
Communications to the Editor

References

L (a) S. 0. Onyiriuka, C. J. Suckling, and A. A. Wilson, 

J. Chem, Soc. Perkin Trans. II., 1103 (1983); (b) S. 0. 

Onyiriuka and C. J. Suckling, J. Org. Chem.f 51, 1900 

(1985); (c) D. A. Jaeger, J. R. Wyatt, and R. E. Robertson, 

J. Org. Chem., 50, 1467 (1985); (d) B. Jursic, Tetrahedron 

Lett., 44, 1553 (1988).

2. This has been proved by the fact that the chemical shift 

changes of NMR for phenol derivatives between micellar 

and aqueous media are larger in cationic micellar system 

than that in anionic micellar system. See (a) J. J. Jarcobs, 

R. A. Anderson, and T. R. Watson, J. Pharm. Pharmac.f 

148 (1971); (b) C. J. Suckling and A. A. Wilson, J. Chem. 

Soc. Perkin Trans. IL, 1616 (1981).

3. (a) C. J. Suckling, Ind. End. Chem. Prod. Res. Dev., 20, 

434 (1981); (b) D. A. Jaeger and R. E. Robertson, J. Org. 

Chem., 42, 3298 (1977).

4. N3-Chloro-5-hexylhydantoin (CeMCH) was synthesized by 

the following method: 5-hexylhydantoin was synthesized 

by Buchererfs method; H. T. Bucherer and V. A. Lieb, 

J. Prakt. Chem.t 141 (2), 5 (1934). Its chlorination was 

carried out by NaOCl in ethanol: acetic acid : H2O (1:1: 

1) cosolvent, mp. 100-1027二；NMR (CDCI3) 0.88 (t, 3H, 

CH3), L33 (s, 8H, (CH2)4), 1.73 (broad, 2H, CH2), 4.15 

(t, 1H, -CH-). Anal. Calcd. for C9H15N2O2CI1 (218.68): C 

49.43; H 6.91; N 1281%. Found: C 50.0; H 6.63; N 12.78%.

5. J. H. Fendler and E. J. Fendler, aCatalysis in Micellar 

and Macromolecular Systems*, Academic Press New 

York, p. 20 (1975).

6. Recently, the possibility of interaction between the coun­

ter ion of CTABr and bromine influencing the halogena­

tion reaction has been reported. See (a) G. Cerichelli, 

C. Grande, L. Luchetti, and G. Mancini, J. Org. Chem., 

52, 5167 (1987); (b) G. Cerichelli, L. Luchetti, and G. 

Manciniet, Tetrahedron Lett., 30, 6209 (1989). The partic­

ipation of the counter ion in the catalytic hydrolysis of 

^-nitrophenyl ester in CTABr micellar solution was also 

reported. See B. D. Park and Y. S. Lee, Bull. Korean 

Chem. Soc., 13(1), 5 (1992).

7. (a) D. S. Wilber and K. W. Anderson, J. Org. Chem., 47, 

358 (1982); (b) K. Kumar and D. W. Margerum, Inorg. 

Chem., 26, 2706 (1987).

8. For example, Bra- has \心 266 nm, j 35,000 M-1, cm-1. 

See M. Soulard, F. Block, and A. Hatterer, J. Chem. Soc. 

Dalton Trans., 2300 (1981).,

9. R. L. Jolly, "Water Chlorination Environmental Impact 

and Health Effects", Ann Arbor Sei” pp. 21-77 (1975).

10. (a) E. A. Voudrias and M. Reinhard, Environ. Sci. Tech- 

"시., 22, 1049 (1988); (b) J. F. Mills and J. A. Schneider, 

Ind. Eng. Chem. Prod. Res. Dev., 12, 160 (1973).

11. HPLC condition; Waters Model 510 HPLC System on 

30 cmX5 mm (i.d.) g-Bondapak Ci8 column with CH3CN- 

H2O (4 : 6); flow rate, 1.2 m〃min, UV Detector (270 nm).

