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Certain benzomorphan "u-opiates" such as N-allylnormetazocine (NANM) bind a t  u receptors with modest affinity 
and with little selectivity (i.e., they also bind a t  phencyclidine or PCP sites). In order to  identify the primary 
pharmacophore of the benzomorphans, we prepared several aminesubtituted derivatives of 1-phenyl-2-aminopropane. 
Several simple alkyl-substituted analogues were shown to bind a t  u sites with affinities comparable to  that of NANM 
itself; among these was the N-benzyl derivative 9 (Ki = 117 nM). Lengthening the spacer between the terminal 
amine and the phenyl group from one to five methylene units resulted in a significant increase in affinity (e.g. 15, 
Ki = 6.3 nM). In addition, unlike the benzomorphans, these phenalkylamines do not bind a t  PCP sites. The results 
of the present study reveal that (a) the 1-phenyl-2-aminopropane nucleus of the benzomorphans is sufficient for 
binding a t  u sites provided that the terminal amine is not a primary amine and that (b) introduction of (phenyl- 
a1kyl)amine substituents affords compounds that represent a new class of high-affinity a-selective agents. 

Certain benzomorphan opiates, in particular cyclazocine 
(l), pentazocine (2), and N-allylnormetazocine (SKF-10047; 
NANM) (3), are capable of producing psychotomimetic 
effects in animals and in humans.*-3 An examination of 
the optical isomers of these benzomorphan derivatives 
reveals that their classical opiate agonist or antagonist 
actioins are primarily attributable to their (-)-isomers (e.g. 
ref 41, and binding profiles suggest that (-)-NANM, for 
example, may be acting at  p and K opiate  receptor^.^^^ 
(+)-NANM, on the other hand, displays a low affinity for 
these  receptor^."^ Furthermore, most of the behavioral 
effects of (+)-NANM, unlike those of (-)-NANM, can not 
be antagonized by classical opiate antagonists such as 
naloxone.&12 Martin et al.3 postulated the existence of 
"a-opiate" receptors to account for the actions of these 
agents (i.e. "u-opiates"). 

I 

Because the a-opiates can produce behavioral effects 
similar to those of phencyclidine (PCP),"-" and because 
they bind at PCP sites,18J9 it was initially thought that the 
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Table I. Physicochemical Properties of (Phenylalky1)amines 

compd R R' isomer [ 4 2 3 0  preparationb mp, OC formula' 
- C 15% C 151-153d 
- C 43% MK 182-184" 

6 -CHpCH3 H M-) 
7 -CHZCHzCH, H M-) 
8 -CH&HS H R(-) -9.7 (M, 10) Bf 30% PT 162-163 C13HlgN.Mal 
9 -CHZPhg H M-1 -22.7 (M, 1) C 51% MK 173-175 C18HlgN.HCl 

10 -CH(CH,)Ph" H S,S(-) -22.6 (M, 10) A 5% MT 229-230 C17H21NCHl 
1 1  -CH2CH2Ph H M-) -13.6 (M, 1) A 49% MK 184-186 C17H21N.HCl 

H S(+) +13.3 (M, 1) A 22% MK 184-186 C17H21N.HCl 

13 -(CH2)3Ph H M-) -10.0 (M, 1) A 80% MK 215-217 C1sH23N.HCl 
12 -CH2CH2Ph Me S(+) +16.1 (M, 1) A 56% MK 184-186 C18H23N-HC1 

+9.7 (M, 2) B' 61% PO 214-215 ClsH23N.HCI 
14 -(CHz),Phj H f  - A 30% EO 158-159 C1gH25N*HCl H S(+) 

H S(+) +6.0 (M, 2) Bk 71% P 172-173 ClgH2,N.Mal 
15 -(C&)J'h H S(+) +14.3 (E, 1) B' 58% P 159-160 C2oH27N*HCI 
16 -(CH,),Ph Me S(+) +11.5 (M, 1) D 74% EO 89-90 C21H2gN.HClm 
17 -CH2C=CPh H R(-) -7" (E, 1) E 14% AE 223-224 ClsH1sN.HCl0 
18 -CH2CH20Ph H R(-) -15.2 (M, 1) E 8% MK 178-179 C17H21NO-HCl 
19 -CH2CH2C(-O)Ph H R(-) -16.2 (M, 1) F 11% T 146-147 ClsH21NO.HCl 

