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Abstrac t :  Extensive structural modification of immepyr (+)-2 led to the discovery of trans-4-methyl-3- 
imidazoyl pyrrolidine (.%.)-3a as a potent and highly selective H3 agonist. The pyrroline (~.)-3a was resolved, and 

its (+) enantiomer, Sch 50971 [(+)-3a], showed a greater separation of H3 and H1 activities in vivo (H3/H1 ratio 

>> 330) than (R)-o~-methylhistamine (+)-1 (H3/H1 ratio = 17), the standard H3 agonist. 

© 1998 Elsevier Science Ltd. All rights reserved. 

I n t r o d u c t i o n  

In 1983, Arrang and co-workers 1 suggested that inhibition of brain histamine release was mediated by a novel 

class of histamine receptor. Subsequent studies 2 showed this receptor (H3) to be pharmacologically distinct from 

the H1 and H2 receptors previously described. 3 The H3-receptor is located presynaptically on histaminergic 

neurons and modulates the release 4 as well as synthesis 5 of histamine (and other neurotransmitters such as 

serotonin, 6 noradrenaline, 7 and acetylcholine 8) via a negative feedback mechanism. Early work in the area of H3- 

receptor agonists identified (R)-t~-methylhistamine [(+)-1] (RAMHA) 2 as a potent and selective H3-agonist in 

vitro (H3/H1 ratio ~10,000). Although RAMHA [(+)-1] showed good selectivity in vitro, our own work showed 

substantial in vivo H1 activity. 9 In an effort directed towards the discovery of therapeutically useful H3 receptor 

agonists devoid of undesired H1 activity, we employed classical conformational analysis on RAMHA and 

identified a novel pyrrolidine (i.e., immepyr [(+)-2] 10) which showed a greater separation of H3 and H 1 activity 

in vivo (H3/H1 >> 550) than RAMHA (H3/H1 = 17). Immepyr, (+)-2, was subsequently chosen for further 

SAR development. In this communication, we discuss the results of this SAR study which lead to the discovery 

of another novel, potent and highly selective H3 agonist (i.e., Sch 50971 [(+)-3a]). 
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C h e m t s t y  

The compounds shown in charts I to II] were synthesized as racemates by the protocols outlined in Schemes I 

to VI. For convenience, only one of the corresponding enantiomers is indicated in the Schemes. 

,~dleme I ~ NO= 
R' 

~ COxJ'I 1. MeOH, H~SO, ~ / ~ ' ~ "  CO'CHSRR'CHNOz, DBU ~ CO,CH, 
HN,,~ N 2. (a) LDA; Co) SEMCI SEMN~,~pN CH3C N ~" 

SEMN,~p N 

SEI~ 

Sd~me II 

L• ~ , W ~  N 4a R =CH3, R'=H 1, RaNi, H2 1. LAH t. ~ 4b R' =CH3, R=H 
2. Separate 21HC1 8 R=R'=H 

diastereomers o .: 9 R'= H, R = C2H5 
'N R 'H 10 R' = H, R = CHzPh 

H 

1. LiN(TMS)2 _ ~  NHz 
] ' ~"~eOaH 1. MeOH, HCI_._ ~ CO,CH, 2. BF3"Et20 ~, 

002C1"1:~ HN.,.,,p N 2. TrCI TrN.,~,~ N 3"l'iaC"~'% NTMS TrN.~, N 

% 

AIMe3, CH2C12 =.. 1. DIBAL, CH2C12 H 
2. HCI 

TIN,,,,,,j, N O HN,,~,~ N 

Sdkem~ I l l  

" SEMN~.4~ N CH= 2. H2SO 4 SlEMN,~. N PhCHzCHzNH z SEM 

COzCH, 

' ~ ' ~  CO=CI"I, / 1 NaBtI3CN, NH4OAc ~ ' r  ~O 
b " O " ~" ~ _NH 

DBU, MeCN ~ 2. Separate ~ "- 
SEMN,,~4~N CH= diasteremers SEMN~.~N H "CH 3 

1. LAH N. N ~ ~  ~ 2. HCI 
3. Boc20 -':- NH 
3. HCI H ~ H CH= 

7 
Scheme IV 

"NeN 1. (a) LDA; (b) CH3I 
TtN,,,,~N 2. (a) LDA; (b) BrCH2CO2CH3 = 

a,q A - COzCH= NH 
/ ~  CN 1. NaBH 4, COC12 

TrN~.~ N 2. LAH = HN,,,.p 
3. HCI 

11 



N.-Y. Shih et al. / Bioorg. Med. Chem. Lett. 8 (1998) 243-248 245 
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Results and Discussion 

The structural modifications that were considered for the SAR investigation included (1) the ring size of the 

heterocyclic moiety of these compounds, (2) the size of the alkyl substitution at selected sites about the 

heterocyclic ring, and (3) the position of methyl substitution about the heterocyclic ring. Considering first the 

length of the methylene bridge from the [~-carbon to the basic side chain nitrogen (heterocyclic ring size; see Chart 

I below), the 2-methyl substituted pyrrolidine 4a (2-methylene bridge) was shown to be more than 500-fold more 

active in our H3-binding assay 11 than the corresponding homologue, 2-methyl substituted piperidine 7 (3- 

methylene bridge). In addition, the pyrrolidine 4a was very selective for the H3-receptor; this compound showed 

no significant H 1 activity.12a While the corresponding 2-methyl substituted azetidine 6 (1-methylene bridge) was 

nearly equipotent to 4a in the H3-binding assay, it was not selective for this receptor as it possessed substantial 

