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The hydrochloride salt was recrystallized from ethanol, m.p. 

3-(P-Hydroxyphenethylamino)pyridazine (XVI).-A stirred 
mixture of 15.0 g. (0.06 mole) of XV, 2 g. of lOy0 palladium-on- 
carbon, 25 ml. of 64y0 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 XS'I, m.p. 141-142". 

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

2-(p-Hydroxyphenethylamino)-3-methylpyrazine (XVII).-A 
mixture of 18.0 g. (0.14 mole) of 2-chloro-3-methylpyrazine, 18.0 
g. (0.13 mole) of 0-hydroxyphenethylamine, 23.2 g. (0.14 mole) 
of potassium carbonate, and 0.5 g. of copper powder was heated 
in an oil bath maintained a t  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 yield 8.3 g. (287,) 
of product, b.p. 195-201' (0.5 mm.). 

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

2-( P-Hydroxyphenethy1amino)-s-triazine (XVIII).-A solution 
of 13 8 g. (0.05 mole) of P-hydroxyphenethylguanidine hydro- 

185-186". 
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 rollected and crystallized from methanol t o  give 4.3 g. 
(40% yield) of XT?II, 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 6-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 
mas re(-rystallized from ethanol to yield 66.7 g. (54cc) of white 
crystals, m.p. 176-1 78 '. 

2-(~-Hydroxyphenethylamino)-4,6-diamino-~-triazine hydro- 
chloride, recrystallized from ethanol, showed m.p. 231-232". 

Acknowledgment.-The authors are grateful to nlr. 
D. F. Cortright and to  Miss RI. Unroe for the basic 
nitrogen, ionic halogen, and other analytical deter- 
minations and to AIiss Yorma Frick for technical as- 
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Synthesis and Antitussive Activity of a New Heterocyclic Ring System. 
Some 1,2-Diazabicyclo[2.2.2]octanes 
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Two routes to the previously unknown 1,2-diazabicyclo [2.2.21 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- and 3-substituted derivatives has now been acconi- 
ration of the corresponding 1-alkyl derivatives has plished. 
been reported previously. The same intermediates The 3-alkyl-4-phenyl-l , 2-diazabicyclo [2.2.2 ]octanes 
are suitable starting materials for the synthesis of the (Y) listed in Table I1 were prepared as shown in 
previously unknown3 1,2-diazabicyclo [2.2.2]octane ring Scheme I. Addition of a slight excess of aqueous 
system. The preparation of the parent compound, sodium nitrite to aqueous solutions of the hydrochlo- 
1,2-diazahicyrlo[2.2.21octan~, as rye11 as a wriw of 2- rides of the amino ketones (I) gave verv good vields 

K' - HONO 

N 
H 
1 

R 

- 

SCHEME 1 
of the corresponding l-nitrosop&ridines- (YI) . !These 
are listed in Table I. In  all cases, the products as 
obtained froin the reaction mixture were analytically 
pure and were used directly in the next step. Any 
attempts a t  recrystallization or distillation resulted 
in partial decomposition. Reduction of the nitroso 
ketones (11) with zinc dust and acetic acid a t  15-20' 
gave basic materials which proved to be the 3-alkyl- 
3-phenyl-1,2-diazabicyclo [2.2.2]octanes (Y). S o  other 
products could be isolated. Apparently, cyclization 
of the 1-amino derivatives (111) 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 = CsH,; R '  = hydrochloride, a typical com- 
pound in this series, shows a broad absorption band 
a t  4.204.32 p,  which is indicative of a disubstituted 
>NH+ function. The carbonyl band at  5.92 I.( 

(1) This paper is  taken in part  from tlie thesis of Philip XI. Carabateas, 
submitted t o  Rensselaer Polytechnic Institute, Troy, N. Y., i n  partial fu l -  
fillment of tlie requirements for the  Ph.D. degree. 

