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4,5-Diphenyl-2-oxazolenonanoic acid (2) and 2-[3-[2-(4,5-diphenyl-2-oxazolyl)ethyl]phenoxy]acetic acid (3) were 
previously identified as nonprostanoid prostacyclin (PGI2) mimetics that inhibit ADP-induced aggregation of human 
platelets in vitro. The effects on biological activity of substitution and structural modification of the 4- and 5-phenyl 
rings of 3 was examined. Potency showed a marked sensitivity to the introduction of substituents to these aromatic 
rings and only the bis-4-methyl derivative 9j, IC50 = 0.34 ixM, demonstrated enhanced potency compared to the 
parent structure 3, IC50 = 1.2 ixM. Substitution at the ortho or meta positions of the phenyl rings, replacement 
by thiopheneyl or cyclohexyl moieties, or constraining in a planar phenanthrene system resulted in compounds that 
were less effective inhibitors of ADP-induced platelet aggregation. In contrast, variation of the heterocycle moiety 
revealed a much less stringent SAR and many 5- and 6-membered heterocycles were found to effectively substitute 
for the oxazole ring of 2 and 3. The diphenyhnethyl moiety functioned as an effective isostere for 4,5-diphenylated 
heterocycles since 13aad showed similar platelet inhibitory activity to 3. With the exception of the 3,4,5-tri-
phenylpyrazole derivative 13g, compounds presenting the (m-ethylphenoxy)acetic acid side chain discovered with 
3 demonstrated enhanced potency compared to the analogously substituted alkanoic acid derivative. The struc­
ture-activity findings led to a refinement of a model of the nonprostanoid PGI2 mimetic pharmacophore. 

Introduction 

A role for blood platelet aggregation in the etiology of 
arterial thrombosis has been established from clinical 
studies conducted primarily using aspirin but also dipy­
ridamole and ticlopidine.2 However, although these agents 
have demonstrated beneficial properties, none represents 
the ideal drug and efforts continue to identify and develop 
more effective inhibitors of blood platelet aggregation. For 
some time, we have been engaged in a study of agents that 
increase cAMP levels in platelets,1,3-6 and inhibit platelet 
activation stimulated by a broad range of physiologically 
relevant stimuli.7 Elevation of platelet cAMP can be 
accomplished by inhibition of cAMP phosphodiesterase 
(PDE)8 or stimulation of adenylate cyclase.9 Our early 
studies focused on cAMP PDE inhibitors,3"5 but more 
recently we have explored a family of nonprostanoid 
prostacyclin (PGI2) mimetics.1 ,6 These studies were 
prompted by the discovery tha t the triphenylated imid­
azole derivative octimibate, 1, acts as a partial agonist at 

study of the effects of side-chain variation of a series of 
4,5-diphenyloxazole derivatives.1 The nonanoic acid de-

y~ 0(CH2)7C02H 
(CH2J8CO2H 

1, Octimibate 

CO2H 

3, BMY 42393 

the platelet PGI2 receptor.10,11 Biological evaluation of 
a series of pyrazolealkanoic acid derivatives provided a 
fundamental understanding of this class of PGI2 agonist 
and led to the formulation of an elementary model of 
pharmacophore topology.1,6 Additional insight into topo­
graphical relationships was obtained from a systematic 
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Table I 
R V - N ~Y CO2H 

\_J 

compd no. 
3 
9a 
9b 
9c 
9d 
9e 
9f 
9g 
9h 
9i 
9j 
9k 
91 
9m 
9n 
9o 
9p 
9q 
U 

• 

R 
C6H6 

2-FC6H4 
2m\s Jtl^L/gXl^ 

3-FC6H4 
3-ClC6H4 
Q-\S r l 3L/g JT4 

3-CH3OC6H4 
4-FC6H4 
4-ClC6H4 
4-BrC6H4 
4-CH3C6H4 
4-CH3L/H2L'gri4 

4-CF3C6H4 
4-CH3SC6H4 
4-CH3OC6H4 
2-thienyl 
3-thienyl 
C-C6Hu 
2,2'-(C6H4)2 

mp,°C 
153-154.5 
123-124 
58-59 
114 
102 
95-96 
130-131 
197 
144 
170-171 
131 
122-123 
177-179 
142 
128-130 
105.5-107 
154-156 
109-110 
227-229 

anal." 
C26H2INO4 

C26H19F2NO4-0.18H2O 
C27H26NO4-OlSH2O 
C26H19F2NO4-O^H2O 
C26H19Cl2NO4 
C27H26NO4 
C27H26NO6 
C26H19F2NO4 
C26H19Cl2NO4 
C26H19Br2NO4

1 

C27H26NO4-O^H2O 
C29H29NO4-O^H2O 
C27H19F6NO4-O^H2O 
C* 27H25N O4O2 

C27H26NO6" 
C21H17NO4S2-0.3H2O 
C2iH17NO4S2-0.4H2O 
C26H33NO4

8 

C26H19NO4-O-SH2O 

inhibition of 
ADP-induced 

aggregation of human 
platelets, IC60, iiM.b 

1.2 
1.4 
11.6 
17.7 
>68 (0%) 
>75 (30%) 
7.2 
4.8 
17.1 
12.6 
0.34 
28.3 
>60(1%) 
>65 (32%) 
5.2 
7.4 
17.0 
>78 (25%) 
>20 (0%Y 

<• Elemental analyses for C, H, and N are within ±0.4 of the theoretical values. b Blood platelet aggregometry studies were performed as 
previously described6,12 and the results shown are the result of a single experiment or the average of duplicate determinations. Maximum 
variance (geometrical mean) was 65%. Figures in parentheses are percent inhibition at the reported concentration. CC: calcd, 53.88; found: 
54.57. "H: calcd, 5.98; found 5.47. eHigh-resolution MS: calcd, 412.2488 (MH+), found, 412.2476. 'Highest concentration tested due to 
limited solubility. 
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rivative 2 demonstrated effective PGI2 mimicry that was 
improved by modification of the side chain to the meta-
substituted phenoxyacetic acid moiety present in 3 (BMY 
42393). The biological properties of 3 have been examined 
in some detail and this compound is characterized as an 
orally-active PGI2 mimetic that exhibits antithrombotic 
activity in animal models and possesses an extended du­
ration of action.12 In this report, we describe the effect 
of structural variations associated with the diphenyloxazole 
moiety of 2 and 3. The objectives of this study were to 

(11) Merritt, J. E.; Hallam, T. J.; Brown, A. M.; Boyfield, L; Cooper, 
D. G.; Hickey, D. M. B.; Jaxa-Chamiec, A. A.; Kaumann, A. J.; 
Keen, M.; Kelly, E.; Kozlowski, U.; Lynham, J. A.; Moores, K. 
E.; Murray, K. J.; MacDermot, J.; Rink, T. J. Octimibate, a 
Potent Non-Prostanoid Inhibitor of Platelet Aggregation Acts 
Via the Prostacyclin Receptor. Br. J. Pharmacol. 1991,102, 
251-259. 

(12) Seiler, S. M.; Brassard, C. L.; Federici, M. E.; Buchanan, J. 0.; 
Zavoico, G. B.; Fleming, J. S.; Meanwell, N. A. 2-[3-[2-(4,5-
Diphenyl-2-oxazolyl)ethyl]phenoxy]acetic Acid (BMY 42393): 
A New, Orally-Active Prostacyclin Partial Agonist of Novel 
Structure that Prevents Thrombus Formation in Animal 
Models, submitted. 

provide further insight into the nonprostanoid PGI2 mi­
metic pharmacophore and explore the role of the oxazole 
heterocycle and phenyl rings of 2 and 3 in the expression 
of PGI2 agonism. 
Chemistry 

The effects of substitution of the phenyl rings of 3 on 
biological potency were examined through a series of 
compounds prepared as described in Schemes I and II. An 
aryl aldehyde 4 was converted to the corresponding ben­
zoin derivative 6, under the influence of either NaCN13 or 
the thiazole 514 as the catalyst, and coupled with the acid 
71 (DCC in CH2Cl2

15). The crude material was exposed 

(13) Adams, R.; Marvel, C. S. Benzoin. Organic Syntheses; Wiley: 
New York, 1941; Collect. Vol. I, pp 94-95. 

(14) Stetter, H.; Ramsch, R. Y.; Kuhlmann, H. On the Preparative 
Use of Thiazolium Salt-Catalyzed Acyloin and Benzoin Con­
densations. 1. Preparation of Simple Acyloins and Benzoins. 
Synthesis 1976, 733-735. 

(15) Wasserman, H. H.; Gambale, R. J.; Pulwer, M. J. Activated 
Carboxylates from the Photooxygenation of Oxazoles. Appli­
cation to the Synthesis of Recifeiolide, Cirvuiarin and Other 
Macrolides. Tetrahedron 1981, 37, 4059-4067. 
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Scheme II 

300nm hv/l2/EtOH 

CO2H 

CO2R 

1 I ! R - H ' J LiOH/H20/MeOH 

to an excess of NH4OAc in AcOH at reflux for 1 h16 to 
provide the oxazole esters 8, which were saponified to give 
the target acids 9. The phenanthrene derivative 11 was 
prepared by irradiation of an ethanolic solution of 3 con­
taining a catalytic amount of iodine in a Rayonet photo-
reactor using a 300-nm light source.17 This protocol af­
forded the ethyl ester 10 in 43% yield which was hydro-
lyzed to the acid 11 with LiOH in aqueous MeOH. The 
compounds prepared by these methods are presented in 
Table I along with relevant physical chemical data. 

Preparation of heterocyclic variants of 2 and 3 was ac­
complished by the synthetic procedures summarized in 
Schemes H-V. The nitrogen atom of a variety of heter-
ocycles 12 was alkylated with an w-bromoalkanoic ester, 
using either NaH or K2CO3 as the base and DMF as the 
solvent, followed by saponification of the ester to provide 
target acids 13. The side chain of hydantoin derivative 
13al was introduced under Mitsunobu18 conditions by 
combining 4,5-diphenylhydantoin with methyl 9-
hydroxynonanoate.6 Because of the sensitivity of the hy­
dantoin ring of 13al and 13aai to aqueous hydroxide, the 
ester precursors were hydrolyzed in dilute HCl solution 
at reflux. In the event that an isomeric mixture was 
formed as a result of competing O-alkylation (examples 
13au-ax) or degeneracy of ring nitrogen atoms (examples 
13aab-aah), chromatographic separation was effected at 
the ester stage. The structures were assigned after exam­
ination of 1H and 13C NMR spectra according to estab­
lished criteria. Thioamides provided the S-alkylated 
products exclusively (examples 13ay-aaa). 

The meta-substituted phenoxyacetic acid side chain 
characteristic of 3 was introduced to many of the hetero-
cycles 12 under the conditions described for the simpler 
alkanoate esters. Alkylation of 12 with either bromide 14a, 
iodide 14b, or tosylate 14c was followed by saponification 
to provide the target acids 13. However, because of the 
tendency for halides 14a and 14b and tosylate 14c to suffer 
elimination under basic conditions, the Mitsunobu18 pro­
cedure was employed to install this side-chain moiety in 
the preparation of 13ao, 13ar, and 13aad. The relatively 
acidic NH present in the heterocyclic precursor to these 

(16) Davidson, D.; Weiss, M.; Jelling, M. The Action of Ammonia 
on Benzoin. J. Org. Chem. 1937, 2, 328-334. 

(17) Cooper, J. L.; Wasserman, H. H. Photolysis of 4,5-Diphenyl-
oxazoles, -thiazoles, and -imidazoles. Formation of Phenan-
thro[9,10-<i]-heterocyclic Systems. J. Chem. Soc. Chem. Com-
mun. 1969, 200-201. 

(18) Mitsonubu, O. The Use of Diethyl Azodicarboxylate and Tri-
phenylphosphine in Synthesis and Transformation Of Natural 
Products. Synthesis 1981, 1-28. 
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compounds allowed efficient coupling of the alcohol 14d, 
the synthetic precursor to electrophiles 14a-c, with the 
parent heterocycle under the mild conditions. The het-
erocycles required to conduct this study were obtained 
from commercial sources or were prepared according to 
reported procedures (or modifications thereof). 

The thiazole and imidazole derivatives 13i and 13j, re­
spectively, were prepared as shown in Scheme IV by a 
procedure that entailed alkylation of the 2-(lithiomethyl) 
heterocycle with the bromide 15. Treatment of thiazole 
1619 sequentially with "BuLi and bromide 15 gave the 
alkylated product, which was deprotected without puri­
fication to afford the corresponding phenol 17. Alkylation 
of 17 with methyl bromoacetate provided ester 18 which 
was hydrolyzed to target acid 13i with LiOH in aqueous 
MeOH. A similar sequence of reactions was envisaged to 
prepare the imidazole analogue 13j, but the presence of 
an acidic hydrogen in 19 necessitated the introduction of 
a protecting group prior to metalation. Although a number 
of suitable protecting groups have been developed,20"23 the 
ethoxy-ethyl moiety23 satisfied the demands of the pro­
jected synthesis and offered the advantage of being inex­
pensive and easily introduced.24 Heating 19 with an excess 
of ethyl vinyl ether gave the crystalline imidazole 20 which 
was metalated with "BuLi and quenched with bromide 15. 
The crude product was selectively deprotected using 
"Bu4NF in THF to give the phenol 21 which was alkylated 
with methyl bromoacetate to give ester 22. Heating 22 at 
reflux in MeOH containing concentrated H2SO4

23 removed 
the heterocycle protecting group to give 23, which was 
saponified to the target imidazole 13j with LiOH in 
aqueous MeOH. 

Scheme V summarizes the synthetic approach employed 
to prepare the pyrazole derivatives 13k and 131. 
Quenching the dianion25 derived from 1-benzoylacetone 
(24) with bromide 15 gave /3-diketone 25. Pyrazole ring 
construction was accomplished by exposure of 25 to phenyl 
hydrazine or diphenylmethyl hydrazine26 in MeOH con­
taining pyridine27 and was followed by deprotection of the 
crude material to afford the phenols 26a and 26b, re-

(19) Lednicer, D. 2-(Lithiummethyl)-4,5-dianisylthiazole. U.S. 
Patent 3,560,514, February 2, 1971. 

(20) Whitten, J. P.; Matthews, D. P.; McCarthy, J. R. [2-(Tri-
methylsilyl)ethoxy]methyl (SEM) as a Novel and Effective 
Imidazole and Fused Aromatic Imidazole Protecting Group. J. 
Org. Chem. 1986, 51, 1891-1894. 

(21) Katritzky, A. R.; Rewcastle, G. W.; Fan, W-Q. Synthesis of 
2-Substituted Imidazoles and Benzimidazoles and of 3-Sub-
stituted Pyrazoles by Lithiation of AT-(Dialkylamino)methyl 
Heterocycles. J. Org. Chem. 1988, 53, 5685-5689. 

(22) Chadwick, D. J.; Ngochinda, R. I. 2,5-Dilithiation of N-Pro-
tected Imidazoles. Synthesis of 2,5-Disubstituted Derivatives 
of 1-Methoxymethyl-, 1-Triphenylmethyl-, and 1-(W^V-Di-
methylsulphonamido)-imidazole. J. Chem. Soc. Perkin Trans. 
1 1984, 481-486. 

(23) Manoharan, T. S.; Brown, R. S. l-(l-Ethoxyethyl): An Effec­
tive Protecting Group for Imidazole Nitrogen. J. Org. Chem. 
1988, 53, 1107-1110. 

(24) Adolphi, H.; Steimmig, A.; Spaenig, H. Imidazole Acetals. U.S. 
Patent 3,681,375, August 1, 1972. 

(25) Huckin, S. N.; Weiler, L. Aldol Type Condensation of 0-Keto 
Ester Dianions. Can. J. Chem. 1974, 52, 2157-2164. 

(26) Kopecky, K. R.; Pope, P. M.; Lopez Sastre, J. A. Evidence for 
One Bond Cleavage in the Thermolysis of (-)-(S)-l-Di-
phenylmethyl-2-(2-butyl)diazene and of l-Diphenylmethyl-2-
phenyldiazene. Can. J. Chem. 1976, 54, 2639-2651. 

