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Interactions between Water-Soluble Polyparacyclophanes and Drugs (I)

Design and Synthesis of Water-Soluble Polyparacyclophanes
Containing Diphenyl Ether Skeletons

In Koo Chun', Min Hwa Lee* and Shin Keun Kim*
Department of Pharmacy, Dongduck Women's University, Seoul 136-130, Korea, and College of
Pharmacy*, Seoul National University, Seoul 151-742, Korea
(Received May, 20, 1985)

A series of novel water-soluble paracyclophanes containing two diphenyl ether skeletons and two
bridging aliphatic chains of various length were designed and prepared to develop artificial host com-
pounds which might provide efficient hydrophobic field. They were 1,5,19,23-tetraaza-12,30-dioxa
[5,1.5.1] paracyclophane (6), 1,6,20,25-tetraaza-13,32-dioxal6.1.6.1]paracyclophane (7), 1,7,21,27-
tetraaza-14,34-dioxa[7.1.7.1]paracyclophane (8) and 1,8,22,29-tetraaza-15,36-dioxa[8.1.8.1]para-
cyclophane (9). As the corresponding acyclic analogue, 4,4 '-dimethylaminodiphenyl ether (11) was synthe-
sized for the comparative study of further host-guest interaction.
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Scheme 1—Face conformation.
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4, 4’-diaminodipheny! ether, tosyl chloride, 1,
3-dibromopropane, 1,4-dibromobutane, 1,5-di-
bromopentane % 1, 6-dibromohexane % -&
Tokyo Kaseidl 1§¥%, T4rt4A24E, N
N-dimethylformamide, 21" = =& %
Wako Pure Chem. Co, 9 A2} 15-& 45 7|l
Ak Al EE-E AR

2171 o =F|

A=A A2 (Gallenkampd] = Mettler FP
5/ FP51), & 9 23434 7] (Beckman IR-20 A
%l Perkin-Elmer 467), &A7|Z4&27 (Var-
ian FT-80A, 80MHz), & & & A 7] (Hew-
lett-Packard HP5985B GC/MS), 447
(Carlo Erba Strumentazione model 1106), 7}4|
£ owl zel® FFx247](Varian Techtron
model 635) o) pH =47} (Beckman Zeromatic
SS-3) 5 g-shaict,

N, N’-Dlt0syl-4, 4/-diaminodiphenyl ether
of g(1)

4, 4/-diaminodiphenyl ether 32g(0.16 M)

<oz 200mlol Solz ¥y awulsl tosyl
chloride 67, 12g(0. 352 M)& A|4]3] QY1 =l
oAl 30%, Aol 4A7F mukelr ¥ oukg
Al 400m/ = Hl4 400mile] &3l
WA 7labe] Foislodch, A& AAdES
m/Ae = 53 4l 017473: oAl E 400m
3 el 208 Pl 1087 34171
ol fzla ofdE-wElE.-E Eder A
of Wil 2 AL 728, odojr

T8 66. 5gm(82%>. mp, 179-181C. IR
v cm 1:3261(vNH), 1597, 1503 (v
arom, ). 1325(vas SO,), 1158( v SO,), 817
(& arom.). NMR(90 MHz, acetone-ds/
TMS) ¢ (ppm) : 8.70(2H, s, N-H), 7.65
(4H, d, J=8 Hz,-S0,-0-PhH-CH;), 7.30
(4H,d, J=8 Hz, -SO,-m-PhH-CH,), 7.16
(4H, d, J=8Hz, -O-0-PhH-NH), 6.82(4H,
d, J=8Hz, -O-m-PhH-NH), 2. 33(6H,s,
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-CH;)., MSm/z: 508,0(M*), 353, 198, A4
B4 caled. for C,sHzyN,0sS, : C; 61,40, H;
4,76, N: 5,51, found: C; 61,56, H; 4,71,
N : 5,46, TLC(silica gel 60 F,s, ; AcOEt:
Et,O: Acetone: CHCl,=5:15:30:80) Rf
0,507, = AcOEt: Et,0: CHCL,=5: 15" 800
A Rf 0,223, UV (Apax, CHCl;) 247 nm (€ max
21,050). lit ; mp, 179-180°(from aq. EtQH)*®,

N,N/’,N//,N///-Tetratosyl-1,5, 19, 23
-tetraaza-12, 30-dioxal[5.1.5.1]paracyclo-
phane2| £4(2)

