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264’; [a17 -26.0’ (0.32% in 95% ethanol); Ai:$,) 2.93, 
3.03, 3.14, 5.82, 6.12, 6.25 (guanine pattern); 5.70 (0- 
acetate), no N-acetate a t  5.90 or 6.48; hkt&,) 257 ( e 12,400), 
280 ( E  8,700); R A d  1.42, in solvent A.26 

Anal. Calcd. for C14H1~N50e.*/~Hz0: C, 46.7; H,  5.01; 
N, 19.4. Found: C, 46.4; H, 5.00; N, 19.0. 

A subsequent acetylation of 1.8 g. of 5’-deoxyguano~ine 
(XI )  gave after one recrystallization 1.9 g. (7870) of di- 
acetate (XIII) ,  m.p. 25&260’, that had an infrared spec- 
trum very similar to that of the analytical sample and had 
identical paper chromatographic behavior. 

2-A mino-3-( 6’-deozy-~-n-ribofuranos~l)-9-H-purine-6-thiol 
(111). A mixture of 550 mg. (1.53 mmoles) of 2’,3’-di-O- 
acetyl-5’-deoxyguanosine (XIII)  and 1.25 g. (5.6 mmoles) 
of phosphorus pentasulfide waa added to 33 ml. of dry 
pyridine. The reaction waa heated to reflux and 82 h of water 
were added dropwise from a microburette, giving a cloudy 
solution which was heated a t  reflux for 8 hr. with stirring 
under nitrogen atmosphere. After the addition of 50 ml. of 
water the mixture was heated on a steam bath for 2 min., 
then cooled and adjusted to pH 6 with saturated aqueous 
sodium bicarbonate. 

Extraction of the aqueous solution with 20 ml. of chloro- 
form caused the separation of a precipitate which remained 
suspended in the chloroform layer. The chloroform layer 
containing the precipitate was drawn off and the aqueous 
layer waa extracted further with four additional 20-ml. 
portions of chloroform. The combined chloroform extracts 
and solid were concentritted to dryness in vacuo to yield 
340 mg. of a red-brown solid (XII) .  Trituration of the crude 
blocked nucleoside (XI I )  with 10 ml. of chloroform gave 270 
mg. (47%) of an off-white product (XII)  n1.p. 230-236”. 
Continuous extraction of the :Iqucous phast: above for 6 hr. 
with Chloroform gave an :tdditional47 mg. (total yield 55c/0) 
of white solid, m.p. 230-235’; Vl:$) 5.71 (ncetatc C=O) 
8.34 (>C=S); A:~.:,,,,, 344 ( t  18,700); I?,, 1.62 in solvent 
A25 with trace components a t  IZAd 0.0 and 0.25. 

A mixture of 270 mg. of thc crude diacctate (XII)  and 10 
ml. of methanol was saturated with ammonia at  5-10’, 

causing complete solution. Aftcr 16 hr. at 5’, a small 
amount of insoluble residue wm removed by filtration and 
the filtrate was concentrated to dryness in vacuo to give 
225 mg. of brown solid which had A ~ ~ & )  318 ( e  15,100). 
Pure 5’-dcoxythioguanosine (111) had Ak~$,,, 318 (E 
19,000). Thus, crude I11 above contained 80% of I11 
(thioguanyl moiety). The crude nucleoside (111) showed a 
major component at Rad 0.61 and 1.55 in solvents A and 
B,25 respectively, along with minor amounts of contami- 
nants. 

Recrystallization from 25 ml. of water gave 115 mg. 
(32% based on XIII)  of material, m.p. 241-246’ dec. 
Further recrystallizations from water gave the analytical 
sample, m.p. 252-252.5’ dec.; [a]’,” -62’ (o.5YO in N , N -  
dimethylformamidc); A~~$,, ,  3.01, 3.07, 3.16, 6.08, 6.23, 
6.28 (thioguanine pattern); 8.31 (C=S); 264 ( E  

7,700), 344 ( e  21,300); 252 ( e  12,900), 318 ( E  19,000)29; 
Rad 0.61 in solvent A and 1.55 in solvent B. 

Anal. Cdcd. for C I O H ~ ~ N ~ O ~ S :  C, 42.4; H, 4.62; N, 24.7; 
S, 11.2. Found: C, 42.3; H, 5.51; N, 24.6; S, 11.3. 

