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With the aim of enhancing the analgesic activity of 3-methyl-N-propionyl-3,,S-diazabicyclo[3.2.1]octane (1), 
the methyl group of I was substituted by a number of alkyl and aralkyl groups. 3-Cinnamyl-S-propionyl-3.S-
diazabicyclo[3.2.1]octane showed an analgesic potency approximately 25-fold that of I and 10-fold that of 
morphine hydrochloride. 

The discovery of analgesic activity in 3-methyl-8-
pitjpionyl-3,8-diazabicyclo [3.2.1 [octane1 (I) led us to 
synthesize a number of analogs with the aim of denning 
the structure-activity relationships in the series and 
possibly improving the activity of compound I. In 
a previous paper1 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 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 
3-substituent was effected taking into account similar 
studies concerning the substitution of the methyl group 
bonded to the nitrogen in well known analgesics like 
morphine2 and meperidine.3 

Chemistry.—To obtain most of the compounds listed 
in Table I, 8-propionyl-3,8-diazabicyclo[3.2.1]oetane 
(II) was employed as starting material. It was pre
pare'1 by acylation with the propionic anhydride of 
3-benzyI-3,8-diazabicycIo[3.2.1 [octane4 to 3-benzyl-8-
pi'opionyl-3,8-diazabicyclo [3.2.1] octane (IX) and by 
catalytic removal of the benzyl group. Treatment of 
II with various alkvl or aralkvl halides yielded com
pounds III-VII, IX, X, XII, 'and XIV by a general 
procedure described in the Experimental section. 
Compound VIII (11 = C6H6) was obtained in the 
f'o'bwing way. Catalytic hydrogenolysis of 3-phen-
yl-8-carbobenzyloxy-3,8-diazabicyclo [3.2.1 [octane-2,4-
dione" gave 3-phenyl-3,8-diazabicyclo [3.2.1 [octane-
2,4-dionc (XXI). Reduction of XXI with lithium 
aluminum hydride in ether yielded, besides 3-phenyl-
3,8-diazabicyclo [3.2.1 [octane (XXII), 2-hydroxy-
methyl-o-phenylaminomethylpyrrolidine (XXIII) by 
cleavage of the imidic ring. Acylation of XXII with 
propionic anhydride gave the desired VIII. Compound 
XI [H = (GHo^CetE] was prepared by catalytic 
reduction of XII (It = CH2CH=CHC6H5). Con
densation of II with ethylene oxide in methanol yielded 
the 3-(tf-hydroxyethyl) derivative XV from which 

i l ) I'iii.er V: ( i . ( ' i K nare l la , E . Octel l i , ( : . Maffii, a n d E . T e s t a , ./. Med. 
CI,, in., 6, :!85 UiKM). 

{•21 (:i< E. M. Fry a n d E. I.. .May, ./. Orq. Chem., 24 , 116 (1951)1; (b) E . 1.. 
May , Had.. 2 1 , 809 (19501; ic) A. GrQssner , .1. Hellerbncli , a n d O. Sclmid(>r, 
//,/,-. Chim. Arln, 40, 12:S2 (1957) . 

Oil (a! T . D. I'piTinc and N . H. E d d y , ./. Org. Chem., 2 1 , 125 (1950) ; <b) 
It. Elpi-ni. I . N. ( l a r d n r r . and L. < i n i m b a c h , ./. Am. Chem. Kor.,79, 1951 
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XVI (It = CHsCHsOCOCeHUXHrp) 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 = CH2CH2C1) 
which was allowed to react with the appropriate amines 
to give compounds XVIII [It = CH2CH2X(C2H5).,] 
and XIX (It = CH2CH2XHC6H6). Condensation of 
II with (3-dimethylaminopropiophenone6 bv a described 
procedure7 led to XIII (R = CH2CH2COC6H6). Fi
nally, compound XX (It = COC2H5) was prepared by 
condensation of II with propionic anhydride. 

Pharmacology. Analgesic Action and Toxicity 
(Table II).—CE 1 Mice, weighing 22-25 g., and male 
OF 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 action is also indi
cated. Compound XII (It = C9H6CH=CHCHS) is 
the most active of this series and shows an analgesic 
potency approximately tenfold that of morphine. 
Slightlv less active appear conpounds XIII (It = 
C«HecbCH2CHs) and XI (It = C6H5CH2CH2CII2) 
which, conversely, show a lower acute toxicity than 
XII. All the other derivatives of this group do not 
show a 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 LD5U of XII is at least 200 times higher than 
the dose able to increase the pain threshold by 100c

c. 
In analogy to the, known narcotic analgesics, sublethal 
doses of the active compounds produce excitation, 
sterotyped movements, and Straub-trail in mice. 

