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The hydrochloride salt was recrystallized from ethanol, m.p. 
185-186°. 

3-(/3-Hydroxyphenethylamino)pyridazine (XVI).—A stirred 
mixture of 15.0 g. (0.06 mole) of XV, 2 g. of 10% palladium-on-
carbon, 25 ml. of 64% hydrazine, and 200 ml. of ethanol was 
boiled on the steam bath for 1.5 hr. The cooled mixture was 
filtered and the filtrate concentrated to a tan solid residue that 
was washed with water and crystallized from isopropyl alcohol-
water to yield 8.8 g. (68%) of XVI, m.p. 141-142°. 

The hydrochloride salt of XVI, crystallized from isopropyl al
cohol, melted at 122-124°. 

2-((3-HydroxyphenethyIamino)-3-methylpyrazine (XVII).—A 
mixture of 18.0 g. (0.14 mole) of 2-chloro-3-methyipyrazine, 18.0 
g. (0.13 mole) of /3-hydroxyphenethylamine, 23.2 g. (0.14 mole) 
of potassium carbonate, and 0.5 g. of copper powder was heated 
in an oil bath maintained at 160° for 7 hr. The mixture was 
triturated with benzene and the solution filtered and concen
trated to a dark oil that was vacuum distilled to vield 8.3 g. (28%) 
of product, b.p. 195-201° (0.5 mm.). 

The hydrochloride salt was crystallized from isopropyl alcohol-
ethyl acetate to give tan crystals, m.p. 111-113°. 

2-(/3-Hydroxyphenethylamino)-s-triazine (XVIII).—A solution 
of 13.8 g. (0.05 mole) of /3-hydroxyphenethylguanidine hydro-

bromide3 and 4.2 g. (0.05 mole) of s-triazine in 25 ml. of dry 
ethanol was heated on the steam bath for 20 hr. The precipitated 
solid was collected and crystallized from methanol to give 4.3 g. 
(40% yield) of XVIII , m.p. 211-212°. 

2-(^-Hydroxyphenethylamino)-4,6-diamino-s-triazine (XIX). 
—To a slurry of 72.8 g. (0.5 mole) of 2,4-diamino-6-chloro-s-
triazine and 71.3 g. (0.52 mole) of /3-hydroxyphenethylamine in 
500 ml. of water was added, dropwise at steam-bath temperature, 
a solution of 74.4 g. (0.6 mole) of sodium carbonate monohydrate 
in 160 ml. of warm water. The addition required approximately 
1 hr. after which the mixture was heated for an additional 3 hr. 
and then cooled and filtered. The water-washed precipitate 
was recrystallized from ethanol to yield 66.7 g. (54%) of white 
crystals, m.p. 176-178°. 

2-(/?-Hydroxyphenethylamino)-4,6-diamino-.s-triazine hydro
chloride, recrystallized from ethanol, showed m.p. 231-232°. 
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Two routes to the previously unknown 1,2-diazabicyclo [2.2.2] octane ring system have been developed. The 
parent heterocycle, 1,2-diazabicyclo [2.2.2]octane, as well as a number of substituted derivatives, has been synthe
sized. The most effective compound is similar to codeine in antitussive potency and is devoid of analgesic activity. 

The use of 4-acyl-4-phenylpiperidines for the prepa
ration of the corresponding 1-alkyl derivatives has 
been reported previously.2 The same intermediates 
are suitable starting materials for the synthesis of the 
previously unknown3 1,2-diazabicyclo[2.2.2]octane ring 
system. The preparation of the parent compound, 
1,2-diazabicyclo [2.2.2]octane, as well as a series of 2-

SCHEME I 

R COR' COR' 

(1) This paper is taken in part from the thesis of Philip M. Carabateas, 
submitted to Rensselaer Polytechnic Institute, Troy, N. Y., in partial ful
fillment of the requirements for the Ph.D. degree. 

(2) B. Elpern, P. M. Carabateas, and I.. Orumbaoh, ./. Org. Chem., 26, 
4728 (1961). 

and 3-substituted derivatives has now been accom
plished. 

The 3-alkyl-4-phenyl-1,2-diazabicyclo [2.2.2 ] octanes 
(V) listed in Table II were prepared as shown in 
Scheme I. Addition of a slight excess of aqueous 
sodium nitrite to aqueous solutions of the hydrochlo
rides of the amino ketones (I) gave very good yields 
of the corresponding 1-nitrosopiperidines (II). These 
are listed in Table I. In all cases, the products as 
obtained from the reaction mixture were analytically 
pure and were used directly in the next step. Any 
attempts at recrystallization or distillation resulted 
in partial decomposition. Reduction of the nitroso 
ketones (II) with zinc dust and acetic acid at 15-20° 
gave basic materials which proved to be the 3-alkyl-
4-phenyl-l,2-diazabicyclo [2.2.2]octanes (V). Xo other 
products could be isolated. Apparently, cyclization 
of the 1-amino derivatives (III) occurs to yield what 
are probably the cyclic hydrazones (IV). Under the 
conditions of the reaction, these are further reduced 
to the saturated heterocycle (V). 

The method of synthesis, elemental analyses, and 
the infrared and n.m.r. spectra of representative com
pounds are all consistent with the bicyclic structure 
assigned for the products (V). The infrared spectrum 
of 4-phenyl-3-propyl-l,2-diazabicyclo [2.2.2]octane (V, 
R = C6HB; R' = C3H7) hydrochloride, a typical com
pound in this series, shows a broad absorption band 
at 4.20-4.32 n, which is indicative of a disubstituted 
> N H + function. The carbonyl band at 5.92 p. 

