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Table II. Caffeic Acid Derivatives by Knoevenagel
Condensation

OH
HO.
__JCN
COOR
e
compd R compd R
14 Me 21 CHQCHZCGH‘-p-OH
—-— — OH
15 — - 22 w_@
e SO o
23 CH,CH,OCeH,
17 CHQCHQCQHG 24

)

25 CHQCH=CHCQH5

18 (CHy)CeHs
19  (CH,),CeH,
20 CH,CH,CGH‘-O-OMe

/=
(CHYy— N\J

Table III. 12-, 15-, and 5-Lipoxygenase Inhibitory Effects of
Caffeic Acids Derivatives

OH
HO.
_ CN
COOR

mol formula 1Cs0,” uM
no. mol weight R 12-lipo 15-lipo 5-lipo
1 C,H,NO, C.H;s 0.033  0.33 >10

233.23
17 CHuNO, oo 0051 043  0.16

309.32 2

18 C,H,NO, 0053 140 016
323.35 CHCH,Ch,

19 C,H,NO, 0.47 350 022
325.37 CHCH,CHLCH,

20 C,H;;NO; H;COo, 0.064 162 0.14
339.35 cH pm-@

24 C,H;3NOS s 0013 050  0.09
315.35 CHOH—( J |

26 C H,;;NO 0.063 3.33 .
32“{%‘; ‘' CHOH= cu—@ 1.89

26 CleuNsol (CHQQ_N 0.18 >10 >10
383.45 Q'}

27 CgH;gN;O; CHCH,CH, N 0.47 3.93 >10
324.34 N

baicalein 0.015 0.26 >10

¢n = 3. No inhibition was observed on cyclooxygenase and
thromboxane synthetase in all compounds tested at the concen-
tration below 10¢ M.

were investigated. These assay tests revealed that com-
pound 1 had very potent 12- and 15-lipoxygenase inhibi-
tory activities (12-lipoxygenase, ICy, = 0.033 uM; 15-lip-
oxygenase, ICg = 0.33 xM), but did not inhibit cyclo-
oxygenase and thromboxane synthetase in the concen-
tration below 10 M. However, 12-lipoxygenase inhibitory
effects of compound 13 (with single bond) and compounds
12, 10, 3, 2 (with mono- or tri-OH group and mono- or
di-OMe group on the benzene ring) were weak or inactive

(16) Honda, A.; Morita, I; Murota, S.; Mori, Y. Biochim. Biophys.
Acta 1986, 877, 423.

in the concentration of 10 M.

Therefore, it was demonstrated that a 3,4-dihydroxy-
cinnamoy! group was essential for the inhibition of 12-
lipoxygenase. Furthermore, a cyano group was crucial
since caffeic acid and compound 8 with an ethyl ester
group instead of a cyano group did not show 12-lip-
oxygenase inhibition.

Thus, compounds 14-27 (R = alkyl, aralkyl) were syn-
thesized to find more potent compounds (Table II). In-
terestingly, the pharmacological tests described above
revealed that the compounds exhibited the very potent
inhibitory activity of 12-lipoxygenase and were more se-
lective to 12-lipoxygenase than to 5- and 15-lipoxygenase,
namely, all compounds except 19 showed a lower value of
IC,, with 12-lipoxygenase than with 5- and 15-lipoxygenase.
Especially, compound 24 was the most potent 12-lip-
oxygenase inhibitor in the synthetic compounds reported
so far and was comparable to baicalein (most potent 12-
lipoxygenase inhibitor in natural products).
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Quinazolinone Cholecystokinin-B Receptor
Ligands

Cholecystokinin (CCK) exerts a variety of actions on
peripheral target tissues such as gall bladder contraction
and pancreatic exocrine secretion and may function as a
neutrotransmitter or neuromodulator in the central
nervous system.?2 These effects are mediated by at least

(1) Wang, R. Y. Cholecystokinin, Dopamine, and
Schizophrenia—Recent Progress and Current Problems. Ann.
N.Y. Acad. Sci. 1988, 537, 362-379.
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Table I. CCK-B Receptor Binding Data
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NH
N |
| [ R
d Y
Xs X
XM
no. X, Xa X, Y R CCK-B®

