764 G. CraNarELLA, E. OcciLLr, G, CrISTIANT, L. Papuano, axp 1. TEsta

Bicyclic Homologs of Piperazine. VI.!

Vol, 6

Synthesis and Analgesic Activity of

3-Substituted 8-Propionyl-3,8-diazabicyclo[3.2.1Joctanes

(r10rG10 CIGNARELLA, EMILIO OCCELLL, GIANFRANCO CRISTIANG, LILIy PanvaNo, axp KMo Testa

Laboratories of Lepetit S.p.c\., Miluno, Jtaly

Received June 21, 1967

With the aim of enhancing the analgesic activity of 3-methyl-S-propionyl-3,5-diazabieyclo[3.2.1]octane (1),

the methyl group of 1 was substituted by a number of alkyl and aralkyl groups.

3-Cinnamyl-8-propiony-3,8-

dinzabicyclo[3.2.1]octane showed an analgesic potency approximately 25-fold that of T and 10-fold that of

morphine hydrochloride.

The discovery of analgesic activity in 3-methyl-8-
propionyl-3,8-diazabicyclo[3.2.1Joctane! (I) led us to
synthesize a number of analogs with the aim of defining
the structure-activity relationships in the series and
possibly improving the activity of compound I. In
a previous paper! we described a series of derivatives
whete the 8-propionyl group of I was replaced by other
acyl or carbalkoxy groups. Preliminary pharmaco-
logical tests showed that all those analogs were less
active as analgesics than I, thus suggesting that any
modification on the propionyl group was unfavorable
for the analgesic activity. In this paper we report the
synthesis of a number of compounds where the modi-
fication concerns the 3-methyl group, together with
preliminary pharmacological data. The choice of the
J-substituent was effected taking into account similar
studies conecerning the substitution of the methyl group
bonded to the nitrogen in well known analgesics like
morphine? and meperidine.?

Chemistry.—To obtain most of the compounds listed
i Table I, 8-propionyl-3,8-diazabicyelo[3.2.17octane
(IT) was employed as starting material. Tt was pre-
pare’l by acylation with the propionic anhydride of
3-benzyl-3,8-diazabieyclo[3.2.1]Joctane? to 3-benzyl-8-
propionyl-3,8-diazabicyclo[3.2.1] octane (IX) and by
atalytic removal of the benzyl group. Treatment of
[T with various alkyl or aralkyl halides yielded com-
pounds IIT-VII, IX, X, XII, and XIV by a general
procedure  deseribed i the Experimental sectioir.
Compound VIII (R = CsH;) was obtained in the
fo'lowing way. Catalytic hydrogenolysis of 3-phen-
vI-8~carbobenzyloxy-3,8-diazabicyclo [3.2.1 Joctane-2 4-
dione®  gave  3-phenyl-3,8-diazabicyclo{3.2.1]octane-
2 4-dione (XXI). Reduction of XXI with lithium
aluminum hydride in ether vielded, besides 3-phenyl-
3.8-diazabicyclo[3.2.1]Joctane  (XXII), 2-hydroxy-
methyl->-phenylaminomethylpyrrolidine (XXIII) by
cleavage of the imidie ring. Acylation of XXII with
propionic anhydride gave the desired VITI.  Compound
NI [R = (CH.);3CsHs] was prepared by catalytice
reduction of XII (R = CH,CH=CHC¢H;). Con-
densation of 1T with ethylene oxide in methanol yielded
the 3-(3-hydroxyethyl) derivative XV from which

