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with Darco G-60, and finally recrystallized from water to 
yield 15.6 g. of product, m.p. 228-229'. 

Anal. Calcd. for CsH,Na02: C, 57.14; H, 3.73. Found: 
C, 57.01; H, 3.57. 

-5-(g_P~ridinemethy1)hydantoin. To D, solution of 5 g. of 
5-(2-pyridinemethylidinc) hydantoin in 150 nil. of 95% 
alcohol was added 2 g. of psllsdium on charcoal, and th- 
mixture was treated with hydrogen gas under about 3 atm. 
with continuous shaking for about 12 hr. The catalyst was 
recovered, and the filtrate was reduced to a small volume 
in uacuo. Upon cooling, crystals separated which were 
finally recrystallized from methanol-water to  yield 3.9 g. 
of product, m.p. 171-172'. 

Anal. Calcd. for C9H9N102: N, 22.00. Found: N, 21.91. 
Dkd-Pyridinealanine. A mixture of 3.5 g. of 5-(2-pyridine- 

methyl)hydantoin, 10 g. of barium hydroxide, and 15 ml. 
of water was placed in a stainless steel beaker fitted with a 
reflux condenser, and heated over a steam cone until the 

evolution of ammonia ccased. The reaction mixture was 
filtered, the filter was vnshed several times with boiling 
water, and the combined filtrates were then cooled and 
treated with carbon dioxide. After filtration, the filtrate 
was finally adjusted to pH 4.5 with concentrated sulfuric 
acid to remove the remaining barium present, and the result- 
ing solution was treated with Darco G-60, filtered, and the fil- 
trate was reduced to a small volume zn vacuo. Upon chilling, 
a precipitate formed which wa8 recrystallized from alcohol- 
water to yield 1.3 g. of material, m.p. 209-210°. This prod- 
uct was chromatographically identical with material pre- 
pared by a previously reported procedure.16 

AUSTIN, TEX. 

(15) C. Niemann, R .  N. Lewis, and J. T.  Hays, J .  .4m. 
Chem. SOC., 64, 1678 (1942) report a m.p. of 205-206'. 
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A number of phthaloyl peptide esters have been prepared by trcatmcnt of p-phthalimidocthnnesulfonyl chloride with 
amino acid esters or dipeptide esters. These esters were converted to  carboxylic acids by alkaline hydrolysis. 

Although the occurrence of taurine in the body 
and its formation from cysteine has been recognized 
for some time, recent investigation had indicated 
that taurine may also be formed by unknown, 
pyridoxal independent , routes. High concentra- 
tions of taurine have been reported in the super- 
natant fluid of Ehrlich Ascites tumors.6 In an 
attempt to  isolate a naturally occurring tumor 
inhibitor from Ehrlich Ascites tumor fluid, taurine 
was isolated.6 Although taurine was void of in- 
hibitory properties in mouse tumors and mammalian 
cell cultures, it  was suggested that taurine may 
be a degradation product of the original inhibitor.6 

In  order to investigate a possible bioIogica1 sig- 
nificance of the taurine moiety, some taurine deriv- 
atives were prepared. The present paper reports the 
synthesis of phthaloyltauryl peptides which may 
be considered as analogs of the corresponding 
carboxamido peptides. These are the first of a 
number of model compounds synthesized as poten- 
tial antineoplastic agents, Preliminary results indi- 
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(4) B. Bergeret and F. Chatagner, Biochim. et Riophys. 
Acta, 22,273 (1956). 

(5) M. Araki, S. Chin, J. Minowada, and H. Okada, 
Gann, 43,73 (1952). 

(6) A.  W. Spears, Ph.D. thesis, Department of Chemistry, 
University of Buffalo (1960). 

cate some tumor inhibitory activity in Krebs 2 
carcinoma foi I and IV.7J 

The phthaloyltauryl peptides were prepared 
by t,reatment of amino acid esters or dipeptide 
esters with P-phthalimidoetkanesulfonyl chloride 
(I) in the presence of triethylamine. The resulting 
products were then saponified with 1N sodium 
hydroxide at  room temperature but attempted 
removal of the pht,haloyl group by treatment with 
hydrazine and then hydrochloric acid under the 
conditions employed by Sheehan and Frank did 
not give tauryl peptidesg It was shown by the use 
of paper partition chromatography that the prod- 
ucts of t'he reaction were taurine, phthalhydrazide 
and the constituent amino acids. 