Bull. Korean Chem. Soc., Vol. 13, No. 4, 1992 359

Difference in Effects of Appended 오and 6- 
O-Tosyl Groups of p-Cyclodextrin on the Bind­
ing and Hydration Reaction of l-Benzyl-1,4- 
Dihydronicotinaniide

Kwanghee Koh Park* Hee Sock Park, and 

Joon Woo Parkr

Department of Chemistry, Chungnam Nati여讪 University, 

Daejeon 305-764 

^Department of Chemistry, Ewha Womans University, 

Seoul 120-750

Received March 31, 1992

Cyclodextrins (CDs) and their derivatives have attracted 

great interest as enzyme models because of their ability to 

form inclusion complexes with great variety of guest mole­

cules from aqueous solution.1 The tosylated CDs are major 

intermediates for derivatization of CDs,2 and show different 

binding affinity and catalytic effect from parent CDs.3,4 The 

stability and structure of the enzyme model/substrate 

complexes, which are expected to depend on the configura­

tion of the hosts, have large influences on the catalytic effe­

cts of the enzyme models.1 Thus, information on the host 

structure and the clarification of the structural effects on 

binding and reactivity of substrates are important for desig­

ning enzyme model systems.

Recently, we have shown that the coenzyme NADH analo­

gues, 1,4-dihydronicotinamides, form 1:1 inclusion comple­

xes with p-cyclodextrin (p-CD) (1) and the acid-catalyzed 

hydration reaction of the NADH analogues is inhib辻ed by 

the complexation.5 We now report the effect of appended 

tosyl groups of g-CD on the binding and reaction of 1-benzyl- 

1,4-dihydronicotinamide (BNAH). This gives clear picture 

about geometry of mono-tosylated P-CD.

Mono(2-O-tosyl)-p-CD, 2-Ts-CD, (2) was prepared by reac­

ting P-CD with dibutyltin oxide and then tosyl chloride/tri- 

ethylamine in dry DMF.6,7 Mono(6-O-tosyl)-p-CDt 6-Ts-CD, 

(3) was prepared from the reaction between p-CD and tosyl 

chloride in aqueous NaOH solution.9

OX

1; X=H, Y=H

2; X=Tosyl, Y=H

3; X=H, Y=Tosyl

CH20Y

The hydration reaction of BNAH was monitored spectro- 

photometrically and obeyed pseudo-first-order kinetics with 

respect to BNAH5,10 regardless of the presence of the host 

(1)-(3). The rate constants are summarized in Table 1. 

Values of vary significantly with hosts. The effects of host 

on 处 are explained in terms of different reaction rates for 

free and host-complexed BNAH as shown in Scheme 1: we 

assume 1:1 complexation (see, below).

K is the binding constant of BNAH with host. The appa­

rent determined at host concentration [host] is related 

with K, k； and by Eqn. (1)?
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Table 1. Kinetics and Binding Constants of l-Benzyl-l,4-dihy- 

dronicotinamide in 2% DMSO-98% H2O (v/v) of Ionic Strength 

0.1 M at 25E

Host

K^/dm3 mol-1

kinetic fluorescence

without host 5.1 一 —

(1), P-CD 2.5 1040 1000

(2), 2-Ts-CD 3.1 650 650

(3), 6-Ts-CD 4.2 210 _b

Pseudo-first-order rate constants for hydration reaction of 

BNAH at pH 5.0 (adjusted with 0.01 M cacodylate buffer) in 

1.0 mM host solutions: [BNAH丄=0.1 mM. h Solubility8 of 6-Ts- 

CD is too low to determine the binding constant by spectroscopic 

method. c Relative Uncertainty of K values is ±10% (Ref. 5).

BNAH + Host 矿，土 BNAH-Host

product product
Scheme 1.

= yD/婭)T

+ {(1-%CD/歸，逐}-l[h0St]T (1)

We calculated K values from data in Table 1 under the as­

sumption that p-CD-complexed BNAH molecules are virtua­

lly unreactive, i.e„ k^—0.5 The results are included in Table

1.

Fluorescence titration of BNAH with host gives the value 

of binding constant.5 Figure 1 shows the plots of the titration 

data for BNAH binding with P-CD and 2-Ts-CD according 

to Benesi-Hildebrand-type equation [Eqn. (2)15,11

M/다lost] 尸)-KAIf (2)

Good linearities &>0997) ciea기y indicate that BNAH forms 

1:1 complexes with 2-Ts-CD as well as with p-CD. The bind­

ing constants determined by this method (Table 1) agree 

well with the corresponding values from kinetic data. Also, 

it is found that the enhancement in emission intensity of 

BNAH upon binding with the hosts, 2.6±0.1, is same for 

both hosts.

