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Vs (R = CH3; Y = CN). 

Formation of 1,2-Dioxetanes and Probable Trapping 
of an Intermediate in the Reactions of Some 
Enol Ethers with Singlet Oxygen 

Sir: 
Practical as  well as theoretical interest accrues to methods 

for diverting the "ene reaction" of alkenes with singlet oxygen 
to a cycloaddition pathway. This goal is usually reached either 
by using alkenes devoid of allylic hydrogens or by circum- 
venting by steric strain' the allylic shift ubiquitous to the ene 
reaction.* Enol ethers (1) bearing an allylic hydrogen atom also 
undergo dye sensitized photooxygenation to give hydroper- 
oxides (2).3 However, for enol ethers it is known that product 
distributions also respond to solvent polar it^,^^.^ which fact 
might open a general route to 1,2-dioxetanes (3). With this 

1 - 2 - 3 - 
knowledge in mind, coupled with the general and qualitative 
observation that 1,2-dioxetanes incorporating carbocyclic 
rings, especially six-membered, often have good stability, the 
effect of changing some experimental parameters on the re- 
actions of la-c was examined. 

H 

U 

IC 

The effect of changing solvent and temperature on the 
photooxygenations of la-c is shown in Table I. As reported,3a 
photooxygenation of la in C6H6 a t  room temperature affords 
virtually exclusively 2a. However, on changing the solvent to 
CH2C12 27% 3a is formed and this becomes the major product 
on lowering the temperature or using C H 3 0 H  as solvent (but 
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Table I. Effect of Solvent ad Temperature on the Product 
Distributions from Enol Ethers la-c' 

3645 

ene product 1,2-dioxe- 
enol ether ( 1 )  solvent temp, "C (2 ) ,b  % tane (3 ) ,b  

la 
l a  
la  
l a  
l a  
la  
l b  
l b  
lb 
I C  
I C  
l c  

C6H6 20 9 1  
CH2Cl2 20 13 
CH2C12 -80 35 
CH302CCH3" -75 50 
C H 3 0 H d  20 32 
C H 3 0 H d  -80 9 
C6H6 20 91' 
CH2Cl2 20 19 e 
CH2C12 -80 40 e 

CH2Clz 20 92g 
CHzCl2 -80 61 g 

C6H6 20 99g 

3 
21 
65 
50 
48 
54 
3f 

21f 
6OJ 

1 
8 

39 

0 Tetraphenylporphine (-IO-4 M) sensitized photooxygenation 
using K2Cr207 in  H 2 0  as filter: room temperature reactions were 
carried out a t  I .7-10-2 M and low temperature reactions at  IO-2  M 
concentrations. Yields were determined by ' H  N M R  (60 MHz). 

Reaction was very sluggish: Rose Bengal and tetraphenylporphine 
were used as  dyes. See discussion in text concerning material bal- 
ances: Rose Bengal was used as  sensitizer. e Two dl pairs. f Two 
geometrical isomers; see text. g The E and Z isomers were present 
i n  an -1  : I  ratio. 

see below). The  same trend is clearly seen with Ib,c (Table 
1). 

OOH 

I .  i-0 

2 2 ;  R = H  La; R = H ,  X=CHOCH3.Y=0 

2 U ' ;  R=(CH313C - 3 b ;  R=(CHJIJC, X z 0 . Y  =CHOCH3 

- 3 d ;  R=(CH3)3C.X=CHOCH3,Y rO 

OCH3 @ 
3c - 

The dioxetanes 3b,b' (see below for stereochemistry) are 
stable for long periods a t  room temperature, whereas 3a and 
3c undergo slow (hours) decomposition a t  30 O C  but are  en- 
tirely stable a t  0 O C  or lower. The dioxetanes were identified 
by their ' H  N M R  and I3C N M R  spectra4 and their thermal 
(60-70 "C) decomposition with chemiluminescence to methyl 
formate and the respective ketones. Further structural con- 
firmation and stereochemical assignments were made by re- 
ducing the crude reaction mixtures with NaBH4 in CH3OH; 
this leads cleanly to allylic alcohols from 2 and 1,2-glycols from 
3. Yields and recovery of products were nearly quantitative. 
The  glycols were prepared for comparison purposes by O s 0 4  
hydroxylation of the appropriate methylenecycloalkanes. 