(2) B. Elprrn, P. 11. Carabateas, and  1.. Grrimhsrli,  .I. 0i.g. C h ~ m . ,  26, 
4728 (1061). 

(3)  The literature records examples of 1,3-, 1.4-, 2,%, and 2,6-diazabicyclo- 
[2.2.2loctanes; C. Harries, A m . ,  294, 362 (1897); 0. Hromatka and 0.  
Kraup, .Wonatsh.. 82, 880 (1951); .J. Pirsch and .J. Jorgl, Ber., 68B, 1324 
(1935);  n. E:. Piper and G. F. JTriglit, .I. A m .  C h ~ m .  Soc. ,  72, 1669 (19.50). 



204 

and the IS-nitroso band a t  G.9 p which are present in 
the nitroso ketones (11) are absent in 1’. There are 
no bands which would indicate the presence of intrr- 
mediates containing a > C=S linkage. 

The 1i.m.r. spectrum of a 207, solution of the 4- 
phenyl-3-propyl compound (V, R = C6Ha; R’ = 
CsH7) in deuteriochloroform sliows a strong aromatic 
c‘-I-I signal at 472 c.p.s. and a number of saturated 
nlipliatic C-H signals at 50 -250 C.P.S. The integra- 
tion trace of the above coiiipouiid shoned an aromatic 
C-I3 to aliphatic C-H ratio of 5 to 16. The  formation 
of a monoacetyl conipound (T-1, It = C6Hb; It’ = 
C2EIj; R” = CH3CO) froni tlie corresponding diaza- 
hicyclooctane (V, R = C6115; Ii’ = C2Hb) is also 
consistcnt with the proposed structure. 

It \\as dc>sirable to syiithesize :~-propyl-l,2-diaza- 
hicyclo [2.2.2]octaiie i n  Ivliicli the 4pllenyl group is 
missing to make it available for pliarmacological 
studies. Tlie syiithesis of this compound n-as similar 
to that shon-ii in Sclienie I. In this instance, 4-cyano- 
piperidiiie, u-liich was prepared in 70% yields by n 
modification of the procedure deacrihed by Gardiier. 
et a1.,4 was treated nitli /,-propyllithiuni to give f -  
butyrylpiperidine (I, R =- I I ;  R’ = CaH,) which was 
then nitrosated with aqueous sodium nitrite to give 
f-but~i’yl-1-iiitroiopipcridiiie (11, 13 = H ; R’ = C3H7). 
Iteduction of the latter afforded :3-propyl-l,2-diazabi- 
cyclo[2.2.2]octane (T, R = H ;  Ti’ = C3Hi) in 10% 
yield. 

Compounds unsubstituted in the 3-position of the 
1,2-diazabicyclo[2.2.2]octane nucleus were prepared 
from tlir appropriate ester as shown in Scheme I ,  
Treatment of 4-carbethoxy-4-phenylpiperidine (I, R = 
CG€Ij; 13’ = OCaJ3j) with sodium nitrite gave 4- 
cnrbcthoxy-1-iiitroso-i-phenylpiperidine (11, It = c6H5, 
R’ = OClH,) 1% liicli was readily reduced with zinc dust 
arid acetic acid to l-amiiio-4-carbethoxy-4-plienyl- 
piperidine (111, R = C6135; R’ = OC2Hb). Cycli- 
zation of the latter in Dowtherm A at 240” afforded 
3-oxo-4-phenyl-l.2-diazal.~icyclo [2.2.2]octane (VII, R = 
C6T15) in 40-50s yields. Quaternization of l T I I ,  
I1 = C6136, with methyl iodide in acetonitrile followed 
hy exchange of iodide ion for chloride ion using 1RA- 
400 ion exchange resin gave the methochloride, while 
rductioii with lithiuni aluminuni hydride in tetraliy- 

