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quantitatively thymol (11). We have studied the 
photochemistry of umbellulone (I) at -190". Our 
results define two mechanistic paths leading from I to  I1 
under these conditions. 

Irradiation (Pyrex filter) of neat umbellulone in a 
liquid nitrogen cooled infrared cell leads to formation 
of two primary photoproducts, a ketene derivative 
(vcx0 2113 cm-') and a product with absorption at 1670 
and 1630 cm-I. Thymol is not a primary photo- 
product under these conditions. During warm-up, the 
product with absorption bands at 1670 and 1630 cm-I 
goes rapidly to  thymol at about -90" and the ketene 
goes to  thymol3 above -70". The absorption bands 
at 1670 and 1630 cm-I and the conversion to  thymol 
permit tentative identification of this product as the 
dienone (111) (Scheme I). 

Scheme I 

diradical generated by spontaneous loss of n i t r ~ g e n , ~  
(4) the source, via hydrolysis, of diimide which reacts 
with VI to  yield excited VII,l0 and ( 5 )  a species which 
reacts with hydroperoxide ion, eventually yielding 
light .z b ~ l l  

Our experiments with pure I render proposals 1-4, 
as applied to hydrazide 11, untenable. Path 1 is 
incompatible with the ultraviolet spectrum and non- 
fluorescence of I, (2) predicts that I is nonchemilu- 
minescent, (3) requires that the diazaquinone lose 
nitrogen very rapidly, and (4) predicts that I should 
chemiluminesce in the absence of hydroperoxide ion.'Ob 
We infer that luminol and other hydrazides which 
react under similar conditions to yield the excited state 
of the corresponding dicarboxylate ion? also do not 
chemiluminesce by pathways 1-4. 

Since I yields chemiluminescence and since its cyclo- 
pentadiene adduct 111 can be isolated" from the 
chemiluminescent reaction of I1 with hydrogen peroxide 
and hemin (or hypochlorite ion), and also from the 
persulfate o ~ i d a t i o n ~ ~ ' ~ ~  of 11, compound I must be 
responsible for some of the light emission from the 
hydrazide 11. It seems probable that diazaquinones 
are intermediates in the major light-producing pathway 
of other cyclic hydrazides as we11.14 Kinetic studies12 of 
the persulfate oxidation of VI1 support this hypothesis. 

Species corresponding to VlII may originate from the 
reaction of diazaquinones with hydroperoxide ion, or 
alternatively from reaction of diazasemiquinones (gen- 
erated uia one-electron processes) with hydroperoxy 
radicals. Closure of VI11 to an endo-peroxide might 
then yield the immediate precursor of the excited 
dicarboxylate ion, although evidence concerning these 
points is lacking. 
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Low-Temperature Photochemistry of 
Umbellulone and Lumisantoninl 

Sir: 
Wheeler and Eastman reported in 1959 that irradia- 

tion of neat umbellulone (I) at room temperature gave 
(1) Photochemical Transformations. XXVII. 
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Irradiation of umbellulone in methanol at room 
temperature gives only thymol, but the ketene derivative 
can be trapped by irradiating unbellulone in an ether- 
methanol (4: 1) glass at - 190°, then warming. The 
structure of the methyl ester (IV) thus obtained follows 
from its empirical formula, spectral properties,4 and 
hydrogenation to methyl 3,7-dimethyloctanoate (identi- 
fied by comparison with an authentic sample). The 
structure of the ketene then is V. The 3,4 double bond 

(2) J. W. Wheeler and R. H. Eastman, J .  Amer. Chem. Soc.,  81, 236 
(1959). 

(3) The glass is warmed until the 1670- and 1630-cm-1 bands have 
disappeared ( N -  80') and then cooled to - 190". During the warm- 
ing, the disappearance of the 1670- and 1630-cm-1 bands and the 
appearance of thymol bands can be followed. The spectrum of 
the glass after the initial warm-up and recooling to - 190" shows the 
absorption bands of thymol and shows no change in the intensity of 
the ketene band. A second warm-up is then carried out. The ketene 
band is monitored and ketene begins to disappear above -70". The 
disappearance of the ketene absorption correlates with an increase in 
the intensity of the thymol absorption bands. 

