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In Vitro Antimicroslal Dara (Tuse DivvrioN Trst; MIC
VALUES IN pg/ml)

K.
S. E. P. pneu- C. 7.
Compd aureus® coli? vulgaris®  moniae® albicans vaginalis
2a 12 1.6 6.2 3.1 100 0.39
2b 235 6.2 12 0.19
2¢ 0.78
2d 25 12 25 25 0.19
2e 25 3.1 12 23 0.39
2f 3.1 25 0.19
2z 30 6.2 50 50 0.78
2h 50 12 0.19
2 12 1.6 30 25 0.78
2j 3.1 1.6 12 6.2 100 0.78
2k 25 12 0.10
Metroni-
dazole 1.6

e Staphylococcus aureus. ° Escherichia coli, © Proteus wvul-

garis. 4 Klebsiella pneumoniae.

1.6 pg/ml in our test. The most active compound
i wvitro 1s 2-(5-nitro-2-furyl)-5-(2-N-n-propylpipera-
zinoethoxy)pyrimidine dihydrochloride (3k) with an
MIC of 0.10 pg/ml. Some of the compounds were
investigated ¢n vivo against a subcutaneous T, vaginales
infection in mice and proved to be active by oral appli-
cation, Preliminary results indicate that n wvivo
activity of 2-(5-nitro-2-furyl)-5-(2-pyrrolidinoethoxy)-
pyrimidine (3d) is comparable to metronidazole.

Experimental Section?

2-(2-Furyl)-5-(2-p-toluenesulfonyloxyethoxy )pyrimidine (1b).
—2-(2-Furyl)-3-(2-hydroxyethoxy)pyrimidine (10.3 g, 50 mmol)
was dissolved in 100 ml of pyridine, 9.53 g (50 mmol) of p-TsCl
was added and the mixture was stirred for 1,5 hr. The solution
was poured into H,O, the insoluble product was filtered and

recrystd from PhMe, mp 154-155°; vyield 8.6 g (48%,). Anal.
(CiiH1eN20:8) N, 8.
2-(2-Furyl)-5-(2-diethylaminoethoxy )pyrimidine (2b).—2-(2-

Furyl)-5-(2-chloroethoxy)pyrimidine (7.85 g, 38.3 mmol) and
10.42 g (0.142 mol) of Et:NH was heated in 80 ml EtOH at
70-80° for 18 hr. The solvent and excess amine were removed by
distillation, the residue was mixed with HO and extracted with
CH:Cl.. The solution was dried (K.CO;) and CH:Cl, was re-
moved, yielding a crystalline compound, mp 47-49°; yield 5.1 g
(519%). Anal. (C1sHgN;02) C, H, N.
2-(5-Nitro-2-furyl)-5-(2-diethylaminoethoxy )pyrimidine (3b)—
2-(2-Furyl)-5-(2-diethylaminoethoxy )pyrimidine (5.0 g, 19.1

(2) Melting points are uncorrected and taken on a Tottoli melting point
apparatus (Fa. W, Btchi, Switzerland). Where analytical results are in-
dicated only by symbols of the elements or functions, values found for those
elements or functions were within £0.4% of the calculated values,
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mmol) was suspended in 25 ml of coned H:SO; and 1.5 ml
of HNO; (d = 1.48) was added dropwise at 5°. After stirring
for 0.5 hr the mixture was poured on ice, the aq solution was
made alkaline with aq NH; and the solid product was
filtered, washed with H.0, and recrystallized from EtOH, mp
137—1410, yleld 2.0 g (34%) Anal. (ConquOO C, H, N.

2-(2-Furyl)-5-(2-di-n-butylaminoethoxy )pyrimidine - HCl.—
2-(2-Furyl)-5-(2-p-toluenesulfonyloxyethoxy)pyrimidine (2.08 g,
5.77 mmol) and 2.33 g (18.1 mmol) of n~-Bu:NH in 60 ml of
EtOH was refluxed for 20 hr. EtOH and excessive Bus:NH were
removed by distillation, the residue was dissolved in H.O and the
aq solution was extracted with CH.Cl,, The solution was
dried (Na:S0,) and the solvent removed. The residue was dis-
solved in ~PrOH-Et;0 and HCI in Et:0 was added. The solid
hydrochloride was filtered off and recrystd from <-PrOH,
mp 168-173°; yield 090 g (44%). Anal. (CisHxCIN;O,)
C, H, C], N.

2-(5-Nitro-2-furyl)-5-(2-di-n-butylaminoethoxy )pyrimidine
(3¢).—2-(2-Furyl)-5-(2-di-n~butylaminoethoxy )pyrimidine - HC]
(0.90 g, 2.54 mmol) was suspended in 3 ml of coned
H:S0, and 0.255 ml of HNO; (d = 1.48) was added at 5°. After
stirring for 0.5 hr the mixture was poured onto ice, the resulting
aq mixture was neutralized with coned NH; and the insoluble ma-
terial recrystallized from --PrOH-H:0, mp 83-85°; yield 413 mg
(4:)% . Anal. (013H26N404) C, H, N,
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The resolution and absolute configurations of (+)-
and (—)-3-acetoxyquinuclidine methiodide have re-
cently been reported.! It was noted that only one
of the optical enantiomers is a substrate of acetyl-
cholinesterase (AChE) and is a muscarinic agonist.!
This enantiomer was assigned the (S) configuration
by the method of asymmetric sulfoxide synthesis?
as applied to (+)-3-quinuclidinol. This assignment
led to the conclusion that the bridgehead carbon atom
of the biologically active enantiomer occupies a position
equivalent to the methyl substituent of (S8)-(+)-8-
methylacetylcholine (I), the enantiomer which is a
ubstrate of AChE and possesses muscarinic activity
equivalent to that of acetylcholine (ACh).! In the
meantime, the crystal structures of the «- and g-
methyl-ACh isomers have been analyzed by Chothia
and Pauling,®# and their conformation was discussed
in relation to hydrolysis by AChE.? The results led
us to question the configurational assignment of (+4)-
3-quinuclidinol! and after reexamination of the experi-
mental data it 1s evident that the dextrorotatory en-
antiomer possesses the (S) rather than the (B) con-
figuration. It follows that the previous analysis of
results! requires reinterpretation.