11 Paper Vi Gl Cignarella, I Oceelli, G Maffii, and E. Testa, J. Med.
Clen., 6, 385 (1963).

(20 (0 F AL Fryoand B, Lo Magy, J. Org. Chem., 24, 116 (1959); (b) E. L,
NMuay, ihdd., 21, 899 (14563 (¢) AL Grissner, J. Hellerbach, and O. Schnider,

el Chim, Acta, 40, 1232 (1957).
31 () I DL Perrine and N B. Iiddy, J. Org, Chem., 81, 125 (1836); (b
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XVI (R = CH.CH.OCOC:H,NHzp) was synthesized
by condensation with p-nitrobenzoyl chloride, followed
by catalytic reduction of the nitro group. Reaction of
XV with thionyl chloride gave XVII (R = CH,CH,Cl)
which was allowed to react with the appropriate amines
to give compounds XVIII [R = CH,CH,N(C,Hs):]
and XIX (R = CH.CH,NHCH;). Condensation of
I with s-dimethylaminopropiophenone® by a described
procedure’ led to XIII (R = CH,CH.COCiH;). Ii-
nally, compound XX (R = COC,H;) was prepared by
coudensation of IT with propionic anhydride.
Pharmacology. Analgesic Action and Toxicity
(Table II).—CY¥ 1 Mice, weighing 22-25 g., and male
CI" Wistar rats, weighing 180-200 g., were used. The
analgesic activity was evaluated through the changes
in pain threshold according to the method of Randall and
Selitto.®  The average duration of setion is also indi-
cated. Compound XII (R = CyH,CH=CHCH,) is
the most active of this series and shows an analgesic
potency approximately tenfold that of morphine.
Slightly less active appear conpounds XIII (R =
CeH;COCHCHy and XI (R = CH;CH,CH,CIT)
which, econversely, show a lower acute toxicity than
XII.  All the other derivatives of this group do not
show g significant analgesic action. In the compounds
tested the rapid onset and the short duration of action
are noteworthy. Acute toxicity was evaluated in mice
by intraperitoneal administration. It may be noted
that the L.Ds; of XII is at least 200 times higher than
the dose able to iucrease the pain threshold by 100¢;.
In analogy to the known nareotice analgesies, sublethal
doses of the active compounds produce exeitation,
sterotyped movements, and Straub-trail in mice.
Discussion.—Dreviously we demonstrated that znal-
gesie activity of 3-alkvl-3,8-diazabicvelo[3.2.1 Joctanes
(6 L Manuieh and Go Hellner, Chem. Ber., 85, 356 (1962).
{70 H. R, Snyder and J. H. Brewster, J. dm., Chem. Soc., 70, 4230 (11118},

(8 L, O, Randall and J. 1. Selitto, Areh. Intern, Pharmacodyn., 111, 104
(1037).
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TaBLE I

3-SUBSTITUTED 8-PRrOPIONYL-3,8-D1aAZABICYCLO[3.2.1]0CTANES R—N (CHy),

M.p. or b.p.

N—COC,H;