When the photooxygenation of l a  was carried out in 
C H 3 0 H  a t  ambient temperature (Table I ) ,  in addition to the 
absorptions for 2a and 3a, new peaks, subsequently assigned 
to 4 (20%), appeared in the N M R  spectra. At  -80 OC in 

7 - 6 4 ;  R=OH - 
- 5 ;  R = H  
- 

CH3OH the ene reaction was nearly suppressed (9%) and the 
yield of the new product was increased to 37%. On the basis 
of spectral data and quantitative reduction by NaBH4 in 
CH30H to 5,s prepared independently by acid-catalyzed ad- 
dition of C H 3 0 H  to 1 -hydroxycyclohexanecarboxyaldehyde,6 
the new product was assigned structure 4. 

The formation of 4 (trapping experiments with other com- 
pounds have not yet been carried out) is most easily, but not 
necessarily uniquely, rationalized by assuming addition of 
CH3OH to dipolar ion 6 or perhaps perepoxide 7. (Methanol 
does not add to 3a.) Note that 6 cannot in any obvious fashion 
be a precursor of ene product 2a except that 6 rearranges to 
7 or to the other dipolar ion structure with a tertiary carbonium 
ion center, not shown. The latter type of dipolar ion7 (or bira- 
d i ~ a l ) ~ ~  has been repeatedly suggested as an intermediate in 
the ene reaction, although the suggestion has not been uni- 
versally accepted.8 2-Methoxynorbornene, which cannot un- 
dergo the ene reaction, is reported to afford a trapping product 
structurally analogous to 4 . 7 ~ - c  

The stereochemistry of 1,2-dioxetane formation was ex- 
amined with conformationally fixed lb. If the requirement in 
the ene reaction for an allylic hydrogen parallel to the T system 
is absolute,2 and if the reaction is s ~ p r a f a c i a l , ~  one anticipates, 
but cannot prove with lb, that Ha rather than H, should be 
abstracted (see drawing). Of special-and testable-interest 

H 
I 

- 0;  X=OH,Y=CH20H 

- 9: X=CH20H,Y=OH 

is whether 1,2-dioxetane formation with I b  occurs preferably 
on the side of the double bond not possessing a properly aligned 
allylic hydrogen, i.e., cis to the (CH,)3C group (3b' as major 
product). 

The crude reaction mixture obtained on photooxygenation 
of l b  (CH2C12, -80 "C) contains two 1,2-dioxetanes (com- 
bined yield 60%) as determined from ' H  N M R  absorptions 
for -CH(OCH3)0  a t  6 5.1 1 and 5.14 ( C & j ) .  The crude re- 
action mixture was reduced with NaBH4 in C H 3 0 H  and was 
shown to consist of both glycols 8 and 9 present in roughly 
equal amounts and allylic alcohol.lO.' I A conservative inter- 
pretation of this observation is that cycloaddition to form 
1,2-dioxetane, even in the face of an ideal steric situation for 
the ene reaction (trans face of double bond in lb) ,  competes 
effectively (Le., 9 derived from "unexpected" product 3b is also 
formed) under the proper experimental conditions. We have 
reported previously stereochemical peculiarities of the ene 
reaction using conformationally fixed alkenes.I2 

In summary, increased solvent polarity and/or lower tem- 
peratures favor 1,2-dioxetane formation from enol ethers a t  
the expense of ene-reaction products, an intermediate in the 
photooxygenation of enol ethers appears to have been trapped, 
and an intriguing stereochemical point has been brought to 
light. 
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Photoinduced Cyclization of Mono- and Dianions of 
N- Acyl- o-chloranilines. A General Oxindole Synthesis 

Sir :  
Although a variety of methods for the synthesis of oxindoles 

appear in the literature,' one of the conceptually most at- 
tractive, i.e., cyclization of (Y carbanions of N-acyl-o-chlo- 
roanilines (2) has not proved to be efficient or general in 
 cope.^,^ We now report that  N-alkyl-N-acyl-o-chloroanil- 
ines la-d as  well as  N-acyl-o-chloranilines le-g undergo 
smooth cyclization to afford oxindoles 3a-g upon treatment 
with excess lithium diisopropylamide (LDA) in THF-hexane 

