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Mills and TT'atson3 utilizing the deconiposition of the 
diazonium salt. Catalytic reduction of 3-quinolinol (6) 
in MeOH using Raney Xi (Scheme I) gave a mixture of 
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l-methyl-trans-decahydro-3(a)-quinolinol (7) and 1- 
methyl-trans-decahydro-3(e)-quinolinol (8) with some 
1-meth yl-trans-decahydroquinoline. The predominance 
of a trans ring juncture in reductions with Ni catalysts 
is well documented4 and the observed N-alkylation by 
alcoholic solvents is known.4c The ratio of equatorial 
alcohol 8 to axial alcohol 7 was 5: l  when the reduction 
was performed a t  190-200". 

The assignment of the axial and equatorial nature of 
the alcohol groups was made on the basis of their ninr 
spectra. The spectrum of 8 showed a multiplet at  
6 3.70 IFY1,, = 21 cps) xyhich shifted to 4.93 on acetyla- 
tion. The spectrum of 7 exhibited a multiplet at  6 3.72 
(W,,I~ = 7 cps) which shifted to 4.84 on acetylation. 
The shift on acetylation is consistent with the assign- 
ment of these multiplets to the C-3 protons aiid the 
peak widths at half-height define the axial and eqiia- 
torial nature of the respective pro to~is ,~  

The second poiiit of stereochemistry, the trans ring 
juncture, was thought to be verified in the early stages 
of this work by a broad multiplet at  6 2.8-2.9 ("I/* = 
19 cps) which integrated for one proton. In the 60-MHz 
spectra it appeared as a doublet with further splitting. 
This multiplet was assigned to the axial methine proton 
at  C-10. This assignment mas studied using spin de- 
coupling on the axial alcohol 7. In  the 100-MHz spec- 
trum the multiplet at  6 2.88-2.95 was resolved to a six- 
line multiplet. Irradiation of the 6 3.72 multiplet col- 
lapsed the six line at  2.88-2.95 to a four-line multiplet. 
This indicatrtl that the proton represented by this 

( 8 )  N. Mills and h-. h'atuon. J. Chem. Soc.,  741 (1910). 
(4) (a) B. Witkop, J. Am. Chem. Soc.,  71, 2559 (1949); (b) L. Palfrey and 

S .  Sabetay, Bull. SOC. Cliim. France, 5, 1923 (1938); (c) R. .Augustine, "Cata- 
lytic Hydrogenation," Marcel Dekker, Inc., New York, N. Y . ,  1965. 

( 5 )  N. Bhacca and D. Williams, "Application of NMR Spectroscopy in 
Organic Compounds," Holden-Day, Inc., San Francisco, Calif., 1964. 

chemical shift was coupled with the proton at  C-3 and 
a more logical assignment for this multiplet was the 
equatorial C-2 proton. This equatorial C-2 proton was 
geminally coupled Tvith the axial C-2 proton with an 
observed coupling constant of 12 cps to give the basic 
doublet pattern. It was further coupled with the 
equatorial C-3 and C-4 protons, each with an observed 
coupling constant of 2-3 cps to give the observed pair oi" 
triplets. Thc, coupling with the C-4 proton is an ex- 
ample of the '"1T." effect.j The axial C-2 proton was 
observed at  6 2.00 as a four-line multiplet (Joen = 12 cps, 
J,, = 3 cps). When the 6 3.72 band was irradiated, 
the pair of douldets collapscd to a doublct (Joem = 12 

The t r a m  ring juncture was proved by the catalytic 
reduction of 3-quinolinol (6) in T H F  using Raney Ki  
(Scheme 11) which gave cis-decahydro-3(e)-quinoli~~ol 
(9), trans-decahydro-3(a)-quinolinol (lo), arid trans- 
decahydro-3(e)-quinolinol (11). The C-3 proton of 10 
appeared at  6 3.86 = 7 cps) in the nnir spectrum 
which is consistent with an equatorial proton and thus 
an axial alcohol. The C-3 protons of 9 and 11 1T-ei-e 
split into broad septets at  6 3.85 and 3.65, respectively, 
ivhich allowed the hydroxyl groups to be assigliecl the 
equatorial coiifigaration. 
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Isomer 9 was designated as having the cis ring junc- 
tiire on the basis of a multiplet at  6 2.82 (Ft'l,, = 9 cps) 
which was assigned to the methine protons at  C-10. 
Booth and Bostock6 found that cis-decahgdroquinoline 
exhibited a multiplet at 6 2.63 (T.T-I/, = 8 cps) which they 
assigned to the C-10 inethine proton. The axial C-10 
methine proton of trans-decahydroquiiioline was hidden 
in the envelope of the other aliphatic protons. This 
axial C-10 proton was also hidden in 10 and 11, thus 
supporting the assignment of trans ring juncture to 
these compounds. Methylation of 10 by the procedure 
of hlinato and Kagaski' gave 7. The equatorial alcohol 
11 gave the same inethiodide as did 8. 

