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Abstract: Our interest in the area of m4 muscarinic antagonists has led us to study a series of  benzoxazine 
isoquinolines. One of  the most potent and selective compounds of this series is example 1 with an IC50 value of 
90.7nM at m4 receptors, and 72-fold (ml), 38-fold (m2), 10-fold (m3), and 82-fold (m5) more selective 
compared to the other receptors. The synthesis and receptor binding affinity of analogs of 1 are reported. © 1998 
Elsevier Science Ltd. All rights reserved. 

The characterization of the five distinct muscarinic receptor subtypes (ml-m5) has made it possible to 

target specifically the blockade of one muscarinic receptor subtype.1 Therefore, identification of  selective ligands 

for the muscarinic receptor subtypes, m l-m5, may be useful as tools in the study and treatment of various central 

nervous system disorders. The ml, m2, and m4 receptors in the brain have been identified in the striatum using 

immunocytochemical and in situ hybridization techniques, with the highest level of m4 receptors occurring in the 

striatum ~ These receptors are believed to be involved in the control of motor function, and therefore, selective 

m4 muscarinic antagonists may be useful in the treatment of movement disorders such as Parkinson's Disease 

(PD). Two commonly known "m4" muscarinic antagonists are Artane and himbacine. Artane, an ml/m4 

muscarinic antagonist, has been used clinically to suppress tremor and relieve rigidity associated with the early 

stages of PD 2 However, these motor benefits could potentially be accompanied by cognitive dulling, since ml 

receptors, found predominately in the hippocampus and neocortex, are intimately involved in cognitive function. 

Therefore, an antagonist specific for m4 over ml receptors could be efficacious against PD motor symptoms 

without causing deleterious cognitive side effects. Himbacine, an alkaloid that has been isolated from the bark of 

Galbulimima species of trees found in North Queensland and New Guinea, 3 binds to both m2 and m4 receptors, 

and has been claimed as a relatively potent and selective antagonist for cardiac receptors, which are 

predominantly m2. a 

Presented here is a series of benzoxazine isoquinolines that have been synthesized and characterized as 

potential m4 selective muscarinic antagonists. The affinity of these compounds for the five human receptor 

subtypes (ml-m5) was determined by [3H]-NMS5 binding using membranes from transfected Chinese Hamster 

Ovarian (CHO) cells .  1~'6 The structural type, represented by the examples illustrated in Table 1, was identified as 

m4 selective antagonists via mass screening. From the series of compounds synthesized and tested, the most 

potent analog identified was example 1, which demonstrated a 72-fold selectivity at the m4 receptors over ml 

receptors. To date, no truly m4 selective synthetic muscarinic antagonist is known. 7 Therefore, these results 

clearly illustrate that 1 is the first m4 selective synthetic muscarinic antagonist to be identified. 
0960-894X/98/$ - see front matter © 1998 Elsevier Science Ltd. All rights reserved. 
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TABLE 1. Io 

