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4. For recent reviews on the reactions with samarium

diiodide, see: (a) Molander, G. A.; Harris, C. R. Chem. 
Rev. 1996, 96, 307. (b) Molander, G. A. Org. React.
1994, 46, 211. (c) Imamoto, T. Lanthanides in Organic 
Synthesis; Academic Press: London, 1994; pp. 23-62. (d) 
Molander, G. A.; Harris, C. R. Chem. Rev. 1992, 92, 29.

5. For reviews on the cleavage of isoxazoline N-O bonds, 

see: Curran, D. P. In Advances in Cycloaddition; Curran, 
D. P. Ed.; JAI Press Inc.: London, U. K., 1988; vol 1, 
pp 129-189.

6. For the preparation of a solution of samarium diiodide 
in tetrahydrofuran, see: Imamoto, T. Lanthanides in Or
ganic Synthesis ; Academic Press: London, 1994; p 21.

7. Further work is in progress to locate the origin of lower 
yield in this case and to improve the yield of 3e.
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In confluence with the wide spread advances in synthetic 
methods, particularly diastereoselective routes, the Paterno- 
Buchi reaction has prospered and led to significant develop
ments in the area of synthetic organic chemistry. 1 The 
Paterno-Buchi reaction represented by the [2+2] photocyclo
addition of carbonyl functionality to alkene provides a unique 
way of route to functionalized oxetane.2 There have been 
several investigations directed towards diastereoselectivity 
in this reaction using enol ethers mainly due to the genera
tion of up to three new stereogenic centers during the pro- 
cess.3 We recently reported the diastereoselective synthesis 
of highly functionalized aldol products of glutarates 3 from 
the reaction of dihydropyran 1 with aldehydes promoted by 
a Lewis acid catalyst.4 The efficiency of this transformation 
concerning diastereocontrolled process has encouraged us to 
apply the extension of this substrate to structurally unique 
systems. We report herein our discovery of a broadly useful 
method for assembling products 4 from the photochemical 
reaction of 2,2-diethoxy-3,4-dihydro-2H-pyran (2) with al
dehydes as depicted in Scheme 1. The method described 
herein is successful with several aldehydes and affords prod
ucts with useful levels of diastereoselectivity.

Starting material 2 was prepared in quantity by a two step 
sequence, purified by distillation, and stable to storage. Treat
ment of chloroacetaldehyde diethyl acetal with t-BuOK in t- 
BuOH afforded ketene acetal 5 in 78% yield after distilla-

Scheme 1. (a) t-BuOK, t-BuOH, (b) 2,6-Di-tert-butylphenol (0.5 
mol%), 180 °C, 2 h, sealed tube.

'Dedicated to Prof. Sang Chul Shim on the occasion of his 60 th 
birthday.

tion. The hetero Diels-Alder reaction of 5 with acrolein in 
the presence of 2,6-di-tert-butylphenol (0.5 mol %) at 180 
°C for 2h in a sealed tube afforded adduct 7 in 74% yield.5 
The stage was thus set for the photochemical cycloaddition 
of 2 with aldehydes.

The initial study for orienting experiments focused on the 
feasibility of substrate 2 for the photochemical cyclization 
with achiral aldehydes. Preliminary studies on the reaction 
of 2 with benzaldehyde indicated that the conversion to the 
corresponding product could be realized by irradiation of the 
reaction mixture at 300 nm. After surveying numerous con
ditions, several key findings emerged: (i) optimal chemical 
yields and diastereo-selectivities were observed with the use 
of CH2Cl2 as a solvent compared to other solvents such as 
benzene and acetonitrile; (ii) a 2 : 1 mixture of aldehyde/ 
dihydropyran 2 proved to be the most effective in terms of 
chemical yield; (iii) benzaldehyde exhibited better reactivity 
than aliphatic aldehydes; (iv) interesting observation was 
made that the formation of rearranged product 9 during the 
photocycloaddition was detected. The photochemical 
cycloaddtion was performed according to the following gen
eral procedure: A quartz tube was charged with benzalde
hyde Eq. (2) and dihydropyran 2 Eq. (1) dissolved in degased 
CH2Cl2. The sample was irradiated at 300 nm at room tem
perature for 3 h, and then the irradiation was stopped. After 
cooled to 0 °C, the reaction mixture was treated with 0.5 N 
aqueous HCl followed by work up and silica gel chromatog
raphy to afford inseparable oxetanes 7a and 8a in a ratio of 
92 : 8 as judged by 1H NMR along with the minor product 9a 
(3 : 2 diastereomeric mixture). The results obtained with other 
aldehydes are summarized in Scheme 2.

Although the exact mechanistic aspects of this transfor
mation have not been rigorously elucidated, the following 
pathway could be a probable chemical and stereochemical 
routes on the basis of product population. According to the 
mechanistic studies for photocycloadd-itions,6 a putative 1,4- 
diradical intermediate for the oxetane formation resulted from 
the addition of n,n* triplet state of carbonyl compound to
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Scheme 2.

a: R = Ph 57% (92:8) 8%

b: R = CH2CH2Ph 38% (88:13) 5%

c: R = C6H13 31% (91:9) <5%

Figure 1. Plausible Reaction Pathways

alkene.7 The diradical led to the formation of oxetane 
stereoselectively through more stable radical orientation due 
to the steric and stereoelectronic factors. Therefore, treat
ment of dihydro-pyran 2 with the excited benzaldehyde ini
tiated by irradiation resulted in the formation of diradical 
species as depicted in Figure 1. The observed preference for 
the relative geometry of diradical species 10 rather than 11 
could be rationalized in terms of two possible transforma
tions. Cyclization of 10 led to the formation of somewhat 
unstable 12,8 and subsequent acidic work up provided the 
major oxetane 7. The formation of minor product 9 could be 
explained by the cyclization of the reorganized radical spe
cies 13 mainly from the unstable 11. Since two diastereomers 
7 and 8 must be derived from the structurally rigid 12 and its 
epimer, it follows that 7a differ from 8a only in the relative 
stereochemistry at C1. The stereochemistry of the major com
ponent 7 in each case was determined based on the vicinal 
coupling patterns in the 1H NMR spectra. The trans-cis ste
reochemical assignments in oxetane are often based on the 
magnitude of vicinal coupling constants resulting from the 
optimal conformation.9 The smaller coupling constant for Ha 
(doublet, JHaHb=6.21 Hz at 8 5.88) obtained from the spec
trum of 7a (R=Ph) clearly indicated trans configuration 
whereas a doublet coupling of 7.88 Hz at 8 6.12 of minor 
component 8a implied it to be cis. These mechanistic specu
lations and 1H NMR studies clearly indicates that the major 
components of these transformations have trans stereochemi

cal relationships. These stereochemical outcomes are well 
consistent with previously reported results.1,10

In summary, this paper describes diastereoselective syn
thesis of highly functionalized oxetanes by means of 
photocycloaddi-tion of dihydropyran 2 and achiral aldehydes 
in a very general way which promises to be widely appli
cable. Further studies including synthetic application and 
extension of this method into enantiomeric pathways are in 
progress.
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