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R'CHO + HzNCOZEt ---t R'CH(NHCOzEt), - 
[ RCH=NCO?Et] 

4 

5, X C02Et 
6 , X - H  
7, X = (CHJ~COC~H~F-I, 

(ip) to mice and gro+ behavioral changes \\ere ob- 
served, ewetitially according to the protocol described 
by Iruin.lo All proved to be CISS depressants; i n  
addition, 10 gave wnie indications of CNS stimulation. 
The most potent depreiiarits n e w  12 and 13; both 
shoucd some activity at  3 mg/kg. Compd 1 \\hen 
tested in these laboratories displays activity at 2.5 
mg/kg. Compd 12 also showed decreases of 11, 2'2, 
and .54% of normal responses a t  doses of 2 .5 ,  5, and 10 
mg/kg, resp, in the Sidman avoidance procedure.11 
All of the compds u ere lethal at doses greater than 100 
mg/kg. 

Experimental Section 

Representative Procedure. 4'-Fluoro-4-[4-methy1-2-(4- 
methoxyphenyl)-l,2,3,6-tetrahydro-l -pyridyl] but yrophenone . HCI 
(ll).-A stirred mixt of 0.10 mole of (p-methoxypheny1)- 
met hyleuebis(e1 hyliirethaiie), 2 ml of BFa .2EtO, and 200 ml 
of C6H6 was heated to refliix as 0.15 mole of isoprene was added 
dropwise. The mixt !vas iefliixed an addnl hr, then cooled, 
washed with H20, aiid dried (11gS0,). Itemoval of solvent and 
distn of the residue afforded 23.6 g (81%) of ethyl 1,2,:3,6-tetra- 
hydro-2-(4-methoxypheiiyl)-4-methyl-l-p~ridiiiecarbox~late (14), 
bp 137-139" (0.09 mm). Anal .  C, H, N.  Hydrolysis was 
effected by maintaining R mixt of the carbamate, excehs KOH, 
and ethylene glycol at 150" for 12 hr, cooling, dilri with H20, and 
estn into EtZO. The washed and dried (KzCOa) Et20 s o h  was 
eviipd in uacuo, and t hc cnitle amine was used directly. A stirred 
mixt of the amiiie, 1.5 mole eqiiiv of r-chloro-p-fliiorobtityro- 
pheiione, 2 eqiriv of NalCO:I, 100 mg of KI, arid 100 nil of 1,2- 
tiirnethoxyethaiie was refliixed 12 hr, at the end of which t.ime t lc  
analysis demonstrated (he coirbiimptiori of starting amine. The 
cooled mixt was dild with several vol of HsO aiid extd with 
Et&. The dried (K?CO,) Et,O exts were then satd with HCI 
gas to ppt 45-607{ yieldh of brown, somewhat tacky 11. Two 
recrystti from hleOII-EtrO afforded white needles of 11, mp 
159-161". 

(10) S.  Irwin in "Animal and Clinical Pharmacological Techniques in 
Drug Evaluation." I f .  Nodine and P. E. Siegler, Ed . ,  Year I3ook Medical 
Pulilishers, Philadelphia, Pa. ,  1964, pp 36-54. 

(11)  M. Sidman, Science. 118, 157 (1953). 
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The chemistry and pharmacology of the potent 
neuroleptic, haloperiodol (l), l s 2  have been studied ex- 

(1) Haloperidol. 
( 2 )  P. A. J. Janssen i n  "Medicinal Chemistry," Vol. 4-11, M .  E. Gordon, 

Ed., Academic Press, New York. N. Y . ,  1967. 

tensively. Simpler analogs of 1 have also been studied. 
For example, 2 has been found3 to  be a potent MA0 
inhibitor. I n  these laboratories, 2 has been found to  be 
approximately 0.1 as potent a sedative as 1. Reviews 
of the pharmacology of 1 indicate that  alkyl branches or 

O 1  
C " C H ~ ) ~ C ~ , H , F - ~  

2 

unsaturation in the carbonyl side chain lead to dimin- 
ished activity.2 Since i t  has been shown4 that  1 is 
metabolized by cleavage a to  r\T, followed by degrada- 
tion to  p-fluorophenylacetic acid, we were interested in 
examining the possible effects of Me substituents on 
this process and on the duration of action of related 
drugs. Accordingly, we present here the preparation 
and properties of some simple model compounds 3 in 
which R1 and Rz are alternately CH3 and H .  