"Optical rotations were obtained in methanol (MI, or 95% ethanol (E), at the specified concentration (g/loO mL). bPreparation: First 
column represents method employed (see Experimental Section); this is followed by percent yield and recrystallization solvent (A = MeCN, 
C = acetone, M = MeOH, E = 95% ethanol, K = MEK, 0 = Et20, P = 2-PrOH, T = EtOAc). 'Compounds analyzed within 0.4% of 
theoretical; Mal = maleate salt. dHCl salt, lit38 155-156 "C. 'HCl salt, lit39 mp 176.5-178.5 OC. 'Intermediate amide: mp 75-77 OC (94%, 
crude). #Benzoate salt, mp 103 OC; lit40 101-103 OC. "The R,R(+) isomer (n  = +21.0) has been previously reported." 'Intermediate amide: 
mp 91-92 "C (78%, from petroleum ether). 'Tosylate salt, mp 132-133 OC; litm mp 130-132 "C. kIntermediate amide: mp 80-81 OC (79%, 
from petroleum ether). 'Intermediate amide: mp 53-54 OC (74%, from petroleum ether). Value is 
approximate due to limited sample. oCrystallized with 0.1 mol of H20. 

Crystallized with 0.25 mol of HzO. 

psychotomimetic effects of a-opiates might be mediated 
through PCP receptors or "PCP/u sites". Subsequent 
studies employing [3H]NANM as a radioligand to label u 
sites demonstrated that the regional distribution of these 
sites is not identical with the regional distribution of PCP 
sites.20v21 Furthermore, sites labeled by (+)-[3H]NANM 
are different from those labeled by (-)-[3H]NANM.22 The 
neuroleptic agent haloperidol can also distinguish between 
PCP and u sites; whereas haloperidol possesses a high 
affinity for ["INANM-labeled u sites, it binds with sig- 
nificantly lower affinity at PCP sites.7Vm3l [3H]Haloperidol, 
in the presence of agents to preclude binding at dopamine 
receptors, is commonly used now to label these  site^,^,^^ 
and the regional distribution of [3H] haloperidol-labeled 
u sites is dissimilar to that of PCP In addition, 
these sites appear to be different from dopamine 
sites.24,27-29 Thus, there are convincing arguments to 
support the concept that dopamine receptors, PCP sites, 
and u sites represent distinct entities. 

Benzomorphan analogues used for the study of u 
pharmacology possess relatively low affinity for u receptors 
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(23) Tam, S. W.; Cook, L. Fed. Proc. 1984, 43, 1093. 
(24) Largent, B. L.; Gundlach, A. L.; Snyder, S. H. Proc. Nat. Acad. 

Sci. U.S.A. 1984, 81, 4983. 
(25) Steinfela, G. F.; Tam, S. W.; Cook, L. Psychopharmacology 

1987, 91, 5 .  
(26) Contreras, P. C.; Quirion, R.; Gehlert, D. R.; Contreras, M. L.; 

Donohue, T. L. Neurosci. Lett. 1987, 75, 133. 
(27) Largent, B. L.; Wikstrom, H.; Gundlach, A. L.; Snyder, S. H. 

Mol. Pharmacol. 1987, 32, 772. 
(28) Wikstrom, H.; Andersson, B.; Elebing, T.; Svensson, K.; 

Carlsson, A.; Largent, B. J. Med. Chem. 1987, 30, 2169. 
(29) van dewaterheemd, H. V.; Tayar, N.; Testa, B.; Wikstrom, H.; 

Largent, B. J. Med. Chem. 1987,30, 2175. 

