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ABSTRAcr

Bc:nzyllelnhydroisoqainoline (BTmQ) molllCll1cs are oIlIe ••• aOOpt
widcly ditrcring c:oolilrmaliOlll lblll dcpcnd DIl Ihc pICIIIIllC ••. IIbscnIlC of N
subslilUcals. To _ !he P*ibl" rolc ofBTHlQ conformalioo 00 Ibc:affinity
oí Ib_ "OIl1poundsloc a. -aclrm."pc rcccplors, ofiD_ for Ihc .""8cmCIII
oí bypata>llÍon. lbe rao;cmic .VlIIlIIbsblUlcd BTHlQ nOll•• danosiue IDd
a series oí N-alkylatcd dcrivali •••• _ -..-l for bindiotS lo nIl brain

aJI1i<:al ates IlbcIlcd wilb lbc ndioligand rHJpnz.Join. The a.-adralcrgie
alJinity in Ibis series in........,.¡ wilb Ihc bulk of Ihc subslilUCDIDIl Ihc nitroscn
atom. trom Ihc N•••lbyllo lbe N-propyI •• al.". Comperi_ of Ihcac _lis
wilb publisbcd dataCor ndatcd BTHIQs and C••• Ihc riaid mimi ••• of tbc fially
_dcd and scmi-fololed c:oofOl1l1ali••• oC loudanosinc, ~matÍDe
lIIId s1aucinc. suggcslal dut lb" a. -adRall'tlÍc """'fIlOI' bindiotg lile is abIe lo
acoommodalc cilbcr CDIlfomtali••. Tb" pnsalllC of a bulky subslilUCIII •• Ihc
nilrocen __ • lo liavor Ia:cplor bindiall indcpcndcally oC Ibc: IiaYORd
"""lormaliOll. llIId tbIIl Ihc oricnlollion in wbiclt BTHlQs are bound probllbly
di1f•••.•dep ••uliq •• lb" pr_ce or m-ce of a h)'droxyl lP"UP al a kcy
pooiü ••.

INTRODUCTION

Lwdlmosiae (2) i. a minor barzyI_bydroisoqainoliae (BTIfIQ)
lIIkaloidal conslÍlUall otOopium.' •• d a major mctabolitc oC lbc dinically
importanl sbtctal muscle n:laxaml alrnCUJÍUm.: as 'llId1 lIS oC ils JIU'"
lIlcrcoisuma' ,,-¡_rium. botbol'wbieb ••.••usad in combinalil1ll witb gmcnd
IIIIcsIhcIícs. Ono of lbe lIUIly pIIanIulIloloai<:al ac:IiOft.oI'laudanosia" lhalllUlY
be ul' clinical con""", in lIIlClIIthcoiaislhc n:IaxatiClIIof ••• ooth musclc. maialy
lila b10ekadc of a.·adR:II«gÍc reccptors.' 0lI lbe othca' hand, subtypo-sdlllltivt:
a. -adraIcrsie antagoni_ i. of intcnI5l as an lIJIII"*'h lo tbc -S_1of
bypcrlcDsi •••• &lid a gR:Itcr unclcrstandiag 01'tbc sIIU••lIIra1lÍllllURs lceding tu
lIIbtypc oallllltivily i•• JlI'lR'CIIÜsitcfur Ihc dcvcIopmart ofusal\Jl dmgs.

W" have _1Iy showD lbal a. ·lIdraIcrgic •• tasomsm also opcnIlcs in
thc case oí lb" rclatcd BTmQ ood-me .,d smne of ils dcrivali •.•••••allbougb
""",clÍmcs compcting wilb ea" cnlry bloc:kadc which al ••• lcada lo • 1011of
_lar lllIle ud tbus ID a rcdocli •• in artcriaI b100d pRSIURl.' In lbe l_
series. mbttiluÜOll ClIItbc Dilro¡¡en _ wilb a mclb)1 or clb)1 graap •.•••••Itcd
in small ch •••••• in a. -adn:acrgie re:ccplor aftinity withcul ay gaocnl IRDd
-liD l. allbougb in Ibc: ood-me and norarmcpavinc !amilí •••• bcsrinS
• poru hydroxyi group •• lbe paodaol baJzyl moicty. N-subslilUlioo Ied lo
dccRUed affinílics in lbe arder H > CH. > CH,CH,.