KCH-CHCHzCOCaHaF-p 
\ 

I ' k 1  RZ 
3 

Chemistry.-Michael addition of secondary amines to 
either methyl methacrylate or methyl crotonate 
afforded @-amino esters (4, Z = C02CH3). Reduction 
to the alcohols (4, Z = CH2OH) with LAH, followed 
by reaction with SOClz in PhH, provided the C1 com- 
pounds (4, Z = CH?Cl). Conversion to the Grignard 
reagent, followed by reaction with p-fluorobenzonitrile, 
proved exceedingly troublesome but finally proceeded 
in acceptable yield using extended reaction times and 
T H F  as the solvent. The compds and intermediates, 
some of which have been reported in the literature, 
prepared are listed in Table I. 

SCH-CHZ 
\ 

/ I  I 
Ri Rz 

4 

Pharmacology.-Compds 8, 12, 16, 20, 24, and 28 
showed varying degrees of C S S  depression when tested 
in mice (ip).5 Compd 8 was the most active, showing 
depression at  doses of 100 mg/kg; 28 was the least 
potent, showing very little activity below the con- 
vulsant dose level of ca. 300 mg/lig. The lethal dose 
varied somewhat, ranging from 100 mg/kg for 12 to  
ca. 1000 mg/kg for 16 and 28. S o  relationship between 
activity and the position of the Me group in isomeric 
pairs could be discerned. As expected, in every case 
the unbranched compds (Le . ,  RI = R? = H) were more 
active; somewhat discouraging was the observation 
that no increase in the duration of activity with 8, 12, 
16,20,24, and 28 could be observed. 

Experimental Section 

The following procedure is representative. 
dl-oi-Methyl-3-azabicycl0[3.2.2] nonone-3-propionate HCl(21). 

-A sohi of 24.04 g (0.20 mole) of 3-azabicyclo[3.2.2]nonane, 

(3) R. F. Squires and J. B. Lassen, Biochem. Pharmacol., 17, 369 (1968). 
(4) G. A. Eraun, G. I. Poos, and W. Soudijn, Eur. J. Pharmacol.. 1, 58 

(1967). 
( 5 )  5. Iwrin in "Animal and Clinical Pharmacological Techniques in 

Drug Evaluation." H. Nodine and P. E. Siegler, Ed., Year Book Medical 
Publishers, Philadelphia, Pa., 1964, pp 36-54. 
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Compd 

> 
6 
7 
8 
9 

10 
11 
12 
13 
14 
1 ti 
16 
17 
18 
19 
20 

21 

22 

23 

24 

2 3 

26 

27 

28 

Ti 
Piperidyl 
Piperidyl 
Piperidyl 
Piperidyl 
Piperidyl 
Piperidyl 
Piperidyl 
Piperidyl 
Alorpholinyl 
LIorpholinyl 
R.Iorpholiny1 
Lforpholinyl 
hlorpholinyl 
LIorpholinyl 
Morpholinyl 
3Iorpholinyl 

d N \  
L?k 
L?L 
&N\ 

&N\ 

d N \  
&N\ 

COzCHs 

CHzOH 

CHzCI 

COZCII, 

CH20II 

CHZCI 

131) (mm).  
O C  

:L5 (0.02) 
r,2 (2)  

37-38 (0.02) 
110 ( l . i ) o  

140-142 (0 .6 )  

60 (0 .1 )  
32 (0.0'2) 

70 (0 .02 )  
48 (0.03) 

141 (0 .06)  

6.5 (0.04) 

117 (0.04)  

9.546 (0 .02)  

LIP. 
o c  

163-164* 

122-123 

I .?.i-l.i7* 

175-177" 

124-12.5' 
16Y-170* 

Yormiila 
\nxl or 

reference 

/ 

(1 

C ,  IT, N 
f 
9 
c, II 
c y ,  TI, N 

e, r r ,  x, CI 
c, H, N 
c, IT, x 
e> TI, 9 
C',  11, s 
c, TI, N 

c, Ir, N, c i  

c 
h 

C,rII*2CIN c, Ir ,  x, c:i 

C,,H,,NO e, IT, N 

For new compds, anal. of the indicated elements were within 4~0.45; of the calcd valiies. S m r  atid ir spectra were also consistelit 
A. Vystr?il and S. ffridecek, Chem. I,islu, 44, 26% (1950); 

f K. Osugi, Yukugaku Zasshi, 75, 
* 1 3 : .  Profft and 1-I. Otiereiider, .I. P m k t .  

with the assigned structures. 
Chetn. Abstr., 45, 5625, (1951). 
1549 (1955). 
Chem., 25, 22j 11964). 

