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Ba(OH); i1 a 300-m! flask equipped with a 20-cn1 coliu,  On
heating, some H,O distilled above the mielting point of the acid
and active pyrolysis started at about 200°. The pressure was
reduced to 250 mm aund gradually to 2-3 mmn1 as the reaction
proceeded. A small amoulit of froth passed over iuto the receiv-
ing flagk as the process continued. When no more distillate was
obtained, the distillate was dissolved in 300 ml of Lt,0 and
washed (H,0, KHCO,, H.O, NaCl). After diving (Na,80,), the
Et,0 was removed in vacuwo, aud the residue was distilled, bp 97~
100° (0.6 mm), 17.3 ¢ (507). Anal. (C,H;F0) C, H.

8-Trifluoromethylspiro[5.5)undecane-3-ketoxime (XVIII).--A
niixture of 10 g of NH.OH-HCl and 12 g of NaAe wax dissolved in
the smallest volume of H,O to give a clear solntion.  Compound
XVII (9 g) was added with stirring and the mnixtire was shaken
vigorously for 1 hr.  After filtering, the erude produet €9.5 g, mp
109-110°) was recrystallized from MeOH and then frem INtAe,
mp 115.5-116.5°. Anal. (CuHuINO) C, 1, N.
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3-Amino-8-trifluoromethylspiro(5.5jundecane (XIX).--'I'he cx-
ime XVIII (8 g, 0.03 mole) was dissolved i1 anhydride kt.0 and
was slowly added to a solntion of 7 g (0.15 mole) of LiAlH, iv
500 1ml of anhydrous Et.0.  After stirring and refluxing for 6 hr
the mixture was decoinposed and filtered.  The ethereal sclution
was dried (NasS80,) and the Et,0 was removed in vacvo.  Vacnim
distillation «f the residue gave the product (6 g, 864 ,), by 77-70°
{0.75 min). Conversion ib the usnal manner gave the hydroe-
chloride €aleoholic TICLY mp 203-206° (MtAc and 1HOT.
Anad. CLILy CIFYNY € T CL N
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In continnation of onr studies ot rigid allalogs of acetrylcholine, sone T-aza-2, 4-dioxa-cis-bicyclo{3.3.0]octane
methiodides (III) have been prepared. These are bicyclic analogs of the potent muscarinic agent c/s-2-methyl-
4-dimethylaminomethyl-1,3-dioxolane methiodide (VI). Fer comparative purposes the ¢is- and trans-2-methyl-
cis-4-dimethylaminomethyl-3-inethyl-1,3-dioxolane methiodides (IV') have been prepared so that the effects of
H-methyl substitution conld be determiuned. Musearinic activities of these componnds swere low biit an inversion
of geometric specificity, relative to cis- aud frans-2-methyl-4-dimethylanminoniethyl-1,3-dioxolane methiodide,
was noted with the 3,7-dimethyl-7-aza-2,4-dioxa-cis-bieyclo[3.3.0]octane methiodides, the exo isonier being niore

potent than the endo isomer by a factor of ten.

This observation may be rationalized by assuming that the

quaternary ammonitm group constitites the primary binding site in these compounds and thns determiues tle
general mode of binding «f the remaining molecular struetnre.

A fundamental problem in the analysis of structure-
activity relationships is that of relating molecular struc-
ture to the relative geometry of the binding sites on the
macromolecular receptive surface: this problem is
particularly acute with small flexible moleculex such as
acetylcholine and some of its congeners where, despite
the existence of preferred conformations in the erystal-
line and solution state, it ix not possible to assume that
these are also the conformations involved in binding at
the receptor surface."* A partial =olution to this
problem may be obtained by the use of analogs of
active molecules in which conformational rigidity pre-
determines the relative geometry of the proposed bind-
ing groups.