——Carbon~— —1lydrogen—~ —Nitrogen— ~—Chlorine—

Compi. R (mm.), °C. Formula Caled. Found Caled. Found Caled. Found Caled. FFound
I It 109-110 (0.4) CsHisN:20 B4.25 64.35 0.38 0.82 16.65 16.62
I Colls 83-85 (0.2) CuHznN0 67.30 67.27 10.27 10.40 14.27 14.30
Iy i-Call 100-101 (0.2) CieHzeN20 68.52 68.38 10.5%1 10.80 13.32 13.63
v n=-Calls 103-105 (0.2) CiaHau N0 69,59 69.23 10,78 10.60 12 .48 12.41
Vi CsHaC Y 135-138 (0.3) Cuis HaN20 7105 7177 1046 10.52 11 18 10,96
VI ClLC RO 145-148 (0.3) C1sHzN20 72.67 7204 10.67 1068 10.54 10.76 ... o
236-240° CiTLsN20 - TICL S o S L @31 0,07 11.78 11.64
VIl Culls 85-86 Cis HapNoO 73,73 T3.77  8.23 832 11 .46 11.61
[N CllC e 153155 (0.4) CisHarN20 74.37 719 8.38 842 10,81 10.95
X Col ORI 150-152 (0.3} CrHaN20 74.95 75.04 8.8 0.06 10.28 10.17 ... o
227-229° C17HasN20 - HCL o . o . 9,07 8.8 11.48 11,77
N1 CelICILCTLC T, 170-1727 (0.4) CisHas N20 7H.48 TH.T3 0 9,15 936 9.77  9.641
XTI CALCH=CH—CTI 170-1757(0.2) CisHau N0 76.01 76.05 8.30 8.60 4.8 4.08 RN .
XIII CHCOCHC He 185-186° Cis 2 N202- HC1 S 8.31 8.17 10.52 10.75
NIV (Cll)2CIT 143-146¢ CaaHze N0 - FICL e o o 755 715 955 9.38
XV HOCHLCHy' 161-162 (0.4) CiiHayN202 62.23 62.60 0.40  9.42 1314 12.93 . e
VI p-ILNCHCOOCHCI 154-1575F C18H 93 N305- 1IC] o R S . 11.42 11.18 9.63 9.43
XVIL C1CHCHL 134-136 (0.4 CuHisCIN:0 57.25 57.09  8$.30  8.28 12,14 12.25 15.39 15.30
214-216° CuHiCIN,0-HCL - . o .. 10048 10,31 26 53 27.01
XVIII (C2Hs)eNCHCH: 216-2187 CisH2e N30 - 2HC e S . S 120341255 20 83 20.59
XIX CallEbNHCIRCHa 191-143° CrrHasNsO» HCI - S 12,97 12079 10,94 11.20
XX C:HsCO 143-145 (0.6) CiaHeN2Co 64.25 64.02  8.¢48 9.03 12,44 12 4y o L
e Cyelopentylmethyl. * 8-Cyclopentylethvl. ¢ Recrystallized from 2-propanol. 7 Recrystallized from petroleunmi ether.  « Re-
crystallized from ethanol. 7 Distilled by Ronco technique.!s 7 Recrystallized from ethanol-ether. * Dried at 100° {n racio. ' Hy-

drogen sulfate, m.p. 146-148°,  Anal. Caled. for CiHaN06S:

depends on the nature of the 8-substituent, the pro-
pionyl group being the most favorable one. Among the
8-propionyl-3,8-diazabicyclo[3.2.1]Joctanes described in
this paper high analgesic activity is present in 3-phenyl-
propyl XI, 3-cinnamyl XII, and 3-benzoylethyl XIII
derivatives, suggesting that the greatest analgesic
activity may be related to the presence in the 3-posi-
tion of an aralkyl group, the aliphatic chain of which
consists of three unbranched carbon atoms. TUnsatura-
tion of the chain enhances the activity. Iurther in-
vestigations of pharmacological modifications induced
hy substitutions both on the aliphatic chain and on the
phenyl group are now in progress.

Experimental®

3-Benzyl-8-propionyl-3,8-diazabicyclo[3.2.1]octane  (IX).—3-
Benzyl-3,8-diazabicyvelo{3.2.1Joctanet (35 g., 0.173 mole) was
cautiously added to propionie anhydride (65 g., 0.5 mole) with
stirring and cooling. The mixture was kept at 100° for 1 hr.,
cooled, and poured into iced 209, NaOH. After stirring for 30
min. at room temperature, the oily suspension was extracted
with ether. The extract was dried over Na,SO,, the solvent
evaporated, and the residue distilled in vacuo to yield 909 of IX.

8-Propionyl-3,8-diazabicyclo[3.2.1]octane (II) was prepared by
dissolving IX (23.2 ¢., 0.09 mole) in ethanol (230 ml.) and hy-
drogenating at 60° and 30 atm. (30.9 kg./cm.2) of initial hydrogen
pressure using 10¢; palladium-on-charcoal as catalyst. The
catalyst was removed by filtration, and the filtrate was fraction-
ally distilled in vacwo.  The vield was 83%¢.