The binding constants of BNAH to the hosts are in the 

order 6-Ts-CD<2-Ts-CD<P-CD. Since 1-benzyl moiety of 

BNAH protrudes outside from the cavity of P-CD,5 inclusion 

of tosyl group into the cavity would be expected to lead 

weaker binding of BNAH, which should be the case with 

6-Ts-CD.12 Structurally, the toluene ring of 2-Ts-CD cannot 

insert into cavity. In this aspect, the weaker binding of 

BNAH with 2-Ts-CD, compared to that with p-CD, is rather 

unexpected: p-CD capped with aromatic group and difunc­

tionalized p-CD with o-carboxyphenylthio and 1-pyrrolidinyl 

groups form stronger complexes with l-anilino-8-naphthalene- 

sulfonate3 and tryptophan,13 respectively, presumably by hy­

drophobic interaction. The weaker binding between BNAH 

and 2-Ts-CD could be attributed to steric interaction between

Figure 1. Benesi-Hildebrand plots [Eqn. (2)] of BNAH/p-CD 

(O) and BNAH/2-Ts-CD (•) complexation at 251二 The data were 

obtained from pH 9.0 0.01 M borate buffer and taken at 463 

nm. M=350 nm.

protruding benzyl group of BNAH and tosyl group of 2-Ts- 

CD, which may overwhelm the hydrophobic interaction. This 

is supported by the facts that the glucose unit of p-CD is 

in the Cl conformation, and the secondary hydroxyl groups 

are equatorial, and then the tosyl moiety of 2-Ts-CD should 

be also equatorial,14 ie., located directly over the cavity. This 

work demonstrate않 that there are large differences in the 

structure and binding affinity of mono-tosylated p-CDs de­

pending on the position of the substituent It will be of in­

terest to see how the structural effect varies with guest mo­

lecules, and with other functional groups.

Acknowledgement. This work was supported by gra­

nts from the Korea Science and Engineering Foundation th­

rough Center for Biofunctional Molecules and grant number 

91-03-00-03.

References

1. For Reviews, cf.; (a) M. L. Bender and M. Komiyama, 

Cyclodextrin Chemistry, Springer-verlag, New York, 1978; 

(b) R. Breslow, Acc. Chem. Res., 13, 170 (1981); (c) I. 

Tabushi, Acc. Chem. Res., 15, 66 (1982); (c) V. T. D'Souza 

and M. L. Bender, Acc. Chem. Res., 20, 146 (1987).

2. A. P. Croft and R. A. Bartsch, Tetrahedron, 39, 1474 

(1983).

3. I. Tabushi, K. Shimokawa, N. Shimizu, H. Shirakata, and 

K. Fujita, J. Am. Chem. Soc.r 98, 7855 (1978).

4. R. Breslow, G. Trainer, and A. Ueno, J. Am. Chem. Soc., 

105, 2739 (1983).

5. J. W. Park, S. Y. Cha, and K. K. Park, J. Chem. Soc., 

Perkin Trans. 2, 1613 (1991).

6. T. Murakami, K. Harata, and S. Morimoto, Tetrahedron



Communications to the Editor Bull. Korean Chem. Soc., Vol 13, No. 4, 1992 361

Lett, 28, 321 (1987).

7. We also prepared 2-Ts-CD by reacting p-CD with 3-ni- 

trophenyl tosylate.8 This method gave overall <10% 

yield, whereas the procedure in Ref. 6 gave 25% yield.

8. A. Ueno and R. Breslow, Tetrahedron Lett., 23, 3451 

(1981).

9. R. C. Petter, J. S. Salek, C. T. Sikorski, G. Kumaravel, 

and F. T. Lin, J. Am. Chem. Soc., 112, 3860 (1990).

10. (a) K. K. Park, H.-G. Kim, and J. W. Park, Bull. Korean 

Chem. Soc., 10, 448 (1989); (b) K. K. Park, J. G. Yoo, 

and J. W. Park, Bull. Korean Chem. Soc.r 8, 348 (1987).

