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Although (-)-[126I]iodopindolol (IPIN) can be used to label ^-adrenergic receptors in the central nervous system 
in vivo, use of this ligand for receptor imaging studies in humans may be limited due to its relatively poor penetration 
into the brain. As a first step toward the development of radioligands for imaging studies, we report the synthesis 
and measurement of in vitro binding affinity to 0-receptors of a series of l-(substituted amino)-3-(4-indolyloxy)-
propan-2-ol derivatives. The synthesized compounds vary widely in their lipophilicity as measured by their distribution 
coefficients between phosphate buffer and octanol at pH 7.4. The affinity of these compounds for /3-receptors, as 
measured by their inhibition of binding of IPIN to rat cortical and cerebellar membranes in vitro, ranges from 2-
to 100-fold less potent than pindolol; the most potent compounds have Kj values of 2-5 nM. The radiolabeled analogues 
of some of these compounds may prove useful for receptor imaging studies. 

Considerable effort is being made in the development 
of techniques for the imaging of human brain receptors 
in vivo using single photon emission computed tomography 
(SPECT) and positron emission tomography (PET). A key 
step in the development of such techniques is the synthesis 
of suitable radioligands; measurements in humans are now 
being reported using for example (R)-3-quinuclidinyl-4-
[mI] iodobenzilate for muscarinic cholinergic receptors 
using S P E C T 1 and 3-2V-[uC]methylspiperone for brain 
dopamine receptors using PET. 2 

We are engaged in a program to develop radioligands 
suitable for the measurement of /J-adrenergic receptors in 
human brain using P E T and SPECT. Central /3-receptors 
have been implicated in the etiology and /or t reatment of 
a number of psychiatric and neurologic disorders as well 
as in the mechanism of action of a number of drugs used 
in psychiatry.3,4 

Recently, binding in vivo in the central nervous system 
(CNS) of rats of the ^-adrenergic receptor radioligand 
(-)-[125I]iodopindolol (IPIN), whose use was first described 
in vitro by Barovsky and Brooker,5 was reported.6 7 
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However, IP IN itself does not appear to be a good ligand 
for use with imaging techniques in humans since its pen
etrability into the brain is limited.7 Consequently, it 
seemed that derivatives of pindolol, particularly those that 
might have greater penetrability into the CNS, might be 
useful ligands for ^-receptors in brain for use with P E T 
or SPECT. 

In this report, the synthesis of a series of derivatives of 
pindolol in which the group at tached to the N-terminal 
end of the molecule is varied is described as well as their 
binding affinity to /^-receptors in the CNS in vitro. I t is 
hoped tha t by varying the nature of the N-terminal end 
of these molecules a compound would be found tha t has 
both high affinity for 0-receptors and good penetration into 
the brain. Since lipophilicity is likely to be important in 
this regard, the distribution coefficient for each compound 
was also measured between phosphate buffer and octanol 
at pH 7.4. 
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Table I. Chemical Data 

-CH2„ ,CH» 
VCH' 

I 
OH 

*NH— R 

no. 
4 

5 
6 
7 

8 
9 

10 
11 

12 

R 
HOCH2C(CH3)2 

4-NH2C6H4CH2CH2 
3,4-(CH30)2CeH3CH2CH2 
4-N02C6H4CH2CH2 

CjH5CH2CH2 
4-FC6H4CH2CH2 
3,4-ClgCgH 30x120112 
4-FC,sH4CH2 

2-r CgJn^CH^ 

mp, °C 
130-132 

50-52 

77-77 

85-87 

yield," % 

14 

24 
29 
16 

33 
30 
6 

50 

52 

purification6 

1. PTLC (25:65:100) 
2. recryst solvent CHC13 
PTLC (20:65:50) 
PTLC (25:65:20) 
1. col chrom-EtOAc 
2. recryst solvent CHC13 
PTLC (25:65:25) 
PTLC (25:65:25) 
PTLC (25:65:25) 
1. PTLC-EtOAc 
2. recryst solvent CHC13 
1. PTLC-EtOAc 
2. recryst solvent CHC13 

formula' 

CisH^N^s 

C19H23N302.iy4H20 
C 2 1 H 2 6 N 2 CY 3 / 4 H 2 0 

C19H21N304-V2H20 

CigH^^C^'ri^O 
C19H21FN202.172H20 
C19H20Cl2N2O2-

3/4H2O 
C18H19FN202-V2H20 

C18H19FN2<V/4H20 

"Yield is based on the epoxide. 'Preparative thin-layer chromatography (PTLC) was carried out with a mixture of solvents, heptane-
chloroform-methanol, in the ratios stated. CAU compounds were analyzed for C, H, and N; analytical results were within ±0.4% of the 
theoretical values. 