BTHlQs ••e lIcxible molllCll1cs lbal uc abIe lo adopt lbrcc mllÍn
conliHmalian.: a COIIlplctcly _dcd ORC. a IDldcd ODC,lIld onc lI.lSIl_ can
..scmi·lddcd ••.• 1bc N-unlllbsli1uted _dary amiac BTHIQs lIIsow a d_
prclerall'" lor lbe _dcd calfonuliOll. aad lb" N-elkylatccl •• al ••••
nosid" prcdominaady in Ihc ....,,¡·foldcd •••••IOnnatiOft. as sbowD by NMR •••d
molcx:ular modll1ing slUdics. The -.Jcd •• d _i-foIdcd confixmaliOlls 01'

BTHlQsapprurciJlUllc Ihcmolccular •••••••• oflbc:babiacor tdnIhydroberberine
skclcton. and of aporpIúa" alkaloids, rcspcclively (Fig. 1). As a considerable
DUmbcr of Ihcsc stcri<:ally consninod bcrbincs ad aporpbincs have also "
sbowD lo exhibil a.-OIdrcn."pc RlCqlIor b1oc:1ú11Saclivily,'" _ dccidcd lo
com ••••••dIc afliIIilies oíl __ osine (1). norlaudaosino (1) •••d ils N-c1byI (3)
•• d -p-opyI (") dcri""li_ wilb lbe publisbcd data for lhcir _oIed •• d semi
folclal rigid 8II&kJsua, lclrabydropllmaline (5) IIld ~ ('>' .d wilb ••••.
_" results Corlbe lIllllibIe ood.urme lIld armcpaYÍne anal •••• :

H:¡C .••..O

o
'CH,

2. R=CH3

3:I<.s~CH¡

4, R = CH,cHaCH3

o
tal

Ji1pe 1: p...rtllYod _formatians of nOllandaososinc (1), laudmosine
(1), N-ctbyI- •••d -1lft>PYI-tIOdludaDosine (3 •••d .•, I'CIJl"Ctivdy). IbowiDS
tbcir stcric rclaIiOlllllUpa IDtctrabydropaJmalinc (5) and s1aDcinc (').
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As the cxlQ,ded conl'ormatiou ol' BTmQ_ rcscmbles lbe "gid shape of
bcrbinc alkaloids. while !he semi-folded confonoalJon a""r<romalcs !hal DI'
aporpIJincs. a compar;SOII of!hc affinitics 01'!hc compouods srudied herc w¡lb
Ibose of closel" relaled_ lelrarnelhoxdaled bcrbincs and aporphines seems

warranled The' reported K¡ "alue fu"-!he bemme letrabydropalmatine (~) al

l'1&Ure 1. Inbibitioo 01' lbe ¡;pccilie bindiog 01' ['H)prazosin (molar
concenlralioo·r •••ponse cur"es) lo ral cen¡bral wrucal mcmbllll\e. by racemic
norlaudanosine (1). laudanoslDc (1) JI'-ethyl- (3) alld N-propylnorlaudanosinc
("). Each polnl is !he mean of lbe rcsults from t!Jrcc o, fi"e cxpenmcnls
pcrformed m duplicale AlI differcnces are sillJllficanl al the P <: 0.001 lenl
(Ano"a)

Thesc iohihinon constants are hillh (signifymg lo", polency) when
c<>tnpared "ilb "a1ues recorded for a-adrcne'gie blockers such as prazoSlD
(O 1I 11M)." huI are qullC comparablc 10 Ibose of rclatcd oalU,a1 producls
(see bel"w). TI' search 1'01'analogues mtb considerably highcr affinibcs by
mtroducinll appropnate struclUral modificatioos on lbc caslly accessible
BTHIQ scatlold !hus ,emains an aUracti"c goa!
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Based on carlicr reports. we ha"c establlshed unambiguOllsly lbal
substimtion DI' lhe SCCOlldary rnlJogen of BTHIQs produces a shifl in lhc
OOIIformatiooal prelerence of!he molceule, leading 10 a p,edominantly sem,·
fulded confonnalitII in lhe Y-aIL:ylaled dcrí".li"cs whtlc _ccondary ammes
Iikc onrlaudanosine (1) p'cfa an ""'lt:nded coofonnali\ln. A lbird, folded