In order to substantiate the structures of the 
compounds prepared infrared spectra were ob- 
tained and neutralization equivalents determined 
when applicable. Absorpt,ions typical of the 
phthaloyl group were found in all spectra and neu- 
tralization equivalents indicated that the acids 
were monocarboxylic. 

I was first prepared by Niller et al. , by a rather 
circuitous route.I0 Phthalic anhydride was treated 
with ethanolamine, phosphorus pentachloride and 
then thiourea. Oxidation of the resulting inter- 

( 7 )  J. F. Holland, ltoswell Park Memorial Institute, 

(8) Further biological results will be published elscwherc. 
(9) J. C. Sheehan and V. S. Frank, J .  Am. Chem. Soc., 

(10)  E. Miller, J. M. Sprague, L. W. Kissinger, and 

-____ 

Buffalo, N. Y., private communication. 

71,1856(1949). 

L. F. McBurney, J .  Am. Chem. Soc., 62, 2009 (1940). 
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mediate with chlorine gave I. In the present work 
it was found that I could be more conveniently pre- 
pared by treatment of taurine with phthalic anhy- 
dride and then phosphorus pcntachloride. It was 
not necessary to isolate the already characterized 
intermediate, phthalimidoethanesulfonic acid.1° 

EXPERIMENTAL 

p-Phthalimidoethanesuljunyl chloride ( I ) .  A mixture of 25 
g. (200 mmoles) of taurine and 30 g. (200 mmoles) of phthalic 
anhydride was fused and retained in the molten state 
for 2 hr. The mixture was then cooled and 21 g. (100 mmoles) 
phosphorus pentachloride added. This mixture was heated 
for 30 min. a t  approximately 120'. After cooling the brown 
solid was washed with 200 ml. of ice water and collected 
t)y filtration. Treatment with charcoal and recrystallization 
from a mixture of benzene and ligroin (b.p. 35-60') yielded 
22.8 g. (42%) of product, m.p. 158-161". A second re- 
crystallization gave a compound of m.p. 160-161", (lit.lo 
m:p. 157-158 ") .- 

dnal .  Calcd. for ClnH&'lN04S:'' C, 43.88: H. 2.94; N. 
I .  . I  

5.12. Found: C, 43.99;-H,-3.07; N, 5.38: 
General method for  the preparation of amino acid esters. 

Approximately 5.0 g. of the amino acid was dissolved or 
suspended in 200 ml. of absolute ethanol. To this solution or 
suspension was added anhydrous hydrogen chloride a t  a 
rate such that the temperature of the reaction mixture did 
not go above 40". After 2 hr. the addition of hydrogen 
chloride was discontinued and the mixture allowed to  stand 
a t  room temperature for a t  least 4 hr. The solvent and the 
hydrogen chloride were then removed. The yields of amino 
acid ester hydrochlorides were nearly quantitative. 

Phthaloyltaurylglycine, ethyl ester'z (11). Two grams (7.3 
mmoles) of I in 50 ml. of dichloromethane was added slowly 
to a mixture of 1.0 g. (7.3 mmoles) of ethyl glycinate hydro- 
chloride and 2.0 ml. (14.6 mmoles) of triethylamine in 50 
ml. of dichloromethane. The mixture was then allowed to 
stand overnight a t  room temperature under anhydrous con- 
ditions. The mixture was refluxed for 3.5 hr. The solvent 
was evaporated, t.he resulting solid triturated with water 
and cooled near 0" before collection of the solid by filtration. 
The crude yield was 1.8 g. (7'293, m.p. 115-120". The 
samplc for analysis was obtained after several rccrystalliza- 
tions from methanol, white needles, m.p. 121-122'. 

