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perature overnight. The yellow solid which had separated was
collected and recrystallized from MeCN to give 0.35 g (83%)
of a yellow solid: mp 223.5° deec; ir (Nujol mull) 5.85 and 6.22
g; nmr (de-DMSO) § 3.50 (s, 6, 2NCH;), 4.73 (s, 2, NCH,CO),
8.09 ppm (5, 1, CH=). Anal. (CiyH;sIN,0)C, H, I, N,
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4-(4-Hydroxypiperidino)-4’-fluorobutyrophenone (1)
has been reported to produce moderate tranquilization
properties in mice, rats, cats, dogs, and human sub-
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jects.!  There is no knowledge concerning how the
drug is bound to the receptor site. Unlike the majority
of the active antipsychotic butyrophenone-type com-
pounds, it possesses only minimal antiemetic activity.
We assume that this unique activity and other proper-
ties are related to the structure of this molecule per se.
The objective of this study is to look for possible steric
requirements of the hydroxyl group orientation.

The most stable conformation for 1 is 2. Other less
stable conformations are 3, 4, and 5.2 The observed
free-energy difference between the axial and the
equatorial dispositions of the hydroxyl group of N-
methyl-4-piperidinol in D,0 is 0.94 % 0.05 keal/mol at
40° and 0.81 = 0.05 kecal/mol at 80°.> The free-
energy difference between 2 and 5 should be about the
same under similar conditions. There is ample evidence
reported in the literature, showing that 4-piperidinols
and 4-piperidinones behave like cyclohexanols and
cyclohexanones, respectively. The energies of 3 and 4
then should be much higher than those of 2 and 5.
The high energy of the twist or boat form 3 is partially
offset by intramolecular hydrogen bonding, which is
impossible in 4.

Conformational analysis of the substrate does not
necessarily reveal the actual conformation responsible
for the pharmacological responses, especially in cases
where the drug receptor can also undergo conforma-

(1) For evaluation of other pharmacological effects exhibited by 1, see
(a) D. M. Gallant, M. P, Bishop, and R. Guerrero-Figueroa, Current Therap.
Res., 10, 244 (1968); and (b) A. A. Sugerman, ¢bid., 10, 533 (1968).

(2) N. M. Gabel and L. G, Abood [J. Med. Chem., 8, 616 (1965)] have
correlated the availability of the N electron pair of some piperidine com-
pounds to their anticlhiolinergic psvechotomimetic potency. However, tle
orientation of the N electron pair and, in turn, the spatial disposition of the
N substituent in all compounds discussed in this work are not considered

here.
(3) C. Y. Chen and R. J. W. Le Fevre, Tetrahedron Lett., 4057 (1965).
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tional changes. In this case, the energy of the sub-
strate-receptor complex should be considered. There-
fore, a thermodynamically slightly less stable conforma-
tion of a substrate may have a better fit to the receptor,
so that a complex of lower energy (compared with a
complex formed by the substrate in a thermodynami-
cally more stable conformation and the receptorin a less
favorable conformation) is formed, and in turn greater
response or potency results. Since 1 is tested in intact
animals, we know nothing about the nature of the
receptor site or about the drug-receptor complex. It
is impossible to conclude whether 2 or § is the active
form, although 3 and 4 may be excluded on the ground
of their high energy levels.*

Four analogs of 1 have been synthesized and tested
in mice. Compounds 6, 7, and 9 were prepared by
N-alkylation of norpseudotropine (10), nortropine (11),
and 3-ethylamino-1l-propanol (12), respectively, with
the chloride 13 (Scheme I). Compound 7 was obtained
in two crystalline forms, which gave identical infrared
spectra in CHCl;. The higher melting form was used
in animal tests. Compound 8 was synthesized as shown
in Scheme II. Tropinone hydrobromide (14) was con-
verted to the dioxolane derivative 15, which was
demethylated to 3,3-ethylenedioxytropane (16). N-
Alkylation of 16 gave 8.

The configuration of C-3 and the conformations of
tropine and pseudotropine derivatives have been well
established.® In both series the piperidine ring exists
in the chair form. Hence, if the boat and the twist
forms are excluded for consideration on the ground of
their high energies, it is most likely that 6 and 7 react
with the receptor sites in the conformations show,
which possess an axial and an equatorial hydroxyl
group, respectively. In 8, there is an axial as well as an
equatorial oxygen function at C-3; both of these are
incorporated in an ether function rather than existing
as hydroxyl group. Compound 9 is the 3,4-seco analog
of 1 and the ethyl and 3-hydroxypropyl substituents on
the nitrogen atom can assume whatever conformation
the piperidine ring of 1 may have.

