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With the aimn of enhancing the analgesic activity of 3-methyl-S-propinnyl-3,5-diazabicycelo[3.2.1] octane (1),

the methyl gronp of T was substituted by a number of alkyl and aralkyl groups.

3-Cinnamyl-S-propionyl-3,8-

diazabicyclo[3.2.1Joctane showed an analgesic potency approximately 23-fold that of T and 10-fold that of

niorphine hydrochloride.

The discovery of analgesic activity in 3-niethyl-8-
propionyl-3,8-diazabicyelo{3.2.1 Joctane! (I) led us to
synthesize a number of analogs with the aim of defining
the strncture-activity relationships in the series and
possibly inmiproving the activity of compound I. In
a previous paper! we described a series of derivatives
where 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 analgesies than I, thus suggesting that any
modification ou the propionyl group was unfavorable
for the analgesic activity. In this paper we report the
synthesis of a number of eompounds where the modi-
fication concerns the 3-methyl group, together with
prelimiinary pharmacological data. The choice of the
H-substituent was effected taking into account similar
stuclies coneerning the substitution of the methyl group
bouded to the nitrogen in well known analgesies like
morphine? and meperidine.?

Chemistry.—To obhtaiu most of the compounds listed
in Table 1, 8-propionyl-3.8-diazabicyclo[3.2.1]octane
(1) wax employed as starting material. Tt was pre-
pare’l by acvlation with the propionic anhydride of
A-henzyl-3,8-diazabicyelo [3.2.1 ]Joctane? to 3-benzyl-8-
propionyl-3,8-diazabicyelo[3.2.1] octane (IX) and by
catalytic removal of the benzyl group. Treatment of
1 with various alkyl or aralkyl halides yielded com-
pounds -V, IX, X, XII, and XIV by a general
procedure  deseribed i the Experimental section.
Gompouund VIII (R = CgHs) was obtained in the
fo'lowing way. Catalytic hydrogenolysis of 3-phen-
vI-8-carbobenzyloxy -3 8-diazabicyelo{3.2.1]Joctane-2,4-
dione*  gave i-phenyl-3,8-diazabicyelo[3.2.1)octane-
2 4-lione (XXI). Reduetion of XXI with lithinm
aluuinum hydride in ether vielded, besides 3-phenyl-
4.8-diazabieyclo[3.2.1Joctane  (XXII),  2-hydroxy-
methyl-5-phenylaminomethylpyrrolidine  (XXIID by
cleavage of the imidic ring.  Acylation of XXIL with
propiouic anhydride gave the desired VIII.  Compound
N1 [R = (CHy3CsHs] was prepared by catalytic
reduction of XII (R = CH;CH==CHC¢H,). Cou-
densation of IT with ethylene oxide in methanol yielded
the A-(@-hydroxyethyl) derivative XV from which

(1 Tuper VoG Cignarella, 120 Qecelli, Go Mailid, and E. Testa, J. Med.
Chem., B, 885 (10G3).

i2p (at 10 ML Freaml 12, Lo May, J. Org. Chom., 24, 116 (14391 () E. L,
Muve, hid,, 20, BULC (LA i) AL Gritgsoer, L Hellerliwel, nmd O, Selogidey,
[k, Chim, dvdo, 40, 12332 (1UAT 1.

(a0 T 1 Pevrine ool N WL Bddy, J. Grg. Chem,, 21, 125 11936% 110
wer, 1o NL Guredper, awld Lo Cirnmbpeln, J. cdm, Chem. Sov 79, 19510

(43 Gl Cignarella, GG, Nathansohin, and F. Qeeelli, J. Org. Chem., 26,
ITAT iIbGLy,
(Gt Cignarella nnd Go Go Natlansabo, ibid,, 26, 1500 (1U61).