(27) Murray, W.; Wachter, M.; Barton, D.; Forero-Kelly, Y. The 
Regioselective Synthesis of Tepoxalin, 3-[5-(4-Chloro-
phenyl)-l-(4-methoxyphenyl)-3-pyrazolyl]-N-hydroxy-iV-
methylpropanamide and Related 1,5-Diarylpyrazole Anti-in­
flammatory Agents. Synthesis 1991, 18-20. 
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Scheme III 
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Q-\ K2CO3ZCH3CN R . U . N 

CO2H . . ^ -
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%_J 
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OH 

V_/ 

13k. R-Ph 
131, R-Ph2CH 

26a, R -Ph 
26b. R - Ph2CH 

spectively. Elaboration of 26 by alkylation with methyl 
bromoacetate and subsequent hydrolysis furnished the 
pyrazolo acids 13k and 131. 

The triazole derivatives 13v-ab were synthesized as 
shown in Scheme VI. Chlorination of the amide 27 in 
SOCl2 at reflux was followed by exposure of the crude 
material to hydrazine to give the amidrazone 28.28,29 

Scheme VI 

P h ' N H 

1. baseZ'BuOCOCIZTHF 

Ph 3. TolueneZA 
4. OHVMeOH 

Scheme VII 
s 
1 

N ^ N H 2 
H 

I N 

h' A 
X-CO2H 

13v-13ab 

Benzoin 
cat. TsOHZ200°C * 

P h ^ ^ N 

' T V S 
P h ^ - N 

X=^OH 

H2O2ZAcOH 

L V H 
1. Br(CH2)nC02RZbase 

2. OH'ZMeOH 

X=T^O(CH2JnCO2H 

13ac*ah 

T VH 
P h - ^ N 

X=T-QH 

Coupling of 28 with a carboxylic acid in the presence of 
DPPA30 or after prior activation of the acid with 'BuO-
COCl, was followed by heating in toluene to effect cycli-
zation to the triazole ring system.31 Base-induced hy­
drolysis gave the target compounds 13v-ab. 

The preparation of the series of triphenylated imidazole 
derivatives 13-13ah is delineated in Scheme VII. 
Treatment of hydroxyaniline 29 with ammonium thio-
cyanate in 20% HCl solution32 provided the corresponding 

(28) Neunhoeffer, H.; Weischedel, F. Synthesis of Amidrazones and 
Amidines. Justus Liebigs Ann. Chem. 1971, 749, 16-23. 

(29) Reimlinger, H.; Lingier, W. R. F.; Vandewalle, J. J. M. Cyclo-
condensations of Open Chain Amidrazones. Chem. Ber. 1971, 
104, 639-644. 

(30) Shioiri, Y.; Ninomiya, K.; Yamada, S. Diphenylphosphoryl 
Azide. A New Convenient Reagent for a Modified Curtius 
Reaction and for the Peptide Synthesis. J. Am. Chem. Soc. 
1972, 94, 6203-6205. 

(31) Clemence, F.; Maushart, C; Mackiewicz, P.; Delavallee, F. A 
New Procedure for the Preparation of 4Jf-l,2,4-triazole De­
rivatives. European Patent Application 0,176,444, April 2, 
1986. 

(32) Papenfuhs, T. Process for the Preparation of Monoaryl Thio­
ureas. U.S. Patent 4,234,513, November 18, 1980. 
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thiourea 30, which was converted to the imidazolethiol 31 
by heating with benzoin and a catalytic amount of TsOH 
at 200 0C.33 Desulfurization of 31 was accomplished by 
oxidation with H2O in AcOH34 to provide the phenols 32 
which were alkylated with an w-bromoalkanoate ester. 
Subsequent hydrolysis gave the acids 13ac-ah. 

The amino acids 13aaj and 13aak were obtained by 
coupling of the appropriate commercially-available amine 
with carboxylic acid 7, using DPPA30 as the activating 
agent, followed by saponification of the ester functionality. 

The compounds synthesized by the routes outlined in 
Schemes III-VII are compiled in Table II along with 
pertinent physical properties. 

Results and Discussion 
The target compounds were evaluated as inhibitors of 

ADP-induced aggregation of blood platelets in human 
platelet-rich plasma (PRP) according to the experimental 
protocol described previously.610 The concentration of test 
compound providing 50% inhibition of aggregation was 
determined from dose-response curves and the results are 
presented in Tables I and II. In this assay, PGI2, iloprost, 
and octimibate exhibit IC50

5S of 8 nM, 2 nM, and 1.02 /uM, 
respectively. Biological data for 2, 3,113a, 13c, and 13d6 

are included in the tables to allow comparison. 
It is apparent from the structure-activity data presented 

in Table I that the platelet inhibitory activity of 3 is re­
markably sensitive to modification of the benzene rings 
appended at the 4 and 5 positions of the oxazole hetero-
cycle. The bis-2-fluoro derivative 9a is equipotent with 
the progenitor 3, but a larger methyl substituent at this 
site leads to a 10-fold reduction in potency (9b). The only 
substituents tolerated with any facility at the 3 position 
are fluorine (9c) and methoxy (9f), but these compounds 
are 5-10-fold less effective than prototype 3. Substitution 
at the 4 position of the phenyl rings of 3 would be expected 
to impede metabolic modification at this site which has 
been shown to be susceptible to hydroxylation in the 
structurally related anti-inflammatory agent oxaprozin.42 

A fluorine substituent is reasonably well-tolerated at the 
para position of the benzene rings (9g), but larger halogens 
(9h,i) are associated with inferior platelet inhibitory 
properties. The only compound in this series to show 
enhanced potency compared to the parent structure is the 
bis-4-methyl-substituted analogue 9j, which is almost 4-fold 
more effective than 3. However, biological activity is ex­
quisitely sensitive to the size of this substituent since the 
immediate homologue 9k is nearly 2 orders of magnitude 
weaker. The poor activity associated with the trifluoro-
methyl derivative 91 contrasts with that recorded for the 
methoxy derivative 9m and suggests that electron-donating 
substituents are preferred at this site. However, replace­
ment of the phenyl rings of 3 by an electron-rich thiophene 
moiety, a common isostere,35 produced weaker platelet 

(33) Prepared by a modification of the procedure reported by Ko-
chergin, P. M. Imidazole Series. X. An Improved Method of 
Preparation of 2-Mercaptoimidazoles from a-Hydroxy Ke­
tones. Zhur. Obshchei Khim. 1961, 31, 1093-1096 (Chem. 
Abstr. 1961, 55, 23503/). 

(34) Lespagnol, A.; Lespagnol, C; Marcinal, P.; Brunad, M.; Salle, 
J. Chemical and Pharmacodynamic Studies of Imidazole and 
Thioimidazole Derivatives. Chem. Ther. 1966, 66, 292-300. 

(35) (a) Todd, P. A.; Brogden, R. N. Oxaprozin—A Preliminary 
Review of Its Pharmacodynamic and Pharmacokinetic Prop­
erties, and Therapeutic Efficacy. Drugs 1986, 32, 292-312. (b) 
Janssen, F. W.; Jusko, W. J.; Chiang, S. T.; Kirkman, S. K.; 
Southgate, P. J.; Coleman, A. J.; Ruelius, H. W. Metabolism 
and Kinetics of Oxaprozin in Normal Subjects. Clin. Phar­
macol. Ther. 1980, 27, 352-362. 

Figure 1. Two-dimensional representation of the nonprostanoid 
PGI2 mimetic pharmacophore illustrating the mode of binding 
of a diphenyl heterocycle derivative substituted with either a 
simple alkanoic acid or the (m-ethylphenoxy)acetic acid side chain. 
The two phenyl rings are shown as coplanar with the heterocycle 
for convenience only and are not intended to suggest a confor­
mational preference. 

inhibitors although the 2-configured compound 9o offers 
some advantage over the 3-substituted isomer, 9p. The 
poor activity observed for the cyclohexyl-substituted 
compound 9q demonstrates the importance of a IT system 
and its associated planarity at this region of the pharma­
cophore. 

Substitution at the 2 and 3 positions of the phenyl rings 
of 3 would be anticipated to markedly influence the con­
formational preferences of these rings and promote an 
arrangement in which they are orthogonal to the oxazole 
heterocycle. That this arrangement more closely repre­
sents the bound conformation is illustrated by the inac­
tivity associated with the phenanthrene derivative 11, in 
which the oxazole and phenyl rings of 3 are constrained 
in a planar array. 

While the SAR presented in Table I highlights a marked 
specificity for a simple phenyl substituent at the 4 and 5 
positions of the oxazole of 3, the data presented in Table 
II reveals that platelet inhibitory activity is remarkably 
insensitive to structural variation of the heterocyclic ring 
itself. It is also apparent from Table II that, with the 
exception of pyrazole 13g, incorporation of the meta-sub-
stituted phenoxyacetic acid side chain discovered with 3 
leads to enhanced potency when compared to an analogous 
alkanoic acid derivative. The 5-fold difference in potency 
between 2 and 3 is reproduced in the structurally analogous 
pair of pyrazoles 13a and 13b. This structure-activity 
correlation extends to the topologically distinct arrange­
ment inherent to the isomeric compounds 13c and 13e. 
However, in this series 13e is only 2-fold more effective 
than the octanoate 13d, previously shown to be the optimal 
side-chain length in this series,6 and is consistent with the 
nonlinear pharmacophore topology presented earlier6 and 
subsequently refined.1 This model also suggests an ex­
planation for the poor activity associated with 13g, which 
hybridizes the phenoxyacetic acid side chain of 3 with the 
triphenylpyrazole anchor group that provided the most 
potent PGI2 mimetic (13f) to be identified from the ori­
ginal study.6 Pyrazole 13g is over 60-fold weaker than 13f, 
an observation that is consistent with the additional phenyl 
ring of the pyrazole interfering with the optimal alignment 

(36) (a) Thornber, C. W. Isosterism and Molecular Modification in 
Drug Design. Chem. Rev. 1979, 8, 563-580. (b) Burger, A. 
Isosterism and Bioisosterism in Drug Design. Prog. Drug Res. 
1991, 37, 288-362. 
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of the side-chain aryl ring as depicted in Figure 1. 
The diphenylated pyrrole (13h), thiazole (131), imidazole 

(13j), and pyrazole (13k) ring systems provide effective 
platforms for PGI2 mimicry, although the more basic im­
idazole derivative 13j is 2-fold less potent than the pro­
totype 3. The inactivity associated with the benzhydryl 
pyrazole 131 demonstrates that this arrangement of three 
phenyl rings is less than optimal, at least within the context 
of the single side-chain configuration examined. 

The structure-activity relationships associated with the 
topological arrangement explored initially with pyrazoles 
13c-e6 was further examined with the series of imidazole 
derivatives 13m-u and the triazoles 13v-ab. The imid­
azoles 13m, 13n, and 13p are 5-10-fold weaker platelet 
aggregation inhibitors than the structurally analogous 
pyrazoles 13c, 13d, and 13e. Reducing the length of the 
side-chain tether of 13e gave an inactive compound (13o), 
which parallels the SAR for the oxazole series.1 A methyl 
substituent at the 2 position of the imidazole ring of no-
nanoic acid 13m leads to almost a 20-fold increase in po­
tency (13q) but this effect is much less pronounced with 
the pair of lower homologues 13n and 13r. Although the 
structure-activity relationships described above suggest 
that the increased basicity associated with the imidazole 
heterocycle is detrimental, replacement of the 2-CH3 group 
of 13r with the electron-withdrawing CF3 does not sig­
nificantly affect potency. A large phenyl substituent is also 
well-tolerated at the 2-position of the imidazole ring and, 
as noted for 13q and 13r, potency is relatively insensitive 
to side-chain length (13t,u). 

The simple triazolealkanoic acids 13v-z are ineffective 
inhibitors of platelet function, with ICso's in excess of 80 
MM, but the value of the meta-substituted phenoxyacetic 
acid side chain1 is underscored in this series of compounds. 
This side-chain configuration confers platelet inhibitory 
activity to an intrinsically weakly active heterocyclic sys­
tem, although 13z is 17-fold weaker than the corresponding 
pyrazole 13e and 2-fold weaker than imidazole 13p. In­
terestingly, the triazole series reveals a dependence on 
side-chain unsaturation that is the reverse of that observed 
with the oxazole series from which 3 was discovered.1 

Thus, the troras-olefin 13y is 4-fold more potent than its 
reduced counterpart 13z. A para substitution pattern is 
associated with poor activity in either configuration studied 
(13aa and 13ab), an observation that parallels those made 
with the oxazole series.1 

The pharmacophore model developed for this class of 
PGI2 mimetics12,13 proposes a nonlinear topology and 
structure-activity studies suggest that occupation of the 
region designated as C in Figure 1 is associated with en­
hanced potency. This region is probably occupied, at least 
in part, by the phenoxy rings of both 3 and the more potent 
m-olefin 33.1 Consequentially, it appeared that appending 
the acid-containing side chain to a heterocycle-bound 
phenyl ring that projects into the C region would provide 
a suitable alternative arrangement of the pharmacophoric 
elements. This concept, which amounts to an examination 
of the effect of side chain rigidification within this topo­
logical pattern, was explored by evaluating the platelet 
inhibitory properties of the series of imidazole derivatives 
13ac-ah. However, only the para-substituted butyric acid 
derivative 13ad showed significant biological activity and 
this compound is intermediate in potency between the 
simpler nonanoate 13m and octanoate 13n. The meta-
substituted isomer 13aj is approximately half as potent 
as 13ad. That this arrangement did not lead to signifi­
cantly more potent PGI2 mimetics is probably due to the 
influence exerted by the adjacent phenyl ring on the 

conformation of side-chain-substituted phenoxy ring. 
These nonbonded interactions would be expected to pro­
mote an orthogonal arrangement of the phenyl rings on 
the contiguous atoms of the imidazole heterocycle and this 
presumably places some restrictions on the conformational 
mobility of the carboxyl terminus. 

Replacement of the oxazole ring of 2 and 3 by hetero-
cycles that incorporate an amide moiety was also explored. 
The triazolone 13ai exhibits biological activity comparable 
to that of prototype 2 that is reduced upon abbreviation 
of the side chain (13aj) and increased by incorporation of 
the phenoxyacetic acid-containing side chain (13ak), SAR 
that parallels the oxazole series of PGI2 mimetics.1 The 
hydantoin derivative 13al is only 4-fold weaker than ox­
azole 2 despite the fact that one of the phenyl rings is 
attached to an sp3 carbon atom and, as such, deviates from 
the more planar arrangement inherent to the compounds 
described previously. A 6-membered diphenylated ring 
is also compatible with this nonprostanoid PGI2 mimetic 
pharmacophore since the triazinones 13am-ao and pyri-
dazinones 13ap-ar show a similar level of biological ac­
tivity to their oxazole-based counterparts. However, the 
potency of both series of aliphatic acids (13am,an,ap,aq) 
shows a much less stringent dependence on side-chain 
length than that observed with 4,5-diphenyloxazole de­
rivatives, presumably due to the presence of the larger 
6-membered rings. Nevertheless, in both ring systems, the 
(m-ethylphenoxy)acetic acid side-chain configuration 
proved to be a beneficial modification (13ao,ar). The 
triphenylated pyridazinones 13as and 13at, are both in­
active, a finding that can be rationalized by the pharma­
cophore model developed for nonprostanoid PGI2 mimetics 
shown in Figure 1. If the three phenyl rings of 13as and 
13at are accommodated in the regions designated A, B, and 
C in a fashion analogous to that postulated for octimibate 
(1), the side chain of these compounds would be unable 
to align correctly with the carboxylate binding site within 
the receptor. However, the alternative arrangement, in 
which the side chains of 13as and 13at occupy the C region 
in a manner analogous to that of 13am-ar, requires that 
the additional phenyl ring be accommodated by the PGI2 
receptor. The inactivity of 13as and 13at suggests a limit 
to the size of the hydrophobic cavity within the receptor 
protein that accepts the phenylated heterocycles and 
supports the definition of pharmacophore boundary as 
shown in Figure 1. 