Acetylation of the pure alcohols 7 aiid 8 (Ac20-pyri- 
dine) produced a reasonable J ield with the equatorial 
alcohol 8 but a poor yield with the axial alcohol 7. 
Acetylation with ketene gave quantitative yields of 
1 -methyl- 3 (a) - acetoxy-trans- decah ydroquinoline (12) 
and l-methyl-3(e)-acetoxy-truns-decahydroquinoline 
(13). 

Quaternization with Me1 yielded the desired l-meth- 
y1-3(e)-acetoxg-trans-decahydroquinoliiie methiodide 

(6) H. Booth aiid A. Bostock, Chem. Commun., 177 (1967). 
(7) H .  3Iinato and T. Nagaski, J Chem. Soc , C, 1866 (1966). 



(4) niicl 1-methj 1-3 je)-ncctoxj -trcir~s-tlcc:Lliytlroe~iii~ioliii~I 
rnethiodide ( 5 ) .  

Biological Results.-Conipouiitls 4 and 5 w ~ r e  sui)- 
jectctl to hydrolysis studies iii thc 1)roseiice CJf i i uv  
:Ic.ctylcholinesterase isolated from tlic c>lectric orgaii of 
I hi: cel (Electrophorus electricus) .s 111 prclimiiinry 
studies i t  \vas foiiiitl that  tlie equatorid w c t a t c ,  which 
possesses the quaternary nitrogcw a i id  the awt:ite fuiic- 
tioti in it staggered coiifoinintioii, scrwd as :I SUI, 
'l'lic axial acetate. in which tlic qu:tteriiary nitrogen an(1 
the :wetate arc skewcl, acted :is ;iii iiihihitor to thti 
Iiytlrulyase eiizyiiici. ;Is controls, 3in~-tliiiic~tli?-lai~iiiio- 
2 i a)  -ac~ctox;v-fl.ans-tlccnl in met liiotlidc (1) :iii (1 3 ( e )  - 
(li1iirtli3'lamiiio-2 (a) -acc.t oxy-ti ( I  I I  s-dccitlii i met liiochle 
n orc assayed cwiicw-reiitly. T h e  f l  trns-cliaxi:il 1 scrvt~1 

n sulistrwte, a s  previously rcpoi tr t l ,  :itit1 the sl,t.iv.rtl. 
tlcc-:tliii :uialog provctl to  lir :ui iii1iil)itor of the  tiuc~ 

I lie four coriipouiitls tliscuszctl : t lw\  (1 were suh i i t  tetl 
to iiicwtuiic :tss:iy. Soiic~ of tlicw cviiipouiitls p l ' C J W d  to 
I t ( ,  iLgoiiibts h u t  all ictur I~loclirtl the. nctioii of carhamoyl- 
cholirtt. 

It1 :ti1 assay of iiiusc.ariiiic: wtioii 4 proved to b r  :I 

p r t  i d  agonist linviiig n rclntivc potelicy o i i  u molar 
1 i w b  of 0.02 :ib conipnretl t o  acctylclioliiic~ d i e n  the 
coiiwiitratioii w:ib 30 pg in1 :ind 0.015 at a conrentration 
ot 7 5  p g  nil. C"onipouiit1 5 had 110 agonist propertics :it 
(hoiirtxiitiatioiis f i w i i  20 to  400 pgdiiil but blochctl acetyl- 
c.Iiuliiic-ii~clucc~tl coiitr:ictioii GOc ( at 50 pg i d ,  75c; ;it 
100 pg ml. :uid 90' (70iiipoiiiid 4 a t  
cwicwtrations of 100 pg aiid ~ ~ J O W  d s o  lilocked responses 
to ncctylclioliiie. 

