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Among styrylpyridine analogs, choline acetylase (ChA) inhibitory potency is diminished by highly electro-
negative substituents (CN; NO) oli the 3- or 4-position of the phenyl ring but is enhanced by halogens (Cl, Br)
less electronegative than F. Substituents inducing deviation from coplanarity of the two ring systems are

unfavorable for inhibitory activity.

3-Methyl substitutioli on the pyridine ring enhances potency. The nature

of the pyrido-N-attached quaternizing group is noneritical and a hydrophilic substituent can provide potent,
more water-soluble, derivatives. A naphthylvinylquinoline system provides a high order of potency, but the

same mass distributed as in phenanthrylvinylpyridine is unfavorable.

ChA inhibitory activity among these

compounds seems favored by thin flat molecules, one end of which tends to have =-electron-excessive, the other
end 7-electron-deficient, characteristics separated by a conjugating exocyelic bond. The photolability of some
of these compounds in solution requires appropriate precautionary measures in their evaluatiou.

In an earlier report! derivatives and analogs of
styrvipyridine were described that included some
unusually potent inhibitors of choline acetylase (ChA)
(choline acetyltransferase). The favorable influences
of structural coplanarity, presence of a cationic
charge, as well as some other features were related.
The present report describes additional molecular
modifications that provide the basis for more refined
correlations of structural features with activities.
These permit some speculations on the nature of possi-
ble interactions of these inhibitors with the enzyme
at the molecular level. A further aim was to prepare
highly potent, selective, water-soluble inhibitors of
ChA. Yor the most part, these compounds are rela-
tively poor inhibitors of acetylcholinesterase (AChE).

The target compounds in this report are quaternary
ammonium salts which may be considered as variations
of prototype I.

It was reported earlier! that the nonquaternary
amine analogs were influenced in the same directions as
the quaternaries by structural variations, but were less
potent and of limited solubility under the test condi-
tious.

Electronegativity of Substituents on a.—This in-
fluence is particularly evident from compouuds in
Table I. The distinetly unfavorable influences of
NO, (VII, XI) and CN (VI) substituents, and progres-
sive increases in potency in the order of I' < Cl < Br,
implicate unfavorable effects of highly electronegative
substituents which can withdraw electron density from
the aromatic system, and potency enhancing char-
acteristics of less electronegative atoms that can supply
m-electron density to this system. The fluoro derivative
(III) is comparable to the prototype in potency. The
intermediate electronegativity of I in this series may be

(1) C. J. Cavallito, H, 8. Yun, J. C. Smith, and F. F. Foldes, J. Med.
Chem., 12, 134 (1969).

such as to produce minimal resonance change in the
aromatic system. In the halogen series, 3-substitution
is slightly better than 4-; there is no advautage in di-
substitution. Substitution in the 2-position is least
desirable; however, here a steric influence may cause
some deviation from coplanarity and reduction in
potency. Third dimeusional bulk (thickness) con-
tributed by these substituents probably is insufficient
to be a negative factor (note II vs. I). The NO, and
CN groups, of course, are coplanar.

Heteroaromatic Systems at a.—Iu the earlier report!
it was noted that analogs in which either a or ¢ was
fused bicyelic and the other monocyelic yielded com-
pounds of greater potency than that of bismonocyelic 1.
Compounds are now included in which a is an indolyl
and ¢ a pyridinium group (compare XXIV with XVIII)
and where a is 3-pyridyl (XXX) or 2-thienyl (XXIX)
and ¢ is quinolinium (compare with XXVI). In each of
these the heteroaromatic substituent at a iz unfavorable
compared with the carboeyclic prototype in influencing
potency. The pyrido component of XXX has a pK, of
the order of 3.82 and that moiety is essentially un-
ionized under the test conditions. The nonbonding
pair of n electrons on the hetero atoms may be an
unfavorable influence in a.

Substitution on b.—It was shown previously! that
an interannular double or triple bond at b was a critical
feature in providing active inhibitors. It now is re-
ported that replacement of H by CH; on the carbon of
b linked to the pyridine ring vields a completely in-
active compound (XXXI). This ig further support for
a requirement of coplanarity of the a-b—c system.
Methy!l substitution in this position sterically prevents
coplanarity.

