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eq 3 leads to eq 5, which predicts a linear relationship between 

the reciprocals of and A. Reasonable plots were obtained 
for all three of the surfactant stilbenes; values for Kd* and a, the 
degree of complex formation, as listed in Table I, were extrapolated 
from these plots.30 

The trans - cis photoisomerization of s6 was also investigated 
in the presence and absence of amylose. As might be anticipated 
from the enhancement of fluorescence, the isomerization was 
retarded by addition of amylose. It was found, for example, that 
at & = 7.21 X M the 4t+ob"d for S6 in the inclusion complex 
is approximately 0.22 or about 44% of that in homogeneous 
Me,SO-water. 

These results reveal several features of the amylose inclusion 
complexes. First of all, the extrapolated values for stilbene 
fluorescence yields in the complexes, dfc E 0.230 (for s4 and s6) 
and +t--cc = 0.22 are very similar to those obtained for these and 
other surfactant stilbenes incorporated into various bilayer vesicles 
below or near the phase-transition temperature.22 These values 
indicate a reasonably restricted environment for the stilbene 
chromophore or a relatively high effective "microviscosity" in the 
amylose complexes. The similarity to results obtained with vesicles 
is interesting since the microstructures of the two assemblies must 
be quite different. The amylose has the glucopyranose units in 
the C1 chair conformation3' and can form helical cavities (6-helix, 
7-helix) with approximate internal diameters of 4.5 and 7.0 A, 
r e s p e ~ t i v e l y . ~ ~ , ~ ~  The cross-sectional areas for the helical cavities 
are 16 and 38 A2, respectively. The 6-helix is the most stable form 
and apparently the cavity used for incorporation of benzene and 
several aliphatic derivatives; however, the flexibility of the amylose 
is such that larger cavities can be formed to accommodate 
somewhat larger molecules.32 The cavity size for the 6-helix is 
somewhat smaller than the indicated cross-sectional area for the 
S, compounds-20-22 A2 in compressed monolayer films at the 
air-water interface.22 In the latter phase photoisomerization of 
the stilbenes is virtually eliminated. Thus the present results 
suggest that the stilbene chromophore may exist in a cavity 
somewhat between a 6-helix and 7-helix in which molecular motion 
is restricted but not prohibited to the extent in condensed mon- 
olayers or crystals. 

The relatively high sensitivity of the fluorescence of stilbene 
s,, s6, and Sl2 to complex formation suggests that these or similar 
probes can be useful to measure amylose binding constants for 
nonfluorescence molecules or even molecules without a charac- 
teristic chromophore. Indeed this is the case; we find addition 
of several surfactants results in a decrease in the stilbene 
fluorescences, presumably due to competitive binding to the 
amylose. 

That formation of the amylose inclusion complexes is governed 
largely by hydrophobic effects is indicated by the pronounced 
variation in dissociation constants Kd*, observed for the different 
stilbene derivatives. Thus stilbene does not form a detectable 
complex in the concentration ranges employed while the surfactant 
stilbenes complex with decrease in Kd* paralleling increase in 
hydrophobicity. As shown in Table I, there is a reasonable 
correlation for the surfactant stilbenes between -AG and the 
effective number of methylene groups; similar incremental 

(29) Although it is true that for SI,, the term CS 3 C2, for each of the 
surfactant stilbenes, analysis of the data in Table I confirms that the term C2 
is negligible compared with the other terms in the expansion developed from 

(30) By use of the u-C (surface tension-xncentration of substrate) curve, 
the n value can be determined experimentally. In the present case, n values 
were calculated from the DP of amylose used and the lengths of surfactant 
stilbenes based on the previousd data presented in ref 12. 

(31) Rao, V. S. R.; Foster, J. F. J .  Phys. Chem. 1963,67, 951. Rao, V. 
S. R.; Foster, J. F. Ibid. 1963,69, 636. Casu, B.; Reggiani, M.; Gallo, G. G.; 
Vigevaim, A. Tetrahedron 1966, 22, 3061. 

(32) Sundararajan, P. R.; Rao, V. S. R. Biopolymers 1969, 8, 313. 
(33) Bender, M. L.; Komiyama, M. "Cyclodextrin Chemistry"; Springer- 

eq 2. 

Verlag: Berlin, 1978. 

-AG/CH2 values have been observed for quite different molecules 
such as carboxylic esters of p-nitrophenol, suggesting that this 
may be a fairly general phen~menon. '~  
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Central to the interest in the chemistry of [nlparacyclophanes 
with small bridges (n  = 6' or 72) is the distortion of the aromatic 
ring from planarity and the effect of the distortion on its physical 
and chemical properties. The smallest [nlparacyclophane thus 
far obtained has been the [6] isomer, first reported by Jones et 
al. in 1974.1a However, the crystal structure determination of this 
system has not been done due to the inaccessibility of either the 
parent hydrocarbon or suitable derivatives. We report herein the 
novel and efficient synthesis and single-crystal X-ray structure 
determination of 8-~arboxy[6]paracyclophane (2), which has, to 
our knowledge, the most highly deformed benzene ring (a,, = 
20.7', p,, = 18.8') obtained to date. 