and/or lack selectivity for these sites (e.g. NANM). 
Whereas careful selection of conditions might not interfere 
with the use of tritiated analogues of such agents in ra- 
dioligand binding studies, these agents may be inappro- 
priate for use in in vivo studies. As a consequence, iden- 
tification of a function for u receptors has been hindered, 
in part, because most agents that bind at  these sites also 
produce effects that can be attributed to their actions at  
other sites. For example, the neuroleptic agent haloperidol 
binds with high affinity both at  dopamine and at  u re- 
ceptors; because of speculation that u receptors may be 
involved in various types of mental disorders,' drugs acting 
at u receptors might constitute a new mechanistic class of 
neuroleptics that lacks many of the undesirable side effects 
associated with classical neuroleptic therapy. However, 
like haloperidol, agents with demonstrated effectiveness 
(e.g. fluphenazine, trifluperazine, clopenthixol, and pi- 
mozide)7p24*27~30-31 bind at  dopamine receptors as well as at  
u sites. There exists a need for the development of u-se- 
lective agents that lack affinity for PCP sites and for do- 
pamine receptors. Because benzomorphans derivatives 
typically display low affinity for dopamine receptors, the 
purpose of the present investigation was to identify an 
active pharmacophore of the benzomorphan a-opiates with 
the expectation that derivatives thereof might display 
greater selectivity than the benzomorphans for u sites 
relative to PCP sites. 
Chemistry 

All of the compounds were prepared by one of the six 
standard methods (see Table I): reductive alkylation of 
1-phenyl-2-aminopropane (or one of its optical isomers) 
using catalytic (method A) or sodium cyanoborohydride 

(30) Weber, E.; Sonders, M.; Quarum, M.; McLean, S.; Pou, S. Proc. 

(31) Largent, B.; Gundlach, A. L.; Snyder, S. H. Eur. J. Pharmacol. 
Nat. Acad. Sci. [J.S.A. 1986, 83, 8784. 

1986, 124, 183. 
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Table 11. Affinities of (Phenylalky1)amine Derivatives a t  cr Binding Sites 
K;. nMa 

guinea pig rat guinea pig 
comDd R R' isomer 13H1DTG r3H1Halo r3H 1 Halo 

429 (f106) - >50000 
3 (NANM) (+) 
4 H H f 

H H R(-) 46400 (f24) 
5 Me H R(-) 8320 (f1240) 
6 Et  H R(-) 660 (f25) 
7 nPr H R(-) 1640 (f170) 

9 -CH,Ph H R(-) 117 (f17) 103 (f3) 
660 (f140) 664 (f85) 8 -CHzC3HS H R(-) 

10 -CH(CH3)Ph H S,S(-) 275 (f2) 
11 -CHZCHzPh H R(-) 60 (19) 46 (f9) 61 (f3) 

12 -CHZCH*Ph Me S(+) 6.6 (f0.2) 16 (12) 4.8 (11.2) 
13 -(CHz)3Ph H R(-) 28 (f4) 14 (f5) 17 (f4) 

H S(+) 31 (f2) 4.8 (*1.4) 

H S(+) 22 (f2) 

H S(+) 6.6 (f4.1) 
15 -(CHz),Ph H S(+) 6.3 (f3.4) 
16 -(CH2)5Ph Me S(+) 2.6 (f1.3) 

18 -CHZCHzOPh H R(-) 45 (f6) 32 (19) 
19 -CHzCHzC(=O)Ph H R(-) 56 (f8) 73 (114) 

14 -(CHz)J'h H f 9.3 (f0.5) 3.9 (11.2) 

17 -C H~CTC P h H R(-) 97 (f44) 

aEither guinea pig or rat cerebellar homogenates were employed, with either tritiated DTG or haloperidol used as radioligand. See 
Experimental Section for details. Ki values are followed by SEM in parentheses. [3H]DTG data represent 2-5 determinations; other data 
reflect a minimum of three. Hill slopes for the new compounds in the [3H]DTG assay ranged from 0.8 to 1.01, with the exception of 
compound I7 (Hill slope = 0.77). 