Discussion.— Previously we demonstrated that anal
gesic activity of 3-alkyl-3,8-diazabicyclo[3.2.1 [octanes 

(li) C. Mtiiinicli and ( ;. I lei lner , Chem. Bel., 55 , 350 (1902). 
i 7.) IE R. Sn.vriiT a n d J . IE ISrewster, ./, Am. Chem. Soc, 70, 42,'i() I1SGS). 
(8) L. 0 . Randa l l and .1. ,1. Se l i t to , Arrh. Intern. I'harmarodyn., I l l , 409 

(1957). 
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depends on the nature of the 8-substituent, the pro-
pionyl group being the most favorable one. Among the 
8-propioiryl-3,8-diazabieyclo[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. Unsatura-
tion of the chain enhances the activity. Further in
vestigations of pharmacological modifications induced 
by substitutions both on the aliphatic chain and on the 
phenyl group are now in progress. 

Experimental9 

3-Benzyl-8-propionyI-3,8-diazabicycIo [3.2.1] octane (IX).—3-
Benzyl-3,8-diazabicyclo[3.2.1]octane4 (35 g., 0.173 mole) was 
cautiously added to propionic anhydride (65 g., 0.5 mole) with 
stirring and cooling. The mixture was kept at 100° for 1 lir., 
cooled, and poured into iced 20% X'aOH. After stirring for 30 
min. at room temperature, the oily suspension was extracted 
with ether. The extract was dried over X"a2S04, the solvent 
evaporated, and the residue distilled in vacuo to yield 90% of IX. 

8-Propionyl-3,8-diazabicyclo[3.2.1]octane (II) was prepared by 
dissolving IX (23.2 g., 0.09 mole) in ethanol (250 ml.) and hy-
drogenating at 00° and 30 atm. (30.9 kg./cm.2) of initial hydrogen 
pressure using 10% palladium-on-ehareoal as catalyst. The 
catalyst was removed by nitration, and the filtrate was fraction
ally distilled in vacuo. The yield was 8 3 % . 

3-Alkyl-(or aralkyl)-8-propionyl-3,8-diazabicyclo[3.2.1]octanes 
(III-VII, IX, X, XII, and XIV). Intermediates.—Ethyl bromide, 
isopropyl iodide, re-butyl iodide, einnamyl chloride, and benzhy-
dryl chloride were commercially available. Cyclopentylmethyl 
bromide,10 2-cyclopentyIethyl bromide,11 and phenylethyl bro
mide12 were prepared b\ known procedures. 

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

(9) Me l t i ng po in t s and boi l ing po in t s a re unco r rec t ed . M e l t i n g po in t s 
were ob ta ined with a Hiichi capi l lary me l t ing poin t a p p a r a t u s . 

(10) A. F. P la t e anil V. I. S t a n k o , Izc. Akad. Xmik SUSP, Otd. Klnm. 
Nauk, 1172 (1958) ; Cl<em. Ahstr., 53 , 8011 ( lOt t l ) . 

(11) 11. H. Shepa rd a n d .1. F . X o t h , ./. On. Chem., 19, 415 (1954). 
(12) A. \V. D O N , ,/. Am. Cl/em. Sec. 46, 2843 (1924). 

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 10% HC1, the unreacted halide was extracted with ether, 
the aqueous layer was made alkaline with 50% X'aOH, and the 
separated oil was extracted with ether. The extract was dried, 
the solvent was evaporated to dryness, and the residue was 
fractionally distilled or crystallized; yields, 4 5 - 8 8 r , . The low 
yields obtained in the case of poorly reactive halides (VI, VII) 
may be enhanced by refiuxing II (2 moles) 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 inTable l . 