A second crop of 35 mg., m.p. 243-247’ dcc.. was obtained 
on concentration of the mothcr liquors. The paper chro- 
matograms of the second crop were essentially identical 
with that of the analytical sample with Rad 0.68 in solvent 
A and R A d  i.47 in solvent B. 
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(29) Fox, et d8  reported A;!:;;) 257 ( e  8820), 342 
( e  24,800); A ~ ~ . ~ ~ ~ *  252 ( t  14,700), 319 ( e  21,000) for thio- 
guanosine. 
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A series of N-substituted glycines and precursors has bcen prepared. These compounds are derivatives of a-(4-amino- 
benzylidene)- and ~-(4-aminohenzyl)-r-butyrolactone. They can be obtained best from the corresponding m(4-amino- 
benzylidene)- or a-( 4-aminobenzyl)-~-butyrolactones. The chemistry of these compounds and their preparation is dis- 
cussed. 

In  our investigation of substituted y-butyrolac- 
tones we became interested in the chemistry and 
pharmacology of amines derived from cr-benzyli- 
dene- y-butyrolactone and &-benzyl- y-hutyrolac- 

(1) Paper V in this series: 13 Zimmcr, J. Rothe, and 
J. Holbert, J. Org. Chem., 2 5 ,  1234 (l!W). 

( 2 )  Presented before the I>ivisiori of hlctlirinal Chcmis- 
try, ACS Mccting, Cl(w%larid, Ohio, April 11, 1960. 

(3)  Taken in part from 1’h.l). thesis of R. E. DeBrunner, 
University of Cincinnati (10GO), 1957-58, Procter and 
Gamble fellow, 1950, Chattanooga Mcdicine Company 
fellow. 

tone, because it recently has been shown that cer- 
tain unnatural amino acids and derivatives thereof 
have interesting properties as cancer chemo- 
therap~ut,ica.~ It also has been known for some- 
time that various compounds structurally related 
to, but not identical with, essential amino acids 
exhibit antimetabolic ~ha rac t e r .~  Zimmer and 
Rot,he6 have prepared a-(4-dimethylaminobenzyl- 

(4) F. Bcrgcl, J. M. Johnson, and J. A. Stock, Chem. & 
Ind .  (London) ,  1480 (1959). 
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idene)-y-butyrolactone and preliminary testing 
shows favorable results in its use against cancer 
in mice. It seemed logical to  follow up these findings 
and prepare amino acids containing the y-lactone 
moiety. Our main work was therefore directed 
towards the synthesis of N-substituted amino 
acids and their precursors. 

The synthesis of this type of compound proved 
to be more difficult than anticipated. As already 
reported in an earlier paper,6 the condensation 
between y-butyrolactone and negatively substi- 
tuted benzaldehydes such as p-cyano- and p - 
nitrobenzaldehyde proceeds only in very small 
yields while the condensation with pacetamido- 
benzaldehyde is only slightly better. The use of 
p-aminobenzaldehyde appeared to be unadvisable 
because of the highly basic conditions necessary 
for the condensation and the limited stability of 
the aldehyde under these conditions. Once a con- 
densation was completed to give the substituted 
a-benzylidene-y-butyrolactone, one was limited 
to neutral or acid conditions for any further re- 
actions because of the sensitivity of the lactones 
to basic conditions. Therefore, the problem was 

0 
3- 

VI1 

( 5 )  V. du Vigneaud, K. Dittmer, J. Bid.  Chern., 159, 
385 (1!)45); I<. Dittmcr, J .  Am. Chem. Soc., 71, 1205 
(1!)4!l); F. Dunn and K. Dittmer, J. Biol. Chem., 188, 262 
(1!)51). 

(6 )  H. Zimmer and J. Ilothe, J .  Org. Chem., 24,. 28 
(1950) and 24, 100 (1059). 

approached by introducing the desired functional 
groups starting with the a-(4-nitrobenzylidene)- 
y-butyrolactone which was prepared as reported 
earlier and which was reduced to the corresponding 
a-(4-aminobenzylidene)--pbutyrolactone (I).6 

The most obvious route for the preparation of 
the N-substituted glycine would be the condensa- 
tion of I with chloroacetio acid, but all attempts of 
this resulted in oils and tars. Therefore another 
route to obtain the desired compounds was de- 
veloped. The following chart illustrated the per- 
formed reactions and compounds obtained. 