The synthesis of 2 takes advantage of the facility of Dewar 
benzene - benzene valence isomerization of [6.2.2]propelladiene 
to [6]para~yclophane'~ (Scheme I). Ring contraction of the 
propellanone 3,3 prepared from the bicyclic a,p-unsaturated ketone, 
by employing photo-Wolff rearrangement of the a-diazo ketone 
derived from 3 in methanol afforded a mixture of two epimeric 
[6.2.2]propellanes, 4X and 4N (4X/4N = 2), in 47% yield. 
Treatment of either 4X or 4N with LDA/diphenyl diselenide at  
-70 O C  furnished a mixture of two isomeric a-selenides, 5X and 
5N (5X/5N = 6-10), in 89% yield. Oxidation of the major isomer 
5X in dichloromethane with H202 at room temperature yielded 
the propelladiene 6 in 72% yield. Valence isomerization of 6 took 
place smoothly at 60 O C  leading to the formation of the cyclophane 
1 quantitatively. Hydrolysis of 1 gave the crystalline 2, mp 
123-125 "C, in 87% yield. 

A single-crystal X-ray analysis of 2 gave precise information 
about the deformation of the benzene ring of the [6]para- 
cyclophane Figure 1 is an ORTEP drawing8 of 2. The 

Department of Petroleum Chemistry. 
*Department of Applied Chemistry. 
(1) (a) Kane, V. V.; Wolf, A. D.; Jones, M., Jr. J .  Am. Chem. SOC. 1974, 

96, 2643. (b) Kammula, S. L.; Iroff, L. D.; Jones, M., Jr.; van Straten, J. 
W.; de Wolf, W. H.; Bickelhaupt, F. Ibid. 1977, 99, 5815. (c) Liebe, J.; Wolff, 
C.;  Tochtermann, W. Tetrahedron Lett. 1982,23, 171; (d) 1982.23, 1143; 
(e) 1982, 23, 2439. 

(2) (a) Allinger, N.  L.; Walter, T. J. J .  Am. Chem. SOC. 1973, 94,9267. 
(b) Allinger, N. L.; Walter, T. J.; Newton, M. G. Ibid. 1974, 96, 4588. (c) 
Wolf, A. D.; Kane, V. V.; Levin, R. H.; Jones, M., Jr. Ibid. 1973, 95, 1680. 
(d) van Straten, J .  W.; de Wolf, W. H.; Bickelhaupt, F. Red.  Trau. Chim. 
Pays-Bas 1977, 96, 88. (e) Gassman, P. G.; Bailey, T. F.; Hoye, R. C. J .  Org. 
Chem. 1980, 45, 2923. 

(3) All new compounds showed satisfactory spectral properties. Satis- 
factory elemental analyses were obtained on all new compounds except for 
6 and 8, which are readily converted to 1 and 7, respectively. Details are 
recorded in the supplementary material. 

(4) Crystal data of 2: Cl3Hl60  , M, 204.3, tetragonal, space group P4,/n, 
a = 16.646 (1) A, c = 7.987 (1) A, U = 2213.3 (3) A', D, = 1.226 g c ~ Y - ~ ,  
2 = 8. Intensity measurements were made on a Rigaku four-circle diffrac- 
tometer using nickel-filtered Cu Ka radiation. A total of 1395 reflections was 
collected up to 20 = 110'. among which 1185 were nonzero reflections. The 
structure was solved by the direct method (MULTAN-78)' and refined by the 
block-diagonal least squares (HBLS-V)~ to the R index of 0.123 (non-hydrogen 
atoms anisotropically, hydrogen atoms of benzene ring isotropically). The 
fractional atomic parameters are listed in Table S1. 
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Figure 1. Molecular structure of 2. Non-hydrogen atoms are drawn by 
the thermal ellipsoids a t  the 20% probability level. Hydrogen atoms are 
shown by the s heres corresponding to the artificial isotropic temperature 
factor of 1.0 1-2. 

most remarkable structural feature of 2 is, of course, the distortion 
of the benzene ring from planarity: the para carbons (C(7) and 
C( 10)) are lifted out of the plane of the other four benzene carbons 
(C(8), C(9), C(11), and C(12)) by 21.1 and 20.3', respectively. 
The benzyl carbons (C(1) and C(6)) are out of the planes of 
C(9)-C(lO)-C(ll) and C(8)-C(7)-C(12) by 17.4 and 20.2', 
respectively. Comparison of these values with those of 3- 
carboxy[7]paracyclophane (cy,, = 16.8', pa, = 6.8°)2b clearly 
indicates that the out-of-plane deformation, especially that of the 
benzyl carbons, is significantly greater in the smaller bridged 
compound. Moreover, the bond angles of the side chain (C(2), 

~~ ~ ~ 

(5) Main, P.; Hull, S. E.; Lessinger, L.; Germain, G.; Declercq, J. P.; 
Woolfson, M. M. ''MULTAN-78: A System Computer Programs for the Au- 
tomatic Solution of Crystal Structures from X-ray Diffraction Data"; Univ- 
ersity of York, England, and Louvain, Belgium, 1978. 

