
pheiiyl t ried iii the 3-oxy series had been dclet erious. 
I17horeas the %oxy series had requirrd 2- or I-substit 11- 

t i o i i  oii t he pyrrolidine ring, t he libcia-oxy series su f f~ r>  
slight t o  (Lompletc loss of activity 0 1 1  ring suhstitutior1 
additiotial to 1,X-, i n  the order 3-, 2- ,  1-. 'Thew ar(s 
i i i t  cresting idatioiiships i r i  i lit. iiida-oxygeti seriw 
bctn-cvti heaviness of t'-all;ylatioii, gradatioii i i i  zn-it tcis- 

ionic. rharacter. aiid loss of activity. i i i d a  I-:thcrifira- 
t i o i i  scoiiiiiigly iiiuzzles c.oiisidcrably t 1irs:ct iiitcraczt ioiis 
of 2-alkylat ion. 

I,'iiiaIly, efforts of alteratioiis i l l  S-subst itlit  ioii ar(8 
i i i w l i  sliai-pcr i t i  thr  mefa-oxygeii scrics ihaii it1 the 
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Bicyclic Homologs of Piperazine. Y1l . l  Synthesis aiid Analgesic Activity 
of 3-Aralkenyl-8-propionyl-3,8-diazabicyclo[3.2.l]octanes 

\Vjih the aim of eiihaiiciiig the aiialgesic iwtivity of 3-ciii1~a~myl-8-propioli~~l-~~,~-ifi:izabic~cloj3.2.1]oct~atie (l), 
Some of these com- 25 derivatives were qxthesized ill which t,lie 8-aralkeiiyl group was vnrioii>ly modified. 

p(Jl1~ldS exhibited ail analgesic pot,eiic)- romparable with that  of 1. 

111 the preccedirig paper of this sericls.' the  synthesis of 
analgesic3 :<-substituted 8-propio1iyl-X,8-diazabicyclo- 
[3.2.l]oc.tanes was reported and the effect of the 3- and 
8-substituenl oil the activity was discussed. It was 
observed that the greatest analgesic. artion is associated 
with the presence i n  the 8-position of a propionyl group 
and iti positioii 3 of an aralkyl group whose aliphatic. 

d of t h r w  carboii atoiiis. 

LTnsaturation of this chain inarliedly eiihaiiced t hc 
analgesic potency, the ~3-cinriamyl-8-propioriy1-3,8-di- 
azabicyclo [3.ll.l]octaiie (1, Table I) being the iiiost ac- 
tive rompound of the series, approximately 10 tiiiics 
tilore potciit that iiiorphiiie hydrochloride. It seciiied. 
therefore, of interest t o  study the effects on the anal- 
gesic activity of the introduction of substiliicnts i n  thc 
rinnaiiiyl group. We desc.1 ihc i r i  this paper the syii- 

/ 

Ar-C=C-CH&l i- HK (C&)2/\NCOC,H5 
I 1  
R R' I 

I1 

.A, 

stitutioiis oil the aroiiiatic ring (2-12) and on the ethyl- 
eiiic bond (13-17), replacement of the phenyl with CY- 

naphthyl group (18) and with hydrogen (21), chaiigc 
ill the uiisaturatiori (22) and/or in the length of the ali- 
phatic chain (19, 20, arid 23), arid replacement of thc 
methylene group of the aliphatic chain with a carbonyl 
(24). In addition, two other derivatives (25 and 26) 
nerc synthesized iii which the position of the propioiiyl 
and of the aralkenyl groups Ti-as reversed. 

Chemistry. --Preparatioii of coinpourids Iisttd 111 

'I'ablc~ I \vas cff ccted by condensing 8-propioiiyl-3,8- 
diazabicyclo [3.2.1]oetane1 (I) u-ith aralkenyl chlorides 
IT (2 -18, 20, and 23), allyl bromide (21), phenylprop- 
aigyl hroniidc (22), a i d  ciiiiiamoyl chloride (24). 
Condciisat ioii of 1 with plieii\rlacetaldcliydc according 
to tlic nir.thud oi +\lanilicli? I c d  to 19 Cornpoutids 
25 and 26 n.ei e prepared by condensing 3-propioiy.l- 
3,8-diazabiryclo [:3.2.1 ]octane" (111) with cinnaniyl- atid 
I.'-"thosyc.irinaiJiyl chloride, respectively. I1 is to  lw 
tiotc.d that 26 \\-as first isolatcd during attciiipts to coti- 
clciisc~ I with p - c h t  hoxyririnaiuyl rhloride; i n  this ( m e  the 

n 
-+ Ar-C=C--CH2-N (CHJD NCOCzH5 

I /  
R R' 