(4) Molecular weight 182 (mass spectrum); Y:: 1739 cm-1; 3 
olefinic H (6 4.9-6.3, m), OCHI (6 3.63, s), CHZ (6 3.08, s), isopropyl 
methine H (6 2.2-3.0, m), olefinic methyl H (6 1.87), isopropyl methyl H 
(6 1.0, d, J = 6.5 Hz). 
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must be cis, and the 5,6 double bond is tentatively con- 
sidered to be trans on the basis that this stereochemistry 
is most consistent with the facile cyclization of the diene 
ketene.5 Thermal cyclizations of diene ketenes to 2,4- 
cyclohexadienones have been observed in other sys- 
tems.6-8 

There are two routes from umbellulone to thymol at 
low temperature, both involving ground-state inter- 
mediates. In the methanol-trapping experiments at 
- 190" comparable yields of ester and thymol are ob- 
tained. This result suggests that path A accounts for 
at least half of the thymol produced under these condi- 
tions. The fact that irradiation of umbellulone in 
methanol at room temperature gives no ester could 
mean either that diene ketene (V) cyclization to 111 is 
too fast at this temperature for nucleophilic attack by 
methanol to compete or that only path B is operative. 

Irradiation of lumisantonin (VI) at room temperature 
gives a variety of products including VIII.g-ll Ir- 
radiation of lumisantonin (VI) (crystalline or in an EPA 
glass) at - 190" gives a ketene (VIT) as a primary photo- 
product (Scheme 11). It is possible that a trace of 

Scheme I1 
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dienone VI11 is produced as a primary product. We 
have observed also the blue species reported by Fisch 
and Richards,Io but we have not been able to  show con- 
clusively that it goes thermally to dienone VIII. The 
ketene is assigned structure VI1 because on warming to  
room temperature it cyclizes to the dienone VIII. 
When lumisantonin (VI) is irradiated in an EPA glass at 
- 190" then warmed above - 160" the ketene absorp- 
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maintained in the addition of methanol. This has been shown to be 
true for related diene ketenes (P. M. Collins and H. Hart, J .  Chem. SOC. 
C, 1197 (1967)). 

(6) J. Griffiths and H. Hart. J .  Amer. Chem. Soc.. 90. 3297 (1968). 
<7j J. S. Swenton, E. Saurborn, R. Srinivasan, and.F. I. SonAag, 

(8) J. D. Hobson, M. M. A. Holly, and J .  R. Malpass, Chem. Com- 
ibid., 90, 2990 (1968). 

mun., 764 (1968). 
(9) For a review of the photochemistry of santonin and related com- 

pounds see P. J. Kropp in "Organic Photochemistry," Vol. I, 0. L. 
Chapman, Ed., Marcel Dekker, Inc., New York, N. Y., 1967, p 1. 

(10) M. H. Fisch and J. H. Richards, J .  Amer. Chem. Soc., 90, 1547, 
1553 (1968); 85, 3029 (1963). 

(11) 0. L. Chapman and L. F. Englert, ibid., 85, 3028 (1963). 

tion (21 13 cm-') disappears with concurrent appearance 
of an absorption at 1738 cm-' assigned to the carbonyl 
group of the ester IX. The sequence VI (hv) + VI1 
(A) + VI11 is an important but probably not unique 
path from VI to VIII. 

Cyclization of ketenes V and VI1 is analogous to 
that reported in related The opening of 
the cyclopropane rings in I and VI, however, follows a 
different course from that observed in Xa12 and Xb7 
(Scheme 111). Cleavage of umbellulone in this fashion 
Scheme 111 

L Xa, R = C6H5 
b, R = CH, 

R - C,H, Po 
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would produce a diene ketene (XI) which should cyclize 
to  sym-thymol (XII). sym-Thymol is not formed at 
room temperature2 and could not be detected in any of 
our spectra. 

I XI X l l  

The difference in the nature of the ring-opening 
process in I and VI as opposed to Xa,b may be due to 
differences in the position of substituents. Formation 
of ketenes V and VI1 from umbellulone and lumisanto- 
nin may involve a ketene-carbene mechanism as sug- 
gested by van Tamelen and coworkers. l 3  
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Steric Effects in the Ozonolysis of 
1,2,3,4-Tetraphenylcyclobutenes 
Sir:  

The renewed interest in the mechanism of olefin 
ozonolysis has demonstrated that steric requirements of 
the olefinic substituents play an important role in deter- 
mining product stereospecificity. l r 2  This has led to 
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