CO\ O\
CBz—N_ (CHy), NCsH; — NH (CH:), NC.H.
2 2)y o Vet 272 o V4
XXI
-~ CH,NHG,H; 0 YR
——. NH (CHy, + NH (CH», NCH, —
\Z_CHZOH NS
XXIII XXII
AN \
H,G,CON. (CHy, NCH,
VI

XVI (R = CH.,CHOCOC:H,;NH,-p) 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)
whieh was allowed to react with the appropriate anines
to give compounds XVIII [R = CH,CH,N(C,H;).]
and XIX (R = CH.CH.NHCH,). Condensation of
II with 3-dimethylaminopropiophenone® by a deseribed
procedure? led to XIII (R = CH,CH.COC¢H;). -
nally, compound XX (R = COC,H;) was prepared by
condensation of II with propionic anhydride.
Pharmacology. Analgesic Action and Toxicity
(Table II) —C1" 1 Mice, weighing 22-25 4., and male
Cl" Wistar rats, weighing 180-200 g., were used.  The
analgesic activity was cvaluated through the changes
in pain threshold according to the method of Randall and
Selitto.® The average duration of setion is also ndi-
cated. Compound XII (R = CiH;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 =
CH;COCH,CH,) and XI (R = CsH;CH,CH.CI)
which, conversely, show a lower acute toxicity than
XII.  All the other derivatives of this group do not
show g significant analgesic action.  In the componnds
tested the rapid onget and the short duration of actinn
are noteworthy.  Acute toxieity was evaluated in miee
by intraperitoneal administration. It may be noted
that the LD of XII is at least 200 times higher than
the dose able to increase the pain threshold by 1009,
In analogy to the kunown narcotie analgesies, sublethal
doses of the active compounds produee exeitation,
sterotyped movements, and Straub-trail in mice.
Discassion.—reviously we demonstrated that znal-
wesle activity of 3-alkyl-3,8-diazabicyelo[3.2.1 Joctanes
PG Cu A lanmieh anal CrL Teilvwe, Cher, Bev,, 88, 336 (1U0G2).
i7) L R. Snvder andd S I Browster, J. Am, Chem. Soe., T0, 42300 (111181,
18 T, O Rumilall w0 Relivto, ech, Diteen, Pharmaendyn., 111, 1ad
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3-SUBRTITUTED 8-PROVIONYI-3,8-p1aZABICYCLO[3.2.1J0CcTANES R—N (CHa),

M. or bup.

N— COCQH5

——Carbon—— ~—IIydrogen— —Nitrnger— —Cllorine—

Comnal, R (), °C. Formula Caled. Fonnl Caleill. Fuvnil Caleil. Foand Cialed. Found
£ 11 10U=110 (0.4 CgHisN:0 64.25 64.30 .98 U.82 16.67 16.62
11 Calls 83-83 (0.2) CiHuN:0 67.30 G7.27 10.27 10.40 14.27 14.30
1v V-(2l1; 100~101 (0.2) CiyH2N-0 (8.52 68.38 10.7% 1D.80 13.32 13.63
v h-(51Tg 103-105 (0.2) Ci3 e N0 GULAO 6.2 1078 10.60 12,48 12,41
V1 CslTaC 11" 1373~138 (0.3) CisHau N0 T1.00 71.97 1040 100.a% 1118 10.9
V1l CllC1C 1" 145~148 (0.3) Cys My N20 72.67 7204 .67 10.68 1h.an BTG L.
236-240° CullasN20 - T1CI - R A . .31 a7 11,78 11.64
V111 Cills 87-86" CisHos NGO .73 T3.77 8.2 8.32 11.46 11.0¢1
1N Cull;C 1l 1A3=L475 (0. 4) CigHoN:O T4.37 T4.10 8.8 8.12 10.8+ 10.h3
X ClTCLLC 150-142 (0.3; CitHuN0 7405 7000 8.88 .06 10.28 1.7 NN L
227-220¢ CiHas N0 - 1IC1 .07 8.U8 11.48 11.77
X1 CalC1LCILCIEL 170-1727 (0.4) CisHasN:0 74.48 TA.7T3 y. 14 36 0.7y 64
NI CulBECH==C1—C 112 170-175(0.2) CysHuN20 76.01 T6G.03% 8.30 8.60 1.8 1, u8 L. ..
NIII CiHsCOCIL O 187~18G° Cisllpy N0 IIC] 8.31 8.17 10.42 10.75
NIV (Culls) (U 143:-1462 CeeHae N0 - 11CI Ce L L Co. 7. T.Oa 00an o 10.38
XV 11()('1[3(‘1[7"' 161-1G2 (0. 1) Ci HaN702 62.23 62.6G0 o4l 0,42 13, 2.0 - -
XVl P-ILNCILCOOCIRCH, (Gd=1777k C1gH N304 11C1 001142 118 063 9.43
XV C1C11C H, 134=136 (0. 4) CinHysCIN;O 7,20 a7.0y 8.30 8.28 12. 12,25 14.39 14.30
214~216° CuHigCIN;O-HC L Lo 10.48 10,31 26 53 27.01
NVIIT (C2aMHa) e NCH (' H: 216-2187 CisH2o N30 - 2HC] - L A L 12,34 12,45 20 .83 20.5U
XIX Calls NTICTL 1], 101-133¢ Oy HasNyO - HC - - L A 12.07 12790 10454 11.20
NN Calls CO 143-145 (0.6) Cio HenN:2C2 64,25 64.02 8.8 .03 1240 19 40