2-17,19,21,23 (Table I) 

A /' I1 (R, R '=H) / 
C ~ H ~ C O N  ( c H ~ ) ~  NH - C ~ H ~ C O - N  (CH& N C H ~ C H = C H A ~  

I11 25 aiid 26 (Table I) 
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I '  

'rAB1,E 111 
. \ r ( ; H = - - ( : H ( ~ t I ~ )  

I \ -  
- \ I . p .  (,II 

.\ r I,,,>, (,*lll,j, O(', ( 'ry,<trl.  ~ ~ > l ~ f ~ l l l  Yiell l ,  ' ;  
O-C:IC&,L 60-62 l.;t,her-pctr. er her (X 
U L - C I C ~ H ~ ~ '  40-43 Ether-petr. ethor lii 
p-ClC6Hi 63-65 Ether-petx. ether IiF 

VL-O~NC~H+* 117-1 19 Etlianol 07 

p-HICCe.HdU 85-90 (0  5 j ;Lj 

O-OzNC6H4e 126-128 Eth:tnol 64 

p-02NC6H4' 140-143 Ethiliiol S 0 

o-H:ICOC~H+~ 12s-130 ( 0  6)  . . .  40 
<u-X:tphtyl' 115-1 16 ( 1 . .  ::i 

' I  K. W. liosemiuid and F. Zetssclic, Be?., 56, 1481 (1023j. 
";lnnl.  Calcd. for CgHG10: C, 64.87; H, 4.23; CI, 21.28. 
Found: C, 64.60; H, 4.37; C1, 21.17. H. Straiis, Ann.! 
393, 311 (1912). 
117, 571 (1920). 
(;. Waley, J .  Chern. Soc., 3008 (1948). t~ A l .  Scholtx ailti A.  
\Viedernann, Her., 36, 845 (1903). h 0. L. Braiidy and H. J .  
C;raysoii, J .  Chem. Soc.. 125, 141s (1924). S. Israelashirli, 
Y. B. Gottlieb, AI. Iiiiber, and 4 .  Habas, J .  Ory. Chem., 16, 
l j l ! i  i l % l  1. 

d Tit'. H. Mills and P. E. Everis, J .  C h e w  S o  
e C. F. Goehriny, Ber., 18, 719 (188,5). f 

I :  I1 
I \  

I :  I : '  
\ I  

1: I : '  
\ 

ed by geiieral iiiethods involving alkaline condeti- 
hatioil of thtt appropriate arylaldehyde with aceta1dc.- 
liyde and with iiioiioethyl nialonate, respectively. ( Y -  

nialdehytle4 and a(or @)-substituted ethyl 
('re obtained according the procdures d ( b -  

Pharmacology. Analgesic Action and Toxicity (Table 
VI).-CI; I niicc. ,weighing 22-25 g., and CF Wiqtai, 
I at q, wcighi~ig 180-200 g., ~ ~ c r e  uaed. The analgesic a(.- 
tivity was cvaluated through the changes in pain ihrcsll- 
old according to the. iiietliod of Randall and Selitto 'J 

ai c' report c d  which produce a11 ap- 
(s 111 pain threshold of about 80' 

atid n-hicli \\a. ohtaiiicd fioiii mtrapolatiorl of (iow 

I.'Ol c~ac~h l~olllpolllltl, at 1ca.t threc dose5 \I ('1.C' l l ~ l d ,  

;I1llIlIulh IV('l'(t 0 t )bcL l .  (1 at half-hour irttcrvals for 180 i i i i i i  

'I'h avcragc' du1a )ri of aiiaigesic activity was foi~iitl 
iiot to c ~ r c c ~ c ~ c ~ l  60 ii 1. for art i\-e roiiipounds.. 

Discussion 

~l iii Table 1-1 reveal that itrtroduc*- 
s in the ciiiiianiyl group of 1 gciierally 

led to dcrivat ivra st ill possessing analgesic. art ivity. 
This is especially true for 3, 5-7,  and 14, whose anal- 
gesic potency is csoiiiparable with ihat of 1.  W i t h  11'- 

gard to substitution 111 tlic berizetic, riiig, the high a( - 
tivity of the nioiionitro ilCriJ-at i v c b  (5-7) and of t l ic i i i -  

c*liloro derivat ivf (3) i -  iiotcwortliy. Tlic toxicaity ol 
I hese coinpounds was lower than that of 1, with the otily 
exception of 7 whirh 1s also the most active roiiipound 
of t h e  sericls. Howcvy, lhcx artivity-toxicity rat 
being in every casc higher than that of 1,  liiriited tlici- 
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TABLE IFr 
ArC=CCOOC2Hj 

!< v 
1I.p.  or b.p. 