The minimal effective dose (MED) for some CNS
activities of 1 and 6-9 are given in Table I. The per-

(4) Assuming N-substituted 4-piperidinols behave like cyclohexanol, tle
energy difference between the twist form 4 and the chair form 2 would be
approximately 5.9 keal/mol. For a discussion of the chair and flexible forms
of cyclohexane, see E. L. Eliel, N. L. Allinger, 8. J. Angyal, and G. A. Morri-
son, "Conformational Analysis,” John Wiley and Sons, Ine., New York,
N. Y., 1965, pp 36—42.

() G.Fodor, Alkaloids, 6, 145 (1960); 9, 269 (1967); also see A, Sinnema,
L. Maat, A. J. Van Der Gugten, and H. C. Beyerman, Rec. Trav. Chim., 87,
1027 (1968).
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tinent data of haloperidol (17) and wrifluperidol (18) are
also given for comparison.
Of the two tests, musele relaxation is more sensitive
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and thus gives a better indication of the C'NS auctivity
of the compouuds. Compounds 6-8 possess aubout the
same behavior depression poteucy. However, the
musele relaxation test definitely shows the potency
order: 7 > 8 > 6. These results suggest that 5 ix the
conformation responsible for the CNS activities of 1.
This is borne out by the activities of 17 and 18. In the
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moleules of these two compounds, the ~ubstituted
phenyl rings have the preference of oecupying the
equatorial disposition, foreing the hydroxyvl group to
assume the axial position.t

The markedly reduced activities of 6-8 seem to be
associated with the ethylene bridge of the tropane ring.
If both the N and the O atoms are involved in binding
the reeeptor and/or in causing the pharmacological
response, it becomes evident that the etlivlene bridge
seems to prevent this to some extent. The low aetivi-
ties of 9 in both tests indieate that the N substituents
poorly mimic the pharmacological conforination of the
piperidine ring of 1.

Experimental Section®

N-.Alkylation. General Procedure.—Compounds 6-9 were
syuthesized by this general method (see Table I1). A wixtnre
of the amine (20-25 mmol), 4-chloro-4’-flnorobutyrophenone
(13, 30 mmol), anhydraus KoCOy (5-10 g3, and PhiMe (30-50 ml)
waz vefluxed overnight. The hot reaction mixture wuax filtered
and the filtrale was evaporated in racno.  The residue wis
fractionated on  kngelrohr 10 rvemave  the  by-praduer  p-
fluorobenzoyleyclopropane and any nureacted =iarting amine.
The produers were obtained ax higher boiling fractions.  The
liquid prodiets were purified by repeated kugelrohr distillation,
and the solid materials by recrystallizing from appropriate
golvents.

Compound 7 was obtained iu two crystalline {forms. The
pracedure of obtaining them is described below.

4’-Fluoro-4-nortropinobutyrophenone (7).-~A uuxiure ul
uortropine (11, 3.1% g, 25 muol), chioride 13 (5.6 g, 25 nunall,
anthydrous K;CO; (7 g), and Ph e (30 ml) was refluxed overnight
and filtered. Ivaporation of the filtrate afforded an oil (8 g),
which was kugelrohr distilled at 0.001 mm. A mixture (1.7 g}
of p-fluorobenzoyleyclopropane and unreacted 11 was collected
at 100° (air bath) aud the produet al 140° (air bath) (5.5 g, 67
vield), The prduet thus ubiained wax redisiilled nnder the

16) 10 AL Hhrsel in Topies in Sereochemistry  Volo 1, N. Lo Allinger
aud E. L. Kliel, Kil., [nterscienve Pulilishers. Ime., New York, N. Y.. 1967,
pp 207, 209-231, Conformativnal energy “best valies™: Celde, 3.0; OU
a.52 vaprotic sohvenls] amd O.87 keal mul thydragen slonor sabvents.