Substitution at ¢.—Most of the compounds in this
and in the previous reports are 4-substituted pyrido
systems. A few examples of 2-isomers were compared
and found to be active inhibitors but less potent thau the
4-derivatives.! The 3-stilbazole methiodide (XXXII)
was prepared for comparison (with I) and found to
have an I of 4 X 1075 against ChA. Although some-
what less potent, the activity of the 3-izomer muakes it

(2) Estimated by titration with HCI.
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Tase I
CRrOLINE AcuTYLast aND CHOLNESTERASE INHIBUTORY ACTIVITIES

@—~CH=‘—-CH@N-CH; 1~
R R’

Cor my,

No. R R' o

lrl

I 4-\e 230-254 0N
111 4-F 268--270) KE
Iv 4-C1 245=248 70
V 4-Br 260265 17
VI 4-CN 247249 dec 17
VII 4-NO. 222-224 50
VIII 3-C1 2313-244 10
IX 2.Cl 214217 36
X 3-Br 247-2449 Dl
NI 3-NO. 308-511 dec (it
NII 3,4-diCl 276-278 27
XIIT4 a-Me

NIV #4-Cl 3-Me 267-270 45
NV 2. a-Me 230-241 0
NVI 4,4-diC] - Me 238240 11
\XVII 5=l 224226 AU

+ Of analytically satisfactory mareriul.
lated values. ¢ Crude rat brain enzyme preparaticul.
0.40¢; above caled. £ C found = 0.41¢, below caled.

unlikely that resonanee s=pecies possible for the 2- or
4-isomers, but not for the 3-derivative, would be par-
ticipating in the enzyme inhibition reaction,

Only a few variations in substituents on ring ¢ were
evaluated at this time. Replacement of H by CH; on
the 3-positiont of the pyridine ring led to variable but
conxistent inereases inn inhibitory poteney (XIIT ws. I,
XIVes, VIII XV s IX, XV g, XTI XTIX 05, XVIII).
Ethyl substitution wus less desirable than methyl
(XVII rs. XIIL). Although eleetronic influences might
be comparable for methyl and ethyl, the latter may
contribute somewhat unfavorably to third dimensional
bullk. Methyl substitution mereases basicity of the
pareit pyridine,* and in these pyridinium derivatives,
may have a favorable influence on electron distribution.

Variations in d.---The observation' that derivatives
in which d was benzyl or n-hexyl were essentially equi-
potent inhibitors of ChA, but the latter was a much
weaker inhibitor of AChE. suggested that thix substiru-
ent wus relatively nouspeeific for ChA inhibition and
might be varied to create greater specificity of enzyme
inhibition. If the nature of substituent d were suffi-
ciently optional, it also might be possible to prepare
more water-soluble quaternary salts (rome of the larger
a~b-t systems provide methohalides of limited solubil-
itvy.  Use of more polar, hydrophilic groups at d such
as hydroxyethy] and acetamido vielded more water-sohu-
ble derivatives (particularly hydroxyvethyl), but had
no deleterious cffeets on ChA inhibitory activity.

Mass and Configuration of a -+ ¢.---E:nlicr examples!
had shown that greater ChA inhibitory poteney was
associated with molecules in which a or ¢ was bieyclie,
and that where a was tricyelic, poteney was apparently
lower and comparable to the bis-monoeyelie prototype
I. This conelusion was tentative because of the limited
agueous solubility of the methohalide in which a is
tricyehie.  Utilization of the water-solubilizing hydroxy-
ethyl group at d permitted the clearer demonstration

131 L. Juris and P. von R. Sehleyer, Tetrvhedron, 24, 34991 (1968).
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Yartmna Isa, M Fan. M
(y4H IN 1.0 X o=@ 1. X 10
) HyIN 2 X 10 .5 X
CyHuFIN 200 X 1o 220076 X 10
CHECHN TX 10 HoX 10
CullsBrIN 2.6 X 107 (1.2 X 1o
CalhadN. 200 107 54 X 10
Cild G INLO, 2% 10 2N X
G CHN 23X 4.5 X 107
CultlgCHN 28 X 4.2 X 10
' Hu:BrIN I X 10°¢ 3o X o
T IN O, I X 10t 4 X

(' HyCLINY W7 X 1o I X e
CoHIN 3% 1o 1 x Iu
¢ HCHN L6 X 107 2.9 %
ConHCHUN 17 x 1a Go0X e
L, CLIN 1.7 % 10 S 4 X
G HWIN 10X e 2200 6 1o

" Where figures are tua giver, foutad sialvses for Co D eonforin roowithin 0.3, of the calea-
4 Compound reporied earlier,” tielided v facilivate comparisons,

< H found =

that ludeed o nievelie Y-phenanthryl moiety as
(XXV) was nutaverable for ChA inhibition.  Interest-
igly, XXVIII, in which o and e both are bicvelie, and
which has the same total mass as XXV, is a very potent
inhibitor.  Thu~. & bicyelic fused system at a or ¢, or
at both. favers ChA inhibitiou, but a trievelic mass at
a o unfavarable.  Although appreciable latitude ap-
pears periis<ible i the =hape of the a-b-¢ coplana
nss relative to the hieterocyelie nitrogen atom, therce
appears to be o distinet upper limit in the aren of o
conducive to ChA tuhibition.