An important consideration in this general approach
is that the molecular modification required to convert a
flexible molecule into a rigid or semirvigid analog should
involve the minimum structural change in the active
molecule.  This point was discussed in part I of this
series of papers and forms the basis for our choice of
analogs of cis-2-methyl-4-dimethylaminomethyl-1,3-di-

(1) Part 1 of this series, M, May and D). .J. Triggle, J. {'harm. Sei, 57, 511
(1968).

(2) This work was supported Ly urants Irom the U. 8. Public lealth
Service (GM 11603) and NASA (NGR-33-015-016).

(3) Presented in part at the 155th National Meeting of tle American
Cheinical Society, San Franciseo, Calif., April 1968 (Abstract No. 8 of
Medicinal Chemlstry Section).

(4} P. Pauling in ""Straetural Chewnistry and Molecnlar Biolozy," A. ich
and N. Davidsou, E:l., W. 11, Freeman & (., San Francises, Cali(., 1968, p
DU

oxolane methiodide®® (VI) in which reduced conforma-
tional flexibility may be achieved without the incorpora-
tion of additional potential binding groups.

In this paper we report the synthesis and muscarinic
activities  of  T-aza-2,4-dioxa-cis-bicyclo [3.3.0 Joctanes
(ITI) which can duplicate one of the limiting conforma-
tions af the highly active agent VI. Since, in some
ways, LI is more analogous to a 24, 5-trisubstituted 1,3-
dioxolane, we have prepared for comparative purposes
the 5-methyl derivative of VI, 2-methyl-cis-4-dimethyl-
aminomethyl-5-methyl-1,3-dioxolane methiodide (IV),
so that the effects of 5-methyl substitution on the
activity of VI can be determined.

Chemistry.—-The bicyclooctanes (111) were prepared
by reaction between methylamine and the correspond-
ing 4,5-cis-bischloromethyl-1,3-dioxolane (IT) and sub-
sequent uaternizatian of the formed tertiary amine
with methyl iodide. The intermediate dioxolanes (I1)
were obtained” from meso-1,4-dichloro-2,3-dihydroxy-
butane® (I) aud the appropriate aldehyde or ketanc
(Scheme I).

The chloromethyldioxolanes Ile and IId were ob-
tained in admixture. Guas chromatography revealed
two compounds in the ratio of 1:4 (peak areas) and this
was confirmed by nmr spectroscopy. The nmr spee-

03 1 J. Triggle awd B Belleay, Cow, J. Chern., 40, 1201 11962).

cqt LA, Triggle, " Cliemical Aspeets of the Autonomic Nervous Sysieie.”
Avcademic Vress, London, 1963, p 91,

7y J. F. W, MeComie, Advar. Org. Chem., 8, 26+ {1963+,

(8) L. N. Owen, J. Chem, Soc., 243 {1949).
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trum also showed that the major component was the
¢is isomer Ilc. Pure samples of Ilc and I1d were iso-
lated by repeated fractional distillation through a
spinning-band column. Initially we had converted
the mixture of IIc and I1d to a mixture of the quaternary
compounds IIIc and IIId, which, on careful fractional
crystallization, yielded the pure cis isomer IIlec. How-
ever, the pure trans isomer (IIId) could not be isolated.
Melting point and nmr data indicated that, in common
with other 1,3-dioxolanes,® a 1:1 molecular complex of
IIIc and I11d had been produced.

Similar results were obtained in the synthesis of IV,
Reaction between erythro-4-chloro-2,3-dihydroxybu-
tane and acetaldehyde gave a 3:1 mixture of IVa and
IVb, which were separated, with considerable difficulty,
by fractional distillation. Reaction of the separated
isomers with dimethylamine and methyl iodide gave
pure IVc and IVd. Similar treatment of the 3:1 mix-
ture of IVa and IVb gave a 3:1 mixture of IVe and IVd
which could not be separated into its components.