1 9,15g(0,018M) = 1, 3-dibromopropane
3.63g(0, 018 M)& F<= DMF 200m/lell =o]a
o] A& F4 K,COs 12,46g(0.09M)-& 73
DMF 250m/ell szdbsiais] o2 105ColA Al
Hog g7kl AA A3psigich, Aol of 15
A7} aaksha wR2olell 3 NaClel 17 % 10%
A4F 0,315 d3 AcOEt 1/4 0= 23 F%319
o}, 7152 X3} NaCld 1/, 50% %3} NaCl
ol 1/9] o2 M3 B MgSO,= ©esta o
Hapgch, el 4£%Ee R FEIR Al
CHCl; 50m/E ol 7}3te] ol A2l ut
Asto] AAE AL 43 ea WY CHCLE 4
3 Aol w43 WA AAE Ak olF P.Os
ZA sl Al 80TCollA 9417E At Z =313t

T 2.82gm(29%). mp, 242-244C (¥3),
IR y¥ercem™': 1592, 1490( v arom.), 1342
(vas S0,), 1158(vs SO,), 811(s arom.),
NMR (80 MHz FT 50 cycles, CDCl,/TMS) &
(ppm) : 7.38(8H,d, J=8Hz, -S50,
-0-PhH-CH,), 7.17(8 H,d, J=8 Hz, -SO,
-m-PhH-CH;), 6,63(16H, s, -O-PhH-N), 3,
53(8 H, t,-N-CH,-), 2,37(12H, s,
-Ph-CH,), 1.48(4 H, br,-N-CH,-CH,-CH,
-N-).MSm/z: 536, 476(M* 1097 H=5|%|
%’9\}(‘:{'). 54 calcd, for C58H56N4OIOS4:
C: 63,48, H; 5.14, N, 5,11, found: C;
63.18, H; 5,08, N; 5 17, TLC(silica gel
60 F.,, CHCl;: AcOEt=94:6) Rf 0,50,
UV (X nax, CHCL) : 248 nm{( € max 52, 500),

N,N/,N//,N///-Tetratosyl-1, 6, 20, 25
-tetraaza-13, 32-dioxa[6.1. 6. 1]paracyclo-
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phane2| §4(3)

1 6.10g(0. 012M) % 1, 4-dibromobutane 2,
6g(0.012M)2 ¥4 DMF 200m/ol| So]i 29|
A} A z2sled 12 Artel CHCl; 40m/
2 o] 7h2dte] Fola YAbuo] Wil ol
AAES AHste WY CHCLE 43 AL o|&
CHCl, 5m/oll 7kesled Foln 23 Aznf
g ek (Kijesel guhr 60, 0, 063-0, 20 mm,
CHCl, : AcOEt=94: 6)ol 93 E=E& 37t
2L AcCOEtE 7IsbaA 7hsE3la P,0;
ZA5}t 80°CollA 9AZF AF7AZSI] WA AL
it

€ 1.22gm(18%). mp, 277.5-279.5C (¥
#). IR »¥<cm™': 1594, 1492( v arom,),
1342(vas SO.), 1160(v, S0;), 817(s
arom,). NMR(80MHz FT300 cycles,
acetone-ds/TMS) - & (ppm) : 7.44(8H, .d, J=
8Hz, -S0,-0-PhH-CH,), 7.36(8H, d, J=
8Hz, —SOz—m—PhH—CHs), 6.92(16H, s, -O-
PhH-N), 3.61(8H, br,-N-CH,-), 2,42(12H,
s, -Ph-CH,), 1.48(8H, br, -N-CH,-CH,
-CH,-CH,-N-), MS m/z:@ 504, 9(M* 1125+
B257) ekgte}), da¥4 caled, for CeoHeo
N,01S,:C. 64,04, H: 5.37, N 4,98,
found: C; 64.33, H, 5,44, N, 4,92, TLC
(silica gel 60 F,s,, CHCl; : AcOEt=94,6) Rf
0.51, UV (Xmaxs CHCl5) © 248, 50m( € max 49,
200),

N,N/,N//,N///-Tetratosyl-1,17, 21,27
-tetraaza-14, 34-dioxal[7.1.7. 1]paracyclo-
phane2| &4 (4)

1 6.10g(0.012M) = 1,5-dibromopentane
2.76g(0,012M)¢ ¥4 DMF 200m/e] o]
39] A ZA zabsle] G- FFAkAel oAl
B8 323 (97:3) 50miE o] sheste] =
o yAael] whA st AE HAES oF3}
By oldEL R Ak, oF 4¥e CHCL

