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potassium indigotetrasulfonate into the Zn-Al LDH were de
termined. For the indigo carmine, the molecular plane of 
the indigo carmine and its C=C axis lie nearly perpendicular 
to the hydroxide layers. However, the molecular plane of 
the potassium indigotetrasulfonate is orinted perpendicular 
to the hydroxide layers, while its C=C axis is arranged pa
rallel to the hydroxide layers. Therefore, the guest species 
play an important role in the intercalation of guest species 
into the Zn-Al LDH.
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Psoralens are widely used as dermal photosensitizing age
nts for the treatment of various skin diseases,e.g., vitiligo, 
psoriasis, mycosis fungoides, chronic leukemia, and some in
fections connected with AIDS5 and as chemical tools for the 
study of nucleic acid structure-function r미ationship* A large 
number of studies on the mechanism of the photochemical 
reactions between psoralen and DNA bases in vivo& or with 
thymine derivatives910 have been carried out. These studies 
involved intermolecular processes leading generally to a mi
xture of several photoproducts. Binding of psoralens to DNA 
is generally the consequence of two successive events: (a) 
intercalation of the psoralen between the base pairs of nuc
leic acids in the ground state;11,12 (b) photo [2+2]conjugation 
of the complexed psoralen to pyrimidine bases of DNA bet
ween the pyrimidine 5,6 double bond and 3,4 and/or 4’,5' 
double bond of the psoralen molecule.813 The formation of 
the intercalated complex between psoralens and DNA is an 
important step which markedly affects the successive cova
lent photobinding to the macromolecule. In order to gain 
insight into these two processes in the absence of complica
ting factors associated with hydrogen bonding or the usual 
carbohydrate and phosphodiester linkages, Lhomme and De- 
cout14 prepared a series of model compounds 3 and showed 
that the polymethylene bridges allow intramolecular ring-ring 
stacking between the two aromatic units with possible super
position of the double bonds. Castellan et al.15 also investiga
ted the interactions and the photoreactions of synthetic deri
vatives of psoralen containing the psoralen and the thymine 
rings, the two psoralen rings (4), or the two thymine rings. 
The reactivity of the bispsoralen 4 were reported to be sen
sitive to the presence of cations because the cation added 
made the conformation of the polyoxyethylene chain folded, 
increasing the intramolecular interaction between two psora-

Figure 1. Chemical Structures of 8-MOP (1), 8-hydroxypsoralen 
(2) and psoralen analogues (3, 4).
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Scheme 1. Syntheses of bispsoralen derivatives (6a-6f).
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It seemed to be of interest to perform further studies with 
new bispsoralen analogs whose structures allow cross-linking 
of DNA and we devised synthetic models 6 in which the 
psoralens are linked by a polymethylenic chain containing 
a hydroquinone moiety. The third aromatic unit, hydroqui
none moiety, reduces intramolecular interactions due to the 
inflexibility and the bulkiness of hydroquinone. It is, there
fore, expected that the psoralen derivatives 6 will prefer an 
interstrand cross-linking between two DNA strands to an 
intramolecular cross-linking in a DNA strand. The model 
compounds 6 are expected to be good chemical probes for 
the study of photobinding to DNA such as plasmid DNA 
or calf thymus DNA and to be a chemical drug to prevent 
the replication of DNA due to four binding sites (3,4- and 
4\5,-double bonds for each psoralen choromophore). A series 
of such molecules were synthesized as shown in Scheme
1. Alkylation of hydroquinone with a,o)-dibromoalkanes in 
refluxing acetonitrile in the presence of K2CO3 afforded the 
corresponding bis(co-bromoalkoxy)- benzene (5a-5f). Reaction 
of the links, bis(bromo-alkoxy)benzene 5a-5f, with 8-hydroxy- 
psoralen (2) under the same reaction conditions furnished 
the bispsoralen 6a-6f in 25%-70% yields. All new compounds 
were confirmed by IR,】H NMR, 13C NMR, Mass, and UV 
spectra. All spectra were in accordance with the structures 
indicated. IR spectra of all compounds are characterized by 
a strong sharp band at 1717-1728 cm-1. In NMR spectra, 
signals of C(3)-H, C(4)・H, C(4')-H, and C(5')-H protons in 
6a-6f appear as doublets at 6.76-6.78 ppm (J—22 Hz), 7.62- 
7.65 ppm (/=2.2 Hz), 6.29-6.33 ppm (7=9.6 Hz), and 7.69- 
7.73 ppm (J =9.6 Hz), respectively. The UV absorption spectra 
of bispsoralen (6a, 6b, 6d, and 6f) show nearly the same 
pattern as other psoralen derivatives in the range of 200 
nm-400 nm at various concentrations, showing maximum in
tensities at 297 nm, 248 nm, 219 nm, a small maximum inte
nsity at 262 nm, and a broad shoulder in the long UVA 
region from 330 nm to 380 nm in methanol (Figure 2).