Chemistry. Scheme I illustrates the synthetic route for 
the compounds reported. 4-Hydroxyindole (1) was treated 
with epichlorohydrin to afford the intermediate epoxide 
2.8 The epoxide was then reacted with the appropriate 
amines (commercially available) to give the desired prod
ucts 4-12. The compounds synthesized are listed in Table 
I. With the exception of compounds 4,11, and 12, most 
of the compounds were hygroscopic semisolids. A repre
sentative synthesis for the preparation of the derivative 
6 is described under the Experimental Section. 

Pharmacology. To determine ICso and K\ values of the 
derivatives for /3-receptors in cortex and cerebellum, dis
placement curves of the binding of IPIN measured in vitro 
were done. Measurement of the binding of IPIN in vitro 
was done as described previously.9 The ability of at least 
nine concentrations of these compounds ranging from 5 
X 10"10 to 10"6 M to inhibit IPIN binding (30 pM) in the 
presence of GTP (250 nM) was measured. IC50 values were 
determined from a plot of the percentage inhibition of 
specific binding against the logarithm of the concentration 
of competing compound. GTP was included in the binding 
assay to eliminate the contribution of multiple affinity 
states of /3-receptors to the calculated parameters.9,10 

Pharmacological Results and Discussion 
The affinities of the compounds for /3-receptors in vitro 

were determined by measuring the inhibition of IPIN 
binding to /3-receptors in rat cortex and cerebellum. These 
tissues contain /3-adrenergic receptors primarily of the /3X-
and /32-subtypes, respectively. The results of this exper
iment are shown in Table II. The affinity of the pindolol 
derivatives ranged from approximately 2- to 100-fold less 
than that of pindolol itself. 

The lipophilicity of the compounds studied was esti
mated by determining distribution coefficients between 
1-octanol and phosphate buffer (pH 7.4). The distribution 
coefficients (Table II) showed a wide range of values 
ranging from -0.60 (log value) for compound 4 to 2.5 for 
compound 10; this represents a range of over 1000-fold. 
The distribution coefficients were not significantly related 

(8) Rashidbaigi, A.; Ruoho, A. E. J. Pharm. Sci. 1982, 71, 305. 
(9) O'Donnell, J. M.; Wolfe, B. B.; Frazer, A. J. Pharm. Exp. Ther. 

1984, 228, 640. 
(10) Maguire, M. E.; VanArsdale, P. M.; Gilman, A. G. Mol. Phar

macol. 1976, 12, 335. 

Table II. In Vitro Binding Data and Distribution Coefficients 
for Derivatives of Pindolol 

no. 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

R 
(CH3)2CH* 
HOCH2C(CH3)2 
4-NH2C6H4CH2CH2 
3,4-(CH30)2CsH3CH2CH2 
4-N02C6H4CH2CH2 
CgHgCr^Cr^ 
4-FC6H4CH2CH2 
0,4-C> l2^g i l3^ H-2^ W2 
4-FC6H4CH2 
2-r\ygXl4C xi2 

K< 
cortex 

1 
2 

25 
3 
5 
5 
5 
6 

125 
60 

i,"nM 
cerebellum 

1 
2 

22 
7 
8 
4 
4 

11 
80 
45 

distribn 
coeff 
(log) 
-0.3 
-0.6 
0.3 
1.1 
1.5 
1.7 
2.0 
2.5 
1.9 
2.0 

"Ki values determined from ICso values (see text), 
cients for all the compounds >0.9. 'Pindolol. 

