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crystallized from acetone-hexane to afford 0.683 g (71.5% 
yield) of white crystals: mp 169-170'; ident'ical, by mixture 
melting point and nmr comparison, with 111 prepared above. 

C. By Diels-Alder Addition of Methyl Acrylate to 1V.-A 
mixture of 0.311 g of IV, 1.3 ml of freshly distilled methyl acrylate, 
and 10 mg of hydroquinone was sealed in a glass tube, under 
reduced pressure. After the tube had been heated a t  120" for 
96 hr, i t  was cooled and then opened. The contents were con- 
centrated under reduced pressure. The residue was chromato- 
graphed over 20 g of Merck acid-washed alumina. Elution 
with benzene-ethyl acetate afforded 0.319 g of material which 
crystallized from acetone-hexane to afford 0.288 g of white flakes, 
mp 171-172". The identity of this material with the 14a,17c~- 
etheno-16a-carbomethoxypregn-4-ene-3,20-dione obtained in A 
was demonstrated by nmr spectroscopy and by a mixture melting 
point determination. 
4,14,16-Pregnatriene-3,20-dione (IF').-A mixture of 1.93 g of 

5,14,16-pregnatrien-3p-o1-20-one, 13.0 ml of cyclohexanone, and 
300 ml of toluene was dried by refluxing under a Dean-Stark 
head until no further water separated (4 hr). The mixture was 
then cooled to room temperature, and 2.03 g of aluminum iso- 

proxide was added. The reactants were heated under reflux for  
1 hr. After the toluene had been distilled under reduced pressure, 
the residue was partitioned between CHC1, and aqueous HC1. 
The chloroform solution was then dried (MgSOd), filtered, and 
evaporated to dryness under reduced pressure. The residue, in 
benzene solution, was chromatographed over 210 g of Merck 
acid-washed alumina. Benzene (150 ml) eluted 200 mg of im- 
purities followed by 334 mg of impure product. A solution 
(150 ml) of 5% ethyl acetate in benzene followed by 100 ml of 
10% ethyl acetate in benzene then eluted 1.32 g of semisolid 
material which crystallized from acetone to afford 1.22 g of an 
acetone complex of I V  as pale yellow crystals, mp 105-106". 

A n a l .  Calcd for CZLH2602.0.5C&0: C, 79.61; H,  8.61. 
Found: 

The product was recrystallized from ethanol to afford an eth- 
anol complex as pale yellow crystals: mp 114-115'; v ~ ~ J ~ ~  
1669, 1647, 1629, 1618 em-'. The nmr spectrum had a singlet 
a t  2.33 (21-CH3) and peaks in the vinyl proton region at  5.80, 
6.07, and 7.25 (doublet, J = 2 cps). 

A n a l .  Calcd for CnH&~0.5C&0: c, 79.24, H, 8.77. 
Found: C, 79.47; H, 8.53. 

C, 79.72, 79.54; H, 8.53, 8.37. 
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Three methods for the synthesis of 2-phenylpiperazine (3),  two of them new, have been investigated. One 
method concerned the condensation of ethyl a-bromophenylacetate with ethylenediamine to form 3-oxo-2-phenyl- 
piperazine ( 4 )  followed by hydride reduction to 3. This method was superior to t'he condensation of styrene 
oxide with ethylenediamine, previously employed. The second method involved condensation of ethyl glycinat e, 
cyanide, and benzaldehyde to ethyl N-( a-cyanobenzy1)glycir~ate (ti), which was hydrolyzed to the amido ester 6. 
The latter was cyclized by sodium hydride to 3,5-dioxo-2-phenylpiperazine (7) which was reduced to 3. The 1- 
alkyl derivatives of 3 were obtained unambiguously by alkylation of 3-oxo-2-phenylpiperazine followed by hydride 
reduction. The 4-alkyl and 1,4-dialkyl derivatives were prepared by alkylation of 3. 