Racemates were not resolved. IICl salt. 
d P. Bieber, Ann. Chim. (Paris), 9, 674 (1954). e hlaleate salt. 

Q C. blatiriich atid Ph. ITorkheimer, Arch. Pharnt. (Lt'einhefm), 264, 167 (t926).  

20.02 g (0.20 mole) of methyl methacrylate, 45 ml of hleOII, 
arid 0.1 g of NaOAIe was kept at, room temp for 3 days. IXlii 
with H20, extn with Et,nO, evapti of t.he dried (K2CO3) Et& 
exts, arid distil afforded 30.16 g (66%) of colorless liquid, hp 
85-88' (0.09 rnm). A sample in Et20 was satd with HCl to ppt 
21, rnp 17%-179". Three recrystn from lIeOH-EtZO did not 
raise the mp. 

dl-p-Me thyl-3-azabicyclo [3.2.2] nonane-3-propanol (22).--.4 
s o h  of 22.53 g (0.10 mole) of amino ester in 150 ml of Et,20 was 
added dropwise to a stirred slispensiori of 3.8 g of IAH in 350 
ml of Et,(). After the addti \vas complete, the mixt was re- 
fluxed 1 hr, cooled, and worked iip in the usiial manner. Re- 
moval of solvent afforded 17.63 g (90%) of anal. pure white 
crystals of 22, mp 41-44". 

dl-3- (3-Chloro-2-methylpropyl)-3-azabicyclo [3.2.2] nonane 
(23).-A stirred, refluxing s o h  of 5.92 g (0.030 mole) of 22 i n  
50 ml of CeH6 was treated dropwise with a soln of 10 ml of 

it1 10 nil of CsH6. 'The mixt \vah the11 refliixecl overiiight, coiiccl 
to  ca. 0.5 vol by distn, aiid porired itito exreis ice water. The aq 
layer was extd thovoLighly with C6116, then covered with Et,(), 
aiid made strongly basic (pIf 10) by the adtiti of solid KLCOB. 
The F:t20 ext was nepd, mid the aq mixt was extd thororlghly with 
EtsO. The combined ICt,O exts were dried (KzCOB) a ~ l d  ev:ipd 
in vaczco. The residrie (6.23 g)  was tiistd to  provide 4.23 g (6SC;) 
of 23, bp 65-67' (0.04 mni ) .  This material c'ollld be kept in 
the freezer for sever;il di~yq without change h i i t  irreversibly 
solidified over a period of weeks. 

tlI-~-Methyl--,-1~-(3-azabicyclo [3.2.2] nony1)-p-fluorobut yro- 
phenonemaleate (24).--A s o h  of 4.21 g (0.020 mole) of 23 in 
50 ml of ailhyd THF \vas added dropwise to 0.54 g (0.022 g- 
atom) of Llg. Shortly after the addti was begiui, the mixt was 
heated and maiiitaiued at reflux throiighoiit the remainder of the 
nddii and for ail addiil 12 hr. The resitlting brown solu was 
cooled, treated dropwise with a soli1 of 2.42 g (0.020 mole) of 
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p-fliiorobeiizollitrile in 50 nil of THF, and then refluxed for 12 
hr. The cooled mixt was decompd with aq N H X l  and extd with 
Et20. The aq 
exts were washed with EtyO, made strongly alk with solid K2C03, 
and extd with Et,O. The exts were washed with 1120, dried 
(K2CO3), and added to a soh of maleic acid in EtzO. The ppt 
which formed was filtered, washed with EtzO, and recrystd from 
CHC13-Et20 t o  provide 1.45 g (17%) of 24 as white needles, mp 

The Et20 soln was extd with cold 1 ,Y HC1. 

143-144'. 

