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An enkephalin derivative, [D-Ala2,Leu6]enkephalin 7V-[(2-nitro-4-azidophenyl)amino]ethylamide, has been synthesized 
as a photoaffinity label for the opiate receptor. This compound retains the full biological activity of [D-
Ala2,Leu5]enkephalin in guinea pig ileum and mouse vas deferens tests with IC50 values of 4.4 and 2.6 nM, respectively, 
and inhibits the binding of [3H]naloxone to rat brain membrane preparation with an IC^ value of 2.5 nM. Photolysis 
of a muscle strip of the guinea pig ileum or of the mouse vas deferens in the presence of the peptide derivative caused 
irreversible inhibition of electrically stimulated contractions with high efficiencies (80 and 66%, respectively), while 
the inhibitory effect in the dark was fully reversed by washing. This irreversible inhibition during photolysis was 
completely prevented by the presence of [D-Ala2,Leu5] enkephalin. These results demonstrate that [D-Ala2,Leu5]-
enkephalin iV-[(2-nitro-4-azidophenyl)amino]ethylamide is a prominent candidate as a photoaffinity label for the 
opiate receptor. 

The discovery of enkephalins1 and endorphins,2""4 en
dogenous peptide ligands with opiate properties, sparked 
the enormous research activity that has characterized the 
opiate field in recent years. Other new endogenous pep
tides have been discovered subsequently.5"9 At present 
the opioid peptides can be classified into the following 
three groups: endorphins, enkephalins, and dynor-
phins/neo-endorphins; the occurrence of these three sets 
of opioids derived from three different genes is clearly 
established.10"13 A number of reports on subcellular 
distributions of the opioid peptides and their receptors 
have been published.14 '17 The observations of heteroge
neous binding of opioid ligands to receptors18'19 raise some 
intriguing questions on whether multiple classes of opioid 
receptors (at least three types designated ju, <>, and K18) 
correlate with the products of the three opioid peptide 
genes. 

Little significant progress, however, has been made with 
respect to receptors at the molecular level. It is still unclear 
whether these various receptor forms represent different 
molecular entities or result from conformational changes 
of a single receptor species. Isolation and biochemical 
characterization of the cell-surface receptor are thus of 
prime importance. Several at tempts along this line have 
been reported, such as solubilization of the receptor20-23 

and partial purification by affinity chromatography.24 

Special difficulties in studying opiate receptors lie in the 
fact that the receptors are present in very small quantities 
(ca. 10 fmol/mg of guinea pig brain) and are membrane-
bound proteins sensitive to protelytic enzymes and de
tergents. One promising approach is the use of affinity 
labels, particularly the photoaffinity labeling technique.25,26 

We have shown the usefulness of this technique in the 
labeling of an enzyme active site.27 Several photoaffinity 
compounds for the opiate receptors, based on opiate 
drugs28"30 or enkephalins,31"34 have been synthesized and 
applied. However, for the wavelength used (254 nm) it has 
been shown recently that this short-wavelength UV light 
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Scheme I. A Synthetic Route for 
Afa-Boc-[D-Ala2,Leus]enkephalin 
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causes rapid destruction of the opiate binding activity of 
the receptor.35 Accordingly, we have designed a pho-
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Table I. Inhibitory Effects of the Peptides and Naloxone on 
the Binding of [3H] Naloxone (2 nM) in the Preparation of 
Rat Brain Membrane 

200 300 400 500 

WAVELENGTH(nm) 

600 

Figure 1. Absorption spectra of ENAPE before and after pho
tolysis (flash). ENAPE (10 AIM) in water was photolyzed in the 
Pyrex organ bath at a distance of 5 cm from the lamp: 1, before 
photolysis; 2, 50 flashes; 3, 100 flashes; 4, 150 flashes. 

toaffinity compound for the receptor, [D-Ala2,Leu5] enke
phalin iV-[(2-nitro-4-azidophenyl) amino] ethylamide, con-

Tyr-D-Ala-Gly-Phe-Leu-NH-(CH2)2-NH^w>-N3 

taining a chromophore of adequate absorption maximum 
at long wavelength: This chromophore is attached to the 
[D-Ala2,Leu5] enkephalin molecule, which is known to be 
resistant to peptidase degradation in biological prepara
tions.36 
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compound 

naloxone 
[Leu6]enkephalin 
DALE 
ENAPE 
^-endorphin 

ICgo," nM 

6.39 ± 1.46 (7) 
118 ± 27.3 (4) 
30.0 ± 7.64 (3) 
2.52 ± 1.00 (3) 
8.43 ± 2.79 (3) 

rel potency6 

18.5 
1 
3.9 

46.8 
14.0 

0 The values are the means plus or minus standard error; the 
number of determinations is given in parentheses. b Relative 
potency was calculated from the ratio of the IC60 of [Leu6]-
enkephalin to that of the compound. 