3-Phenyl-8-propionyl-3,8-di£zalkyclo [3.2.1.] octane (VIII). 
Step 1. 3-Phenyl-3,8-diazabicyclo[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-dione5 (40 g., 0.114 mole) was dissolved in 1 1. 
of 9 5 % ethanol, and the stirred mixture was hydrogenated in the 
presence of 20 g. 10% Pd-on-charcoal at room temperature until 
CO2 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 boi ing ethanol, and 
filtered. The ethanolic solution was added to the initial filtrate 
and the who'e was concentrated to a sma'l volume. On cooling, 
18.9 g. (77%) of X X I was obtained as white crvstals, m.p. 183— 
184°. 

Anal. X, 12.98. Calcd. for C,2H I2X202: C. GO.65: H, 5.59; 
Found: C, 00.54; H, 5.54; X, 13.00. 

Step 2. 3-Phenyl-3,8-diazabicyclo[3.2.1]octane (XXII).—A 
suspension of 0.2 g. (0.0287 mole) of XXI in ether (200 ml.) was 
added to a stirred suspension of lithium aluminum hydride 
(3.27 g., 0.861 mole) in 100 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 witli ether gave 2 
g. of a white product, m.p. 105-107°, which was identified by 
microanalysis and functional analysis as 2-hydroxymethyl-5-
phenylaminomethylpyrrolidine (XXII I ) . The analytical sample 
was recrvstallized from ether, m.p. 107-108°. 

Anal.' Calcd. for C,Tf,sX2(): C. 69.85; II, 8.79: X, 13.58. 
Found: C, 69.57; II, S.ill : X, 13.72. 

(13) K. Ronco , 1!. P r i j s , and U. E r l enmever , Heir. Chim. Acta, 39, 
(1957) . 
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le and ,vdiiMoth> latiiillopropiiipheiioiio hydrochlor ide ' ( M i l ! 
mole in d ime! he! forma nude i 25 ml. a "cord inn I • ' he ino.-eduro 
descr ibed In S n \ d o r and B r e w s t e r . yield, 05 ' , . 

3-Hydrox.vethyi-8-propion.vl-3,8-diazahicyclo 13.2.1 j oc t ane 
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-i-.T o , ... . . _., 3-t 2 -Die thy laminoe thv l : -8-propionvl-3,8-diazabicycIoi3.2 .1 -
' ' o c t a n e Dihydrochlor i t l e (XVI I Iu A solut ion of X V I I 12.3 g. 

0.01 mole ., a n h y d r o u s diet hy la mine ' 1.0 g.. 0.022 mole •, ami hen 
/ c u r : 5 ml. : was h(-ated at 1 20 ' ' in a scaled t u b e for 10 hr. A>ter 

^ I ' l ( l - ' ' ' Is"> cooling, d i e t h y l a m i n e hydroch lo r ide was filtered, t he l i l t ra te wa.-
e v a p o r a t e d in nicmi, and t h e c rude res idue was a d d e d to an el her 
solut ion of hydrogen chlor ide. T h e c rude X V I I I was collected 
by lilt rat ion and rccrysla l l ized from e thano l et her; yield, 52 ' , 

3-( 2-AniIinoethyI -8-propionyl-3,8-cl iazabicyclo,3.2.11octant* 
Hydroch lo r ide XIX . A mix tu re of X V I I (2 .3 g.. 0 0 1 mole 
and ani l ine (2.05 g., 0.022 mo le : was hea ted at 100" he 7 hr.. 

>!ed. t r e a t e d wi t li 10 n i l . 10' , X'a< H I . a n d e x t r a c t e d w i t h e t h e r . 

T h e ext rac t wa.- dried over sod ium si ill a l e . I lie so Kent was evap
o ra ted , ate I t he residue disti l led by I he Honco t e c h n i q u e ' ' co heel
ing the fraction 2.S g : boi l ing at ISO 100c '0 .1 mm - 'CI is 
I)rodtlet was addeil to an et her solid ion of hydrogen chloride, and 
I he p rec ip i t a t e was cr\ s ta l i i /ed from isopropyi alcohol io yield 
2.0 g. i 80 ' , of X I X . 