confonnation, a1!hough 001 pnrticularl" unstablc, is rc!ati,-c1y inaceessible trom
!he others due lOthc higb potenlial ene!,!!y barrí", .• mvolvcd' 00, experímental
rcsults, SUpplllted by !hcorctical calculalioos, sbowcd Iba! incrcasing !he size of
!he BTHIQ ,V-substituenl bcyond mc!hyl does oul havc any apprcciable etlCct
"" !he """formatiOllaJ equilibrium, •••d !he unly ditJen:ncc bctwcen lhc bulkicr
V-all<yll1Jld !he X-me!hyl dClivatives shuuld he !tinetic, residiog in !he highet·
(i.e. 2.8 V3. I kcal'mule) cnergy bani •••.separ.ting lbe ac.cssible conturrnalioos
in lhe fUlrncr compounds. Therelu..e, !he facl fhal lbe a.,-ndrencrgic rcccplur
affioi~' uLV-prupvloorlaudanusine (4\ is si!!l'ilicanlly higher !han lhal 01' N
elhylnorlawlaJIOOnc (1) cannot be explained simply by !he """I<mnatiunal
prel;'ren.es 01'lbese compllunds. which are quite similar.

No,Jaudan •.•.•inc (1) nnd al! ils V-a1I.:ylaled dal\'atives (1-'" bOllnd
lO a)-adrcnCJ·~c rcceptors in a competitiyc ll1anner and al a single site.
Concenlraliun.rcsponse CUnies are sil",.." in Fig. 2. The rllllk .'rde, 01'affinities
to, norlaudanosinc and ils .\'-a1kyl den"ati"es tesled 1I\'as .\'-ptupyl .,> ,V'clhyl
> S-mt:tJ¡~1 ~ norlnudW105Íne. Al!hough me ditli:renccs are out grea\, !hey
are stati .•••caIly si@Dificanl. It IS panieularly nuteWorthy !hal !he alfinity 01'N
pl'Opylourlaudanosine is more !han double !ha! nI' ilS N-elhyl anllloguc. and
almoit JOuf times that of laudanosinc: or norlaudanosinc

Compound K,(uM)Slope

1

2265 ± 0.671281

1
17.76 ± 0.281121

3
1168 ± 0220968

••

505" 009lIJ9

• AII blllding cxpenmatls _'c camed oul 3-5 times m dupltcate
Dill'crcnccs IIR si!!l'ifieanl al lbe P ~.0.00 I levcl (one-""'y Ano"",).

The affinilies 01'raccmic notiaudanosine (1) l1lIdíts .V-melhyl'.laudanusioe,
1). }v-elhyl (3) and N-propyl ("\ dcri'·ative. I"r a.,-adrcncrg¡e ,eCCJllors
wa., assc •• ed io binding otudics io ral braio curlica/ homogcoates using !hc
subtyl""nmselccti,·c ,adiohgand ['H]puzosin The speClfic hinding of!his a,
adrellcrgic radioltgaud al a COllcallrabm uf 02 nM reprcscntcd approxlfnalc!y
'lO•.• 01' lhc total hindmg AIl thc cnmp<1Unds mhibitcd ('H)pra2oSJo b'"mng
,,,,h lhe íohibition conilalls (K,) SIImmar1zcd in TabIe 1

FeIDale Wistar rals, 180-200 g. WC,.cdccapitaled and Ihe brain rapidly
rcmo"ed. Thc "",OO"aI cortcx was dissc:cted and homogentzed ID 10 volumes
(\Vlv) lce-cold bullcr (Trís HCI 5 nM, suc,ose 250 mM and EDTA 1 nlM; pH
7.5 al 25 "C)using 10 UIIra- Turrax (J )( 15 s). Thchomogcnate was CClIlrifuged
lor 10 mín al 1000 )( g, !he pelle! was discanled and lhe superoalam was
ccotrilÍJged al 26000 ) g lú, 15 mín al4 "C. Thc final pellCl was rcsuspended
in assoy bullcr (fris HC] 50 nlM. pH 7.5 al25 "C) and s"'red al- 70 "C l"rlater
use. AII membrane preparatitII procedurcs W<:fCconducled al4 "C. Binilin@ uf
['H)pillZosin 10 mI cerebral cortical membranes Was salllrablc, re"e •.•ible and