In conclusion, new bispsoralen derivatives which have pol- 
ymethylene-hydroquinone chains of varying length (CH2)„ are 
prepared as potential intercalating drugs and molecular pro
bes for the photobinding to DNA.

Experimental Section

Wavelength (nm)

Figure 2. UV absorption spectra of Bis(CnHQ)Ps; (n = 2,4,6, and 
9) in MeOH.

General Procedure. All reactions were carried out un
der dry nitrogen in oven-dried glassware. Reagent grade 
acetonitrile (CH3CN) was distilled under nitrogen from cal
ciumhydride. Bulk grade hexane was distilled prior to use. 
Merck precoated silica gel plates (Art. 5554) with fluorescent 
indicator were used as analytical TLC. Gravity column chro
matography and flash chromatography was carried out on 
silica gel (230-400 mesh from Merck).

NMR and 13C NMR spectra were recorded on a Bruker 
AM-200 MHz spectrome-ter. Proton chemical shifts (5) are 
reported in ppm downfield from tetramethylsilane (TMS), 
and 13C resonances were recorded using the 77.0 ppm CDC13 
resonance of the solvent as an internal reference and repor
ted in ppm downfield from TMS. Infrared spectra were reco
rded on a Bomem MB-100 Series FTIR spectrophotometer. 
Mass spectra were determined at 70 eV with a Hewlett-Pac
kard 5985A GC/MS spectrometer. Melting points were dete
rmined in capillary tubes on a Thomas Hoover capillary mel
ting point apparatus.

1,4-Bis(6-bromohexyloxy)benzene (5d). General 
procedure. 1,6-Dibromohexane (1.46 g, 5.99 mm이) was 
refluxed in CH3CN (20 mL) with hydroquinone (300 mg, 2.73 
mmol), K2CO3 (1.90 g, 13.6 mmol), and KI (45 mg, 0.27 mmol) 
for 12h. The mixture was filtered after cooling, and the filter 
cake was washed with ethylacetate. Following removal of the 
solvent in vacuo, the residue was crystallized from ethylace
tate and hexane (10 : 1) to yield 420 mg (36%) of the com
pound 5d as a white solid: mp 88-90 t；NMR (200 MHz, 
CDCI3) 8 6.79 (4H, t), 3.88 (4H, t), 3.40 (4H, t), 1.90-1.71 
(8H, m), and 1.55-1.43 (8H, m); 13C NMR (75 MHz, CDC13) 
8 153.11 (C), 115.36 (CH), 68.32 (OCH2), 33.80 (CH2), 32.66 
(CH2), 29.17 (CH2), 27.90 (CH2), and 25.27 (CH2); IR (NaCl) 
cm-1 2937, 2862, 1510, 1476, 1461, 1245, 1236, 1113, 1028, 
824, 771, and 729; Mass (m/e, %) 55 (76.9), 83 (30.3), 109 
(11.6), 110 (100), 111 (14.5), 434 (7.2), 436 (19.9), and 438 
(7.7).