Eola 39 AolAel o] AA|, 7zl
Aol FEAL Al
4% 1.18g(17%). mp, 258-259°C (¥3)), IR
vy oem™!: 1600, 1492( v arom,) 1339( v,
S0,), 1152(vs SO,), 811( & arom.), NMR
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(90MHz, CDCl,/TMS) & (ppm) . 7.42(8H,
d, J=8Hz,-SO,-0-PhH-CH,), 7.22(8H, d,
J=8Hz, -SO,-m-PhH-CH,), 6.87(16 H, s,
-O-PhH-N-), 3,43(8H, br,-N-CH,-), 2,38
(12H, s,-Ph-CH,), 1.32(12H, br,-CH,-CH,
-CH,-CH,-CH,-N-), MS m/z: 504, 9(M*
11532 #H=5z] 9kgkrh). H4LHA caled, for
Ce2HesN,O,0S, - C; 64,56, H, 5,59, N, 4,
86, found: C, 64,33, H. 5,44, N, 4,72,
TLC (silica gel 60 F,s,, CHCl; . AcOEt=94,
6) Rf 0,51, UV (Anax, CHCI3) ! 247nm
(€ max 50, 000),

N,N/,N//,N///-Tetratosyl-1,8, 22, 29
-tetraaza-15, 36-dioxa[8.1.8. 1]paracycleo-
phane2| &4 (5)

16,10g(0,012M) % 1, 6-dibromohexane 2,
93g(0.012M)S ¥4 DMF 200m/ell ol 3
of AR} A 2Aele] A FEFA obdlE
50miE ol Fo|m whx sl
+ 4% CHClell Feolan 32 Aol et 3o
AR, Azl WAe] 54 A9

T8 1.42gm(20%). mp, 256-257°C (F&l),
IR vmacm™: 1606, 1500( v arom.), 1350
1161 ( vs SO.), 819( & arom,),

olo wiAl A5

(Vas SOZ),
NMR(@B0MHz FT, CDCl,/TMS) & (ppm) :
7.40(8H, d, J=8Hz, -S0,-0-PhH-CH,), 7.
17(8H, d, J=8Hz, -SO,-m-PhH-CH,), 6. 85
(16H, s, -O-PhH-N), 3.39(8 H, br,
-N-CH,), 2.35(12H, s, -Ph-CH,), 1.23(16
H, br, -N-CH,-CH,-CH,-CH,-CH,-CH,
-N-). MS m/z: 160(M* 1182% H=x5]=] 49k
h), A4FEA caled, for CeuHesN,OpS,: C:
65,06, H, 5,80, N; 4,74, found: C. 66,
34, H: 589, N; 4,68, TLC(silica gel 60
Fass, CHCl; : AcOEt=94:6) Rf 0.55. UV
(Amax, CHCly) ¢ 248 nm( e max 47, 600),

1,5,19,23-Tetraaza-12, 30-dioxa[5.1.5.1]
paracyclophane®| &4 (6)

2 5.62g(5.12mM), 47% HBr 90mi(0,8
M) = #E 12¢g(0.128 M) 2] E3HE-5 130°Coll4]
2A17F ZHFAI7AL A s wkgolel B 200miE
W o’ 200mig e 23] Ak, 558 A

ol
(T
-

N

E 30mlE oRlZo] o] Amo] 4%

ol 2 ool o1l
A2d l ol FelwA pH #& 11 ©l
ik, 498 2A% CH,Cl, 250mi4
o2 23 3] $712% Yok 5% Ak
EFN 200m/, & 200m/X2, ;L_@’} NaCl°u 200
m/e] Eo2 A3 F4 MgSO,2 25A1A Ast
%3} oF 150mi% B2 oliTEa A9
ol 100ColA 847t AZ Azslo] wialo] A=

o o3
& A

% 1.67gm(68%). mp, 210-213C (&3H).
3395, 3362(v NH), 1608, 1490
(varom.), 1220, 1112(v CN), 833
( 5 arom,), NMR(B0OMHz FT 50 cycles,
CDCl,/TMS) & (ppm) 1 6,71(8H, d, J=
8Hz, -O-0-PhH-NH-), 6,40(8H, d, J=8Hz,
-O-m-PhH-NH-), 3.34(4H, s, -N-CH,-),
3.20(4H, d, -N-CH,-), 2.30(4H, br,
-NH), 1.85(4H, br, -N-CH,-CH,-CH,-N).
MS m/z: 480(M™*), 280, 253, 240, HAFA
caled, for CyHaN,O, 0 C; 74,97, H; 6,71,
N 11.66, found: C,; 74.75, H, 6,82, N .
11,53. TLC(silica gel 60 F.s,, AcOEt:. Et,
O: CHCL=5:15:80) Rf 0.02. UV (A uax
CHCL) © 253nm (¢ may 33, 100), 310nm ( ey,
7, 400) .