3-Alkyl-(or aralkyl -8-propionyl-3,8-diazakicyclo[3.2.1]octanes
(ITI-VII, IX, X, XII, and XIV). Intermediates.—Ethyl bromide,
isopropyl iodide, n-butyl iodide, cinnamy! chloride, and benzhy-
drvl chloride were commercially available.  Cyelopentylmethyl
bromide, ¥ 2-¢velopentylethyl bromide,!! and phenylethyl bro-
mide!2 were prepared by known procedures.

General Method.—8-Propionyl-3,8-diazabicyelo[3.2.1]octane
(IT) (0.1 mole), the required halide (0.12 mole), anhydrous potas-
sium carbonate (0.12 mole), and acetone (150 ml.) were placed

(1) Melting points and bniling points are uncorrected. Melting points
were obtained with a Bitehi capillary melting point apparatus.

(10) A, I, Plate and V. [, Stanko, 7Tzr. Akad. Nauk SSSR, Otd. Khim,
Nawk, 1472 (19538} Chlem. Abstr., 53, 8011 {1050},

(11) E. R. =hepard and J. I', Noth, J. Org. Chem., 19, 415 (1954).

(12) AL W, Dox, J. stm. Chem, Soc.. 46, 2843 (1924).

N, 0.02; &, 10.33.

Found: N, R8&87; &, 10,44

in a flask, equipped with a mechanical stirrer and a reflux con-
denser protected with a drying tube, and refluxed for 7-10 hr.
with vigorous stirring. The reaction mixture was cooled, filtered,
and the filtrate evaporated. The residue was suspended in an
excess of 1094 HCI, the unreacted halide was extracted with ether,
the aqueous layer was made alkaline with 567¢ NaOH, and the
separated oil was extracted with ether. Tle extract was dried,
the solvent was evaporated to dryvness, and the residue was
fractionally distilled or cryvstallized; vields, 43-88¢,. The low
vields obtained in the case of poorly reactive halides (VI, VII)
may be enhanced by refluxing IT (2 nioles) and the required
halide (1 mole) in benzene for 15 hr. and working up the reaction
mixture as described above. The physico-chemical properties
and analysis of the compounds obtained are summarized in TableT.

3-Phenyl-8-propionyl-3,8-diazakticyclo[3.2.1.]Joctane (VIII).
Step 1. 3-Phenyl-3,8-diazahicyclo[3.2.1]octane-2,4-dione (XXI).
—In a 3-1. flask equipped with a mechanical stirrer, an inlet and
an outlet gas tube, 3-phenyl-8-carbobenzyloxy-3,8-diazabicyclo-
[3.2.1]octane-2,4-dione® (40 g., 0.114 mole) was dissolved in 1 1.
of 959 ethanol, and the stirred mixture was hyvdrogenated in the
presence of 20 g. 104, Pd-on-charcoal at room temperature until
CO; evolution ceased (barium hydroxide test), Uptake of hy-
drogen was essentially complete after 3 hr.  The catalyst which
contained white crystals of the reaction product, was collected
by filtration, extracted with 200 ml. of boiing ethanol, and
filtered. The ethanolic solution was added to the initial filtrate
and the who'e was concentrated to a sma’l volunie.  On cooling,
18.9 g, (77%) of XXIT was obtained as white ervstals, m.p. 183-
184°,

Anal.  Caled. for CuHuN0y: C, 66.65; H, 5.39; N, 12.08.
Found: C,66.54; H, 5.54; N, 13.00.

Step 2. 3-Phenyl-3,8-diazabicyclo[3.2.1]octane (XXII).—A
suspension of 6.2 g. (6.0287 mole) of XNI in ether (200 ml.) was
added to a stirred suspension of lithium aluminum hydride
(3.27 g., 0.861 mole) in 106 ml. of ether. The reaction mixture
was refluxed for 7 hr., cooled, and cautiously decomposed with 10
ml. of water. After stirring for 1 hr. at room temperature the
inorganic salts were filtered and washed with ether, the filtrates
were collected and dried over sodium sulfate, and the solvent
was evaporated. The residue after trituration with ether gave 2
g. of a white product, m.p. 165-107°, which was identified by
microanalysis and functional analyeis as 2-hvdroxymethyl-3-
phenylaminomethylpyrrolidine (NXIIT).  The analvtical sample
was recrystallized from ether, m.p. 107-108°,

Anal.  Caled. for CHi N0 C, 69.83: 1I, 8.79:
Found: C,690.57; H,8.91: N, 13.72.