Of the very large number of derivatives of piperazine, 
many of which have been investigated for various phar- 
macological activities, relatively few C-subst'ituted 
derivatives have been studied.2 Aside from the 2,5- 
disubstituted piperazines obtained by dehydration 
of amino acids to diketopiperazines followed by re- 
duction, the synthesis of C-substitut'ed piperazines 
offers several diffic~lt~ies.~ The first synthesis of 2- 
phenylpiperazine (3) was reported in 19434; no ot'her 
synthesis or papers concerning this compound have 
appeared, although related keto derivatives and fur- 
ther C-substituted derivatives have been reported. 
The structure of 3, since i t  contains the phenethyl- 
amine inoiet'y of the sympathomimetic amines, should 
be of special interest t'o medicinal chemistry. We re- 
port here an improved synthesis of 3 and the synthesis 

(1) (a) Par t  XXXIV: C. B. Pollard, IT. JI. Lauter, and N. 0. Nuessle, 
J .  Org. Chem., 24, 764 (1959). (b) Communications regarding this paper 
should be addressed to the Department of Organic Chemical Research, 
Abbott Laboratories, North Chicago, Ill. 60064. (c) This paper was 
abstracted from the Ph.D. Dissertation, University of Florida, June 1962. 
(d) Deceased: formerly Professor of Chemistry, University of Florida. 

(2) E. Jucker and E. Rissi. Hela. Chim. Acta, 46, 2383 (1962). 
(3) For example, the synthesis of N-phenylpiperazines from arylamines 

and diethanolamine hydrochloride could not be extended to the synthesis of 
C-substituted piperazines: J. P. Bain and C. B. Pollard, J .  Am.  Chem. Soc., 
61, 2704 (1939). 

(4) L. J. Kitchen, Ph.D. Dissertation, University of Florida, Feb. 
1943; C. B. Pollard and L. J. Kitchen, U. S. Patent  2,400,022 (1946); Chem. 
Abslr., 40, 5074 (1946): I,. .J. IGtrhen and C. R. Pollard, .I. Am. Chem. Sor. ,  
69, 884 (1447). 

of some N-alkyl and oxo derivatives, prepared for 
pharmacological evaluation. 

The first method of synthesis of 3 consisted of the 
reaction of styrene oxide with excess ethylenediamine 
to form N-(P-hydroxy-P-phenethy1)ethylenedianiine (1) 
which was catalytically cyclodehydrated at high 
pressure in the presence of Raney nickel. The adducts 
of styrene oxide and amines have been assumed to 
result from attack a t  the P-carbon of styrene oxide.5 
For the reaction of several amines with styrene oxide, 
the major but not exclusive product has been shown 
to result from attack at the less substituted carbon 
atom.6 This method of synthesis of 3 was reinvesti- 
gated in an attempt to improve the yield, and data 
were obtained to  support the structure previously as- 
signed (without proof) to the styrene oxide-ethylene- 
diamine adduct. 

From the reaction of 1 mole of styrene oxide with 2 
moles of ethylenediamine, the 1 : 1 adduct (1) was ob- 
tained in 60% yield based on styrene oxide. A 2 : 1 
adduct (2) was also obtained, in 11% yield based on 
styrene oxide. The structures of 1 and 2 were based 
on elemental analyses, nmr spectral comparisons, 
and the absence of primary amine in 2 as shown by 
the Hinsberg test. The nmr spectrum of 1 showed the 

( 5 )  TV. S. Emerson, ib id . ,  67, 516 (1945). 
(6) R. E. Parker and h-. 8. Ieaacs, C / , e m .  Ret,., 69, 737 (1059). 
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Spec'tm were determilied in CDCI,) 011 :t \.ariaii BssociateA d-63 spectrometer by Ilr .  It. \V M:tt tooii atid associates of Atibot t L:tbo- 
yiithesizeci by the procediire of S. Gatxiel 

-kaiimed t c i  be a milltiplet, with oiie peak :it 171 cyjs anti others hidden iinder the absorption of 
ratories, to whom the :Liithors are grat,efiil. 
aiid J .  Coln~~tri ,  Ilrr. ,  47, 1866 (1914). 
the other foiir methyleiie prototis at 163 c p .  

s, siiiylet; d, doublet; t ,  triplet; q, qiiartel. 
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C ,  HSCHCH2NHCH2CH2NHCHLCHCbH 
I 

