of these two molecules in the triplet state 
depends not only on the ground-state properties but also on the 
solvation in the ground state. The fact that the tautomerization 
of H P  and HPT occurs to a negligible extent in the ground state 
demonstrates that the enol and enethiol isomers tend to be 
stabilized not in the ground state but in the triplet state. 

* While dielectric constants of organic solvents increase slightly with 
decreasing temperature, the extent to which dielectric constants increase 
is greater in polar solvents than in nonpolar ones. Thus it is likely that 
there is not much difference in polarity of solvents at room temperature 
and at 77 K. 

Experimental 
EPO was prepared from 2-ethoxypyridine,' then recrystallized 
from ether-dioxane, m.p. 70-72 "C (lit.,14 71-73 "C). EP was 
prepared by treatment of EPO with ethyl iodide in ethanol and 
purified by distillation at  reduced pressure affording a light tan 
oil whose spectral data were consistent with those reported by 
Dinan and Tieckelmann." HP was synthesized by the method 
of Newbold and Spring,14 then recrystallized from dioxane- 
benzene and sublimed under vacuum, m.p. 149-150 "C (lit.,14 
149-151 "C). The synthesis of HPT was accomplished by 
treatment of the adduct, formed from the reaction between 2- 
bromopyridine 1 -oxide and thiourea, with aqueous sodium 
carbonate.2g The crude HPT was purified by repeated 
recrystallization from aqueous ethanol, m.p. 7 1.0-72.5 "C 
(lit.,2g 68-70 "C). The structures of these compounds prepared 
were also established by their i.r. and n.m.r. spectra. ETPO was 
prepared by the reaction of 2-bromopyridine I-oxide with 
ethanethiol according to the analogous method to that of Shaw 
et Repeated recrystallization from ethyl acetate gave 
needles, m.p. 104-105 "C (Found: C, 53.7; H, 5.8; N, 8.65; S, 
20.3. C,H,NOS requires C, 54.2; H, 5.8; N, 9.0 S, 20.6%); 6 ,  
(100 MHz; CDCl,) 8.17 (1  H, d, J 7 Hz), 7.40-6.92 (3 H, m), 
2.91 (2 H, q, J 7 Hz), and 1.42 (3 H, t, J 7 Hz). 

All solvents were checked for their luminescence and showed 
no significant emission. All solvents in which phosphorescence 
spectra were recorded became clear glassy matrices at 77 K. 

U.V. absorption spectra at room temperature were measured 
with a Shimadzu UV-210A spectrophotometer. The low- 
temperature U.V. spectrum was obtained using a Shimadzu UV- 
360 spectrophotometer. The sample cooling was achieved by 
employing a home-made liquid nitrogen cryostat with the 
sample solution contained in a 1 cm square quartz cell. 
Phosphorescence and phosphorescence excitation spectra were 
taken on a Shimadzu RF-500 spectrophotofluorimeter (3.5 mm 
diameter quartz tube) with a cylindrical rotating sector which 
chops the excitation beam at 77 K. Phosphorescence lifetimes 
were determined on a Shimadzu RF-502 spectrophoto- 
fluorimeter equipped with a rotating sector at 77 K. For the 
acquisition of phosphorescence decay curves, a mechanical 
shutter was used to cut off the excitation light. The decay signals 
were fed to a transient memory (Kawasaki Electronica PMR- 
120) equipped with a recorder output. Because a period of 10 ms 
was required for cutting off the excitation light, the decay curve 
after 10 ms was utilized to determine the phosphorescence 
lifetime. 

Acidity constants (pK,) were spectrophotometrically esti- 
mated in Britton-Robinson buffer at 25 "C. 

Acknowledgements 
We thank Professor T. Hoshi and Messrs. J. Okubo and E. 
Matsuda, College of Science and Engineering, Aoyama Gakuin 
University, for obtaining the low-temperature U.V. spectrum 
and for determining phosphorescence lifetimes. 

References 
1 H. Furrer, Tetrahedron Lett., 1974, 2953; A. R. Katritzky, A. V. 

Chapman, M. J. Cook, and G. H. Millet, J. Chem. SOC., Perkin Trans. 
1, 1980, 2743. 

2 (a)  E. C. White and J. H. Hill, J. Bacteriol., 1943, 45, 433; (6) J. D. 
Dutcher and 0. Wintersteiner, J. Biof. Chem., 1944,155,359; ( c )  J. D. 
Dutcher, ibid., 1947, 171, 321; (d) E. Shaw, J. Am. Chem. SOC., 1949, 
71, 67; (ej W. A. Lott and E. Shaw, ibid., p. 7 0  (f) E. Shaw and J. 
McDowell, ibid., p. 1691; (g) E. Shaw, J. Bernstein, K. Losee, and 
W. A. Lott, ibid., 1950, 72, 4362. 



J .  CHEM. SOC. PERKIN TRANS. 11 1984 

3 J. Elguero, C. Marzin, A. R. Katritzky, and P. Linda, 'Advances in 
Heterocyclic Chemistry Supplement 1; The Tautomerism of 
Heterocycles,' Academic Press, New York, 1976, ch. 1. 

4 (a)  K. G. Cunningham, G. T. Newbold, F. S. Spring, and J. Stark, J. 
Chem. SOC., 1949,2091; (b)  J. N. Gardner and A. R. Katritzky, ibid., 
1957,4375; (c)  R. A. Jones and A. R. Katntzky, ibid., 1960,2937; (d) 
A. R. Katritzky and R. A. Jones, ibid., p. 2947. 

5 R. S. Brown, A. Tse, and J. C. Vederas, J. Am. Chem. SOC., 1980,102, 
1 174. 

6 T. Sakurai and H. Inoue, J. Chem. SOC., Chem. Commun., 1981,1004. 
7 (a)  P. de Mayo, Acc. C'hem. Res., 1976, 9, 52; (b)  N. J. Turro, V. 

Ramamurthy, W. Cherry, and W. Farneth, Chem. Rev., 1978,78,125; 
(c)  R. P. Steer, Rev. Chem. Intermed., 1981,4, 1. 

8 T. Sakurai and H. Inoue, Tetrahedron Lett., 1981, 22, 1515. 
9 A. Lledos and J. Bertran, Tetrahedron Lett., 1981, 22, 775 and 

references cited therein. 

10 A. Fujimoto and K. Inuzuka, Bull. Chem. SOC. Jpn., 1979,52, 1816. 
11  M. Koyanagi, Y. Kogo, and Y. Kanda, Mol. Phys., 1971,20,747; E. 

Migirdicyan, Chem. Phys. Lett., 1972,12,473; N. Kanamaru, M. E. 
Long, and E. C. Lim, ibid., 1974, 26, 1; A. Kuboyama and S. Y. 
Matsuzaki, Bull. Chem. SOC. Jpn., 1981, 54, 3635; M. Vala and J. 
Hurst, Mol. Phys., 1981, 43, 1219; H. J. Griesser and R. Bramley, 
Chem. Phys. Lett., 1981,83,287; R. E. Connors and W. R. Christian, 
J.  Phys. Chem., 1982,86, 1524. 

12 H. Inoue and T. Sakurai, J. Chem. Soc., Chem. Commun., 1983,314. 
13 W. Walter and J. Voss, in 'The Chemistry of Amides,' ed. J. Zabicky, 

14 G. T. Newbold and F. S. Spring, J. Chem. Soc., 1948, 1864. 
15 F. J. Dinan and H. Tieckelmann, J. Org. Chem., 1964, 29, 1650. 

Interscience, London, 1970, ch. 8. 

Received 16th February 1984; Paper 41263 