Found: C, 49.17; 11, 4.50; N, 8.20. 
Phthaloyltau~y~-DL-a~anine, ethyl ester'l (111). With the 

method for 11, 1.0 g. (7.3 mmoles) of the methyl ester of 
DL-alanine hydrochloride in 25 ml. of dichloromethane, 2.0 
ml. (14.6 mmoles) of triethylamine, and 2.0 g. (7.3 mmoles) 
of I in 50 ml. of dichloromethane gave 2.4 g. (970/,) of 111, 
m.p. 138--141". Several recrystallizations from 95y0 ethanol 
gave the sample for analysis, white needles, m.p. 143-144'. 

Anal .  Calcd. for C I ~ H I ~ N ~ O ~ S :  C, 49.40; H, 4.74; N, 8.23. 
Found: C, 49.01; H, 4.65; N, 8.10. 

Phthaloyltauryl-DL-alanyl-DL-methionine, ethyl ester (IV). 
Esterification of DL-alanyl-DL-methionine *ith ethanol and 
nnhydrous hydrogen chloride gave an oil which was dried 
over phosphorus pentoxide under reduced pressure. The 
resulting material was a hygroscopic solid. Assuming that 
the yield of thc ethyl ester of DL-alanyl-DL-methionine, hy- 
drochloride was 6.5 g. (looyo), 6.2 ml. (46 mmoles) of tri- 
ethylamine in 200 ml. of dichloromethane was added. To 
this mixture 6.2 g. (23 mmoles) of I in 200 ml. of dichloro- 
ncthane was added over a period of 1 hr. with continuous 

(1 1 ) Microanalyses by Galbraith Laboratories, Knox- 
ville, Tenn. 

(12) After the present paper was submitted M. Frankel 
and P. Moses, Tttrarredrm 9, 28Y (1960) reported this com- 
pound. 

Anal .  Calcd. for CiaHi6NzOeS: c, 49.40; H, 4.74; s, 8.23. 

_____ 

stirring. The temperature of the reaction mixture was main- 
tained near room tempcraturc by the slow rate of addition. 
After stirring for an additional 2 hr. and then standing 
overnight the solvent was removed by evaporation and the 
resulting oil triturated with cold water. After standing in 
the cold for sevcral hours the material solidified. Filtration 
gave 10.2 g. (92%) of a white solid, map. 80-85". Several 
recrystallizations from a mixture of ethyl acetate and 
cyclohexane gave the sample for analysis, m.p. 94-96'. 

Anal .  Calcd. for C ~ O H ~ ~ N B O ~ S P :  C, 49.47; H, 5.61; N ,  
8.65. Found: C, 49.18; H, 5.66; N, 8.20. 

Phthaloyltaurylglycylglycine, ethyl ester12 (V) .  With the 
method for 11, 3.2 g. (12 mmoles) of I in 50 ml. dichloro- 
methane, 2.0 g. (10 mmoles) of the ethyl ester of glycyl- 
glycine hydrochloride dissolved in 25 ml. of dichloromethane 
and 3.2 ml. (23 mmoles) of triethylamine, gave 3.6 g. (76%) 
of a yellow solid, m.p. 94-100'. Several recrystallizations 
from tetrahydrofuran gave the sample for analysis, m.p. 

Anal. Calcd. for ClsHleNaOTS: C, 48.38; H, 4.82; E, 10.60. 
Found: C, 48.61; H, 4.83; N, 10.40. 

Phthaloyltauryl-DL-glutamic acid, diethyl esttr (VI). With 
the method used for 11, 2.0 g. (7 .3 mmoles) of I in 25 ml. of 
dichloromethane, 1.7 g. (7.3 mmoles) of the diethyl ester 
of DL-glutamic acid hydrochloride and 2.0 nil. (14.6 mmoles) 
of triethylamine in 50 ml. of dichloromethane gave 3.1 g. 
(MY0) of VI, m.p. GO-65'. Several recrystallizations from 
approximately 70% ethanol gave the sample for analysis, 
m.p. 75-77". 

Anal .  Calcd. for C19H2aNz08S: C, 51.80; H, 5.49; N, 6.36. 
Found: C, 51.90; H, 5.45: N, 5.95. 