(3) The literature records examples of 1,3-, 1,4-, 2,3-, and 2,6-diazabicyclo-
[2.2.2]octanes; C. Harries, Ann., 294, 362 (1887); O. Hromatka and O. 
Kraup, Monatsh., 82, 880 (1951); J. Pirsch and J. Jorgl, Ber., 68B, 1324 
(1935); D. K. Piper and G. F, Wright, ./. Am. Chem. Soc, 72, 1669 (1950). 
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R 
Cells 
C6Hs 
Cfills 
Cells 
C6HS 

Cells 
H 
II 

R' 
OC2H5 
CH3 

C2H6 

C3H, 
C4H9 
C7H5 

C H r 
OCH3 

Al.p. , ° C . 

44.4-47.6 
58-60 
82-83 
94-95.5 

Oil 
Oil 
Oil 
Oil 

n«D 1.4920 

X-•X: 

TABLE I 

ITROSO P l P E R I D I N E : 

K .COR 

NO 

Yield, % 

100 
68 
1)8 
89.2 
91.5 
71.2 

1)3.4 

F o r m u l a 

CJ4H18X203 

C,3H,6X202 

C14H18X202 

C,6H2(iX20. 
C16H22X202 

C i 9 H 2 8 X 2 0 2 

C9H16X,02 

C7H12X2()3 

C'al 

10 
12. 
11. 
10. 
10 
S, 

15. 
16. 

cd. 

68 
00 

.38 

.70 

.21 
86 
21 
28 

Ni t rogen , 
Found 

10.78 
12.32 
11.10 
10.72 
10.58 
8.75 

15.29 
16.07 

and the N-nitroso band at 6.9 n which are present in 
the nitroso ketones (II) are absent in V. There are 
no bands which would indicate the presence of inter
mediates containing a > C = N linkage. 

The n.m.r. spectrum of a 20% solution of the 4-
phenyl-3-propyl compound (V, R = C6H6; R' = 
C3H7) in deuteriochloroform shows a strong aromatic 
C-H signal at 472 c.p.s. and a number of saturated 
aliphatic C-H signals at 50-250 c.p.s. The integra
tion trace of the above compound showed an aromatic 
C-H to aliphatic C-H ratio of 5 to 16. The formation 
of a monoacetyl compound (VI, R = C6H5; R' = 
C2II5; R " = CH3CO) from the corresponding diaza-
bicyclooctane (V, R = C6IL; It ' = CaH») is also 
consistent with the proposed structure. 

It was desirable to synthesize 3-propyl-l,2-diaza-
bicyclo[2.2.2]octane in which the 4-phenyl group is 
missing to make it available for pharmacological 
studies. The synthesis of this compound was similar 
to that shown in Scheme I. In this instance, 4-cyano-
piperidine, which was prepared in 70% yields by a 
modification of the procedure described by Gardner, 
et al.,* was treated with n-propyllithium to give 4-
butyrylpiperidine (I, R = II; R/ = C3H7) which was 
then nitrosated with aqueous sodium nitrite to give 
4-butyryl-l-nitrosopiperidine (II, R = H; R' = C3H7). 
Reduction of the latter afforded 3-propvl-l,2-diazabi-
cyclo [2.2.2 ]octane (V, R = H; It ' = C3H7) in 19% 
yield. 

Compounds unsubstituted in the 3-position of the 
l,2-diazabicyclo[2.2.2]octane nucleus were prepared 
from the appropriate ester as shown in Scheme I, 
Treatment of 4-carbethoxy-4-phenylpiperidine (I, R = 
C6H5; R' = OC2H5) with sodium nitrite gave 4-
carbethoxy-l-nitroso-4-phenylpiperidine (II, R = C6H5, 
R' = OC2H5) which was readily reduced with zinc dust 
and acetic acid to l-amino-4-carbethoxy-4-phenyl-
piperidine (III, R = C6H6; R' = OC2HB). Cycli-
zation of the latter in Dowtherm A at 240° afforded 
3-oxo-4-phenyl-l,2-diazabicyclo[2.2.2]octane (VII, R = 
C6H5) in 40-50% .yields. Quaternization of VII, 
R = C6HB, with methyl iodide in acetonitrile followed 
by exchange of iodide ion for chloride ion using IRA-
400 ion exchange resin gave the methochloride, while 
reduction with lithium aluminum hydride in tetrahy-

( t ) T. S. Ciurdnpr. K. Wenis , and J. j .cc , J. (>>•(,. Ch,-m., 22, 984 (1057). 

drofuran proceeded smoothly to give 4-pheny 1-1,2-
diazabicyclo[2.2.2]octane (VIII, R = C6H5) in 95.5% 
yield. 

Addition of chloral to the cyclic hydrazine (VIII, 
R = CeHs) according to the general procedure of 
Blicke. et al.,'a yielded the 2-formyl compound (IX, 
It = C6H6; I t " = CHO). Reduction of this com
pound with lithium aluminum hydride gave 2-methyl-
4-phenyl-l,2-diazabicyclo [2.2.2 ]octane (IX, R = C6II5; 
R " = CH3) in good yield. The cvanomethyl deriva
tive (IX, R = C6H6; R " = CH.2CN) was readily 
synthesized by adding excess aqueous glycolonitrile 
to VIII. The phenylurea (IX, R = C6H5; R " = 
CONHC6H6) was obtained by addition of phenyl 
isocyanate. 