A diphenylated pyrimidinone ring is a less effective 
platform for this class of platelet aggregation inhibitor 
since the alkanoic acids 13au and 13ay are 4-5-fold weaker 
than the identically substituted triazinone or pyridazinone 
derivatives. The O-alkylated pyrimidine 13ax shows sim­
ilar efficacy to the N-substituted isomer 13av, but the 
homologue 13aw is a poorer PGI2 mimetic. Surprisingly, 
the structurally analogous pyridazine 13ay and triazine 
13aaa are also inactive, an SAR that extends to the tri­
phenylated pyridazine 13az. The poor activity associated 
with 13ay-aaa is not readily understood on the basis of 
correlations of topology and biological activity that have 
emerged for this class of platelet aggregation inhibitor. 
Indeed, the pyridazinone 13az was prepared in order to 
explore a topological arrangement predicted to be more 
effective on the basis of the arguments developed above 
for the N-substituted pyridazinones 13as and 13at. It is 
conceivable that as a result of the combination of a 6-
membered ring with the intrinsically longer carbon-sulfur 
bonds, the optimum separation between the carboxylic acid 
and heterocycle defined by octimibate (1) is not repre­
sented in the single example presented in Table II. 
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Table II. 
heterocycte-X-COjH 

Meanwell et al. 
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13g 

13h 
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13n 
13o 
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C
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pi 
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(CHj)8 

(CHj)2-S-C6H4OCH2 

(CH2)8 

(CHj)J-S-C6H4OCHj 

( C H J ) 8 

(CH2), 
(CH2)J-S-C6H4OCHj 

( C H J ) 8 

( C H J ) 2 - S - C 6 H 4 O C H J 

( C H J ) 8 

( C H 2 ) J - 3 - C 6 H 4 O C H J 

( C H J ) 2 - 3 - C 6 H 4 O C H 2 

( C H J ) 2 - S - C 6 H 4 O C H 2 

( C H 2 ) J - 3 - C 6 H 4 O C H 2 

(CH2)8 

(CH2), 
C H 2*3-01311400 H 2 
(CH2) r3-C6H4OCH2 

(CH2)8 

(CH2), 

(CH2), 

(CHj)8 

(CH2), 

(CH2)9 

(CH2)8 

(CH2), 
CH=CH-3-C6H4OCH2 

(CH2)2-3-C6H4OCH2 
CH=CH-4-C6H4OCH2 

(CH2)2-4-C6H4OCH2 

C6H4-4-OCH2 

C6H4-4-0(CH2)3 

C6H4-4-0(CH2)4 
C6H4-3-OCH2 

C6H4-S-O(CHj)3 

C6H4-3-0(CH2)4 

(CHj)8 

( C H J ) 7 

( C H J ) 2 - 3 - C 6 H 4 O C H J 

(CHj)8 

( C H J ) 8 

( C H J ) 7 

( C H 2 ) J - 3 - C 6 H 4 O C H 2 

( C H J ) 8 

( C H J ) 7 

( C H J ) 2 - S - C 6 H 4 O C H J 

( C H J ) 8 

( C H J ) , 

( C H J ) 8 

(CH2), 

mp, 0C 

83-85 
153-154.5 

83-85 
147.5-149 

oil 
88-90 
133-138 

112-114 
168-172 

oil 

118-120 

244-246 

125-127 

150-155 

130-133.5 
164-166 
203-205 
182-188 

95-99 
161-163 

95-96 

130-136 
144-146 

127-129 
93-100 
129-131 
247-248 
198-200 
260-264 
178-179 

238-240 
177-180 
181-183 
234-236 
242-244 
199-201 

143-145 
142-144.5 
148-158 

111.5-112.5 

97-100 
111-113 
179-182 

101-103 
108-111 
165-167 

119-121 
163-165 

120-123 
121-123 

anal.0 

C24H27NO3 

C26H21NO4 

C24H28N2O2-O^H2O 
Cj6H22N2O3-0.15H2O 

^24H28N2O2 

C28H26N2O2 

Cj8H22NjO3 

C 3 O H 3 2 N 2 O J 

C31H26N2O3-O-SH2O 

C26H29NO2-O^H2O 

C J 4 H J 1 N O 3 S - O - I H J O 

C 25 "22 N 2O 3* H2U 

C25H22N2O3-0.2H2Oc 

C32H28N2O3-H2O 

C24H28N2O2 

C23H26N2O2-O^HjO-O-SCH2Cl2 

C 2 4 H 2 O N J O 3 - C S H J O 
Cj6H22NjO3-0.6HjO 

C25H30N2O2-O^H2O-O-SSCH2Cl2 

C24H28N202-1.8H20 

Cj4H25F3NjO2 

C30H32N2O2-CSH2O 
C J 9 H 3 0 N J O J - O ^ H 2 O 

C24H29N3O2-O^H2O 
C J 3 H J , N 3 O J 
C J 2 H J 6 N 3 O J 

C24H19N3O3-O^H2O 
C24H21N3O3-O-IH2O 
Cj4H19N3O3-0.65HjO 
C24H21N3O3-O-IH2O 

C23H18N2O3-0.2H2O-0.1EtOH 
C J 6 H J 2 N J O 3 - O ^ H J O 

CJ 6 HJ 4 NJO 3 -O-SHJO 

C23H18N2O3 

Cj6Hj2NjO3 

C J 6 H J 4 N J O 3 - C I H 2 O 

C23H27N3O 
C22H26N3O3-0.25H2O 
C24H21N3O4 

C24H28N2O4 

C24H27N3O3 
C23H25N3O3 

C26H21N3O4-CSH2O' 

C26H28N2O3 

C24H26N2O3-O^H2O 
C26H22N2O4-ClH2O-CH2Cl2 

C31H32N2O3 

C30H30N2O3 

C26H28N2O3 

C24H26N2O3 

inhibition of 
ADP-induced 
aggregation of 

human platelets, 
IC50, MM» 

6.6 
1.25 

4.5 
0.87 

5.8 
1.38 
0.75 

0.4 
24.5 

10.3 

0.86 

2.88 

1.67 

>63 

58.4 
8.19 
>82 
5.0 

3.04 
4.4 

4.64 

3.9 
3.8 

>82 
>85 
>88 
2.99 
12.72 
>80 
>80 

>84 (23%) 
29.2 
>76 (31%) 
>82 (18%) 
<80 (57%) 
>32 (23%) 

4.1 
>84 
1.57 

29.4 

4.9 
7.9 
2.1 

7.2 
4.1 
1.9 

>67 
>68 

29.7 
25.6 
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compd no. 

13aw 

13ax 

13ay 

13az 

13aaa III 

13aae 
13aaf 
13aag 

13aah 

heterocycle 

P h ^ * N ^ O X 

P h T N T 

Ph-^Y^s'' 
Ph 

PVN'N 

L i 
P h ^ * N ^ S ^ 

p / V - N 

P l / V N 

\ 

P h ^ A i 

X 

(CH2),, 

(CH2), 
(CH2), 

(CH2), 

(CH2), 

(CH2)8 

(CH2), 
(CH2)2-3-C6H4OCH2 

(CH2), 
(CH2), 

(CH2)8 

(CH2)8 

mp, 0C 

90-91 

99-101 

86-88 

155-157 

65-67 

68-70 
62-65 
oil 

133-135 
80-82 

oil 

oil 

anal." 

C2SH2SN2Os 

C24H26N2Os 

C24H26N2O2S 

C 3 0 H 3 0 N 2 O 2 S - C I H 2 O - O 1 I C H 2 C I 2 

C24H2,N3O2S-0.5H2O' 

C23H28N4O2 

O22H26N4O2 

C24H22N4O3-0.2H2O 

C23H28N4O2 

C22H26N4O2 

C2SH30N2O2 

C25H30N2O2-O^H2O 

inhibition of 
ADP-induced 
aggregation of 

human platelets, 
IC60, MM" 

>79 

35.9 

>78 

>65 

>74 

10.7 
7.9 
3.6 

>81 
>84 

>82 

>80 

13aai (CH2)8 98-101 C24H28N2O4 >78 

Ph' ' N ^ O 

13aaj 

13aak 

13aal 
13aam 

13aan 
13aao 

13aap 

O 
Ph 1 

P h ' H 

H C 
Ph N - ^ 

Ph 

P h Y c 

P h ' N -

>*• N 

f l T * ° 

6 °̂ 

(CH2)2-

(CH2)j-

(CH2) 10 

(CH2)8 

(CH2)8 

(CH2), 

(CH2)8 

3-C6H4OCH2 

3-C6H4OCH2 

155-157 

130.5-131.5 

74-77 
oil 

87-89 
60-64 

124-126 

C24H23NO4 

C25H25NO4 

C24H31NO3 

C22H27NO3 

C23H26N2O3 

C22H24N2O3-0.2CH2Cl2 

C23H26N2O4 

>82 

>79 

>84 
>90 

>85 
>84 

>81 

"Elemental analyses for C, H, and N are within ±0.4 of theoretical values. 6See footnote, Table I. CH: calcd, 5.62; found, 6.08. 
dHigh-resolution MS: calcd, 377.2229; found, 377.2219. e N: calcd, 9.63; found, 8.64. 'N: calcd, 9.76; found, 8.98. 

A number of structurally different arrangements of the 
two crucial benzene rings that comprise the hydrophobic 
pharmacophore for this class of PGI2 mimetic were also 
examined. The C-5 diphenylmethyl tetrazoles 13aab and 
13aac are only 3-4-fold less potent as inhibitors of platelet 
function than the prototypical oxazole 2, but activity in 
this series is less critically dependent on side-chain length. 
However, incorporation of the side-chain characteristic of 
3 leads to enhanced potency in this series and 13aad is 
2-3-fold more effective than either of the aliphatic acid 
analogues. The isomeric N-I substituted nonanoic acid 
13aae and octanoate 13aaf are inactive, providing further 
support for the extended pharmacophore presented in 
Figure 1. 

In marked contrast to the structure-activity correlates 
described above for the diphenylated heterocyclic series 
of PGI2 mimetics, the biological activity associated with 
13aab exhibits a remarkable sensitivity to structural 
variation of the tetrazole heterocycle. The relatively small 
structural alteration that results from substituting the 
tetrazole ring by a pyrazole moiety (13aag) results in a 
diminution of potency of at least 1 order of magnitude. 

Incorporation of the diphenylmethyl group into a ring 
system, as exemplified by the phenytoin derivative 13aai, 
gave an inactive compound. Attempts to further simplify 
the diphenylmethyl pharmacophore were not successful 
even though these compounds (13aaj-k) present the 
meta-substituted phenoxyacetic acid side-chain function­
ality. 

The amide derivatives 13aal-m were synthesized and 
evaluated because the two phenyl rings of this functionality 
have been shown to adopt an arrangement in solution37 

similar to that enforced by the less conformationally 
flexible diphenylated heterocycles described above. 
However, neither 13aal nor 13aam significantly inhibits 
of ADP-induced platelet aggregation. 

(37) Itai, A.; Toriumi, Y.; Tomioka, H.; Kagechika, H.; Azumaya, 
L; Shudo, K. Stereochemistry of N-Methylbenzanilide and 
Benzanilide. Tetrahedron Lett. 1989, 6177-6180. 

(38) Armstrong, R. A.; Jones, R. L.; MacDermot, J.; Wilson, N. H. 
Prostaglandin Endoperoxide Analogues Which are Both 
Thromboxane Receptor Antagonists and Prostacyclin Mimet­
ics. Br. J. Pharmacol. 1986, 87, 543-551. 



3506 Journal of Medicinal Chemistry, 1992, Vol. 35, No. 19 Meanwell et al. 

One final aspect of structural variation that was explored 
comprised evaluating the effect of conformationally con­
straining one of the phenyl rings of pyridazinones 13ap 
and 13aq by annelation to the heterocycle. However, this 
modification was not successful since 13aan and 13aao are 
inactive as is the related quinazoline dione 13aap. 

The pattern of structure-activity relationships that has 
emerged from this study of nonprostanoid PGI2 mimetics 
demonstrates that although these compounds are struc­
turally relatively simple, biological activity is very sensitive 
to modification of the two phenyl rings that constitute one 
of the pharmacophoric elements.6 The introduction of 
substituents to these rings or replacement by isosteric 
systems is not readily tolerated and suggests a rather 
specific interaction with a well-defined cavity within the 
PGI2 receptor. However, platelet inhibitory activity is less 
sensitive to the identity of the heterocycle to which these 
benzene rings are attached and a wide variety of hetero-
cycles function effectively in this pharmacophore. These 
observations support the proposal that the heterocycle 
functions primarily as a scaffold on which the pharmaco­
phoric elements are optimally arranged for presentation 
to the PGI2 receptor.6 However, the nature of the heter­
ocyclic moiety exerts some influence on biological activity 
since the more basic heterocycles examined in this study 
(13m-ab) are generally less potent than analogously-sub­
stituted 5-membered rings that less readily form acid salts. 
This suggests that the diphenylated heterocycle binds to 
a largely hydrophobic region of the PGI2 receptor protein. 

The platelet inhibitory activity associated with the 
tetrazoles 13aab,aac suggests that the diphenylmethyl 
moiety functions as an effective isostere of a diphenylated 
heterocycle and provides some structural analogy with the 
PGI2 mimetics EP 035 (33) and EP 157 (34). However, 

33, n = 1,X = H, EP 035 
34, n = 2, X = bond, EP 157 

with this arrangement of the key functionality, biological 
activity appears to be much more sensitive to structural 
variation than for the diphenylated heterocyclic class of 
compound. 

The presence of a x-system closely associated with the 
two benzene rings is of some importance and activity ap­
pears to be sensitive to the nature and stereochemical 
presentation of this component of the pharmacophore. 
While an oxime is capable of fulfilling this role (33, 34), 
amides appear to be less effective since 13aai-aam do not 
significantly inhibit platelet aggregation. 

In summary, we have provided insight into the func­
tional demands of the region of the PGI2 receptor that 
accommodates the two benzene rings that constitute a 
portion of the nonprostanoid PGI2 mimetic pharmaco­
phore. Furthermore, we have demonstrated that a diverse 
array of diphenylated heterocycles are compatible with 
PGI2 mimicry and that the (m-ethylphenoxy)acetic acid 
side chain is of general value in this class of compound. 
Many of the compounds prepared as part of this study are 
effective inhibitors of platelet aggregation in vitro. 

Experimental Section 
General directions have been described previously.1 High-

resolution mass spectra were obtained on a Kratos MS 50 spec­

trometer in the FAB mode using cesium iodide and glycerol as 
the reference. The heterocycles required as starting materials 
for derivatization were obtained from commercial sources or 
prepared by procedures analogous to those described previously; 
3,4- and 4,5-diphenyl-lH-pyrazole,6 3,4,5-triphenyl-lif-pyrazole,6 

3,4-diphenylpyrrole,39 2-methyl-4,5-diphenylthiazole,19 2-
methyl-4,5-diphenylimidazole,40 2-(trifluoromethyl)-4,5-di-
phenylimidazole,41 4,5-diphenyltriazol-3-one,29 1,5-diphenyl-
imidazolidine-2,4-dione,42 5,6-diphenyl-l,2,4-triazol-3(2H)-one,43 

5,6-diphenyl-3(2H)-pyridazinone,44 4,5,6-triphenyl-3(2H)-
pyridazinone,45 4,5-diphenyl-2(lH)-pyrimidone,46 5,6-diphenyl-
3(2fl)-pyridazmethione,474,5,6-triphenyl-3(2i/)-pyridazinethione,48 

5,6-diphenyl-l,2,4-triazol-3(2H)-thione.49 

Methyl [3-[2-[4,5-Bis(4-methylphenyl)-2-oxazolyl]ethyl]-
phenoxy]acetate (8j). A mixture of 2-hydroxy-l,2-bis(4-
methylphenyl)ethanone14 (4.50 g, 19 mmol), acid (4.50 g, 19 mmol), 
DCC (4.80 g, 23 mmol), DMAP (catalytic quantity), and CH2Cl2 
(125 mL) was stirred at room temperature for 5 h. The mixture 
was filtered, the solvent evaporated, and the residue dissolved 
in AcOH (100 mL). NH4OAc (7.20 g, 94 mmol) was added, the 
mixture heated at reflux for 1 h, cooled, and concentrated in vacuo. 
The residue was diluted with H2O and extracted with EtOAc to 
give an oil which was chromatographed on a column of silica gel. 
Elution with a mixture of hexane and EtOAc (9:1) gave 8j (2.00 
g, 24%). IR (film) 1750 cm"1; 1H NMR (CDCl3) S 2.35 (6 H, s, 
CiJ3), 3.14 (4 H, s, CF2), 3.79 (3 H, s, CO2CH3), 4.61 (2 H, s, OCH2), 
5.28 (0.4 H, CH2Cl2), 6.73 (1 H, dd, J = 8 Hz, J' = 2 Hz, aryl H 
ortho to O), 6.84 (1 H, d, J = 2 Hz, aryl H ortho to O), 6.91 (1 
H, d, J = 8 Hz, aryl H para to O), 7.10-7.30 (7 H, m, aryl H), 7.46 
(2 H, d, J = 8 Hz, aryl H), 7.53 (2 H, d, J = 8 Hz, aryl H); MS 
(FAB) m/z 442 (MH+). Anal. (C28H27NO4-0.2CH2Cl2) C, H, N. 

