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p-fluorobenzonitrile in 50 ml of THF, and then refluxed for 12
hr. The cooled mixt was decompd with ag NH,Cl and extd with
Et,;0. The E{;0 =oin was extd with cold 1 N HCl. The aq
exts were washed with Et.0, made strongly alk with solid K,COs,
and extd with Et:0. The exts were washed with H:0, dried
(K:CO3), and added to a soln of maleic acid in Et;0. The ppt
which formed was filtered, washed with E(,0, and recrystd from
CHCl3-Et20 to provide 1.45 g (1797) of 24 as white needles, mp
143-144°.

Synthesis and Analgetic Activity of
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The 1.5-methano-3-methyl-1,2,3.4,5,6-hexahydro-3-
benzazocines described in Table 1 were prepared as
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nicotinate® and subsequent recovery of the bases gave
a mixture of the cis- and trans-nipecotic esters which
were separated as their acid maleate and acid fumarate
salts, resp. Their probable configurations were as-
signed by equilibrating each ester with NaOMe,
This procedure gave a 7:3 mixture of esters and the cis
diequatorial form was considered to be the favored
configuration.* Each of the isomeric nipecotic acids
was cyclized by polyphosphoric acid to the 6-oxo compd
1 (Table I) in excellent yield. The latter was converted
to the compds described by procedures given in the
Experimental Section.,

The reduction of 1 either catalytically or with LAH
gave the cis aleohol 4 which was readily isomerized to
the trans alecohol 5 by MsOH. The configurations of
these compds were assigned from the coupling constants
of the benzylic proton at position 6. The configu-
rations of alcohols 9 and 11 are unknown, but, since all
attempts to acetylate 9 failed, its Ph group is probably
trans to the bridge; the form in which the OH group
is most hindered.

Pharmacology.—Behavioral, neurologic, and auto-
nomic actions were assessed in preliminary dose-
ranging studies in mice using the method of Irwin.?

Groups of 3 mice were treated orally with the compd

TanLe 1

1,5-METHANO-3-METHYL-1,2,3,4,3,6-HEX AHYDRO-3-BENZAZOCINES

No. R R1 Salt?
1 Qd
2 Q4 HCl
3 H He HCI
4 H OH/.ek
5 OH H+
6 H C.H,CO0O*
7 H C.H,CO0 HCl
s C,H,CO0 Hii HCI
9 Cell; OH*K M
10 Celi; H HCi
11 Cell,CH, OlI1x.m HCl
12 CGH)CIIZ OACk
e M = acid malente.

C, H, and N for all compounds listed.
173°.
6.5 Hz.

4R 4+ Rt = 0.
7 Prepd by LAH reduction of 1 in Et,0.
i Nmr JugH; = 0 1z

possible analgetics and because compound 3 was
desired for comparison with an amine of unknown
structure obtained from another project. To our
knowledge the 1,3-dimethyl,! the 1,3-dimethyl-11-0x0,!
and the 2.6-dioxo? derivatives are the only published
examples of this ring system. No pharmacological
studies on these compds have been reported.

In the present synthetic scheme, hydrogenation of
the methyl tosylate quaternary of methyl 5-phenyl-

(1) K. Mitsuhashi, 8. Shiotani, R. Oh-uchi, and K. Shiraki, Chem. Pharm.
Bull., 17, 434 (1969).

(2) R. Hill, C. Glassick, and L. Fliedner, J. Amer. Chem. Soc., 81, 737
(1959).

* A, CH;CN; I, EtOH; KA, EtOAc; I, hexane: 1, -Pr,O.

N—CH3
“H
Crystn,? Yield,
Mp, °C solvent % Formula®
61-63 H 87 CisHi:NO
253-256 E-EA C3:HisCINO
243-245 E-EA 39 Ci:HisCIN
78-S0 I 80 Ci;;HzNO
88-89 H 75 Ci:HiNO
83-87 1 60 CisHaNO,
211-212 A CiH,y:CINO,
199-201 E-TKA 35 CisHCIN O,
180-181 I 75 Cysly:NO;
278-280 A-I C1oHaCIN
246-245 E 38 CyoHCINO
134-135H E-1 Cy:Hy;NO,

¢ Analytical results were within 049, for

¢ Base prepd fromn 1 by Wolf-Kishuer reduction in diethylene glycol 5 hr at
¢ Prepd by reduction of 1 with Pt in AcOH contg NHOAc, yield 60%.
J Prepd from 5 as described for 6.
The free base formed eryst solvates with 10t:0, FEtOAc, and with MeCYN all inelting at 90-120°.