N, 1338,

(13) K. Ronco, B. Prijs, and 1I. Erlenmeyer, Helr. Chim. Acta, 39, 2088
(1957).
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‘, - LD
Dose, e rense tion of g, kol
my. ke, of pain detion i
Compd. iy threshold il CIMoOuse:
It 25 10} 300
11 25 21 90 300
IV 25 B 60 200
\ 1 36 60 S0
25 | 60
o .0 60
Vi 25 26 200
VII 3 23 200
10 60 ih
VI 25 360
IX 25 32 60 200
X 3 32 30 600
b} [ 15
N1 0.5 IN 15 100
1 Yo )
2 142 60
NI 0.1 6.5 6H0) 301
(.2 THON 60
0.1 143 |5
X111 .1 1 ISH
(0.3 TH 60
0.5 N1 30
| 330 30
XIV 10 14,2 200
XV 50 2000 1000
NVI H0 25 30 600
NVII | 36 15 20
NVIIT 5§ t 30 200
XIN ] I~ 15 100
2 16 60
XX 50 20 600
Morphine HCI 1.5 315 60 4107
3 1 IS
3 =170 120
3-Methyl-8-propio-
nyl-3,8-diazahi-
evelo[3.2.1)-
oetane” 25 327 130 282
16 130 90
5 25 Ho

" Nee ref, 14, " Nee ref. 1.

The ether-soluble fraction was distilled to yield 1.95 g, of XNX11.
b.p. 120-122° (0.5 mm.) which solidified on standing, m.p. 57-60°
(ether).

Anal. Caled. for CuHpgNye ) 76,53 H,
Found: (,76.21; H,8.72; N, 14.80,

Step 3.—Compound XXIT (1.5 g.: was added to propionic
anhydride (2 g.), and the mixture was heated at 100° for | hr.
cooled, and worked up as described for TN vield of VIII, 1.4 g.
(7250).

3-[3-Phenylpropyl|-8-propionyl-3,8-diazabicyclo[3.2.1]octane
(XI) was obtained in 85¢; vield by hydrogenating at room teni-
perature 4 g. of XITin 40 ml. of ethanol with 1 g. of 10, Pd-on-
charcoal as catalyst at a hydrogen pressure of 1.5 atm. The
theoretical amount of hydrogen (320 ml.) was absorbed in 50
min.  The eatalyst was filtered off, and the aleohol wus removed

8.067 N, 1487,

(14) A, Pinto Corrado and V. G, Longo, Aeeh, Iuterr. Pharmacodyn., 182,
255 (196710,

. Ocernu, G Cristiasg, 1.
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by concentration q oo on the stemmn bathe The residue waxs
purified by distillation.
3.'3-0x0-3-phenylpropyl|-8-propionyl-3,8-diazabicyclo 3.2.1 -
octane (XHI: hydrochloride was prepured starting from 10000
mcde s and sedbnet] X !:&mi]‘m[H'«l[}?up]\t‘l]uilt’ M.‘M]"w‘f}fm'iii(‘ it
ap

aocording

rooles e dirnethylormande 020 il crhie procedin
deseribed by Suvder and Brewsters vield, 650,

3-Hydroxyethyi-8-propionyl-3,8-cdiazabicyclol3.2.1 joctane

XV A minture of 110222 ¢, 0132 moles, ethylene oxide o 17
e 0390 mole - and 10Ol of miethunol was refluxed gently for
3 by, the sobrent was distitled md the vesidie was fractionath
distilled 1o vield 89, of XV