@ Cyclopentylmethyl. ¥ 3-Cyclopentylethyl.
cryvstallized from ethanol.

drogen sulfnte, m.p. 146-148°.  Anal.

depends on the nature of the 8-substituent, the pro-
pionyl group being the most favorable onie.  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-ciimamyl 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
cousists of three uubranched earbon atoms. Tusatura-
tion of the chain enhances the activity. I'urther in-
vestigations of pharmacological modifications induced
hy substitutions both on the aliphatie chain and on the
phienyl group are now in progress.

Experimental®

3-Benzyl-8-propionyl-3,8-diazabicyclo[3.2,1]octane  (IX).—3-
Benzyl-3,8-diazabicyclo[3.2.1]Joctanet (35 g., 0.173 mole) wuas
eantiously added to propionie anhydride (65 g., 0.5 mole) with
stirring and cooling.  The mixture was kept at 160° for 1 hr.,
enoled, and poured into iced 209 NaOH.  After stirring for 30
niin. at room temperature, the oily suspension was extracted
with ether. The extruct was dried over Na,SOy the soivent
evaporated, und the residue distilled in vacuo to yield 904 of IX.

8-Propionyl-3,8-diazabicyclo[3.2.1]octane (II) was prepared by
dissolving IN (23.2 g., 0.09 male) in ethanol (250 ml.) and liy-
drogenating at 60° and 30 atm. (30.9 kg./em.2) of initial hydrogen
pressiure using 109¢ palladinm-on-charcoal as catalyst. The
catalyst was removed by filtration, and the filtrate was fraction-
atly distitled /n vacio.  The yield was 83¢¢.

3-Alkyl-ior aralkyl)-8-propionyl-3,8-diazakicyclo[3.2.1]octanes
(HII-VIL IX, X, XII, and XIV), Intermediates.—Fthyl bromide,
isnpropyl indide, n-butyt iodide, cinnamyl chloride, and benzhy-
dryl chloride were commercially available.  Cyclopentylmethyl
bromide,' 2-cvelopentylethyl bromide,'! und phenylethyl bro-
mide'? were prepared by known procedures.

General Method,—S-Propinnyl-3,8-dinzabicyclo[3.2.1]octane
{IT) (0.1 mole), the required halide (0.12 mole), anhydrous potas-
shiun enrbonate (0.12 mole), and acetone (150 mlb) were placed

(M Melting points aml bailing paints are uncorrected. dlelting pwoints
were nlitwinedd withea Bivelii eapillary yoelting pint aparatus.

(1) A, 1% Plate sl V. T Stanke, Tz, clkad. Nawk SSSR, Oid. Rhim.
Nawk, 1472 (10A8);  Chem. hsir., B3, 8111 110405,

(11) 1. R, =lepanl amd 1. I', Notl, J. Ory. Chem., 19, 417 (10354).

(19 AW, Dax, J. 2, Chem, Soc.. 46, 2843 (1924).

¢ Recrystallized from 2-propanol.
/ Distilled by Ronco technique.t® ¢ Recryvstallized from ethunol-etler.
Caled. for CHHuN068: N, 0.02; S, 10.33.