The requirement of coplanarity and minimal “thick-
ness’ of the vt u-b-¢ was inferred {rom carlier
work..  The campounds herein reported have speetral
characteristica of the expeeted frans isomers, excepting
that XXXI cianot be caplanar (aud is inert). Most of
these compoutads are very light sensitive, and uv spree-
tral evidence 1= compatible with g conversion into s
saaners.t Snelcconversian ix accompanied by o marked
los= i ChA mhibitory sicetivity,  The els isomers canuet
be copdanar. qnd this abservation turther coufirms rhe
need for coplaarity. More utense light exposutce
(direct =uulights o a0 aqueous solution of XVIII
vields u derivative tXNXXTID which appears to have
formed by addivion of water to the interannular double
boud.  Thix eompound i~ not a ChA inhibitor.  Its
spectrunn Is ccwsistent with that expected of =<uch ua
adduct and differs tram that of the ers isomer. Under
the illumingtion ronditions yielding efs Isomers, it ix
unlikely that 0 <ignificant mnount of water adduct
would form.

Discussion of Bonding Interactions.-1'vom rhe
strueture--aetivity relations evident at this time, what
might be the nature «f likely interactions of thesc
inhibitors with ChA? A working hypothesis which is
further being tested proposes that ChA  inhibitory
activity among these compounds is assoeciated with n
structure comprising a melectron-excessive (a) and «

S 1l b Whitte wad O L Cavallite, Bosehdor. Brophys, deta, tu ress,
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lexs fuvorable sterie disposition of nonparticipating
uroup d relative to interacting structure a-b-c.

The distinct upper Hmit in optimum aren of a sug-
west= the possibility that the inhibitors insert the
@b coplanar mass into a trough or rrench-like strue-
tre of limited dimensions with the d group projecting
away from the enzyvme-iuhibitor complex.  The i
activity  of  phenanthridinium or - benzoquinolinium
methohalides! as ChA inhibitors might be related buth
to unfavorable size of the fused trievelie svstems and
to the abseiiee of separate donor-uceeptor components
in the molecule.

The functional participation of the interannular
conjugated bond ix uncertain.  Sterically, this boud
maintains coplanarity of the a and ¢ components;
clectronicadly . the bond provides a m-eleetron bridge
between the two ring systems.  Coplunarity of the
w-boe o system should faecilitate rransmission of elec-
tronic deloealization mifluences from one ring to the
other. Structures such a= XXXIV and XXXV niight be
viewed ux thin, flat molecular  w-eleetron  dipoles
subject to shift=in charge distribution with =ubstitution.
[f the ChA intibitory properties are reluted to electronic
features represented schematically by XXXIV aud
XXXV, it beeomes tempting to =eek components in the
cuzyie svstem potentially eapable of 4 charge-transtor
rvpe of mteraction with such structures.  Hydvo-
phobic and van der Waalz' bonding could be reinforeing
parricipating factors.  Thexe features wso muay favor
<ome degree of bimoleculur association o solution.
These and other matters are subjects of further in-
vestigations.

Experimental Section

Preparation, Characterization, and Testing of Compounds.—
Moxt of vhe tabulated componnds were prepared conventionally
by cowddensativar of ane appropriate arylaldeliyde with gunater-
nized 4-methyl-substituted pyridivium  or  quinddiniam  salt.
Oudy previously uireported intermediates are described here and
thieze are not assigned munbers. The final eomponnds usually
were dried in wecno at 80°.  Melting point= were taken with a
Fishier=Jolins apparatius for temperatures up to 280° and with a
Mel-Temp apparatus at higher temperatures; reported values
are currected.  Analy=es were performed by M-H--W Lubora-
toriex, Garvden City, Mich.