Preparation of 1,4-Bis(2-bromoethoxy)benzene (5 
a). Reaction of 1,2-dibromoethane (2.18 g, 11.6 mmol), hyd
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roquinone (581 mg, 5.27 mg), K2CO3 (3.64 g, 26.4 mmol), and 
KI (44.0 mg, 0.05 mmol) was carried out as described for 
the preparation of 5d to obtain 280 mg (16%) of 5a. mp 
90-92 t; 'H NMR (200 MHz, CDC13) 8 6.84 (4H, s), 4.23 
(4H, t), and 3.59 (4H, t); 13C NMR (75 MHz, CDC13) 152.77 
(C), 116.04 (CH), 68.66 (OCH3), and 29.24 (CH2).

Preparation of 1,4-Bis(4-bromobutoxy)benzene (5 
b). Reaction of 1,4-dibromobutane (949 mg, 4.40 mmol), hy
droquinone (220 mg, 2.0 mm이), K2COs (1.38 g, 10.0 mmol), 
and KI (20 mg, 0.02 mmol) was carried out as described 
for the preparation of 5d to obtain 233 mg (31%) of 5b. mp 
83-85 t;NMR (200 MHz, CDC13) 8 6.79 (4H, s), 3.91 
(4H, t), 3.46 (4H, t), 2.08-1.97 (4H, m), and 1.95-1.85 (4H, 
m); 13C NMR (75 MHz, CDC13) 8 153.03 (C), 115.36 (CH), 
67.40 (OCHD, 33.49 (CH2), 29.46 (CH2), and 27.95 (CH2).

Preparation of 1,4-Bis(5-bromopentvloxy)benzene 
(5c). Reaction of 1,5-dibromopentane (1.39 g, 6.0 mmol), 
hydroquinone (300 mg, 2.73 mmol), K2CO3 (1.88 mg, 13.6 
mmol), and KI (45.0 mg, 0.27 mmol) was carried out as desc
ribed for the preparation of 5d to obtain 484 mg (44%) of 
5c. mp 76-78 NMR (200 MHz, CDC13) 8 6.79 (4H,
s) , 3.89 (4H, t), 3.41 (4H, t), 1.98-1.70 (8H, m), and 1.66-1.54 
(4H, m); 13C NMR (75 MHz, CDC13) 8 153.07 (C), 115.36 
(CH), 68.15 (OCH2), 33.61 (CH2), 32.47 (CH2), 28.50 (CH2), 
and 24.81 (CH2); IR (NaCl) cm*1 3050, 2943, 2866, 1509, 1469, 
1227, 1114, 1042, 1000, 824, and 736; Mass (m/e, %) 69 (94.4), 
81 (8.0), 109 (15.5), 110 (88.4), 111 (7.9), 148 (22.6), 149 (23.3), 
150 (8.6), 151 (22.4), 406 (4.4), 408 (7.3), and 410 (5.1).

Preparation of 1,4-Bis(8-octyloxy)benzene (5e).
Reaction of 1,8-dibromooctane (1,63 g, 6.0 mmol), hydroqui
none (300 mg, 2.73 mmol)-, K2CO3 (1.90 g, 13.6 mmol), and 
KI (45.0 mg, 0.27 mmol) was carried out as described for 
the preparation of 5d to obtain 465 mg (35%) of 5e. mp 75- 
77 °C;NMR (200 MHz, CDC13) 8 6.79 (4H, s), 3.88 (4H,
t) , 3.40 (4H, t), 1.90-1.71 (8H, m), and 1.55-1.43 (8H, m); 13C 
NMR (75 MHz, CDCI3) 8 153.12 (C), 115.33 (CH), 68.50 (OCH 
2), 33.97 (CH2), 32.75 (CH2), 29.30 (CH2), 29.10 (CH2), 28.65 
(CH2), 28.06 (CH2), and 25.93 (CH2); IR (NaCl) cm-1 2933, 
2857, 1511, 1470, 1288, 1236, 1113, 1027, 907, 825, and 731; 
Mass (m/e, %) 55 (42.0), 69 (32.1), 81 (25.1), 109 (9.5), 110 
(100), 111 (15.4), 490 (8.9), 492 (15.2), and 494 (7.9).