Gryszkiewicz-Trochimowski, et al.,, have reported®
mp 133° for the methiodide of a 4-dimethylamino-
methyl-2,5-dimethyl-1,3-dioxolane methiodide of un-
assigned geometry; this is in contrast to the 187-189°
and 157-160° observed by us for IVe and IVd, respec-
tively. However, the method of preparation® of Grys-
zkiewicz-Trochimowski’s compound suggests a trans
disposition of the 4 and 5 substituents about the 4,5
bond of the 1,3-dioxolane. In agreement with this we
have obtained a mixture of methiodides (Vb), which
melts at 132-134°, from the 4-chloromethyl-1,3-dioxo-
lane (Va) in which the 4 and 5 substituents have the
trans orientation and the C, substituent is ¢is or trans
to the C, and C; substituents.

(9) E. Gryszkiewicz-Trochimowski, 0. Gryszkiewicz-Trochimowski, and
R. Levy, Bull. Soc. Chim. France, 610 (1938).
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Assignment of Structure.—Baggett, et al.,® have
shown that the geometry of 2,4-disubstituted 1,3-dioxo-
lanes may be determined by nmr spectroscopy. They
found that the signal from the C-2 proton of the trans
isomers occurs at lower field than the corresponding
signal from the cis isomer and attributed this to trans-
annular deshielding of the C-2 proton, in the trans
isomer, by the 4 substituent. However, Baggett’s
compounds, which did not include quaternary ammo-
nium derivatives, were not necessarily suitable models
for our purposes. Accordingly, we have examined
(Table I) the nmr spectra of cis-2-methyl-4-dimethyl-
aminomethyl-1,3-dioxolane methiodide (VI), its trans
isomer (XIII), and several precursors in the synthetic
route to these compounds to which the relative geom-
etry at the 2 and 4 positions had previously been as-
signed by unambiguous synthesis.?

The data of Table I show that, in agreement with
Baggett’s observations, the signal of the C-2 proton
occurs at lower field when c¢is to a 4-methyl (VIII) or a
4-trimethylammoniummethylene group (XIII); how-
ever, the inversion of this relationship which occurs
with the 2-substituted 4-tosyloxymethyl-1,3-dioxolanes
(IX, XII) of previously unambiguously determined
geometry?® shows that caution is needed in the applica-
tion of nmr spectroscopy to structure assignment in this
type of compound. Examination of the nmr data of VI
and XIII (Table I) confirms®!'* that the relative
chemical shifts of 2-methyl groups in 2-methyl-4-sub-
stituted 1,3-dioxolanes can also provide information
about the relative geometry of the 2 and 4 substituents.
Deshielding of the 2-methyl group by the C-4 substit-
uent occurs in the cis isomers so that the signal from
the 2-methyl group (VI) occurs at lower field than in
the trans isomers (XIII). However, the 4-tosyloxy
derivatives (XI and XII) again show inversion of this
relationship (see above discussion of IX and XII).

TaBLE I
NMR SPECTRA OF 2,4-DisuBSTITUTED 1,3-DIOXOLANES

R3
b
R2><‘RI
Chemical shifts, ¢ Spectral
Cowmpd R R? R3 R! R2 solvent
VII H CH; CH; 5.08¢h ... CcClL
VIII CHs H CH; .. 497 ¢» CCl
IX H CCL CH.O0Ts 4.645 ... CDClk
X CCi H CH:0Ts ... 4.6Ts CDCl
XI H CH:; CH.OTs 5.01q 8.72d CDCl
XII CHs H CH,O0Ts 8.67d 5.07q CDCl
VI H CH; CH,*N(CH;); 4.81q 8.43d D:O
XIII CHs H CH,*N(CHs); 8.53d 4.75q DO

e Relative to MesSi (CDCl; or CCL4) or 3-(trimethylsilyl)-
propanesulfonic acid sodium salt (D;0) as internal references.
d = doublet, q = quartet, s = singlet. ? After Baggett, et al.?®

The assignments of the geometry to compounds II,
ITI, and IV were based on the interpretation of their

(10) N. Baggett, K. W. Buck, A. B. Foster, M. H. Randall, and J. M.
Webber, J. Chem. Soc.. C, 3394, 3401 (1965); N. Baggett, J. M, Duxbury.,
A. B. Foster, and J. M. Webbher, ikid., 208 (1966).