The parent heterocycle, 1,2-diazabicyclo [2.2.2 Joctane 
(VIII, R = II), was prepared as follows. 4-Carbo-
methoxypiperidine (I, R = H; R' = OCH3) hydro
chloride was converted to the oily 1-nitroso derivative 
(II, R = H; R" = OCH3) by treatment with sodium 
nitrite. Reduction of the nitroso compound to the 
hydrazine using zinc dust and acetic acid was unsatis
factory. This was probably due to hydrolysis of the ester 
group of III (R = II; R ' = OCH3) in the strongly basic 
medium which was required for the work-up of the reduc
tion. The desired l-amino-4-carbomethoxypiperidine 
(III, It = IT; R' = OCH3) was finally obtained in yields 
ranging from 59-71% using amalgamated aluminum 
as the reducing agent. This reagent has been used 
for the preparation of hydrazines from nitrosamines6 

and for reduction of esters to alcohols.7 However, in 
the present work no alcohol formation was observed. 
Cyclization of III (It = II; R' = OCH3) in Dowtherm 
A at 195-200° for 3 hr. in a nitrogen atmosphere gave 
3-oxo-l,2-diazabicyclo[2.2.2]octane (VII, R = II) 
in 34—47% yield. Reduction of this 3-oxo compound 
with lithium aluminum hydride in tetrahydrofuran 
gave the desired 1,2-diazabicyclo [2.2.2 Joctane (VIII, 
R = H) in 93% yield. The product was obtained 
as a white solid which retained traces of moisture and 
organic solvents. This strong base also readily ab
sorbs carbon dioxide from the atmosphere. Puri
fication was effected by sublimation at reduced pressure 
or by distillation in a nitrogen atmosphere. In common 

(5) F. Blicke and C.-.). I.u, J. Am. Chen. So,-.. 74, 3033 (1952). 
(6! 1.. A. Carp ino , A. A. Santi l l i , and R. W. M u r r a y , j ' i id., 82, 2728 (1900). 
(7) .1. N\ B a y , A. Muklierj i . and N . I'). O u p t a , J. Indian Chem. Sor., 38, 

70r, I'l !!(il). 
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TABLE II 
1,2-DlAZABICYCLO [ 2 . 2 . 2 ] OCTANES 

R 

N o . R 

1 CfiHs 
2 CeHs 
3 CeHs 
4 C6Hs 
o CeHs 
6 C6HS 

7 H 
8 CeHs 

9 CeHs 
10 CeHs 
11 CsHs 
12 CeHs 
13 CaHs 
14 CeHs 
15 H 
16 H 
17 I I 
Codeine 

Z 

C H C H j 
C H C i H , 
C H C s H : 
C H C 4 H » 
C H ( C H 2 ) e C H 3 

C H C J H S 

C H C J H 7 

C = 0 
C1T« 
C H 2 

C H 2 

C H t 

CHs 
C H 2 

C = 0 
C H j 
C H 2 

" Analyzed for chlorine. 

R* 

H 
H 
H 
H 
H 
C O C H j 
H 
H 
H 
COCHa 
C O N H C e H s 
C H j C N 
C H O 

C H s 
H 
H 
C S N H C s H j 

M . p . , ° C . 

3 3 0 . 0 - 3 3 2 . 0 
3 2 5 . 0 - 3 2 7 . 0 
2 4 5 . 0 - 2 4 7 . 0 
2 1 8 . 0 - 2 1 9 . 2 
2 2 2 . 2 - 2 2 4 . 0 
1 2 7 . 2 - 1 2 8 . 6 
2 2 3 . 0 - 2 2 4 . 8 
2 4 8 . 0 - 2 4 9 . 2 
2 0 8 . 2 - 2 0 8 . 8 
8 9 . 0 - 9 1 . 0 

1 9 6 . 4 - 1 9 8 . 2 
7 2 . 4 - 7 4 . 0 

1 0 4 . 4 - 1 0 5 . 6 
1 9 6 . 4 - 1 9 8 . 6 
1 7 0 . 8 - 1 7 3 . 4 
2 6 4 . 0 - 2 6 5 . 8 
1 2 5 . 5 - 1 2 7 . 2 

Yield, 

% 
3 3 . 5 
3 2 . 0 
6 5 . 9 
3 9 . 3 
2 5 . 3 
6 2 . 2 
19 .3 
4 6 . 4 
9 5 . 5 
9 4 . 1 
7 1 . 6 
5 8 . 7 
6 9 . 5 
7 0 . 0 
4 7 . 2 
9 3 . 4 
7 6 . 8 

F o r m u l a 

C u H u N j - H C l 
CuHsoNs-HCl 
C i s H 2 2 N i - H C l 
CiaH 2 4 N 2 -HCl 
C U H M N S - H C I 

C U H M N J O 

C 9 H i s N 2 - H C l 
C i 2 H n N 2 0 
C i 2 H 1 6 N 2 - H C l 
C H H I S N J O 

C I » H 2 I N S O 

C i i H n N i 
C i sHi 6 N 2 0 
C U H I 8 N 2 - H C 1 

C S H , O N 2 0 

CeHinNs-HCl 
C H H I T N J S 

Carbon , % 
Caled . 

6 7 . 5 1 
6 8 . 4 3 
7 0 . 6 6 
7 4 . 3 6 

7 1 . 2 5 
6 4 . 1 3 
7 3 . 0 1 
7 4 . 2 3 
7 3 . 9 9 
7 2 . 1 9 
6 5 . 3 8 
5 7 . 1 0 
4 8 . 4 9 
6 3 . 1 1 

F o u n d 

6 7 . 4 7 
6 8 . 6 1 
7 0 . 9 9 
7 4 . 0 7 

7 1 . 3 7 
6 4 . 3 1 
7 3 . 1 2 
7 4 . 4 9 
7 4 . 1 1 
7 2 . 4 6 
6 5 . 4 2 
5 7 . 4 0 
4 8 . 4 9 
6 3 . 2 9 

6 Intraperitoneal. c Per cent inhibition at 40 mg./kg. •*'. 

H y d r o g e n , % 
Calcd . 