[3-[2-[4,5-Bis(4-methylphenyl)-2-oxazolyl]ethyl]phen-
oxy]acetic Acid (9j). A mixture of 8j (1.70 g, 3.9 mmol), LiO-
H-H2O (0.323 g, 7.7 mmol), MeOH (25 mL), and H2O (3 mL) was 
heated at reflux for 30 min. The solvent was evaporated, the 
residue diluted with H2O and 2 N HCl to pH = 2 and extracted 
with EtOAc to give 9j (0.46 g, 28%): mp 131 0C; IR (KBr) 1750 
cm"1; 1H NMR (CDCl3) 5 2.29 (6 H, s, CH3), 3.05 (4 H, s, CH2), 
3.58 (bs, H2O), 4.50 (2 H, s, OCH2), 6.69 (1 H, dd, J = 8 Hz, J' 
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on Benzil. J. Org. Chem. 1937, 2, 319-327. 

(41) Lombardino, J. G.; Wiseman, E. H. Preparation and Antiin­
flammatory Activity of Some Nonacidic Trisubstituted Imid­
azoles. J. Med. Chem. 1974, 17, 1182-1188. 

(42) Joshi, K. C; Pathak, V. N.; Goyal, M. K. Fluorine Containing 
Bioactive Heterocycles. Part II. Synthesis of Some New 
Fluorine Containing Arylglyoxals, Their Hydrates and 1,5-
Disubstituted Hydantoins. J. Heterocycl. Chem. 1981, 18, 
1651-1653. 

(43) Biltz, H. On The Action of Semicarbazide on Benzil, Benzoin 
and Related Compounds. Justus Liebigs Ann. Chem. 1905, 
339, 279-292. 

(44) Schmidt, P.; Druey, J. S. Studies of Pharmaceuticals in the 
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Kathawala, F. G. Pyrimidones. 1. Synthesis of Some 1-Sub-
stituted-5-aryl- and (4,5-Diaryl)-2(lff)pyrimidones. J. Heter­
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and Related Derivatives. Indian J. Chem., Sect. B 1978,16B, 
936-938. 

(48) Pollak, A.; Tisler, M. An Unusual Conversion of a Pyridazine 
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= 2 Hz, aryl H ortho to O), 6.78 (2 H, m aryl H), 7.00-7.20 (7 H, 
m, aryl H), 7.37 (2 H, d, J = 8 Hz, aryl H), 7.42 (2 H, d, J = 8 
Hz, aryl H); MS (FAB) m/z 428 (MH+). Anal. (C26H25NO4-
0.43H2O) C, H, N. 

Ethyl [3-[2-(Phenanthro[9,10-<f]oxazol-2-yl)ethyl]phen-
oxy]acetate (10). A solution of 3 (3.00 g, 9 mmol) and I2 (catalytic 
amount) in EtOH (180 mL) was placed in a quartz tube and 
irradiated in a Rayonet photoreactor using a 300-nm light source. 
After 19 h, the EtOH was evaporated, and the residue dissolved 
in CH2Cl2 and washed with 10% Na2S2O3 solution. The organic 
phase was dried over Na2SO4 and the solvent evaporated to leave 
an oil. Chromatography on a column silica gel using a mixture 
of hexane and Et2O (3:2) afforded 10 (1.40 g, 43%): mp 79-81 
0C (hexane/CH2Cl2); IR (KBr) 1730 cm'1; 1H NMR (CDCl3) 8 
1.26 (3 H, t, J = 7 Hz, CO2CH2CJf3), 3.20-3.40 (4 H, m, CH2), 
4.23 (2 H, q, J = 7 Hz, CO2CZf2CH3), 4.58 (2 H, s, OCTf2), 6.75 
(1 H, dd, J = 8 Hz, J' = 2 Hz, aryl H, ortho to O), 6.90 (2 H, m, 
aryl H), 7.21 (1 H, t, J = 8 Hz, aryl H meta to O), 7.67 (4 H, m, 
aryl H), 8.20 (1 H, dt, J = 7 Hz,«/' = 1.5 Hz1 aryl H), 8.49 (1 H, 
dd, J = 7 Hz, J' = 1.5 Hz, aryl H), 8.72 (2 H, m, aryl H); MS m/z 
426(MH+). Anal. (C27H23NO4) C, H, N. 

[3-[2-(Phenanthro[9,10-d]oxazol-2-yl)ethyl]phenoxy]acetic 
Acid (11). Saponification of 10 (1.00 g, 2 mmol) as described for 
the preparation of 9j gave 11 (0.8 g, 85%): mp 227-229 0C; IR 
(KBr) 1750 cm"1; 1H NMR (DMSO-d6) 8 3.16 (2 H, t, J = 8 Hz, 
CTf2), 3.38 (2 H, t, J = 8 Hz, CTf2), 4.45 (2 H, s, OCTf2), 6.68 (1 
H, d, J = 8 Hz, aryl Tf), 6.87 (2 H, m, aryl Tf), 7.15 (1 H, t, J = 
8 Hz, aryl Tf meta to 0), 7.75 (4 H, m, aryl H), 8.19 (1 H, d, J 
= 7 Hz, aryl Tf), 8.38 (1 H, d, J = 7 Hz, aryl Tf), 8.91 (2 H, t, J 
= 8 Hz, aryl Tf); MS m/z 398 (MH+). Anal. (C25H19NO4-O-SH2O) 
C, H, N. 

Methyl [3-[2-[[(4-Methylphenyl)sulfonyl]oxy]ethyl]-
phenoxy]acetate. A solution of methyl 3-hydroxyphenylacetate 
(38.10 g, 229 mmol) in Et2O (200 mL) was added dropwise to a 
stirred suspension of LiAlH4 (6.53 g, 172 mmol) in Et2O (500 mL). 
The mixture was stirred for 21 h, and H2O (26 mL) and 1N NaOH 
solution (6.5 mL) were added dropwise. The mixture was filtered, 
concentrated, and chromatographed on a column of silica gel using 
a mixture of hexane and EtOAc (3:1) as eluent to give 3-
hydroxyphenethyl alcohol (13.49 g, 42%): 1H NMR (CDCl3) 8 
2.78 (2 H, t, J = 7 Hz, ArCTf2), 3.81 (2 H, t, J = 3 Hz, CTf2OH), 
5.35 (1 H, bs, OTf), 6.60 (2 H, m, aryl Tf), 6.77 (1 H, d, J = 9 Hz, 
aryl Tf), 7.16 (1 H, t, J = 9 Hz, aryl Tf); MS m/z 139 (MH+). 

A mixture of 3-hydroxyphenethyl alcohol (14.63 g, 106 mmol), 
methyl bromoacetate (16.22 g, 106 mmol), K2CO3 (16.12 g, 117 
mmol), KI (catalytic amount), and DMF (110 mL) was stirred 
at 130 0C for 22 h. The mixture was cooled, poured onto H2O, 
and extracted with Et2O to give an oil. Chromatography on a 
column of silica gel using a mixture of EtOAc and hexane (3:2) 
as eluent gave methyl 3-(2-hydroxyethyl)phenoxyacetate (9.81 
g, 44%): 1H NMR (CDCl3) 8 2.82 (2 H, t, J = 7 Hz, ArCTf2), 3.78 
(3 H, s, CO2CTf3), 3.82 (2 H, m, CTf2OH), 4.61 (2 H, s, OCTf2), 
6.65-6.90 (3 H, m, aryl Tf), 7.22 (1 H, t, J = 9 Hz, aryl Tf); MS 
m/z 211 (MH+), 193 (MH+ - H2O). 

P-TsCl (7.63 g, 40 mmol) was added to a mixture of methyl 
[3-(2-hydroxyethyl)phenoxy]acetate (6.99 g, 33 mmol), DMAP 
(catalytic quantity), and pyridine (75 mL) stirred to 0 0C. The 
mixture was allowed to stand in a refrigerator for 17 h, diluted 
with H2O, and extracted with EtOAc. The organic phase was 
washed with H2O (3X), dried over MgSO4, and concentrated to 
give an oil. This was combined with the crude material from a 
reaction performed on 2.75 g of the alcohol and chromatographed 
on a column of silica gel. Elution with a mixture of hexane and 
EtOAc (3:1) gave the title compound (6.75 g, 40%): 1H NMR 
(CDCl3) 8 2.39 (3 H, s, CTf3Ar), 2.88 (2 H, t, J = 8 Hz, CH2Ar), 
3.78 (3 H, s, CO2CTf3), 4.15 (2 H, t, J = 8 Hz, CTf2OTs), 4.57 (2 
H, s, OCTf2), 6.60-6.80 (3 H, m, aryl H), 7.13 (1 H, t, J = 9 Hz, 
aryl H), 7.26 (4 H, d, J = 9 Hz, aryl Tf), 7.68 (4 H, d, J = 9 Hz, 
aryl Tf); MS m/z 365 (MH+), 193 (MH+ - TsOH). 

General Procedure for the Alkylation of Heterocycles. 
NaH (50% dispersion in mineral oil) was washed twice with 
hexanes and covered with DMF and the heterocycle added. If 
gas evolution was not evident at room temperature, the mixture 
was heated at 110 0C until gas evolution ceased. After gas evo­
lution had ceased, the alkylating agent was added as a solution 
in DMF to the reaction mixture at room temperature. The 
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mixture was stirred at room temperature or 110 0C until TLC 
analysis indicated the absence of starting material, extracted with 
EtOAc or Et2O, and purified. 

Methyl [3-[2-(3,4-Diphenyl-lH-pyrazol-l-yl)ethyl]phen-
oxy]acetate and Methyl [3-[2-(4,5-Diphenyl-lH-pyrazol-l-
yl)ethyl]phenoxy]acetate. Deprotonation of 3,4-diphenyl-lH-
pyrazole6 (2.99 g, 13 mmol) was accomplished at 110 0C according 
to the general procedure and the anion alkylated with methyl 
[3-[2-[[(4-methylphenyl)sulfonyl]oxy]ethyl]phenoxy]acetate(4.95 
g, 12 mmol) (room temperature/15 h). Repeated chromatography 
of the residue on silica gel using a mixture of hexane and EtOAc 
(4:1) as eluent gave methyl [3-[2-(3,4-diphenyl-lH-pyrazol-l-
yl)ethyl]phenoxy]acetate (1.71 g, 30%) (less polar material): IR 
(film) 1760 (CO2CH3) cm'1; 1H NMR (CDCl3) 8 3.21 (2 H, t, J 
= 7 Hz, CTf2CH2N), 3.75 (3 H, s, CO2CTf3), 4.36 (2 H, t, J = 7 Hz, 
NCTf2), 4.56 (2 H, s, OCTf2CH3), 6.60-6.80 (3 H, m, aryl Tf ortho 
and para to O), 7.10-7.40 (10 H, m, aryl Tf + pyrazole Tf), 7.45-7.55 
(2 H, m, aryl Tf); MS m/z 413 (MH+). Anal (C26H24N2O3-O-SH2O) 
C, H, N. 

The more polar material was identified as methyl [3-[2-(4,5-
diphenyl-lTT-pyrazol-l-yl)ethyl]phenoxy]acetate (0.66 g, 11%): 
IR (film) 1765,1740 (CO2Me) cm"1; 1H NMR (CDCl3) 8 3.06 (2 
H, t, J = 7 Hz, NCH2CTf2), 3.75 (3 H, s, CO2CTf3), 4.16 (2 H, t, 
J = 7 Hz, NCTf2), 4.48 (2 H, s, OCTf2), 6.39 (1 H, d, J = 1.5 Hz, 
aryl Tf ortho to O), 6.56 (1 U1A1J= 7.5 Hz, aryl Tf para to O), 
6.72 (1H, dd, J = 7.5 Hz, </' = 1.5 Hz, aryl Tf ortho to 0), 6.85-7.40 
(11 H, m, aryl Tf), 7.81 (1 H, s, pyrazole H); MS m/z 413 (MH+). 
Anal. (C26H24N2O3)CH1N. 

[3-[2-(3,4-Diphenyl-lH-pyrazol-l-yl)ethyl]pb.enoxy]acetic 
Acid (13b). A sample of methyl [3-[2-(3,4-diphenyl-lH-
pyrazol-l-yl)ethyl]phenoxy]acetate (1.70 g, 4 mmol) was saponified 
according to the protocol used to prepare 9j to give 13b (1.27 g, 
77%): mp 147.5-149 0C (CH2Cl2/hexane); IR (KBr) 1740,1705 
(CO2H) cm"1; 1H NMR (CDCl3) 8 3.18 (2 H, t, J = 7.5 Hz, 
NCH2CTf2), 4.39 (2 H, t, J = 7.5 Hz, NCH2), 4.57 (2 H, s, OCH2), 
6.70-6.90 (3 H, m, aryl H ortho and para to 0), 7.10-7.40 (10 H, 
m, aryl H + pyrazole H)1 7.45-7.50 (2 H, m, aryl Tf), 7.60 (1 H, 
bs, CO2H); MS m/z 399 (MH+). Anal. (C26H22N2O3-0.15H2O) 
C, H, N. 

[3-[2-(4^-Diphenyl-lH-pyrazol-l-yl)ethyl]phenoxy]acetic 
Acid (13e). Saponification of methyl [3-[2-(4,5-diphenyl-lH-
pyrazol-l-yl)ethyl]phenoxy]acetate (0.42 g, 1 mmol) as described 
for the preparation of 9j furnished 13e (0.28 g, 68%): mp 133-138 
6C (CH2Cl2/hexane); IR (KBr) 1750 (CO2H), 1600,1595 cm"1; 1H 
NMR (CDCl3) 8 2.99 (2 H, t, J = 7 Hz, NCH2CH2), 4.21 (2 H, t, 
J = 7 Hz, NCH2), 4.57 (2 H, s, OCH2), 6.51 (1 H, d, J = 7.5 Hz, 
aryl H para to O), 6.57 (1 H, s, aryl H ortho to O), 6.78 (1 H, dd, 
J = 7.5 Hz, J' = 2 Hz, aryl H ortho to O), 6.95-7.45 (11 H, m, 
aryl H), 7.85 (1 H, s, pyrazole H); MS m/z 399 (MH+). Anal. 
(C25H22N2O3) C, H, N. 

Methyl [3-[2-(3,4,5-Triphenyl-lU-pyrazol-l-yl)ethyl]-
phenoxy]acetate. The anion of 3,4,5-triphenyl-3H-pyrazole was 
generated from 3,3,5-triphenyl-3H-pyrazole6 (7.00 g, 24 mmol) 
at 110 0C for 30 min according to the general procedure and 
alkylated with methyl [3-(2-bromoethyl)phenoxy]acetate (6.50 
g, 24 mmol) (room temperature/1 h). Extractive workup gave 
an oil which was chromatographed on a column of silica gel using 
Et2O and hexane (1:1) as eluent to give the title compound (1.00 
g, 9%): IR (film) 1760,1740 cm"1; 1H NMR (CDCl3) 8 3.14 (2 H, 
t, J = 7 Hz, CH2Ar), 3.74 (3 H, s, CO2CH3), 4.25 (2 H, t, J = 7 
Hz, NCH2), 4.50 (2 H, s, OCH2), 6.46 (1 H, bs, aryl H ortho to 
O), 6.62 (1 H, d, J = 6 Hz, aryl H para to 0), 6.75 (1 H, dd, J = 
6 Hz, J' - 2 Hz, aryl H ortho to O), 6.85-7.60 (16 H, m, aryl H); 
MS m/z 489 (MH+). Anal. (C32H28N2O3)C1H1N. 