1,86, 20, 25-Tetraaza-13, 32-dioxa[6.1.6.1]
paracyclophane2| &4(7)

3 4.92g(4.37mM), 47% HBr 77m/(0.68
M) % #H%E 10.2g(0,11M) E3E3 130Cel
VAN A B e B e e i | e s e |
o] AA-S dgiet,

2 135gm(61%), mp, 220-222°C (&3l).
IR v*r cm™ @ 3400( v NH) 1614, 1498(v
arom. ), 1120, 1122( v CN), 817(& arom.).
NMR(80MHz FT50 cycles, CDCl;/ TMS)
s (ppm) . 6,74(8H, d, J=8Hz, o0-PhH-N),
6.37(8H, d, J=8Hz, -m-PhH-N), 3.19(8H,
br, N-CH,-), 2.43(4H, br, -NH), 1,75
(8H, br,-N-CH,-CH,-CH,-CH,-N-), MS m/
z . 508(M*), 307, 267, 4¥4 caled, for
Cis:HygN,O, - C 275,56, H ., 7,13, N 11,01,
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found: C; 75,77, H,; 7.02, N, 10,96,
TLC(silica gel 60 F,s,, AcOEt: Et,O:
CHCl;=5:15:80) Rf 0,084, UV{Amax,
CHCl,) : 259nm{ & max 46, 700).

1,7,21,27-Tetraaza-14, 34-dioxa[7.1.7.1]
paracyclophane2| #44(8)

4 4,94g(4.28mM), 47% HBr 75mi(0, 67
M) % #HE 10g(0. 107 M)-S sk sl A}
A z2Asle] WA AAG it

48 1.33gm(58%). mp. 181~183C (¥3l),
IR v¥= cm™: 3395( v NH), 1613, 1498(v
arom, ), 1220, 1120( v CN), 817( & arom,),
NMR(@OMHz FT 50 cycles, CDCl,;/TMS)
& (ppm) : 6,74(8H, d, J=8Hz, -O-0o-PhH-
NH-), 6.41(8H, 4, J=8Hz, O-m-PhH-N-
H-), 3.12(4H, br, -NH), 3.0(8H, br,
-NH-CH,-), 1.47(12H, br,-NH-CH,-CH,
-CH,-CH,-CH,-NH-). MS m/z: 536(M*),
281, A4EA caled, for C;HoN,O, : 76,09,
H; 7.51, N; 10,44, found: C; 76,19, H,
7.58, N, 10,41, TLC(silica gel 60 Fasy,
AcOEt . Et,0: CHCly=5:15:80) Rf 0,084,
UV {(Amax, CHCL) : 254nm ( emax 41, 200),
310 nm{ £ max 7, 200).

1,8,22,29-Tetraaza-15, 36-dioxal[8.1.8.1]
paracyclophane2| #4(9)

5 4,54g(3.84mM), 47% HBr 68mi(0.61
M) 2 #iE 9g(0.096 M)-S FHslol 62 A=
A zz2sled WAl AAE At

4% 1.35gm(62%). mp. 171~173C (¥3l),
IR vE% ecm™ : 3415(v NH), 1615, 1503(y
arom, ), 1221, 1106{ v CN), 821( & arom.).
NMR(@BOMHz FT 50 cycles, CDCl,/TMS)
& (ppm) : 6.77(8H, d, J=8Hz, -O-0-PhH-
NH-), 6,46(8H, d, J=8Hz, -O-m-PhH-N-
H-), 3.15(4H, br, -NH), 3.02(8H, br,
-NH-CH,-), 1.45(16H, br,-NH-CH,-CH,
-CH,-CH,-CH,-CH,-NH-). MS m/z: 564
(M*), 476, 283, Y44 caled. for CyHy,
N,O0,. C: 76.56, H; 7.85, N; 9,602,
found; C; 76,02, H: 7.66, N: 9.79, TLC
(silica gel 60 F,s,, AcOEt: Et,O: CHClL=

J. Kor. Pharm. Sci., Vol. 18, No. 2(1988)

5:15:80) Rf 0,164, UV (Ayex, CHCl,) :
253nm( emax 40, 600), 310nm{ & pax 7, 000).