The above rcsults acltl support to tlir. wilipr ieport? 
tliat n etaggerc,tl coiiforniatioii of the h u h t r a t c  ii; rv- 
quirctl :Lf tht vt'ry hpc'cifiix true :icctylcholiiic wteraw 
1 cwptor site. The iiiuscariiiic results caii alba lic iiitvr- 
picted :is supporting the earlier work; lio\~-cvcr, until 4 
:iiitl 5 are resolved mt l  the homologs of 4 :tiid 5 ,  nitii :L 
i iwt  1-13'1 group iii t h  :ixid find cquntorinl coiifomitctioir 
:It the 2 position, prcp~irctl,  110 tlefiiiitivc atateineiit 
o u i  I)( ,  1ii:itlc. In tlic prt1vious rtqiort oiic of the skew 
tlec.nliii niinlogs of ace1 ylcholiiie liad iiiusc.ariiiic activity 
wliicli IWS approximatelj one-tenth that of thc diaxial 
tlrcaliii analog 1. C'ompoun(1 4 causes thc cwntravtioii 
of the guinea pig ileuiii iii :I proportiold i 

Further studies will 1x1 iiiidortiilwii wit11 tlic 
niaterinls in order to deteriniiie i f  5 is liiitling ten 
to the exact reccptur site, thus iiiliibitiiig acetycholinr. 

Thc nicotinic* :issay n ill kw :it ttiiiptcd on the reinah- 
iiig rirculiii :ilialogs siiire f r r m  tlii' p i  e w l l  tlat :i no ( * o i i -  

vlusioiis are mirrmite(1. 

r ,  

:it 200 pg/rnl. 

Experimental Section'" 
3-Quinolinol (6~.-~--:~-~~1iiirio~~i1i1ioli1ie (1 4.4 g, 0 .  I ~ i i o l t :  j wis 

tlis~olvetl in H$04 (8.0 nil, 0.3 niole) diluted with 50 nil of H?O 
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C-2 and C-9), 3.54 and 3.31 (singlets, SCHa), 2.16 (singlet, 

Reduction of 3-&uinolinol(6) in THF.-3-Quinolinol(6) (10 g)  
was dissolved in THF (I80 ml) and hydrogenated over Raney S i  
(K-2,9 3.0 g)  with an initial pressure of 215 kg/cm2. I t  was heated 
to 150" during which time the pressure rose to 246 kg/cm2 and 
these conditions were maintained for 24 hr. After cooling, the 
solution was filtered through Celite and the solvent was removed 
in vacuo leaving 10 g of oil. Glpc indicated nearly equal quantities 
of trans-decahydroquinoline, trans-decahydrc-3( e)-quinolinol ( l l ) ,  
frans-decahydro-3( a)-quinolinol ( lo) ,  and cis-decahydro-3(e)- 
quinolinol(9). After standing, the oil solidified. A small amount 
of EtOAc was added, and the solid was removed by filtration and 
washed with EtOA4c to give 8 g of a white solid, mp 130-136". 
Several recrystallizations from MeOH-EtOAc gave 2 g of pure 
trans-decahydro-3(e)-quinolinol (11): mp 149-150 '; methiodide 
mp 276"; ir (CHCla), 2.77, 3.05 broad, 3.35, 3.42, 3.51, 6.92 p ;  
nmr (CDCIa), 6 3.65 (septet J,, = I1 cps, Jae = 5 cps, axial H 
at  C-3), 3.21 (eight-line multiplet J,,, = 11 cps, J., = 5 cps, 
J,, = 2 cps, equatorial H at C-S), 2.41 (triplet, fJom,aa = 11 cps, 
axial H at C-2). Anal. (CgH17SO) C, H, S. 

The solids, recovered from the purification of trans-decahydro- 
3(e)-quinolinol (11) were chromatographed on silica gel (Brink- 
mann, 100 g)  and eluted with NeOH. d small amount of the 
trans-equatorial alcohol 11 was eluted first. I t  was followed by 
czs-decahydro-3(e)-quinolinol (9) and trans-decahydro-3(a)- 
quinolinol (10). Recrystallization of czs-decahydro-3(e)-quino- 
linol (9) from 1IeOH-EtOAc gave 300 mg; mp 159-160"; ir 
(CHCL), 2.77, 3.0 broad, 3.35, 3.42, 3.51, 6.93 p ;  nmr (CDCb), 
6 3.85 (septet, J,, = 9 cps, J,, = 4 cps, axial H at C-3), 3.20 
(eight-line multiplet, .Jgem = 12 cps, J,, = 4 cps, J,, = 1.5 cps, 
equatorial H at C-2), 2.82 (H at C-10, lt.i/2 = 9 cps), 2.49 

CH3COO). Anal. ( C ~ ~ H Z ~ I X O ~ )  C, H, K. 
(axial H at  C-2, four-line multiplet, J,,, = 12 cps, J,, = 9 cps). 