1 H H H H H 0.67 £ 0.15(n = 3)

2 F H H H H 75%°

3 Cl H H H H 44%*

4 MeO H H H H 74%°

5 CF, H H H H 35%°

6 H F H H H 0.73£0.17 (n = 3)

7 H Cl H H H 0.69 £ 0.16 (n = 3)

8 H Br H H H 0.37 £0.03 (n = 3)

9 H Me H H H 0.15 £ 0.01 (n = 3)
10 H Et H H H 0.072 £ 0.001 (n = 3)
11 H MeO H H H 0.16 = 0.03 (n = 3)
12 H i-PrO H H H 0.026 % 0.0003 (n = 3)
13 H CF, H H H 0.48 £0.20 (n = 4)
14 H -OCH,0- H H 0.19 £ 0.04 (n = 3)
15 H MeO H Me H 0.055 £ 0.003 (n = 3)
16 H MeO H MeO H 0.067 = 0.005 (n = 3)
17 H MeO H F H 0.11 % 0.01 (n = 3)
18 H MeO H Cl H 0.047 £ 0.003 (n = 3)
19 H MeO H Br H 0.038 £ 0.003 (n = 3)
20 H MeO H Br H 0.034 £ 0.007 (n = 3)
21 H n-PrO H Br H 0.058 £ 0.007 (n = 3)
22 H i-Pr0 H Br H 0.0093 % 0.0015 (n = 3)
23 H CpO* H Br H 0.067 £ 0.006 (n = 5)
24 H Et H Br H 0.046 = 0.01 (n = 3)
25 H Et H Br Me 0.10 £ 0.01 (n = 3)
26 H MeS H Br H 0.046 £ 0.008 (n = 3)
27 H CF; H Br H 0.23 = 0.03 (n = 3)
28 H NMe, H Br H 0.016  0.001 (n = 3)
29 H MeO MeO Br H 0.13 £ 0.03 (n = 3)
30 H H MeO Br H 0.031 £ 0.006 (n = 3)
31 H H EtO Br H 0.088 £ 0.010 (n = 3)
32 H H i-Pr0 Br H 0.11 £ 0.02 (n = 3)
33 H H Et Br H 0.028 £ 0.004 (n = 3)
34 H H i-Pr Br H 0.037 £ 0.013 (n = 3)
35 H H MeS Br H 0.037 £ 0.01 (n = 3)
36 H H NMe, Br H 0.033 = 0.006 (n = 4)

e ICyy (uM, mean £ SEM) for inhibition of '?%I-labeled CCK-8 sulfate binding with mouse brain membranes. ®Percent inhibition (10 xM)
of 1%]-labeled CCK-8 sulfate binding with mouse brain membranes. ¢ Cyclopentyloxyl.

two receptor subtypes designated CCK-A and CCK-B3
with the latter exhibiting ligand specificities similar to the
stomach gastrin receptor.4® Previously reported synthetic
studies in other lahoratories using the benzodiazepine core
of the natural product asperlicin® have yielded the highly
potent CCK-A antagonist MK-329"® and the CCK-B/

(2) Albus, M. Cholecystokinin. Prog. Neuro-Psychopharmacol.
Biol. Psychiatry 1988, 12, S5-821.

(3) Moran, T. H,; Robinson, P. H.; Goldrich, M. S.; McHugh, P.
R. Two Brain Cholecystokinin Receptors: Implications for
Behavioral Actions. Brain Res. 1986, 362, 175-179.

(4) Rehfeld, J. F. Four Basic Characteristics of the Gastrin-Cho-
lecystokinin System. Am. J. Physiol. 1981, 240, G255—-G266.

(6) Beinfeld, M. C. Cholecystokinin in the Central Nervous Sys-
tem: A Minireview. Neuropeptides 1983, 3, 411-427.

(6) Chang, R. S. L.; Lotti, V. J.; Monaghan, R. L.; Birnbaum, J.;
Stapley, E. O.; Goetz, M. A.; Albers-Schéonberg, G.; Patchett,
A. A,; Liesch, J. M.; Hensens, O. D.; Springer, J. P. A Potent
Nonpeptide Cholecystokinin Antagonist Selective for Periph-
eral Tissues Isolated from Aspergillus alliaceus. Science 1985,
230, 177-179.

(7) Evans, B. E.; Bock, M. G.; Rittle, K. E.; DiPardo, R. M,;
Whitter, W. L.; Veber, D. F.; Anderson, P. S,; Freidinger, R.
M. Design of Potent, Orally Effective, Nonpeptidal Antago-
nists of the Peptide Hormone Cholecystokinin. Proc. Natl.
Acad. Sci. U.S.A. 1986, 83, 4918-4922.