Table II. Inhibitory Effects of Enkephalin and Its 
Derivatives on the Guinea Pig Ileum (GPI) and Mouse Vas 
Deferens (MVD) Assays 

peptide 

[Leu6] enkephalin 
DALE 
ENAPE 

IC50, 
GPI 

120 ± 10 (50) 
5.23 ± 0.59 (3) 
4.35 ± 1.57 (3) 

' n M 

MVD 

17.0 ± 5.5 (50) 
2.88 ± 0.90 (3) 
2.59 ± 0.97 (2) 

"The values are the means plus or minus standard error; the 
number of determinations is given in parentheses. 

PHOTOLYSIS 

Figure 2. Inhibition of the electrically induced contractions of 
GPI by photolysis in the presence of ENAPE. The GPI in the 
Pyrex organ bath was photolyzed with ENAPE (100 nM) at room 
temperature in modified Krebs solution (see text). The "up" arrow 
indicates the addition of ENAPE, and the "down" arrows show 
replacements of the bath solution. 

PHOTOLYSIS 

Figure 3. Prevention by DALE of the photochemical inactivation 
of GPI with ENAPE. GPI in the Pyrex organ bath was photolyzed 
in the presence of DALE (20 ixM) and ENAPE (10 nM) at room 
temperature in the same solution as in Figure 2. The "up" arrows 
indicate the addition of drugs: 1, DALE; 2, ENAPE. The "down" 
arrows show replacements of the bath solution. 

We report here the synthesis of [D-Ala2,Leu5] enkephalin 
AT-[(2-nitro-4-azidophenyl)arnino]ethylamide (ENAPE),37 

its biological activities, and its application to the pho-
toaffmity labeling of the opiate receptors in the guinea pig 
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Waterfield, Br. J. Pharmacol, 68, 333 (1980). 
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A?-[(2-nitro-4-azidophenyl)amino]ethylamide; DALE, [D-
Ala2,Leu6]enkephalin; EDC-HC1, l-ethyl-3-[3-(dimethyl-
amino)propyl]carbodiimide hydrochloride; HOBt, 1-hydroxy-
benzotriazoie; TsOH, p-toluenesulfonic acid; EtOAc, ethyl 
acetate; GPI, guinea pig ileum; MVD, mouse vas deferens. 
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ileum and mouse vas deferens. 

Results 

[D-Ala2,Leu5]enkephalin JV-[(2-Nitro-4-azido-
phenyl)amino]ethylamide (ENAPE). iVa-Boc-[D-
Ala2,Leus] enkephalin (2) was synthesized by conventional 
solution methods employing a (3 + 2) fragment conden
sation (Scheme I). The coupling of 2 with iV-(2-nitro-4-
azidophenyl)ethylenediamine (1) was achieved by the use 
of EDC-HCl in the presence of HOBt. In the absence of 
HOBt, another undesired product was also detected on 
TLC. In several trials for deblocking the tert-butoxy-
carbonyl group, the use of HCl/EtOAc removed it effec
tively. The modified method using trifluoroacetic acid 
under mild conditions32 gave several spots on TLC and so 
was not suitable for this case. The deblocked product was 
purified by TLC and was obtained as a hydrochloride salt 
after precipitation with hydrochloric acid. 

Absorption spectra of ENAPE before and after photo
lysis are shown in Figure 1. As expected, ENAPE has a 
sufficient absorption maximum at long wavelength (445 
nm; e 4600 M"1 cm-1). Photolysis of the compound in the 
Pyrex bath, as described in the Experimental Section, was 
complete after 100 flashes. The absorption peaks at 260 
and 455 nm of ENAPE disappeared after photolysis, and 
a small shoulder appeared at 325 nm. 