14 .84° 
1 4 . 0 3 " 

8 .69 
8 .97 
9 . 6 8 
8 . 5 8 

18 .59* 
6 . 9 8 
7 . 6 3 
7 . 8 8 
6 .89 
7 . 5 4 
7 . 4 6 
8 . 0 2 
7 .99 
8 . 8 1 
6 . 9 3 

Per cent 

F o u n d 

1 4 . 9 6 a 

1 4 . 2 6 " 
8 .49 
8 .96 
9 .62 
8 .37 

1 8 . 2 9 " 
6 .95 
7 . 7 3 
8 .01 
6 . 6 3 
7 . 6 1 
7 . 4 7 
7 . 7 2 
7 . 9 0 
8 .84 
6 . 7 0 

Ni t rogen , % 
Calcd . 

1 1 . 7 3 
11 .08 
1 3 . 2 9 " 

9 . 9 8 
8 . 6 8 
5 .42 

1 4 . 6 6 
6 . 9 3 

1 5 . 7 8 " 
12 .17 
13 .67 
18 .49 
1 2 . 9 5 
14 .84" 
2 2 . 2 0 
2 3 . 8 6 " 
1 6 . 9 8 

F o u n d 

1 1 . 5 5 
1 1 . 0 0 
1 3 . 1 7 " 

9 . 8 9 
8 . 8 2 
5 .50 

1 4 . 7 7 
7 . 0 6 

1 5 . 5 8 " 
12 .35 
1 3 . 4 0 
1 8 . 2 8 
13 .02 
1 4 . 8 5 " 
2 2 . 0 5 
2 3 . 6 7 " 
16 .66 

Ant i tuss ive 
-—-activi ty . 

EDso 

m g . / k g . , 
P .O . 

3 9 . 0 6 

7 7 . 0 
11 .6 
2 6 . 0 
1 9 . 0 
35 .0 ° 
28 .0° 
2 9 . 0 s 

2 8 . 5 
30 .0 ° 
19 .0 C 

2 1 . 0d 

42 .0° 
19 .0° 
37 .0 ° 
4 3 . 0 ° 

9 . 3 

inhibition at 20 mg./kg. 

S t a n d 
a rd 

e r ro r 

(±) 
8 . 7 

2 6 . 0 
4 . 6 
6 . 5 
7 . 7 

5 . 9 

1.2 

with other compounds of a similar "cage" structure,8 

VIII (R = H) has a narrow liquid range, m.p. 137-
140°, b.p. 170-175° (760 mm.). The compound was 
characterized as its hydrochloride salt as well as its 
phenylthiocarbamyl derivative (IX, R = H; R " = 
CSNHC.H,). 

Melting points, yields, and analytical data for 
V, VI, VII, VIII, and IX are given in Table II. 

Pharmacology.—In recent years, a good deal of 
effort has been devoted to the search for effective non
narcotic antitussive agents.9-14 These compounds 
have ranged in structure and activity from local 
anesthetics9,11 to phenothiazines.14 The disadvantages 
of the opium derivatives which are used for the control 
of cough are numerous. In addition to the hazards 
of tolerance and addiction, other side effects seen with 
these agents include respiratory depression, nausea, 
constipation, drowsiness, dizziness, and sensitivity 
reactions. 

In the present series of novel 1,2-diazabicyclo[2.2.2]-
octane derivatives, a number of compounds have been 
found which are active antitussive agents in animals. 
One of these (3, Table II) was promising enough to 
warrant clinical trial and was shown to suppress cough 
equivalent to codeine.15 

The antitussive activity in animals was determined 
by a modification of the method of May and Widdi-

(8) A. F a r k a s , G. A. Mil ls , W. E . E rne r , and J . B . M a e r k e r , Ind. Eng. 
Chem., 5 1 , 1299 (1959). 

(9) E . Levis , S. P r e a t , and F . Moyer soons , Arch. Intern. Pharmacodyn., 
103, 200 (1955). 

(10) A. D a v i d , F . L e v t h - R o s s , and D . K. Val lance, J. Pharm. Pharmacol., 
9, 446 (1957). 

(11) J . Chen , H . F . Biller, and E. G. M o n t g o m e r y , J r . , J. Pharmacol. 
Exptl. Therap., 128, 384 (1960). 

(12) B . Si lves t r in i a n d C. P o z z a t t i , Arch. Intern. Pharmacodyn., 129, 249 
(1960). 

(13) K . D . Phi l l ips and E. W. Coui l la ime, Practitioner, 238 (1961). 
(14) M . G r o z m a n , 1. O. Berker , and F . Cas imi r , Appl. Therap., 3 , 95 

(1961). 
(15) M . G r o z m a n , pe rsona l c o m m u n i c a t i o n . 

combe.16 Cats (2-4 kg.) were anesthetized with 
diallylbarbituric acid-urethane17 and prepared for 
the recording of blood pressure, lead (II) electrocardio
graph, and cough response, on a Grass Model II poly
graph. Blood pressure was obtained from the femoral 
artery via a Statham P-23-AC pressure transducer. 
Cough response was recorded from a bonded strain 
gauge stitched to the chest wall at the second to third 
infracostal space. Coughs were elicited by plunging 
a rounded glass rod into the larynx through a hole cut 
in the trachea. Care was taken to maintain a uni
form procedure for inducing cough. The larynx 
was stimulated regularly every 4 min. A control period 
of 4 coughs was carried out. The compounds, dissolved 
in distilled water, were then administered by stomach 
tube 2 min. after the last control cough. Coughs were 
regularly elicited for an additional 64 min. The con
trol-cough height was obtained from an average meas
urement of the 2 control coughs preceding medication. 
The degree of cough inhibition was determined by 
obtaining the average cough height from the 60 and 
64 min. readings and expressing this as per cent reduc
tion of the control. With codeine, peak activity is 
also obtained at 1 hr. 