[3-[2-(3,4,5-Triphenyl-UT-pyrazol-l-yl)ethyl]phenoxy]-
acetic Acid (13g). Hydrolysis of methyl [3-[2-(3,4,5-tri-
phenyl-lH-pyrazol-l-yl)ethyl]phenoxy]acetate (500 mg, 1 mmol) 
under conditions described for the preparation of 9j gave 13g (400 
mg, 80%): mp 168-172 0C after trituration of the crude product 
with Et2O: IR (KBr) 1740 cm"1; 1H NMR (CF3CO2H) 8 3.20 (2 
H, bs, CH2Ar)1 4.77 (2 H1 bs, OCH2), 4.85 (2 H1 bs, CH2N), 
6.60-7.70 (19 H, m, aryl H); MS m/z 475 (MH+). Anal. (C3r 
H26N2O3-0.8H2O) C, H, N. 

Methyl 3,4-Diphenyl-lH-pyrrole-l-nonanoate. Alkylation 
of 3,4-diphenylpyrrole39 (3.00 g, 13 mmol) with methyl-9-
bromononanoate (3.61 g, 14 mmol) according to the general 
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procedure (room temperature/15 min) gave an oil which was 
chromatographed on a column of silica gel. Elution with a mixture 
of hexane and Et2O (9:1) afforded methyl 3,4-diphenyl-lH-
pyrrole-1-nonanoate (3.70 g, 69%) as an oil: IR (film) 1740 (CO2R), 
1700 cm"1; 1H NMR (CDCl3) S 1.20-1.50 (8 H, m, CiJ2), 1.60 (2 
H, m, CiZ2), 1.82 (2 H, quintet, J = 7 Hz, CH2), 2.29 (2 H, t, J 
= 8 Hz, CH2CO2CH3), 3.64 (3 H, s, CO2CH3), 3.87 (2 H, t, J = 
7 Hz, NCH2), 6.74 (2 H, s, pyrrole H), 7.20-7.60 (10 H, m, aryl 
H); MS m/z 390 (MH+). Anal. (C26H31NO2) C, H, N. 

3,4-Diphenyl-lif-pyrrole-l-nonanoic Acid (13h). Sapo­
nification of methyl 3,4-diphenyl-lH-pyrrole-l-nonanoate (2.50 
g, 6.4 mmol) according to the protocol described for 9j gave an 
oil which was chromatographed on a column of silica gel. Elution 
with a mixture of Et2O and hexane (3:2) gave 13h (2.20 g, 91%) 
as an oil: IR (film) 1710 cm"1; 1H NMR (CDCl3) 5 1.42 (8 H, bs, 
CH2), 1.72 (2 H, quintet, J = IHz, CH2), 1.89 (2 H, quintet, J 
= 7 Hz1 CH2), 2.42 (2 H, t, J = 7 Hz, CH2CO2H), 3.92 (2 H, t, J 
= 7 Hz, NCH2), 6.83 (2 H, s, pyrrole H), 7.20-7.40 (10 H, m, aryl 
H); MS m/z 376 (MH+). Anal. (C25H29NO2-OJH2O) C, H, N. 

[3-(Bromomethyl)phenoxy]dimethyl(l,l-dimethylethyl)-
silane (15). CBr4 (129.70 g, 0.39 mol) was added portionwise to 
a stirred solution of 3-[[(l,l-dimethylethyl)dimethylsilyl]oxy]-
benzenemethanol60 (71.60 g, 0.30 mol) and PPh3 (102.50 g, 0.39 
mol) in CH2Cl2 (1 L) with ice-bath cooling. The mixture was 
warmed to room temperature, stirred for 40 min, and concentrated 
to ~200 mL. The residue was diluted with hexane, the hexane 
decanted, and the residue washed with hexane. The solvent was 
removed and the residue distilled at reduced pressure to give 15 
(76.26 g, 84%): bp 125-130 0C (0.9 mmHg); 1H NMR (CDCl3) 
S 0.20 (6 H, s, SiCH3), 0.98 (9 H, s, (CH3J3), 4.42 (2 H, s, CH2Br), 
6.75 (1 H, d, J = 9 Hz, aryl H), 6.87 (1 H, s, aryl H), 6.98 (1 H, 
d, J = 9 Hz, aryl H), 7.19 (1 H, t, J = 9 Hz, aryl H); MS m/z 301, 
303 (MH+). 

3-[2-(4,5-Diphenyl-2-thiazolyl)ethyl]phenol (17). "BuLi 
(1.53 g, 24 mmol) in hexane (9.5 mL) was added dropwise to a 
stirred solution of 2-methyl-4,5-diphenylthiazole19 (5.00 g, 20 
mmol) in dry THF (150 mL) maintained at -78 0C under an 
atmosphere of N2. After 25 min, a solution of 15 (6.60 g, 22 mmol) 
in THF (10 mL) was added dropwise, and the mixture stirred at 
-78 0C for 10 min and allowed to warm to room temperature. The 
mixture was poured onto saturated NH4Cl solution and extracted 
with CH2Cl2 to give an oil which was dissolved in THF (25 mL). 
A solution of "Bu4NF (6.77 g, 26 mmol) in THF (25.86 mL) was 
added and the mixture stirred at room temperature for 30 min 
before being diluted with 1N HCl solution (100 mL). The mixture 
was extracted with CH2Cl2 to leave an oil which was chromato­
graphed on a column of silica gel using a mixture of hexane and 
Et2O (2:1) as eluent to furnish 17 (4.13 g, 58%): mp 166-168 0C 
(hexanes/CH2Cl2); IR (KBr) 3420 (OH), 1600 cm"1; 1H NMR 
(CDCl3) d 3.04-3.14 (2 H, m, CH2), 3.20-3.40 (2 H, m, CH2), 5.89 
(1 H, s, OH), 6.60-6.75 (2 H, m, aryl H), 6.80-6.90 (1 H, m, aryl 
H), 7.13 (1 H, t, J = 8 Hz, aryl H meta to O), 7.20-7.45 (8 H, m, 
aryl H), 7.50-7.00 (2 H, m, aryl H); MS m/z 358 (MH+). Anal. 
(C23H19NOS) C, H, N. 

Methyl [3-[2-(4,5-Diphenyl-2-thiazolyl)ethyl]phenoxy]-
acetate (18). A mixture of 17 (3.65 g, 10 mmol), methyl brom-
oacetate (1.72 g, 1.06 mL, 11 mmol), K2CO3 (1.69 g, 12 mmol), 
and CH3CN (60 mL) was stirred at reflux for 1.5 h, filtered, and 
concentrated to leave an oil. Chromatography on a column of 
silica gel using a mixture of hexane and Et2O (2:1) as eluent 
afforded 18 (3.63 g, 82%): IR (film) 1760,1740 (CO2Me) cm-1; 
1H NMR (CDCl3) S 3.10-3.20 (2 H, m, CH2), 3.30-3.40 (2 H, m, 
CH2), 3.78 (3 H, s, CO2CH3), 4.62 (2 H, s, OCH2), 6.76 (1 H, dd, 
J = 8 Hz, J' = 2.5 Hz, aryl H ortho to O), 6.16 (1 H, d, J = 2.5 
Hz, aryl H ortho to O), 6.92 (1 H, d, J = 8 Hz, aryl H para to O), 
7.15-7.40 (9 H, m, aryl H), 7.50-7.60 (2 H, m, aryl H); MS m/z 
430(MH+). Anal. (C26H23NO3S)C1H1N. 

[3-[2-(4,5-Diphenyl-2-thiazolyl)ethyl]phenoxy]acetic Acid 
(13i). A sample of 18 (2.70 g, 6 mmol) was saponified under 
conditions described for the preparation of 9j to afford 13i (1.97 

(50) Collington, E. W.; Finch, H.; Smith, I. J. Selective Deprotec-
tion of Alcoholic and Phenolic Silyl Ethers. Tetrahedron Lett. 
1985, 681-684. 

g, 75%): mp 118-120 0C (CH2Cl2/hexane); IR (KBr) 3420 (OH), 
1740 (CO2H) cm"1; 1H NMR (DMSO-d6) S 3.06 (2 H, t, J = 8 Hz, 
CH2), 3.31 (2 H, t, J = 8 Hz, CH2), 4.62 (2 H1 s, OCH2), 6.73 (1 
H, d, J = 8 Hz, aryl H ortho to O), 6.90 (2 H1 bs, aryl H), 7.19 
(1 H, t, J = 8 Hz, aryl H meta to O), 7.25-7.60 (10 H, m, aryl H); 
MS m/z 416 (MH+). Anal. (C25H21NO3S-ClH2O) C, H, N. 

l-(l-Ethoxyethyl)-2-methyl-4,5-diphenyl-lH-imidazole 
(20). A mixture of 1939 (3.00 g, 13 mmol), ethyl vinyl ether (9.23 
g, 12.30 mL, 130 mmol), and hydroquinone (0.14 g, 1.2 mmol) was 
heated at 180 0C in a sealed vessel for 17 h. The excess ethyl vinyl 
ether was evaporated and the residue chromatographed on a 
column of silica gel using a mixture of Et2O and hexane (3:2) as 
eluent to give 20 (2.68 g, 68%): mp 87-89 0C; IR (KBr) 1600, 
1530,1450,1390,1340,1130 cm"1; 1H NMR (CDCl3) b 1.09 (3 H, 
t, J = 7 Hz, OCH2CH3), 1.55 (3 H, d, J = 6 Hz, OCHCH3), 2.62 
(3 H, s, CH3C=N), 3.20 and 3.35 (2 H1 m, OCH2CH3), 5.07 (1 H, 
q, J = 6 Hz, OCHCH3), 7.00-7.50 (10 H, m, aryl H); MS m/z 307 
(MH+). Anal. (C20H22N2O) C, H, N. 

3-[2-[l-(l-Ethoxyethyl)-4,5-diphenyl-lH-imidazol-2-yl]-
ethyl]phenol (21). Imidazole 20 (15.50 g, 51 mmol) was alkylated 
with bromide 15 (16.77 g, 50 mmol) under conditions analogous 
to those described for the preparation of 17 to give an oil which 
was dissolved in THF (75 mL). A solution of "Bu4NF (17.22 g, 
66 mol) in THF (65 mL) was added and the solution stirred at 
room temperature for 30 min. The solvent was evaporated, and 
the residue diluted with H2O and 2 N HCl solution to pH = 5 
and extracted with CH2Cl2 to give an oil. Chromatography on 
a column of silica gel using a mixture of Et2O and hexane (1:1) 
as eluent gave 21 (8.18 g, 39%): mp 165.5-167 0C (CH2Cl2/ 
hexanes); IR (KBr) 3420 (OH) cm"1; 1H NMR (CDCl3) 6 0.99 (3 
H, t, J = 7 Hz1 OCH2CH3), 1.45 (3 H, d, J = 6 Hz1 OCHCH3), 
3.00-3.40 (6 H, m, CH2CH2Ar + OCH2CH3), 5.05 (1 H, q, J = 6 
Hz1 CH3CHO)16.60 (1 H1 dd, J = 7 Hz, J' = 1.5 Hz, aryl H ortho 
to O), 6.74 (2 H, m, aryl H ortho and para to O), 7.00-7.30 (4 H, 
m, aryl H), 7.30-7.45 (4 H, m, aryl H), 7.45-7.60 (3 H, m, aryl H)1 
9.30 (1 H1 s, OH); MS m/z 413 (MH+). Anal. (C27H28N2O2-
0.4H2O) C1 H1 N. 

Methyl [3-[2-(4,5-Diphenyl-lH-imidazol-2-yl)ethyl]phen-
oxy]acetate (23). A mixture of 21 (6.60 g, 16 mmol), methyl 
bromoacetate (2.69 g, 1.66 mL, 18 mmol), K2CO3 (2.65 g, 19 mmol), 
KI (catalytic amount), and CH3CN (100 mL) was stirred at reflux 
for 2.5 h. The mixture was filtered and concentrated, and the 
residual oil dissolved in MeOH (120 mL). Concentrated H2SO4 
(6 drops) was added and the mixture heated at reflux for 75 min 
before adding more H2SO4 (3 drops) and heating at reflux for a 
further 3.75 h. The MeOH was evaporated, the residue diluted 
with H2O and saturated Na2CO3 solution and extracted with 
CH2Cl2 to give an oil. Trituration with Et2O gave 23 (5.15 g, 78%): 
mp 123-125 0C (CHjCyEtjO/hexane); IR (KBr) 1760, 1745 
(CO2Me) cm"1; 1H NMR (CDCl3) & 2.80 (4 H, bs, CH2), 3.71 (3 
H, s, CO2CH3), 4.52 (2 H, s, OCH2), 6.50-6.70 (3 H, m, aryl H ortho 
and para to O)1 6.94 (1 H11, J = 7.5 Hz), 7.15-7.35 (8 H, m, aryl 
H), 7.40-7.45 (2 H, m, aryl H), 10.13 (1 H1 bs, NH); MS m/z 413 
(MH+). Anal. (C26H24N2O3-0.8H2O) C1 H1 N. 

[3-[2-(415-Diphenyl-lH-imidazol-2-yl)ethyl]phenoxy]acetic 
Acid (13j). Saponification of 23 (1.20 g, 3 mmol) according to 
the general procedure described for the preparation of 9j gave 
a yellow solid which was chromatographed on a column of silica 
gel using a mixture of CHCl3 and MeOH (9:1) as eluent to give 
13j (0.42 g, 36%): mp 244-246 0C; IR (KBr) 3420 (OH)1 1640, 
1605,1595 cm"1; 1H NMR (DMSO-d6) & 3.03 (4 H, bs, CH2), 4.63 
(2 H, s, OCH2), 6.73 (1 H, d, J = 8 Hz, aryl H ortho to O), 6.80-6.90 
(2 H1 m, aryl H)1 7.20 (1 H1 t, J = 8 Hz1 aryl H meta to O)1 
7.25-7.60 (10 H1 m, aryl H); MS m/z 399 (MH+). Anal. (C26-
H22N2O3-H2O) C, H, N. 

5-[3-[Dimethy 1(1,1-dimethy lethyl)siloxy ]phenyl]-1-
phenyl-l,3-pentanedione (25). NaH (2.13 g of a 50% dispersion 
in mineral oil, 44 mmol) was washed twice with hexane and 
covered with dry THF (150 mL), and 1-benzoylacetone (6.00 g, 
37 mmol) added portionwise. The mixture was stirred at room 
temperature under N2 for 10 min to give a slurry which was cooled 
to -20 0C. "BuLi (2.60 g, 40 mmol) in hexane (16.3 mL) was added 
dropwise and the mixture stirred for 20 min prior to the dropwise 
addition of 15 (11.17 g, 37 mmol). After 15 min, the mixture was 
poured onto saturated NH4Cl solution and extracted with CH2Cl2 
to give an oil which was chromatographed on a column of silica 
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gel. Elution with a mixture of hexane and Et2O (9:1) gave 25 (9.00 
g, 63%). 

3-[2-(l,5-Diphenyl-lH-pyrazol-3-yl)ethyl]phenol (26a). A 
mixture of 25 (8.80 g, 23 mmol), phenylhydrazine (2.73 g, 2.50 
mL, 25 mL), pyridine (3 mL), and MeOH (70 mL) was stirred 
at room temperature for 20 h. Additional phenylhydrazine (0.3 
mL) was added and stirring continued for a further 7 h. The 
solvent was evaporated and the residue chromatographed on a 
column of silica gel using a mixture of hexane and Et2O (9:1) as 
eluent to give 3-[2-[3-[dimethyl(l,l-dimethylethyl)siloxy]-
phenyl]ethyl]-l-(diphenylmethyl)-5-phenyl-lH-pyrazole (10.27 
g, 98%) of which (9.20 g, 20 mmol) was dissolved in THF (180 
mL). A solution of "Bu4NF (6.89 g, 26 mmol) in THF (26.34 mL) 
was added and the mixture stirred at room temperature for 30 
min. The solvent was evaporated, the residue diluted with 1 N 
HCl solution and extracted with CH2Cl2 to give a white solid which 
was triturated with Et2O and filtered to give 26a (5.31 g, 77%): 
mp 211-212 0C (EtOH); IR (KBr) 2980, 1745 cm'1; 1H NMR 
(DMSO-d6) S 2.87 (4 H, bs, CH2), 3.35 (1 H, s, OH), 6.49 (1 H, 
s, pyrazole H), 6.58 (1 H, dd, J = 7 Hz, J' = 1.5 Hz, aryl H ortho 
to O), 6.67-6.70 (2 H, m, aryl H), 7.07 (1 H, t, J - 7 Hz, aryl H 
meta to O), 7.10-7.30 (4 H, m, aryl H), 7.30-7.50 (6 H, m, aryl 
H); MS m/z 341 (MH+). Anal. (C23H20N2O)C1H1N. 