[uhibition measurenients against rut brain ChA and AChE
crzyme preparations were conducted as described previcmsly.!
Although fobie strength cau inflnence 7 values with soue erzyme
preparations, there was little difference in i values with
thix AChL preparation and these compounds in 0.1 3 NaCl
i) A NaCl (the latter used generally herel. With a purified
cel ACLE (Warthington, 1000 nuits,/mg) componnds (XVIII, XX)
sliowed greater mhibivay activities with 75 of about 10-% A7,
Limpurities i ernde enzyme preparations preswmably cau cour-
pete it binding iuhibitor.  The observation thal sume of these
quatertary =tilbazole derivatives were very light =ensitive iu

SAMITH, AND [FOLDES Val 15

<ohiticrc ted v ase of =abdsted ar piok dight illawdieatis b iog
experinenisl exposares,  Sore of the carvlier reported valoes,!
prrticalarly Tor Fdevelie derivatives snely e XVITL will be e
servalive figures ¢see Table T The wevrvlepie avalogs o
caarse, dre nod plintelabile.

N -i2-Hydroxyethy!l:-4-methylpyridinium Bromide.- A =ilu-
ton of 13 g c0.0 ned s o damethylpyeidive and 12,40 ¢ (0.1 meld
dl 2-brooncedued e 20 ml of MeCN was retluxed averniglht.
O was added 1o the eodded reactimomxiire, and tie hygroseopie
preeipitate was woshied witlo dey it b deted i vwene oad ased
directly e budier reqetions.

N-i2-Hydroxyethyl -3 4-dimethylpyridinium Bromide.- .\ mnix-
bwe of 1T g O b wed e ol 3 d-dimetloclpyridine and 12,4 ¢ 1001
wole ol Sbevameaheced e 20 ml of MeCON wa~ refbhixed cver-
aight. Alrer vooligg, the material which =eparated wos callecred
aitd revevstallized Cecare =PrOT toevield TS w850 0l produe,
wp 12512870 et CAlGBeNOG O 1L

N-t2-Hydroxyethyl i-4-methylquinolinium Bromide. - A 1iis-
e of 7.2 g 0.0 ol ol Tepidine aned 6.2 g 1005 mol ol
bromwethanod o Fow! of CHLON was refbixed vvernight. The
crude nunerial whicle separited e conding wos filtered ol aiud
recrvstallized trong FIOH 1o vield TH2 w o84 o peecadber, g
L6107 daal iCodl BrNO O 11

N-(Carboxamidomethyl -4-methylpyridinium lodide. - A niix-
tare o 0,25 ¢ (005 racd ¥ of ndeacermnide sod B9 w075 1l :
of demethivlpyridice 1o Soml af PhIT was heated toovetlax toa
Lo, The vrade materinl which precipitated e codding was
codlected by Bheatioae saed cecrvsaiallized Trom 12O 0 vield
1.1 g T3 O of prodact, mp 1971087 Jpal. CyHGINLOG CU UL

3-Stlibazole Methlodlde (.\'-Methyl-3-styrylpyridinlum lodide
{XXXIIL - 3-stllazade wis prepared by repurted provedares® sial
treated witle Mel v vield the prodaee which was vecrey<tallized
fecant FaOM L ap 20002000 el (Ol AN CL L

N-Methyl-4i.v-methyl-3-phenylethenyl :pyridinium Todide
(XXXIw The condensation of PLHCHO withe d-ethylpyridine
vielded the a-wethyl-d-=tilbazadde> mp 707 el (Codly N
C, L Trearmera witheexeess Mel T vetluxing foe 2 e provided
e vield of methiodide, reervsiallized feoan - PrOH p 104
1T el t Oyl N O T

Light-Induced Reaction of XVIII with H.O-XXXIIL. A
Aolution of 0 oot Nanethyl-4-¢raplidoc viee ] goeidicdam
fodicles e XV e 1000 ol o0 wavm IO 307 vn Tacilitaie <idda-
darc oo Pyres flisk was placed i divect, spring olterwong
~aulight for 2l The sodaticne becae ligloer oo color, The
more <ubible reaetiog prodact was revovered by evipormioa of
thie 11O auder redaced pressuce. The rexidae was dissadved i
Lt BVOTT s filveved elear, anad dey o taelded sleawly taprecipi-
vate qoeream-coloved prodace dried o 07C mp 1707 dee (NI
wp 275° deen daols Culed for o TLO addaa, CllLaN1O
Coroods L4040 Foraads Ho4od The avoaud
i speetra were coneistend witl aosteaevaee foemed By adedicgees
of H-O1T aeros= the faveranaatdir boaed,

A stmilae soduticn tocslee davk did noe <hew slis ceaction.
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