
inatioii of cholinomimetic molecules. Superimposition 
of molecular (Dreiding) model5 of cis-2-methyl-4-di- 
methylaminomethyl-1,8-dioxolane niethiodide (VI), i i i  

the extended configuration, arid eso-5-methyl-7-methyl- 
7-aza-2,1-diox:i-cis-bicpc lo [:{.3.0 10 c t a n e  m e t  h i  o d id  e 
(IIId) iriitinlly a t  the (1u:bteni:iry groups result* i l l  

further +uperimposition of oric' ring oxygen :tiid, niost 
iniport:uitly, the C-methyl g ~ ~ u p -  (Figure 2 ) .  The 
('-methyl group of the P ~ / O  isoiiier (IIIc) is not 'uper- 
inipowble on the  C'-niethyl of \'I but ib .  hou ever. 
superimposable on t h e  ('-methyl of (rans-2-methyl-1- 
tlimet hy1:imintrmet hyl-l.:~-ctiosol:mc~ met hiodide The 
tenfold diffcrenc.e in artivity t v t v w i i  IIIc :irid IIId i- 
:tpproximntely t h:it o b w  d hetu ~ e i i  t hc  cis and frans 
iwnicr* of 1-1.; 

I t  i -  p e r h a p  pertinent ulyo to note that the 110 
c*:tl(*ul:itioii~ 011 muscarine also iuggeyt l8 the biological 
~igniticxnce of the conformatioil i n  which the quaternary 
hc:id i- maximally extended an ap from the tetrahydro- 
fur:iri ring. 1:urther discubiioii of the inip1ic~:ition~ of this coriformntioii i i i  tltc geticr:il interpretatioii of  t l i r  

btruc't ure -:wtivitg rc1:itioii~hip of musc:iriiiic~ : q y i i t \  

\vi11 lie presented i n  :I iub,zequetit publiwtiou. 

Choline Acetyltransferase Inhibitors. Configurational 
and Electronic Features of Styrylpyridine Analogs 

A variety of molectilai, modifications w i ' e  riiade 
I 1,aiisferase) inhibitors. A ~ n o n g  these, enzyme iiih 
>y.steni conjugated t<J a pyrido ring throiigh an ex 
over-all coplanar nioleciile with minimal third dimetisiotial strriv.1 I I I ' ~ .  

linkage of fused bicyclic aiid of monocyclic riiig 
striirtiires should coiitaiii at  least a weakly ba 
inhibitory poteiwy. Acetylcholine.terase irihib 
bear no relationship to  the activitieb against choline aoetylabe. 

yiidiiie prototype choline acet 
ivity is favored by the presence of an aromatic ring 
satrirated bond iii .such a rriaiitier BY t o  provide :HI 

Optiniurii size appear> to be provided I]!. 
driiiblr o r  triple bond. One of  the cbycslic. 

io i i  yeticrally inc-rease- choline acetyla-c- 
activities of most of theot, compoiindu are relatively low ant1 

.I rcvicw on choline wctylase (ChX) (c~holiiic :wetyl- 
trati,zfer:iac, acetyl CoA, caholirie O-ticetyltranhfer~i~c~. 
1l:C 2.3.1.6), published 5 year- ago, concludes with the 
statement,' "A really potent and specific inhibitor of 
ChA has not been fourid as yet. Such a compound 
obviously would be of great iiiterePt." Recently, 
potent arid selective inhibitorb (reversible, ~ioiicompeti- 
tivr) of thib enzyme iysteni have been discovered anioiig 
come corigeriers of styrylpyridine.? The prehent report 
describes :I variety of niolecw1:ir modifications designed 
t o  provide further insight ah to the steric arid electronic 
featureh of this type of compound which are conducive 
to  choline acetylase inhibitory properties. Inhibitory 
:ictivities against acetylcholinesterase (=1ChE) (acetyl- 
choline acetylhydrolase, EC 3.1.1.7) also were deter- 
mined in order to asse 

.1. wriety o f  -tvrylpyridinr. ha\7e been 1)rqraretl I I I  

, partic.ul:irly for stutlics of ~~liysic~al~-c~lic~ti~i~~:il  
ristiw of  positioti :tiid of c i ~ ~ - / r a n s  isomcrs. 