PhthuloyltaurylglycyI-DL-methionine, ethyl ester (VII).  
With the method for 11, 2.0 g. (7.3 mmoles) of I in 50 ml. 
of dichloromethanc, a suspension of 1.9 g. (7.3 mmoles) of 
ethyl glycyl-DL-methionate, hydrochloride in 25 ml. of di- 
chloromethane and 2.0 ml. (14.6 mmoles) of triethylamine 
gave 3.1 g. (90%) of VII, m.p. 112-115'. Ilecrystallization 
from 95% ethanol yielded white needles, m.p. 123-124". 

Anal .  Calcd. for C ~ ~ H ~ S N ~ O ~ S O :  C, 48.39: H, 5.34; S, 
8.91. Found: C, 48.83; H, 5.30; N, 8.05. 

General method for  the saponijcation of esters. The ester 
was added to  a solution of sodium hydroxide and stirred 
until dissolved. The solution was allowed to stand overnight 
a t  room temperature, neutralized with 10 yo hydrochloric 
acid and evaporated to dryness a t  reduced pressure. 

Phthaloyltaurylglycine (VIII) .  One gram (2.9 mmoles) 
of I1 was added to  20 ml. of 1.ON sodium hydroxide and the 
mixture treated as described in the general method. The 
residue was dissolved in a little water and treated with 2 g. of 
Dowex 50-X8 in the hydrogen form. Shortly after the addi- 
tion of the resin the product started to precipitate. The solu- 
tion was warmed until the product dissolved and then fil- 
tered. After cooling the filtrate to  0" the product was 
collected by filtration. The yield of white solid was 0.8 g. 
(8870), decomposition above 300". The product was rc- 
crystallized from water. 

Anal .  Calcd.,for C1ZH12NZOhS: N, 8.97. Found: N, 8.74. 
Phthaloyltauryl-DL-alan~ne. One gram (2.9 mmoles) of 

111 was added to  20 ml. of 1.ON sodium hydroxide and the 
mixture treated as described in the general method. The 
product was isolated in the same manner as VIII. After 
recrystallization from water the yield of white crystals \vas 
0.8 g. (85%), decomposition above 300". 

Anal .  Calcd. for C I ~ H ~ ~ N ~ ~ ~ S :  N, 8.58. Found: N, 9.08. 
Phthaloyllauryl-DL-alanyl-DL-methionine. Four grams (8.2 

mmoles) of IV was added to  100 ml. of 1.ON sodium hy- 
droxide and the mixture treatcd as described in the general 
method. The residue was treated with 20 ml. of 10% hydro- 
chloric acid and cooled to 0". After standing in the cold 
for several days and with occasional shaking a white solid 
precipitated. Filtration gave 2.0 g. (54%) of product, 
gradual decomposition above 300". The product was re- 
crystallized from an ethanol-water mixture. 

Anal. Calcd. for C ~ ~ H ~ ~ N J O ~ S Z :  N, 9.18. Found: N, 8.82. 

102-103 O .  
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PhUlaloyUaurylglycylglycine. Four grams (7.8 mmolea) 
of V was added to 100 ml. of 1.ON sodium hydroxide and 
the mixture W&B treated as deacribed in the general method. 
The residue was treated with 20 ml. of 10% hydrochloric 
acid and the mixture cooled to 0". The precipitate which re- 
sulted waa collected by filtration. The yield waa 2.5 g. 
(86%), m.p. 274-275'. No change in melting point wa8 
observed after recrystallization from an ethanol-water mix- 
ture. 

Anal. Calcd. for CIdH1&NsO,S: N, 11.37. Found: N, 11.01. 
PhthaloyUauryl-L-glutamic acid. Two grams (4.5 mmoles) 

of VI was added to 100 ml. of 1.ON sodium hydroxide and 
the mixture treated as described in the general method. The 
residue was treated with 20 ml. of 10% hydrochloric acid 
and cooled to  0'. An oil separated which solidified on 
shaking. Filtration gave 1.1 g. (64%) of product, gradual 
decomposition above 300". The produot was recrystallized 
from water. 

Anal. Calcd. for CldI&OsS: N, 7.20. Found: N, 7.72. 
Phthaloyltaurylglycyl-DL-meWLionine. Five grams ( 11 

mmoles) of VI1 was added to 100 ml. of 1.ON sodium hy- 
droxide and the mixture treated as described in the general 
method. The residue was treat,ed mith 20 ml. of 10% hydro- 
chloric acid and cooled to  Oo. The white precipitate which 
formed was collected by filtration, yield 3.2 g. (65%), 
gradual decomposition above 300'. The product was re- 
crystallized from an ethanol-water mixture. 