Hill coeffi-

to the affinities of the compounds for /3-receptors (r9 = 
+0.61 and +0.51 for cortex and cerebellum, respectively). 
The absence of a relationship between affinity for /3-re
ceptors and lipophilicity for a series of compounds has also 
been noted before by Rzeszotarski et al.u The wide range 
of lipophilicities of the compounds with high affinity for 
/3-receptors will be important when studies are performed 
measuring the penetration and interaction of these com
pounds with ^-receptors in the brain in vivo. 

The present study is one of the first that examines the 
relationship of structural changes on the potency of /S-
adrenergic antagonists for binding to /3-adrenergic recep
tors. As discussed by Rzeszotarski et al.,11 use of in vitro 
receptor binding has several advantages over other phys
iological testing methods when structure-activity rela
tionships are being examined since direct receptor binding 
measures eliminate confounding factors such as varying 
metabolism and distribution. 

Overall the compounds are tolerant to the structural 
changes at the amino end of the molecule. A hydroxyalkyl 
derivative 4 was synthesized due to previous reports that 
hydroxyalkyl derivatives of a number of /3-antagonists were 
nearly as potent as the parent isopropyl or tert-butyl 
compounds.12"14 In the present study, compound 4 is the 

(11) Rzeszotarski, W. J.; Gibson, R. E.; Simms, D. A.; Jagoda, E. M.; 
Vaughan, J. N.j Eckelman, W. C. J. Med. Chem. 1983,26, 644. 

(12) Crowther, A. F.; Gilman, D. J.; McLoughlin, B. J.; Smith, L. 
H.; Turner, R. W.; Wood, T. M. J. Med. Chem. 1969,12, 638. 
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most potent of the compounds synthesized. 
Six phenethyl derivatives were also synthesized. Pre

viously, a large number of phenethyl-substituted ^-adre
nergic antagonists have been studied and found to have 
a potency similar to the corresponding isopropyl or tert-
butyl derivatives.11"15 With the exception of compound 
5 the phenethyl derivatives have an affinity for /3-receptors 
only slightly lower than that of pindolol itself. 

The high potency of the p-nitrophenethyl 7, p-fluoro-
phenethyl 9, and 3,4-dichlorophenethyl 10 compounds is 
of interest, since to our knowledge only one such derivative 
(a 3,4-dichlorophenethyl derivative with weak activity) has 
been reported for any /3-antagonist.15 The p-fluorophen-
ethyl compound 9 is a potential candidate for PET studies 
while the fact that a p-nitro group can be tolerated may 
be important for synthetic purposes as a promising method 
for incorporating 18F with high specific activity into phenyl 
rings involves the formation of compounds that contain 
both N0 2 and F groups in the benzene ring.16 The 3,4-
dichlorophenethyl compound is of interest due to both its 
high potency and lipophilicity. 

The rat cortex contains /3-receptors that are predomi
nantly of the /3rsubtype. However, it also contains a small 
percentage of ^-receptors.17 The presence of ^-receptors 
(approximately 20%) could alter the Ki values determined 
in the cortex for the compounds tested if they have se
lectivity for the subtypes of the /3-receptor. To investigate 
this further, competition experiments for derivatives 3, 4, 
6, and 8 were performed in the cortex in the presence of 
ICI 118,551, a highly selective ^-antagonist.18 A con
centration of 20 nM of ICI 118,551 was chosen on the basis 
of preliminary experiments in cortical membranes using 
18 concentrations of the ^-antagonist. These experiments 
determined that ICI 118,551 bound to two sites in the 
cortex with IC50 values of 1.6 (for ^-receptors) and 140 nM 
(for /Si-receptors), respectively. These values were deter
mined by using PROPHET, an interactive computer system 
that utilizes the modeling program MLAB. At an ICI 
118,551 concentration of 20 nM, 93% of the /^-receptors 
and only 12% of the /^-receptors in the cortex would be 
blocked, and experiments performed in the presence of this 
concentration of ICI 118,551 will therefore represent almost 
exclusively binding to j31-receptors. Results indicated that 
the Ki values for compounds 3, 4, and 8 were essentially 
unchanged when the binding reaction was carried out in 
the presence or absence of ICI 118,551 in the rat cortical 
membranes (Table II). This confirms the lack of subtype 
selectivity for the majority of the compounds listed in 
Table II. 