Table I1. Receptor Selectivity

no. CCK-B* CCK-B* CCK-A* gastrin®
13 0.48 £ 0.2 - 6% 8217
19 0.038 £ 0.003 0.36 & 0.03 5% 1.3 £ 04
22 0.0093 £ 0.0015 0.081 % 0.004 6% 0.16 £ 0.04
24 0.046 £ 0.01 0.33 £ 0.05 -5% 11£0.2
25 0.10 £ 0.01 - -18% 16+0.1
L-365,260 0.0073 £ 0.0004 0.0053 £ 0.0006 - 0.0029 * 0.0003

8ICs (M, mean = SEM) for inhibition of !%I-labeled CCK-8 sulfate
binding with mouse brain membranes (n = 3-5). ICg (M, mean + SEM)
for inhibition of '?I-labeled CCK-8 sulfate binding with guinea pig brain
membranes (n = 3-5). ¢Percent inhibition (10 M) of $H-labeled L-364,718
binding with rat pancreas. 9ICy, (uM, mean = SEM) for inhibition of 125]-
labeled gastrin binding with guinea pig stomach mucosal membranes (n = 3).

gastrin antagonist L-865,260.%1° However, since the as-
perlicin structure is comprised of several heterocyclic

(8) Evans, B. E; Rittle, K. E.; Bock, M. G.; DiPardo, R. M,;
Freidinger, R. M.; Whitter, W. L.; Gould, N. P.; Lundell, G. F.;
Homnick, C. F.; Veber, D. F'.; Anderson, P. S.; Chang, R. S. L,;
Lotti, V. J.; Cerino, D. J.; Chen, T. B,; Kling, P. J.; Kunkel, K.
A; Springer, J. P,; Hirshfield, J. Design of Nonpeptidal Lig-
ands for a Peptide Receptor: Cholecystokinin Antagonists. J.
Med. Chem. 1987, 30, 122¢-1239.

(9) Bock, M. G.; DiPardo, R. M.; Evans, B. E.; Rittle, K. E.;
Whitter, W. L.; Veber, D. F.; Anderson, P. S.; Freidinger, R.
M. Benzodiazepine Gastrin and Brain Cholecystokinin Re-
ceptor Ligands: L-365,260. J. Med. Chem. 1989, 32, 13-16.
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Scheme I

C
HN_¢
HO, § N
H
.
Asperlicin

systems, we hypothesized that alternative substructures
embedded within the molecular framework of this natural
product may provide a rational starting point for our ef-
forts to design a structurally novel series of nonpeptide
CCK receptor ligands.!!

Scheme I outlines two possible bond disconnection
strategies which preserve the three aromatic domains of
asperlicin and reduce the chemical complexity of the
natural product to two conceptually different classes of
compounds. The first path (A) yields a substructure
common to the tryptophan-derived CCK antagonists such
" as benzotript.!? Of greater interest, however, is the second
highlighted bond disconnection path (B) which yields a
3-phenyl-4(3H)-quinazolinone nucleus, a structural feature
common to the sedative-hypnotics mecloqualone and
methaqualone.!® Although the benzodiazepine and qui-
nazolinone nuclei differ structurally, they are related on
the basis of atom pair descriptors.* Consequently, we
investigated the possibility that an appropriately func-
tionalized quinazolinone such as 1 may serve as a template
for developing potent nonpeptide CCK receptor ligands.
The lack of asymmetric centers in this heterocyclic system
may also facilitate our structure optimization by reducing
the number of variables for our structure-activity rela-
tionship (SAR) study and simplifying the synthesis of the
final targets.

(10) Lotti, V. J.; Chang, R. S. L. A New Potent and Selective
Non-peptide Gastrin Antagonist and Brain Cholecystokinin
Receptor (CCK-B) Ligand: L-365,260. Eur. J. Pharmacol.
1989, 162, 273-280.

For reviews on nonpeptide CCK antagonists, see: (a) Freid-
inger, R. M. Cholecytoskinin and Gastrin Antagonists. Med.
Res. Rev. 1989, 9, 271-290. (b) Evans, B. E. Recent Develop-
ments in Cholecystokinin Antagonist Research. Drugs Future
1989, 14, 971-979. (c) Zucker, K. A. Cholecystokinin Receptor
Antagonists. J. Surg. Res. 1988, 45, 496-504.

Hahne, W. F.; Jensen, R. T.; Lemp, G. F.; Gardner, J. D.
Proglumide and Benzotript: Members of a Different Class of
Cholecystokinin Receptor Antagonists. Proc. Natl. Acad. Sci.
U.S.A. 1981, 78, 6304-6308.

Brown, S. S.; Goenechea, Methaqualone: Metabolic, Kinetic,
and Clinical Pharmacologic Observations. S. Clin. Pharmacol.
Ther. 1973, 14, 314-324.

Sheridan, R. P.; Venkataraghavan, R. New Methods in Com-
puter-Aided Drug Design. Acc. Chem. Res. 1987, 20, 322-329.