Methyl [3-[2- (1,5-Diphenyl-1 ff-pyrazol-3-yl)ethyl]phen-
oxy]acetate. Phenol 26a (4.50 g, 13 mmol) was alkylated with 
methyl bromoacetate (2.23 g, 1.375 mL, 14.5 mmol) according to 
the protocol described for the preparation of 18. Chromatography 
of the residue on a column of silica gel using a gradient of a mixture 
of hexane and Et2O (9:1 to 1:1) gave the title compound (4.83 g, 
85%): IR (film) 1760, 1740 (CO2CH3) cm"1; 1H NMR (CDCl3) 
S 3.04 (4 H, s, CH2), 3.77 (3 H, s, CO2CH3), 4.51 (2 H, s, OCH2), 
6.30 (1 H, s, pyrazole H), 6.75 (1 H, d, J - 7 Hz, aryl H ortho to 
O), 6.86 (1 H, s, aryl H para to O), 6.93 (1 H, d, J = 7 Hz, aryl 
H para to O), 7.10-7.40 (11 H, m, aryl H); MS m/z 413 (MH+). 
Anal. (C26H24N2O3) C, H, N. 

[3-[2-(l,5-Dipb.enyl-lff-pyrazol-3-yl)ethyl]phenoxy]acetic 
Acid (13k). Methyl [3-[2-(l,5-diphenyl-lff-pyrazol-3-yl)ethyl]-
phenoxy]acetate (3.50 g, 8.5 mmol) was saponified as described 
for the preparation of 9j to give 13k (2.85 g, 84%): mp 125-127 
0C (hexane/CH2Cl2); IR (KBr) 3420 (OH), 1740 (CO2H) cm"1; 1H 
NMR (DMSO-de) S 2.95 (4 H, m, CH2), 4.65 (2 H, s, OCH2), 6.51 
(1 H, s, pyrazole H), 6.73 (1 H, d, J = 7 Hz, aryl H ortho to 0), 
6.85-6.95 (2 H, m, aryl H ortho and para to O), 7.15-7.25 (5 H, 
m, aryl H), 7.25-7.40 (6 H, m, aryl H), 12.65 (1 H, bs, CO2H); MS 
m/z 399 (MH+). Anal. (C26H22N2O3-0.2H2O) C, H, N. 

JV-Phenylbenzamidrazone (28). A mixture of 27 (20.00 g, 
101 mmol) and SOCl2 (86 mL) was heated at reflux for 18 h and 
concentrated in vacuo. The residue was dissolved in C6H6 (200 
mL) and added dropwise to a solution of N2H4 (64.25 g, 64 mL, 
2.02 mol) in C6H6 (100 mL) cooled to 0 0C. The mixture was 
warmed to room temperature, stirred for 18 h, and diluted with 
Et2O. The organic phase was washed successively with H2O, 
saturated Na2CO3 solution and brine, dried over MgSO4, and 
concentrated. The residue was chromatographed on a column 
of silica gel using a mixture of EtOAc, CHCl3, and C6H6 (5:4:1) 
as eluent to give 28 (10.54 g, 50%): mp 87-88 0C (benzene/ 
hexanes). 

Methyl [3-[2-trans-(4,5-Diphenyl-4H-l,2,4-triazol-3-yl)-
ethenyl]phenoxy]acetate. 4-Methylmorpholine (1.68 g, 1.87 
mL, 17 mmol) was added to a solution of 3-(2-methoxy-2-oxo-
ethoxy)benzenepropenoic acid (3.90 g, 17 mmol) in dry THF (250 
mL) maintained at 0 0C under N2. Isobutyl chloroformate (2.32 
g, 2.20 mL, 17 mmol) was added dropwise and the mixture stirred 
for 1 h before a solution of 28 (3.50 g, 17 mmol) in THF (50 mL) 
was added. The mixture was stirred for 2 h, diluted with Et2O 
and washed successively with saturated NaHCO3 solution and 
H2O, dried over MgSO4, and concentrated. The residual oil was 
dissolved in toluene and the mixture heated at reflux for 18 h 
before being concentrated to give a solid. This was dissolved in 
EtOAc, filtered, washed with H2O, and dried over MgSO4 and 
concentrated to give the title compound (4.81 g, 71%): mp 
147-150 0C (MeOH); IR (KBr) 1750 cm"1; 1H NMR (CDCl3) S 
3.77 (3 H, s, CO2CH3), 4.59 (2 H, s, OCH2), 6.50 (1 H, d, J = 16 
Hz, olefinic H), 6.78 (1 H, dd, J = 8 Hz,«/' = 2 Hz, aryl H), 6.93 
(1 H, s, aryl H), 7.02 (1 H, d, J = 8 Hz, aryl H), 7.10-7.60 (11 H, 
m, aryl H), 7.70 (1 H, d, J = 16 Hz, olefinic H); MS m/z 412 

(MH+). Anal. (C26H21N3O3)C1H1N. 
[3-[2-traiis-(4,5-Diphenyl-4H-l,2,4-triazol-3-yl)ethenyl]-

phenoxy]acetic Acid (13y). Saponification of methyl [3-[2-
tron«-(4,5-diphenyl-4H-l,2,4-triazol-3-yl)ethenyl]phenoxy]acetate 
(2.00 g, 5 mmol) using the protocol described for the preparation 
of 9j gave 13y (1.18 g, 61%): mp 247-248 0C; IR (KBr) 1725 cm"1; 
1H NMR (DMSO-d6) 6 3.39 (1 H, bs, CO2H), 4.68 (2 H, s, OCH2), 
6.60 (1 H, d, J - 16 Hz, olefinic H), 6.86 (1 H, d, J = 8 Hz, aryl 
H), 7.06 (2 H, m, aryl H), 7.25 (1H, t, J - 8 Hz, aryl H), 7.30-7.60 
(11 H, m, aryl H + olefinic H); MS m/z 398 (MH+). Anal. 
(C24H19N3O3-0.2H2O) C, H, N. 

Methyl 2-(Trifluoromethyl)-4,5-diphenyl-Iff-imidazole-
1-octanoate. Alkylation of 2-(trifluoromethyl)-4,5-diphenyl-lH-
imidazole41 (4.00 g, 14 mmol) with methyl 8-bromooctanoate (3.77 
g, 16 mmol) (110 °C/3 h) according to the general procedure gave 
an oil after extraction with Et2O. Chromatography on a column 
of silica gel using a mixture of hexane and EtOAc (2:1) as eluent 
gave the title compound (4.90 g, 77%): IR (KBr) 1740 cm"1; 1H 
NMR (CDCl3) S 1.00-1.20 (8 H, m, CH2), 1.50 (2 H, quintet, J 
= 8 Hz, CH2), 2.22 (2 H, t, J = 8 Hz, CH2CO2CH3), 3.63 (3 H, 
s, CO2CH3), 3.87 (2 H, m, NCH2), 7.10-7.60 (10 H, m, aryl H); 
MS 445 (MH+). Anal. (C26H27F3N2O2)C1^N. 

2-(Trifluoromethyl)-4,5-diphenyl-lff-imidazole-l-octanoic 
Acid (13s). Hydrolysis of methyl 2-(trifluoromethyl)-4,5-di-
phenyl-lH-imidazole-1-octanoate (5.00 g, 11 mmol) according to 
the procedure described for the preparation of 9} afforded an oil 
which was chromatographed on a column of silica gel using Et2O 
as eluent to give 13s (4.28 g, 88%): mp 95-96 0C; IR (KBr) 
3100-2800,1710 cm"1; 1H NMR (CDCl3) S 1.00-1.25 (8 H, m, CH2), 
1.43 (2 H, quintet, J = 8 Hz, CH2), 2.21 (2 H, t, J = 8 Hz, 
CH2CO2H), 3.84 (2 H, m, NCH2), 7.05-7.50 (10 H, m, aryl H); MS 
431 (MH+). Anal. (C24H26F3N2O2) C, H, N. 

l ,3-Dihydro-l-(4-nydroxyphenyl)-4,5-diphenyl-lff-
imidazole-2-thione (31a). A mixture of (4-hydroxyphenyl)-
thiourea (25.00 g, 148 mmol), 6 (31.54 g, 148 mmol), and pTsOH 
(catalytic amount) was heated at 240 0C to give a melt. After 
solidification occurred (ca. 10-15 min), the mixture was cooled, 
suspended in MeOH, and filtered to give 31a (34.5 g, 67%): mp 
350-352 0C (MeOH/CH2Cl2); IR (KBr) 3150, 3050, 1520 cm'1; 
1H NMR (DMSO-d6) 6 6.16 (2 H, d, J = 8 Hz, aryl H ortho to 
OH), 6.94 (2 H, d, J = 8 Hz1 aryl H meta to OH)1 7.10 (2 H1 m, 
aryl H)1 7.20 (8 H1 m, aryl H), 9.58 (1 H, bs), 12.87 (1 H, bs); MS 
m/z 345 (MH+). Anal. (C21H16N2OS) C, H, N. 

4-(4,5-Diphenyl-lff-imidazol-l-yl)phenol (32a). A 30% 
solution of H2O2 in H2O (52 mL) was added dropwise to a stirred 
mixture of 31a (40.00 g, 116 mmol) in AcOH (400 mL) cooled in 
an ice bath. The mixture was stirred at room temperature for 
80 min, poured onto H2O, and filtered to give 32a (36.27 g, 100%): 
mp 310-312 0C (DMF/H20); IR (KBr) 3450,1520, 1280,1250 
cm"1; 1H NMR (DMSO-de) S 6.68 (2 H1 d, J = 8 Hz, aryl H ortho 
to OH)1 6.97 (2 H, d, J = 8 Hz, aryl H meta to OH), 7.10-7.20 
(4 H, m, aryl H), 7.25-7.40 (4 H, m, aryl H), 7.40-7.45 (2 H, m, 
aryl H), 7.84 (1 H, s, imidazole H); MS m/z 313 (MH+). Anal. 
(C21H16N2O-0.2H2O) C, H, N. 

Ethyl [4-(4,5-Diphenyl-lff-imidazol-l-yl)phenoxy]-
butyrate. Alkylation of 32a (5.00 g, 16 mmol) with ethyl 4-
bromobutyrate (3.43 g, 2.52 mL, 18 mmol) according to the general 
protocol (120 °C/1 h) and extraction with Et2O gave an oil which 
was chromatographed on a column of silica gel Elution with Et2O 
gave the title compound (5.00 g, 73%): mp 122-124 0C; IR (KBr) 
1735, 1510 cm"1; 1H NMR (CDCl3) 6 1.25 (3 H, t, J = 8 Hz, 
CO2CH2CH3), 2.09 (2 H1 quintet, J = 7 Hz, CH2), 2.49 (2 H, t, 
J = 7 Hz, CH2CO2Et), 3.95 (2 H, t, J = 7 Hz, OCH2), 4.13 (2 H, 
q, J = 8 Hz, CO2CH2CH3), 6.80 (2 H, d, J = 8 Hz, aryl H ortho 
to OH), 7.00 (2 H, d, J = 8 Hz, aryl H meta to OH), 7.10-7.35 
(8 H, m, aryl H), 7.54 (2 H, d, J- 7 Hz, aryl H), 7.71 (1 H, s, 
imidazole H); MS m/z 427 (MH+). Anal. (C27H26N2O3) C, H, 
N. 

[4-(4^-Dipnenyl-lff-imidazol-l-yl)phenoxy]butanoic Acid 
(13ad). A sample of ethyl [4-(4,5-diphenyl-lH-imidazol-l-yl)-
phenoxy]butyrate (3.00 g, 7 mmol) was saponified as described 
for the preparation of 9j to give a solid which was dissolved in 
boiling 'PrOH, filtered, and concentrated. Trituration of the 
residue with Et2O afforded 13ad (1.95 g, 69%): mp 177-180 0C; 
IR (KBr) 1700, 1515 cm"1; 1H NMR (DMSO-d6) & 1.90 (2 H, 
quintet, J = 7 Hz1 CH2), 2.30 (2H, t ,J = 7 Hz, CH2CO2H), 3.96 
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(2 H, t, J = 7 Hz, OCH2), 6.90 (2 H, d, J = 8 Hz, aryl H ortho 
to OH), 7.14 (2 H, d, J = 8 Hz, aryl H meta to OH), 7.16-7.50 
(10 H, m, aryl H), 7.96 (1 H, s, imidazole H); MS m/z 399 (MH+). 
Anal. (C26H22N2O3.0.7H2O) C, H, N. 

Methyl 9-(2,3-Dihydro-4,5-diphenyl-3-oxo-4iJ-l,2,4-tri-
azol-2-yl)nonanoate. Alkylation of 4,5-diphenyl-l,2,4-triazol-
3(2H)-one (3.50 g, 15 mmol) with methyl 9-bromononanoate (4.80 
g, 19 mmol) according to the generalized procedure (reflux/3 h) 
gave an oil after an extractive workup with Et2O. Chromatography 
on a column of silica gel using a mixture of CHCl3 and EtOAc 
(4:1) as eluent gave the title compound (4.50 g, 75%): IR (film) 
1740,1705 cm"1; 1H NMR (CDCl3) 5 1.20-1.50 (8 H, m, CH2), 1.58 
(2 H, quintet, J = 7 Hz, CH2), 1.82 (2 H, quintet, J = 7 Bz, CH2), 
2.26 (2 H, t, J = 7 Hz, CH2CO2CH3), 3.62 (3 H, s, CO2CH3), 3.88 
(2 H, t, J = 7 Hz, NCH2), 7.15-7.40 (10 H, m, aryl H); MS m/z 
408 (MH+). Anal. (C24H29N3O3) C, H, N. 

9-(2,3-Dihydro-4,5-diphenyl-3-oxo-4H-l,2,4-triazol-2-yl)-
nonanoic Acid (13ai). Saponification of methyl 9-(2,3-di-
hydro-4,5-diphenyl-3-oxo-4H-l,2,4-triazol-2-yl)nonanoate (3.00 
g, 7 mmol) under conditions described for the preparation of 9j 
gave 13ai (1.50 g, 52%): mp 143-145 0C; IR (film) 1730, 1680 
cm"1; 1H NMR (DMSO-d6) S 1.20-1.40 (8 H, m, CH2), 1.47 (2 H, 
t, J = 7 Hz, CH2), 1.74 (2 H, quintet, J = 7 Hz, CH2), 2.17 (2 H, 
t, J = 7 Hz, CH2CO2H), 3.79 (2 H, t, J = 7 Hz, NCH2), 7.20-7.50 
(10 H, m, aryl H); MS m/z 394 (MH+). Anal. (C23H27N3O3) C, 
H, N. 

Methyl 2,5-Dioxo-3,4-diphenyl-l-imidazolidinenonanoate. 
Diethyl azodicarboxylate (1.39 g, 8 mmol) in THF (5 mL) was 
added dropwise to a stirred solution of methyl 9-hydroxy-
nonanoate (1.50 g, 8 mmol), 3,4-diphenylimidazolidine-2,5-dione 
(2.02 g, 8 mmol), and Ph3P (2.10 g, 8 mmol) in THF (35 mL). The 
mixture was stirred at room temperature for 72 h, the THF 
removed in vacuo and the residue triturated with a mixture of 
hexane and Et2O. The mixture was filtered, the filtrate con­
centrated, and the residue chromatographed on a column of silica 
gel using a mixture of hexane and EtOAc (3:2) as eluent to give 
methyl 2,5-dioxo-3,4-diphenyl-l-imidazolidinenonanoate (2.78 g, 
82%): mp 69-72 0C; IR (KBr) 1780, 1740,1720 (C=O), cm"1; 
1H NMR (CDCl3) S 1.20-1.40 (8 H, m, CH2), 1.50-1.70 (4 H, m, 
CH2), 2.25 (2 H, t, J = 6 Hz, CH2CO2CH3), 3.55 (2 H, t, J = 6 
Hz, NCH2), 3.61 (3 H, s, CO2CH3), 5.41 (1 H, s, PhCHCO), 7.03 
(1 H, t, J = 6.5 Hz, aryl H), 7.10-7.40 (7 H, m, aryl H), 7.45 (2 
H, d, J = 6.5 Hz, aryl H); MS m/z 423 (MH+). Anal. (C25H30N2O4) 
C, H, N. 