OH 
I 

OH 
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The cyclodehydration of 1 Ilrobably proceeds via 
ctehydrogetiation of the alcohol to a ketone, cyclizution, 
dehydration, arid reduction by :i +ecorid niolecule of 
alcohol, in a chain reaction requiring :L trace of ketone 
to initiate the  reaction ( ~ e e  Chart I) .  Thii vquencc 
~ L L S  becn me11 established for alkylation of nniiries by 
d ~ o h o l h , ~  and the isolation of  :I t et rahydropyrrtziii(, 
from vyclodehydration of :t .uh.titutctl K-(P-hytiroxy- 
ct hyl) et hylenediamine support i t hi i nierhn~iisni . g  

111 our hantla tlic cylodehydratiori of 1 g:rvc 2- 
~)heriyl~)iperazitie (3) i i i  yield. of 25-3OG/,, 50-707, 
of 1 being rcrovcred. T h e  over-all yield for thc lwo- 
\tep .grithe.i. oi 3 \vas 7-15?;, The pre~eticc~ of YO- 

cliurii vlfate,  added t o  rc~i~iovc water mtl shift cqui- 
Itbriuni, rewltccl i i i  ;L l o \ v w  yieltl. Cyc.lodeliydr:itioti 

atteniptetl at :ltiiio.l)herica pres.ure without Ritwy 
iiicakc1l under threc: tyi)c'. of euperinicntnl contiit ioiis: 
oxidizing agent5 to  form the interniedixtc Icctoric>, 
1)enzul:milirie and alkoxitle to dehydrogenate thc alrollol, 
i d  solvents to rmiovc \rater a* :in azeotropr. Iii ~ioii(' 
of these exprimenth ~ v a 5  3 formed. 

Several of the iiiaiiy other syritheseh of thc pilwraziiic 
ring9 \yere studied :I< routes t o  3; two method. TY(W 

found to lie effectivc. Thc hr.1 mrlthotl, the O I K I  uqcd 
111 the synthe& of all t he  cm~il)ounds reported in  tht. 
l)aper, i.i shown i n  Ui i~r t  TI. Thv reactiori of ~ t h y l -  

('IT \li I' I1 
n 

c',H C H ~ ~ O ~ ~  H + H 1 1 H  - H " - ~ H  

I 1  F-4 
C,,H (1 

4 

Bi 0 

3 

enediamine with a-halo esters 
piperazines '0 was first reported 

Y 
c', H 

to form 2-alkyl-3-oxo I 
by Aspinall,ll who iso- 

lated the intermediate aniino ester. After the corii- 
(Y) For a discussion of general methods of synthesis of piperazines, see 

1'. T. Pratt  in "Heterocyclic Compounds," Vol. 6, R. C .  Elderfield, Ed.. 
.John M'iley and Sons, Inr . ,  New York, N. 1., 195i.  Chapter 9. 

(10) Since the ketone fiinrtion takes precedence over the phenyl group,  
the oxo derivative of 2-phenylpiperaeine is correctly named as 2-oxo-:3-phenyl- 
piperazine. To aroid ronfusion, Iioucvrr, t tie "?-phenyl" nrimmrlati~re ni l1  
lie ernployrd tliroughont this paper. 

(11)  S. 1%. ,Asi)inall, . I .  . I m  r'/,tm S w ,  62, 1202 (1940). 
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TABLE I1 
3-OXO-2-PHEXYLPIPER.4ZINES 

Yield, Carbon, Hydrogen, 7% Nitrogen, yo 
NO. R 70 LIP, oc Formula Calcd Found Calcd Found Calcd Found 

4 H  50 139.0-139.5 C10H12K20 68.16 68.44 6.86 7.02 13.90 15.62 
8 CH, 20 130-132 C11HlaK20 69.44 69.50 7 .42  7.44 14.73 15.05 
9 C2HS 81 99-101 C12H16Pi20 70.56 70.27 7.90 7 .71  13.72 13.69 

11 CoHjCH2 82 224-226 dec C17H18N20 76.66 76.61 6.81 6 .89  10.52 10.34 
12 CsHjCHzCHZa 50 144-145 C18H2ON20 77.11 i 7 . 3 3  7.19 7 .15  9.99 9.60 

10 n-C3H7 71 89.5-92.0 C I ~ H ~ S ~ ~ O  71.52 71.60 5 .31  8.35 12.83 13.01 

13 CH,CO 54 161-162 C12Hi4N202 66.03 66.04 6.46 6.53 12.83 13.03 
a The 4-phenyl derivative of compound 12, 1-(~-phenethgl)-3-oxo-2,4-diphenylpiperazinel has been reported: 0. E. Fancher, S. 