The most general syrithetic route involves corideiisat i o i i  

of :ti1 arylaldehyde with R ~net~hylpyridirie to yield t l i ~  

1 ram-st ilbnzole derivatives. -fi Addit ionnl literat urv 
sources may be derived from the caited referetires. -Ip- 
propriat e met hylquinolines form :i~idogous coni- 
pouiids.' Quateriiarg pyridiniuni or cpinolini~ini d e b -  
rivatives 1n:i-y be formed by quateriiizing t h c  (wiidetisa- 
tion produvt 01'. preferably, the heterocyclic* basc ( ~ r n i -  
porient is quateriiized prior to  co~ideiisatiori.~--" ,\lost 

. .\del. J. XI .  Carlson, ( 
Org. Ciiem., a8, 387 (19 

eck. A n n . ,  618, 171 (1958). 
( 5 )  E. .i. IVagstaff, J. C h e m .  Soc., 276 (1931);  B. 1). dliam itnd 1,;. .\. 

(6) G. M .  Bennett and It-. L. C. Pratt, ib id . ,  1465 (19291. 
I;) I). St i ther land and C .  C'otnpton, .I. Orp. C'iiem., 17, 1237 (1952) :  C .  

18) .\. Kaiifinanii and I.. ( i .  TallettP, h'w,, 46, 17:% [ i !4 l2 \ .  
[!I1 \\-. 11. hlills a n d  i t .  I lappr ,  J .  Cliu,n. S o c . ,  P-iOti ( l ! l2>1.  
r10) ( ~ .  1'. 1 G ~ ~ l d .  ./. . In i .  Chem. Yoc.. 66, 2126 (194L). 
t 11) .\. P. (;ray, IV. I.. .Yrclier, 15. E. Spinner. and (?. .J. C ' t i \ u I h t u  

Wagstaff, ib id . ,  i 7  (1933). 

('<rnipton an<l \V. Hrrgmunn, i b j d . ,  12, 38:'~ i l 9 4 i ) .  

'79, 3805 (195;). 
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of the compounds described in the present study are 
new but were prepared by essentially conventional 
procedures. 

Among an initial group of 4-styrylpyridine analogs 
evaluated, 4-(l-naphthylvinyl)pyridine (I) was of 
particular biochemical interest. Although not the 
most potent inhibitor of C h d  (150 = 2.5 X M )  

I 

within the series, I was essentially devoid of cholin- 
esterase inhibitory activity thus showing a high level 
of specificity. The N-methyl quaternary derivative 
of I was about eight times as potent against ChA and 
demonstrated weak antiesterase activity. It also was 
shown that a single bond a t  b resulted in loss in activity 
and that naphthyl was superior to phenyl at a. From 
the limited analogs available, i t  was tentatively sug- 
gested that the trans-conjugated coplanar structure 
might favor receptor-bonding interactions involving 
van der Waals and hydrophobic bonding and possibly 
charge-transfer complexing. I n  the present study, 
model compounds were designed to further explore the 
influences on activity of electronic and structural fea- 
tures such as coplanar mass, position isomers, substit- 
uent effects, etc. 

Results and Discussion 

For molar Ij0 (or lower) values for these compounds 
measured against rat cerebral cortical C M  and AChE, 
see Table I .  These results are generally reproducible 
within a range of 5% of the values reported. I n  the 
sections that follow, the discussion primarily will relate 
to influences of some steric and electronic variables on 
ChA inhibitory activities. Most of these compounds 
are poor inhibitors of AChE. 

In  every instance in which both base (acid addition 
salt) and quaternized forms of a structural type were 
compared, the quaternary mas a more potent inhibitor 
of both ChA and AChE. Whether this represents a 
true difference in affinity toward a particular (anionic) 
receptor group in each enzyme is uncertain since the 
net distribution to such a group also mould be influenced 
by the relative molecular affinity of the quaternary and 
nonquaterriary forms for other bonding functional 
groups in the prepared enzyme complex. The favor- 
able influence of a cationic charge on ChA inhibitory 
activity, however, is supported not only by the greater 
activity of the quaternaries relative to the correspond- 
ing pyridine bases, but also by the essentially inactive 
nature of the nearly neutral -l--oxide (XXXI vs. 111) 
and of the anionic stilbenecarboxylic acid (XXVII). 
The significant ChA inhibitory activity of compounds 
as weakly basic as I (I11 is reported to have a pK, of 
5.73’9 suggests that  electrostatic interaction with a 
receptor :inionic moiety would more likely involve :L 
strongly acidic group such as phosphate rather than 

23, 589 ( i ~ b 6 1 .  
(12) G. Canuo,  G. Galiadzo, U. I f azmca to .  and N. l lonyiat ,  Tetruhedron. 