N, N/-Ditosyl-4, 4’-dimethylaminodiphenyl
ethere] g4 (19)

112,2g(24mM) = F< K,CO, 16, 6g(0, 12
M)< 4 DMF 150m/dl &3 EA]7la
CH,I 8.18g(57.6mM)< ¥4 DMF 100m/oj
=9l g wmukAFIHA 38-40°ColA 1417kl A
A AHslaidet, whgolol]l 3} NaCly 115 4«
43 AcOEt 1/4e2 23] :&3tn f7158 2
3} NaCl¥ 1/, 50% %3} NaCl¥ 17 ¥ %3}
NaCl¥ 179 ez Az P4 MgSOE =2,
ofzstgdch, ol& At FH3l Aol oMES
ol xolw 28] AAH3I] wW oMAELE 4
I 60ColA 5A7E RFAzRs ] WA AAE ol
A’

48 11,08gm(86%). mp, 154~156C. IR
v ¥rem1 11594, 1492( v arom.), 1348( vas
S0,), 1171(vs SO,), 818( & arom.). NMR
(80MHz FT, CDCl;/TMS) & (ppm) : 7.
41(4H, d, J=8Hz, -SO,-0-PhH-CH,), 7.
19(4H, d, J=8Hz, -SO,-m-PhH-CH,), 7.
00(4H, d, J=8Hz, -O-0-PhH-N), 6.84(4H,
d, J=8Hz, O-m-PhH-N), 3.09(6H, s,
N-CH,), 2.36(6H, s, -Ph-CH;), MS m/z:
536(M™*), 225. dA£HRA caled, for CysH,sN,
0:S,: C; 62.67, H; 5.26, N; 5,22,
found; C; 62,39, H; 5,04, N; 5,18, TLC
(silica gel 60 F,s,, CHCl;: AcOEt=94:6)
Rf 0,61, UV(Amax, CHCly) ; 246.5nm (€ max
23, 600),

4, 4-Dimethylaminodiphenyl ether2] &4
(11)

10 5,4g(10. 06 mM), 47% HBr 154m/(1, 37
M) ¥ == 11, 78g(0, 126 M) 2] EFE-E 130C
oA amksted 2217k BFAF| 89) AT 2o
z2sto] ZbsEeta Aol oelg Yol Eql
ok 23] AEA Bl 40CAA 5AI7F AT A=)
of Al gk AAE G

4% 1,84gm(80%). mp. 89.5~91.0C, IR
ver cm-! o 3354(v NH), 1617, 1495(»
arom, ), 1214, 1148(v CN), 821( & arom,),




Figure 1—Fisher-Hirschfelder-Taylor space filling mole-

cular model of compound 7 from the top(A) and the side

(B).

Table I—Approximate Estimation of the Dimension of
Hydrophobic Cavities of Various Cyclophanes
with Space Filling Molecular Model.®

Dimension® of Internal Cavity, A

Cyclophane
Length Width Depth
6 6.8-7.7 5.2-6.2 4.3-6.5
7 7.2-9.0 5.0-7.0 4.3-6.5
8 8.2-10.5 4.0-7.5 4.3-6.5
9 8.5-11.5 3.5-8.0 4.3-6.5

9 Fisher-Hirschfelder-Taylor atom model kits were us-
ed as the space filling molecular model.

YThe dimension of internal cavities was measured on
the basis of face conformation of paracyclophane.

NMR(80MHz FT 50 cycles, CDCl;/TMS)

5 (ppm) : 6.82(4H, d, J=8Hz, -0-PhH-),
6.51(4H, d, J=8Hz, -m-PhH-), 3.16(2H,
br, -NH), 2.80(6H, s, -N-CH;)., MS m/
z . 228(M*), 199, 122. {A&£%A caled. for

C.HH,O: C; 73.66, H; 7,06, N ; 12,27,
found: C; 73.35, H. 7.24, N, 12,04, TLC
(silica gel 60 F,s,, AcOEt: Et,0: CHCl,=
5:15:80) Rf 0.30, UV (Amax, CHCl,) @ 256
nm ( emax 21,200), 310nm( emax 3, 900).,

uel.'
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Figure 2—Schematic representations showing benzene
and naphthalene included in hydrophobic cavity.
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Scheme 2—Synthetic route for polyparacyclophanes con-
taining diphenyl ether skeletons.
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Scheme 3—Synthetic route for acyclic body containing
diphenyl ether skeleton.
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