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

Addition of chloral to the cyclic hydrazine (VIII, 
It = C6H5) according to the general procedure of 
Blicke. et aZ.,b yielded tlie 2-formyl compound (IS,  
R = CGH5; lt” = CHO). Reduction of this coni- 
pound \% ith lithium aluniiriuni hydride gave 2-methyl- 
-l--phenyl-l,2-diazabicyclo [2.2.2]octane (IX, R = C6115; 
R” = CH,) in good yield. The cyanomethyl dcri\-a- 
tive (IX, Ii = e6&; 11’’ = CEIJX) was wadily 
synthesized by adding excess aqueous glycolonitrile 
to  VIII. The pheiiylurea (IX, R = C&; R ”  = 
COSHC6Hb) was obtained by addition of phenyl 
isocyanate. 

The parent heterocycle, 1,2-diazabicyclo [2.2. 2 Ioctam 
(VIII, R = ET), n-as prepared as follons. l-Carho- 
niethoxypiperidine (I, 11 = H: R’ = OCII,) hyclro- 
chloride \$as converted to the oily 1-nitroso derivative 
(11, 1l. = 11; It” = OCH3) by treatment with sodium 
iiitrite. Reduction of the nitroso compound to  the 
hydrazine using zinc. dust and acetic acid was unsatis- 
factory. ’Tllia ivas probably due to liydrolysis of the ester 
group of TI1 (R = 11; R’ = OCH3) in the strongly basic 
medium diicli  was required for the ivork-up of the reduc- 
tion. The dcsired 1-amino-Bcarboniethoxypiperidinc 
(111,It = IT; R’ = OCH3) was finally obtained in yields 
ranging froni 39 i1(;& using amalgamated aluminum 
as thc reducing agent. This reagent has been used 
for the preparation of hydrazines from nitrosamines6 
and for reductioii of esters to  alcohols.7 Hornever, in 
the present work no alcohol formation was observed. 
Cyclization of 111 (It = €1; R’ = OCH,) in Dowtherni 
A at 195-200” for 3 hr. in a iiitrogen atmosphere gaw 
3-oz;o-1,2-diazabicyclo [2.2.2]octane (VII, R : IT) 
in 3447% yield. Reduction of this %oxo compound 
with lithium aluiiiiiiuni hydride in tetrahydrofuran 
gave the desired 1,2-diazabicyclo [2.2.2]octane (VIII, 
R = H) in 93% yield. The product was obtained 
as a white solid which retained traces of moisture anrl 
organic solvents. This strong base also readily ab- 
sorbs carbon dioxide froni the atmosphere. Puri- 
fication was cff ected by sublimation at reduced pressurc’ 
or by distillation in a nitrogen atmosphere. I n  commoii 

( 5 )  r Ulicke ani1 C - 1  L u ,  J .  . Im Chem 
<’arI!~tit~ 1 1 S?ntr l l i  iiiiclR 1 
Ti I \  \ \ I u k l i r r j i  i r i t l  \i I )  < t i t p t c >  I I n d i m  Clieni ,\,I , 38, 
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No. R Z 
1 CeHa CHCHa 
2 CoHa CHCzHa 
3 CsH6 CHCaHr 
4 C6H5 CHCdHs 
5 C6H6 CH(CHz)sCHa 
6 C6H5 CHCsHa 
7 H CHCaHi 
8 C6Hs C=O 
9 ~ ~ 1 1 ~  CH? 
10 C6Ha CH? 
11 CsHs CH? 
12 C6H6 CHz 
13 CeHa CHI 
14 C6Ha CHz 
15 H C=O 
16 H CHz 

Codeine 
17 H cn2 

Analyzed for chlorine. 