Opiate Activities of ENAPE. Opiate activities of 
ENAPE were determined by measuring the binding ac
tivity to a rat brain membrane and by bioassay using 
guinea pig ileum (GPI) or mouse vas deferens (MVD). 
ENAPE proved to be a potent opiate agonist. It competes 
with [3H] naloxone for binding to a membrane preparation 
from rat brain and has higher affinity than that of 
[Leu5]enkephalin, [D-Ala2,Leu5]enkephalin (DALE), or 
^-endorphin (Table I). ENAPE was also shown to be 
biologically active by its inhibition of the electrically 
stimulated contractions of GPI and MVD. It is as equally 
active as the parent compound, DALE (Table II). 

Inhibition of Electrically Induced Contractions of 
GPI by Photolysis in the Presence of ENAPE. Pho
tolysis in the presence of ENAPE inhibited the contrac
tions of GPI strips (Figure 2). Inhibition of 53 or 91% 
was observed at an ENAPE concentration of 10 or 100 nM, 
respectively. This inhibition was not influenced by re
placing the bath solution (washing) within 3 h, while the 
inhibitory effects of ENAPE in the dark were completely 
eliminated by washing. In addition, inhibition of con
tractions by photolyzed ENAPE was reversed by washing: 
36 or 27% inhibition at a concentration of 5 or 20 nM 
photolyzed ENAPE, respectively, was eliminated by re
placing the bath solution. These results suggest that 
photolysis in the presence of ENAPE results in irreversible 
labeling of the opiate receptors of GPI. 

Protection with DALE against Irreversible Inhib
ition of GPI Contractions by Photolysis in the Pres
ence of ENAPE. Figure 3 shows that 20 ixM DALE 
protects GPI activity against the long-lasting inhibition 
of contractions by photolysis in the presence of 10 nM 
ENAPE. DALE (40 nM) also showed the protection effect 
against the photochemical inhibition with 100 nM ENAPE. 
Strips exposed to identical treatment without photolysis 
(in the dark) responded identically to [Leu5] enkephalin 
as a control (data not shown). When GPI was photolyzed 
without ENAPE as another control, 90% of the opiate 
binding activity was retained. 

Photochemical Inhibition of MVD Contractions 
with ENAPE. Electrically induced contractions of MVD 
were inhibited by photolysis in the presence of 10 nM 
ENAPE (Figure 4). The observed inhibition was 76% of 
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PHOTOLYSIS 

Figure 4. Photochemical inhibition of the electrically induced 
contractions of MVD in the presence of ENAPE. A MVD strip 
in the Pyrex organ bath was photolyzed with ENAPE (10 nM) 
at room temperature in modified Krebs solution. The "up" arrow 
indicates the addition of ENAPE, and the "down" arrows show 
replacement of the bath solution. 

the original activity even after the MVD strip was washed 
with bath solution for 1 h, while the inhibition of ENAPE 
in the dark was completely removed by the washing pro
cedures. DALE, 10 /uM, protected the MVD contraction 
activity from photochemical inhibition with 10 nM 
ENAPE. MVD preparations were a little more sensitive 
to photoirradiation than GPI, but 90% of the activity 
remained within 1 h even after the irradiation as a control 
experiment. 

Discussion 
We have synthesized an enkephalin analogue, [D-

Ala2,Leu5] enkephalin N- [ (2-nitro-4-azidophenyl)amino] -
ethylamide (ENAPE), which is a good candidate for the 
photochemical labeling of the opiate receptor. Biologically, 
the compound shows high opiate binding activities by three 
different assay systems, radio-receptor binding assay to 
rat brain homegenates and bioassay in GPI and MVD. It 
is of note that ENAPE retains full opiate activity of DALE, 
although a photosensitive nitrophenylazido group with 
relatively large steric requirements was introduced to the 
carboxyl terminal of DALE. This also suggests that car-
boxyl-terminal modifications of the enkephalin are not 
critical for its binding to the receptor.38 

ENAPE was also well characterized chemically by ele
mental analysis, amino acid analysis, and several spec-
trometric determinations. It has a sufficient absorption 
band at 455 nm to be photolyzed with long-wavelength 
light, which was confirmed to be nondestructive to the 
receptor in this work. The irradiation wavelength in 
photoaffinity labeling is chosen based on two factors: one 
is absorption regions of the photosensitive group attached 
to the ligands, and the other is the photosensitivity of the 
biological system. In general, irradiation at short wave
length (254 nm) can easily activate the photosensitive 
groups. Therefore, irradiation for a short time is enough 
to photolyze them to reactive species with a high energy 
level. In fact, it has been observed that higher labeling 
efficiencies can be obtained in some cases.25 In the case 
of the opiate receptor, however, it was reported that 
short-wavelength UV light (254 nm) causes rapid and 
critical loss of binding activity.35 In order to minimize such 
damage, we used Xenon flashes and a Pyrex organ bath. 
Under the irradiation conditions, wavelengths longer than 
280 nm are responsible for activating the photosensitive 
group of ENAPE to the reactive nitrene species. 