3 - 2 - i / - A m i n o b e n z o x y ethyl | -8 -prop ionyl -3 ,8 -d iazab icyc lo-
3.2.1 oc tane H y d r o c h l o r i d e : X \ T . T o a cooled and st i r red 

mix tu re of VI 12.12 g.. 0,01 mole i, 1 riot h\ lamine i 1.3 g.. 0.012 
mole '. and et her i 70 ml. . ;i-nit robenzoy 1 chloride ; 2.22 g.. (1,012 
mole ' was a d d e d dropwiso. 'Che react ion mix tu re was s l i r reu 
for 5 hr at room t e m p e r a t u r e , ' r i e t hy l amine hydroch lo r ide was 

'•'•-' 130 2S2 lilt erect off. the l i l t ra te was e v a p o r a t e d , and the oily residue 
130 00 without fur ther purif icat ion, was h\ d rogena t ed in e lhano l ;3() 

ml . ; with 11.5 g, of 1 0 ' , Pd-on-oharcoa l . at room t e m p e r a t u r e 
and an initial hydrogen pressure of 5 a i m . 'Che " a t a h s i was 
liltered and the Ci t ra te e v a p o r a t e d . 'Che viscous residue i c e 
found to be nalisl illable and Uhcrys! al l izable By a d d i n g \< io 
an et her solut ion of hydrogen chlor ide, a p rec ip i t a t e was obi a i DM I 
which after rocrys ta l l i /u t ion from isopropyi alcohol inched al 
2 0 0 - 2 1 0 " . 'Che analys is of i h i - c o m p o u n d agrees wilh ; | o di 

a i,) 

" See ref. 14. '' See ref. 1. 

T h e e ther - so lub le fract ion was dist i l led to yield 1.05 g. of X X I I . 
b .p . 120-122° (0 .5 m m . ) which solidified on s t a n d i n g , m . p . 57- 00° 
( e t h e r ) . 

Anal. Ca l cd . for C,>H l l ;X": ( \ 7fi.53: I I . S.50: X, 14.87. 
F o u n d : C, 7 0 . 2 1 ; 11 ,8 .72 : X, 14.80. hyd roch lo r ide : i* was hygroscopic and ra the r uns tab le . •• a 

S t e p 3 . — C o m p o u n d X X I I (1.5 g.i was a d d e d to prop ion ic d ry ing at 100' •'(!.! m m . i i t l.ist 1 mole of IK 'I i,, yield 2 g. 

a n h y d r i d e (2 g.), a n d t h e m i x t u r e was hea t ed at 100° for 1 hr. . " „ „ . 
cooled, and worked tip as descr ibed for I X : yield of V I I I , 1.4 g. 
("2',:;). 

3,8-DipropionyI-3 ,8-diazabicyclo i 3,2.1 oc t ane XX , ,as ob
ta ined bv h e a t i n g 11 al 100° for 2 hr. wilh a slight excess of pro-

3- [3 -Pheny lp ropy l | - 8 -p rop iony l -3 ,8 -d i azab icyc lo [3.2. l j o c t a n e I'!' ie a n h v d r i d e and work ing up the mix tu re a> rihcil tor 

(XI) w a s o b t a i n e d in 85</e yield bv h v d r o g e n a t i n g a t room te rn- • >' l c l ( ' - ' s < 
p e r a t u r e 4 g . of X I I in 40 ml. of e t h a n o l wi th 1 g. of 10','; P d - o n - Acknowledgment. W o a r c »•'-at c h i l l y i n d e b t e d Io 
charcoa l as ca ta lys t a t a h y d r o g e n p res su re of 1.5 a t m . T h e D r . ( 1 . ( !. ( i a l l o a n d D r . \\. Pns< | tu i l l lcci f o r t h e p l i y - i c o -
theo re t i ca l a m o u n t of h y d r o g e n (320 ml . ) was a b s o r b e d in 50 c h e m i c a l d e t e r m i n a t i o n s a n d t h e i r i n t e r p r e t a t i o n s . I o 
la in . T h e oa ta lvs t was filtered ofl, a n d t h e alcohol was r emoved -. t t n , in , i n , n i> r ,• , i , i, . , I 

•' • A i r . A . l i e s t e l l i a n d D r . P . r e l i z z a t o r the- a n a . h s e s , a n d 

, , , , , , - , • , , , , - , . , , , , , , , .„, . t o D r . A . W i t i g y i i s fo r a s s i s t a n c e in I h e e o m p i l n t ion 
( I t ) A. l ' i n to ( Drrailii and \ . (,. Lenin,, Arch, hilni,. I'hnrmcuod tin., 132. " ' 

•>.•>:, ( H H j j ) . ol I he inannsenpt. 