Hayao, and W. G. Strycker, J .  M e d .  Chem., 7, 154 (1964). 

pletion of the present study, the synthesis of 3-oxo- 
2-phenylpiperazine (4)1° from a reaction differing from 
that shown in Chart I1 only in the use of the methyl 
instead of the ethyl ester was reported.12 Reduction 
of 4 by lithium aluminum hydride gave 2-phenyl- 
piperazine; the over-all yield for these two steps was 

I t  was also desired to  prepare 2-(substituted phenyl)- 
piperazines, e . g . ,  2-(o-niethoxyphenyl)piperasine, which 
would be more likely to have useful pharmacological 
activity. Attempts a t  direct substitution of 2- 
1,heriylI)iperazine and syntheses via ring-substituted 
a-halophenylacetates were unsuccessful. The se- 
quence shown in Chart I11 was investigated since it 
appeared that it could be easily modified by using 
subitituted benzaldehydes to achieve the desired goal. 

47-567,. 

CHART I11 
- +  

C1 NHJCH2COCJH5 f CbHjCHO + KCN 
/ I  

ultraviolet 

0 

H .SO 3 HN A ! C 2 H 5  

C,Hj H"' 0 

Sa H - 
5 6 7 

The formation of 5 and its conversion to Dhe amido 
ester (6) have been reported.13-15 The amido est,er was 
prepared using a slight, modification of the literature 
procedure. Cyclizat'ion to the imide 7 could not be 
effected by pyrolysis, although the imide has been 
reported as the product of thermal dehydrat,ion of 
t'he carbobenzyloxy derivative of the amido acid 
corresponding to 6 followed by hydrogenolysis.16 The 
amido ester was converted to t'he diamide, but this 
derivative was also resistant to thermal cyclization. 
Cyclization of the amido ester was effected by sodium 

(12) S. Kawahara and H. Kawakami, Japanese Patent 4540 (1962); 
Chem. Abstr., 58, 10214 (1963) ; the Z-(p-chlorophenyl) derivative was also 
prepared. 

(13) G .  L. Btadnikov, J .  Russ. Phys.  Chem. Soc., 40, 1638 (1908); Ber., 
41, 4364 (1908). 

(14) F. E. King, J. R. Marshall, and P. Smith, J .  Chem. SOC., 239 (1951). 
(15) H. Scheihler and P. Baumgarten, Ber. ,  55, 1358 (1922). 
(16) 9. R. Safir, J .  J. HlaiTka. and .J. H.  TVilliams, IT. R.  Patent 2,763,652 

(1956); Chpm. A b s f r . ,  51,  3675 (1957). 

hydride, and reduction of the resultant imide with 
lithium aluminum hydride gave 2-phenylpiperazine. 
Since the over-all yield for the sequence of reactions 
was quite low, no studies with substituted benzalde- 
hydes were carried out. 

Both 1-alkyl and 4-alkyl derivatives of 3 were pre- 
pared. nlonoalkylation of 3 would be expected, as a 
result of steric factors, to occur predominantly in the 4- 
position, as has been shown for 2-methylpiperazine1 
and this was found to be the case. The synthesis 
of 1-substituted 2-phenylpiperazines would thus re- 
quire the use of a blocking group in the 4-position, 
such as benzyl,le e t h o x y c a r b ~ n y l , ~ ~ ~ ~ ~ ~ ~ ~  benzyloxy- 
~ a r b o n y l , ' ~  acetyl120 or nitroso.20 However, alkylation 
of a 2-substituted 3-oxopiperazine would give 1- 
alkylation without the use of an added protecting group. 
Thus, by alkylation of 3-0~0-2-phenylpiperazine, 
followed by reduction, it was possible to obtain 1- 
alkyl derivatives, whereas alkylation of 3 gave 4- 
alkyl derivatives. The l14-dialkyl-2-phenylpiperazines 
were obtained by alkylation of 3 using excess alkylating 
agent (see Chart 11). The compounds prepared in 
this may are suniniarized in Tables I1 and 111. 