Efficient irreversible inhibition (91%) of the electrically 
stimulated contractions of GPI was observed by photolysis 
in the presence of 100 nM ENAPE (Figure 2). A net 
inhibition of 80% was achieved after subtracting the 10% 
loss of activity that occurred by photolysis of the GPI 
alone. This inhibition of ENAPE was completely pre
vented in the presence of a competing ligand such as 
DALE. Therefore, these results demonstrate that the 
irreversible inhibition by photolysis with ENAPE resulted 

(38) J. S. Morley, Annu. Rev. Pharmacol. Toxicol, 20, 81 (1980). 
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from its specific photolabeling to the opiate receptor. 
Similar irreversible inhibition (66% net) was observed 
photochemically in MVD contractions with 10 nM ENAPE 
(Figure 3). GPI and MVD are reported to contain pre
dominantly A*- and 5-type receptors, respectively,46'49 al
though a smaller amount of /c-type receptors can not be 
excluded. Therefore, the observation that both GPI and 
MVD were inactivated photochemically with ENAPE 
suggests the compound does not have a significant pref
erence for either of the two receptor preparations from 
different sources. Since the binding potential of ENAPE 
to both receptors is quite similar (Table II), the lack of 
selectivity of ENAPE is unlikely to result from the pho-
toreaction step but rather from the binding step. 

The apparent broad specifity of ENAPE does not seem 
to be suitable for accomplishing the specific photolabeling 
of the <5 receptor in the MVD preparation because it also 
contains other types of opioid receptors.49 On the other 
hand, ENAPE can be employed in a cultured cell line such 
as NG 108-15, which contains only 5 receptors.50 Therefore, 
when these different types of preparations were employed 
and when the labeled receptor proteins were comparatively 
analyzed, ENAPE was able to distinguish structual dif
ferences in the case of one type of receptor; i.e., that it is 
composed of different protein subunits than the others. 
For this purpose, the use of [125I]ENAPE is expected to 
facilitate detection and isolation of the photolabeled pro
teins of the receptor; thus, the synthesis of the iodinated 
derivatives is now in progress. 

Experimental Section 
The following compounds were obtained from the indicated 

sources: [Leu5]enkephalin and ^-endorphin, Protein Research 
Foundation, Osaka; naloxone, Sankyo Co., Tokyo; [3H]naloxone 
(specific radioactivity 13.2 Ci/mmol), New England Nuclear Co. 
Melting points were determined with a Yamato MP-1 melting 
point apparatus and are uncorrected. IR data were recorded on 
a JASCO IRA-1 spectrometer. The mass spectral data were 
obtained with a JEOL JMS-300 mass spectrometer or a mass 
spectrometer in the field-desorption (FD) mode. The absorption 
spectra were determined in water or in EtOH with a Hitachi UV 
200-10 spectrophotometer. Optical rotations were measured with 
a JASCO DIP-4 polarimeter. Amino acid analysis was determined 
on a JEOL JLC-6AH amino acid analyzer following hydrolysis 
in degassed 6 N HC1 at 110 °C for 24 h. Molar ratios were referred 
to Ala (=1.00). Homogeneity of the products was checked on 
precoated TLC plates (silica gel 60 F254, Merk), using the fol
lowing solvent systems: CH2Cl2/MeOH, 5:1; BuOH/AcOH/H20, 
4:1:2; EtOAc/pyridine/AcOH/H20, 60:20:6:11. TLC of the 
compounds described below showed homogeneous single spots 
with UV and/or I2. The analytical results for elements indicated 
by their symbols were within ±0.4% of the theoretical values. 

