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(5, M a + ) ,  167 (23, CloH1gCEO*+), 124 [IOO, ( C ~ H ~ I C H =  
CHCH=CHz-)*+). 
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We wish to report that catalytic hydrogenation of unsatu- 
rated oxyphosphoranes such as 1 leads directly to high yields 
of phosphate and monoketone. Cycloadducts are obtained 
conveniently from diketones and phosphites.' Since diketones 

0 0  

are, in turn, available from simple monoketones, the reaction 
sequence shown above represents a potential solution of a 
difficult synthetic problem, that of ketone transposition. The 
procedure also offers an alternative to standard procedures 
for converting acyloin condensation products to monoke- 
tones. 

Uptake of hydrogen and yields of ketone are essentially 
quantitative in this reaction. Where both electronic and steric 
factors are contributing (example IC) high selectivity toward 
a single product is shown. In example Id where much lower 
discrimination would be expected, only a slight preference for 
reduction at  the less hindered site is found. 

This reaction appears to have little precedence in the lit- 
erature. Indeed, we initiated the study with the intention of 
designing a method for producing stereochemically pure 
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la (Rl = & = CHd -+ CH3C-CH2CHJ 
0 

1b (R, = F& 
IC (Ri = C(,H;; R2 = CH,) 

C&) - C,H$-CHzC6Hi 

0 0 
I1 II - C,HjCH,CCHi (100%); CGH~C-CH~CH, (0%) 

0 0 
Id (R, = CH,; F& = C,Hi) 

II I1 - CHSCCHZCH2CHj (-40%) + CH3CH2CCH2CH1 (-60%) 

erythro 1,2-diols. Alternate syntheses of the cyclic saturated 
oxyphosphoranes3 expected from la confirmed that these 
compounds were stable a t  room temperature, and, further, 
could be recovered unchanged after prolonged treatment 
under catalytic hydrogenation conditions. Therefore the 
saturated compound evidently does not intervene in the 
process to produce ketone. In earlier work it had been dem- 
onstrated by Denney4 et  al. that these cyclic saturated com- 
pounds decompose (above 100 O C )  and generally yield epox- 
ides as predominant products. 

Several mechanistic rationalizations of this reaction which 
do not involve double bond hydrogenation may be envisaged, 
but they are highly speculative at  this time. A simple possi- 
bility involves hydrogenolysis of the vinyl carbon-oxygen 

n-u 

- (RO)$PO + O< 

bond, followed by the 1,5 hydrogen shift shown above. Such 
hydrogenolysis is documented for vinyl6 and phenyl6 phos- 
phates, and provides precedence for the present proposal. 

Experimental Section 
Diketones. All diketones were available from Aldrich Chemical Co. 

and were purified by distillation or crystallization. Selenium dioxide 
oxidation of propiophenone was also employed to obtain l-phenyl- 
1,2-propanedione in 60% yield.7 

Trimethyl phosphite was distilled before each use. 
Cyclic unsaturated oxyphosphoranes (la-d) were prepared by 

mixing molar equivalents of trimethyl phosphite and diketone at  room 
temperature as described by Ramirez and Desai.' These products were 
distilled or crystallized before use: la, bp 36 OC (0.5 mm); lb,  mp 
48-50 "C; IC, bp 116-119 OC (0.9 mm); Id, bp 85-88 O (10 mm). 

Hydrogenations were accomplished a t  1 atm Hz over reduced 
PtOz. Cyclohexane, ethyl acetate, or benzene, 5-10% in oxyphos- 
phorane, were used as solvents. The samples typically absorb 1 molar 
equiv of Hz within 2-6 h,8 a t  which time Hz uptake had slowed sub- 
stantially. Hydrogenation was terminated a t  this point. The reaction 
mixtures were filtered to remove catalyst. In the case of la NMR 
examination showed only 2-butanone and trimethyl phosphate from 
la;  Id  showed 2- and 3-pentanone plus trimethyl phosphate. These 
products and product ratios were further quantified by VPC analysis. 
The yields were quantitative with no other products detectable. 
Similar analyses were performed for the products from l b  and IC. The 
products could also be isolated by column chromatography over silica 
gel with ether eluent. 

Saturated oxyphosphoranes were prepared from both meso- and 
dl-2,d-butanediol by exchange of these diols with pentaethoxyphos- 
phorane. These procedures are described by Denney and Jones3 
These saturated compounds could be recovered unchanged after 
prolonged exposure to H*/Pt in ethyl acetate or cyclohexane. 

Acknowledgment. The authors acknowledge helpful dis- 



Notes J. Org. Chem., Vol. 41, No. 17,1976 2929 

cussions with W. S. Johnson. This work was supported in part 
by NSF Grant MPS-75-17816. 