(11) F. A, L Anet, J. Amer. Clhem. Soc., 84, 747 (1962): M. Anieunis
and F. Aldorwereldt, Bull. Soc. Chim. Belges, 78, 889, 903 (1964); 74, 488
(1965): N. Baggett, K. W. Buck, A. B. Foster, R. Jeffries, B, H. Rees, and
J. M. Webber, J. Chem. Soc., 3382 (1965); J. Chuche, G. Danna, and M. R.
Monot, Bull. Soc. Chim. France. 3300 (1967).
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nmr spectra (Tables 11 and 111) according to the priu-
ciples discussed above. In the cis-4,5-disubstituted
1,3-dioxolanes (Table II) the deshielding effect on the
¢is-2 substituent (I3?) is magnified so that the differen-
tial ehemical shifts between the ¢7s-2,4,5-trisubstituted
1,3-dioxolanes and the trans-2-c¢is-4,5-trizubstituted 1.3-
dioxolanes are greater than in the 24-disubstituted
1,3-dioxolanes (Table I). In the 7-aza-24-dioxa-cis-
bicyelo[3.3.0Joctanes (Table 111), endo- and exo-methyl
groups on both nitrogen and -3 may be distinguished
readily. The deshielding effect of the cis-pyrrolidine
ring structure causes the signal of the endo-3 substituent
(RY, endo) to appear at lower field.  Similarly the dil-
ferential deshielding effect of the cis-dioxolane ring
=tructure in the rigid bicyclo[3.3.0]Joctane structure
on the N-methyl groups causes the endo-methyl group
to appear at lower field relative to the ero-miethyl
group. Similar ob=ervations have been made! by
Suble and coworkers for the endao- aud cro-methyl sub-
stituents in a number of bicyclie derivatives af 13-
dioxolanes.

Tasue 11
NMu SeEcrry or H)-Disepsrree el E3-DiexonaNes

R CH.X
o_ 0O

RI><R‘Z

Cliewiical shifts, 7

Couqrl R N R 2 R Rt
ITa CILCT I1 I1 5.30 < 5,00 s
[  CH.Cl CHy CHy N.06bs 836~
[Te  CH.Cl Cl 11 CHy 490 8.60d
1IId  CHCl (1 cliy, " 5.8d 495
IVa  CH, 1 11 CHe 5.15q .
VL CH, @ e H . 4.75 g
[Ve o CHy NHCHy - H CIly 4.85 ¢ .
IVd (‘“( N +(:("H;|>;( I- (I”q 1 .05 8

« Compounds ITa-d and IVa were measnred on pnre nn-
terial, MeiSi axs internal reference; IVe,d were measnred i D,0
with 3-(trimethylsilyDpropanesulfonic acid sodinim salt as in-
ternal reference. d = doublet, q = gnartet, ~ = =inglel.

Taure I11
NMR SPECTREN OF (=METHY1L-7-320-2 )4 D1I0NX A e ds-B10Y CLO-
[3.3.0]ocraNg MeTHIODIDES

Mey 0, R
T

Me” =0 R

ce==(Cheydeal shift, /e - -

- CH:
N<en

Cowpd R R r 132 erdo exy

11T II u R R I 1.7 % H.76 s (.80 «
[1Te 11 CHy  5.00q N5 = 6.70 2 6.84 =
[TId CH,y H 8. 72~ 1.42 g 6.76 8 6,90 ~

v Measnred in D.O with  3-(trimethylsilyDpropanesulionie
acid sodinim salt as internal reference. s = singlet, g = quartet.

The substituents and protous on C-4 and C-5 in the
monocyclie (Table II) and C-1 and C-5 in the bicyclic
(Table III) seriex of compounds give rise to complex

112) 1. Z. Rable, W. M. Rureleey, and 1. 12, Norlander, Cachohgidrate 1ler.,

1. 70 (1960); J. Org. Chem., 31, 3771 (1'1861: 1. Z. Sable, Western Reserve

University, persoual «onandnication.