Preparation of 1,4-Bis(9-nonyloxy)benzene (5f).
Reaction of 1,9-dibromononane (1.71 g, 6.0 mmol), hydroqui
none (300 mg, 2.73 mmol), K2CO3 (1.90 g, 13.6 mmol), and 
KI (45.0 mg, 0.27 mmol) was carried out as described for 
the preparation of 5d to obtain 550 mg (39%) of 5f. mp 70- 
72 t;NMR (200 MHz, CDC13) 8 6.79 (4H, s), 3.87 (4H, 
t), 3.38 (4H, t), 1.86-1.66 (8H, m), and 1.40-1.31 (20H, m); 
13C NMR (200 MHz, CDC13) 8 153.12 (C), 115.31 (CH), 68.52 
(OCH2), 33.99 (CH2), 32.76 (CH2), 29.31 (CH2), 29.31 (CH2), 
29.23 (CH2), 28.64 (CH2), 28.09 (CH2), and 25.97 (CH2); IR 
(NaCl) cm'1 2928, 2851, 1509, 1463, 1227, 1115, 1043, 1022, 
828, 772, and 726; Mass (m/e, %) 55 (73.0), 69 (36.1), 83 
(12.2), 109 (9.6), 110 (100), 111 (23.1), 518 (12.4), 520 (19.2), 
and 522 (12.7).

Synthesis of Bis(C6HQ)Ps (6d). General Procedure.
A mixture of l,4-bis(2-bromohexyloxy)benzene (218 mg, 

0.50 mmol), 8-hydroxypsoralen (222 mg, 1.10 mmol), K2CO3 
(346 mg, 2.50 mmol), and KI (16 mg, 0.10 mm이) in 5 mL 
of CH3CN was refluxed at 95-105 °C under a nitrogen atmos

phere for 12 h. After filtration, CH3CN was evaporated 나nder 
reduced pressure. Purification of the residue by column ch
romatography on silica gel (eluent: 30% ethylacetate in he
xane) gave the pure compound 6d as a white solid (150 mg, 
44%): mp 89-91 t;NMR (200 MHz, CDC13) 8 7.70 (2H, 
d,/=9.6 Hz), 7.62 (2H, d,/=2.2 Hz), 7.29 (2H, s), 6.77 (4H,
s) , 6.76 (2H, d, /=2.2 Hz), 6.30 (2H, d, /=9.6 Hz), 4.44 (4H,
t) , 3.87 (4H, t), 1.88-1.72 (8H, m), and 1.59-1.49 (8H, m); 13C 
NMR (75 MHz, CDC13) 8 160.42 (CO), 153.02 (C), 148.05, 
146.50, 144.28, 143.30, 131.85, 125.85, 116.37, 115.25, 114.49, 
112.94, 106.63, 73.82 (OCH2), 68.32 (OCH2), 29.90 (CH2), 29.18 
(CH。，25.69 (CH2), and 25.42 (CH2); IR (NaCl) cm"1 3146, 
3118, 3063, 2937, 2863, 1727, 1622, 1586, 1507, 1468, 1440, 
1398, 1331, 1292, 1223, 1178, 1149, 1097, 1029, 870, 824, and 
749; UV (MeOH)孺 297.4, 248丄 and 219.2 nm.