Anal. Calcd. for C17HaNSO&: N, 9.47. Found: N, 9.01. 
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The synthesis of bicyclic Lomologs of piperazine belonging to the class of &methyl-3,&diazabicyclo 13.2.1 J octanes (VIII ) 
is reported. The compound; are prepared by reduction with lithium aluminum hydride of the corresponding 3-substituted 
~carbobenzyloxy-3,&diazabicyclo(3.2.l]octane-2,4aiones (VII) obtained from the still unknown pyrrolidino2,5-dicar- 
boxylic acid (111) through the N-carbobenzyloxy derivative IV. This was converted with acctic anhydride into the anhydride 
(VI, which bv reaction with ammonia or ",ry amines and subsequent cyclization with acetic anhydride gave the desired 
VIII.  

In  the last years several piperazine derivatives 
were found to possess interesting therapeutical 
properties. This is the case, for instance, of 1- 
diethylcarbamyl-4-methylpiperazine dihydrogen ci- 
trate (diethylcarbamazine) as antifungal agent,' 
N-methyl-N'-(4-~hlorobenhydryl)piperazine dihy- 
dro3hloride (chlorcyclizine) as antihistaminic 
agent,* piperazine citrate as an anti helm inti^,^ 
N-methyl- N-ethyl- N'-2-~hlorobenzhydrylpipera- 
zinium chloride as antiacetylcholinic agent14 and 
l-(2'-cyclohexyl-2')hydroxy - 2' - phenylethyl- 4,4- 
dimethylpiperazinium methyl sulfate (hexocyclium 
methylsulfate) as gastric secretion inhibitoras 

In  many instances an improvement in the 
activity of already known products was observed 
by introducing a piperazine ring in place of sec- 
ondary aliphatic amino groups. N - ( y  [4-€Iydroxy- 
ethyl - 1 - piperazinyl] -propyl) -3 - chlorophenothia- 
zine (chlorperphenazine) has recently been found 

(1) C. F. Otto and T. H. Maren, Am. J. Hyg., 51, 353 

(2)  J. C. Castillo, E. J. Beer, and S. H. Jaros, J. P ~ U T W  

(3) R. H. R. White and 0. D. Standen. Brit. Med. J . ,  

(1951). 

col. Exptl. Therap., 96,388 (1949). 

755 (1953). 

46. 279 (19571. 
(4) A. E. Light and R. V. Fanelli, J .  Am. Pharm. ASSOC., 

(5) H.' E. Zaugg and co-workers, J .  Am. Chem. SOC., 80, 
2763, 2769 (1958). 

to possess a more rapid effect than chlorpromazine.6 
These results prompted us to consider a particu- 

lar structure having the piperazine ring embodied 
in a condensed biheterocyclic system of general 
formula. 

R, R' = H, alkyl etc. 

Only two derivatives of this type are known in 
the literature, Le .  9-methyl-3,9-diazabicyclo I3.3.11 
nonane (n = 3, R = 13, R' = CHa) and 3-benzyl-9- 
methyl-3,9diazabicyclo[3.3.l]nonane (n  = 3, R = 
CH2CsH6, It' = CH3).' A closely related bicyclic 
system was described by Grogan and Rices who 
prepared 3-azabicyclo [3.2.1 ]octanes in the course 
of an extensive work on 3-azabicycloalkanes9: 
However, the 3,8diazabicyclo [3.2.l]octane (n = 
2) ring is scill undescribed. This structure seemed 
to us of particular interest when R' = CH,, 
because of the structural analogy with the tropane 

(6) E. Fruhmann and H. Gross, Wiener Klin. Wschr., 71, 
808 (1959). 

(7) R. A. Barnes and H. M. Falcs, J. Am. Chem. Soc., 75, 
975 (1953). 
(8) C. H. Grogan and L. M. Rice, J .  Org. Chem., 2 2 ,  

1223 (1957). 
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