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Irradiation of divinyloxy compounds {CH2=CHOCH2[CH20CH2InCH20CH=CH2; n = 1-4) in the  presence 
of 1,4-dicyanonaphthalene in benzene gave cis- and trans-cyclobutanocrown ethers in good yields. 

Intramolecular photocycloaddition has received a great deal 
of attention from both synthetic and mechanistic vie~points.l-~ 
We now report a novel synthesis of cyclobutanocrown ethers 
by the intramolecular photocycloaddition of the divinyloxy 
compounds (1 a-d) {CH2=CHOCH2 [CH20CH2],CH20CH= 
CH2; II = 1-4, respectively } using 1,4-dicyanonaphthalene 
(4) as sensitizer. 

Irradiation of benzene solutions (100 ml) of (la-d) (1-5 
mmol) containing (4) (0 .14 .5  mmol) for 40-100 h with a 
high-pressure mercury arc through a Pyrex filter gave the cis- 
and trans-cyclobutanocrown ethers (2a-d) and (3a-d) 
respectively in good yields (Table 1).  Cyclization did not 
occur in the absence of (4). The photoreaction in acetonitrile 
in the presence of (4) gave polymeric materials as the major 
isolable products. 

The photocycloadducts were photochemically and therm- 
ally stable under the reaction or purification conditions and 
were isolated by distillation using a Kiigelrohr apparatus and 
by column chromatography on silica gel. The structures of 
the products were assigned from their spectral (lH n.m.r., i.r., 

t The U.V. spectra showed that the charge-transfer complexes of 
(la-d) with (4) are not formed in the ground states. 

1 The divinyloxy compounds ( la-4)  were prepared by mercury- 
(11) catalysed transvinylation of the corresponding diols with 
ethyl vinyl ether. Details will be published in the full paper. 

and mass) properties and elemental analyses.§ The lH n.m.r. 
spectra of the photoproducts in the region of the cyclobutane 
protons were very similar to those of the cis- and truns- 
photocyclodimers of ethyl vinyl ether, (5) and (6), re~pectively.~ 

Table 1. Photocycloaddition of divinyloxy compounds (1) in the 
presence of 1,4-dicyanonaphthalene (4). 

Product 
Substrate Irradn. % Yield" ratiob Ring kq+ 

(1) time/h [(2) + (3)] [(2) : (3)] size /mol-ldm3 
a 100 61 36 : 97 9 46 
b 40 80 60 : 40 12 56 
C 40 73 65 : 35 15 46 
d 80 70 78 : 22 18 e 

a Total isolated yields based on the substrates used. The product 
ratios were determined by g.1.c. analyses of the reaction mixtures. 

The kq7 values were obtained from the fluorescence quenching 
of (4) in aerated benzene solutions. d Not isolated. e Not deter- 
mined. 

6 E.g. for compound (2b): oil, i.r. Vmax (neat) 2840, 1130 cm-l, 
lH n.m.r. 6 (CCl,) 1.1-1.3 (2H, m, CH,), 1.7-1.9 (2H, m, CH2), 
3.3-3.7 (12H, m, CH,), 3.7-3.9 (2H, m, CH), m / z  202 (M+,  
vw), 174 ( M +  -GH4). For compound (3b): oil, IH n.m.r. 6 
(CCI,) 1.8-2.0 (4H, m, CHJ, 3.4-3.8 (12H, m, CH,), 3.9-4.0 
(2H, m, CH), m / z  202 ( M + ,  vw), 174 ( M +  -C,H,). 
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accord with the intermolecular photocyclodimerizations of 
alkyl vinyl ethers.s 

The synthetic advantages of this method are: (1)  a new 
type of crown ether can be synthesized in good yields;’ (2) 
photocyclization of ( l a - d )  is accomplished under neutral and 
mild conditions; (3) the high-dilution method is not necessary 
in this photocyclization { [(1) J = 0.01-0.05 mol dm-3). ( l a - d )  

CN 
(4)  

( 2 a - d )  
a ;  n=1 
b ;  n=2 
c ;  n=3  
d ;  n=4  

dOJ ’ - 0  

( 3 a - d )  

The mass spectra of all the cycloadducts contained characteris- 
tic fragments due to a reverse [2+2] cleavage (M+-CzH4).596 

For (la), the trans-fused cyclobutane (3a) was thegredomin- 
ant product. Molecular models show that the 9-membered 
cyclobutanocrown ethers (2a) and (3a) are highly strained and 
that the conformation of the intermediate leading to the cis- 
isomer (2a) is less favourable compared with that leading to 
the trans-isomer (3a). Conversely, the formation of the cis- 
isomers (2b-d) predominated for (lb-d). 

The fluorescence of (4) was efficiently quenched by ( l a - d )  
in benzene. The photocycloaddition is presumed to proceed 
via the exciplex or the intramolecular triplex involving 
excited (4) and the two vinyloxy groups [(l) - - - - (4)]*, in 
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