Preparation of Bis(C2HQ)Ps (6a). Reaction of 5a (70 
mg, 0.22 mmol) with 8-hydroxypsoralen (96 mg, 0.48 mmol) 
in 난｝e presence of K2CO3 (149 mg, 1.08 mmol) and KI (3.6 
mg, 0.02 mmol) as described for the preparation of 6d yiel
ded 30 mg (25%) of 6a. mp 164-167 笆；NMR (200 MHz, 
CDCI3) 8 7.73 (2H, d, J=9.6 Hz), 7.63 (2H, d, /=2.2 Hz), 
7.34 (2H, s), 6.78 (2H, d, J=2.2 Hz), 6.75 (4H, s), 6.32 (2H, 
d, /=9.6 Hz), 4.77 (4H, t), and 4.31 (4H, t); 13C NMR (75 
MHz, CDC13) 8 160.32 (CO), 152.91 (C), 148.04, 146.70, 144.29, 
143.29, 131.65, 125.91, 116.42, 115.66 (CH), 114.62, 113.44, 106. 
67, 71.96 (CH2), and 67.97 (CH2); IR (NaCl) cm 】 3142, 3118, 
3063, 2931, 2875, 1725, 1623, 1587, 1506, 1445, 1401, 1330, 
1219, 1151, 1100, 1072, 1027, 988, 872, 823, and 752; UV 
(MeOH) 296.0, 248.3, and 219.5 nm.

Preparation of Bis (C4HQ)Ps (6b). Reaction of 5b 
(202 mg, 0.53 mmol) with 8-hydroxypsoralen (236 mg, 1.17 
mmol), K2CO3 (367 mg, 2.66 mmol) and KI (10 mg, 0.05 
mmol) as described for the preparation of 6d yielded 142 
mg (43%) of 6b. mp 153-155 t； XH NMR (200 MHz, CDC13) 
8 7.71 (2H, d, /=9.6 Hz), 7.62 (2H, d, J =2.2 Hz), 7.30 (2H, 
s), 6.77 (4H, t), 6.76 (2H, d, /=2.2 Hz), 4.50 (4H, t), 3.98 
(4H, t), and 2.03-1.98 (8H, m); 13C NMR (75 MHz, CDC13) 
8 160.42 (CO), 152.98 (C), 148.00, 146.53, 144.29, 143.28, 131. 
75, 125.89, 116.38, 115.27 (CH), 114.52, 113.01, 106.65, 73.49 
(OCH2), 67.92 (OCH2), 26.72 (CH2), and 25.74 (CH2); IR 
(NaCl) cm"1 3152, 3112, 3084, 2954, .2873, 17L7, 1626, 1587, 
1504, 1467, 1439, 1398, 1331, 1293, 1214, 1196, 1181, 1150, 
1086, 1043, 1030, 992, 966, 885, 872, 830, 759, and 744; UV 
(MeOH)為弥 297.1, 248.4, and 217.6 nm.

Preparation of Bis(C5HQ)Ps (6c). Reaction of 5c 
(204 mg, 0.50 mmol) with 8-hydroxypsoralen (222 mg, 1.10 
mmol), K2CO3 (346 mg, 2.50 mmol) and KI (16 mg, 0.1 mmol) 
as described for the preparation of 6d yielded 144 mg (44%) 
of oily 6c.NMR (200 MHz, CDC13) 8 7.69 (2H, d,/=9.6 
Hz), 7.61 (2H, df 7=2.2 Hz), 7.27 (2H, s), 6.76 (4H, s), 6.75 
(2H, d, /-2.2 Hz), 6.28 (2H, d, J=9.6 Hz), 4.44 (4H, t), 3.88 
(4H, t), and 1.91-1.67 (12H, m); 13C NMR (75 MHz, CDC13) 
8 160.36 (CO), 152.92 (C), 147.93, 146.46, 144.26, 143.19, 131. 
71, 125.81, 116.29, 115.19 (CH), 114.38, 112.96, 106.60, 73.64 
(OCH2)； 68.18 (OCH。，29.66 (CH。，28.96 (CH2), 28.89 (CH2), 
and 22.21 (CH2); IR (NaCl) cm-1 3147, 3117, 3063, 2941, 2868, 
1727, 1622, 1586, 1507, 1468, 1440, 1399, 1331, 1292, 1223, 
1179, 1149, 1097, 1028, 990, 870, 824, and 748; UV (MeOH) 
Knox 296.9, 247.9, and 218.3 nm.

