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Abstract: Upon irradiation a homologous series of certain phthalimides (2a-c) possessing a -- 
terminal sulfide function in their N-ply-ether side chain undergo regioselective remote photo- 

cyclization affording seven to fifteen-membered crown ether analogs (3a-c) in nwderate yields. -- 

Syntheses of macrocycles have recently attracted considerable attention in 

view of important chemical and biological applications of naturally occurring 

and synthetic macrocycles. Typically, crown ethers and cryptands are well known 
2) as samples of synthetic macrocyclic ligands . Although many ground-state 

reactions for the construction of macrocycles have been known 3) , much less 

information is available for photochemical macrocyclic syntheses 3c) . 

During the course of our systematic studies on imide photochemistry 4) , we 
have found that phthalimides possessing a terminal sulfide function in their 

5) N-side chain undergo unusually facile photocyclization to give azathiacyclols . 

We are now extending this type of reaction to general synthesis of macrocycles 

on the basis of a regioselective remote photocyclization of a "pair system" 

which consists of, in this case, a phthalimide group and a methylthio group. 

With this particular pair, macrocycles of up to 16-membered 6) , and cyclic 

peptide models of up to 21-membered 7) , have been synthesized. While the 

phthalimide ring is a good electron acceptor (A), the sulfide is a donor (D). 

Therefore it is assumed that a complex formation in the excited states may 

facilitate the reaction, suggesting a general working hypothesis that compounds 

possessing certain appropriate D-A pair groups, even separated by a long chain, 

are capable of forming a new carbon-carbon bond on irradiation (eq.1). To see 

the scope and limitation of this synthetic method, examination of a structural 

3077 



3078 

variation in the connecting portion (X), which combines the donor and the 

acceptor pair, was needed. We have already investigated the photocyclization of 

the phthalimides containing amide bonds (la) 6,7) . - In the present paper, we wish 

to report results of the photolysis of such pair system with poly-ether bonds 

1 X = a : [-CONH-] 

(lb) in their side chains as a connector. - 

* 
D-A (1) 

-L.-.,._.J 

b: L-O-1 

Irradiation of N-[2-[2-(methylthio)ethoxy]ethyl]phthalimide 2a with 4OOW - 
high pressure mercury lamp in 7.3 mM acetone solution for 0.5 hr in a stream of 

argon afforded a mixture of medium-sized cyclols, which were separated into 3a - 
(mp 154-156"C, 74%) and 4a (mp 192-193"C, - 6%) by silica gel column chromatography. 

8) In support of the assigned structure , the cyclol 3a - 
the dehydrated product 5a (mp 155-156°C) on treatment - 
N-substituted phthalimides 2b-c containing poly-ether -- 
group were prepared, and the photolysis was performed 

(Table I)8). The expected heteromeric cyclols 3b (mp - 

was readily converted into 

with acid. Homologous 

bonds and a w-methylthio 

in a similar manner 

143-144OC), & (mp 98-99'C), 

and 4c (mp 127-130°C), respectively, were readily obtained as a result of the - 
C-C bond formation between the imide carbonyl group and the S-methyl (or 

-metnylene) group through the extensive Norrish type It process 4,6) . In a 

representative example, the structural assignment for 3c was based on the - 
following reasons: (i) the presence of the cyclol moiety was confirmed by 

spectroscopic data [hydroxyl (ir 3240 cm -l) , amide (1670 cm 
-1 ) and a methylene 

(instead of a methyl in 2c) nmr (in CDC13) 3.0 ppm, (d, J=14.;)Hz)]; (ii) the - 
molecular weight values determined by a vapor-pressure method and mass 

spectrometry were 343 and 353, respectively, both in agreement with the monomeric 

Table I. Photoproducts from the Poly-ether Substrates 

Substrate 2 I Condition I Product (yield) 

Entry n Weight Concent'n. Time 3 Ring size 4 Ring size 

g(mmol) mM min (%) (%) 

a 1 2.5(9.4) 7.3 30 74 9 6 7 

b 2 2.Oc6.5) 5.0 70 58 12 

C 3 2.0(5.7) 4.4 45 35 15 24 13 
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0 

NCH~(CH~~CH~)~CH~SCH~ 

0 

2 - 

SCH3 

4 - 5 - 

value (353); (iii) on the treatment with p-toluenesulfonic acid, 3c similarly - 
afforded the dehydrated compound 5c [ mp 137-138'C, nmr 6.65 ppm, (lH, s, - 

olefinic proton)]. 

It is well known that an alkoxy group enhances the reactivity of the 

adjacent C-H bond for excited carbonyl group in the Norrish type II processes 10) . 

Analogously, we have observed that phthalimides with an ether moiety in their 

N-substituent also undergo facile g-hydrogen abstraction 11) . In view of the 

methodology of the photochemical macrocyclic syntheses, therefore, it is 

noteworthy that the substrates 2 having several potentially reactive sites such - 
as the ether bonds still undergo this selective remote cyclization at the 

thiomethyl group. The heteromeric cyclic ethers thus prepared are up to a 

fifteen membered z, which is nearly equivalent in size to that of 15-crown-5 2) . 

Since the ligand capacity of crown type compounds are highly dependent on the 

2) nature and arrangements of the component hetero atoms , "mixed" crowns like 3-5 -- 
will provide an interesting candidates for a new family in the host-guest 

chemistry. Further possible utilities of this approach (donor-acceptor pair 

system) as well as the detailed cyclization mechanism are under investigation. 
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