NT--- R2 
H 

Example R 1 R 2 R~ m 1 

IC~o (riM) a 
m2 m3 m4 m5 

Artane 8a 1.3 18.6 

1 COzCHzCH 3 CH3 9 -OMe 6558.7 3440.7 

2 CO2CH 3 CH3 9-OMe 3788.0 13138.0 

3 CO2CHzCH 3 H 9-OMe 5616.8 4563.5 

4 H CH 3 9-OMe 10766.6 1151.5 

5 CO:(CH2)2CH 3 CH3 9-OMe 1961.9 1905.1 

6 CO2CH(CH3) 2 CH 3 9-OMe 4058.0 2643.0 

7 CO2CH2CH 3 CH3 8-OMe 9017.8 3002.9 

8 CO2CH 3 CH3 H 7121.2 4662.4 

9 COaCH2CH s CH s 8,9-di-OMe 12903.4 9341.4 

10 COzCH2CH 3 H 8,9-di-OMe 8221.3 7703.7 

26.3 6.7 10.3 

950.0 90.7 7411.7 

3394.0 501.0 4093.0 

3704.2 333.5 5999.2 

15293.8 9735.2 17980.7 

1482.3 359.6 3807.6 

2817.0 2050.0 4737.0 

10804.1 6027.8 8211.3 

12612.2 9927.5 5760.1 

1616.4 301.1 26644.8 

10315.1 1498.3 47361.5 

11 H 

12 CO2CH2CH 3 CH 3 9-Me 3277.5 9524.7 

13 CO2CH2CH 3 CH 3 9_OCH2CH s 4250.0 2565.0 

14 CO2CH2CH s CH 3 9_OC6H 5 1959.3 1646.0 

15 CO2CH2CH s CH3 7-Me 

16 CO2CH2CH 3 CH3 H 

- -  Himbaeine 8b 

CH3 8,9-di-OMe 32653.5 14677.7 32589.6 4741.3 43462.7 

6109.7 <1000 

5009.3 2680.7 

548.2 17.5 

2720.9 464.8 3884.2 

2629.0 1624.0 8624.0 

3067.8 2633.7 2033.9 

2827.7 1474.8 1731.8 

5493.9 3713.8 4187.1 

333.6 114.4 1016.0 

a The affinity of these compounds for the five human muscarinic receptor subtypes (m l-m5) was determined by the displacement of 
[3H]-NMS binding using membranes from transfeeted CHO cells. All compounds were tested two to four times with duplicate tubes 
(S EM is ~ 10% in all eases). Complete protocol is described by F. Dorje et al. l a and N.J. Buckley et al. 6 
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Chemistry 

The series of  benzoxazine isoquinoline analogs (I) illustrated in Table 1 were synthesized by coupling 

substituted indoles (IV) with various dihydroisoquinolines (V) as shown in Equation 1.9 

Equation 1 

NMe2 9 1o 

HO dioxmJe/reflug g 
+ R3 1 

R 2 -24-96 h 

IV v tt 

+ HO~x...~ I + CH 2 R I 

H 
II HI 

The synthesis of  analogs of 1 yielded a mixture of benzoxazine isoquinoline I, phenol II, and rearranged 

isoquinoline Ill. The desired isoquinoline I was isolated in various yields. In general, compounds with an ester 

functionality at R~ and 8,9-diOMe at R3 (9 and 10) afforded the highest yields (23%) of 1. Isoquinoline I was 

isolated and characterized as the major product (5-20%) for 1, 2, 4, 5, and 9-16, whereas isoquinoline HI (10- 

30%) was the major product for 3 and 6-8, and the minor product for 13, 14, and 15 The phenol I I  was detected 

in low yields (<10%) for 1, 2, 8, 9, 12, 13, and 16. 

Synthesis of  dibydroisoquinolines (V) involved a two-step procedure (Eq 2). t°'~l Treatment of the 

corresponding phenethylamine (VI) with formic acid, 

oxychloride gave dihydroisoquinoline V (1-7 and 9-10), 

closure of VII. 

Equation 2 

followed by ring closure of  VII  with phosphorous 

For $ and 16, phosphorous pentoxide was used for ring 

H 

VI VII V 

(a) 95-97% HCO2H; (b) POCI3 or P~O s, Tetralin 

Scheme 1 illustrates the synthetic route utilized for the majority of indoles IV. For 5 and 6, 

decarboxylation of ethyl-5-hydroxy-2-methylindole-3-carboxylate VIH, in the presence of sodium hydroxide, 

gave intermediate IX. 12 Protection of phenol IX with benzyl chloride in the presence of potassium carbonate 

yielded X. 13 Treatment of  X with ethyl magnesium bromide and the appropriate chloroformate gave the 
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corresponding ester XI. Deprotection of XI using standard conditions yielded the 5-hydroxy substituted indole 

XII. 14 Treatment of XII with dimethylamine and paraformaldehyde in methanol gave the desired indoles (IV). 

For 4 and 11 (R2 = CH3) and 3 and 10 (R2 = H), deprotection of  X and XI, respectively, yielded intermediate XH, 

which was required to give indole IV. For 1, 7, 9, and 12-16, ethyl 5-hydroxy-2-methylindole-3-carboxylate 

(VIII, R2 = CH3) was treated directly with dimethylamine and paraformaldehyde to give indole IV. 

Scheme 1 

CO2CH2CH3 H H 

H H H 
Vlil IX X 

.N(CH3)2 

HO R@NRI e HO R ~ ~ N  l d B z O ~ - . ~  ~ " ~  ~ 
R2 " R 2 ,~ ~ ~.~?/x--"-R 2 

H H H 
IV Xl I Xl 

(a) sol. NaOH, 2 N NaOH; (b) PhCH2CL K2CO 3 CH3CN; (e) EtMgBr, R 1CI, Et20; 
(d) H2/20% Pd-C, EtOH/THF; (e) (CH3)2NH, (HCHO)~, MeOH 

The synthetic route of the required indoles (IV) for 2 and 8 is illustrated in Equation 3.15 Condensation of 

ethyl-3-methylaminocrotonate (XIII) and 1,4-benzoquinone (XIV) yielded XII, which then could be converted to 

the desired indoles IV as shown in Scheme 1. 