1)

(12)

(13)

(14)
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A series of compounds based upon this asperlicin sub-
structure was prepared'® and evaluated by using CCK and
gastrin radioligand binding assays (Table I). Alkyl or
alkoxyl substitution at either the meta or para positions
of the pendant phenyl ring appeared optimal and provided
congeners with reasonable affinity for CCK-B and gastrin

(15) Satisfactory spectral and analytical data were obtained for all
new compounds. Although several synthetic routes are avail-
able for preparing the described series, the following experi-
mental procedure for synthesizing compound 22 is represent-
ative: 3-nitrophenol (50.0 g, 360 mmol), isopropyl iodide (76.19
g, 450 mmol), and K,COj3 (60 g) were combined and heated at
reflux under N; overnight in acetone (400 mL). After solvent
removal in vacuo, the residue was partitioned between EtOAc
and H,0. The separated organic layer was washed with 1 N
NaOH, brine, dried over Na;80,, and concentrated in vacuo
to provide 56 g (86%) of 3-isopropoxynitrobenzene as a clear
yellow oil.

A mixture of the above product (8.5 g, 50 mmol), PtO, (0.3
2), and EtOH (200 mL) was hydrogenated (40 psi H,) at room
temperature for 1.5 h in a Paar shaker. The mixture was
filtered through Celite and concentrated in vacuo to furnish
7.08 g of the desired aniline. This material was combined with
isatoic anhydride (7.35 g, 456 mmol) and heated at 90 °C for 2
h. Upon cooling and addition of hexanes, the product crys-
tallized to give 10.19 g (83%) of 2-amino-N-(3-isopropoxy-
phenyl)benzamide as a white solid. An analytical sample was
obtained by recrystallization from 20% EtOAc/hexanes: mp
79-86 °C; 'H NMR (CDCl,) é 1.36 (6 H, d, J = 6.1 Hz), 4.59
(1H, h,J =6.1 Hz), 5.2 (2 H, bs), 6.6-6.8 (3H, m), 7.0-7.1 (1
H, m), 7.2-74 (3H,m), 747 (1 H, d, J = 7.7 Hz), 7.80 (1 H,
bs); IR (CHCl;) 1664, 1611, 1524, 1490 cm™}; MS (FD) 270
(M*). Anal. (C;gH;sN;0,) C, H, N.

A solution of 3-[(2,2-dimethyl-4,6-dioxo-1,3-dioxan-5-yl)-
methyl]-5-bromoindole (4.12 g, 12 mmol) prepared according
to the method of Farlow et al. (Farlow, D. S.; Flaugh, M. E,;
Horvath, S. D.; Lavagnino, E. R.; Pranc, P. Two Efficient
Syntheses of Indole-3-Propionic Esters and Acids. Further
Applications of Meldrum's Acid. Org. Prep. Proced. Int. 1981,
13, 39-48), the above benzamide (3.48 g, 13 mmol) and pyri-
dinium p-toluenesulfonate (1.64 g, 6.5 mmol) in 50 mL of
pyridine was heated at reflux for 3.5 days. The reaction mix-
ture was concentrated in vacuo, chromatographed (SiO,4, 30%
EtOAc/hexanes), and crystallized to give 2.13 g (36%) of com-
pound 22: mp 179-181 °C; *H NMR (CDCl,) § 1.31 (3 H, d,
J=6.0Hz),1.34 (3H,d,J =6.1 Hz), 28 (2H, m),3.2 (2 H,
m), 453, (1 H, h, J = 6.0 Hz), 6.7-7.6 (9 H, m), 7.8 (2 H, m),
8.2-8.4 (2 H, m); IR (KBr) 1671 cm™'; MS (FAB) 502, 504 (M*
+ H). Anal. (CyH,;N;0,Br) C, H, N.
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receptors. QSAR analysis of the meta-substituted ana-
logues 1 and 6-14 suggested that the substituent steric
descriptor, MR,!8 accounts for most of the variance ob-
served in the CCK-B receptor binding data for the parent
indole analogues:

-log (ICs,) = 0.089 (£0.017)MR + 5.99 (£0.14)
n=10,s =024, r =088, Fy5 =273, p <0.001

A substituent at C-5 of the indole nucleus also incremen-
tally enhanced receptor-blocking activity and this increase
was additive to the effects observed with phenyl ring
substitution. However, whereas meta or para monosub-
stitution (i.e. 19 and 30) provided approximately equipo-
tent analogues, disubstitution (i.e. 29) appeared to be
detrimental. In addition, increasing the alkoxyl substituent
size to give 23 as suggested by the above relationship re-
duced receptor-binding activity relative to compound 22.
Consequently, the isopropoxyl group may represent the
maximum size for alkoxyl substituents on the pendant
phenyl ring.