(6) Ashida, T. =HBLS-V: The Universal Crystallographic Computing 
System-Osaka"; The Computation Center, Osaka University, 1979. 

(7) In order to obtain more detailed information on the structure of the 
bridging chain, a low-temperature structure determination is now being per- 
formed, and the results will be published elsewhere. 

(8) Johnson, C. K. 'ORTEP-11"; Report ORNL-5138. Oak Ridge National 
Laboratory, TN, 1976. 

C(3), C(4), C(5)) are considerably widened from the normal 
C(sp3)-C(sp3)-C(sp3) bond angle (average 126.5O), even if one 
takes into account the inaccuracy of the data due to the thermal 
motion of the bridge.' 

Interestingly, it was found that the photochemical valence 
isomerization of 1 takes place stepwise in the sequence 1 - 6 - 
8 - 7 (Scheme I):  irradiation of a hexane solution of 1 with a 
high-pressure mercury lamp in a quartz vessel gave the benzo- 
cyclooctene 7 in 47% isolated yield as a single product. Irradiation 
through a Pyrex filter, however, led to rapid formation of the 
Dewar isomer 6 .  When irradiation of 6 was continued under the 
above conditions, slow conversion to the prismane derivative 8 was 
observed. Further irradiation of 8 furnished 7. 

Furthermore, treatment of 1 with a dienophile such as N-  
phenyl-l,2,4-triazoline-3,5-dione afforded two kinds of [4 + 21 
cycloadducts, 9 and 10, in a ratio of 1.2. The details will be 
reported shortly. 
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Mechanisms of nucleophilic attack at sulfinyl2 and at sulfonyl3 
sulfur have been exhaustively studied. Evidence has been sought 
to support a choice between (a) a two-step process, via sulfurane 
intermediates, and (b) a one-step concerted (S,2) process. A 
recent review4 has championed the first mechanism, a, to explain 

(1) Perkins, C. W.; Martin, J. C.; Arduengo, A. J.; Lau, W.; Alegria, A,; 
Kochi, J. K. J .  Am. Chem. SOC. 1980, 102, 7753. 

(2) (a) Bunton, C. A.; de la Mare, P. D. B.; Greasely, P. M.; Llewellyn, 
D. R.; Pratt, N. H.; Tillet, J. G. J .  Chem. SOC. 1958, 4751. (b) Biasotti, J .  
B.; Andersen, K. K. J .  Am. Chem. SOC. 1971, 93, 1178. (e) Kice, J .  L.; 
Walters, C. A. Ibid. 1972, 94, 590. (d) Senatore, L.; Cuiuffarin, E.; Fava, 
A.; Levita, G. Ibid. 1973, 95, 2918. (e) Kice, J. L.; PUIS, A. R. Ibid. 1977, 
99, 3455. (f) Najam, A. A,; Tillett, J. G. J .  Chem. SOC., Perkin Trans. 2 1975, 
858. 

(3) (a) Graafland, T.; Nieuwpoort, W. C.; Engberts, J. B. F. N.  J .  A m .  
Chem. SOC. 1981, 103, 4490. (b) Laleh, A,; Ranson, R.; Tillett, J .  G. J .  Chem. 
SOC., Perkin Trans 2 1980, 610. (c) Kaiser, E. T. Acc. Chem. Res. 1970, 3, 
145. (d) Deacon, T.; Farrar, C. R.; Sikkel, B. J.; Williams, A. J .  A m .  Chem. 
SOC. 1978, 100, 2525. (e) Rogne, 0. J .  Chem. SOC., Perkin Trans 2 1975, 
1486. (f) Ciuffarin, E.; Senatore, L.; Isola, M. Ibid. 1972, 468. (9) Vizgert, 
R. V. Russ. Chem. Reo. 1963, 32, 1. (h) Aberlin, M. E.; Bunton, C. A. J .  
Org. Chem. 1970, 35, 1825. 

(4) Kice, J. L. Ado. Phys. Org. Chem. 1980, 17, 65. 

0002-7863/83/1S05-1377$01.~0/0 0 1983 American Chemical Sociity 