HI activity. 12b 

Chart I H H H 

. .  N .- 

HzC" " H H 3 C," N H3C ','~" ~" 
H I 

6 4a H 7 

Ki (H3-bind.) = 7.0 nM Ki (H3-bind.) = 3.0 nM K i (H3-bind.) = >2000 nM 
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In light of the above described potency and selectivity associated with the 2-trans-methyl pyrrolidine moiety of 

4a (trans-relationship between the methyl and the imidazoyl moieties), we next considered the steric requirements 

of the substituent at the 2-position of the pyrrolidine ring (see Chart II below). With respect to substitution at this 

position, a marked decrease in H3-binding activity was associated with an increase in size of the substituent from 

methyl [4==] to ethyl [9] to benzyl [10]. The nor-methyl pyrrolidine 8, while quite active in the H3-binding assay, 

showed substantial HI-activity. 12b 

Char t  II H H H H 

t HsC~,-"" N ,"  

H H H H 
8 4a 9 10 

K i (H3-bind.) = 2.0 nM K i (H3-bind.) = 3.0 nM K i (H3-bind.) = 150 nM K i (H3-bind.) = >2000 nM 

We next considered the position of methyl substitution about the pyrrolidine ring (see Chart III below). 

Methyl substitution at the 3-position [11] or the 5-position [12] resulted in compounds with significantly reduced 

H3-binding activity compared to the nor-methyl pyrrolidine 8. The 2-cis-methyl  pyrrolidine 4b, in contrast to 4a 

(the corresponding trans diastereomer), showed much weaker H3-binding activity. Methyl substitution at the 4- 

position, whether with a cis-relat ionship between the methyl and the imidazoyl moieties [3b] or a trans-  

relationship [3a], produced compounds nearly equipotent in the H3-binding assay with the nor-methyl pyrrolidine 

8. While the 4- trans-methyl  pyrrolidine 3a was quite selective for the H3-receptor, the 4-c is -methyl  pyrrolidine 

3 b  showed indication of HI-activity. The SAR analysis described above provided a novel potent H3 receptor 

ligand 3 a .  

Chart m H H H 
N 

'H ' 'H 8 11 H 12 

Ki (H3-bind.) = 2 nM Ki (H3-bind.) = 170 nM Ki (H3-bind.) = 76 nM 

H H H H N~ ~:~,~ N~ N~NCl 
• H3C ~ ~ N ~ 

4a H 4b H 3a H 3b H 

Ki (H3-bind.) = 3 nM K i (H3-bind.) = 59 nM Ki (H3-bind.) = 5 nM E i (H3-bind.) = 3 nM 
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In light of the known enantioselectivity of the H3-receptor [(R)-tx-methylhistamine is -100 fold more potent 

than the corresponding S-enantiomer in H3-binding studiesl3], we resolved (+)-3a and determined the absolute 

stereochemistry of the constituent enantiomers by single crystal X-ray analyses. 14 Further binding studies 

indicated that the dextrorotatory enantiomer (3R,4R)-(+)-3a was more than tenfold more active in the H3 binding 

assay than the levorotatory isomer (3S,4S)-(-)-3a. Further biological evaluation of (+)-3a ( Sch 50971), in 

comparison with RAMHA, is summarized in the Table. In vitro, Sch 50971 [(+)-3a] was effective in inhibiting 

an electrically induced contraction of guinea pig ileum tissue. 15 Similarly, it was as effective as RAMHA in vivo 

(via intravenous administration) in the inhibition of an electrically induced CNS hypertensive response. 16 Most 

significantly, Sch 50971[(+)-3a] also exhibited a significantly enhanced in vivo selectivity for the H3-receptor 

compared to the biological profile of RAMHA [(+)-1]( H3/H1 ratio >> 330 for [(+)-3a] ). In fact, no evidence of 

HI activity was detected at doses of Sch 50971 [(+)-3a] as high as 100 mg/kg iv. 

H H H 

NH2 ~ 
H H 

RAMHA Sch 5097 l 
[(+)-1] [(+)-3a] [(-)-3a] 

H3-Binding (Ki) Guinea Pig Ileum (pD2) In Vivo (EDso ' mg/kg) a H3/H l ratio (in vivo) 
H3 H1 H 3 HI H3 b H1 c [EDso(H1)/EDs0(H3)] 

RAMHA 1.5 > 10,000 8.2 5.4 0.l 1.7 17 

[(+)-3a] 2.3 > 10,000 7.5 < 4.0 0.3 > 100 d >>330 

aVia intravenenous administration.bDetermined in the CNS hypertension model (see ref 16). c Determined by an 

H l-histamine mediated bronchospasm (see ref 9). dNo evidence of any H l activity was detected at doses as high 
as 100 mg/kg. 

In conclusion, structural modification of immepyr [(+)-2] led to the identification of another novel, potent and 

highly selective H3 agonist, pyrrolidine (.t.)-3a. The pyrrolidine (_+)-3a was resolved and its (+) enantiomer, Sch 

50971, showed a greater separation of H3 and H1 activities in vivo (H3/H1 ratio >> 330) than RAMHA [(+)-1] 

(H3/H1 ratio = 17), the standard H3 agonist. 
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