Ar 11 K' l'orlnula (mm.), ' C .  Cryatn. solvent Yield, 74 
p-&,C20C6H4 H H ClaHl60J' 126 (0.5) Ether-petr. ether S'' 

2,4C12CsH3 H H Ci,HioClz02h 53-54 Ethanol 7s 
2,6-C1,CsH3 H H CiiH,oCle02C 124-126 (0 .3)  Ether-petr. ether 29 

CsH5 Br H C11H11Br02' 145-150 (12) . . .  90' 
CsH5 H CH3 Ci2Hie02Y 130 (8) . . .  ! I 3  
CeHj CHI H Ci2Hi40Xh 130 (10) . . .  44f 

36-37 

67-68 
c- 
13 Ethanol 3,4,5-(0CHg)3CeH2 H H CirHiaOjd 68-70 

CBHL H C& Ci7Hi&hi 192 (13) . . .  TO/ 
9naZ. Calcd. 

for C11H1OC1202: C, 53.89; H, 4.11; C1, 28.93. Found: C, 53.67; H, 4.21; C1, 29.10. Ref. 8. 6 K. Auwers and E. Schmellen- 
kamp [Ber., 54, 624 (1921)] report that  this is the trans form [the synthesis of the corresponding acid is reported by A. 1Iichael and 
G. AI. Browne, ibid., 19, 1378 (1886)l. Q J. B. Cohen and C. E. Whiteley [ J .  Chem. 
SOC., 79; 1305 (1903)l report that  this is the trans form. H. Rupe and E. Busolt [ B e y . ,  40, 4537 (1907)] report that  this is the trans 
form. J. von Braun and G. Manz [.4nn., 468, 258 (1928)l report that this is the cis form [the synthesis of the corresponding acid 
is reported by R. E. Buckles and K. Bremer, Org. Syn., 33, 70 (10t53)]. 

R. Stoermer and F. Wodarg, Ber., 61, 2323 (1928). B. Jones and J. G. Watkinson, J. Chem. Soc., 4064 (1958). 

f By esterification of the corresponding acid. 

tic ring seeined more favorable for the analgesic activity 
than polysubstitution. 

With regard to substitution in the aliphatic chain, 
7-substituted derivatives (14 and 16) were found more 
active than the corresponding @-isomers (13 and 15). 
Coinpound 14 also exhibited, beyond a high analgesic 
potency, a low toxicity; its favorable activity-toxicity 
ratio (0.002), coniparable to that of 1 (-0.0025), sug- 
gested further pharmacological studies, now in prog- 
ress. 

Replaceinent of the phenyl with the a-naphthyl group 
(18) or with hydrogen (21) led to scarcely active coni- 
pounds; moreover, the 3-allyl derivatives (21) did not 
antagonize nor-1 or normorphine hydroch1oride.I 

,4ny variation of the length (19-20) or of the unsatu- 
ration (22-23) of the aliphatic chain markedly decreased 
the analgesic action, as did the replacement of the cin- 
naniyl with a cirinamoyl group (24). Finally, com- 
pound 25, in  which the 3- and 8-substituent of 1 are re- 
versed, was about 0.2 as active as 1, while the p-ethoxy 
analog 26 showed a further decrease in activity. These 
results agreed with our previous observation' about the 
low analgesic action of 8-substituted 3-propionyl-3,8- 
diazabicyclo [3.2.1]octanes in comparison with that of 
the 8-propionyl isomers. 

Experiment a1 
Unless otherwise specified, the synt,hesis of the intermediates 

listed in Tables 11-V was accomplished according the general 
methods described below. Therefore, references to Tables II- 
V do not necessarily indicate that the known compounds were 
prepared according to the literature method. 

Cinnamaldehydes IV (R,  R' = H) (Table 111). General 
Method.-To 150 g. of freshly distilled acetaldehyde, 0.3 m l e  of 
the appropriate arylaldehyde was added with stirring, in sriiall 
portions, keeping the temperature under 15'. At the end of the 
addition, 8 ml. of 25c/b methanolic KOH was dropped into the 
reaction mixture a t  5', a t  such a rate that the inner temperature 
did not exceed 30". The resulting solution was cooled a t  O",  
150 ml. of acetic anhydride was added, and the whole was heat,ed 
20 min. a t  100' by an oil bath kept a t  120'. After cooling a t  
30", 460 ml. of m-ater and 40 ml. of concentrated HC1 was added, 
the mixture was refluxed 30 min., then allowed to stand over- 

night at  room temperature. The resulting IV was filtered or 
estrac>ted with ether and was purified by crystallization or dislil- 
lation. 

a-Bromocinnamaldehyde was prepared according to a litera- 
ture procedure4 which involves addition of bromine to the double 
b~iicl of the cinnanialdehyde, followed by dehydrohalogenation 
wit,li K2COI. 