Cyanomethylation of I yielded a-(.l-cyano- 
methylbenzy1idene)-y -butyrolactone (11), and hy- 
drolysis of this nitrile gave the corresponding amide 
(111) and acid (IV). It was found that the success 
of the cyanomethylstion depended very much on 
the solvent. Only if glacial acetic acid was used 
did the reaction proceed smoothly and in fairly 
good yields. Dioxane, dioxane-water, water, and 
ethanol-water as solvents did not give any of the 
desired product. 

Treating I1 with concentrated sulfuric acid at  
room temperature gave 111, while refluxing it with 
aqueous sulfuric acid gave the acid (IV). Both 
reactions proceeded to give satisfactory yields. 

Application of the cyanomethylation reaction 
to a-(4-aminobenzyl)-y-butyrolactone (V) al- 
ways resulted in oils and tars which could not be 
induced to crystallize nor could they be purified 
by distillation without decomposition. Treating 
this oil with concentrated sulfuric acid gave another 
unidentified oil rather than the expected amide 
(VI). The amide (VI), however, was prepared 
by hydrogenation of 111 using platinum oxide 
as the catalyst. Raney nickel was not effective 
under the reaction conditions. Hydrolysis of VI 
by aqueous sulfuric acid gave the desired acid 

As expected, I is a rather weak base; however, 
it still could be diazotized to yield a normal diazo- 
nium compound which readily underwent a Sand- 
meyer reaction. It was further characterized by 
coupling with 0-naphthol and N, N-dimethylani- 
line to the expected products. 2-[4-(p-Dimethyl- 
aminophenyl)azobenzylidene] - 4 - hydroxybutyric 
acid y-lactone was obtained whereas the coupling 
with p-naphthol led to the free acid, 2-[4-(p- 
hydroxy-a- naphthyl)azobenzylidene] - 4 - hydroxy- 
butyric acid, which could without difficulty be 
lactoniaed to the expected y-lactone by refluxing 
the acid with acidic acetone. 

In the cyanomethylation of I some interesting 
observations concerning the mechanism of this 
reaction were made. A solution of 37y0 aqueous 
formaldehyde was added to a solution of the 
amine in glacial acetic acid a t  room temperature. 
Immediately a precipitate formed. To this mixture 
was then added a potassium cyanide solution; 
after stirring for a time, a clear solution was ob- 

(VII). 
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tained. The immediate formation of the precipita- 
tion upon the addition of formaldehyde indicated 
that the first step of the reaction was a condensa- 
tion of the amine with formaldehyde. This con- 
densation product was then attacked by the cyanide 
to give the desired product. The condensation 
product was isolated and found to be a yellow high- 
melting compound (259-260'). It was very insol- 
uble in all commonly used solvents. Its infrared 
spectrum showed an NH-stretching band a t  3 . 0 ~  
besides peaks at 5 . 8 2 ~  and 6 . 1 ~  corresponding to  
a lactone carbonyl group and a C 4  double bond. 
These observations, in addition to an elemental 
analysis which agreed reasonably well, suggested 
the structure of this condensation product to be 
methylene - N,N - bisra - (4 - aminobenzylidene) -7-  
butyrolactone] : These findings agree with the origi- 

C H O N H ,  - + H,CO - 
U O  

nal observations made by the inventors of this re- 
action, W. v. Miller and J. Plochl' and E. Knoeve- 
nagel.8 They also agree with later observations by 
Tu'. Drozdovg but do not agree with Bersworth and 
co-workers,l'J who reported that the first step in 
this reaction is a condensation between formalde- 
hyde and cyanide to form a substituted ethylene 
oxide followed by a subsequent reaction with the 
amine. 

The infrared spectrum of I1 is very interesting 
in that it showed no nitrile peak. Carbon-nitrogen 
triple bonds normally show a rather sharp stretch- 
ing peak in the 4 2 4 . 5 ~  range.ll Since numerous 
derivatives of this compound have been prepared 
there is no doubt that the assumed structure is 
correct. In  the literature there are several examples 
of nitriles in which the expected carbon-nitrogen 
triple bond stretching peak is either greatly re- 
duced or entirely absent. Bellamyll reported that 
the absence of absorption in the region cannot be 
taken as evidence for the  absence of - C e N  
groups, particularly if electronegative atoms such 

( 7 )  W. v. Miller and J. Plochl, Chem. Ber., 25, 2020 

(5) E. Knoevciiagcl, Chem. Be?., 37, 4081 (1904). 
(9)  N. Droztlov, J .  Gen. Chem. USSR, 1, 1171 (1931). 
(10) It. Smith, J. Bullock, F. Bersworth, and A. Martell, 

J. Org. Chem., 14, 355 (1949); A. Martell and F. Bersworth, 
J. Org. Chem., 15, 46 (1950); L. Ziemlak, J. Bullock, F. 
Bersworth, and A. Martell, J. Org. Chem., 15, 225 (1950). 