2,5-Dioxo-3,4-diphenyl-l-imidazolidinenonanoic Acid 
(13al). A mixture of methyl 2,5-dioxo-3,4-diphenyl-l-
imidazolidinenonanoate (3.00 g, 7 mmol) and 6 N HCl solution 
(30 mL) was heated at reflux for 22 h. The mixture was cooled 
and extracted with CH2Cl2 to give an oil. Chromatography on 
a column of silica gel using a mixture of hexane and EtOAc (2:1) 
as eluent gave 13al (1.06 g, 36%): mp 111.5-112.5 0C (hex-
anes/EtjO/CHjClj); IR (KBr) 1620 (C=O) cm"1; 1H NMR (CD-
Cl3) 6 1.20-1.40 (6 H, m, CH2), 1.50-1.80 (4 H, m, CH2), 2.14 (2 
H, t, J = 6 Hz, CH2CO2H), 3.61 (2 H, t, J = 6 Hz, NCH2), 5.42 
(1 H, s, PhCHCO), 7.09 (1 H, t, J = 6 Hz, aryl H), 7.15-7.60 (9 
H, m, aryl H); MS m/z 409 (MH+). Anal. (C24H28N2O4) C, H, 
N. 

Methyl [3-[2-(2,3-Dihydro-3-oxo-5,6-diphenyl-l,2,4-triaz-
in-2-yl)ethyl]phenoxy]acetate. Diethyl azodicarboxylate (2.72 
g, 2.50 mL, 16 mmol) was added to a stirred solution of 5,6-di-
phenyl-l,2,4-triazin-3(2H)-one (3.00 g, 12 mmol), Ph3P (4.11 g, 
16 mmol), and Ud (2.78 g, 13 mmol) in dry THF (75 mL) 
maintained at 0 0C under N2. The mixture was stirred at room 
temperature for 3 h, the solvent evaporated, and the residue 
chromatographed on silica gel using a mixture of Et2O and hexane 
(7:3) as eluent to give methyl [3-[2-(2,3-dihydro-3-oxo-5,6-di-
phenyl-l,2,4-triazin-2-yl)ethyl]phenoxy]acetate (6.40 g, 90%) as 
a yellow foam: IR (film) 1760,1740,1680 (C=O) cm-1; 1H NMR 
(CDCl3) a 3.19 (2 H, t, J = 7.5 Hz, CH2Ar), 3.72 (3 H, s, CO2CH3), 
4.45 (2 H, t, J = 7.5 Hz, NCH2), 4.56 (2 H, s, OCH2), 6.70-6.80 
(2 H, m, aryl H), 6.88 (1 H, d, J = 7.5 Hz para to O), 7.10-7.50 
(11 H, m, aryl H); MS m/z 442 (MH+). Anal. (C26H23N3O4-
0.5H2O) C, H, N. 

[3-[2-(2,3-Dihydro-3-oxo-5,6-diphenyl-l,2,4-triazin-2-yl)-
ethyl]phenoxy]acetic Acid (13ao). A sample of methyl [3-
[2-(2,3-dihydro-3-oxo-5,6-diphenyl-l,2,4-triazin-2-yl)ethyl]phen-

oxyjacetate (4.00 g, 9 mmol) was saponified as described for 9j 
to give 13ao (2.79 g, 72%): mp 179-182 0C (hexane/CHaCla); IR 
(KBr) 1760,1745 (CO2H), 1630 (NCO) cm"1; 1H NMR (DMSO-Ci6) 
6 3.10 (2 H, t, J = 7.5 Hz, CH2Ar), 4.36 (2 H, t, J = 7.5 Hz, NCH2), 
4.62 (2 H, s, OCH2), 6.70-6.95 (3 H, m, aryl H), 7.10-7.60 (11 H, 
m, aryl H), 12.97 (1 H, bs, CO2H); MS m/z 428 (MH+). Anal. 
(C26H21N3O4-0.5H2O) C, H, N. 

Methyl 9-[(4,5-Diphenyl-2-pyrimidinyl)oxy]nonanoate and 
Methyl 2-Oxo-4,5-diphenyl-l(2H)-pyrimidinenonanoate. A 
mixture of 4,5-diphenyl-2(lH)-pyrimidinone (6.00 g, 24 mmol), 
methyl 9-bromononanoate (6.37 g, 25 mmol), K2CO3 (4.00 g, 29 
mmol), KI (catalytic quantity), and DMF (120 mL) was stirred 
at 110 0C under N2 for 30 min. The mixture was cooled, diluted 
with H2O, and extracted with Et2O to give an oiL Chromatography 
on a column of silica gel using Et2O as eluent gave methyl 9-
[(4,5-diphenyl-2-pyrimidinyl)oxy]nonanoate (3.27 g, 32%) as an 
oil: IR (film) 1740 (CO2CH3) cm"1; 1H NMR (CDCl3) & 1.20-1.70 
(10 H, m, CH2), 1.82 (2 H, quintet, J = 7 Hz, CH2), 2.28 (2 H, 
t, J = 7.5 Hz, CH2CO2CH3), 3.63 (3 H, s, CO2CH3), 4.43 (2 H, t, 
J = 7 Hz, OCH2), 7.05-7.50 (10 H, m, aryl H), 8.47 (1 H, s, 
pyrimidinyl H); MS m/z 419 (MH+). Anal. (C26H30N2O3) C, H, 
N. 

Further elution gave methyl 2-oxo-4,5-diphenyl-l(2H)-pyri-
midinenonanoate (6.00 g, 59%) as an oiL IR (film) 1745 (CO2CH3), 
1670 (NCO) cm"1; 1H NMR (CDCl3) S 1.20-1.45 (8 H, m, CH2), 
1.56 (2 H, quintet, J = 7 Hz, CH2), 1.81 (2 H, quintet, J = IKz, 
CH2), 2.24 (2 H, t, J = 7 Hz, CH2CO2CH3), 3.60 (3 H, s, CO2CH3), 
3.94 (2 H, t, J = 7 Hz, NCH2), 6.95-7.45 (10 H, m, aryl H), 7.61 
(IH, s, pyrimidinyl H); MS m/z 419 (MH+). Anal. (C26H30N2O3) 
C, H, N. 

9-[(4,5-Diphenyl-2-pyrimidinyl)oxy]nonanoic Acid (13aw). 
Hydrolysis of methyl 9-[(4,5-diphenyl-2-pyrimidinyl)oxy]nona-
noate (2.00 g, 5 mmol) under conditions analogous to those used 
to prepare 9j gave an oil after extraction with CH2Cl2. Chro­
matography on a column of silica gel using a mixture of Et2O and 
hexane (2:1) as eluent gave 13aw (1.60 g, 83%): mp 90-91 0C; 
IR (KBr) 1725 (CO2H) cm"1; 1H NMR (CDCl3) S 1.20-1.75 (10 
H, m, CH2), 1.84 (2 H, quintet, J = 6.5 Hz, CH2), 2.33 (2 H, t, 
J = 7 Hz, CH2CO2H), 4.44 (2 H, t, J = 6.5 Hz, OCH2), 7.00-7.60 
(10 H, m, aryl H), 8.49 (1 H, s, pyrimidinyl H), 10.76 (1 H, bs, 
CO2H); MS m/z 405 (MH+). Anal. (C26H28N2O3) C, H, N. 

2-Oxo-4,5-diphenyl-l(2H)-pyrimidinenonanoic Acid 
(13au). Methyl 2-oxo-4,5-diphenyl-l(2H)-pyrimidinenonanoate 
(4.70 g, 11 mmol) was hydrolyzed using the procedure detailed 
for the preparation of 9j to afford 13au (3.35 g, 73%): mp 120-123 
0C (Et2OZCH2Cl2); IR (KBr) 1730 (CO2H), 1640 (NCO) cm"1; 1H 
NMR (CDCl3) 6 1.20-1.50 (8 H, m, CH2), 1.56 (2 H, m, CH2), 1.80 
(2 H, m, CH2), 2.27 (2 H, t, J = 7 Hz, CH2CO2H), 3.94 (2 H, t, 
J = IHz, NCH2), 6.95-7.55 (10 H, m, aryl H), 7.65 (1 H, pyri­
midinyl H), 10.56 (1 H, bs, CO2H); MS m/z 405 (MH+). Anal. 
(C26H28N2O3) C, H, N. 

Methyl 5-(Diphenylmethyl)-2H-tetrazole-2-nonanoate and 
Methyl 5-Diphenyl-lH-tetrazole-l-nonanoate. A mixture of 
5-(diphenylmethyl)-lH-tetrazole (5.00 g, 21 mmol), methyl 9-
bromononanoate (5.84 g, 23 mmol), K2CO3 (3.50 g, 25 mmol), KI 
(catalytic quantity), and DMF (75 mL) was stirred at 110 0C for 
15 min. The mixture was cooled, diluted with H2O, and extracted 
with Et2O to give an oil. Chromatography on a column of silica 
gel using a mixture of hexane and Et2O (1:1) as eluent gave methyl 
5-(diphenylmethyl)-2H-tetrazole-2-nonanoate (6.50 g, 75%): IR 
(film) 1740 (CO2CH3) cm"1; 1H NMR (CDCl3) S 1.20-1.40 (8 H, 
m, CH2), 1.59 (2 H, quintet, J = 7 Hz, CH2), 1.96 (2 H, quintet, 
J = 7 Hz, CH2), 2.28 (2 H, t, J = 7.5 Hz, CH2CO2CH3), 3.64 (3 
H, s, CO2CH3), 4.53 (2 H, t, J = 7 Hz, NCH2), 5.81 (1 H, s, 
PhCHPh), 7.10-7.50 (10 H, m, aryl H); MS m/z 407 (MH+). Anal. 
(C24H30N4O2) C, H, N. 

Further elution gave methyl 5-(diphenylmethyl)-lH-tetra-
zole-1-nonanoate (1.91 g, 22%); mp 85-87 0C; IR (KBr) 1738 
(CO2CH3) cm-1; 1H NMR (CDCl3) & 1.10-1.30 (8 H, m, CH2), 
1.45-1.70 (4 H, m, CH2), 2.25 (2 H, t, J = 7.5 Hz, CH2CO2CH3), 
3.62 (3 H, s, CO2CH3), 4.12 (2 H, t, J = 7 Hz, NCH2), 5.55 (1 H, 
s, PhCHPh), 7.15-7.20 (10 H, m, aryl H); MS m/z 407 (MH+). 
Anal. (C24H30N4O2) C, H, N. 

5-(Diphenylmethyl)-2H-tetrazole-2-nonanoic Acid (13aab). 
Saponification of methyl 5-(diphenylmethyl)-2H-tetrazole-2-no-
nanoate (5.00 g, 12 mmol) as described for 9j gave 13aab (4.40 
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g, 90%): mp 68-70 0C (CH2Cl2/hexane); IR (KBr) 1700 (CO2H) 
cm"1; 1H NMR (CDCl3) 61.28 (8 H1 bs, CH2), 1.58 (2 H, quintet, 
J = 6.5 Hz, CH2), 1.97 (2 H, quintet, J = 6.5 Hz, CH2), 2.29 (2 
H, t, J = 7.5 Hz, CH2CO2H), 4.55 (2 H, t, J = 7 Hz, NCH2), 5.81 
(1 H, s, PhCHPh), 7.15-7.40 (10 H, m, aryl H), 10.52 (1 H, bs, 
CO2H)JMSmZzSgS(MH+). Anal. (C23H28N4O2) C, H, N. 

5-(Diphenylmethyl)-lH-tetrazole-l-nonanoic Acid (13aae). 
A sample of methyl 5-(diphenylmethyl)-lH-tetrazole-l-nonanoate 
(1.10 g, 3 mmol) was hydrolyzed using the procedure employed 
to prepare 9j to afford 13aae (0.75 g, 74%): mp 133-135 6C 
(CH2Cyhexane); IR (KBr) 1710 (CO2H) cm"1; 1H NMR (CDCl3) 
S 1.00-1.35 (8 H, m, CH2), 1.40-1.75 (4 H, m, CH2), 2.30 (2 H, t, 
J = 7 Hz, CH2CO2H), 4.13 (2 H, t, J = 7 Hz, NCH2), 5.55 (1 H, 
s, PhCHPh), 7.15-7.40 (10 H, m, aryl H); MS m/z 393 (MH+). 
Anal. (C23H28N4O2)CH1N. 

Methyl [3-[2-[5-(Diphenylmethyl)-2H-tetrazol-2-yl]-
ethyl]phenoxy]acetate. Diethyl azodicarboxylate (0.96 g, 5.5 
mmol) was added to a stirred solution of 5-(diphenylmethyl)-
2H-tetrazole (1.00 g, 4.2 mmol), 14d (0.98 g, 4.6 mmol), and PPh3 
(1.44 g, 5.5 mmol) in dry THF (17 mL) maintained at 0 0C. The 
mixture was stirred at room temperature for 1 h, the solvent 
evaporated, and the residue chromatographed on a column of silica 
gel. Elution with a mixture of hexane and EtOAc (3:1) gave methyl 
[3-[2-[5-(diphenylmethyl)-2H-tetrazol-2-yl]ethyl]phenoxy]acetate 
(1.06 g, 58%) as a colorless oil: IR (film) 1765,1745 (C=O) 1620, 
1580 cm"1; 1H NMR (CDCl3) 5 3.26 (2 H, t, J = 7.5 Hz, CH2Ar), 
3.78 (3 H, s, CO2CH3), 4.53 (2 H, s, OCH2), 4.79 (2 H, t, J = 7.5 
Hz, NCH2), 5.77 (1 H, s, PhCHPh), 6.65-6.80 (3 H, m, aryl H), 
7.10-7.40 (11 H, m, aryl H); MS m/z 429 (MH+). Anal. (C26-
H24N4O3) C, H, N. 

[3-[2-[5-(Diphenylmethyl)-2H-tetrazol-2-yl]ethyl]phen-
oxy]acetic Acid (13aad). Saponification of [3-[2-[5-(di-
phenylmethyl)-2H-tetrazol-2-yl]ethyl]phenoxy]acetate (0.84 g, 2 
mmol) analogous to the preparation of 9j gave an oil after ex­
traction with CH2Cl2. Chromatography on a column of silica gel 
using a mixture of CHCl3 and MeOH (93:7) as eluent gave 13aad 
(0.50 g, 61%) as a colorless oil: IR (film) 3040 (OH), 1735 (CO2H), 
1590,1500,1450 cm"1; 1H NMR (CDCl3) 5 3.25 (2 H, t, J = 7.5 
Hz, CH2Ar), 4.54 (2 H, s, OCH2), 4.78 (2 H, t, J = 7.5 Hz, NCH2), 
5.80 (1 H, s, PhCHPh), 6.60-6.85 (3 H, m, aryl H), 7.20-7.40 (11 
H, m, aryl H), 9.62 (1 H, bs, CO2H); MS m/e 415 (MH+). Anal. 
(C24H22N4O3-0.2H2O) C, H, N. 

