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The opioid system 
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¨  One of the most important systems for analgesia 
(pain relief) 

¨  Composed of 4 subtypes of receptors: 
¤ μ (MOR), κ (KOR), δ (DOR), Nociceptin (NOP) 

¨  Ligands: 
¤ Endogenous peptides: 

n Dynorphins, Enkephalins, Endorphins, Endomorphins, and 
Nociceptin 

¤ Exogenous: 
n Morphine, heroin, hydrocodone, codine, fentanyl, methadone, 

ect. 

Annu. Rev. Biochem. 2004, 73, 953. 
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Mechanism of opioid action 
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Clin. Rheumatol. 2006, 25 (Suppl 1), S9. 
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Negative effects of opioids 

7/28/2012 

4 

¨  Can occur with both endogenous and exogenous 
opioids 

¨  Side effects: 
¤ Drowsiness 
¤ Nausea 
¤ Muscle spasms  
¤ Difficulty urinating 
¤ Constipation 
¤ Addiction 
¤ Respiratory depression 
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Endomorphins 

¨  2 types: endomorphin-1 and endomorphin-2 
 
 

¨  Have analgesic properties with less undesired 
effects 
¤ Less potential for addiction  
¤ Less potential for respiratory depression 
¤ Less potential for cardiovascular complications 
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Med. Res. Rev. 2012, 32, 536. 
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Endomorphins as drugs 

7/28/2012 

6 

¨  Obstacles to drugability of EMs: 
¤ Not orally avaliable 
¤  Short duration of action 
¤  Poor metabolic stability 
¤  Poor blood-brain barrier permability/Poor CNS avaliabilty 

¨  Attempted solutions: 
¤ Unnatural amino acid substitution (ᴅ-/β-amino acids, amino 

acid mimetics, alkylated amino acids) 
¤ Cyclization 
¤ Glycosylation 
¤ Conjugation to transportable lipids 

Med. Res. Rev. 2012, 32, 536. 

Celeste Alvarez @ Wipf Group Page 6 of 16 7/29/2012



Synthesis of α-methylene-β-amino 
acids (Map) 
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-R -R 

(Ph)Map (Piperonyl)Map 

(4-FPh)Map (2-Furyl)Map 

(4-ClPh)Map (3-Furyl)Map 

(3-ClPh)Map (1-Naphthyl)Map 

(2-ClPh)Map (2-Naphthyl)Map 

(4-MeOPh)Map 
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Radioligand binding and selectivity 
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In vitro activity 

7/28/2012 

9 

Celeste Alvarez @ Wipf Group Page 9 of 16 7/29/2012



Inhibition of cAMP release 
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Downstream effects 
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Analgesic effects 
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Analgesic effects 
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Stability  
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Molecular modeling 
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Summary 
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¨  Developed a class of highly potent MOR selective 
agonists utilizing constrained unnatural β-‐amino acids 
(Map) into EM-1 

¨  Analogues with the Map located at the 4-position (C-
terminal end) were more active than those with the 
substitution at the 3-position 

¨  The furan containing analogues were the most potent, 
effective, and stable tested 

¨  There may be potential use of EMs modified with 
constrained β-‐amino acids as analgesics lacking some of 
the classical side effects of current opioid drugs 
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