Syntheses. All azido derivatives were handled in the dark. 
iV-(2-Nitro-4-azidophenyl)ethylenediamine (1). This 

compound was prepared from 4-fluoro-3-nitrophenyl azide by a 
modification of the reported method.39 A solution of 4-fluoro-
3-nitrophenyl azide (910 mg, 5 mmol) in dry CH2C12 (10 mL) was 
added to ethylenediamine (3.0 g, 50 mmol) in dry CH2C12 (10 mL), 
and the resulting mixture was stirred at room temperature for 
30 min. The mixture was washed with water, and the solution 
was evaporated to dryness in vacuo. The product was purified 
by silica gel chromatography (CH2Cl2/MeOH, 5:1) and was re-
crystallized from ether/hexane under nitrogen atmosphere (to 
prevent the formation of the carbonate salt): yield 77 mg (34%); 
mp 64-65 °C (lit.40 64-68 °C); mass spectrum, m/e 222 (M+); IR 
spectrum (Nujol), 2120 (N3) cm"1. Anal. (C8H10N6O2) C, H, N. 

iVa-(tert-Butoxycarbonyl)[D-Ala2,Leu5]enkephalin (2). 
This peptide was prepared by conventional solution methods 

(39) R. Chicheportiche, M. Balerna, A. Lombet, G. Romey, and M. 
Lazdunski, J. Biol. Chem., 254, 1552 (1979). 

(40) F. J. Darfler and G. V. Marinetti, Biochem. Biophys. Res. 
Commun., 79, 1 (1977). 

(Scheme I). The product was recrystallized from acetone/Et-
OAc/petroleum ether: mp 145.5-147 °C dec; [a]20

D -14.0 ± 0.4° 
(c 1.00, DMF). Anal. (C34H47N609.H20) C, H, N. Amino acid 
analysis: Tyr, 1.08; Ala, 1.00; Gly, 0.97; Phe, 1.04; Leu, 0.96. 
Deblocking of the tert-butoxycarbonyl group from 2 by tri-
fluoroacetic acid in the presence of anisole, followed by purification 
with DEAE-Sephadex A-25 (Pharmacia Fine Chemicals),41 gave 
[D-Ala2,Leu5]enkephalin (DALE), which was recrystallized from 
MeOH/ether (47%): mp 164-168 °C dec; [a]20

D +21.6 ± 0.3° (c 
1.01, MeOH). Amino acid analysis: Tyr, 1.01; Ala, 1.00; Gly, 0.98; 
Phe, 1.06; Leu, 1.02. 

iVa-(tert-Butoxycarbonyl)[D-Ala2,Leu6]enkephalin N-
[(2-Nitro-4-azidophenyl)amino]ethylamide (3). This com
pound was prepared by the modified procedure reported by Lee 
et al.32 A suspension of 2 (670 mg, 1 mmol) in dry acetonitrile 
(60 mL) was added to the solution of 1 (444 mg, 2 mmol) and 
HOBt37 (203 mg, 1.5 mmol) in dry CH2Cl2/acetonitrile (1:1, 270 
mL), and then EDC-HC137 (286 mg, 1.5 mmol) was added to the 
mixture. The mixture was stirred overnight at room temperature. 
After filtration of the resulting precipitate, the filtrate was 
evaporated to dryness in vacuo. The residue was dissolved in 
EtOAc, and then the solution was washed with water, 1 N HC1, 
4% NaHC03, and saturated NaCl and was dried over MgS04. 
The solution was evaporated to dryness in vacuo, then the residue 
was redissolved in acetone. A reddish amorphous powder was 
obtained by the addition of ether/petroleum ether to the solution 
(763 mg, 87%): mp 190 °C dec; IR (Nujol) 2120 (N3) cm"1. Anal. 
(C42H65NuO10) C, H, N. 

[D-Ala2,Leu6]enkephalin JV'-[(2-Nitro-4-azidophenyl)-
amino]ethylamide (ENAPE). A solution of 3 (87 mg, 0.1 mmol) 
in EtOAc containing 1 N HC1 (4 mL) was stirred for 2 h at room 
temperature, and then ether was added. The resulting precipitate 
was filtered off and purified by silica gel TLC (CH2Cl2/Me0H, 
7:1). The product, a reddish amorphous powder (41 mg, 51%), 
was precipitated from its solution in MeOH containing 1 N HC1 
in EtOAc (0.12 mL) by the addition of ether: mp 220 °C dec; 
IR 2120 ((N3) cm"1; UV Xmax (EtOH) 260 nm (c 20800), 455 (4600); 
FD mass spectrum, m/e 744 (M+). Anal. (C37H47NnO8.HCl.H2O) 
C, H, N. Amino acid analysis: Tyr, 0.97; Ala, 1.00; Gly, 1.00; Phe, 
1.10; Leu, 0.97. 