(11) L. Bellamy, The Infrared Spectra of Complex Mole- 
cules, John Wiley and Sons, Inc., New York, N. Y., 1954. 

(1892). 

as oxygen are prescnt in the position alpha to the 
cyano group. 

EXPERIMENTAL 

Thc infrared spectra werc obtained with a Baird doublc 
beam spectrophotometer using Nujol as a medium. Melting 
points are not corrected. Analysis by A. Bernhardt, Max 
Planck-Institute, Mulheim (Ruhr), Germany. 

a-(4-Cyanomethylaminobenzylidene)-y-bz~tyrolactone (11). 
TO a solution of 30.24 g. of a-(4-aminobenzylidene)-y- 
butyrolactoneo (0.16 molc) in 1600 nil. of glacial acetic acid 
was added 145.6 ml. of a 37% solution of formaldehyde ( 1  6 
moles). The mixture was stirred thoroughly while a solu- 
tion of 10.40 g. of potassium cyanide in 100 ml. of watcr 
was added dropwise. The addition required 0.5 hr. The 
reaction mixturc was stirred vigorously a t  room tempera- 
ture for 0.75 hr., then was heated until solution was com- 
plete (70'), and held at this tempcrature for 0.25 hr. An 
additional 20.80 g. of potassium cyanide was added in 
portions to the hot reaction mixture and the temperature 
was maintained at  75" for an additional 0.75 hr. before per- 
mitting the solution to cool. The acctic acid and water were 
distilled off under vacuum until the residue was about 350 
ml. This residue was filtered and was diluted slowly with 2 1. 
of water with vigorous stirring. The resulting precipitate 
was collected by suction filtration, washed with water, and 
dried in a vacuum desiccator. The product was recrystal- 
lized from 3 1. of 95% ethanol giving 27.05 g. (74.170) of 
product, m.p. 201-204'. Aftcr thrce recrystallizations from 
ethanol, the m.p. was 203-205". This compound was identi- 
fied by its hydrolysis to the corresponding acid amide and 
carboxylic acid. Infrared spectrum: 2.05 p (NH amine); 
5.75 p (C-0, y-lactone); G.05 fi  (C=C). 

Anal .  Calcd. for C13HlZN202: C, 68.41; H ,  5.30; N ,  12.2i. 
Found: C, 67.95; H ,  5.65; N ,  12.21. 
a - (4 - Carbamoylmethylantinobenzylidene) - y-bulyrolaclone 

(111). To 360 ml. of concd. sulfuric acid at 0" was added 
19.40 g. of a-(4cyanomethylaminobenzylidene)-y-butyro- 
lactone (0.085 mole). The resulting red solution was per- 
mitted to stand a t  - 10' for 108 hr., and then at  room tem- 
perature for 20 hr. The solution was then poured onto 1500 
g. of crushed ice with vigorous stirring. The resulting 
precipitate was removed by suction filtration and discarded. 
The filtrate was partially neutralized with 200 ml. of concd. 
aqueous ammonia while being stirred vigorously and cooled 
by an ice bath. The resulting precipitate was removed by 
filtration and discarded. Additional concd. aqueous ammonia 
was added to the filtrate until precipitation was complete. 
The precipitate was collected by filtration, washed thor- 
oughly with water, and then dried in a vacuum desiccator 
to give 15.55 g. (71.6%) of yellow crystals, m.p. 232-234'. 
After three recrystallizations from ethanol the m.p. 
was 236.5-237.5'. Infrared spectrum: 2.90 1, 2.97 p, 3.15 p 
( N H ,  amine and amide); 5.83 p (C=O, y-lactone); 6.10 p 
(C=C); 6.27 I.( (C=O, amide). 

Anal. Calcd. for CnHIhNaOs: C, 63.40; H ,  5.73; N ,  11.38. 
Found: C, 63.12; H, 5.79; N, 11.26. 