ENmMr JHgH; =
¥ Configuration unknown. ¢ Prepd from 1 and PhLi in It,0.
m Prepd from 1 and PhMgCl in Et,0.

dissolved or suspended in 0.4 ml of a 0.5% carboxy-
methyleellulose vehicle/20-g mouse, and a dose of 100
mg/kg was used for primary screening.

Analgetic activity was determined by the ability of
the compds to alter the nociceptive response to pinching
the tail with a forcep® in the initial dose-ranging studies,

(3) M. Julia, H. Pinhas, and J. Ingolen, Bull. Soc. Chim. Fr., 2387 (1966).

(4) G. Settimj, M. Carani, F. Gatta, and S. Chiavarelli, Gazz. Chim. Ital.,
100, 703 (1970), have shown this to be the case swith 3,5-diphenyl-4-piperi-
dones.

(5) 8. Irwin, ""Clinical Pharmacological Techniques,”” J. H. Nodine and
P. 8. Siegler, Ed., Yearbook Medical Publishers, Inc., Chicago, Ill., 1964,
Chapter 4.

(6) C. Bianchi and J. Francheschini, Brit. J. Pharmacol., 9, 280 (1954).
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and also by their ability to block the stretching re-
sponse provoked by the administration of 10 ml/kg of
0.69, AcOH, a modification’ of the method of Hender-
shot and Forsaith.! 1In this test a dose equivalent to
one-third the neurotoxic dose, or a maximum of 100
mg/kg, served for the initial screening in groups of 5
mice.

None of the compds tested (the isomeric nipecotic
esters and the compds in Table I) altered the tail-pinch
response or had behavioral effects of interest. Compds
3, 9, and 12 produced clonic convulsions at 100 mg/kg
but only 3 caused deaths. In the AcOH test only 10
reduced the incidence of stretching by more than 509
at 30 mg/kg. Its EDg, 5.0 mg/kg was unaltered by
the simultaneous treatment with the narcotic antago-
nist naloxone and indicated potential nonnarcotic anal-
getic activity. The ED;, for codeine in this test is

5 mg/kg.
ScHEME T
POCIJ Ph—CCHO
PhCH,COOH —— —_
I HCN(CH,),
I
N
H
m v
Ph_~ N Ph COOCH,
1 1. MeOH-HCI 1 Hy/Pt
# 2. MeOTs 2. HCI-H,0
5 i II\T: Ts ' :
CH,
Vi
Ph COOH
D —
1
CH;,
vii 1

Experimental Section

Meilting points were taken on a Thomas-Hoover eapillary
melting point apparatus and are uncor. Ir spectra aud nmr
spectra taken ou a Varian A-60 (TMS in CDCly) were consistent
for the proposed structures and data are given ouly when used
for the assignment of configuration. All compds were analyzed
for C, H, and N and gave results within 20.49/ of the theoretical
value.

3-Carbomethoxy-1-methyl-5-phenylpyridinium p-Toluene-
sulfonate,.—Methyl 5-phenylnicotinate (21.3 g, 0.1 mole) and
19.6 (0.105 mole) of methyl p-toluenesulfonate were heated with
stirring on a steam bath for 1 hr. The reaction, once initiated,
was vigorons and larger runs were not made. The product from
3 runs it 300 ml of hot EtOH was dild to 1 1. with EtOAc and
gave 75.1 g of crystals, mp 140-142°. The residue from the
cotrenr of the mother lignor ¢n vacuo when dissolved in 125 mi
of EtOH aud dild with 500 ml of EtOAc¢ gave 29.1 g of erystals,
mp 162-165°. A sample recrystd from the same solvents melted
at 167-168.5. The lower-melting first crop also melted at 167-
169° when recrystd. Anal. (CuHyNO,S).

(7) R. Taber, D. Greenhouse, J. Rendell, and 8. Irwin, J. Pharmacol.
Ezxp. Ther., 169, 29 (1969).