3~ 2.Chloroethyl -8-propionyl-3,8-diazabicyclo]3.2. 1 octane
XV - A solution of NV 761 g 00288 moles in ether $30 md
was siturated with bivdrogen ebidoride, The ether was decanted
the solid vesidue was teeated with 25l of thionyl ohdoride anid
the reaction mixtnre was refluxed gently for 3 bro Diring the
Fewting, dissolution of the XV Livdrochloride ovenrred, followedd
by oaoslow sepuration of cevstalline NV hvdroehboride, Arer
cooling, the prodinet was collested by filtration, thoraughl;
washed with dryv ether and reervstadlized from absolute ethanal:
vield, 9057, The corresponding base NV ney be isolated
by adding o coldsodinm enrbonute solution to an iec-eold aigueons
suspension of the bedrochloride, extraeting the Bhersied o
deving, snd distilling nnder redineed

whly

immediately with ether
PrOssure.

3-1 2<Diethylaminoethyl:-8-propionyl-3,8-diazabicyelo3.2.1 -
octane Dihydrochloride (XVIED).--A sojution of NVIT 2.3 «.
0.01 moler, anhyvdrous diethylamine 016 g 0.022 mole s aoed ben
cote D3l wns heated ot 1267 10 0 sealed tube for 1 hrs Ader
cooling, diethyhanine f}j\'x{!'tv('f.ful'izh‘ wes filtered, the filtrare was
evaporated o racno, and the coude residue was added o an ether
solntion of hydrogen chdoride. The criude NVITT was colleetoed
by filtration and reervstallized from ethanol ether: vield, 520,

3«(2-Anilinoethyl:-8-propionyl-3,8-diazabicyclo. 3.2.1 |octane
Hydrochloride (XIX'.~-A mixture of NVII (2.3 g0 0.01 noie
and antline (2,05 g0 0.022 moles was heated at 1067 {or 7 i
cooled, treated witio 1O mb 107, NaOH . aod extracted with ether.
The extract was dried over soditn =uliste, the solvent was evap-
orated, and the residue distilled by thie Roneo teehnigque callect-
ing the fraction 28 g boiling at 18O 190% 6.7 nun Tlis
product was added o an ether solution of hvdegen ehiloride, and
the precipitate was ervstaliized Trom isopropyt aleohol o vield
D R0, ol NTNL

3-'2-i p«Aminobenzoxy iethyl|-8-propionyl-3,8-diazabicyclo-
i3.2.1 octane Hydrochloride (XVI'. Ty u cooled and stirred
mxture of VT 0202 o0 0001 moler triethylaoeine 03 g0 0012
mole s and ether 70 mil s penitrobenzovt ehloride (222 w0 0,012
mioleor was added dropwise. The reaction mixture was stirred
for 5 e ot roon temperature, triethylonine byvdroeldoride wos
fittered off, the fltmte was evaporated, and the oty residie
without further purification. was hydrogenated o ethanol 130
mlowith 6.0 w0 of 107, Pd-on-chinreoal. ot room femperaiure
and an initial hydrogen presstire of 5 oatme The eatalvst was
ftered aned the filtrate evaporated, The viscous residuc wis
found to be nudistillble and unervstallizable. By adding & o
an other schition of ivdrogen chioride, o procipitate was oliained
which after reervztallization irom ropropyl adeohiol meltod ot
2000-21070 The anudysts of this compound agrees with the o
bvdrochloride: i was hygroscopie and rather anstabde. o
dreing at TOO7 00 1 fost b roele of HOT to vield 200007
of XV

3,8-Dipropionyl-3,8-diazabicyclo]3.2.1 ectane XX wux o
tained by heating 11 4t 100° for 2 b with o slight excess of pro-
pionie anhydride and working up the mintnre ax deseribed Yor
NIL: vield, 7%, .
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