17y Moehing pedns weee deaearntined vna U honas=1hoyee Unimel and aee
nmeorrected.  Mivrbanalyses were condacted by ol Aldriel Analyiical
Divigion bn an F and M Mulel 185 CHN analyzer. Yields of products
were basell on results nf one single reactian. N artempt was maile 1 vl
1aill maximum yields.
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Yieid, Kugelrohr
Compd % Mp, °C distn,* °C (mm) np (°C) Formula
6 72 86.0-87.5 C:H»FNO,
6 67 Two forms: 5861, 81.5-83.0 CrH»uFNO,
8 55 110-120 1.5366 (20) Ci1sHuFNO;
(1 X 1073)
9 51 117 (7 X 107%) 1.5345 (23.5) Ci;:HxFNO.
« Temperatures given are those of the air bath, at which the materials were collected.
same conditions. A small syrupy fraction was collected at 140°, TaBLE

which solidified upon standing. It was recrystallized from CeHe—
petroleum ether (bp 30-60°) as white, file prismatic needles,
mp 58-61°. The second fraction was collected at 155° and re-
crystallized twice from Cg¢Hg—petroleum ether as prismatic
granules, mp 81.5-83.0°. The ir spectra of the two substances in
solid state (Nujol mull) were markedly different, but were super-
imposable in solution (CHCl;): 2.9 (broad), 3.4, 5.95, 11.98 p.

3,3.Ethylenedioxytropane (15).—A mixture of tropinoue
hydrobromide (14, 30 g, 0.136 mol), ethylene glycol (17.5 g),
and PhMe (150 ml) was stirred and refluxed for 47 hr, while
water plus the glycol (7 ml) was collected in a Barrett trap.
After cooling, the organic layer was decanted, and the black
tarry substance was disgolved in 2 .V KOH (100 ml) and con-
tinuously extracted with Et,0O (250 ml) for 6 hr. The Et,O
extract and the PhMe layer were combined, dried, and evaporated
in vacuo, giving the crude product as a dark liquid (31 g). Two
kugelrohr distillations afforded the pure product as a colorless
liquid, collected at 43-50° (air-bath temperature) and 0.02 mm,
n®p 1.4936. Anal. (C,tHZNO,) C, H, N.

3,3-Ethylenedioxynortropane (16).—To a mixture of 15 (9.2
g, 50 mmol), NaOH (20 g), and H;O (80 ml), which was cooled
to —10° was added a warm aqueous solution of K;Fe(CN)g
[98.8 g, 0.3 mol, in HyO (170 ml)] at a rate to maintain the re-
action mixture at +=3° with efficient stirring. The addition
required 60 min. After stirring at room temperature for 43 hr,
the mixture was continuously extracted with Et,0 (250 ml) for
72 hr. The Et;0 extract was stirred with KOH pellets for 2 hr,
filtered through Celite, and evaporated in wvacuo. Kugelrohr
distillation of the red liquid residue (8 g) gave the produet (7 g,
839 yield), collected at 35-40° (0.002 mm). An analytical sam-
ple was obtained by redistillation on kugelrohr, as a colorless
liguid, collected at 105-110° (5 mm), n'®3p 1.5033. Anal.
(CHNOg) C, Hy N,

Acknowledgments.—The authors are indebted to the
Pharmacology Department of the Bristol Research
Laboratories, Syracuse, N. Y., for the biological tests.

Synthesis of Compounds with Potential
Central Nervous System Stimulant Activity. I
2-Amino-2-oxazolin-4-one-5-spirocycloalkanes
and

2-Amine-2-oxazolin-4-one-3-spiro(4’-piperidines)

M. R. Harnpex and R. R, RasMussuN

Organic Chenvstry Departinent, Research Division,
Abbott Laboratories, North Chicago, [llinois 6006/

Received April 4, 1969

The known activity of many 2-amino-2-oxazolines!?
and 2-amino-2-oxazolii-4-ones*—5 as CNS stimulants

(1) G. I. Poos, J. R. Carson, J. D. Rosenau, A. P. Roszkowski, N. M.
Kelley, and J. MeCowin, J. Med, Chem., 6, 266 (1963).

12) Lab. Dansse, Freneh Palenl 1,426,080 (1966).

(3) L. Selimidt, Arzneimittel-Forsch., 6, 423 (1956).

(4) H. Najer and R. Giudicelli, Bull. Soc. Chim. France, 1231 (1961).

(3) C. F. Howell, N. Q. Quinones, and R. A. Hardy, Jr., J. Org. Chem.,
27, 1679 (1962).

Min dose causing signif
ine in spont motor act.,

mg/kg Approx LD,
Compd® Ip Oral Ip
Pemoliue 10 10 500
1h 50 0 300
1j 50 100 750
3a 100 200 >1000

919

Analyses
C, H,N
C, H,N
C, H,N

¢, H,N

mg/kg

Oral
500
300
750
>1000

¢ Administered as a 29, suspension in 0.3 trajacanth.
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215-220

220-225

248-253

262-266

272-277
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278-282
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261-266
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248-268

¢ All compounds melted with decomposition,
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