(8) L. Hendershot and S. Forsaith, ib1d., 128, 237 (1959).
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Methyl 1-Methyl-5-phenylnipecotate.—The above quaternury
salt, 20 g in 250 ml of EtOH, was hydrogenated with 0.4 g of
PtO: and hydrogen at 4.2 kg/em.2 The reaction was stopped
when the caled amonut of Hr was absorbed and the catalyst and
solvent were removed. The base, recovered with excess Na.CO,
and E,0, was distd, bp 125-128° (1 mm). Integration of the
NCH; protons of its bmr spectrom indicated it was n 5545 mixt
of the cis and traus forms; NCH; protons; eis s, § 2.35; trans s,
§ 2,258 OCHj;: cis s 6 3.66; transs, § 3.72.  Anal. (CuH)NOJ).

trans-Methyl 1-Methyl-5-phenylnipecotate Fumarate.—The
cis—trans mixt of esters (26 g) and 13.5 g of fumaric acid were
dissolved in 10 mi of EtOH and dild while hot with 100 ml of hot
EtOAc. Cooling gave crystals which were filtered, washed with
Et1OAe, and rearystd from MeCN. The yield was 11.1 g, mp
]-)2—1-'-)40. .‘1 nal. (013}I23x06>.

cis-Methyl 1-Methyl-5-phenyinipecotate Maleate.--The 16.41 g
of base recovered from the EtOAc liquors above and 8.5 g of
maleic¢ acid were dissolved i1 125 ml of tOAce and kept over-
night. The crystals were filtered, washed, and reerystd from
EtOAc, yield 12.2 g, mp 108-110°. A nal. (C)sHaaN Q).

trans-1-Methyl-5-phenylnipecotic Acid- HCl,—The ester re-
covered from the frans-fumarate above was refluxed with excess
4 N 1ICI for 3 hr and coned to dryvess in racuo. The salt wns
erystd from IStOH by dilg the hot solnt with EtOAc. Tt melted
at 2]6—2180 .‘1 nal. (CmHmClNOz).

cis-1-Methyl-5-phenyinipecotic Acid:- HCl.---The ¢is ester was
hydrolyzed as above, mp 222-224°. Anal. (C)3H;sCINOy).

1,5-Methano-3-methyl-6-o0xo0-1,2,3,4,5,6-hexahydro-3-benzazo-
cine (1).—trans-Nipecotie acid-HCl (10 g) in 410 g of poly-
phosphoric acid was stirred and heated at 145-153° for 4 hr.
The cooled mixt was poured onto ice and .0, basified with
KOTI, and extd with IitzO. The solvent was distd, and the
residie was crystd from hexane; yield 6.85 g (87¢7). The yield
from the conespondmg ¢is componnd was 906

{rans-6-Hydroxy-1,5-methano-3-methyl-1 ,2,3,4,5,6-hexahydro-
3-benzazocine (5).-- The correspouding cis compd 4 (5 g) was
stirred with 73 ml of MsOH in an ice bath nntil it dissolved then
for 1.5 hr at room temp. The =oln was ponred omnto ice, basified
with NaOH, and extd with Et.0. The dried (Ix,CO;) ext was
filtered and evapd, and the residne wax triturated with petr
ether and filtered.