Equation 3 

RI 
< >  ac ton  

+ O O " R2 
R 2 H reflux 

H 
XllI XIV XlI 

Results and Discussion 

A series of benzoxazine isoquinolines have been synthesized and studied as potential selective m4 

muscarinic antagonists. From this group of compounds, example 1, the most selective synthetic m4 antagonist 

reported to date, was identified. Example 1 is as potent as himbacine at the m4 receptor (ICs0 = 90.7 nM vs. 

114.4 riM, respectively), but is about 13x less potent than Artane (ICs0 = 90.7riM vs. 6.7 riM, respectively). 

However, example 1 is extremely more selective at the other receptors than himbacine or Artane (Table 2). 
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TABLE 2. Selectivity of  1, Artane, and himbacine versus m4 Receptors. 

Hm I Hm2 Hm3 Hm5 

Example 1: 72-fold 38-fold 10-fold 82-fold 

Artane: <l-fold 3-fold 4-fold 2-fold 

Himbacine: 5 -fold < 1 -fold 3 -fold 9-fold 

In an effort to improve the affinity of 1 at the m4 receptor and maintain its selectivities at the other receptors, 

various modifications at R~, R2, and R3 were examined. Replacement of the methyl group at R2, the ethyl ester 

group at Rl, or the methoxy group at R3 of  1 with hydrogen (3, 4, and 16, respectively) decreased affinity at the 

m4 receptor (4- to 100-fold), and either decreased (3) or eliminated (4 and 16) selectivities at the other 

receptors. Different ester groups (Ri) showed a 4- to 22-fold decrease in m4 affinity and either illustrated a 

decrease (2 and 5) or almost completely eliminated selectivity (6) at the other receptors. When R3 of 2 was 

replaced with a hydrogen (8), the m4 affinity decreased an additional 20-fold, and no selectivity was observed. 

An additional methoxy substituent on the isoquinoline ring (9-11) yielded a 3- to 50-fold decrease in affinity at 

the m4 receptor and a decrease in selectivity at the other receptors. Various substituents (R3) on the isoquinoline 

ring yielded a decrease in affinity (5- to 66-fold) at the m4 receptor and no selectivity (7, 13-15) or decreased 

(12) selectivity at all other receptors. Many phenols II and rearranged isoquinolines HI were also tested against 

all five muscarinic subtypes.16 However, all analogs were inactive against all subtypes, which may indicate that 

this pentacyclic ring system of  I is an important pharmacophore for muscarinic activity. The methyl iodide salt of 

1 was also synthesized and its binding results illustrated no activity at any receptor.17 Apparently, a basic nitrogen 

within the molecule is necessary for good binding affinity and selectivity at all receptors. To confirm the 

antagonist properties of 1, functional data was obtained) 8. In Hml,  Hm3, and Hm5 CHO cells, 1 prevented the 

stimulation of phosphatidylinositol (PI) hydrolysis produced by carbachol (ml: IC50 = 10,000 nM; m3:IC50 = 880 

nM; m5:IC50 = 25,200 nM). In Hm2 and Hm4 CHO cells, it blocked carbachol-induced inhibition of forskolin- 

stimulated cAMP accumulation (m2:IC50 = 3.8 riM; m4:IC50 = 0.4 nM). No agonist activity was observed at any 

of the receptor subtypes. 18b 

In conclusion, a series ofbenzoxazine isoquinolines have been synthesized and characterized as selective 

m4 muscarinic antagonists. The most potent and selective compound of this series, example 1 (R1 = CO2Et, R2 = 

CH3, R3 = 9-OMe), has been identified as the most selective synthetic m4 antagonist known to date. The results 

have determined that, apparently, the binding site of the m4 receptor prefers the substituents of  1, and various R~, 

R2, and R3 groups are not well-tolerated, as illustrated by the overall decrease in affinity at the m4 receptor and 

the substantial decrease in selectivities at all receptors (Table 1). 
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