Groups of 5 or more cats were given graded doses of 
the test compound and the 60-min. response means 
were plotted against log-dose on probit paper to ob
tain an ED53 (dose which produced a 50% reduction of 
the control cough) and its standard error.18 If an 
inhibition of less than 50% was obtained at a dose of 
40 mg./kg., a complete dose-response relationship 
was not established. 

The results are shown in Table II. The unsubsti-
tuted compound (9) has fair activity which is reduced 

(16) A. J. M a y and J . G. Widd icombe , Brit. J. Pharmacol, 9, 335 (1954). 
(17) D i a l - U r e t h a n e / R ) k ind ly suppl ied by D r . A. J . P l u m m e r , C i b a 

P h a r m a c e u t i c a l P r o d u c t s , I n c . 
(18) L. C. Mil ler a n d M . L. Ta in t e r , Proc. Soc. Exptl. Biol. Med., 57, 261 

(1944). 
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by introduction of a 1-carbon (1) or 2-carbon (2) chain. 
However, the propyl compound (3) is considerably 
more active than (9). With the butyl and heptyl 
compounds, the activity seems to recede again. 

Acylation, alkylation, or other substitution of the 
nitrogen function (compounds 6, 10-14) appears to 
attenuate the antitussive activity. Again, removal 
of the 4-phenyl group also leads to a lessening of effect 
(7 vs. 3, 16 vs. 9). It is difficult to ascribe a rational 
explanation of the changes in activity seen with the 
structural changes. However, optimal activity in 
this limited series appears to lie in the 4-phenyl-3-
propyl-l,2-diazabicyclo [2.2.2 Joctane derivative (3) 
which was found to be nearly equivalent to codeine.111 

All of the compounds were tested for analgesic activ
ity using the rat tail-flick procedure.20 None of the 
compounds showed activity in this test procedure. 
Since there is a high correlation between activity in the 
rat tail-flick procedure with analgesia and narcotic 
activity in man, one might anticipate that the present 
series of antitussives would be devoid of narcotic 
effects. In addition, these compounds were tested 
for their general CNS activity in mice using the photo
cell activity cage.21 Unlike most antitussive agents, 
the diazabicyclo[2.2,2]octane deiivatives produced 
a mild stimulation of spontaneous activity. Thus, 
it would appear that these compounds represent a 
new class of nonnarcotic, nondepressant antitussive 
agents. 

Experimental22 

4-Carbomethoxypiperidine (methyl isonipecotate) was pur
chased from Reilly Tar and Chemical Corp., and l-benzyl-4-
('yano-4-phenylpiperidine and 4-earbethoxy-4-phenyrpiperidine 
were obtained from Winthrop Laboratories. 

l-BenzyI-4-octanoyl-4-phenylpiperidine.—This compound was 
prepared by the general method of Eisleb23 in 59.49c yield. One 
recrystallization from «-pentane gave 59.4(X of product, m.p. 
71 5-72.5°. 

'Anal. Calcd. for C26H35XO: C, N'2.71 : H, 9.35. Found: 
C, S2.04; H, 9.21). 

The propionyl'23 and butyryl21 analogs were prepared similarly, 
whereas the acetyl and valeryl2 analogs were prepared using 
the appropriate alkyllithium as described by Perrine24 for 4-
acetyl-l-benzyl-4-phenylpiperidine. The alkyllithium method 
is preferable to the Grignard procedure for the preparation of 
4-acylpiperidines from the nitriles. 

4-Octanoyl-4-phenylpiperidine Hydrochloride.—This was pre
pared by debenzylation of l-benzyl-4-octanoyl-4-phenylpiperidine 
according to the general procedure described in ref. 2. A 6 6 . 8 r

t 

yield of product melting at 124.5-126° was obtained. 
Anal. Calcd. for C 1 9 H, 9 NOHCl : CI, 10.95. Found: CI, 

11.33. 
The acetyl, propionyl, butyryl, and valeryl analogs2 were 

prepared in a similar manner. 
l-Nitroso-4-octanoyl-4-phenylpiperidine (II, R = ( W o ; 

R' = C7H,5).—Sodium nitrite (14.5 g., 0.21 mole) in 50 ml. of 
water was added all at once to a stirred solution of 4-octanoyl-4-
phenylpiperidine hydrochloride (63.8 g., 0.196 mole) in 600 ml. 
of water and 1 ml. of concentrated hydrochloric acid. The 
resulting white oil, which separated immediately, was extracted 

! Ill) A deta i led reporl (in tin. pliuriiiartiluc.v of th is r .m ipmmd will hi; pub
lished at a la ter da t e . 

(20) ]•'. I-:. D ' A m o u r and 1). I.. Siniti i , ./. I'l.nrmwol. E.rptl. Thv.np., 72, 
7 1 ( H i l l ) ; W. B. Bass and N . J. Winder Br..ok, ./. , l i» . I'hanu. Axsn,:, 
S,-i. Ed.. 41 , ,")«« (l'.W2). 

(21) L. S. Ha r r i s an.1 1'. ('. t ' h le , ./. i'/.u.v/cie.,/. Pxpll. Tin-up., 132, 251 
( l lKi l ) . 

