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In addition to usual shifted signals pertaining to the 1 : 1 complex, 
separate signals of a 1 : 2 complex of acenaphthene with 
P-cyclodextrin were observed in proton NMR spectra at low 
temperatures. 

Hydrocarbons are the guests of choice for the study of 
driving forces of the complex formation with cyclodex- 
trins, CDs. On the basis of chromatographic studies of 
molecules 1-3, we have recently found’ that acenaph- 
thene, 2, and 1,8-dimethylnaphthalene, 3, form unusually 
strong complexes with p-CD, 4. The stability constant of 
the complexes with 2 and 3 (ca. 500 M-I) was approxi- 
mately 100 times larger than the corresponding value for 
1,3dimethylnaphthalene, lb. ‘H NMR spectra presented 
in this communication show atypical manifestations of 
the complex formation of 2 with 4, consisting in the 
appearance of separate signals of a 1 : 2 complex in 
which two CD molecules encage the guest. 

The exchange rate between the free and complexed 
species is considered to be too fast to be observed on the 
NMR time scale.3 Thus, the typical behavior of the CD 
complexes manifests itself in shifts of the host and guest 
signals with no dynamic behavior and no new signals 
observed? To our knowledge, the only case when addi- 
tional signals of the complex were reported in the 
literature refers to the rotaxane-type CD c~mplexes.~ In 
contrast with the typical behavior, two groups of host and 
guest signals appear in the specmm of the complex of 2 
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and 4 at low temperatures, presented in Figure lg  and lh  
in comparison to the corresponding spectra of the free 
guest (Figure la) and that of the free host (Figure. lb) 
measured at room temperature. ”he intensity of the 
additional signals observed at low temperatures was 
found to depend on the concentration of the host and 
guest. Therefore, the measurements of the guest signals 
were carried out with considerable excess of the host 
(Ghost = 0.116 Mn, cguest = 0.017 M/L) and vice versa 

the shifts of the signals at 4.432 ppm for the host and of 
that at 6.789 ppm (the average of 6.796 and 6.782 ppm) 
for the guest as a function of the relative concentration of 
the host and guest, “Job curves”6 (exemplified in Figure 
2) were obtained. The parabolic curves exhibit maxima 
for the 1 : 1 concentrations of the host and guest, clearly 
indicating the existence of the 1 : 1 complex in solution. 
By integrating, the additional signals at 7.021 ppm 
tentatively assigned to H2’ (for the guest) and that at 
6.289 ppm (for the host) were found to correspond to the 
1 : 2 complex of 2 and 4, respectively. On the basis of its 
shape (poorly resolved doublet of doublets), the signal 
with the center at ca. 7.38 ppm was assigned to H3’ 
protons. A considerable shift of this signal upon com- 
plexation (larger than 0.4 ppm) is larger than the usually 
observed shifts. It can be explained by the fact that the 
shifts reported in the literature refer to the average of free 
and 1 : 1 complexed species while the one discussed here 
corresponds to the pure 1 : 2 complex with the strongly 
interacting CD molecules. NOE experiment could pro- 

(Ghost = 0.025 Mn, CBuest = 0.170 m.). By studying 
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a: X,=X,=Me, 
b: X,=X,=Ue, 
c: X,=X,=Me, 
d: X I  =Xs =Me, 

\ e: Xl=Xr=Me, 
X 6  x 3  1: X,=X,=Me, 
x7*x2 x5  x 4  g: X,=X,=Me. 
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Figure 1 'H NMR spectra of acenaphthene. 2, and P-CD, 4, and their complex in DMF-d, solutions at various temperatures. (a) The region of 
aromatic protons of the fne guest. (b) The region of the hydroxylic and anomeric protons of the host. (c-h) The corresponding spectral regions for 
the complex of 2 and 4. Note that the host region spectra (c, e, g) were recorded with an excess of the guest, while for the guest signals (spectra d, 
f. h) an excess of the host was used. The specific conccnintions are given in the text. The "x" symbols denote signals pertaining to the 1 : 2 complex 
while the "0" ones refer to the average signals of the free species and I : 1 complex. The broad signal at ca. 7.32 ppm is obscured by the solvent signals. 
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Figure 2 The “Job plot” for the H1 signal of the host at 303 K. 
Analogous plots have been obtained for the H 4  guest signal at both 303 
and 243K. as well as for the signal of the anomeric proton of p-CD at 
243K. 

vide the information on the position of the guest inside 
the cage formed by two CD molecules in the 1 : 2 
complex. However, these proved unsuccessful, probably 
due to the high mobility of the guest (which is revealed 
by the breadth of the complex signals). Therefore, a 
tentative view of the latter complex is depicted in Figure 
3. It should be stressed that our results are inconclusive 
as concerns the presence of the solvent molecule in both 
the 1 : 1 and 1 : 2 complexes. We were not able to solve 
this problem by an X-ray study since we were not able to 
obtain crystals of the complex of 2 and 4. 

The CD complexes with 1 : 2 stoichiometry were 
documented in the literature on the basis of thermo- 
chemical and photochemical measurements.’ To our 
knowledge, this is the first NMR observation of such a 
complex. 

Figure 3 A schematic view of the 1 : 2 complex of 2 and 4. Courtesy 
of VCH Publishers, New York.8 
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