TABLE I1 
~ , ~ - D I A Z A B I C Y C L O  [2 .2.2]  OCTANES 

.Antitussive 
c a c t i r i t y - -  

Stand- 
ED60 ard 

Yield, Carbon, % Hydrogen, % Nitrogen, 70 mg./kg., error 
R" Rl.p., 'C. % Formula Calcd. Found Calcd. Found Calcd. Found P.O. ( & )  

H 330.0-332.0 33.5 CiaHiaNz. HC1 14.84a 14.96" 11.73 11.55 39.0h 8.7 
H 325.0-327.0 32.0 CirH?oN?.HCl 14.03a 14.26' 11.08 11.00 77.0 26.0 
H 245.0-247.0 65.9 CxH?zNz.HCl 67.51 67.47 8.69 8.49 13.29'" 13.17' 11.6 4.6 
H 218.0-219.2 39.3 CieH?rN?.HCl 68.43 68.61 8.97 8.96 9.98 9.89 26.0 6.5 
H 222.2-224.0 25.3 CieHmNz.HC1 70.66 70.99 9.68 9.62 8.68 8.82 19.0 7.7 
COCHi 127.2-128.6 62.2 Ci6H??Nz0 74.36 74.07 8.58 8.37 5.42 5.50 35.0' 
H 223.0-224.8 19.3 CgHisN?.HCl I8.5ga 18.2ga 14.66 14.77 28.0c 
H 248.0-249.2 46.4 CizHinNzO 71.25 71.37 6.98 6.95 6.93 7.06 29.0 '  
H 208.2-208.8 95.5 CIZHIGNZ.HCI 64.13 64.31 7.63 7.73 15.7Ba 1 5 . W  28.5 5.9 
COCHa 89.0-91.0 94.1 CidHdJ20 73.01 73.12 7.88 8.01 12.17 12.35 30.0' 
CONHCsHa 196.4-198.2 71.6 CigH2iNaO 74.23 74.49 6.89 6.63 13.67 13.40 19.0' 
CHzCN 72.4-74.0 58,7 CiaHi7Ns 73.99 74.11 7.54 7.61 18.49 18.28 21.0d 
CHO 104.4-105.6 69.5 CiaHi6NzO 72.19 72.46 7.46 7.47 12.95 13.02 42.0' 
CIIs 196.4-198.6 70.0 CiaHiaNz.HC1 65.38 65.42 8.02  7.72 14.84a 14.85' 19.0' 
H 170.&173.4 47.2 C6HioNzO 57.10 57.40 7.99 7.90 22.20 22.05 37.0' 
H 264.0-265.8 93.4 CaH1zNz.HCl 48.49 48.49 8.81 8.84 23.W' 23.67" 43.0' 
CSKHCeHs 125.5-127.2 76.8 CiiHiiNaS 63.11 63.29 6.93 6.70 16.98 16.66 

9.3 1.2 
* Intraperitoneal. c Per cent inhibition a t  40 mg./kg. d Per cent inhibition at  20 mg./kg. 

with other compounds of a similar "cage" structure,* 
VI11 (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" = 

Melting points, yields, and analytical data for 
V, VI, VII, VIII, and IX are given in Table 11. 

Pharmacology.-In recent years, a good deal of 
effort has been devoted to the search for effective non- 
narcotic antitussive a g e n t ~ . ~ - l ~  These compounds 
have ranged in structure and activity from local 
anestheticsg.11 to phenothiazines. l4 The disadvantages 
of the opium derivatives which are used for the control 
of cough are numerous. I n  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. 

I n  the present series of nove! 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 11) mas promising enough to 
warrant clinical trial and was shown to suppress cough 
equivalent to  codeine.lj 

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

CSSHCsH,). 

(8) A. Farkas, G .  A. JIills, R'. E. Erner, and J. B. JIaerker, I n d .  Eng. 

(9) E. Levis, S. Preat ,  and F. Rloyersoons, A r c h .  I n t e r n .  Pharmacodyn. ,  
103, 200 (1955). 
(10) A. David, F. Levth-Ross, and D. K. Vallance, J .  P h a r m .  Pharmacol . ,  

9, 446 (1957). 
(11) J. Chen, H. F. Biller, and E.  G. Montgomery, Jr.. J. Pharmacol .  