carboxyl. The presence of multiple cationic groups 
has diverse influences. I n  the earlier report,2 it was 
shown that a second cationic (quaternary) group could 
have an enhancing or diminishing influence on ChA 
inhibitory activity relative to prototype I1 depending on 
the relationship to one another of the two cationic 
groups. Among the present compounds, the dipyridyl 
derivative XVII  is less active than the monopyridyl 
analog 111; the bis-substituted XXIII and XXIV each 
is less active than the monopyridyl I11 or IV. h hexa- 
methylene-cup-bis-stilbazolium derivative (XXX), on 
the other hand, is considerably more active than the 
monoquaternary IV. It is of further interest that  with 
stilbazole monoquaternization with S attachment of 
methyl, n-hexyl, or benzyl increases activity to a com- 
parable degree against Ch.4, but the benzyl derivative 
is distinctly more potent than the other two as an AChE 
inhibitor. The nature of the S-attached group here 
seems to be a less critical structural feature for C h h  
than for AChE inhibitory activity. Among the di- 
quaternaries both XXIV and X X X  are moderately 
active inhibitors of AChE but only the flexible chain- 
linked X X X  is active against ChA. The anion is 
negligibly if at  all involved since iodide, bromide, and 
chloride salts all are active (iodide and certain pyridin- 
ium compounds can form charge-transfer complexes). 

Interesting reference compounds are the compact tri- 
cyclic S-methylbenzoquinolinium derivatives XXVIII 
and X X I X  which are essentially inactive against ChA 
but moderately active AChE inhibitors. Compound 
IT’, with a molecular mass comparable to these, but 
with an exocyclic conjugated component arid more ex- 
tended configuration, shows a reversal of the order of 
activities against these enzyme systems and is primarily 
a ChA inhibitor. 

The necessity for the unsaturated conjugated bond b 
in I and I11 in contributing to activity was shown 
earlier.2 This has both electronic and steric influences. 
The iriterannular bond b provides a high order of elec- 
tron delocalization and a coplanar structure for the 
whole molecule. The essentially inactive nature of the 
cis isomer I’ and of the presumably trans, completely 
conjugated X and XIV strongly supports the conclusion 
that the steric factor is critical with requirement of co- 
planarity, and that conjugation and electron delocaliza- 
tion are primarily important in stabilizing coplanarity 
among the active ChA inhibitors. In X, the ring 
systems probably are coplanar, but the 3,3,5-trimethoxy 
substituents project from the ring to provide nonco- 
planar moieties. I n  XI11 and XIV, the biphenylyl 
system in the solution state presumably is not coplanar. 
Biphenyl itself is reported to be coplanar in the crystal- 
line state but to show an angle of twist of the order of 
20” in solution and 40’ in the gaseous state.13-15 An 
interesting modification is the inactive ferrocene deriva- 
tive XV. This aromatic system could have one co- 
planar face, but the ferrocene “sandwich” provides a 
considerable third dimension to part of the molecule. 
The similar anti-Chil activities of the 5-indanyl and 

(13) H. Suauki in “Electronic Absorption Spectra and Geometry of 
Organic hlolecllles.” Arademic Press, i i ew York, N. Y., 196i,  pp 269-271. 
and reference8 therein; also Bull. Ctieni. S o r .  . I u p n ,  32, 13-10 (lY59). 

(14) G. B. Robertson. Xature. 191, 593 (1961). 
(15) 0. Bastiansen, Arta Chem. Scond., 4 ,  926 (1950); -1. .Llinenningen 

and 0. Bastiansen, Ko1. S o r s k e  Videnskab.  Selskubs, S k r i / f e r .  No.4, 1 (1958); 
cf. also ref 13 and Chem. Abatr. ,  53, 11917 (1959). 
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tially battirated solutionr of inhihitor. 10 rep- 
rc~xriits IIO iiihi1)itioii ni tht .  c.oiic,eiiir:~tic)ri c.itetl. h Hare f l o r u  Aldric.li 
('heniicxl eo . ,  Inc. , Liiiversity of Xorth Carolilia, Chwel  11 i l l ,  
N .  C'. (;. 1. It. K(JI~, J .  Chem. Asor., 2% !1!)4S 1, 
: i l w  Ioporla 244'. 

Rat, brain eiizynie soiirc-e. 