cis-1,5-Methano-3-methyl-6-propionoxy-1,2,3,4,5,6-hexahy-
dro-3-benzazocine (6),—A soli of 2.5 g of 4 v 30 ml of (EtCO),0
and 2 drops of pyridine was refluxed for 3 hr. The excess re-
actauts were removed n vacuo, and the residue was dissolved in
Et;0 and stirred with dil Nal{CO; nnitil free of anhydride. The
dried (K+CO;) solu was filtered and evapd.
6-Hydroxy-1,5-methano-3-methyl-6-phenyi-1,2,3,4,5,6-hexa-
hydro-3-benzazocine Maleate (9).—Phl.i prepd from 15.8 g
(0.1 mole) of PhBr and 1.5 g of Li shot i1 200 ml of Et.0 was
filtered nuder N: and 10.0 g (0.05 mole) of 1 in 125 ml of .0 wax
added. The mixt was refluxed with stirring for 4 hr, cooled,
and decompd with 150 ml of 109 NH,Cl  Addul Et,0 was
added to dissolve pptd produet, and the Ets) was sepd aud
evapd. The product 14.5 g was an etherate, mp 90-120°, aud no
solvent snitable for itx cry=tn was found. It was pnrified as the
acid maleate.
1,5-Methano-3-methyl-6-phenyl-1,2,3,4,5,6-hexahydro-3-
benzazocine- HCI (10).—Compd 9 (4 g), 2 g of red P, and 4 ml of
17¢7 HT in 50 mi of AcOII were refluxed iu an oil bath for 2 hr.
The hot mixt wax filtered, poured into 11,0, basified, and extd
with I£t,0.  The dried soln (I$GC0O3) was filtered and treated with
dry 1ICL
6-Acetoxy-6-benzyl-1,5-methano-3-methyi-1,23,4,5,6-hexa-
hydro-3-benzazocine (12).—The (irignard reagent from 2.05 g
of Mg aud 3.9 ml of PhCH,Cl in 80 ml of Et.0) was decanted
from excess Mg and 4 g of 1 i1 50 ml of t,0 was added. After
stirring at room temp for 6 hr, 20 ml of Ac;O was added dropwise
mnder refinx and lheating was coutd for 1 hr. The mixt wax
stirred at room temp overnight and ponred onto 100z NaOH at 0°.
More Et:0 was added, aud the combined 11t.0 and emnlsion lay-
ers were sepd from H,O and extd with excess 1 N 11Cl.  Recovery
of the product with cold dil alkali and Cslis again gave an emul-
sion which was broken by the dropwise addn of AcOH to pH 8.
The dried (K,CO;) soln, filtered, aud evapd, left 4.5 of yellow oil
which was a mixt of the aleohol and ester. It was chromato-
graphed ou 125 g of silica gel in CHCI; and eluted with CHCl; to
yield 1.3 g of prodnet.

Equilibration of c¢is- and {rans-Methyl 1-Methyl-5-phenyi-

nipecotates.—The ester (2.1 g, 0.01 mole) was refluxed nunder N,
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with 0.5 g of NaOMe in 50 ml of MeOH for 24 hr. The solvent
was removed in vacuo, and the esters were recovered with Et,O
and cold H,0).
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Sydnonimines chemically resemble the sydnones
(mesoionic heterocycles). There are reports on anti-
tumor,! antiinflammatory,? and spasmolytic® activity
of some sydnonimines and on the stimulation of the
CNS* and the inhibition® of MAO activity by some
sydnones. We describe the synthesis of some new 3-
and 4-substituted alkyl, aryl, and aralkyl derivatives
of sydnonimines, prompted by our previous observa-
tions®? on the marked ability of 3-substituted sydnoni-
mines to inhibit reversibly MAO, to stimulate the
CNS, and to cause peripheral sympathomimetic ef-
fects.

Enzyme Results.—Increase in the length of the side
chain of 3-alkylsydnonimines (I, IV, V, VI; Table I)
increased the degree of inhibition of deamination of
tyramine and 5-HT <n witro. Compds that show a
higher affinity toward the active sites of MAO than
the 3-alkylsydnonimines were obtained by substitution
of alkyls in position 3 of sydnonimines for cyclohexyl,
aryl, and aralkyl radicals. Inhibitory effects of
3-phenethyl- and 3-(8-phenylisopropyl)sydnonimines
on the deamination of tyramine and 5-HT were com-
parable with the effect of iproniazid which inhibits
deamination of tyramine and 5-HT to the same degree?
(Is, = 3 X 107® M, preincubation with rat liver mito-
chondria for 60 min). Decrease in the effect on MAO
of 3-aralkylsydnonimines was observed when “heavier”
substituents were introduced in position 3 (XVI, XVII)
or when Me or Ph groups were introduced in position
4 of sydnonimines (X, XIV, XV; Table I).

In vivo, XIII (60 mg/kg—a dose which was not
lethal for rats) inhibited by 27-389, deamination of
tyramine, 5-HT, and dopamine in rat liver homogenate
(in brain homogenate only deamination of tyramine

(1) V. A. Chernov and V. G. Yashunskii, Dokl. Akad. Nauk SSSR, 188,
216 (1964).

(2) H. Daeniker and J. Druey, Helv. Chim. Acta, 45, 2426 (1962).

(3) P. Oehme, E. Gores, K. Schwarz, G, Petsch, H. Faulhaber, and P.
Lange, Acta Biol. Med. Ger., 14, 369 (1965).

(4) L. Kier, L. Fox, D. Dhawan, and I. Waters, Nature (London), 186,
817 (1962).