(22) Mel t ing po in t s were taken in a l lershbei ' i l a p p a r a t u s and are r.ir 
reeled. 

)2:i) () . Kisleb, L'. S. Pa t en t 2,2-18,01S. 
(21 ; T. I) . Perrine, ./. On/. Cl.rm., 22, 1-18-1 fl!l57;. 

with ethyl acetate. The ethyl acetate solution was washed 
well with water, dried over sodium sulfate, and concentrated 
•in. rnciiii to 44.2 g. id' a thick oil which was used without further 
purification. 

The other nilroso piperidhies (Table l i were prepared m the 
same manner, except that the solid nitroso compounds were 
removed by filtration, washed with water, and dried over phos
phorous pentoxide. 

3-Heptyl-4-phenyl-l,2-diazabicyclo[2.2.2]octane Hydrochlo
ride (V, R = C'6H5; R' = C-H,.-,).— A solution of l-nitroso-4-
octanoy]-4-phen\ipiperidine (44.2 g., 0.14 mole) in 100 ml. of 
acetic acid and 75 nil. of ethanol was added dropwise during i 
lir. to a. well stirred suspension of 90'?o zinc dust (72.5 g., 1.0 
g.-atonf) in 150 ml. of ethanol and 75 ml. of water. The tempera
ture was maintained at 15-20° during the addition by means of 
an ice bath. Stirring was continued for 1 lir. at 15-20° after the 
addition was completed and for 1 hr. at room temperature. The 
solution was heated to the boiling point, filtered hot, and the 
zinc dust washed well with 95'; <• ethanol. The filtrate and 
washings were concentrated to about 100 ml., diluted with 200 
ml. of water, and made strongly basic with 35'.,,. sodium hy
droxide. The resulting oil was extracted with ether, washed 
with water, and The ether solution concentrated to an oil which 
was dried by azeotroping with benzene. The orange oil was taken 
up in ether and treated with ethereal hydrogen chloride which 
precipitated a white solid. The solid was reervstallized suc
cessively from acetone, acetotiitrile, and ethvl ntethvl ketone: 
vield. l i .4g . 

The other 3-alkyl-4-phenyl-l ,2-diazabicyclo|2.2.2]octanes were 
similarly prepared, but in most cases required only one recrys
tallization from ethanol for purification. 

2-Acetyl-3-ethyl-4-phenyl-l,2-diazabicyclo[2.2.2] octane (VI, R 
=--• C6H5; R' - C2H,,; R ' ' = COCK,).— A solution of 3-ethyl-
4-phenyl-l,2-diazabicyelo(2.2.2!octane hydrochloride (5.0 g.. 
0.02 mole! in 20 ml. of water was made basic with 35(7, sodium 
hydroxide and extracted with ether. The ether extracts were 
concentrated to an oil, 10 ml. of acetic anhydride was added, 
and the solution was heated on a steam bath for 4 hr. The mix
ture was poured into water and made basic with sodium hy
droxide. The precipitated material was separated by filtration, 
washed with water, dried, and reervstallized twice from eydo-
hexane: yield, 3.2 g. 

4-Cyanopiperidine. -Phosphorus oxychloride (575 g., 3.75 
moles) was added to 4-piperidinecarboxamide26 (143 g., 1.12 
moles) at a rare causing vigorous refiuxing of the phosphorus 
oxychloride. The solution was refluxed for 1.5 hr. and the 
excess phosphorus oxychloride removed by distillation in nicno. 
The viscmis residue was poured onto (>00 g. of ice. while still 
warm, with vigorous stirring and allowed to come to room 
temperature. A clear, orange solution resulted. Addition of 
more ice was sometimes necessary to prevent the temperature of 
the mixture from rising above 25-30°. The solution was neu
tralized with solid potassium carbonate, made basic with 35',', 
sodium hydroxide, and extracted 4 times with chloroform. The 
extracts were concentrated to tin oil which was distilled to give 
90.2 g. ( 7 3 . 3 ' , : of product, b.p. 100-105° (12 mni . \ ««o 
1.473S: lit.1 b.p. 100° (7 mm.), u-h> 1.4741. 

4-ButyryIpiperidine (I, R = H; R' = C:H7) Hydrochloride.--
A solution of 4-cva.nopiperidine (22.0 g., 0.2 mole) in 100 ml. of 
ether was added at a rate causing reflux, to a solution of n-propyl-
lithium prepared from propyl bromide (SO g.. 0.7 mole) and 
lithium shot (O.Sg.. 1.4 g.-atom i in 300 ml, of ether. The mixture 
turned yellow-brown in color. Stirring was continued for 3 
lir.. after which the reaction was allowed to stand overnight. 
Hydrolysis was effected by cautious addition of 100 ml. of water 
followed by 200 nil. of concentrated hydrochloric acid. The 
aqueous layer was separated and refluxed for 5 hr. After cooling, 
the solution was made basic with 35 'o sodium hydroxide and ex
tracted with ether. The ether extracts were concentrated to a 
red oil which was dried by azeotropic distillation with benzene. 
Distillation gave ix.0 g. of colorless oil, b.p. tit) -05° (0.15 mm.). 
;i2m 1.46sI. The hydrochloride was prepared (ethereal hydro
gen chloride) and reervstallized from acetone; yield, 15.4 g. 
(10.2'.,. >: m.p. 12S 129.5°. 

Anal. Calcd. for C,H17M > • 1I.C1. C. 56.39; H, 9.46; CI, 
1S.46. Found: C, 56.63; H,9.67; CI. IX.0s. 