Registry No.-la, 1665-79-8 lb, 4850-55-9; IC, 1566-72-9; Id, 
52938-47-3; 2,3-butanedione, 431-03-8; diphenylethanedione, 134- 
81-6; l-phenyl-1,2-propanedione, 579-07-7; 2,3-pentanedione, 600- 
14-6; trimethyl phosphite, 121-45-9; 2-butanone, 78-93-3; 1,2-di- 
phenylethanone, 451-40-1; l-phenyl-2-propanone, 103-79-7; 2-pen- 
tanone, 107-87-9; 3-pentanone, 96-22-0. 

References and Notes 
(1) F. Ramirez and N. E. Desai, J. Am. Chem. Soc., 82, 2652 (1960). 
(2) H. L. Riley, J. Chem. Soc., 1875 (1932). 
(3) For synthetic details see D. B. Denney and D. Jones, J. Am. Chem, Soc., 

(4) D. E. Denney et al., J. Am. Chem. SOC., 93, 4004 (1971). 
(5) A. Jung and R. Engel, J. Org. Chem., 40,3652 (1975). 
(6) A. Jung and R. Engel, J. Org. Chem., 40, 244 (1975). 
(7) N. Rabjohn, Org. React., 5, 331 (1949). 
(8) If the diketone-phosphite adduct is not purified, hydrogenation frequently 

fails. We believe that this is due to contamination by phosphite which poisons 

91, 5825 (1969). 

. .  . 
the catalyst surface. 

Fellow. Case Western Reserve University. 
(9) Camille and Henry Dreyfus Teacher-Scholar, Alfred P. Sloan Foundation 

Chemiluminescent Oxidations of 
4- and 7-Aminophthalide 

Carl C. Wamser*l and Richard B. Phillips 

Department of Chemistry, California State University, Fullerton, 
Fullerton, California 92634 

Received August 26,1975 

A large variety of organic compounds undergo oxidation 
with chemiluminescence. Acyl hydrazides are one important 
class of chemiluminescent substrates, with luminol (5-  
amino-2,3-dihydrophthalazine-l,4-dione) probably the most 
notable examplea2 Radical autoxidation of hydrocarbons can 
also lead to chemiluminescence, by disproportionation of 
peroxy radicals via a tetroxide intermediate.3,4 Recently, it  
has been proposed that a tetroxide intermediate could play 
a significant role in the chemiluminescent oxidation of lumi- 

We have synthesized 4- and 7-aminophthalide (1 and 2, 
respectively; see Scheme I) and subjected them to free-radical 

Scheme I. Synthesis of the Aminophthalides 
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autoxidation and other oxidation conditions. The amino- 
phthalides would be expected to be oxidized to 3-amino- 
phthalate (3), which has been demonstrated to be the oxida- 
tion product and the emitting species in luminol chemilumi- 
nescencee6 The expected oxidation mechanism for the ami- 
nophthalides would be that of radical autoxidation, consistent 
with the mechanism established for hydrocarbon oxidations3t4 
(Scheme 11). Thus, we expected to generate an independent 

Scheme 11. Oxidation of the Aminophthalides 
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route to the intermediates (4 and 5 )  which were suggested for 
the mechanism of luminol chemil~minescence.~ 

The 4- and 7-aminophthalides were dissolved in basic 
aqueous solution, which opens the lactone ring, and they were 
subjected to a variety of oxidants: (a) oxygen with peroxydi- 
sulfate as radical initiator; (b) hydrogen peroxide with a cat- 
alytic amount of hemin; (c) calcium hypochlorite; (d) sodium 
hypochlorite. In all cases, the red-brown product solution was 
shown by paper chromatography to be equivalent to the 
product mixture obtained by subjecting luminol or authentic 
3-aminophthalic acid to the same conditions. We were unable 
to specifically isolate 3-aminophthalic acid from the reaction 
mixtures, however, or conclusively prove its presence. The 
very mild oxidation conditions necessary to isolate 3-amino- 
phthalic acid from luminol oxidations in aqueous solution2 
were ineffective toward the aminophthalides; furthermore, 
the aminophthalides were unreactive in MezSO toward simply 
0 2  and base (n-BudN+OH-), which is an effective procedure 
for isolation of aminophthalic acid in nonaqueous luminol 
oxidations.2 

When either of the aminophthalides was oxidized by per- 
oxydisulfate or HzOz-hemin (radical oxidants), weak chem- 
iluninescence was observed, detected by photon counting. 
Treatment of either of the aminophthalides with sodium or 
calcium hypochlorite (ionic oxidants) led to oxidation but did 
not lead to any detectable chemiluminescence. Figure 1 shows 
the chemiluminescence yields from the aminophthalides as 
a function of their concentration. Steady-state analysis indi- 
cates that the chemiluminescence intensity should be pro- 
portional to concentration.7 Maximum chemiluminescence 
efficiencies, which are proportional to concentration, are ob- 
served at  low concentrations; these are indicated by the lines 
on the figure, the slopes of which are the quantum yields. 
Pronounced curvature was observed at  higher concentrations, 
probably owing to absorption of some chemiluminescence by 