The CCK/gastrin receptor selectivity was subsequently
investigated, and the data for a representative group of
analogues appear in Table II. The compounds examined
exhibit excellent selectivity for CCK-B over CCK-A re-
ceptors. Although the molecular basis for this observation
is unclear, both the benzodiazepine and quinazolinone!’
antagonists possess structural features common to the
quinazolino-1,4-benzodiazepine, asperlicin. These results
are interesting since the natural product is a selective
CCK-A receptor antagonist. The apparent modest selec-
tivity between CCK-B and stomach gastrin receptors, on
the other hand, is most likely attributable to a species
difference. Since a species effect was not observed for
L.-365,260, the quinazolinone and benzodiazepine antago-
nists may interact with different regions and/or different
amino acid residues associated with the CCK-B receptor.
Nevertheless, these compounds, like other reported CCK-B
antagonists,®!® do not discriminate between guinea pig
CCK-B and gastrin receptors in vitro.

Since the methylene carbon attached to the quinazoli-
none ring of 1 is common to both the quinazolinone and
benzodiazepine substructures in asperlicin (Scheme I),1°
we examined the effect of substitution at that position on
CCK-B receptor binding and receptor subtype selectivity.
However, only a minor difference in potency was observed
for compound 25 relative to 24 with no apparent change
in the receptor binding ICy, ratio (Table II).2

(16) Boyd, D. B.; Seward, C. M. @SAR: Rational Approaches on
the Design of Bioactive Compounds; Proceedings of the
Eighth European Symposium on Quantitative Structure Ac-
tivity Relationships, Sorrento (Napoli), Italy, Sept 9-13, 1990,
in press.

(17) Compound 12 (10 M) noncompetitively blocked the CCK-8S
and CCK-4 induced contractile response in isolated guinea pig
ileal longitudinal smooth muscle. No agonist activity was ob-
served over the concentration range of 1071° to 10 M. Addi-
tional studies are in progress to further elucidate the phar-
macological properties of this series.

(18) Hughes, J.; Boden, P.; Costall, B.; Domeney, A.; Kelly, E.;
Horwell, D. C.; Hunter, J. C.; Pinnock, R. D.; Woodruff, G. N.
Development of a Class of Selective Cholecystokinin Type B
Receptor Antagonists having Potent Anxiolytic Activity. Proc.
Natl. Acad. Sci. U.S.A. 1990, 87, 6728-6732.

(19) For other quinazolino-1,4-benzodiazepines isolated from As-
pergillus alliaceus which contain the described substructure,
see: Bock, M. G.; DiPardo, R. M.; Pitzenberger, S. M.; Hom-
nick, C. F.; Springer, J. P.; Freidinger, R. M. Total Synthesis
of Nonpeptidal Cholecystokinin Antagonists from Aspergillus
alliaceus. J. Org. Chem. 1987, 52, 1644-1646.

(20) Compound 25 was prepared and tested in racemic form.

The receptor-binding assays were conducted as de-
scribed in literature procedures: CCK-B receptor binding
was performed with mouse brain membranes according to
the method of Chang and Lotti?! CCK-A receptor
binding was determined in rat pancreas with 3H-labeled
L-364,718 by the procedure described by Chang et al.2?
Finally, a modified procedure of Takeuchi et al. was used
to measure gastrin binding to guinea pig stomach mucosal
membranes.?

Certain benzodiazepine anxiolytics have been reported
to functionally antagonize some of the peripheral® and
central effects of CCK.%® In addition, the benzodiazepine
x-opioid agonist tifluadom has been reported to be a
CCK-A receptor antagonist.2®  Although 3-phenyl-4-
(3H)-quinazolinones such as methaqualone have not to our
knowledge been reported as CCK antagonists, our study
raises the possibility that quinazolinones may, like the
benzodiazepines, be amenable to structural modifications
to yield nonpeptidal ligands for a specific peptide receptor.
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Specific Anti-HIV-1 “Acyclonucleosides” Which
Cannot Be Phosphorylated: Synthesis of Some
Deoxy Analogues of
1-[(2-Hydroxyethoxy)methyl]-6-(phenylthio)thy-
mine

Chemotherapy of AIDS (acquired immunodeficiency
syndrome) is one of the most challenging scientific projects
upon which much attention is currently focused. Although
AZT (3’-azido-3'-deoxythymidine) is available as the sole
compound formally approved for clinical use,!? its serious
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