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Nuclear Magnetic Resonance Spectroscopic Study on Inclusion

In Koo Chun'
College of Pharmacy, Dongduck Women's University, Seoul 136-714,Korea
(Received August 24, 1993)

Inclusion complexation of 1,7,21,27-tetraaza(7.1.7.1]paracyclophane (CPM 55) with 2,7-dihydroxy-
naphthalene (2,7-DHN) or 1,3-dihydroxynaphthalene (1,3-DHN) in pD 1.17 DCI-D,O solution was
investigated by 'H nuclear magnetic resonance spectroscopy (NMR) using 4,4'-dimethylaminodiphen-
ylmethane (ACM 11) as an acyclic analog of CPM 55. In CPM 55-naphthalene derivative complex,
alkyl protons located in the cavity of CPM 55 were shown to be subjected to anisotropic shielding
and protons of naphthalene moiety shifted remarkably to upfield. However, in ACM 11-naphthalene
derivative systems, chemical shifts for protons of both DHN compounds were not significant. The
remarkable chemical shift changes suggested that the naphthalene moiety of 2,7-DHN or 1,3-DHN
was included in the hydrophobic cavity of CPM 55 in aqueous solution. From the continuous varia-
tion plots of induced chemical shifts of 2,7-DHN, it was found that 2,7-DHN was included in the
cavity of CPM 55 at 1:1 molar stoichiometry. Both computer simulation of a inclusion complex
and strong upfield chemical shift changes of 2,7-DHN protons supported the conformation of pseu-
doaxial inclusion as the presumed geometry of the host-guest complex.

Keywords — Paracyclophane, Naphthalene derivatives, Inclusion complexation, 'H NMR, Computer
graphics
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Chart 1—Structures of 1,7,21,27-tetraaza[ 7.1.7.1]paracy-
clophane (CPM 55) and its acyclic body, 4,4'-dimethyla-
minodiphenylmethane (ACM 11).
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Table 1—Reproducibility of 'H Chemical Shifts?{ppm) of
CPM 55, ACM 11 and CPM 55-2,7-DHN Complex in
pD 1.17 DCI-D,0 Solution and at 32°C
CPM 55 ACM 11 CPM 55-2,7-DHN
1 2 1 2 1 2
7.30 7.30 733 7.34 7.37 7.37
471 4.71 471 471 719 7.20
3.98 3.98 3.99 4.00 6.65 6.64
318 3.17 297 298 6.38 6.39

1.39 138 6.27 6.28
4.70 4.71
393 3.94
295 2.96
1.12 113

“DSS was used as a reference line. Concentrations were
as follows: CPM 55; 5X1072M, ACM 11; 1X107'M,
and 2,7-DHN; 25X1072M.
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Table II—CPM 55- and ACM 11-Induced 'H Cnemical
Shifts®ljopm) of 2,7-DHN and 1,3-DHN in pD 1.17 DCI-
D,O Solution and at 32°C

2,7-DHN 1,3-DHN
alone +CPM +ACM alone +CPM +ACM
55 11 55 11

759 655 751 794 691 7.82

695 628 686 762 683 746

684 617 675 744 675 7.32

728 664 7.15

HDO 470 4.70 470 470 470 4.70

2DSS was used as a reference line. Concentrations were
as follows: 2,7-DHN; 25%X1072 M, 1,3-DHN; 5X1072 M,
CPM 55; 5X1072M. and ACM 11; 1X107'M.

Table II—2, 7-DHN- and 1,3-DHN-Induced 'H Chemi-
cal Shifts?fppm) of CPM 65 and ACM 11 in pD 1.17
DCI-D;0 Solution and at 32°C

CPM 55 ACM 11
alone +27- +13- alone +27- +13-
DHN DHN DHN DHN

730 737 745 733 727 7.24
7.19 727 399 391 3.86
398 393 402 297 294 2.94
317 29 3.03
138 112 119
HDO 468 468 470 471 470 4.70

2DSS was used as a reference line. Concentrations of
compounds adopted were the same as in Table II.
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Figure 4—The stereoscopic view of a presumed CPM 55—2,7-DHN inclusion geometry.
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