Ezptl. T h e r a p . ,  128, 384 (1960). 
(12) B. Silvestrini and C. Pozaatti,  A r c h .  I n t e r n .  Pharmacodyn. ,  129, 249 

(1960). 
(13) K. D. Phillips and E. W. Couillainie, I'ract?fioner, 238 (1961). 
(14) hl. Grozman. I. 0. Berker, and F. Casimir, A p p l .  Therap. ,  3,  95 

(15) &I. Grozrnan, personal communication. 

Chem.. 51, 1299 (1959). 

(19fil). 

combe.16 Cats (2-4 kg.) were anesthetized with 
diallylbarbituric a~id-urethane'~ and prepared for 
the recording of blood pressure, lead (11) electrocardio- 
graph, and cough response, on a Grass Model I1 poly- 
graph. Blood pressure was obtained from the femoral 
artery via a Statham P-23-AC pressure transducer. 
Cough respoiise was recorded from a bonded strain 
gauge stitched to the chest wall a t  the second to third 
iiitracostal 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 a t  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 t'o ob- 
tain an EDb9 (dose which produced a 50% reduction of 
the control cough) and its standard error.IB 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 unsubsti- 
tuted compound (9) has fair activity which is reduced 

The results are shown in Table 11. 

(16) -4. J. May and J. G. JYiddicombe, Brit. J. Phnrmacol., 9, 335 (1954). 
(17) Dial-Urethane,(R) kindly supplied by Dr.  A. J. Plummer, Ciba 

(18) L. C. Miller and A I .  L. Tainter, Proc.  Soc.  Ezptl. B i d .  M e d . ,  67, 261 
Pharmaceutical Products, Inc. 

(1944). 
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H ; R' = CdH7).-Reductioii of 4-butyryl-1-nitrosopiperidine 
(13.7 g., 0.0745 rnole) in a manner similar to that described for 
the octanoyl analog gave 3-propy1-1,2-diazahicyclo[2.2.2]octane 
hydrochloride. 

1-Amino-4-carbethoxy-4-phenylpiperidine (VI, R = CeH5 ; 
R' = CzH6).g6 Hydrochloride.-A solution of 4-carbethoxg- 
l-nitroso-4-phenylpiperidinez6 (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) a t  17-20". Ice cooling was necessary. Another 
50 ml, of acetic acid was added a t  17-20', after which the mixture 
was stirred for 2 hr. a t  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 nil. The solution was made strongly basic with 35% 
sodium hydroxide and the resulting oil extracted 3 times with 
benzene. The extracts were washed well with water and con- 
centrated zn uacuo to an oil which crystallized on cooling; m.p. 
52-56', 127.9 g. (87.5Yc). A portion was converted to the hy- 
drochloride and recrystallized from ethanol; m.p. 177.4-179.6". 

Anal. Calcd. for Cl4H21ClK0: C, 58.04; H, 7.43. Found: 
C, 59.11 ; H, 7.57. 
3-0~0-4-phenyl-1,2-diazabicycl0[2.2.~]octane (VII, R = C&). 

-1-Amino-4-carbethouy-4-phenylpiperidine (10 g., 0.04 mole) 
and 25 ml. of Dowtherm A27 nere heated a t  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. 
3.0xo-4-phenyl-l,2-diazabicyclo[2.2.2]octane p-Toluene Sul- 

fonate.-A mixture of 3-oxo-4-phenyl-1,2-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. (89.570), m.p. 
217.8-219.4'. 

-Anal. Calcd. for C19HaS20~S: C, 60.93; H, 5.92; X, 7.48. 
Pniind: C. 61.37: H. 5.91: Pi, 7.59. - - _._ .. 

