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Abstract—The structure-activity relationships of (E)-chalcone-4-carboxylic acids, flavone-4’-carbo-
xylic acids, two types of aromatic amides, terephthalic monoanilides, and (arylcarboxamido)benzoic
acids, which were made by Shudo group, are discussed by conformation analysis(AM1) of retinoic
acid and those compounds. Conformer of each compound is superimposed on the conformationally
restricted compound, 4-(6,7,8,9-tetrahydro-6,6,9,9-tetramethyl-4H-4-oxonaphto[2,3-b]pyran-2-yl)be-
nzoic acid(Fv80), possessing the strongest differentiation-inducing activity on human promyelocytic
leukemia cells HL-60. The results indicated that the lengths between the carboxylic carbon and
the two 6, 9 carbons binding to dimethyl, 1.20 nm and 1.09 nm, as well as the planarity of molecule
are very important factors for the activity, especially 1.20 nm. In the case of the recently synthesized
azulenic retinoic acids by Sato, ef al. in 1993, the distance probably is also important, resulted
from superimposing them on a Ch55 conformer and Fv80. The distance 1.0 nm is also
important in Ch55. Several conformers of all-trans retinoic acid (RA) are well superimposed
on the almost non-flexible Fv80, RA, 9-cis RA, and, specifically s-10,12 cis RA. And a simple
hexangular model of RA is suggested to draw RA conformers easily without computer
drawing model or molecular model.
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Fig. 1—-Hexanglar model of RA and frontier orbital
densities of HOMO(real circle) and LUMO
(dotted circle).
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Fig. 2— Superimposition of RA and Fv80. not superi-
mposed atom on atom.
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Table 1—Differentiation-inducing activities

substutients
Name 2 3 4 5 6 B 3 4 relative activity
RA® - . 1
ch00 H H H H H H H COOH inactive
Ch40 H H tBu H H H H COOH 39x107?
Chbb H tBu H tBu H H H COOH 6.4
Ch80 H -(CH3).CCH:CH.C(CHs):- H H H H COOH 2.8
Chgé H -(CH3).CCH:CHC(CHs)z- H H H COOH H <10~
Ch220 H CH:O CH:0 H H H H COOH inactive
Re80 OH H -(CH3):CCH.CH.C(CHs).- H OH H COOH 7.6
Fv80? 274
Am80? 35
Am580° 7.2
a: see Fig. L
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Fig. 4— Superimposition several retinoids on Fv80. omitted nitrogen, oxygen for clarity. see Fig. 1.
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Fig. 5—Superimposition azulenic retinobenzoic acid
and Ch55 conformer on Fv80.
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dipole moment conformerol] wje} Alw33] wo] ¥
g A A A skl

A7 =dAE AEA 284 BAE 7]
£33 g £ o] F HElko]l=d FESEE,
Lz, 25 A 2Abste v HEIEEH
A F2-84 AAE & 7 e Aotk ZEH
2.2 714 HFE HE kol Ee 72 BFE RAY
235 TAIR 7] Fig. 60t o] aYdA & 5
Uzl #HAExe]=e] JEIA 248 /HEHE 1)
FAAA S 77), 2) FE-Eo] FAUA} o7
T 9laL, zeja $A1e] A, 3) a5 el F
el WA77E Bl e HAEL 7HEAY S '
ZHE A 91 ¢F 1.00, 1.10, 1.20 nm F F 1A
9)& 7, & 4) retinobenzoic acide] #A-$-& wiAle
para-AA 7t F 83 AL E Ao 2 Q7RI o9}
o] thekgl T2} A& Ve AL HE ko)
9] o] 7kA] F83:7} el A7 o g 8-
Afse 59 AUAE ZErh

LAl w

# QAFE AT ATAD L 4 A A
EEEE RSP PR RPN

= ¥

1) Jatten, A. M., Jetten, M. E. R,, and Sherman, M.
I: ‘Stimulation of Differtiation of Several Embo-
ryonal Carcinoma Cell Lines by Retionic Acid. Exp
Cell Res,, 119, 289 (1979). '

2) Bretman, T. R,, Selonick, S. E., and Collins, S. J.:
Induction of Differentiation of the Human Pro-
myelocytic Leukemia Cell Line(HL-60) by Retinoic
Acids. Proc. Natl. Acad. Sci, 79, 2936 (1980).

J. Pharm. Soc. Korea



AEo] Abe] Relel T4 WA 287

3) De Luca, L. M.: Retinoids and their Receptors in
Differentiation Emborogenesis, and Neoplasia. FA-
SERJ, 5, 2924 (1991).

4) Moor, T.: Effects of Vitamin A deficiency in ani-
mals: Pharmacology and Toxicology of Vitamin A
In: Sebrell, W. H,, and Harris, R. S.(eds), The Vi-
tamin s, 2, Vol. 1, New York: Academic Press Inc.,
pD. 245-266 (1967).