Vol 12

spectra with unresolved multiplets in the range r 5.5
6.5 (11, IVa, and TVb) and 6.0-6.5 (111, TVe, and IV,
presumably as a conzequence of long-range coupling
effectx. We have unde no aticiapt ¢ analyze these
portions of the speetia,

Experimental Section

Biological Tests. ~Mnscurinie activities of the componnds were
determined using the rat jejuntm preparation and nicotinic
activities woere determined using the frog reetns abdomiuts
preparation, as previonsly deseribed.!

The musearinic activities of the eompounds are listed in the
Table V. The nicotinie preperties of these compennds were

negligible.
T 1N\
Museamzie Acriviries or L3-DioxonaNes
Muder
11:0, viole,/20 iml wyole
New Compel ratl jejuncm of V1
Acetylcholine S04k 3.0 X 1o !
('H.;JM«.
Vi ()/Yi) 0 5.0 X 1
Me
+
Moy LUHLNMe
INe 0\(0 b de 2.0 X e 280
Me
Me, ,('H;&)lo
1vd 0_0 4.4 2 500 X 10 ot
Mo
Ry O +
e NMe,
R" "o~
R R*
111 I1 11 Nog ok 20 X 120t
HIh Me Me Inaetive at 1075
[1le I1 Me P70 X 10 2400
[11d Me 11 6= 5.0 x 10" 240
Chemistry.---Melting points were determined on o Thomas-
Kofler hot stage and are corrected.  Irspectra were recorded o1t a

Beckman I.R 8 spectrophotonieter and umr =pectrit ¢n a Varian
A-60; glpe analy=es were carried ont on a 1097 Carbowuax column
using an F & M sclentific research chromatograin (Medel 5750).
Analyses were perforined by Dr. A, E. Bernhardt, Mulheim,
West Germany; where analyse~ are indicated only by symbels
of the elelments, the analytical resnltx obtained for those eleinents
are within £0.447 of the theoretical valnes.

erythro-4-Chloro-2,3-dihydroxybutane.-—-Perforniie aceid oxida-
tionn** of {rans-crotyl chloride! (9 g, 0.1 mole) vielded 12.7 ¢
{8207 of a monoformyl ester of the desired diol, Lp 66G° (0.1 nu),
ir (capillary filin) 1740 (ester C==0) and 3480 em™ (Ol
Anal. (CI1L,CIOy) C, 1.

Hydrolysis of the ester in boiting MeOII-HCL vielded 7.2 g
18047 ) of preduet, bp 63-65° (1.5 nun). Al (CHLCIO C,
H, ClL

threo-4-Chloro-2,3-dihydroxybutane.—-Oxidation of frans-cro-
tyvl ehloride (9 g, 0.1 mole) with neniral KMnO, yvielded 5.4 g
(4377 of produet, bp 74° (Lo mnny. Andal. (CL,Cl100 C, 1T, CL

Substituted 4-Chloromethyl-1,3-dioxolanes.— The commpounds
deseribed in Table V were prepared, by standard procedures, 5"
front the appropriate 2,3-dihydroxybutane and an aldehyde or
ketotie.  Purification wax effected by single or repeated fractioual
distillatign threugh a Teflon spiuning-band colmnn (Nester
Fanst) nntil homogenvons by glpe.

c(s-2«Methyler/s-4~dimethylaminomethyl-5-methyl-1,3-dioxo-

A D), Neern, g Begetiogs, T, 378 (19530,
CHAY Lo I Haret aned S080 Nesbict, . dmeer, Clhiem, Soe, 72, 727 010510,
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TapLe V
4-CHLOROMETHYL~1,3-DIOXOLANES.
RHCH2CI