Where an I,, could iiot he det,ermined, a loner T value is given as an approximatiori. ' Of free bas?, iiip sL'-S4°. u of free IMW, inp 220-222". 
Kindly provided by L)r. Uavid \Vhitlen, 1)epartrneiit of C:henii 

' (If' free base, rup 54' / See Experimental Section. Of free base, mp 20.5'. 
7b Referei~ce 4 tilvo reports 171-172". 0 K(I decoiupositiorr. 
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the naphthyl derivatives (XI1 and 11) suggests that 
deviation from coplanarity by a few H at'oms is not 
sufficient to reduce activity among the quat'ernary 
derivatives; however, the nonquaternary indanyl 
compound XI is less act'ive than its napht'hyl analog I. 
Similarly, in t'he pyrido ring 3-substit'uted methyl 
derivative XVIII, activity is comparable to that  of 
unsubstituted IV. h requirement of coplanarity and 
minimal axial third dimension or "thickness" of the 
molecule suggests that bonding a t  the ChA receptor 
occurs a t  a planar interface or that  intercalat,ion occurs 
in a relatively narrow groove of a receptor structure. 
The coplanar requirement for anti-ChA activity appears 
t'o be limited to the molecular components other than 
those comprising pyrido S-attached quaternizing 
moieties. 

One of the variables of interest in influencing activit,y 
is that of optimum dimensional area of the coplanar 
mass in congeners of I. It already had been shown2 
that a phenyl group (111, IV) was less effective than 
naphthyl (I, 11) in position a of I in contributing to 
activity. It now is shown that the phenanthryl moiety 
(1'111) is less effective than naphthyl. Whether this 
is directly a steric. limitation to receptor interaction or 
an indirect influence from molecular associating or other 
bonding loss cannot be stated. It is int'eresting, how- 
ever, that within certain limits, the shape of tmhe mole- 
cule relative to its cat'ionic center is not critical. Small 
differences such as 1- us. %naphthyl substitution in 
position a (I1 us. VII) produce no change in ChX 
inhibit'ory activity. The naphthylvinylpyridinium (11) 
and 4-phenylvinylyuinolinium (XXII) isomers have 
similar enzynie inhibitory properties. The correspond- 
ing pair of ?-substituted isomers (XIX and XXI) also 
are comparable to one another in Ch,l inhibitory 
potency. The somewhat lower ChX inhibitory ac- 
tlivit8y of the 2- than the 4-substituted isomer set's may 
result from greater steric hindrance of the cationic 
center of the former to approach to an anionic site. 
.4s mentioned previously, the essentially inert nature 
of the metho quat'ernaries of phenanthridine (XXIX) 
and benzo [flquinoline (XXYIII) against ChX do 
show that a conjugated fused ring system of mass 
comparable to 11; is of itself not sufficient. The inter- 
annular unsaturated bond may be an important fea- 
ture per  se and is being further investigated. The 
presence of a second styryl substituent, (XX) shows 
remarkably little influence on activity compared to the 
monoderivative (IV) ; however, oppositely acting fac- 
tors may be self-negating in over-all influence. 

The presenc.e of hydroxyl groups on moiety a of IX 
arid XVI results in reduction of C h h  inhibitory activity 
relative to that of unsubstituted IV and 11. There is 
insufficient basis for assigning this change to any one 
of the several influences of hydroxyl substitution. 

Orie of the most interesting observations is t8he coni- 
parable order of potency of enzyme inhibitory activities 
of the acetylenic derivative XXVI arid the ethylenic 
( trans)  analog 11. The acetylenic compound shows 
the greatest specificit'y or ChA/AChE ratio of Ij0 
values among the compounds report'ed. The inter- 
annular acetylenic bond provides a linear rather than 
trans orientation of the planar ring systems relative t,o 
o ~ i c  mother. Although rotation can ocwr about t'he 
triplc boiid, it is lilicly that ii coplaliar configuration is 

energetically favored as is the case for tolari (diphenyl- 
acetylene) in both the crystallirie state arid in solu- 
t i ~ n . ' ~ , ~ '  There is a remarkably consistent correlation 
between ChA inhibitory activity and evidence of co- 
planarity among the various molecular prototypes 
illustrated in this report. Only with regard to the 
pyrido-S substituents is planarity not a critical feature. 

Additional studies will include attempt:, to elucidate 
the nature of the chemical interaction between these 
compounds and binding sites within the Ch.l enzyme 
system. 