(Y-( 4-Carboxymethylaminobenzylidene)-y-butyrolactone (IV). 
A solution of 3.42 g. of a-(4cyanomethyhminobenzylidene)- 
y-butyrolactone (0.015 mole) in 300 ml. of 50 weight ?'CJ 

sulfuric acid was refluxed for 2 hr. The color of the solution 
progressed from yellow to dark red during the time of heat- 
ing. The reaction. mixture was cooled and neutraliied by 
dropwise addition of concd. aqueous ammonia, with stirring, 
until precipitation was complete. Thc precipitate was col- 
lected by suction filtration and dried to give 1.72 g. (40.4%) 
of a yellow product, m.p. 206' dec. This product was stirred 
with 200 ml. of water ( p H  7-8) for 0.5 hr. and then filtered. 
The filtrate was extracted twice with ether, treated with 
charcoal, and then acidified with dilute hydrochloric arid 
until precipitation was complete. The precipitation was 
collected by suction, washed with water, and recrystallbed 
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from 35y0 ctthanol. The product was collected and dried to  
give 0.57 g. of ycllow crystals, m.p. 210' dec. Infrared spec- 
trum: 3.00 p (aitiiiie); 3.7-4.0 p (OH, acid); 5.79 fi  ((3.30, 
~-Iact,!i~w): 5.97 (C=O, ncid); 6.13 p (C=C). 
ilid Chlvd. for CIJlllaNOr: C ,  68.15; H, 5.30; N, 5.67. 

Found: C, (3.57; 11, 5.12; N ,  5.M. 
LY-(4-(,'nrb~ctr2oy(tiielh~/ar~iircobenzyl)-y-butyrolac~e (VI). 

The hydrogenation of 3.69 g. of a-(4-carbamoylmethyl- 
aminobcnzy1idcne)-y-butyrolartone (0.015 mole) was accom- 
plished by suqxnding the compound in 350 ml. of 95% 
ethanol nnd shaking undcr 50 lbs. of hydrogen in a Parr 
apparatus for 9 hr. The catalyst was 0.5 g. of platinum oxide. 
Thc catalyst was removed by filtration and the ethancl was 
removed by vacuum distillation until a residue of 50 ml. 
rcmainctl. Crystallization occurred after chilling the residue 
in an ic.e bath. The white crystals were collected and dried 
to give 1.G8 g., m.p. 149-151'. A second crop of crystals 
g:ivc 0.25 g., n1.p. 145-148'. The total yield was 1.93 g. 
(51 .Oyo). Three recrystallizations from ethanol gave a prod- 
uct, m.p. 152-154". Infrared spectrum: 2.85 p, 3.05 fi  
shoulder, 3.10 p (NH, amine and amide); 5.55 p (C=O, 
r-l:ictonc); 6.01 p (CEO, amide). 

Anal .  Calcd. for C13HlbN20a:C, 62.89; H, 6.50; N, 11.28. 
Foiuid: C, 62.93; H, 6.57; N, 11.55. 

The same reaction was also attempted using 1-2 g. of 
Rancy nickel as catalyst and dioxane as solvent. The product 
in this attempt WRS an oil which could not be worked up. 

~-(4-Carboxymethylaminobenzyl)-~-butyrolactae (VII). A 
solution of 1.86 g. of a-(4carbamoylmethylaminobenzyl- 
idcne)-y-butyrolactone (0.0075 mole) in 15 ml. of 10% 
sulfuric ncid wns refluxed for 3.5 hr. The reaction solution 
was chillcd to 0" and neutralized by dropwise addition of 
concd. aqueous ammonia. The tarry prccipitate was sepa- 
rated and d i scxdd .  The filtrate was acidificd to about pH 
2 with cold concd. hydrochloric acid. The resulting pre- 
cipitate was collected, wished with cold water and dried to 
give 0.60 (32.5%) of product, m.p. 127-130' dec. Recrystal- 
lizatioiis from w:iter and from isopropyl alcohol gave white 
crystals, m.p. 130-131'. Infrared spectrum: 2.!17 fi  (NH, 
amine); 3.8-4.3 p band (OH, acid); 5.7-5.9 p band ( C 4 ,  
probahly acid and lactone); 10.9-11.0 p band (OH, acid). 