Prysican Dara

o_ 0

RIXR}

Yield, Bp. °C

Compd R Rt R? %% (mm) Formula Analyses

IVa CH;s H CHa: 47° 38-39 (15) CsHuClO; C, H, CI°
IVb CHs CHs H 47%  39-41 15) CeHuClO: C, H, CP
I1a CICH: H H 60 55 (0.8)°¢ CsHsCl202
Itb CICH: CHz CHsz 59 58-60 (0.6) C;H1Cl,0: C, H, Cl
II¢ CICH: H CH: 709  34-35(0.1) CsHpCl0: C, U, CI°
I1d CICH. CHs H 704 34=35 (0.1) CeHwC1:0: C, H, CI°
va/ See Schewe 1 43 48 (13) CeHuC10: C, H, Ci

e Yield of 3:1 mixture of IVa and IVb. * Analysis performed
on 3:1 mixture of IVa and IVb. < J. B. Miller, J. Org. Chem., 25,
1279 (1960), gives bp 94-100° (13 mm). ¢ Yield of 4:1 mixture of
II¢ and IId. ¢ Analysis performed on 4:1 mixture of Ile and
IId. / Mixture of two components in the ratio 1:1.

lane Methiodide (IVe).—Dry CgHs (15 ml) containing cis-2,5-
dimethyl-cis-4-chloromethyl-1,3-dioxolane (3.3 g, 0.022 mole) and
Me,NH (0.99 g, 0.044 mole) was heated at 90—-100°, in a sealed
metal tube, for 48 hr. After being cooled to 0°, Ce¢Hs was
filtered from MeNH,*-Cl- and evaporated at atmospheric
pressure. The residue was treated with an excess of Mel in
Et.0 to give the crude product. Crystallization (EtOH) gave
1.6 g (249%) of pure product as colorless prisms, mp 187-189°.
Anal. (CoHpoINOy) C, H, I, N.

trans-2-Methyl-cis-4-dimethylaminomethyl-5-methyl-1,3-di-
oxolane methiodide (IVd) was obtained in 109, yield from IVb by
the method described above for IVe and had mp 157-160° from
EtOH. Anal. (CoHaINO:) C, H, 1.

4-Dimethylaminomethyl-irans-5-methyl-cis-2-methyl-1,3-di-
oxolane methiodide (Vb) was prepared in 109 vield from Va as
described for IVe and had mp 132-133° (lit.! mp 132°) from
EtOH. Anal. (C:HINO:) C, H, N.

7-Aza-7-methyl-2,4-dioxa-cis-bicyclo[3.3.0)octane methio-
dides (III) (Table VI) were prepared from the appropriate
4,5-bischloromethyl-1,3-dioxolane (Table V) and 3 molar equiv
of MeNH: as described for IVe.

TasLE VI
7-METHYL-T-424-2,4-DIOX A-¢18-BICYCLO [3.3.0] OCTANE

MevmopIpes. PrYSICAL Dara
i 1
+/—TOF
Me,N >\
r O
Yield.
Cowmpd Rt R? % Mp, °C Formula/
IIIa H H 51 221-223n C;H“INOz
IIIb CH; CH; 64 218-220¢ C,HiINO,
ITIc H CH; 609 237-239b.¢ CsH]eNOz
111d CH; H 20 231-233¢.¢ CsH eNO,
@ From EtOH. ? From MeOH. <From MeCN. ¢ Isolated

from mixture with IIId. ¢ Mmp (IIIc + IIId) 205-207°. / Al
compolnds analyzed correctly for C, H, N, I.

Discussion

The data presented in Table IV indicate that the
structural variations of c¢is-2-methyl-4-dimethylamino-
methyl-1,3-dioxolane methiodide (VI) that we have
studied lead to significant depression of cholinomimetic
activity. Nevertheless, a closer examination of the
data reveals some points of interest. The effects of 2
substitution in the 7-methyl-7-aza-2,4-dioxa-cis-bi-
cyclo[3.3.0]Joctane methiodides (III) are generally
similar to the same substitutions in the 4-dimethyl-
aminomethyl-1,3-dioxolane methiodide series,»¢ activ-
ity inereasing with the introduction of the 2-methyl
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+
NMe,

Figure 1.