Methods. Radioreceptor Binding Assay Using Rat Brain 
Membrane. Rat brain membrane was prepared as described by 
Waterfield et al.42 The redioreceptor binding of enkephalins, 
/3-endorphin, and naloxone was assayed by the method of Queen 
et al.43 [3H]Naloxone (100 pL, final concentration 2 nM) was 
added to the suspension of the rat brain membrane (0.8 mL) in 
0.05 M Tris buffer (pH 7.4) containing bacitracin (50 Mg/mL) in 
order to inhibit the degradation of enkephalins.44 After incubation 
at 25 °C for 30 min, competing ligands (100 ^L) containing ba
citracin (50 /ig/mL) were added to the suspension. It was then 
incubated at 25 °C for 30 min and centrifuged at 2000g for 20 
min. To the pellet was added 2 N KOH (600 ixL), and the sus
pension (500 ML) was pipetted out. The radioactivity was mea
sured with a liquid scintillation counter. The concentration for 
50% inhibition (IC60) was determined by interpolating a loga
rithmic concentration vs. percent inhibition plot. Geometric 
means of IC50 values, estimated from the effects of at least ten 
concentrations with triplicate assays, were obtained. 

Bioassays of Enkephalins in the Guinea Pig Ileum and 
the Mouse Vas Deferens. Two bioassay preparations differing 
in relative density of the various opiate receptors46,46 were utilized. 
The guinea pig ileum47 (GPI) was incubated at 36 °C in a modified 

(41) B. J. Dhotre, K. B. Mathur, and M. M. Dhar, J. Indian Chem. 
Soc, 55, 1128 (1978). 

(42) A. A. Waterfield, R. W. J. Smokcum, J. Hughes, H. W. Kos-
terlitz, and G. Henderson, Eur. J. Pharmacol, 43, 107 (1977). 

(43) G. Queen, C. Pinsky, and F. Labella, Biochem. Biophys. Res. 
Commun., 72, 1021 (1976). 

(44) R. J. Miller, K.-J. Chang, P. Cuatrecasas, and S. Wildinson, 
Biochem. Biophys. Res. Commun., 74, 1311 (1977). 

(45) W. R. Martin, C. G. Eades, J. A. Thompson, R. E. Huppler, 
and P. E. Gilbert, J. Pharmacol. Exp. Ther., 197, 517 (1976). 

(46) J. A. H. Lord, A. A. Waterfield, J. Hughes, and H. W. Kos-
terlitz, Nature (London), 267, 495 (1977). 

(47) W. D. M. Paton and M. Aboo Zar, J. Physiol., 194, 13 (1968). 
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Krebs solution of the following composition (mM): NaCl (118), 
KC1 (4.75), KH2P04 (1.19), CaCl2 (2.54), NaHC03 (25), MgS04 
(1.2), and glucose (11). The mouse vas deferens48 (MVD) was 
incubated at 25 °C in a solution of the following composition 
(mM): NaCl (118), KC1 (4.75), KH2P04 (0.95), CaCl2 (2.54), 
NaHC03 (25), glucose (11), tyrosine (0.25), and ascorbic acid (0.1). 
The bath solution was gassed with 95% 02-5% C02. The tissue 
was stimulated at 0.1 Hz by current applied through a pair of 
platinum electrodes, and the electrically stimulated isometric 
contractions were recorded. [Leu5]Enkephalin, DALE, or ENAPE 
was added to the bath. The IC50 was determined from regression 
analysis at several doses over and below 50% inhibition of the 
electrically stimulated twitch. Geometric means of IC60 values 
from several experiments were obtained. 

Photolysis of Guinea Pig Ileum in the Presence of 
ENAPE. A GPI strip was put in a Pyrex organ bath and incu
bated in the same bath solution (5 mL) used in the bioassay 
experiment. ENAPE was added in a final concentration of either 
10 or 100 nM. The preparation was photolyzed at room tem
perature with a Panasonic electronic flash (Model PE-3000) by 
direct exposure to the Xenon lamp after the plastic window was 

(48) G. Henderson, J. Hughes, and H. W. Kosterlitz, Br. J. Phar
macol., 46, 746 (1972). 

(49) F. M. Leslie, C. Chavkin, and B. M. Cox, J. Pharmacol. Exp. 
Ther., 214, 395 (1980). 