showed high affinily. ""i!h a dissocianon oonslanl K. ~ 0.14 nM, and OCLll11'ed
al a single elass ul binding siles· Thc íncubation "ulume was ] mi (appi·ox.
250 lJ8 prolcJn1tube). Thc aosay tubc> were ineubaled ",i!h ['H)prazoslll l(l.l
0.2 nM) in !he .I>•••••"e ,Ir i•• !hc p,e_ee nI' W"!! al varioos cuncentratiuns.
InC\lbaliuns ""cre carried oul al 25 "C lor 45 mm ""d !he biowng r"""tions
were !hcn lerminaled by rapid v_um fillrabOO using • B,andel ccl1 harVeslc,
(M24R) wi!h libre-gl •.•• fillcrs (Schlacher and Schucll. N" 30) prcsoakcd ID
03 ,/o poIyethylencimlDc far 5 min Thc filler •.••.ere lhcn ",-•• hed wÍlh ,,,,,",,,,Id
50 10M Trí.-Hel buffcr. pH 7.5 (4 )( 4 mI) and !he radiOólcliVltybound lo d1c
fillers was determmed by hquid .cintillation COlIobllg. Noo·spc:cific bindíng
wa.. dctennmed in !he p,cscnce 01' 10'" M phcnlDlaminc. ProtClns Werc assayed
ac""rdio!! lO lhc mClhod of Bradford wilh Y'globulio as standard' Al! rcsulls
Were obtaíoed ID duphcale. Inh.btlJoo el"""" wcre anal,"Zed by lbc waghted
I",,"l·squa,es iteralt"e Pn.m CUr\'e-tilling pro!!,am (Graph Pad Software loc,
2003), and mhibilim constants (K) wcre calculaled by use nI' lbc Cheng and
PnJsaolT IOrmula" Rcsults are prescnlcd as mcan '" standard crrur ol'!hc mean
(s.c.nl.) 01' al lcasl !hrcc c:xpcnmcnls from al leas! two ditercnl batchcs 01'
cercb.ul COl1l'X..Whcre appruplale. L",.,.way Ano"" lcst (avllJlablc In Graph
Pad Software loc .•2003) tu.: paired data ""as used, and "a1ues 01'P " O.u5 ••.."re
r,,!",ded as "piticanl

IlIndlDg srudies

EXPERIMENTAL

The fulllJ"lJIg cOO1merct.l drugs were u.ed: prazosin and phenlulamine
\Vere fruro Sigm. (SI. Luuis. MO); ['H]prazoslD r20.3 e, mmol") "as ti'om
Amersham Inlematimal lBuckinghamshirc. UK). Olhe'll:agenl> •••d .ol"en!s
\Ve'e of analylical grade Norlaudan""llle (1) and ils dcri"ati"es ll-4) assayed
in Ihís \YorleW<re prcpared m oor labocatory. and tbcír physícal, speclroscopic.
and analylical data and cmfonnaumal sD1d.es ha"c heen previously rcporled
byus.'

General

T.ble 1. Inhtbltion of ('Hlprazosio bmdiog 10 ral brain cortical siles by
norlaudanoslllc (1), laudW10stne (1). N-e!hyl· (3) and '\"prop,·ioorlaudanosine
(")'

RESl1LTS ANO D1SCl:SSION
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a.,-lllircncrgie receplor< i. 2.88 pM' Ül1 tlte other Iwtd. lbe aporphine glaucine
(6) al"" bind. to thesc rccept<>rswitlt slightly greater affullty. and thc inhd"tion
curves displaycd shallow slope.; whieh coutd be subdi\ided inlD high lIDd 1.".'
affiDlty componcnts altributcd ID <1,.- and a,.-receptor bindiog (X¡ ~ 0.07
and 1.20 pM. n:spcclively) Il The ratltor small di!ferences in Lhe affinilies of
lClrahydropalmaune and glaucio., un on. hand, and of tb. X-unsubstiruted and
N-substilutcd BTWQs, on th. ath ••. su&!lest lhal both tIt. CXlCnded and tlte

scmifolded coofunnations can be accommodatcd by the ligand site of thc a.,
adrcncrllic J'cceplor.