* Re-
i Hy-

4 Recrystallized from petrolenn ether,
" Dried at 100° /i racao.
Found: N, R87; &, 10,44,

in a flask, equipped with u mechanical stirrer and a reflux con-
denser protected with a drving tube, and refluxed for 7-10 hr.
with vigorous stirring.  The renctian mixture was cooled, filtered,
and the filtrate evaporated. The residue wus snspended in an
excess of 1067 HCIL, the nnreacte:l halisle wasextracted with ether,
the aqueous layer was made ulkaline with 56¢ NuOH, and the
separated oil was extructed with ether. The extract was dried,
the solvent wuas evuporated to dryness, and the residue was
fractionally distilled or crvstallized; wvields, 45-88¢,. The low
vields obtained in the case of puorly renctive halides (VI, VII)
may be enhanced by refluxing IT (2 moles) wnd the required
lialide (1 mole) in benzene for 15 bir. and working np the reactinn
mixture as described above. The plivsicn-chemical properties
and analysis of the compounds nbtaire d are simmarized in Tablel.

3-Pheny!-8-propionyl-3,8-diazakicyclo[3.2.1.]octane (VIID),
Step 1. 3-Phenyl-3,8-diazabicyclo[3.2.1]octane-2,4-diene (XXI),
—In a 3-1. flask equipped with a mechanienl stirrer, un inlet and
an outlet gas tube, 3-phenyl-8-rarbohenzyloxy-3,8-diuzabicyeli-
[3.2.1]octane-2,4-dione® (40 g., 0.114 mole) wus dissolved in 1 1.
of 959% ethanol, und the stirred mixture was hyvdrogenyuted in the
presence of 20 g. 104 Pd-nn-charcoul at room temperature nntil
COq evolution ceased (barinm hydroxide test), TUptuke of hy-
drogen was essentially complete after 3 br.  Tle catalyst which
contained white crystals of the reaction praduct, was collected
by filtration, extracted with 200 ml. of boiing ethanol, and
filtered. The ethanoiic sohition was andded to the initial filtrate
and the who'e wus concentruted to n sma’l volunie.  On eooling,
18.9 g. (7794) of XNI was obteined ns white erystals, m.p. 183—
184°,

Anal. Caled. for CuH N0y C, 66.65; H, 5.50; N, 12.98,
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. (4.0287 male) of NXT in ether (200 ml.) was
added to o stirred suspension of lithinm aluminnm hvdride
(3.27 g., 0.861 mole) in 106 ml. of ether. 'The reactinn mixture
was refluxed fur 7 hr., cooled, and enntiously devomposed with 10
nil. of water. After stirring for 1 hr. at room temperature the
inorganic salts were filtered and wushied with etler, the filirates
were collected und dried over sndium sulfate, und the solvent
was evaporated. The residue after trituration with ether gnve 2
g. of a white product, m.p. 165-107°, which was identified by
microanalysis and functional analveis us 2-hydroxymethyi-o-
phenylaminomethylpyrrofidine (NNITT).  The pnaiyvtieal snmiple
was recrystullized fronn other, m.p. 107-108°,

Anal. Caled. for CaH N0 C, 69.85; 11, R.79: N, 13.58.
Found: C,60.57: H,8.91: N, 13.72.

(13) K. Ronca, 15 T'rijs, aml 1. Erlewineyer, Helr. Chim. Acta, 39, 2088
(1137).
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The ether-sanble fraetion was disvitted tooyield 105 g 0f XXT1.
h.p. 120-122° (0.5 mnw) which solidified on standing, vy, A7-60°
(etler).

Jdnal. Caled. 6o CuHGNG:
Found: €, 76.21; H,872; N, 14.80,

Step 3, —Compaund NNIT (1.5 g.: wag added to propinmic
anhydride (2 g.), and the mixture was heated at 100° for 1 br..
cooled, and worked up as described for IN: vield of VIII, 1.4 e
(7290,

3-13-Phenylpropyl|-8-propionyl-3,8-diazabicyclo]3.2.1]octane

(XI) was nibtained in 85Y; vield by hydrogenuting at rocm tens-
perature 4 g. of XITin 40 ml. of ethanal with 1 g, of 104, Pd-im-
charcoat ns eatalyst at a hydrogen pressure of 1.5 atm. The
theonretical anionnt of hiydrogen (320 ml) was absorbed in 50
i, The catalyst was filtered off, and the alealinl was removed
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