Unsubstituted Ethyl Cinnamates V (R,  R'  = H) (Table 1%'). 
General Method.-Tile following procedure is based on that re- 
portel by Freudenberg and SchrLtube.8 To a solution of 0.1 
mole of arylaldeh?.de and 0.2 mole of ethyl hydrogen malonate 
in TO ml. of anhydrous pyridine, 2 ml. of piperidine was added, 
the stirred mixture was heated 4-5 hr. on a steam bath and 0.5 hr. 
at reflux temperature until CO, evolution ceased (for the syn- 
thesis of ethyl 3,4,5-trimethoxycinnamate, better results n-ere 
obtained by allowiiig the reaction mixture to stand 5 days a t  
room t'emperature). After cooling, the mixture was poured into 
ice-vater, the whole was acidified with HC1, and the separated oil 
was extracted with ether. The organic layer was washed with 
10% S a H C 0 3  and with water t,heil was dried (?;a2S04), and the 
solvent was evaporated to give crude V which was purified by 
distillation or crystallization. 

a(or p)-Substituted Ethyl Cinnamates V (R,  R'  = H, Br, 
CH3, or C&) (Table IV).-These compounds were prepared a?- 
cording the methods described in the literature. Refere-ires are 
reported a t  the foot of Table IV. 

Method A,-To a solution 
of 0.1 mole of the appropriate aldehyde IV iri 500 tnl. ( i f  et,harlol 
heated at  50", a solution of 0.033 mole of sodium borohydride in 
50 ml. of et,hanol was added, the reaction mixture was stirred 
for 3 hr. a t  room temperature, then acidified to congo red with 
dilute HC1, the impurities were filtered OH, and the alcoholic 
filtrate was evaporated in vucuo. The residue was treated with 
50 ml. of water and the insoluble material was extracted with 
ether. The extract was decolorized with charcoal and dried, 
the solvent was evaporated, and the crude VI was purified by 
crystallization or distillation. 

Method B.-To a suspe&on cooled to -20" of 0.11 mole 
of Li.klH1 in 400 nil. uf anhydrous ether, a solution of 0.1 
mole of the appropriate ester TT i n  100 ml. of anhydrous ether 
wit.: added dropwice \?-it irring. At the end uf t,he addition, 
the reaction mixture wai red for 0.5 hr. a t  --20°, then for 6 hr. 
without cooling, and was eventually decomposed a t  -20" with 
20 ml. of mater. T o  the mixture, 200 ml. of 107, HpS04 was 
added, the organic layer was separated, and the aqueous acid 
solution was extracted with 100 ml. of et'her. The extracts were 
collected and dried, and the solvent was evaporated to give 
crude \'I v-hich was purified by distillation or crystallization. 

Cinnamyl Chlorides I1 (Table II).-With the exception of de- 
rivatives 2 and 4-6, the chlorides 11 were prepared by ac1dit.g 

Cinnamyl Alcohols VI (Table V). 

(7)  0. Maflii, private communication 
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TABLE VI 

I N  THE RAT AND ACUTE TOXICITY IN THE MOUSE 
ANALGESIC ACTIVITY OF 3,8-DIAZABICYCLO[3.2.1]OCTASES 

NO.' 

1 
2 
3 
4 
5 
6 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

- 

Approx. equieffective 
dose (rat), mg./kg. i.p. 

0.2 
1.5 
0.7 
3 
0 7  
0.5 
0.3 
6 

>>5 
7.5 
4 

>>25 
>1 

0.4 
7 
3 
10 

> 10 
>>25 

2 
50 
2 
3 

>>25 
1 
7 . 5  

Approx. LDw (mouse), 
mg./kg. i.p. 

73 
200 
200 
200 
200 
100 

25 
300 
200 
200 
200 
500 
100 
200 
500 
500 
150 
500 
100 
50 
300 
80 
200 
500 
100 
200 

a Sumbers from Table I. 

a 1007, excess of thionyl chloride to  a solution of VI in chloroform, 
and allowing the reaction mixture to stand for 1 hr. a t  room tem- 
perature and for 3-4 hr. a t  50-60". Removal of the solvent and 
of excess of thionyl chloride in vacuo and distillation of the residue 
gave pure 11, the structure of which mas established by the 
ultraviolet spectra which exhibited the characteristic absorption 
of aryl-conjugated double bonds. 