3-Propyl-l,2-diazabicyclo[2.2.2|octane Hydrochloride (V, R 

25 . C A. i . r n h a m ! 1.. Keltic, II,lc. Chim. ,l..(.i. 37, 11)72 .1(1,54,'. 
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H ; R' = C3Hj).—Reduction of 4-butyryl-l-nitrosopiperidine 
(13.7 g., 0.0745 mole) in a manner similar to that described for 
the octanoyl analog gave 3-propyl-l,2-diazabicyclo[2.2.2]octane 
hydrochloride. 

l-Amino-4-carbethoxy-4-phenylpiperidine (VI, R = C6H5; 
R ' = C2H5).26 Hydrochloride.—A solution of 4-earbethoxy-
l-nitroso-4-phenylpiperidine26 (154.2 g., 0.59 mole) in 300 ml. 
of acetic acid and 300 ml. of ethanol was added dropwise during 
1.5 hr. to a vigorously stirred suspension of 90% zinc dust (145 
g., 2.0 g.-atom) at 17-20°. Ice cooling was necessary. Another 
50 ml. of acetic acid was added at 17-20°, after which the mixture 
was stirred for 2 hr. at room temperature. The mixture was 
filtered, the filter cake was washed well with ethanol, and the 
filtrate and washings were concentrated to a volume of approxi
mately 500 ml. The solution was made strongly basic with 3 5 % 
sodium hydroxide and the resulting oil extracted 3 times with 
benzene. The extracts were washed well with water and con
centrated in vacuo to an oil which crystallized on cooling; m.p, 
52-56°, 127.9 g. (87.5%). A portion was converted to the hy
drochloride and recrystallized from ethanol; m.p. 177.4-179.6°. 

Anal. Calcd. for C14H21C1N0: C, 59.04; H, 7.43. Found: 
C, 59.11; H, 7.57. 

3-Oxo-4-phenyl-l,2-diazabicyclo[2.2.2]octane(VII,R = C6H6). 
—l-Amino-4-carbethoxy-4-phenylpiperidine (10 g., 0.04 mole) 
and 25 ml. of Dowtherm A27 were heated at 240° under nitrogen 
for 2 hr. The heat source was removed, and the dark solution 
was poured into 150 ml. of ethyl acetate. The resulting white 
solid had m.p. 241-245° and was of satisfactory purity for 
further reactions. Purification was effected by crystallization 
from acetic acid-ethyl acetate; yield 3.4 g. 

3-Oxo-4-phenyl-l,2-diazabicyclo [2.2.2] octane p-Toluene Sul
fonate.—A mixture of 3-oxo-4-phenyl-l,2-diazabicyclo [2.2.2]-
octane (4.04 g., 0.02 mole), p-toluenesulfonic acid monohydrate 
(3.8 g., 0.02 mole), and 50 ml. of methanol was boiled for 5 min. 
After all solid had dissolved, the solution was filtered hot and 
allowed to cool. There was obtained 6.7 g. (89.5%), m.p. 
217.8-219.4°. 

Anal. Calcd. for C19H22N20,S: C, 60.93; H, 5.92; N, 7.48. 
Found: C, 61.37; H, 5.91; N, 7.59. 

3-Oxo-4-phenyl-l,2-diazabicyclo[2.2.2] octane Methochloride. 
—A mixture of 3-oxo-4-phenyl-l,2-diazabicyclo[2.2.2]octane-
(4.04 g., 0.02 mole), methyl iodide (5.7 g., 0.04 mole), and 50 ml. 
of acetonitrile was refluxed for 7 hr. All the solid dissolved in 
0.5 hr. The solution was concentrated to a yellow solid which 
was dissolved in methanol. The methanolic solution was 
passed through a column of IRA-400 ion-exchange resin, and the 
eluate was concentrated to a white solid which was recrystallized 
from ethanol. There was obtained 3.5 g. (69.2%) of product, 
m.p. 221.8-222.6°. 

Anal. Calcd. for C u H n C l ^ O : C, 61.77; H, 6.78; CI, 
14.03. Found: C.61.96; H, 6.80; CI, 13.90. 

4-PhenyI-l,2-diazabicyclo[2.2.2]octane (VIII, R = C6H6) 
Hydrochloride.—Finely powdered 3-oxo-4-phenyl-l,2-diazabi-
cyclo[2.2.2]octane (101.1 g., 0.5 mole) was added in portions with 
vigorous stirring to a slurry of lithium aluminum hydride (38.0 
g., 1.0 mole) in 1 1. of tetrahydrofuran. The mixture was re-
fluxed with stirring for 22 hr., cooled, and hydrolyzed by dropwise 
addition of 40 ml. of water. A saturated solution of potassium 
sodium tartrate in 250 ml. of water was then added slowly and 
the mixture stirred for 2 hr. more. The mixture was filtered, 
the filter cake washed well with tetrahydrofuran, and the filtrate 
and washings concentrated to an orange oil which was dried by 
azeotroping with benzene. The oil crystallized on slight cooling. 
The crystals were dissolved in ether, the solution was filtered, 
and the ether evaporated, giving 90 g. of product, m.p. 90-95°, 
suitable for further reactions. The hydrochloride was prepared 
(ethereal hydrogen chloride) and recrystallized from ethanol-
ether. 

2-Acetyl-4-phenyl-l,2-diazabicyclo[2.2.2]octane (IX, R = 
C6H5, R " = COCHs).—This compound was prepared as described 
for 2-acetyl-3-ethyl-4-phenyl-l,2-diazabicyclo [2.2.2] octane. 