3-(Diphenylmethyl)-lH-pyrazole. A mixture of 1,1-di-
phenylacetone (20.00 g, 95 mmol) and (tert-butyloxy)bis(di-
methylamino)methane61 (19.88 g, 23.67 mL, 114 mmol) was stirred 
at 110 0C under an atmosphere of nitrogen for 30 min. The 
mixture was cooled, hydrazine (4.57 g, 4.5 mL, 142 mmol) added, 
and the mixture heated at 120 0C for 30 min. The mixture was 
cooled and poured onto H2O (400 mL) with vigorous stirring. After 
30 min, a solid was filtered off, taken up in CH2Cl2, and washed 
with H2O. The organic phase was dried over Na2SO4 and con­
centrated to give 3-(diphenylmethyl)-lH-pyrazole (20.38 g, 91%): 
mp 103-105 0C (CH2Cl2/hexane); IR (KBr) 1600,1580,1550,1495, 
1460 cm"1; 1H NMR (CDCl3) S 5.57 (1H, s, PhCHPh), 5.94 (1H, 
d, J = 2 Hz, pyrazole ring H), 7.00-7.40 (11H, m, aryl H + pyrzole 
ring H), 12.24 (1 H, bs, NH); MS m/z 235 (MH+). Anal. (C16-
H14N2) C, H, N. 

Methyl 9-[3-(Diphenylmethyl)-lH-pyrazol-l-yl]nonanoate 
and Methyl 9-[5-(Diphenylmethyl)-lH-pyrazol-l-yl]nona-
noate. Alkylation of 3-(diphenylmethyl)-lH-pyrazole (5.00 g, 21 
mmol) with methyl 9-bromononanoate (5.90 g, 23 mmol) under 
the general conditions (room temperature/20 min) gave an oil 
after extraction with Et2O. Chromatography on a column of silica 
gel using a mixture of hexane and Et2O (2:1) as eluent gave methyl 
9-[3-(diphenylmethyl)-lH-pyrazol-l-yl]nonanoate (4.77 g, 55%): 
IR (film) 1740 (CO2CH3) cm"1; 1H NMR (CDCl3) S 1.28 (8 H, bs, 
CH2), 1.60 (2 H, quintet, J = 6 Hz, CH2), 1.81 (2 H, quintet, J 
= 6 Hz, CH2), 2.28 (2 H, t, J = 7.5 Hz, CH2CO2CH3), 3.64 (3 H, 
s, CO2CH3), 4.04 (2 H, t, J = 7 Hz, NCH2), 5.55 (1H, s, PhCHPh), 
5.92 (1 H, d, J = 2 Hz, pyrazole H)17.10-7.35 (1 H, m, aryl H + 
pyrazole H); MS m/z 405 (MH+). Anal. (C26H32N2O2) C, H, N. 

(51) Wasserman, H. H.; Ives, J. L. A Novel Method for Converting 
Ketones to a-Diketones. The Reaction of Enamino Ketones 
with Singlet Oxygen. J. Am. Chem. Soc. 1976, 98, 7868-7869. 

Further elution gave a mixed fraction (0.50 g, 8%) followed 
by methyl 9-[5-(diphenylmethyl)-lH-pyrazol-l-yl]nonanoate (2.36 
g, 27%): IR (film) 1740 (CO2CH3) cm"1; 1H NMR (CDCl3) S 
1.05-1.30 (8 H, m, CH2), 1.50-1.70 (4 H, m, CH2), 2.27 (2 H, t, 
J = 7.5 Hz, CH2CO2CH3), 3.64 (3 H, s, CO2CH3), 3.84 (2 H, t, J 
= 7.5 Hz, NCH2), 5.40 (1H, s, PhCHPh), 5.67 (1H, d, J - 2 Hz, 
pyrazole H), 7.00-7.35 (10 H, m, aryl 1 H)1 7.38 (1 H, d, J = 2 
Hz, pyrazole H); MS m/z 405 (MH+). Anal. (C26H32N2O2) C, H, 
N. 

9-[3-(Diphenylmethyl)-lH-pyrazol-l-yl]nonanoic Acid 
(13aag). Under conditions analogous to those used to prepare 
9j, methyl 9-[3-(diphenylmethyl)-lH-pyrazol-l-yl]nonanoate (3.50 
g, 9 mmol) was hydrolyzed to give 13aag (2.90 g, 85%) as a 
colorless oil: IR (film) 1720 (CO2H) cm"1; 1H NMR (CDCl3)«1.29 
(8 H1 bs, CH2), 1.60 (2 H, quintet, J = 7 Hz, CH2), 1.81 (2 H, 
quintet, J = 7 Hz, CH2), 2.30 (2 H, t, J = 7.5 Hz, CH2CO2H), 4.07 
(2 H, t, J = 7 Hz, NCH2), 5.59 (1 H, s, PhCHPh), 5.94 (1 H, d, 
J = 2 Hz, pyrazole H), 7.10-7.40 (11 H1 m, aryl H + pyrazole H), 
11.24 (1 H, bs, CO2H); MS m/z 391 (MH+). Anal. (C26H30N2O2) 
C, H, N. 

9-[5-(Diphenylmethyl)-lH-pyrazol-l-yl]nonanoate 
(13aah). Saponification of methyl 9-[5-(diphenylmethyl)-lH-
pyrazol-l-yl]nonanoate (1.50 g, 4 mmol), as described for 9j, gave 
13aah (1.12 g, 77%) as an oil after extraction with CH2Cl2: IR 
(film) 1720 (CO2H) cm"1; 1H NMR (CDCl3) 6 1.10-1.40 (8 H, m, 
CH2), 1.50-1.70 (4 H, m, CH2), 2.30 (2 H11, J = 7.5 Hz, CH2CO2H), 
3.88 (2 H, t, J = 7.5 Hz, NCH2), 5.40 (1 H1 s, PhCHPh), 5.69 (1 
H, d, J = 2 Hz1 pyrazole H)17.00-7.40 (10 H1 m, aryl H), 7.43 (1 
H, d, J = 2 Hz, pyrazole H), 11.47 (1 H, bs, CO2H); MS m/z 391 
(MH+). Anal. (C26H30N2O2-O^H2O)C1H1N. 

Methyl 2,5-Dioxo-4,4-dipheny limidazolidine- 1-nonanoate. 
A mixture of 4,4-diphenylimidazolidine-2,5-dione (4.00 g, 16 
mmol), methyl 9-bromonanoate (4.38 g, 17 mmol), K2CO3 (2.63 
g, 19 mmol), KI (catalytic amount), and DMF (60 mL) was stirred 
at 110 0C for 15 min. The mixture was cooled, diluted with H2O, 
and extracted with Et2O to give an oil. Chromatography on a 
column of silica gel using a mixture of hexane and Et2O (1:1) as 
eluent gave methyl 2,5-dioxo-4,4-diphenylimidazolidine- 1-nona­
noate (6.69 g, 100%): IR (film) 1780,1720 (C=O) cm"1; 1H NMR 
(CDCl3) 6 1.10-1.30 (8 H, m, CH2), 1.55 (4 H, m, CH2), 2.24 (2 
H11, J = 6 Hz, CH2CO2CH3), 3.50 (2 H, t, J = 6 Hz, NCH2), 3.62 
(3 H, s, CO2CH3), 7.25-7.50 (10 H, m, aryl H), 7.83 (1 H1 s, NH); 
MS m/z 423 (MH+). Anal. (C26H30N2O4) C1 H1 N. 

2,5-Dioxo-4,4-diphenylimidazolidine-l-nonanoic Acid 
(13aai). A mixture of methyl 2,5-dioxo-4,4-diphenyl-
imidazolidine- 1-nonanoate (5.40 g, 13 mmol) and 6 N HCl solution 
(80 mL) was heated at reflux for 23 h. The mixture was cooled 
and extracted with CH2Cl2, and the residual oil chromatographed 
on a column of silica gel using Et2O as eluent to give 13aai (5.21 
g, 100%): mp 98-101 0C (Et2O); IR (KBr) 1780,1710 (C=O) cm"1; 
1H NMR (CDCl3) S 1.10-1.45 (8 H, m, CH2), 1.59 (4 H1 m, CH2), 
2.31 (2 H, t, J = 7.5 Hz, CH2CO2H), 3.53 (2 H, t, J = 7 Hz, NCH2), 
7.20-7.60 (10 H, m, aryl H), 8.24 (1 H1 s, NH)1 10.76 (1 H, bs, 
CO2H); MS m/z 409 (MH+). Anal. (C24H28N2O4)C1H1N. 

Methyl [3-[3-[(Diphenylmethyl)amino]-3-oxopropyl]-
phenoxy]acetate. Diphenyl phosphorazidate (4.13 g, 15 mmol) 
was added to a stirred solution of aminodiphenylmethane (2.38 
g, 13 mmol), 7 (2.38 g, 10 mmol), DMAP (catalytic amount), and 
Et3N (2.23 g, 22 mmol) in DMF (60 mL). After 24 h, the mixture 
was concentrated, diluted with EtOAc, and washed twice with 
H2O and once with saturated NaCl solution. After drying over 
Na2SO4, the solvent was evaporated and the residue chromato­
graphed on a column of silica gel. Elution with a mixture of 
hexane and EtOAc (11:9) gave methyl [3-[3-[(diphenylmethyl)-
amino]-3-oxopropyl]phenoxy]acetate (3.27 g, 81%): mp 113-114 
0C (hexanes/CH2Cl2); IR (KBr) 1770,1762 (O=O), 1640 cm"1; 
1H NMR (CDCl3) 8 2.52 (2 H, t, J = 7.5 Hz, CH2), 2.94 (2 H, t, 
J = 7.5 Hz1 CH2), 3.76 (3 H, s, CO2CH3), 4.52 (2 H1 s, OCH2), 5.99 
(1 H, d, J = 7.5 Hz1 NH)1 6.19 (1 H, d, J = 7.5 Hz, PhCHPh), 
6.70-S.90 (3 H, m, aryl H), 7.05-7.40 (11 H1 m, aryl H); MS m/z 
404(MH+). Anal. (C26H26NO4)C1H1N. 

[3-[3-[(Diphenylmethyl)amino]-3-oxopropyl]phenoxy]-
acetic Acid (13aaj). A sample of methyl [3-[3-[(diphenyl-
methyl)amino]-3-oxopropyl]phenoxy]acetate (1.00 g, 2.5 mmol) 
was hydrolyzed using the conditions described for the preparation 
of 9j to give a white solid. Recrystallization from a mixture of 
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CH2Cl2 and hexane (2:1) gave 13aaj (0.87 g, 90%): mp 155.5-157 
0C; IR (KBr) 1755 (CO2H)1 1650 (NCO) cm"1; 1H NMR 
(DMSO-Ci6) 5 2.50 (2 H, t, J = 8 Hz, CH2), 2.80 (2 H, t, J = 8 Hz, 
CH2), 4.58 (2 H, s, OCW2). 6.08 (1 H, d, J = 8.5 Hz, PhCHPh), 
6.70-6.85 (3 H, m, aryl H), 7.10-7.40 (11 H, m, aryl H), 8.72 (1 
H, d, J = 8.5 Hz, NH); MS m/z 390 (MH+). Anal. (C24H23NO4) 
C, H1 N. 

Methyl ll-(Benzoylphenylamino)undecanoate. Alkylation 
of 27 (4.00 g, 20 mmol) with methyl 11-bromoundecanoate (6.23 
g, 22 mmol) according to the general protocol (room temperature/4 
h and 110 "C/1.5 h) gave an oil which was chromatographed on 
a column of silica gel. Elution with a mixture of hexane and 
EtOAc (7:3) gave the title compound (4.33 g, 55%): IR (film) 1740, 
1650 cm"1; 1H NMR (CDCl3) & 1.10-1.30 (12 H1 m, CH2), 1.54 (4 
H1 m, CH2), 2.22 (2 H, t, J = 8 Hz1 CH2CO2CH3), 3.60 (3 H, s, 
CO2CH3), 3.85 (2 H, m, NCH2), 6.95 (2 H, d, J = 7 Hz1 aryl H)1 
7.03-7.22 (8 H1 m, aryl H); MS m/z 396 (MH+). Anal. (C25-
H33NO3) C, H1 N. 

Introduction 
(S)-Glutamic acid (GIu, 1) is the major excitatory amino 

acid (EAA) neurotransmitter in the central nervous sys­
tem.1"4 In addition, GIu and a number of related EAAs 
possess potent neurotoxic properties. On the basis of 
different lines of in vitro and in vivo studies it is generally 
agreed that GIu neurotoxicity plays a role in brain damages 
following hypoxia, hypoglycemia, and status epilepticus.2"5 

Furthermore, there is considerable evidence tha t imba-
lance(s) in the GIu neurotransmitter system is a contrib­
uting factor in the pathogenesis of certain neurodegener­
ative disorders.2"7 Thus, GIu hyperactivity is thought to 
cause loss of 4-aminobutyric acid (GABA) and acetyl­
choline neurons in Huntington's disease and Alzheimer's 
disease, respectively, whereas hypoactivity at Glu-operated 
synapses may contribute to the clinical manifestations of 
Alzheimer's disease (impaired memory and learning)7 and 
schizophrenia.8 

* Address correspondence to Professor Povl Krogsgaard-Larsen, 
Department of Organic Chemistry, The Royal Danish School of 
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ll-(Benzoylphenylamino)undecanoic Acid (13aal). Methyl 
ll-(benzoylphenylamino)undecanoate (3.00 g, 8 mmol) was sa­
ponified as described for 9j to give an oil which was triturated 
with hexane to give 13aal (2.35 g, 81%): mp 74-77 0C; IR (KBr) 
3000-2850, 1730, 1610, 1590, 1570 cm"1; 1H NMR (CDCl3) & 
1.05-1.80 (12 H, m, CH2), 1.55 (4 H, quintet, J = 7 Hz, CH2), 2.26 
(2 H11, J = 7 Hz1 CH2CO2H)1 3.84 (2 H, t, J = 8 Hz, NCH2), 6.95 
(2 H1 d, J = 7 Hz1 aryl H)1 7.03-7.25 (8 H, m, aryl H) 10.05 (1 
H, bs, CO2H); MS m/z 382 (MH+). Anal. (C24H31NO3) C, H, N. 

Biological Evaluation. Blood platelet aggregometry using 
human platelet-rich plasma was performed as previously de­
scribed.12,6 
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The central GIu receptors are at present classified into 
five subtypes: iV-methyl-D-aspartic acid (NMDA), 
(i?S)-2-amino-3-(3-hydroxy-5-methylisoxazol-4-yl)propionic 
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Inge T. Christensen, Bjarke Ebert , UIf Madsen, Birgitte Nielsen, Lotte Brehm, and Povl Krogsgaard-Larsen* 

PharmaBiotec Research Center, Department of Organic Chemistry, The Royal Danish School of Pharmacy, 
DK-2100 Copenhagen, Denmark. Received March 25, 1992 

The 3-isoxazolol amino acid (RS)-2-amino-3-(3-hydroxy-5-methylisoxazol-4-yl)propionic acid (AMPA, 2) and the 
isomeric compound (i?S)-2-amino-3-(3-hydroxy-4-methylisoxazol-5-yl)propionic acid (4-methylhomoibotenic acid, 
4a) are potent agonists at the AMPA subtype of central excitatory amino acid receptors. Using 4a as a lead structure, 
the amino acids 4c-e, in which the 4-methyl group of 4a is replaced by substituents of different size and polarity, 
were synthesized. Attempts to synthesize 4-(bromomethyl) homoibotenic acid (4f), a potential receptor alkylating 
agent, were unsuccessful. 4-Butylhomoibotenic acid (4c) and 4-(2-hydroxyethyl)homoibotenic acid (4e) were equipotent 
as inhibitors of [3H]AMPA binding (IC50 = 2 ^M) and showed similar excitatory activity in the rat cortical slice 
preparation. 4d did not show significant affinity for AMPA receptor sites, but turned out to be a weak N-
methyl-D-aspartic acid (NMDA) receptor antagonist. However, like 4c,e, 4d did not significantly affect the binding 
of the competitive NMDA antagonist, [3H]CPP, or the noncompetitive NMDA antagonist, [3H]MK-801. None of 
the amino acids 4c-e showed detectable affinity for [3H]kainic acid binding sites. Like the parent compound 4a 
(IC50 = 0.18 nM), 4c (IC50 = 0.18 MM), 4e (IC50 = 0.14 (M), and in particular 4d (IC50 = 0.02 ^M) were effective 
inhibitors of calcium chloride-dependent [3H]glutamic acid binding, whereas AMPA is inactive (IC50 > 100 MM) 
in this binding assay. Thus, 4d is an effective and highly selective inhibitor of calcium chloride-dependent [3H]glutamic 
acid binding and may be a useful tool for studies of the physiological relevance and pharmacological importance 
of this binding affinity. 
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