3-Oxo-4-phenyl-l;2-diazabicyclo[2.2.2]octane Methochloride. 
-A mixture of 3-oxo-4-phenyl-1,2-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 niethanolic solution wag 
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. (69.2Yc) of product, 
m.p. 221.8-222.6'. 

14 OR.  
=Inal. Calcd. for Cl3H17C1SPO: C, 61.77; H, 6.78; C1, 

Found: C. 61.96; H, 6.80: C1, 1i3.90. 
4.Phenyl-1,2-diazabicyclo [2.2.2]octane (VIII, R = (:OH5) 

Hydrochloride.-Finely powdered 3-oso-4-phenyl-1,2-diazabi- 
lo[2.2.2]octane (101.1 g., 0.5 mole) was added in portions with 

vigorous stirring to a slurry of lithium aluminum hydride (35.0 
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 v-ashed well with tetrahydrofuran, and the filt,rate 
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 = 
C,H5, R" = COCH,).-This compound KSS prepared as described 
for 2-xcety1-3-ethy1-4-phenyl-l,2-di:~zabi 

4-Phenyl-2-phenylcarbamyl-l,2-diazabicyclo[ 2.2.2]octane (IX, 
R = C,H5, R" = CONHC~H~).-Phenylisocyanate (2.5 g., 0.02 
inole) was :tdcled to 4-phenyl-l,2-ciiazxbic~yclo[2.2.2]oct~ne (3.6 

(26) B. Elpern and L. S. Gardner, this laburatory. unyublislied. 
(27)  .\ eutectic iiiixture 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 = 

C&, R" = CHO).-4-Phenyl-1,2-diazabicyclo[2.2.2]octane 
(5.0 g., 0.027 mole) in 10 ml. of chloroform was treated with 
chloral (4.4 g., C.03 mole) in 5 ml. of chloroform. The solution 
became hot and crystallized on slight' cooling. After washing 
with n-hexane, the product 71-as crystallized from cyclohexane 
using charcoal; yield 4.0 g. 

2-Methyl-4-phenyl-l,2-diazabicyclo~2.2.2]octane Hydrochlo- 
ride (IX, R = C&, R" = CHt).-Reduction of 2-formyl-4- 
phenyl-1,2-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 VI11 (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-phenyl-1,2-diazabicyclo[2.2.2]octane (IX, R 

= C&, R / '  = CH&N).-A 70% aqueous solution of glycoloni- 
trile (4.07 g., 0.05 mole) was added to VI11 ( 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. 

1-Amino-4-carbomethoxypiperidine (111, R = H, R' = OCH,). 
-Granulated 8-20 mesh aluminum (24.3 g., 0.9 p.-at,om) was 
treated with 5y0 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 27, 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 (11, R = H;  R' = OCHs, 51.7 g., 0.3 mole) was 
added dropwise a t  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 niin. more. The 
mixture was filtered, and the filtrate was concentrated to a yellow 
oil weighing 33.7 g. (71%), n% 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 58.6%). 

Anal. Calcd. for CiH14T20?: S, 17.17. Found: N, 16.99. 
3-0xo-1,2- diazabicyclo[2.2.2]octane (VII, R = H).-A 

solution of I11 ( R  = H, R' = OCH,. 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 
solut,ion was allowed to cool overnight under nitrogen. The 
dark solution was poured into 6 1. of n-pentane, and the solid was 
filtered, washed with n-pentane, and recrystallized from propioni- 
trile to give 47.2 g. 
1,2-Diazabicycloj2.2.2]octane Hydrochloride (VIII, R = H).- 

Reduction of VI1 ( 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 9370 yield of crude VI11 (R = H). Sublimation 
of a small portion at  90' (0.1 mni.) 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-1,2-diazabicyclo12.2.2]octane (IX, R = 
H, R" = CSNHC8H6).-Phenylisothiocyanate and 1,2-diaza- 
bicyclo[2.2.2]octane in benzene gave this product in 76.8% yield. 
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