Synthes is  and Analgetic Activity of 
1,5-;llethano-3-methyl-1,2,3,4,5,6- 

hexahydro-3-benzazocines 

The l,~~-methano-3-metli~l-1,2,3,4,;i,G-hexal~ydro-3- 
benzazocines described in Table I were prepared as 

nicotinate3 and subsequent recovery of the bases gave 
a mixture of the cis- and tyans-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.4 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 alcohol 4 which was readily isomerized to  
the trans alcohol 5 by 3IsOH. The configurations of 
these compds were assigned from the coupling constants 
of the benzylic proton a t  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.s 

Groups of 3 mice were treated orally with the compd 

Crystn.h Yield, 
NO. R Rl  Salt" nil,, oc solvent 70 FormulaC 

1 Od 61-63 H 87 CiaHiJVO 
2 Od HC1 2.i3-236 E-EA Ci3HieCINO 
3 H i r e  HC1 243-245 E-EA 59 Ci3HnCIN 
4 IT OHI.8.h 78-80 I 80 CIIHI~NO 
5 OH Hi SLS9  H 7 5 CnHi7NO 
6 H C2HjCOOh S-X7 I 60 Ci32iXOz 
7 I1 C2HjCOO €IC1 211-212 A Ci6HzzC1N02 
S C2HjCOO Hc,i HC1 199-201 E-Ii:A 35 CieHzzC1N 0 2  

9 CJT; OH',' p\.I IS0-181 15 75 C d z j N O ,  
10 c611:, H HC1 278-280 A-E Ci9HzzClN 
11 ~ ~ 1 1 ~ ~ 1 ~  O I 1 k . m  HC1 246-243 E 3s CioH2,ClNO 
12 C6HsCIT2 OAck 134-133 E-I C~zH2jN02 

hl = acid inaleate. * A,  CH,CS; 15, KtOl-I; 15A, IStOAv; I T ,  hexane; I, i-Pr20. c Analytical results were wit,hiii *0.4Sb for 
e Base prepd froin 1 by Wolf-Kishrier reductioii in diethylene glycol 3 hr at' 

Nnir J H 6 H i  = 
1 Prepd from 1 and PhLi in 14;t20. 

C, H, aiid N for all coinpoiiiid.: listed. 
17.5". 
6.3 Hz. 
The free base foriiied cr i s t  solvates with 15t20, ICtOAc, and with lle( 'N all ineltiiig a t  (30-120". 

d 1t + 1:' = 0. 
1 Prepd hy LAIT rediirticiri of 1 in K t 2 0 .  8 Prepd by rediic'tioir of 1 with Pt in  AcOH coiitg NH40Ac, yield 607,. 

Ymr JlIGHi = 0 I f z .  j Prepd from 5 as described for 6. k Coiifigiiratioii iinkiiown. 
n Prepd from 1 and PhhlgCl in EtzO. 

possible analgetics and because compound 3 \ \as dissolved or suspended in 0.4 ml of a 0.570 carboxy- 
desired for comparison with an amine of unl;no\vn methylcellulose vehicle/20-g mouse, and a dose of 100 
structure obtained from another project. To our mg;/kg was used for primary screening. 
lmo\iledge the 1,3-dimethj 1,' the 1,3-dimethyl-ll-oxo,i Analgetic activity waq determined by the ability of 
and the 2,G-dioxo2 derivatives are the only published the compds to alter the nociceptive response to  pinching 
examples of this ring qystem. Yo pharmacological the tail with a forcep6 in the initial dose-ranging studies, 
studies on these compds have been reported. 

(3) M. Julia, H. Pinhas, and J. Ingolen, Bull. Soe. C h i n .  Fr.. 2387 (1966). 
In thc present' sj~ntlietic scheme,' hydrogenation of 

metllyl tosy1:tte quaternary of methyl 5-plienyl- 14) G. Settimi. h i .  Carani. F. Gatta.  and S. ~ l l i a \ ~ a r e l l i ,  ~ a z t .  C h i n .   tat., 
100, 703 (1970);have shown this t o  be the case with 3.5-diphenyl-4-piperi- 
dones. 

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

(6) C. Bianclii and J. Francheschini, Brit. J .  Pharmacal., 9, 280 (1954). 

( 1 )  E;. hli tsul~arli i ,  8. Shiotani, R .  Oh-uclii, and Ii. Shiraki, Chem. Phurm. 

(2) R .  Ilili, C .  Glassick, and L. Fliedner, J .  Amer.  Chem. Soe., 81, 737 
Bull., 17, 434 (1969). 

(1959). 