(50) A. J. Blume, J. Shorr, J. P. M. Finberg, and S. Spector, Proc. 
Natl. Acad. Sci. U.S.A. 74, 4927 (1977). 

removed. The flash pulse was in the millisecond range, and the 
time interval of each flash was about 10 s. The strip was exposed 
to the flash at a distance of 5 cm. One hundred flashes were 
sufficient to photolyze the azido group of ENAPE completely. 
Then the bath solution was replaced several times with fresh 
solution. The response of the muscle strip to 90 nM [Leu6]-
enkephalin was recorded before and after photolysis. As a control, 
similar bioassay experiments were done under the same conditions 
with 5 and 20 nM previously photolyzed ENAPE. Photolysis of 
the GPI in the absence of ENAPE was also done as another 
control. 

Effect of DALE on the Photolysis of Guinea Pig Ileum 
with ENAPE. After the addition of DALE (final concentration 
20 MM) to the GPI strip in the Pyrex bath, the incubation mixture 
was subjected to 10 nM ENAPE and exposed to 100 flashes. The 
bath solution was replaced, and the electrically stimulated con
tractions were recorded. Higher doses of DALE and ENAPE (final 
concentrations 40 MM and 100 nM, respectively) were also studied. 
The response to 180 nM [Leu5] enkephalin was recorded before 
and after photolysis as a measure of the muscle strip response. 

Photolysis of Mouse Vas Deferens. Irradiations of MVD 
strips were done similarly to those of the GPI, except that the 
bath solution for the MVD bioassay was used. Doses of ENAPE 
and DALE were 10 nM and 10 /xM, respectively. 
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(Acylaryloxy)acetic Acid Diuretics. 5. [(2-Alkyl- and 2,2-Disubstituted-
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Investigation of the chemistry of the potent uricosuric diuretic indacrinone (MK-196) prompted the synthesis of 
a series of 3-oxo derivatives, i.e., the indan-l,3-diones. In general, both pharmacological parmameters (uricosuria 
and diuresis) were significantly less pronounced with the 1,3-diones than with the parent 1-oxo compounds. 

In the first paper of this series1 we reported on a number 
of [(2-alkyl- and 2,2-dialkyl-l-oxo-5-indanyl)oxy]acetic 
acids, which were shown to possess a high order of diuretic 
activity in rats, dogs, and chimpanzees and pronounced 
uricosuria in chimpanzees. Subsequent publications have 
dealt with the replacement of one of the 2-alkyl substitu-
ents with aryl moieties,2 a series of 5-acylbenzofuran-2-
carboxylic acids,3 and a series of indeno[5,4-b]furans.4 In 
this report, we describe the synthesis of [(l,3-dioxo-5-
indanyl)oxy] acetic acids and the effects of this structural 
modification on saluretic and uricosuric activity. 

Chemistry. Three synthetic routes to the indan-1,3-
diones were employed. When 2,3-dimethylanisoles or 
2-methyl-3-chloroanisoles or the corresponding oxyacetic 
acid esters were employed as starting materials, the 
Friedel-Crafts reaction with a suitably substituted malonyl 
chloride provided the indandiones. Ether cleavage of the 
anisoles, 1, gave the phenolic derivatives, 2, which were 

(1) Woltersdorf, O. W., Jr.; deSolms, S. J.; Schultz, E. M.; Cragoe, 
E. J., Jr. J. Med. Chem. 1977, 20, 1400. 

(2) deSolms, S. J.; Woltersdorf, O. W., Jr.; Cragoe, E. J., Jr.; 
Watson, L. S.; Fanelli, G. M., Jr. J. Med. Chem. 1978,21, 437. 

(3) Hoffman, W. F.; Woltersdorf, O. W., Jr.; Novello, F. C; Cragoe, 
E. J., Jr.; Springer, J. P.; Watson, L. S.; Fanelli, G. M., Jr. J. 
Med. Chem. 1981, 24, 865. 

(4) Woltersdorf, O. W., Jr.; deSolms, S. J.; Cragoe, E. J., Jr., J. 
Med. Chem. 1981, 24, 874. 

Scheme I 

CH,0-

BrCH£COgEt 

CH302CCH20 o 

CH302CCH 
+ RR'C(COCI). 2 H02CCH2O 

alkylated with bromoacetic acid ester and then hydrolyzed 
to the desired product, 4. This sequence is shown in 
Scheme I. 
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