Two of the compounds, the 3,4-dimethoxyphenethyl 6 
and the isosteric 3,4-dichlorophenethyl 10 derivatives, have 
a slightly higher affinity for 0-receptors in the cortex than 
the cerebellum, which is probably due to their selectivity 
for binding to ft-receptors. The K{ value for 6 was de
creased from 3 nM in the absence of ICI 118,551 to 1 nM 
in the presence of ICI 118,551 (20 nM), indicating an ap
proximately 7-fold selectivity for this compound. The 
/^-selectivity of 3,4-dimethoxyphenethyl-substituted 0-

(13) Howe, R.; Rao, B. S.; Chodnekar, M. S. J. Med. Chem. 1970, 
13, 169. 

(14) Crowther, A. F.; Smith, L. H. J. Med. Chem. 1968, 11, 1009. 
(15) Hoefle, M. L.; Hastings, S. G.; Meyer, R. F.; Corey, R. M.; 

Holmes, A.; Stratton, C. D. J. Med. Chem. 1975, 18, 148. 
(16) Attina, M.; Cacace, F.; Wolf, A. P. J. Labelled Compd. Ra-

diopharm. 1983, 20, 501. 
(17) Minneman, K.; Hegstrand, L. R.; Molinoff, P. Mol. Pharmacol. 

1979, 16, 21. 
(18) Bilski, A. J.; Halliday, S. E.; Fitzgerald, J. D.; Wale, J. L. J. 

Cardiovasc. Pharmacol. 1983, 5, 430. 

antagonists has been found previously although the extent 
of this selectivity varies widely.11'15,19 The apparent ft-
selectivity of the 3,4-dichlorophenethyl compound 10 
would appear to warrant further investigation of the effect 
of this substituent on /^-selectivity for other ^-antagonists. 

The relatively weak affinity of the p-aminophenethyl 
compound 5 is somewhat surprising given previous reports 
of very high /3-receptor binding affinity for similar deriv
atives of carazolol20 and propranolol.21 Finally, two 
fluorobenzyl derivatives 11 and 12 were studied. These 
compounds were the least potent, and again this is in 
accord with a previous study that showed that a benzyl-
substituted ^-antagonist was weaker than the corre
sponding phenethyl compound.19 

In summary, results from the above study indicate that 
the compounds appear to be quite tolerant to a number 
of structural changes that were made at the terminal amino 
end of the molecule. This can be seen from the number 
of derivatives that exhibit high affinity for the /3-receptors 
in the cortex and cerebellum. Furthermore, compounds 
6 and 10 have a higher affinity for /3-receptors in the cortex 
than the cerebellum, and this is probably due to their 
selectivity for binding to /^-receptors. The wide range of 
lipophilicities of these compounds with high affinity for 
/3-receptor will be important when studies are performed 
measuring the penetration and interaction of these com
pounds with /3-receptors in the brain in vivo. In addition 
it should prove possible to prepare and study radio-
iodinated derivatives of these pindolol derivatives. 

Experimental Section 
Chemistry. Proton magnetic resonance (*H NMR) and low-

and high-resolution mass spectra were obtained on all compounds. 
Proton NMR were recorded on a Bruker WH 360.04-MHz 
spectrometer at the University of Pennsylvania. Proton magnetic 
resonance XH NMR spectra were consistent with structures and 
assignments. Both low- and high-resolution MS were obtained 
on a Kratos MS 9/50 instrument. Low- and high-resolution mass 
spectra were performed at Pennsylvania State University, and 
the molecular ion and fragmentation patterns were consistent with 
the proposed structures. Results of high-resolution mass spectra 
were within the tolerance limit of ±10 ppm. Ultraviolet spectra 
were run on a Perkin-Elmer Lambda 3A UV/vis spectropho
tometer. Melting points for compounds that were solids were 
determined on a Thomas-Hoover melting point apparatus and 
are uncorrected. Analytical thin-layer chromatography (TLC) 
was performed on Baker-Flex silica gel IB2-F sheets (Baker), and 
detection of pure compounds as a single spot on TLC was done 
by short-wavelength UV light. Preparative thin-layer chroma
tography was performed on 20 X 20 silica gel GF plates (250 or 
1000 Mm) (Analtech). Column chromatography was carried out 
with silica gel (60-200 mesh) (Baker). Evaporation of solvents 
was achieved under reduced pressure with a rotary evaporator. 
Elemental analyses were performed by Atlantic Microlab Inc., 
Atlanta, GA, and the results obtained were within ±0.4% of the 
theoretical values. 

