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Interaction models of 3-methylfentany|derivatives with opioid receptors 
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three-dimension~ quantitative structure-activity 

relationship；comparative molecular field analysis； 

interaction models；mu opioid receptors 

AIM： To stuay the ；,ntexaetiori n,xxtel 0{ 3一 

methylfentanyl derivatives with p-opioid reec=~Dtot． 

METHODS： Alter a systematic corfformationgl 

search，a three-dimem~onai quantitative structure- 

activity relationship study was carded out with 

comparative mo lecular fidd amlysi~(CoMFA)． 

RESULTS：1)1_he 6 CoM A medals had good 

predictive value~and eachmod dcorrespondedtothe 

minimt~n-energy corfformations of 13 ecln~  
studied；2】The important geometric parameters of 

phaⅡIla∞p}Ⅻfe dl(A)，d2(A)，d3(A)，a4(M， 
as(A)，and d6(A)-~7ei~5．2，5．4，4．9，10．6， 

10．2，and 5．8 inModelA；5．2，6．5，3．6，10．6， 

l1．6。and 5．8 inMOdelB；5．2，4．6，4．9，11．6， 

9．2．mad 6．5inMedel0：5．2⋯5 4，4．9 10⋯5 

10．3．and 5．8 in Modd D；3．6，5．4，4．9，5．7， 

7．5， and 5．7 in Modd E； 5．2， 4．7， 4．9， 

11．2，9．5，and 6．4 in Model F，respectively． 

CONCLUSjO S： n1e 8e 啪 }bbacdve 。c啦 筒  

lions offentanyl analogs possibly existed anddidnot 

need to be the absolute minimum-energy 

mrffommtion ．each of which Ⅵras involved in the 

i’nt~-actt’oiiwith opioid reoeptor． 

Fentanyl x,vas a potent analgesic agent ． Our 

laboratory synthesized 4 enantiomers of 3一 

methyifentanyi(3一MF) and 8 enantiomers of 

ohmefel~tanyl(0MF) ,3 T，which had tremendous 

stereo-diffeFences in their analgesic activities． 

The analgesic potency of fetanyl derivatives was 

mainly dependent on binding affinity for opio[d 

recepto{ Fentany1．3一MF．and OMlF were 

highly potent and selective u opioid agon[sts ‘ ． 

P酬 c!s0 n b t}1c National 

C na． 39470805 

Rccvivtvl 1095 1 2-20 Accl rpll~t 1996 08一I4 

Many theoretical studies of iientany[analogs 

were made for identifying and characterizing the 

molecular determinants of receptor recogni— 

tiorl~ 7 The results led to a distinct 

pharmacophore for interaction at receptor and 4 

key moieties necessary'for receptor recognition 

(Fig1]． 

The eorrelations between physioochemical 

properties and analgesic activities were derived from 

quantitative structure—activity relationship(《 SAR) 

study．which had gcod predictive values ’ ． But 

the fnl~ler results could not explain QSAR of 

fentanvI analogs．the【alter results did not consider 

the pharmamphore and inteiaction model of 3 MF 

derivatives with“opioid rec∞ tors． 

To nvestigale h>th the molecular detetxninants 

of receptor recognition and the QSAR， we 

perforated a eonformational search for the fentanyl 

derivatives and carried OUt 3D-QSAR study with 

comparative molecular f e O⋯tl／d l～y3。。t3’ {C0MFA ) 

melhc ． 

METHoDS 

T 13 fentanyl derivatives． including fent~nyl， 4 

enant[ort~ers of 3一MF and 8 enant[omers of OMF． ~-ert= 

chosen as the studied eompound．s Their 3D structures weffe 

ocsrustructed，based o12 the crystal structure of(3R，4S，2 R)一 

OMF tZI． O13 SGI 000 workstation wilh molecular 

modeling software SYBYL 6．1【0 ． 

On account of ils h]gheNt analgesic activity among the 

s(udled compounds (3R．4S，2 S)一OblF cbesen the 

ferelice 1-13okcule of conformationaI search 

Fim*of J． a systematic eonfomaal L。na【search was 

carried Otll for(3R，4S，2 S)．O lh．,earch routine of 

SYBY【J． Fifty five【0曲l minimum—eilerl~'conformatiorLs of 

t re⋯ m,,lee,Ao were 0btain The dlstmnce map of 4 

keymoieties(N ， A．pseudoatcxn A and B；Fig 1) 

nece-％sary for receptor rocognilion i’ ‘cteated．which M 

~lected as the constraintin~g distances of COnformational search 

for the olher studied cornpounds． 

SeecmdIy，based Orl 1he constralnting distances of each 

l"ninimun2一energy c。nforrnation of the reference molecule．a 
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Fig1． 