Pharmacological Evaluation.-Preliminary pharma- 
cological screening showed central nervous system ef- 
fects from several compounds in both the 3-oxo-2- 
phenylpiperazineZ1 and 2-phenylpiperazine series. Mild 
analgetic activity in the guinea pig was shown by 2- 
phenylpiperazine (3). l14-Dimethyl-2-phenyIpipera- 
zine (16) showed moderate analgetic activity in the 
mouse and rat but was inactive in the guinea pig. 
Compounds 22 and 24 showed moderate cerebral 
stimulation. Moderate anticonvulsant activity against 
seizures induced by electroshock was exhibited by 
compounds 10 and 11, but no antimetrazole activity 
mas observed. Compounds 11 and 14 had moderate 
and weak hypotensive activity, respectively, a t  high 
dosages. Xone of these activities mas sufficient to 
justify further interest. Sone of the conipounds 
showed antibacterial activity. 

(17) K .  31. Beck, K.  E.  Hamlin, and .i. TI-, \Teston, J .  A m .  Chem. SOC., 

(18) J. S. Buck and R.  Baltely. U. S. Patent 2,415,786 (1947); Chem. 

(19) Ti-. 0. Foye and L. R. Fedor, Jr., J .  Am. Pharm. Assoc., Sci. Ed., 48, 

(20)  11. Harfenist and E. Magnien, J .  .4m. Chem. Soc.,  79, 2215 (1957). 
(21) 3-Oxo-2-phenylpiperazine (4) has heen reported'? to ha re  analgetic 

74, 605 (1952). 

Abstr.,  41, 3133 (194i).  

412 (1959); Chem. Abstr., 53, 21981 (1959). 

and antispasmodic activity. 
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21 ml(0.15 mole) of triethylamine in 100 ml of acetone or toluene 
was refluxed several hours. The reaction mixture w-as filtered 
aiid the solveiit wxs removed by diatillatiorl. The residue was 
cnrystallized froin benzene, hexane, or acet oiie, 1 Iethylation 
was effected with formaldehyde-formic acid in water.24 The 
reductions were carried out by refluxing for 24 hr a solution or 
slurry of 0.016 mole of the l-alkyl-3-oxo-2-phenylpiperazine and 
0.063 mole of lithium aluminum hydride in 250 ml of ether. 
The products were isolated by standard methods. 

4-Alkyl- and 1,4-Dialkyl-2-phenylpiperazines.-The 4-alkyl 
derivatives were prepared by alkylation of "-pheii~lpiperazirle, 

(24) H. T. Clarke, H. B. Gillespie, and S. 2. TTeisshaus, J .  A m .  Chem. 
Soe.,  66, 4571 (1933). 

with 1 equiv of alkylating agent by the general procedure given 
above. The 4-methyl derivative was prepared using methyl 
iodide sitice forillaldehyde-formic acid gave borne diyubstitutioii. 
The 1,4-dialkyl derivatives were obtained using 3 equiv of alkyl- 
ating agent. The products were purified by distillation a t  re- 
duced pressure. 

Acknowledgments.-The authors are grateful to 
Parke, Davis and Co. for financial support of this study, 
for a fellowship for H. ,J. P., and for the pharmacological 
data reported in this paper. We thank Dr. Jack Tad- 
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Derivatives of 2-Azabicyclo [2.2.2]octane. I 

FRAKK J. VILLAXI AND CLAIRE A. ELLIS 

;If edicinal Chemical Research Department, Schering Corporation, Bloomfield, .17ezc: J e r s e y  