4-(2,3-Epoxypropoxy)indole (2). 4-Hydroxyindole (1; 500 
mg, 3.8 mmol) was added to a solution of NaOH (150 mg, 3.8 
mmol) dissolved in 5 mL of H20. Epichlorohydrin (2.5 mL, 32 
mmol) and p-dioxane (2 mL) were added to the mixture, and the 
reaction was stirred for 22 h at room temperature under a slow 
stream of N2. The reaction mixture was extracted with methyl 
tert-butyl ether (20 mL) to afford a green solution that was dried 
over Na2S04 (anhydrous). The solvent was evaporated under 

(19) Baldwin, J. J.; Denny, G. H.; Hirschmann, R.; Freedman, M. 
B.; Ponticello, G. S.; Gross, D. M.; Sweet, C. S. J. Med. Chem. 
1983 26 950 

(20) Shor'r, R. G. L.; Heald, S. L.; Jeffs, P. W.; Thomas, N. L.; 
Strohsacker, M. W.; Lefkowitz, R. J.; Caron, M. G. Proc. Natl. 
Acad. Sci. U.S.A. 1982, 79, 2778. 

(21) Terasaki, W. L.; Linden, J.; Brooker, G. Proc. Natl. Acad. Sci. 
U.S.A. 1979, 76, 6401. 
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reduced pressure to near dryness to yield a crude brown oil that 
was purified by column chromatography (silica gel, 60-200 mesh) 
using petroleum ether initially as solvent and later increasing 
amounts of CHC13 to afford 500 mg (65%) of a gray solid 2 after 
solvent evaporation: mp 63-65 °C (lit.8 mp 65-67 °C); XH NMR 
(CDC13) 5 8.2 (s, 1, indole NH), 7.0-6.2 (m, 5, arom H), 4.1-2.7 
(m, 5, aliph H). 

4-[2-Hydroxy-3-[[(3,4-dimethoxyphenyl)ethyl]amino]-
propoxy]indole (6). 4-(2,3-Epoxypropoxy)indole (2; 550 mg, 2.7 
mmol) and 3,4-dimethoxyphenethylamine (690 mg, 3.8 mmol) were 
dissolved in MeOH (5 mL) and the reaction mixture was stirred 
under a steady stream of N2 at ambient temperature for 1.5 days. 
The products of the reaction mixture were separated by prepa
rative layer chromatography (silica gel plates, 1000 ^m) with 
heptane-chloroform-methanol (25:65:20) to yield 300 mg (29%) 
of 6 homogeneous by TLC analysis in Hept-CHCl3-MeOH 
(25:65:20): fl/0.39; lH NMR (CDC13) 5 8.2 (s, 1, indole H), 7.31-6.4 
(m, 8, arom H), 4.1 (br d, 2, CH2), 3.84 (s, 3, OCH3), 3.82 (s, 3, 
OCH3), 2.8-2.7 (m, 8, aliph H), 1.9 (br s, 1, OH); mass spectrum, 
m/z 370.1874 (M+ calcd for C21H26N204, 370.1892). Anal. 
(C21H26N204.3/4H20) C, H, N. 

Distribution Coefficients. Distribution coefficients were 
determined for partitioning between 1-octanol and phosphate 
buffer using ultraviolet (UV) spectroscopy. Each compound was 
dissolved in potassium phosphate buffer (0.1 M, pH 7.4) presa-
turated with 1-octanol, at a concentration of 0.1-1.0 mg/mL. An 
aliquot of this solution was shaken with an aliquot of 1-octanol 
(presaturated with the buffer) for 30 min, allowed to stand for 
10 min, and centrifuged at 600g for 10 min at room temperature, 
and the organic phase was discarded. The absorbance of the 
aqueous layer both before and after partition was determined by 
spectrophotometric analysis. Absorbance was measured within 
a wavelength range of 225-290 jum. The wavelength was chosen 
for each compound to provide a reading for the unextracted 
solutions in the range of 0.5-1.5 absorbance units. The distribution 
coefficient was calculated according to 

A - A 

" o n g -"extr 

•Aextr/ 

where Aorig is the absorbance of the drug in buffer before ex
traction, Aeltr is the absorbance of the drug in buffer after ex
traction, and / is the ratio of volumes of 1-octanol and buffer. 