C 

Hydrophobic ring A 

P，otonatcd 

Proton accepting center Ot'A 

Second aromatic ring B 

Pharmacophore for．tt receptor 唧 mIm，shown for(3R，4S，2 s)-OMF．which w used as molecular alignments of 

Atom ID w4i~e used to define the torsion angles in Tab 3 

systelrmtic conformational search was done on the 

other compounds． The lowest-energy conformation 

at the condition of constrainting distances m s 

obtained for the other compounds Thus，55 series 

of minimum～energy confomtations were formed， 

each of which contained 13 mlnimum-energy 

conformations corresponding to the 13 compounds， 

According to the pharmacophore of fentmlyl 

analogs，4 site points(NpA，o ，pseudoatom A 

and B)were used as the alignment rule in C0MFA 

(Fig 1)． For each molecular alignment of 55 series 

of the minimum-energy conformations，the C曲 

study -~e-es made with cross-validation． 

Consequentially．6 C曲 models gave gmd emss- 

validated r values．each of which "~／a8 selected to 

perform noncrc~s-validated(conventiona1)analysis 

RESIII胚  

The 6 CoMFA models．obtained fmm 55 series 

of the CoMFA studies， had the same optimal 

component， 5， and gcxxl conventional statistical 

correlations(Tab 1) 

Tab1． Tlh sixC0MF  ̂

Their molecular aligi~ments， predictive 

activities and residual values are sh。wn in Fig 2 and 

Tab 2，respectively． 

Pig 2． The n~ lecalar alignments ofthe six CoM FA models 

The torsion angles of the rotatable bonds were 

calculated for all minimum—energy c6nforelations of 

eachroodel( rab 3) 

The geometric parameters of pbarmaco phore 

were calculated for the 6 C0MFA models(Tab 4)． 

On the basis of pharmacophore of fentanyl 

analogs， we could infer the complementary p- 

receptor sites． RP1 vca5 Joeated  3 A from the 

piperidine nitmgen in the direction of its proton； 

RP2 was located 3 A from pmton accepting oxygen 

。 

维普资讯 http://www.cqvip.com 

http://www.cqvip.com


30 ． B[BLID：ISSN 0253N756 诅Ph￡r111acd0gKa Sinic~ 中国药理学报 1997 Mar；18(2) 

Tab 2．Experimental activities and predictive activities with 6 CoMFA models． 

O 

＼Ph 

O 

Fentanyl 

( H 

a)Expe~nemal activity】g1／Ⅱ (md· ’。)in hot ate test on n~ce；b)Predh activity；c)Residual 

Tab 3．Torsion angles(de 屯e)of rotatable bonds ofminimum-enexg~~oaformatio~s(AtomID sl ninF 1) 

Tab 4．Gemnelric parameters of pharmacopbore(Related atolllS showDin ng1) 

引 distance between
。

A and N．a(A)；b)distance between Nea and (A)；cJ distance betw
．

een OPA and B(五)；d)distance ’ 
betweenA andB(A)；e)distancebetweenA andOea(A)；f)distance betweenNea and B(A)；g)a~,lebetweenA，N aJ1d 

OpA(degree)；h)an e between NFA， and 13(degree)； )standard derivation of the parameters of 13 minimum．energy 
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(SP2 hybridization)in one of the 2 directions of 

possible protonations，which was far away from 

piperidine． l'he geometric parameters of comple— 

nlentary u receptor sites were als。 calculated for 

ModelsA．B and E．which are showninTab 5． 

1ab 5． Geometric parameters ol'complemenh~try receptor 

sit ． 

A 

N 

OH ‘ 

， RP2 

B 

a】distance bet~veetl A and RP1(A)；b)distance between 

RPl and RP2(A) c)distance belween RP2 and B(A)；d) 

distancebeFde-eeFI A and RP2(A)：e)distance bet~vee[1 RP1 

and B(A)；f)angle betweenA，RP1 andRP2(degree)；g) 
angle between lap1，RP2 and B (degree)；h)standard 

derivation of 1he parameters of 【3 minimtwa-energy 

conformations in each modd 

DISCUSSIoN 

The C0 球A mod els and the bioactive 

conformations of the studied compounds It can be 

seen from b 1 and Tab 2 that．the 6 resultant 

c。M A mod els had fair predictive abilitv． Such 

hi曲ly predictive ability implies that the 
conformations of the studied compounds in the 