11. J. W. Park and H. J. Song, / Phys. Chem.t 93, 6454 (1989).

12. Inclusion of the toluene group does not necessarily result 

in weaker binding of guests. When the guest is large 

and only partially included into the cavity, the hydropho­

bic interaction between the toluene group and the inser­

ted portion of the guest molecule would lead stronger 

binding. This seems to be the case with ferrocene­

monoacrylate which exhibits large binding constant with 

6-Ts-CD than with p-CD, while ferrocene-diacrylates 

show the reverse trend.4.

13. I. Tabushi, Y. Kuroda, and T. Mizutani, J. Am. Chem. 

Soc.f 108r 4514 (1986).

14. M. Kojima, F. Toda, and K Hattori, J. Chem. Soc. Perkin 

I, 1647 (1981).

Synthesis of 2-Methylbenzo [b] Furan Derivati­
ves from Aryl p-Chloroallyl Ethers with Alumi­
nium Chloride

Jae Nyoung Kim, Sun Young Shin, and Eung K. Ryu*

Korea Research Institute of Chemical Technology, 

P.O.Box 9 Taedeog-Tanji, Tajeon 305-606

Received April 13, 1992

Although there are several synthetic methods of benzo­

furan derivatives,1 they are often hampered by low yields 

or involve starting materials which are not easily accessible. 

One possible method for these compounds involves the use 

of Claisen rearrangement of aryl 3-chloroallyl ethers2 or aryl 

propargyl ethers.3 However, these methods have some limi- 

tations. In the case of aryl p-chloroallyl ethers, the use of 

옪olvents that have high boiling point with long reaction time 

is required and resulted in low yields of products in most 

cases.2 Claisen rearrangement of aryl propargyl ethers need­

ed electron withdrawing substituents on the aryl group to 

afford the desired benzofuran derivatives in reasonable yie­

lds. Otherwise, benzopyran derivatives or a mixture of pro­

ducts were obtained.3

In our synthetic studies on the herbicidal maleimide der­

ivatives4 such as 3 and 4 by the use of Claisen rearrange­

ment, we found that treatment of 1 or 2 with AICI3 at 

low temperature (-421：—”)afforded the desired 2-methyl- 

benzoE^Jfuran derivatives in good yields via tandem Claisen 

rearrangement-cyclization reaction. Aluminium chloride af-

Table 1. Synthesis of 2-Methylbenzo[Z>JFuran Derivatives

Entry Starting material Condition Product
Yield

(%)

1 1 ~42°C^rt 3 72

2 1 rt 3 47

3 2 一 42b—>灯 4 69

4 2 rt 4 59

5 6a -42t 9a 36

6 6b 一 42%：* 9b 75

7 6c 一 42 笆 g 9c 45

8 6d -42t-*rt 9d 63

9 6d rt 9d 40

10 6e —42t— 9e 38

forded the best results for the formation of 3 and 4 in com­

parison with the other catalysts such as EtzAlCl, SnCU or 

CF3COOH. Various Lewis acids including A1C13 or Bronsted 

acids have been used in Claisen rearrangement.5 However, 

to our knowledge, there were no reports on the reaction 

of aryl P-chloroallyl ethers with A1C13.

Thus, we examined the reactions with some aryl P-chloro­

allyl ethers 6. Aryl p-chloroallyl ether derivatives 6 were 

readily prepared by treatment of the corresponding phenol 

derivatives 5 with 2,3-dichloropropene and potassium carbon­

ate in acetone heated under reflux. The ether 6 were dis­

solved in dry dichloromethane and cooled to — 42t (dry 

ice in CH3CN). Anhydrous AICI3Q equiv.) was added in one 

portion and stirred for 2 h. Then the reaction mixture was 

slowly warmed to room temperature and stirred for 2 h.

1 f기 •애。 3

2 R1 - - (CH2)4- 4

The reaction mixture was poured into cold water and 

extracted with dichloromethane. After usual work-up the 

crude products were purified by column chromatography to 

afford the desired compounds 9 in moderate yields. These 

results were summarized in Table 1.

a. X.H
b. X - 5-Ci
c. X - 5-NCfe 
a. X - 5.7-CI2 
• . X . 4.6.7-MeL,

As shown in Table 1, the reactions at room temperature 

(entry 2, 4, and 9) showed lower yields than the reactions 

performed at low temperature. The use of 1.0 equiv. of A1C13 

was needed to obtain the optimal results. The sequence of