All values for A were corrected for the absorbance of 1-octa-
nol-saturated buffer at the appropriate wavelength, and exper
iments were carried out twice. 

Preparation of Membranes. The membranes of cortical or 
cerebellar tissue for the in vitro studies of IPIN were obtained 
by the method of O'Donnell et al.9 Male Sprague-Dawley rats 
(Ace Animal, Boyertown, PA) weighing 175-225 g were killed by 
decapitation. Their brains were removed and rapidly dissected. 
Each region was placed in 10 mL (cortex) or 5 mL (cerebellum) 
of ice-cold HEPES (2 mM)-EDTA (1 mM), pH 7.5 buffer and 
homogenized for 15 s with a tissue disrupter (Kinematica). The 
homogenates were centrifuged for 15 min at 40000g, and the 
supernatant fluid was discarded. This wash procedure was re
peated an additional three times, after which the membrane pellet 
was resuspended in 80 mL (cortex) and 20 mL (cerebellum) of 
a solution of NaCl (0.15 M)-Tris (10 mM)-MgCl2 (2.5 mM), pH 
7.5 buffer (incubation buffer). 

18-Adrenergic Receptor Assay. IPIN was prepared by io-
dination of (-)-pindolol and was purified by a modification of the 

method of Barovsky and Brooker5 as described by Wolfe and 
Harden.22 Stock solutions of competing drugs (10~4 M) were 
prepared by dissolving the drugs in ethanol-incubation buffer 
(1:1) and were diluted with the incubation buffer to give nine 
concentrations for each drug in the range 10"6 to 5 X 10"10 M. The 
binding assays were conducted in the incubation buffer in bo-
rosilicate tubes in a total volume of 500 ML containing IPIN (100 
ixL, 30 pM), GTP (100 nL, 250 MM), and competing compound 
or buffer (100 viL); aliquots (200 ML) of the membrane suspension 
were then added to initiate the reaction, and the tubes were 
incubated for 20 min at 37 °C. Incubation was terminated by 
the addition of 6 mL of ice-cold NaCl (0.15 M)-Tris (10 mM), 
pH 7.5 rinse buffer followed by rapid vacuum filtration through 
a cell harvester (Brandel M24R) using filter strips (2 X 12 in.) 
(Schleicher and Schuell). The filters were washed twice with 6 
mL of rinse buffer, and the radioactivity was counted with a 7 
counter (Beckman Gamma 4000). Specific binding, which av
eraged approximately 90% of the total binding, was measured 
with isoproterenol (25 jtM). All experiments were performed at 
least twice, and reported values are the average of closely related 
values. IC50 values and Hill coefficients were determined from 
the inhibition data using nonlinear regression analyses. IC^ values 
were determined from the equation B = B0 /(l + //IC50) where 
B is the amount of IPIN bound at a competitor concentration 
/ and Bo is the amount of IPIN bound in the absence of com
petitor. Hill coefficients were determined from the equation B 
= B0/(l + P/ICw") where n is the Hill coefficient. Kj values were 
calculated for the active enantiomers (eutomers) from the IC50 

values, assuming only one stereoisomer of each of the racemates 
binds with high affinity to /? receptors. Recently, evidence to 
support this assumption has been provided for a number of /3-
adrenergic agonists and antagonists by Morris et al.23 The 
calculation of K-t values also uses the correction factor introduced 
by Cheng-Prusoff24 to account for the concentration of IPIN used 
in the in vitro assay. Values for the affinity of IPIN for ^-ad
renergic receptors in cortex and cerebellum used in the Cheng-
Prusoff correction were obtained in separate saturation experi
ments (145 and 65 pM, respectively). 
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