CoMFA models could be their bioactive 

conformations． It nleans that the studied 

txompounds pn)bably have sev~ra1 bioactive 

conforrnations invoived in interacting with u opioid 

receptor，which did not need to be the absolute 

nlinlnlunl energy co nformation
．  

Fr0111 Tab 3，the bioactive conformations in 

each model were dffferent Moreover， in each 

model， sonic rotatable bonds were a[nlost fixed 

(underlined data in I'ab 3)，others were nl0re 

variable． Our derived bioactive conforrnations were 

c0nslstent with the reSults 0f Dr Wang 14J
， in which 

was about 90。，but毛4 and are ab~nt． 

On the basis of abo ve facts， the bioactive 

conformeLtions of the studied Compounds in each 

model may be reasonable． In each model， the 

nearly fixed rotatable bonds were mainly the 

requirements of molecular characteristics，whereas 

the more vailable r0tatable bo nds were principally 

the stereo>requirements of recognition for opioid 

receptor． 

The interaction models of the studied 

compo unds with p opioid receptor The geometric 

parameters ofⅡpharmacophore of Models A．B and 

E are age．ordant with sonic results of Ref 7． Fbr 

example，d1，d2，d3，d4，d5，d6，01，and如of 

fentany1 in Ref 7 were 5．1 A，5．2 A，4．9 A， 

absent，9．9 A，5．7 A，150。，and 73。，respectively， 

which are consistent with those of Model A (Tab 

4) These facts show again that，the bioactlve 

conformations of the studied compounds n the 

G A models could be meaningfu1． 

Models A and D，as well a．s Mod els O and F， 

had the very similar geometric parameters of 

pharmacophore， respectively (Tab 4) The 

possible bioactive conformatinns in Models A，O，D 

and F were also very similar(Fig 2) Therefore， 

Models A．O．D and F may be considered to the 

much shnilar，eve／／8anle，interaction model with 

opioid receptor． 

Comparatively． Models B and E． especially 

Mod el E．had the strange geometric parameters of u 

pharmacophore(underiined data in b 4)． In 

Mod el B， the Carbonyl oxYgen of 4-phenyl— 

propanamlde directs far away from piperidine(Fig 

2)；whereas this carbonyl oxygen close to pipefidine 

in the other Mod els In Mode1 E．the ben／~ene ring 

0f N phenylethyl Dents close to 4-phenyi— 

propanamide(Fig 2)；but this benzene ring is 

extended in the other Molds． 

n e complementary sites of p opioid receptor 

Mod els A，B and E had very different geometric 

parameters of complementary“receptor sites( I b 

5)． For example，dl(1．79 A)in Model E is 

extremely silorter，wheteas d4(13．84 A)in Model 

～ 
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Bismuchlonger． 11 

On the basis of the complementarity between 

ligand and receptor， the geometric parameters in 

Tab 5 indicate the txessible sterlc—arrangement of 12 

binding sites of opioid receptor，which al'e benefit 

for us to build up the 3D structure model of opioid 

receptor and further design novel analgesic agents 13 

using structure—based drug design method． 
14 
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3-甲基芬太尼衍生物与 阿片受体的作用模型 
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1- 
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关键词 3一甲基芬太尼；羟甲基芬太尼；三维定量 

构效关系；比较分子力场分析；相互作用模型； 

阿片受体 

目的：研究3_甲基芬太尼衍生物与 阿片受体的 

作用模型．方法：经过系统构象搜寻，用比较分 

子力场分析法(CoMmA)研究三维定量构效关系， 

结果：① 6种CoMFA模型具有良好的预测活性． 

且每种模型均对应于13个被研究化合物的低能构 

象；② 药敷基团的几何参数 dl(A)，d2(A)，d3 

(A)，d4(A)，as(a．)和d6(A)分别为模型A：5．2， 

5．4，4．9，10．6，10．2和 5．8；模型 B：5．2，6．5， 

3．6，10．6，11．6和 5．8；模型 C：5．2，4．6，4．9。 

11．6，9．2和 6．5；模型 D：5．2，5．4，4．9，10．5， 

1O．3和5．8；模型 E：3．6，5．4，4．9，5．7，7．5和 

5．7；模型 F：5．2，4．7，4．9，11．2，9．5和 6．4． 

结论：可能存在几种活性构象与 受体相互作用， 

并且不一定是最低能量构象． 
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