Recrystallization of trans-decahydro-3(a)-quinolinol (10) from 
EtOrlc gave 200 mg; mp 95-96.5"; ir (CHCIa), 2.92, 3.34, 3.42, 
3.51, 6.93 p ;  nmr (CDCb), 6 3.86 ( 1 t 7 1 ~  = 7 cps, equatorial 
H at C-3), 3.02 (six-line multiplet, J, ,  = 13 cps, J,. = 2 cps, 
equatorial H at C-2), 2.73 (four-line multiplet, J,,, = 13 cps, 
J., = 2 cps, axial H at C-2). Anal. 

N-Methylation of trans-Decahydro-3( a)-quinolinol (lo).-The 
amino alcohol 10 (1.3 g, 8.44 mmoles) was stirred nith H,CO 
(2.4 ml of 40% solution) in dry MeOH (40 ml) at 25" for 2 hr. 
SaBH4 (1.2 g) was added portionwise at 10-20 '. The solution 
was allowed to stir for 2 hr at 25". llezCO was added dropwise 
until the excess SaBH4 was decomposed. Ice was added and the 
mixture was extracted with CHZCL. The CHZCL solution was 
dried ( 11gS04) and filtered, and the solvent was removed in vacuo 
leaving K-methyl-trans-decahydro-3(a)-quinolinol (7) as a crys- 
talline solid (1.39 g, 977;): mp 74-78'; nmr (CsHs), d 3.80 
( I f  11, = 8 cps, equatorial H at  C-3), 2.80 (six-line multiplet, 
Jgem = 12 cps, J.. = 2 cps, equatorial H at C-2), 2.07 (singlet, 

A a d .  (CpHi7NO) C, H, N. 

(CgH17SO) C, H, K. 

SCHr). 
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The title compounds were prepared by alkylating 3-substituted pyrrolidines with the ketal of -pchIorobutyr+ 
phenones. Several compounds show CKS depressant activity comparable to chlorpromazine. Hypotensive ef- 
fects were also observed in many of the compounds. 

Our continued interest in drugs which affect the CNS 
has led us to explore in some detail the structural reqLire- 
ments for CKS depressant activity in the group of com- 
pounds generally classified as aminobu tyrophenones. 
This paper is the first of several which describe a series of 
chemical modifications beginning with the amiiio- 
butyrophenone I and leading to new structures with 
potent CYS activities. 

I 

The work described in this paper deals primarily nith 
variations on the amino portion of the molecule. More 
specifically, our interest in pyrrolidine chemistry led LS 
to prepare a series of 3-substituted pyrrolidine analogs, 
most of which are structurally more rigid than the better 
studied piperidine derivatives. The compounds de- 
scribed herein include a group of 3-aryloxypyrrolidines 
(Table I), 3-acy1o:uypyrrolidines (Table 11), and 

(1) (a) P. A. J. Janssen in "Medicinal Chemistry," M. Gordon, Ed., Arademic 
Press, Inc., New York and London. 1967, p 199; (b) P. A. J. Janssen, P. 
Demoen, B. Hermans. P. Van Daele, K. H. L. Schellehens. C .  Vander Eychen, 
and C. J. E. Nremegeers, J .  1Ked. Pharm. Chem., 1. 281 (1959). 

3-anilinopyrrolidines (Table 111) which are attached to 
the 4 position of a butyrophenone moiety. 

Chemistry.-Most of the 3-aryloxy- and 3-aiiilino- 
pyrrolidinylbutyrophenones reported herein (Tables I 
and 111) were prepared by alkylating the appropriate 
pyrrolidine with a 7-chlorobutyrophenone (protected as 
the ethylene glycol ketal) followed by removal of the 
protecting group (Chart I). By the same reaction 

CHART I 
n 

n 

X = H, C1, F 

sequence 3-hydroxypyrrolidinyl analogs were prepared 
aiid converted by standard methods to the acyloxy and 
carbamoyloxy derivatives described in Table 11. 

Compounds reported in Table IV were prepared from 