(method C) reduction, acylation of an amine followed by 
reduction of the resulting amide with LiAIH, (method B), 
direct alkylation of the amine (methods D and E), and use 
of the amine in a Mannich reaction (method F). 
Results and Discussion 

Although the binding of various opiates to u sites has 
been investigated, apparently no attempt has been made 
to determine what portion of the benzomorphan nucleus 
is important for u affinity and/or selectivity. In this re- 
gard, we initially inspected the structures of the three most 
popular a-opiates (i.e., cyclazocine, pentazocine, and 
NANM, 1-3, respectively); because they differ in structure 
only with respect to their amine substituents, it was as- 
sumed that they could all interact with the receptor in a 
similar manner and that any difference in affinity would 
most likely be a reflection of the different terminal amine 
groups. Next, the structure of the benzomorphan nucleus 
was reduced to a simpler form: 1-phenyl-2-aminopropane 
(4). Compound 4 had been examined earlier and was 
found to lack affinity for u sites; this was confirmed in the 
present investigation (racemic 4; Ki > 50000 nM, Table 
11). However, because there is no evidence that benzo- 
morphan derivatives bearing a primary amine bind at  u 
sites, we prepared and evaluated the cyclopropylmethyl 
(i.e., the cyclazocine) derivative of 4 (i.e. 8). Because 
compound 8 was found to bind at  u sites with significantly 
greater affinity (Ki = 660 nM) than 4, we undertook a more 
systematic investigation of alkyl-substituted derivatives 
of 4. 

As shown in Table 11, simple N-alkyl derivatives of 4 (e.g. 
5-8) bind with higher affinity than 4 itself. The benzyl 
derivative 9 binds with even higher affinity (Ki = 117 nM) 
and is the first 1-phenyl-2-aminopropane derivative to bind 
with higher affinity than NANM (Ki = 429 nM). The 
branched a-methyl benzyl derivative 10 binds with 
somewhat lower affinity than 9, whereas the phenethyl (i.e., 
phenazocine) derivative 11 (Ki = 60 nM) binds with twice 
the affinity of 9. Increasing the length of the alkyl spacer 
between the amine and the phenyl group from two to five 
carbon atoms (Le., 13 to 15) results in a progressive increase 
in affinity. The 5-phenylpentyl derivative 15 (Ki = 6.3 nM) 

and its N-methyl analogue 16 (Ki = 2.6 nM) bind with a 
significantly greater affinity than the unsubstituted de- 
rivative 4 and even with a greater affinity than NANM 
(Table 11). 

Stereochemistry seems to play only a minor role; for 
example, there is less than a 10-fold difference in the af- 
finity of the optical isomers of 11 and 13 (Table 11). This 
finding is consistent with the observation that there is little 
(typically about a 3-fold) difference in the affinity of the 
isomers of benzomorphans 1-3.5 

Finally, we compared the affinity for the phenylpropyl 
derivative R-(-1-13 with that of three analogues where a 
benzylic methylene group is replaced with either an sp- 
hybridized carbon, an oxygen atom, or a carbonyl group 
(i.e., 16-18); in each case, affinity (Ki = 96,45, and 56 nM, 
respecively; Table 11) was somewhat lower than that of 

Because several radioligands and different animal 
species have been used in the past to study a binding sites, 
several compounds were selected for a more thorough in- 
vestigation. Table I1 shows the results for some of these 
compounds with both guinea pig and rat brain homogen- 
ates with either [3H]DTG or [3H]haloperidol used as ra- 
dioligand. Due to the small differences observed, the use 
of multiple assay systems was discontinued. 

All of the phenylalkyl-substituted derivatives of 4 (i.e., 
9-15) bind at  u sites with a higher affinity than NANM 
(Ki = 429 nM). Because u-opiates typically bind a t  PCP 
sites, all of the compounds were examined for their ability 
to bind at  these sites. The N-methyl derivative 12 binds 
at  PCP sites with low affinity (Ki = 5000 nM) whereas its 
desmethyl analogue R-(-)-l l  binds with even lower affinity 
(Ki = 9000 nM). The remainder of the agents in Table I1 
did not bind at  PCP sites (i.e., Ki > 10000 nM). At  this 
concentration, percent inhibition of binding ranged from 
less than 1% (compound 15) to no more than 40%. 
Compounds 12 and R-(-)-ll were examined in greater 
detail and were found to inhibit 93% and 100% of binding, 
respectively, a t  a concentration of 100000 nM. Unlike 
haloperidol, a-opiates do not bind a t  D2 dopamine re- 
ceptors; nevertheless, compound R-(-)-13 was selected for 

R- (-) - 1 3. 
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evaluation at  dopamine receptors and at  glutamate re- 
ceptor types in addition to the PCP complex. The affinity 
(Ki values) of R-(-)-13 for these sites/receptors is as fol- 
lows: D1 dopamine, >10000 nM; D2 dopamine, 4650 f 
430 nM; kainate, >10 OOO nM; Quis/AMPA, > 10 OOO nM. 