RZ acYR2 Y O  - a;LR2- Q)$o 
R l  R l  4 

2 a - g  3 a - g  
1 a-g 

0002-7863/8O/I502-3646$0l .OO/O 

Table 1 .  Photoinduced Cyclization of N-Acyl-o-chloranilines 1 to 
Form Oxindoles 3 

starting anilide product isolated 
no. R1 R7 n 0 . O  yield. % b  

l a  CH3 C6HS 3a 6 4  
l b  CH3 H 3bC 8 2  

Id C6H5CH2 H 3def  32g 
l e  H C d 5  3eh 63 
I f  H H 3f 74  
1g H CH3 3gl 1 3  

I C  CH3 n-CdH9 3Cd 73 

' H  N M R  spectra of all products were consistent with assigned 
structures. Physical constants of known compounds were in agreement 
with published values. Unless noted otherwise, irradiation was 
conducted for 3 h. Daisley, R. W. ;  Walker, J .  J .  
Chem. SOC. C 1971, 1375. e Satisfactory elemental analysis was ob- 
tained for this compound. /Yield was determined by GC. R irradiated 
for 0.5  h. Bruce, J .  M.: Sutcliffe, F. K. J .  Chem. SOC. 1957,4789. 

Reference 3.  

Bayer. A. Ber. 1878, I / ,  583. j Reference 8.  

followed by near-UV irradiation of the resulting monoanions 
2a-d ( R I  = CH3, C6H5CH2) and dianions 2e-g (Rl = Li). 

Results of a representative series of reactions are presented 
in Table I ,  where it may be seen that this mild procedure af- 
fords generally good yields of oxindoles with various alkyl 
substitution patterns a t  positions 1 and 3. Comparison of these 
results with those of earlier efforts3 to effect cyclization of 
anilides lb,  le ,  and If through intramolecular addition of the 
laterial carbanions to an aryne intermediate clearly demon- 
strates the advantages of the photostimulated process. More- 
over, the present method provides a route to oxindoles from 
anilides which cannot be converted into the required arynes 
because of substituents flanking the halogen of the benzene 
ring (vida infra). 

2-Chloro-3-(N-methylacetamido)pyridine (4a) also un- 
derwent photocyclization to afford azaoxindole4 5a (83%). In  

I A3+L@J0 h0 -78C a; R CH R 

4 a ,  R =  CH3 

b,R:H 
5a,R=CH3 

b , R = H  

this case it was necessary to maintain the reaction mixture a t  
-78 'C to prevent decomposition of the intermediate carb- 
anion. Interestingly, the unmethylated pyridine 4b was not 
converted into the expected 5b under similar conditions. In-  
stead, 4b was recovered. 

Photocyclization of Id with KNHz in liquid N H 3  afforded 
57% oxindole 3d along with 8% aryne-derived N-benzyl-m- 
aminoacetanilide. Attempted cyclizations of l b  and If under 
similar conditions led to much lower yields of the desired ox- 
indoles than obtained with LDA. 

Preliminary mechanistic studies with Id and If reveal that 
the LDA-mediated reactions involve initial side-chain carb- 
anion formation, but do not proceed via nucleophilic addition 
to an aryne intermediate. Thus, reaction of Id and If with 
excess LDA in T H F  without illumination, followed by 
quenching with D20,  resulted in quantitative recovery of 
starting materials containing >0.95 deuterium atom ('H 
N M R )  in the respective acetyl methyl group. Isolation of ox- 
indoles 7a4 (87%) and 7b5 (76%) from 3-substituted 2-chlo- 
roanilides 6a and 6b, respectively, rule out an aryne mecha- 
nism. The requirement for Pyrex-filtered light and the inhib- 
itory action of di-tert-butyl nitroxide indicate that the present 
reactions may represent one of the few reported examples of 
an intramolecular SRh 1 mechani~m.~. '  Additional studies 
concerning the mechanistic details of these reactions are in 
progress. 
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