Preparation of Bis(C8HQ)Ps (6e). Reaction of 5e 
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(246 mg, 0.50 mmol) with 8-hydroxypsoralen (222 mg, 1.10 
mmol), K2CO3 (346 mg, 2.50 mmol) and KI (16 mg, 0.10 
mmol) as described for the preparation of 6d. yielded 257 
mg (70%) of 6e. mp 81-82 t;NMR (200 MHz, CDC13) 
8 7.72 (2H, d,/=9.6 Hz), 7.64 (2H, d, J =22 Hz), 7.31 (2H, 
s), 6.78 (4H, s), 6.77 (2H, d, 7=2.2 Hz), 6.32 (2H, d,/=9.6 
Hz), 4.45 (4H, t), 3.86 (4H, t), 1.87-1.65 (8H, m), and 1.55- 
1.37 (16H, m); 13C NMR (75 MHz, CDC13) 8 160.51 (CO), 
153.10 (C), 148.16 (C), 146.55, 144.32, 143.39, 132.01, 125.91, 
116.46, 115.31 (CH), 114.63, 112.90, 106.67, 74.04 (OCH2), 68. 
54 (OCH2), 30.01 (CH】 29.30 (CH2), 29.24 (CH2), 29.20 (CH2), 
25.92 (CH2), and 25.60 (CH2); IR (NaCl) cm"1 3140, 3118, 
3060, 2932, 2856, 1728, 1622, 1586, 1507, 1467, 1440, 1400, 
1331, 1292, 1224, 1148, 1098, 1028, 870, 823, and 753; UV 
(MeOH) Knax 297.1, 2484, and 220.7 nm.

Preparation of Bis(C9HQ)Ps (6f)> Reaction of 5f (260 
mg, 0.50 mmol) with 8-hydroxypsoralen (222 mg, 1.10 mmol) 
in the presence of K2CO3 (346 mg, 2.50 mmol) and KI (16 
mg, 0.10 mmol) as described for the preparation of 6d yiel
ded 237 mg (62%) of 6f. mp 75-77 t;】H NMR (200 MHz, 
CDCI3) 8 7.72 (2H, d, /=9.6 Hz), 7.64 (가I, d, 7=2.2 Hz), 
7.30 (2H, s), 6.78 (4Hf s), 6.77 (2H, d, J =22 Hz), 6.32 (2H, 
d, J— 9.6 Hz), 4.44 (4H, t), 3.85 (4H, t), 1.86-1.64 (8H, m), 
and 1.54-1.33 (20H, m); 13C NMR (75 MHz, CDC13) 8 160.50 
(CO), 153.07 (C), 148.13 (C), 146.52, 144.32, 143.36, 131.99, 
125.89,116.42,115.28 (CH), 114.59,112.89,106.66, 74.04 (OCH2), 
68.52 (OCH】 30.01 (CH2), 29.38 (CH2), 29.30 (CH2), 29.24 
(CH2), 29.20 (CHQ, 25.95 (CH2), and 25.62 (CH2); IR (NaCl) 
cm"1 3138, 3118, 3055, 2929, 2855, 1728, 1622, 1586, 1507, 
1467, 1440, 1399, 1331, 1292, 1224, 1179, 1148, 1098, 1029, 
990, 871, 823, and 753; UV (MeOH)集 297.3, 248.3, and 
220.6 nm.
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Cram and co-workers, container hosts are synthetic mole
cules having an enforced cavity capable of embracing guest 
ions or molecules.1 Most of them are based on the derivati
ves of resorcarenes formed by acid-catalyzed cyclotetrameri- 
zation between resorcinol (or its derivatives) and various 
aldehydes. The prototype carcerands 1 (tetrathiacarcerands, 
或 point group) were made by shell-closing reactions of co
mpounds 7 and 8 (R=CH3 or (CH2)4CH3) obtained from tet
rabromide 6 and revealed many unprecedented properties