4-PhenyI-2-phenylcarbamyI-l,2-diazabicyclo[2.2.2]octane (IX, 
R = C6H5, R " = CONHC6H6).—Phenylisocyanate (2.5 g., 0.02 
mole) was added to 4-phenyl-l,2-diazabicyclo[2.2.2]octane (3.6 

(26) B. Elpern and L. X. Gardner, this laboratory, unpublished. 
(27) A eutectic mixture of diphenyl and diphenyl ether. 

g., 0.02 mole) in 30 ml. of benzene. A white solid crystallized; 
a further quantity was obtained by evaporating the filtrate. 
Recrystallization from toluene gave 4.4 g. of product. 

2-Formyl-4-phenyl-l,2-diazabicyclo[2.2.2]octane (IX, R = 
C6H5, R " = CHO).— 4-Phenyl-l,2-diazabicyclo[2.2.2]octane 
(5.0 g., 0.027 mole) in 10 ml. of chloroform was treated with 
chloral (4.4 g., 0.03 mole) in 5 ml. of chloroform. The solution 
became hot and crystallized on slight cooling. After washing 
with n-hexane, the product was crystallized from cyclohexane 
using charcoal; yield 4.0 g. 

2-Methyl-4-phenyl-l,2-diazabicyclo[2.2.2]octane Hydrochlo
ride (IX, R = C6H6, R " = CH3).—Reduction of 2-formyl-4-
phenyl-l,2-diazabicyclo[2.2.2]octane (4.0 g., 0.02 mole) with 
lithium aluminum hydride (1.5 g., 0.04 mole) in 100 ml. of tetra
hydrofuran was carried out as described for VII I (R = C6H5). 
The base was converted to its hydrochloride (ethereal hydrogen 
chloride) which was recrystallized from 2-propanol to give 
3.0 g. 

2-Cyanomethyl-4-phenyI-l,2-diazabicycIo[2.2.2]octane (IX, R 
= C6H5, R " = CH2CN).—A 70% aqueous solution of glycoloni-
trile (4.07 g., 0.05 mole) was added to VIII (R = C6H5) (4,7 g., 
0.05 mole). The solution became warm. After briefly heating 
to boiling, the mixture was allowed to stand for 2 hr. and poured 
into water. The resulting oil crystallized on scratching, and the 
solid was recrystallized from ethanol-water, then cyclohexane 
with decolorizing charcoal, to give 3.0 g. 

l-Amino-4-carbomethoxypiperidine (III, R = H, R' = OCH3). 
—Granulated 8-20 mesh aluminum (24.3 g., 0.9 g.-atom) was 
treated with 5 % sodium hydroxide solution until a vigorous evolu
tion of hydrogen occurred. The solution was decanted and the 
aluminum washed with water by decantation. The aluminum 
was covered with 100 ml. of a 2 % mercuric chloride solution for 
2 min., the mercuric chloride solution was decanted, and the 
aluminum again washed by decantation successively with water, 
ethanol, and ether. The aluminum was covered with 500 ml. 
of U.S.P. ether and stirred gently while 4-carbomethoxy-l-
nitrosopiperidine (II, R = H; R ' = OCH3, 51.7 g., 0.3 mole) was 
added dropwise at a rate causing gentle reflux. The addition 
required 1.5 hr. and ice cooling was occasionally necessary. 
Water (16 ml.) was then added at a rate causing vigorous re
flux, after which the mixture was stirred 15 min. more. The 
mixture was filtered, and the filtrate was concentrated to a yellow 
oil weighing 33.7 g. (71%), n27D 1.4782. The oil was found to 
be satisfactorily pure without distillation, which, in any case, 
caused partial decomposition. On a 2-mole scale, the yield in 
the above reaction was 59.6%. 

Anal. Calcd. for C7H I4N202: N, 17.17. Found: N, 16.99. 
3-Oxo-l,2-diazabicyclo[2.2.2]octane (VII, R = H).—A 

solution of I I I (R = H, R ' = OCH3, 125.8 g., 0.79 mole) in 
1 1. of Dowtherm A was heated to 175° in 1 hr. under nitrogen. 
Heating was continued at 195-200° for 3 hr., after which the 
solution was allowed to cool overnight under nitrogen. The 
dark solution was poured into 6 1. of re-pentane, and the solid was 
filtered, washed with n-pentane, and recrystallized from propioni-
trile to give 47.2 g. 

1,2-Diazabicyclo[2.2.2]octane Hydrochloride (VIII, R = H).— 
Reduction of VII (R = H) (24.1 g., 0.19 mole) with lithium alu
minum hydride (14.5 g., 0.38 mole) as described for the 4-phenyl 
analog gave a 9 3 % yield of crude VIII (R = H) . Sublimation 
of a small portion at 90° (0.1 mm.) gave a white, crystalline 
product, m.p. 137-140° and b.p. 170-175° (760 mm.). The 
hydrochloride was recrystallized from 2-propanol-ethyl acetate, 
then ethanol-ethyl acetate. 

2-Phenylthiocarbamyl-l,2-diazabicyclo[2.2.2]octane (IX, R = 
H, R " = CSNHCeHs).—Phenylisothiocyanate and 1,2-diaza-
bicyclo[2.2.2]octane in benzene gave this product in 76.8% yield. 

Acknowledgments.—We are greatly indebted to 
Messrs. M. E. Auerbach, K. D. Fleischer, and staff 
for the chemical analyses, to Dr. F. C. Nachod and 
staff for infrared and n.m.r. spectra, to Miss A. Taylor 
and Mrs. M. P. Allen for the preparation of large 
quantities of chemical intermediates, and to Mr. H. 
Chernov, Mrs. D. O'Brien, and Mrs. H. Lawyer for 
technical assistance in the pharmacological evaluations. 