According to the rules governing asymmetric sul-
foxide synthesis,? alcohols corresponding to stereo-

(1) J. B. Robinson, B, Belleau, and B. Cox, J. Med. Chem., 18, 848
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(2) M. M. Green, M. Axelrod, and M, Mislow, J. Amer. Chem. Soc., 88,
861 (1966).

(3) C. Chothia and P. Pauling, Chem. Commun., 626 (1969).

(4) C. Chothia and P. Pauling, ibid., 746 (1969).
(5) C. Chothia and P. Pauling, Nature, 323, 919 (1969).
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formula II vield an excess of the (—)-(8)-enantiomer
of methyl p-tolyl sulfoxide. Having obtained an excess
of the latter from (4)-3-quinueclidinol,! it follows that
configuration II where § = H, M = CH,\* and
[. = CH(CH,), applies. 1In the RS nomenclature.
llowever, the substituent sequence in decreasing order

of priorities 15 HO, CH,N+ CH(CH,), and H (IIl).
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Hence, (+)-3-quinuelidinol has the (S) configuration
and of the two enantiomeric 3-ucetoxyquinuclidine
methiodides, thut whieh ucts as a substrate for AChE
and which 12 the most active as a muscarinic agent!
has the (R) (—) configuration (I11). Thercfore, the
bridgehead ecarbon of the latter does not occupy «
position equivalend to that of the B-melhyl group of [
so that one 18 heve dealing with another case of apparesnt
thverstan of optical specificity of the receplor and enzyme
binding sites.® The sterie relations are as shown in I
and III where the methyl group of the former assumes
an orientation very close to that m the ervstal.®  The
relative orientations of the acetoxy and quaternary
moieties I [ canmot be maintained in (R)-(—)-6-
methylacetyleholine (the e¢nantiomer of 1) owing to
prohibitive repulsions between the g-methyl and tri-
methylammonium groups.

We wish to emphasize that eclipsed conformations
of this type were considered improbable! and at best
one might admit a skewed conformation for the groups
concerned.! Tt ean now be stated with an inereased
degree of confidenee that such high energy conforma-
tions appear not to be favored i the bound state
at the AChI and musearinic receptor levels.  We can
further conclude i the light of the present analvsis
that the muscarinie agonist L-cis-2-methyl-4-dimethyl-
aminomethyvl-1.3-dioxolane methiodide,® whose ervstal
strueture hax recently been analyvzed,” probably assumes
conformation I'V at the receptor level.  This conforma-
tion is in fair agreement with the recent observations
of Garrison. ef al.,® on structure-anctivity relationships
amoeng constrained analogs.

d) 13 Belleaw wwel J, Vuranen, J. Wed, Chew, 8, 325 (14635,

Ty P Pauling awl T. J. Petcher, Chewe. Commun., 1258 (14695,

i8) 1. R. Garrison, M. NMay, M. . Rilley, awd D). J, Triggle, J. Ved.
Chem.. 12, 130 (1969).

Nores

Our previous arguments regarding the possible sta-
bilization of strained conformations by receptor pro-
teins! remain valid in principle, although our results
with the quinuelidine analogs of [ give no evidence
that this 1= the case at the AChI and receptor levels,
It 1s signifieant that the g-methyl group of T fails to
modify the biologieal activity of ACh only because
it cannot interfere with the chirality of the latter
n the bound state.  In the (R)-(—) analog III, the
rigid ring svstem would simply serve to force the in-
active (2)-(— )-g-methviacetyvlcholine pattern into the
proper chirality about the acetoxy and the quaternary
moieties  for productive interaction with the ACh
binding sites. The present correet  interpretation
strongly supports conformation I for receptor and
enzyme bound ACh (3-Me absent). A similar con-
formation has recently been proposed by Chothin®
on the basix of extrapolations from crystallographic
data.  However,  dioxolane IV, the most  active
muscarinic agent known to date, was not diseussed
m detail, and it s interesting to note that it erystal
structure’ does not quite fit the sought-for general
patterns  The Xeray strueture of ITT will be reported
in due course by one of us (1>. 1,).
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The mushroom A manila muscaria contains a number
of biologically active compounds including a substance
which has eentral nervous system effects and produces
narcosis in flies,! This substance 18 known as pan-
therine, pyroibotenic acid, agarin, and museimol; the
latter is the preferved name.”  The wolation aud eluei-
dation of the structure of this material (I) has heen
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deseribed by four independent groups of workers,* and
its syvnthesis has been reported by Gagneux, et al.* In
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