(56) . Cameron and E, Wiseman, J. Med. Chem., 11, 820 (1968).

(6) L. E. Kholodov, I. F. Tistchenkova, R. A. Altshuler, V. G. Yachun-
skii, and M. D. Mashkovskii, Khim. Farm. Zh., 8, 3 (1969).

(7) V. G. Yashunskii, M. D. Mashkovskii, V. Z. Gorkin, L. E. Kholodov,
R. A, Altshuler, A. I. Polezhaeva, and I. V. Veryovkina, Pharmacol. Tozicol.,
38, 297 (1970).

(8) A. Chodera, V. Z. Gorkin, and L. I. Gridneva, Acta Biol. Med. Ger.,
13,101 (1964),
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was inhibited by 25-35%,) within 1.5-2 hr after a single
iv injection. At pharmacologically effective lower
doses (20-40 mg/kg) XIII did not inhibit MAO signifi-
cantly.

Within 2 hr after an iv injection of XIII (60 mg/kg)
into rats its conen in 509, liver homogenates, as shown
by polarographic analysis, was about 2 X 10—* 3{. In
samples used for estimation of the effect on deamination
of tyramine by liver homogenates the final concen of the
compd was about 1 X 107° M. The activity of MAO
in these samples was decreased by about 309%. A
quantitatively similar inhibitory effect was caused by
addn of XIII to a final conen of about 1 X 10—5 M to
control samples. These data suggest that under our
experimental conditions the inhibition of MAO ac-
tivity was caused by the molecule of 3-(8-phenyliso-
propyl)sydnonimine but not by produects of its metab-
olism.

Pharmacology.—Compds inhibiting MAO poten-
tiate® ! central effects of tryptamine, 5-hydroxytryp-
tophan (5-HTP), and phenethylamine (PEA). Simi-
lar effects were caused also by some derivatives of
sydnonimine, especially by 3-cyclohexyl-, 3-phenethyl-
and 3-(B-phenylisopropyl)sydnonimine. These compds
increased the convulsive effect of 5-HTP and revealed
the amphetamine-like effect of PEA. Potentiation of
the effects of tyramine was manifested mainly in charac-
teristic carriage of rats (“the kangaroo posture”’) and
intensification of dvspnoea, Tremcr of head and fore-
paws was observed only in some cases.

3-Cyclohexyl- or 3-phenylalkylsydnonimines mark-
edly influenced the behavior of animals. After ad-
ministration of VII, IX, XII, and XIII into mice a
weak transitory excitation and then inhibition of motor
activity accompanied by auditory and sensory hyper-
reflexia took place. In rats not only an increase in re-
flex excitability but also signs of aggressiveness and
phenomena of stereotypy resembling those of the
amphetamine-induced stereotypy!? were noted. The
most distinet changes in behavior were caused by
3-(8-phenylisopropyl)sydnonimine.

Most of the sydnonimines studied possessed periph-
eral sympathomimetic activity. Most distinct and
reproducible increases in blood pressure (15-30 mm)
were caused by 3-benzyl- and 3-phenethylsydnonimines,
while exophthalmia and piloerection in rats were
caused by 3-(8-phenylisopropyl)sydnonimine. 3-Ar-
alkylsydnonimines, also increased the pressor effect of
norepinephrine. Most of the sydnonimines, after a
single administration into mice, exhibited a relatively
low toxicity.

Further pharmacological studies of 3-(8-phenyliso-
propyl)sydnonimine confirmed its marked CNS-stim-
ulatory effect. In cats this compd (5-10 mg/kg, sc)
caused alertness, fearfulness, sharp increase in reflex
excitability, reaction of activation on EEG, and im-
provement in cortical response to functional tests; in
mice it (20-23 mg/kg, sc) prevented sedative and hy-
pothermic effects of reserpine (2 mg/kg, ip); in rats it
(2-5 mg/kg, ip) decreased the latent period of condi-

(9) P. Mantogazza and M. Riva, J. Pharm. Pharmacol., 18, 472 (1963).

(10) D. Tedeschi, R. Tedeschi, and E. Fellows, J. Pharmacol., 126, 223
(I?T?; S. Corne, R. Pickering, and B. Werner, Brit. J. Pharmacol., 20, 106
(1963).

(12) A. Randrup, J. Munkvad, and E. Usdin, Acta Pharmacol. Tozicol.,
20, 145 (1963).