It should be pointcd out lhat tlte published al!initi.s 1'01'telrahydropalmatin.
and ¡¡laucm. corrcspond to tIt. natural rS) ¡""m.r •. whil.th. cumpounds studicd
by us were mccmic. Tllu., if th. (S) stercochcnti.try w••·• prcfcrred (",iJich
i. nut known al lhis tim.), tIt. K \'alu •• rccorded hae fUi' tbe laudantlSine
congeners might b. hall' as high. in the case 01' (S}-N-propylnorlaudanosine,

its u,-adrenergie r••• plar allinity would he slí!!htl~· bctter lban tbat reportcd
101'lS).telrahydmpalmatine. Thus, altbough thc a,-udJ'cn.rgic Utlinlty 01' (=).
nodaudanosme und its N-all.:vlated dcriVab"CS inL"eascS liJr the mustlv semi

100dcdN-cthyl- IIIId-propvl ~ponnds' tbe K, valuc;;, particul •••.l)' with rcganl
lo (S}glaucine. do nol dcarly support lhe idea lhat lbese """'ponnds mlmic an
aporphill •..likc conformatioo whcn bound to lbe rcccplor. h sbOllld be reallzcd,
huwever. lbal lbe biphenyl portiOll 01' lbe aporphine skeleton IS pracllcally flat
("ith lb. lWo coe..'<ialbenzcne nng planes fonning angles of 1••• !han 30''),''
••.hile lbe median plane of lbe bcnzyl group DI' BTHIQs in lbeir scmi-foldcd
confonnatian isncorl)' perpendicular Lolbe plane oflbetclrahydroisoquinoline
bcnzene nng' Tbos d,fferencc ma)' \Ven be suffiClcnt lo ""p1am lbe ",caker
affilllty DI' lbe BTHIQs As lbe proportion of molecules ,n lbe scmi-foldcd
cooformalÍan, bamog speeifie inlcractions witlt lbe receptor, is nol ""peclcd
lo be dilTer 10 IIIIYimportant degr •• liJr lbe .Y-medtyl. -elbyl or -propyl
derivativcs, thc faet lbat lbe affinibes of norlaud •••osme (1) and landano"ne

(1) are very simil ••· and s'gnificandy lower than those of lbe compannds
,.id. 1¡U'gersubstilucnts on the IIItrogcn alom demands ••••othcr cxplanation.
[t sccms rcasonolJle tu suggest lbat an etllyl or' propyl group attacll.d to the
oltrogCll alolll olay tlCL'UPYa hydropbooic puckel iD lbe bioding site, rathe,

Iike Ihe N-propyl pucket de"",ibcd tor D,-dopamin.rgic n:ceptors,which have
considerable sbULllIral bumology ",ith adrenergic receptors. A SImilar lrend
"•.••••••• lor 12-D-melbvlwclauri ••e and lis N-mcth\i dcri"ative, ,.iJich """ibit

K, va/ues 01'12.02 and 5.ÜpM, n:spccti "el)', allbOll@!tal tbe time no cOllclusiOll
conld be c!tlt\\n Irom lb_ results,' In Ibe coeJauriue <7,12-dihydmxy-6

metho"yBTHIQ) scri •• , hO""'''er, a,-adrCllergic affiu,ti •• dec •.•:ase about tv;'<J
100d ,.ilb caeh incr"""ing clllbllll "10m on going trom lbe sCOOlld81)'ammes
10 Ibeir N-meth}1 and elbyl arntlogu •• : lb. K, "a1u •• are 1.07, 2.3-t and 5,13
,uM, respecti"cly. In tbc norarmcpa\ue (6.7-dimelboxy-12-bydrrn<yBTHIQ)
series, lbe cOlTC>l""'dinS valoe. are 5 89. 72-t and 8 51 ,uM' Tbe coclaurin •..
norannepa\ine affimltes !Un in thc opposite direction 10 that OOSCf\'cd1ft lbe
prc.cnl report wllh laudm"sine and ils analogu •• , and lbal reportcd by u. In
oor 2003 paper for 12-O-medtylcoclaunne IIIId ilS ,Y-melb)'l derivative. This
suggcsls lbal BTHIQs bc:aring a h)'droxyl group al lbe palV postion of lbe
bcnzyl ring, sueh •• enelaurine 81td anncpavine 00 me Iwtd, and analogoes
lack,ng tbts hydrogcn-bond donor "" the olhcr. may bind to Ibe receptor In
dífferent oricntatioos. In bolb eases thc 8THIQs pn:sumably compele wilh
non:pinephrmc for lIS binchng site. but COIlsidcring tI,e likelihood d•• t dIe
r_plOr i. able to aeeept ligand.. in cxlcl\dcd or scmifoldcd conforOlations, ud
in "'1li:R:nt orientatilllls' extreme cautillll .hoold be eJterciscd belore proposing
any hypolbctical phannawpbor •.
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