Figure 2.

substituent and dramatically decreasing with 2,2-di-
methyl substitution. However, an important differ-
ence between these two series of compounds does exist
since, in contrast to the 2-methyl-4-dimethylamino-
methyl-1,3-dioxolane methiodides where the cis isomer
is more potent,® the ezo isomer (111d) of 3,7-dimethyl-7-
aza-2,4-dioxa-cis-bicyclo [3.3.0 Joctane methiodide is ten
times more active than the endo isomer (I1c).

In order to determine whether this inversion in
geometric specificity could be attributed to the effects
of ring closure across the 4,5 position of the monocyelic
1,3-dioxolanes  the  2-methyl-cis-4-dimethylamino-
methyl-5-methyl-1,3-dioxolane methiodides (IVe, IVd),
in which the 5-methyl substitution might be anticipated
to generate a closer structural analogy between the
mono- and bicyelic compounds, were prepared and
evaluated. However, the 5-methyl substituent, while
reducing activity considerably, did not invert the order
of activity, cis-2-methyl-cis-4-dimethylaminomethyl-5-
methyl-1,3-dioxolane methiodide (IVe) being more
active than the trans-2 isomer (IVd) by approximately
the same factor previously observed for the 2-methyl-
4-dimethylaminomethyl-1,3-dioxolane methiodides.

A more probable rationalization of this phenomenon
is afforded by the data of Table VII, which show that
the one conformation of VI which cannot be adopted by
the conformationally restricted molecules reported
here or previously is that in which the quaternary head
is maximally extended away from the dioxolane ring
(Figure 1). The quaternary ammonium function is
known to be the minimum structural requirement for
cholinomimetic activity'®=17 and its binding, in simple
compounds, is likely to determine the binding confor-

(13) D. J. Trigele, 'Chemical Aspects ¢f the Auatonomic Nervous Sys-
tem," Academic Press, London, 1965, p 84.

{18) A. S. V. Burgen, Brit. J. Pharmacol., 38. 4 (1963).

(17) H. L. Friedman in "Drugs Affecting the Periplieral Nervous Sys-
tein,"" A, Burger, Ed., M. Dekker, New York, N. Y., 1867, Chapter 2, p 116,
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mation of cholinomimetic molecules. Superimposition
of molecular (Dreiding) models of c¢is-2-methyl-4-di-
methylaminomethyl-1,3-dioxolane methiodide (VI), in
the extended configuration, and exo-3-methyl-7-methyi-
7-aza-2,4-dioxa-cis-bicvelo[3.3.0]octane methiodide
(I11d) initially at the quuternary groups results in
further superimposition of one ring oxvgen and, most
importantly, the C-methyl groups l‘lgurc 2). The
C-methy! group of the endo isomer (IIlc) is not super-
imposable on the C-methyl of VI but is, however,
superimposable on the C-methyl of {rans-2-methyl-4-
dimethylaminomethyl-1,3-dioxolane methiodide. The
tenfold difference in activity between Ile and I11d is
approximately that observed between the c¢is and trans
isomers of V17

It ix perhaps pertinent also to note that the MO
caleulations on muscarine also suggest® the biological
significance of the conformation in which the quaternary
head is maximally extended away from the tetrahydro-
furan ring. T‘urther discussion of the implications of

(18} L. B. Wier, Mol. I'hrmucol., 8, 87 (189671,

Choline Acetyltransferase Inhibitors.

Tavrr VII
InrenyroMic DISTaNcCeEs IN SoME MuscaRINIC AGENTS
—=1)istances. A

Cowypd {CHaa*N—> (CHsls PN-—On

VI 3.6 4ot
IIla-d 5.2 3.2 (g
3.0 3.0 (max)
0 \\'w
\<1(H!
1 |-" “ ‘; :;7;
18 2 8
n =2 2.0 304
2 RS 3.5

2 Measied for conformation of VI in which *N is at maxinmm
distalices from both oxygen atoms. Measurements also apply
to IVe and IVd. *® Morpholine ring in boat conformation.
¢ Morpholine ring in chair conformation. ¢ 1,4-Oxaazacyclohep-
tane ring hu boat confermation. ¢ 1,4-Oxaazacycloheptate ring
in chair conformatic.

this conformation in the general interpretation of the

structure—-activity relationship of muscarinic agends
will be presented in a subsequent publication.
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A variety of molecular modifications were made of styrylpyridine proto(ype choline acetylase (clioline acetyl-

transferase) inhibitors.