The results of the present study indicate that the 1- 
phenyl-2-aminopropane nucleus of the a-opiates is suffi- 
cient for binding at  a sites provided that the terminal 
amine is not a primary amine, and that the phenylethyl- 
amine moiety most likely constitutes the primary phar- 
macophore of the benzomorphan a-opiates. Furthermore, 
with the appropriate terminal amine substituents, the 
affinity of the 1-phenyl-2-aminopropane analogues is sig- 
nificantly greater than that of NANM. Most importantly, 
these agents, unlike the a-opiates, do not bind at PCP sites. 
Thus, these compounds constitute a novel class of high- 
affinity a-selective agents. 

Experimental Section 
Synthesis. Proton magnetic resonance spectra were obtained 

with a JEOL FX9OQ spectrometer with tetramethylsilane as an 
internal standard. Spectral data are consistent with the assigned' 
structures. Melting points were determined with a Thomas- 
Hoover melting point apparatus and are uncorrected. Optical 
rotations were determined by using a Perkin-Elmer Model 141 
polarimeter with either MeOH or 95% EtOH as solvent. In one 
instance, limited sample size precluded the determination of a 
reliable optical rotation. Elemental analysis was performed by 
Atlantic Microlab and are within 0.4% of theory. Each of the 
experimentals below illustrate one of the methods described in 
Table I; see Table I for details. 
(R )-(-)-iV-( l-Methyl-2-phenylethyl)-2-phenyl-l-amino- 

propane Hydrochloride (R-(-)-13) (Method A). A mixture 
of hydrocinnamaldehyde (1.11 g, 8.2 mmol) and (R)-(-)-l- 
phenyl-2-aminopropane (0.94 g, 7 mmol) in MeOH (20 mL) was 
hydrogenated over 5% Pt/C a t  45 psig a t  mom temperature until 
the theoretical amount of Hz was absorbed. The catalyst was 
removed by filtration and the methanolic solution was treated 
with 10% HCl until the mixture was strongly acidic. The solvent 
was removed under reduced pressure, and the crude solid product 
was recrystallized from MeOH/MEK to give 1.6 g (80%) of 
colorless crystals: mp 215-217 "C. 

(S)-(+)-N-( l-Methyl-2-phenylethyl)-2-phenyl-l-amino- 
propane Hydrochloride (S-(+)-13) (Method B). Hydro- 
cinnamoyl chloride (0.25 g, 1.5 mmol) was added dropwise to a 
stirred mixture of (S)-(+)-l-phenyl-2-aminopropane (0.2 g, 1.5 
mmol), NEt, (0.15 g, 1.5 mmol), and CHzClz (10 mL) at 0 "C. After 
the addition was complete, the reaction mixiture was allowed to 
stir at room temperature for 2 h, and the solvent was evaporated 
under reduced pressure. The residue was triturated with HzO 
(10 mL), and the solid material was collected by filtration, washed 
with H20, and allowed to air dry. Recrystallization of the crude 
amide from petroleum ether gave 0.3 g (78%) of product as 
colorless needles: mp 91-92 OC. This product was used without 
further characterization. A solution of the amide (0.3 g, 1.1 "01) 
in dry THF (10 mL) was added in a dropwise manner, and under 
a nitrogen atmosphere, to a stirred suspension of LiAlH, (0.2 g, 
5.5 mmol) in THF (20 mL) a t  0 "C. The mixture was heated at 
reflux for 7 h, the reaction flask was cooled on an ice bath and 
excess LiAlH, was decomposed by the dropwise addition of wet 
THF until the evolution of gas ceased. The reaction mixture was 
filtered, the solid material was washed with EtzO (ca. 15 mL), 
and the combined filtrates were dried (MgSO,) and evaporated 
to dryness under reduced pressure. The residual oil in anhydrous 
E t20  was treated with an saturated ethereal solution of HCl to 
afford a crude salt. The salt was recrystallized from a 2- 
PrOH/EhO mixture to give 0.2 g (61%) of (S)-(+)-13 as white 
crystals: mp 214-215 OC. 
(R)-(-)-N-Benzyl-l-phenyl-2-aminopropane Hydro-  

