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Energy transfer between a donor and an acceptor in photochemistry has been well docummen- 

ted'. In triplet-triplet energy transfer, the efficiency of an acceptor or a donor is usu- 

ally determined by the triplet energy levels, although the importance of simple steric repul- 

sion between a donor and an acceptor was also pointed out in some cases*. During the past 

decade, the molecular structure recognition by host-guest interaction in (one to one) inclu- 

aion has attracted much attention and even simple compounds, such as cyclodextrins 
3 
or crown 

4 
ethers , were shown to recognize the molecular geometry of guest molecules. Our recent fin- 

ding that the rigid' capping on cyclodextrin with diphenylmethanedisulfonate or terephthalate 

(l_a or Lb) causes a remarkable increase in the association constant of 8-cyclodextrin moiety 

for hydrophobic guests6 prompted us to explore a novel type of capping with hydrophobic 

cavity which may operate as a specific sensitizer or quencher for a guest of appropriate shape 

in ground or excited state, respectively. In this communication, we wish to report the pre- 
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paration of a novel 

moiety, 2, and that 

type of inclusion host molecule, cyclodextrin capped with benzophenone 

the selective inclusion can cause the (structurally) specific and very 

effective triplet energy transfer between the excited host and ground guest molecules. This 

is a novel type of energy transfer allowed only for host-guest of exact structural recogni- 

tion. 

Donor esters, cyclodextrin rigidly capped with a benzophenone chromophore (Z!) and its 

open-chain analog 2, were prepared from 4,4'-bis(chlorocarbonyl)benzophenone and B-cyclodex- 

trin, 2, or methanol, respectively7 (Scheme 1). Compounds, 2 and ,6, were chosen as triplet 

energy acceptors since selective excitation of the donor, 2 (ES=81 kcal/mole, ET=66 kcal/ 

mole)8 or 3 (ES=81 kcal/mole, ET=67 kcal/mole)ga can be achieved by 353 nm or 370 nm irradia- 

tion, respectively, without excitation of the acceptors, 6 and 6 
8,9,10 . A typical example 

of the observed phosphorescence spectra is shown in Fig. 1 for the donor-acceptor combination 

of?: measured at liquid nitrogen temperature. The effective triplet-triplet energy trans- 

fer from2 (3.3 x 10W4 M) to 2 (5.0 x 10 
-4 

M) was successfully observed even in this consid- 

erably unfavorable (low) concentration for the transfer where the open-chain analog, 2 (1.2 x 

1o-3 M), did not show any appreciable energy transfer to 3 (2.4 x 10s3 M). This unusually 

a; 2, 353 nm irradiation 

400 450 500 550 600 nm 

Figure 1. Phosphorescence spectra(corrected) of Z(a), 2(b), and 2+5(c) 

(77OK, 25% aq. DMF). The observed spectrum (c) can be reproduced by 
11 

superposition (d) of two components, (a) and (b) . 
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Table 1. Energy Transfer from Triplet Excited State of 

Capped Cyclodextrin 2 or Linear Analog 3 to Acceptor a) 

Quenching Efficiency of Apparent Efficiency of 

Acceptor ET Phosphorescence of Donor, Energy Transfer from 2 
kcal/mole 

($;-e;)/$ b, +A/($D-OD) b, OA 

2 3 

Br 

5gc) 39%d) O%e) 60% 

d 

5gf) 35%d) o%d) 50% 

s 
S03Na 

Na03S@$S03Na 55f) 
()%g) O%g) - 

,-J 

a) solvent; 25% aq. DMP, temperature; 17OK b) $: or 0: is the phosphorescence 

quantum yield of the donor in the absence or the presence of an acceptor, respec- 

tively. eA is the phosphorescence quantum yield of the acceptor after the energy 

transfer. See footnote 11. c) See footnote 9a,b. 

10 -4 

d) 2; 3.0 x 10 

10m3 

-4 M, 5,s; 

5.0 x M e) 2; 1.2 x M, 2; 2.4 x 10 -3 M f) See footnote 8. g) 2; 

3.0 x 10 -4 M,L; 5.0 x 10 -3 M 

effective energy transfer is rather general for the guest acceptors of appropriate shapes for 

the binding by the capped f3-cyclodextrin according to our preliminary experiments. Thus the 

marked and interesting difference in the transfer efficiency of the donors, 2 and 2, shown in 

Table 1 is also interpreted by the host-guest interaction by the capped B-cyclodextrin cavity 

which is recently reported to form inclusion compounds with naphthalene, or sodium 8-anilino- 

l-naphtha1enesulfonate6. This remarkable significance of the guest binding by the host cavi- 

ty to the effective transfer was also shown by the absence of the energy transfer from2 (3.0 

x 10 -4 M) to trisodium naphthalene-1,3,6-trisulfonateL (5.0 x 10m3 M), which is a very hydro- 

philic and inappropriately shaped guest. 

Thus, the general scheme of this specific energy transfer would be described in Scheme 2. 

This inclusion-energy transfer combination, a new type of specific energy transfer, is 

applicable to reactions in solution according to our preliminary experiments and the enhanced 
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and specific isomerization of olefins is now extensively investigated. 

2 +A 
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energy ;i A* 2 "Ai ~~~',Zn complex. 

F 2*A* 
transfer - Scheme 2. 
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