For the synthesis of compounds 2 and 4-6, the reaction of the 
corresponding TI with thionyl chloride led to the a-arylallyl 
chlorides as main product. Therefore, the following procedure 
was employed to obtain the desired derivatives. 

A mixture of 0.1 mole of the appropriate cinnamyl alcohol (TI, 
2, 4-6) and 150 ml. of concentrated HCl was stirred for 3 hr. a t  
70-S0°, then the dark suspension was cooled and extracted with 
ether, and the extract was washed with ice-water, decoloriied 
with charcoal, and dried (Xa2SOa). After evaporation of the 
solvent, the crude I1 was distilled (2 and 4) or crystallized (5 
and 6). 

3-Aralkenyl-8-propionyl-3,8-diazabicyclo [3.2.1] octanes (Table 
I, 2-18, 20, 22, and 23) %-ere prepared according the general 

method described in the preceding paper1 which involves conden- 
sat,ion in refluxing acetone of I (1 mole) with the required halide 
(1 mole) in the presence of equimolar amounts of anhydrous 
K2CO3. I n  the case of 20 the reaction was accomplished by 
refluxing in benzene a mixture of halide (1 mole) and I (2  mole) 
for 15 hr. 

This general method was also employed to obtain 21 and 24 
start'ing irom allyl bromide and cinnamoyl chloride, respectively. 

The structure of each compound was confirmed through the 
infrared spectrum (the lack of the band near 1240 em.-', charac- 
teristic of 3-propionyl-3,8-diazabicyclo [3.2.1] octane, excluded 
any S, + S, acyl migration3 in the course of the synthesis) and 
the ultraviolet spectrum (characteristic absorption of aryl- 
conjugated double bonds). 

3-Styryl-8-propionyl-3,8-diazabicyclo[3.2.l]octane (Table 1, 
19).-A mixture of I (5.04 g., 0.03 mole) and phenylacetaldehyde 
(1.8 g., 0.015 mole) was heated a t  120' for 3 hr., and the residue 
was fractionally distilled by the Ronco technique9 collecting 2.7 
g. (67.5%) of the desired conipound, b.p. 205' (0.8 mm.), which 
on standing solidified and was crystallized from ether. The 
product was unstable in an acidic medium. 

3-Propionyl-8-aralkenyl-3,8-diazabicyclo [ 3.2.11 octanes (Table 
I, 25 and 26) were prepared from 3-propionyl-3,8-diazabicyclo- 
[3.2.1]octane3 and the required halide, according the procedure 
described for the S-propionyl derivatives (see above) ; the reflux 
period was 6 hr. for 25 and 24 hr. for 26. The infrared spectra 
of 25 and 26 showed a strong band near 1240 em.-', characteristic 
of 3-acyl-3,8-dia~abicyclooctanes.~ 

Condensation of I with p-Ethoxycinnamyl Chloride (26).--A 
solution of 3.36 g. (0.02 mole) of I and 1.96 g. (0.01 mole) of 
p-ethoxycinnamyl chloride in 30 ml. of benzene was refluxed for 
20 hr. After cooling, the reaction mixture was diluted with 50 
ml. of ether, and t,he viscous oil that  separated n-as dissolved by 
adding 20 ml. of water. The organic layer (a)  was separated 
and the aqueous solution was cooled to O", covered with 50 ml. of 
ether, and made basic with 507, SaOH. The ether estract was 
dried (Sa2S04), and the solvent was evaporated to give 1.5 g. of 
crude 3-propionyl-3,8-diazabicyclo [3.2.1] octane which was iden- 
tified by infrared spectral comparison with an aut,hentic sample. 
The organic layer (a) was ext'ract'ed twice with 10 ml. of 10% 
HC1, the acid solution was made alkaline with 507,  NaOH, and 
the oil was extracted with ether. The ext,ract was dried, then 
was t,reated with dry HC1, and the precipitated hydrochloride 
was crystallized from ethanol-ether to give 1.5 g. of a product, 
m.p. 125", identical (mixture melting point and infrared spectral 
comparison) with the sample prepared by condensing I11 with 
p-ethoxycinnamyl chloride. 

Acknowledgment.-The authors wish to thank 
Professor G. Maffii for the pharmacological studies 
and for his kindness in permitting us to  quote the pre- 
liminary data listed in Table TI. Our thanks are also 
due to Dr. C. R. Pasqualucci and 11r. G. Tuan for the 
infrared spectra and t'o Mr.  A. Restelli for inicro- 
analyses. 

(1957). 
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