Received October 5, 1966 

2-Azabicyclo [2.2.2]octan-3-one (isoquinuclidone j,  prepared by pyrolysiq of cia-4-arninocyclohexanecnrbo~ylic 
arid, was reduced in excellent yield to  2-azabicyclo [2.2.2]octane (isoquinuclidine). The iaoquiiiudidyl ring was 
substituted for the dimethylamino group in a limited number of clinically effective agents. The following com- 
pounds were prepared: S- [3-(p-chlorophenyl)-3-( 2-pyridyl)propyl]isoquinuclidine (VI),  X-[2-( p-chlorobenz- 
hydryloxyjethyl]isoquinuclidine (S-11), and 10-[3-(N-isoqui1iuclidyl)propyl]-2-chlorophenothiazine (S.111). 
These compounds showed the same type of biological activity as their dimethylamino prototypes but were less 
active. iX-[2-(Guanidino)ethgl]- and ?;-[3-(guanidino)propyl]isoqui1iuclidine sulfates were also prepared. 

The biological properties of a series of compounds, 
wherein the bulky bicyclic ring, 2-azabicyclo [2.2.2]- 
octane, commonly known as isoquinuclidinel was sub- 
stituted for the dimethylamino moiety in a number of 
clinically active agents, \\-ere studied. 

Isoquinuclidine (111) was prepared by pyrolysis of 
cis-4-aminocyclohexanecarboxylic acid (I) to the 
cyclic lactam, 2-azabicyclo [2.2.2]octan-3-one (11),3 
followed by reduction with lithium aluminum h ~ d r i d e . ~  
This series of reactions establishes the conformation 
of the cis acid (I), since the trans form cannot be so 
converted and serves as a convenient method for the 
preparation of the bicyclic amine (111). 

CHART I 

I11 

I VI1 /- 
I WC1 

OCHzCHzoH - OCHZCHZC1 V 
IV 

~ C H ~ C H K H  / -  

VI 

I I1 I11 

The preparation of the isoquinuclidyl analogs of the 
propylamine and aniinoalkyl et'her types of antihista- 
niinic agents of which chlorpheniran~ine~" and chlordi- 
p h e n h ~ d r a m i n e ~ ~  are the prototypes is shown in Chart 
I. Isoquinuclidine (111) was converted into ?r-(2- 
hydroxyethy1)isoquinuclidine (IV) by reaction wit,h 

(1) Throughout this manuscript, the  common name isoquinuclidine is used 

(2) F. J. Villani and C. 4 .  Ellis, J .  Org.  Chem., 29, 2585 (1964). 
(3) E. Ferber and H. Bruckner, Ber. ,  1 6 ,  1019 (1943). 
(4) (a) L. H. Werner and S. Ricca, J .  Am. Chem. Soc., 80, 2733 (195S), 

were unable to effect this reduction. (b) W. Achneider and R. Dillmann, 
Chem. Ber.. 96, 2377 (1963), prepared this compound in 407, yield using 
LiAlHd in tetrahydrofuran. (c) Compound I11 is unstable and a sample 
of analytical purity could not be obtained. The  compound sublimes 
quite readily and absorbs CO? from the air. See ref 4a, and 4b. 

( 5 )  (a) l-(p-Chlorophenyl)-l-(2-pyridyl)-3-dimethylaminopropane, Chlor- 
TrimetonB, Schering Corporation; (b) 2-(p-chlorobenzhydry1oxy)-N- 
dimethylethglamine; (c) 10-(3-dimethylaminopropyl)-2-chlorophenothia- 
zine: (d) (2-(octahydro-l-azocinyl)ethyl]guanidine, 

instead of the more cumbersome chemical name. 

ethylene oxide. Reaction of IV with thionyl chloride 
gave the chloride V. Alkylation of 2-(p-chlorobenzyl)- 
pyridine with V in the presence of potassium aniide 
gave the desired X- [3-(p-chlorophenyl)-3-(2-pyridyl)- 
propyl ]isoquinuclidine (VI). Compound VI1 was pre- 
pared by heating a dilute xylene solution of IT' with 
p-chlorobenzhydryl bromide in the presence of potas- 
sium carbonate. 

The preparation of the isoquinuclidyl analog VI11 
of the central nervous system depressant, chlorproma- 

c1 
I /CH2)3Na 
VI11 