chloride (9) (Method C). Sodium cyanoborohydride (0.26 g, 
4 mmol) was added over a 1-h period to a stirred mixture of 
(R) -  (-) - 1 -phenyl-2-aminopropane sulfate (0.63 g, 3.4 mmol), 
benzaldehyde (0.55 g, 5.2 mmol), MeOH (3 mL), and glacial HOAc 
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(0.5 g) at room temperature. During the addition, pH was 
maintained between 5.5 and 6 by the addition of HOAc. The 
mixture was allowed to stir a t  room temperature for 20 h, and 
the solvent was removed under reduced pressure; the residue was 
treated with excess 10% NaOH, and the product was extracted 
into EkO (20 mL). The ethereal solution was extraded with 10% 
HCl solution (3 mL), the aqueous portion was decanted, and the 
HzO was removed under reduced pressure to give a solid product. 
Recrystallization from MeOH/MEK afforded 0.5 g (51%) of 9 
as colorless crystals: mp 173-175 "C. 
(S )-( + ) - N - M e t  h y l - N - (  l-methyl-2-phenylethyl)-5- 

phenyl-1-aminopentane Hydrochloride (16) (Method D). A 
stirred solution of 15 (free base; 0.08 g, 0.28 mmol) and 37% 
formaldehyde (1 mL) in 90% formic acid (2 mL) was heated a t  
reflux for 5 h. The reaction mixture was evaporated to dryness 
in vacuo, the residue was dissolved in a mixture of 1 N NaOH 
(10 mL) and EkO (10 mL), and the organic portion was separated, 
dried (Na804), and evaporated to dryness under redud pressure. 
The yellow oily product in anhydrous EhO was treated with an 
ethereal solution of HC1, and the crude hydrochloride salt was 
recrystallized from an absolute EtOH/anhydrous EhO mixture 
to give 70 mg (74%) of 16: mp 89-90 "C. 
(R ) -( -)-N- (2-P henox yet hy1)- 1 -phenyl-2-aminopropane 

Hydrochloride (18) (Method E). A mixture of l-chloro-2- 
phenoxyethane (0.34 g, 2.1 mmol) and 1-phenyl-2-aminopropane 
(0.29 g, 2.1 mmol) was heated in a 5-mL sealed reaction tube a t  
95 "C for 20 h. The reaction mixture was allowed to cool to room 
temperature and was washed repeatedly with EhO to afford a 
solid product. Recrystallization from MeOH/MEK gave 50 mg 
(8%) of 18 as colorless crystals: mp 178-179 OC. 
(R )-(-)-3-[N-( l-Methy1-2-phenylethyl)amino]propio- 

phenone Hydrochloride (19) (Method F). A stirred mixture 
of (R)-(-)-l-phenyl-2-aminopropane hydrochloride (0.26 g, 1.5 
mmol), acetophenone (0.64 g, 5.3 mmol), paraformaldehyde (87 
mg), MeOH (1.2 mL), and concentrated HCl(1 drop) was heated 
a t  65 "C for 24 h. The solvent was removed under reduced 
pressure, the crude semisolid residue was dissolved in H20 (5 mL), 
and the aqueous solution was extracted with hexanes (2 x 10 mL). 
The aqueous portion was basified by the addition of 10% NaOH 
(0.5 mL) and extracted with hexanes (10 mL). The combined 
hexanes portion was extracted with 10% HCl (2 x 5 mL), and 
the aqueous portioin was evaporated to dryness under vacuum. 
Recrystallization of the crude product from EtOAc afforded 50 
mg (11%) of 19 as colorless crystals: mp 146-147 OC. 