Among these, enzyme inhibitory activity is favored by the presence of an aromatic ring

systeni conjugated to a pyrido ring through an exocyclic nnsaturated boud in such a manmer as to provide an

over-all coplanar molecule with niinimal third diniensional struneture.
linkage of fused bicyclic and of nionocyclie ring systenis throngh either a donble or triple bond.
struetnres should containr at least a weakly basic moiety:
Acetylcholitiesterase inhibitory activities of most of these componnds are relatively low and

inthibitory potency.

Optinunu size appears {o be provided by
One of the eyelic
(uaternization generally increases choline acelylase

bear 1o relationship to the activities against choline acetylase.

A review on choline acetylase (ChA) (choline acetyl-
transferase, acetyl CoA, choline O-acetyltransferasc.
IC 2.3.1.6), published 5 years ago, concludes with the
statement,! A really potent and specific inhibitor of
ChA has not been found as yet. Such a compound
obviously would be of great interest.” Recently,
potent and selective inhibitors (reversible, noncompeti-
tive) of this enzyme system have been discovered among
some congeners of styrylpyridine.? The present report
describes a variety of molecular modifications designed
to provide further insight as to the steric and electronic
features of this type of compound which are conducive
to choline acetylase inhibitory properties. Inhibitory
activities against acetylcholinesterase (AChE) (acetyl-
choline acetylhydrolase, EC 3.1.1.7) also were deter-
mined in order to assess specificities.

A variety of stvrvlpyridines have been prepared in

i1} Do Naelmansohn in "Cholinesterases awd Autichobuesterase Agencs,”
(. B. Koelle, Iid., Springer-Verlag, Berlin, 1963, pp 40-)4.

2y ). L Siniih, C.J. Cavallito, and ¥. 1. Foldes, Bilochem. FPharmusel.,
16, 2438 (14967).

the past, particularly for studies of physical-chenienl
characteristics of position and of c¢is—-teans isomers.
The most general synthetic route involves condensation
of an arylaldehyde with a methylpyridine to yield the
trans-stilbazole derivatives.®=* Additional literature
sources may be derived from the cited references.  Ap-

propriate  methylquinolines  form  analogous  com-
pounds.”  Quaternary pyridinium or quinolinium de-

rivatives may be formed by quaternizing the condensu-
tion product or. preferably, the heterocyelie base com-
ponent is quaternized prior to condensation.s="  Nost

(3) J. L. R. Williams, R. E. Adel, J. M. Carlson, G. A. Reynolds, D). (i.
Borden, and J. A. Ford, Jv., J. Org. Chem., 28, 387 (1963).

(4) D. Jerchel and 1. IX. Heck, Ann., 618, 171 {1)58).

(5) E. A. Wagstaff, J. Chem. Soc., 276 (1934); B. D). Shaw and L. A,
Wagstaff, ibid., 77 (1933).

(6) G. M. Bennert and W. L. C. Pratt, ibid., 1465 (1929),

¢7) D. Satherland and €. Compton, J. Org. Chem., 17, 1257
Conpton and W, Bergmaun, shid., 12, 363 (1947).

18) A, Kaafmann and L. G. Vallette, Ber., 45, 1736 (111122

191 W, HL Milts and R. Raper, J. Chem, Soe., 2466 (14125).

10y C. 1. Kyelsely, J. A n. Chem. Soc.. 66, 2126 (144.1).

(113 A. P. Gray, W. L. Archer, 1%, i Spinner, and C. J. Cavallily, rhid.,
79, 3805 (1457).
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