Experimental Section 
Preparative details ai'e outlined only when an appopriale  or 

adequate descriptive reference caiiiiot be cited. The free bases 
generally are white crystalline compounds : the * a h  are yellow 
to orange in color, the ferrocene derivative is bliie. Wherever 
possible, the compounds were dried in uacuo at SO". Melting 
points were taken with a Fisher-Johna apparatus for tempera- 
tures up to 280" and with a Mel-Temp melting poiiit apparatii.: 
at higher temperatures; reported values are corrected. Analyses 
were performed by either Spang llicroanalytical Laboratory, 
Anii Arbor, Mich., or l1-H-IF' Laboratories, Garden City, l l i ch .  

Enzyme Inhibition Measurements.--.Adult< rat brains were 
homogenized in 9 vol of diytilled water and the homogenate wai 
used directly as a source of AChE. The assays were performed 
with a potentiometric titrinietricplocediire (pH-Stat, Radiometer, 
Copenhagen), measnrements being carried oi i t  at 37" with :1 X 

JI  4 C h  as substrate in the presence of 0.5 JI NaC1. The 
preparation was capable of hydrolyzing .4Ch at the rate of 20 
mmoles/g of brain equivalent per hr. Forty milligrams of brain 
equivalent was used in each assay. The ChA assays employed a 
dilution of 100,OOOg supernatant of a 1: 10 aqueow homogenate 
of rat brain rising a modification of the method of LIcCaman and 
Hunt.'* The preparation was capable of synthesizing ACh 
a t  the rate of 2 pmoles/g of brain equivalent per hr. Each assay 
contained 25 pg of brain eqiiivalent. Where mlitbility permitted 
each inhibitor was rim at five concentrations in triplicate and the 
I:, value was read from a graph of per cent inhibition vs. log of 
inhibitor concentration. 

Among the nonquaternary salts, the hydrochlorides wei'e used 
to facilitate initial solution; at the p H  ranges of the te3t solutions 
(pH 7.7 for Chh,  p H  7.4 for AChE) the bases are of limited 
solubility and only slightly ionized. The c i s  isomer I' was dis- 
solved as the free base in a very small volume of EtOH and 
diluted with the buffered medium. Many of these compounds 
are photosensitive atid exposure to light should be minimized, 
particularl. in dilute solutions. 

Preparation of Aryletheny1pyridines.--1s a general procediircb 
equimolar proportioiis of arylaldehydelg and a 2- or 4-methyl- 
pyridine il l  1 to 2 molar proportioiis of Ac?O were heated to 
reflux for from 6 to 16 hr. Some excebs of the Inethylpyridiiie 
could be used if the aldehyde were in more limited supply. The 
reaction mixture was poured into excess 10% aqueous NaOH atid 
allowed to stand for a t  least 3 hr in the cold and the crude product 
was separated and washed with cold H20 (decantation or fil- 
tration). Purification could be carried out  by either directly 
recrystallizing the crude bases from EtOH or i-PrOH or ligroin. 
Phenylethenylquino1ines.-Benzaldehyde and 2- and +methyl- 

quinolines were condensed and the reaction products \wre ieo- 
lated essentially as described previouely.20121 

m-Phenylenebis(4-ethenylpyridine).-A mixture of 6.7 g (0.05 
mole) of isophthalaldehyde, 14 g (0.15 mole) of -l-metliylp!.ridine, 
and 5 g (0.05 mole) of 4c& was heated to a reflux for 12 hr .  The 
reaction mixture was poured into 10:; SaOH and kept (-old 
overnight. The crude product was filtered off', nashed (cold 
HzO), and recrystallized (hot EtOH-HtO). The filtered, dried 
product was obtained in  26% (3.7 g)  yield. Anal. (C~OHIGX) C, 
IT. .4na/. (dirnethiodide XXIV> C,H,,N21r) C, 11. 

(16) J. RI. Robertson and I. Woodward. Proc. Rou. SOC. (London) ,  A164, 

(17) IT. siizuki, Bull. Chem. Soc. .Jiipci,i. 33, 389 (1YGO).  
(18) R .  E. McCaman and J. hI. Hun t ,  J .  Seurochem.,  12, 263 (1965). 
f I Y )  T h e  aldehydes \yere olltained from .lidrich Chemical Co..  Inc. 
(20) C. 13. Iiaulow and R .  1). Stapner, . I .  . lm. Cliem. S O C . ,  67,  l i 1 6  (1945). 
( 2 1 )  -1. 1). .iinle>.nrid l i .  King, I'roc. Iiou. S w .  (London) ,  BlZS, GO (11338). 

436 (1938). 