Radioligand Binding. Guinea P~s / [~H]DTG.  a-Receptor 
binding assays, using [3H]DTG (ditolylguanidine) as radioligand 
and guinea pig brain membranes as source of receptor, were 
performed, as previously described by Weber and co -worke r~ .~~  
Briefly, guinea pig brain membranes (P2 microsomal fraction) 
were prepared from frozen guinea pig brains (Taconic) to a final 
protein concentration of 3 mg/mL and stored at -70 "C. For the 
assay, the membranes were thawed and diluted 1:3 with 50 mM 
Tris-HC1 (pH 7.4), and 0.4 mL was combined with 50 pL of 
[3H]DTG (1-2 nM final concentration) and 50 pL of unlabeled 
competing drug or buffer. The mixtures were incubated for 90 
min at room temperature and incubation was terminated by rapid 
filtration under vacuum through Whatman GF/B or Schleicher 
& Schuell#32 glass fiber filters with use of a Brandel 48-well cell 
harvester. The filters were washed three times with 5 mL of cold 
Tris-HC1 buffer and each filter was suspended in 5 mL of Cy- 
toscint (ICN Biomedicals); radioactivity was measured by liquid 
scintillation spectrometry a t  a counting efficiency of 50%. 
Nonspecific binding was measured in the presence of 10 pM 
haloperidol and DTG. 

Rat/[3H]Haloperidol. Assays were performed with use of 
homogenates of cerebellum from male Sprague-Dawley rats. 
Tissues were weighed, homogenized in at least 25 volumes of 
ice-cold 50 mM Tris-HC1 (pH 7.7 a t  room temperature) buffer, 
and centrifuged at 39OOOg for 15 min. This procedure was carried 
out twice more with intermediate resuspensioin of the pellet in 
fresh buffer. The final pellet was resuspended to 30 mg original 
wet weight per milliliter in ice-cold Tris-HC1 (pH 7.7) buffer. 

(32) Weber, E.; Sonders, M.; Quarum, M.; McLean, S.; Pou, S.; 
Keana, J. F. W. Proc. Nat. Acad. Sci. U.S.A. 1986,83, 8704. 
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Guinea Pig/[3H]Haloperidol. The same protocol used for 
rat was used in the guinea pig cerebellum assays. 

Competition studies for [3H]haloperidol-labeled u receptors 
were conducted by incubating at least nine concentrations of 
competing drug with 1 nM [3H]haloperidol (in the presence of 
25 nM spiperone to preclude binding to D2 dopamine receptors) 
and 3 mg (original wet weight) of cerebellar homogenate in 2.5 
mL of 50 mM Tris-HC1 (pH 7.7) buffer. Nonspecific binding was 
determined in the presence of 10 fiM DTG. Incubations were 
carried out for 90 min followed by rapid filtration under vacuum 
onto glass fiber filters (Whatman GF/C). Filters were washed 
with 15 mL of 50 mM Tris-HC1 (pH 7.7) buffer and radioactivity 
was counted by liquid scintillation spectrometry. 

Data represent the mean and SEM of at  least three competition 
curves (unless otherwise stated). ICm values were determined 
by analyzing displacement curves by using nonlinear least-squares 
regression analysis (e.g. see ref 33). ICw values were converted 
to Ki values by using the Cheng-Prusoff equation. 

Other Assays. High-affinity [3H]kainate binding to kai- 
nate-type glutamate receptorsN and [3H]AMPA binding to 
quisqualate/AMPA glutamate receptorss were measured by using 
rat brain membranes as previously described.% Dopamine D1 
([3H]SCH-23390) and D2 ( [3H]domperidone) receptor  assay^^*^' 
were performed by using washed membranes prepared from frozen 

(33) Fischer, J. B.; Sconbrunn, A. J. Biol. Chem. 1988,263, 2808. 
(34) Murphy, D. E.; Snowhill, E. W.; Williams, M. Neurochem. Res. 

1987, 12, 775. 
(35) Bilard, W.; Ruperto, V.; Crosby, G.; Ioria, L. C.; Barnett, A. 

Life Sci. 1984, 35, 1885. 

rat striata resuspended in a buffer containing 50 mM Tris-HC1, 
120 mM NaCl, 5 mM KC1,2 mM CaC12, and 1 mM MgClz (pH 
7.4 a t  37 "C). Phencyclidine (PCP) receptor binding assays were 
also performed as previously d e s ~ r i b e d ~ ~ , ' ~  by using rat brain 
membranes with [3H]MK-801 (97 Ci/mmol, synthesized as de- 
scribed43) as the radioligand. 
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