5) Becci, P. J., Thompson, H. J.,, Grubbs, C. ]., Squire,
R. A, Brown, C. C., Sporn, M. B, and Moon, R. C.:
Inhibitory Effect of 13-cis-Retinoic Acid on Urinary
Bladder Carcinogenesis Induced in C57BL/6 Mice
by N-butyl-N(4-hydroxybutyl)Nitrosamine. Cancer
Res., 38, 4463 (1978).

6) Moon, R. C,, Grubbs, G. ], and Sporn, M. B.: Inhi-
bition of 7,12-dimethylbenz(a)Anthracene-induced
Mammary Carcinogenesis by Retinyl Acetate. Ca-
ncer Res,, 36, 2626 (1976).

7) Moon, R. C., Grubbs, G. J., and Sporn, M. B,, and
Goodman, D. G.: Retinyl Acetate Inhibits Mammary
Carcinogenesis Induced by N-methyl-N-methyl-
Nitrourea. Nature, 267, 620 (1977).

8) Lasnitzki, L.: Reversal of Methylcholanthrene-in;

duced Changes in Mouse Prostates in Viiro by
Retinoic Acid and its Analogues. Br. J. Cancer, 34,
239 (1976).

9) Lasnitzki, I., and Goodman, D. S.: Inhibition of the
Effects of Methylcholanthrene on Mouse Prostate
in Organ Culture by Vitamin A and Its Analogs.
Cancer Res., 334, 1564 (1974).

10) Lotan, R, Giotta, G., Nork, E., and Nicholson, G. L.:
Inhibitory Effects of Retinoids on the in vitro Gro-
wth of two Malignant Murine Melanomas. /. Natl.
Cancer Inst, 60, 1035 (1978).

11) Lotan, R, and Nicholson, G. L.: Inhibitory Effects
of Retinoic Acid or Retinyl Acetate on the Growth
of Untransformed, Transformed, and Tumor Cells
in Vitro. J. Natl. Cnacer Inst, 59, 1717 (1977).

12) Asato, A. E,, Peng, A, Hossain, M. A., Miradegan,
T, and Bertram, J. S.: Azulenic Retinoids: Novel
Nonbenzenoid Aromatic retinoids with Anticander
Activity. J. Med. Chem., 36, 3137 (1993).

13) Bertram, J. S, Kolonel, L. N., and Meyskens, F.L.:
Rationale and Strategies for Chemoprevention of

Vol. 38, No. 3, 1994

Cancer in Humans. Cancer Res., 47, 3012 (1987).

14) Huang, M. E,, Ye, Y. C,, Chen, J. R, Ly, J. X,, Zhoa
L, Gu, L. ], and Wang, Z. Y.: Use of All-trans Re-
tinoic Acid in the treatment of Acute Promyelocytic
Leukemia. Blood, 72, 567 (1988).

15) Ganguly, J.: Biochemistry of Vitamin A.: CRC Press,
Boca Raton, pp. 195-207 (1989).

16) Frickel F.: The Retinoids, Sporn, M. B, Robert, A.
B., Goodman, D. S, Eds. Academic Press, Inc.:
Orlando, Vol. 1, pp. 25-40 & therein refs. (1984).

17) Trown, P. W,, Palleroni, A. V., Bohosiawec, O., Ri-
chelo, B. N,, Halpern, J. M., Gizzi, N,, Geiger, R,
Lewinski, C., Machlin, L. J., Jetten A,, and Jetten, M.
E. R.: Relationship between Binding Affinity Cel-
lular Retinoic Acid-binding Protein and i vive and
in Vitro Properties for 18 Retinoids. Cancer Res.,
40, 212 (1980).

18) Kagechika, H., Kawachi, E., Hashimoto, Y., Himi,
T., and Shudo, K.: Retinobenzoic Acids. 1. Struc-
ture-Activity Relationships of Aromatic Amides
with Retinoidal Activity.”). Med., Chem., 31, 2182
(1988).

20) Jong, L., Lehmann, J. M., Hobbs, P. D., Harlev, E.,
Huffman, J. C,, Pfal, M., and Dawson, M. L: Con-
formational Effects on Retinoid Receptor Selecti-
vity. 1. Effect of 9-Double Bond Geometry on Re-
tinoid X Receptor Activity. J. Med. Chem., 36, 2605
(1993).

21) Lowry, T. H. and Richardson, K. S.: Mechanism and
Theory in Orgnic Chemistry. 3rd ed., Harper & Row,
Publishers, Inc., p. 129 (1987).

22) Veillard, A.: Quantum Mechanics of Molecular Co-
nformations. Pullman, B., Ed., John Wiley&Sons, p.
56 (1976).

23) Bonchev, D., Mountain, C. F., Seitz, W. A, and
Balaban, A. T.: Modeling the Anticancer Action of
Some Retinoid Compounds by Making Use of the
OASIS Method. J. Med. Chem., 36, 1562 (1993).

24) Newton, D. L., Henderson, W. R, Sporn, M. B.:
Structure-Activity Relationships of Retinoids in
Hamster Tracheal Organ Culture. Cander Res., 40,
3413 (1980).