Anal .  Calcd. for Cl3Hl6N0&: C ,  62.64; 13, 6.07; N, 5.62. 
Found: C, 02.76; H, 6.00; N, 5.60. 
9- [4 - ( p -  Dimelh~~lnniinophen~jl)azobenz~lidene] -4-hydroxy- 

butyric acid, y-lactone. A solution of 4.72 g. of a-(4amino- 
benzylidene)-7-butyrolnctone (0.025 mole) in 15 ml. of 
concd. hydrochloric acid was chilled to  0'. A solution of 
1.79 g. of sodium nitrite (0.026 mole) in 10 ml. of water was 
added with vigorous stirring to the cold solution of the 
amine hydrochloride; after this the solution gave a positive 
test with starch-iodide paper and with &naphthol. The cold 
solution of the diazotized amine was added dropwise to an 
ice-cold, vigorously stirrpd solution of 2.67 g. of dimethyl- 
aniline (0.022 mole) in 20 ml. of 6N hydrochloric acid. 
When the addition was completed the mixture was stirred 
a t  -5" to 0" for 1 hr.; then, with continued stirring the 
mixture was permitted to warm to room temperature. When 
the mixture reached 20' it was neutralized with sodium 
bicarbonate (caution: foaming). The resulting precipitate 
was collected, washed with water, and dried in a desiccator 
over anhydrous calcium chloride to yield 3.40 g. (48.1%) of 
crude product, m.p. 22&230" dec. Recrystallization three 
times from acetone and twice from 95% ethanol gave an 
nnalytically pure sample of deep orange crystals, m.p. 251- 

252'. Infrared spectrum: 5.75 p (C=O, lactone); 6.05 p 

Anal .  Calcd. for C ~ O H ~ ~ N ~ O Z :  C, 71.01; H, 5.06; N, 13.08. 
Found: C, 71.27; H, 6.00; N, 12.84. 

2- [4  - ( B  - Hydroxy- a-naphth 2/l)azobenzylidene] -4 -hydroxy- 
butyric acid. To an ice-cold solution of 4.73 g. of a-(4-amino- 
benzylidene)-,y-butyrolactone (0.025 mole) in 15 ml. of G N  
hydrochloric acid was added with stirring a cold solution of 
1.79 g. of sodium nitrite (0.026 mole) in 10 ml. of water. 
The cold solution of diazotized amine was added dropwise 
to an ice-cold, vigorously stirred solution of 3.17 g. of 6- 
naphthol (0.022 mole) in 30 ml. of 6N sodium hydroxide. 
The temperature of the reaction was maintained a t  0' 
during the addition of the diazotized amine and, with stir- 
ring continued, for 1 hr. after addition was complete. The 
reaction mixture was then acidified carefully with 25 ml. of 
6N hydrochloric acid and then stirred for 1 hr.; the tem- 
perature during these operations was carefully maintained 
a t  0'. The mixture wa8 permitted to warm to room tem- 
perature, diluted with 150 ml. of water, and filtered and dried 
to  give 6.3 g. (79%) of crude product, m.p. 230-237'. 
Several recrystallizations from acetone gave an analytical 
sample of deep purple crystals. Infrared spectrum: 3.02 p 
(OH, alcohol); 3.85 p (OH, acid); 5.95 p (C=O, acid); 
10.8 p (OH, acid). 

Anal .  Calcd. for C ~ I H I ~ N Z O ~ :  C, 69.60; H, 5.00; N, 7.73. 
Found: C, 69.53; H, 4.85; N, 7.85. 

2- [4 - ( B  - Hydroxy- a-naphthyl)azobenzy/idene] -4 -hydroxy- 
butyric acid, -,-laclone. To a refluxing solution of 0.2 g. of 
2 - 14- ( B  - hydroxy - a - naphthyl) azobenzylidene] - 4 -hydroxy- 
butyric acid (0.00055 mole) in 500 ml. of acetone wa8 added 
50 ml. of 1N sulfuric acid. The solution was refluxed for 0.5 
hr. and then cooled to 0' for 72 hr. The resulting precipitate 
was collected and dried, giving 0.15 g. of a deep purple 
product, m.p. 242-247'. Two recrystallizations from acetone 
gave an analytical sample, m.p. 248-250'. A mixture m.p. 
with authentic starting material was 190-230'. Infrared 
spectrum: 5.75 p ( C 4 ,  y-ltctone). 

Anal .  Calcd. for CZIHI&O~: C, 73.24; H, 4.68; N, 8.14. 
Found: C, 73.68; H, 4.42; N, 7.59. 

Methylene- N ,  N - bis [a- ( 4 -  aminobenzylidene) - y-  butyrolac- 
one] .  To a solution of 3.02 g. of a-(4-aminobenzylidene)-y- 
butyrolactone (0.016 mole) in 160 ml. of glacial acetic acid 
was.added 14.6 ml. of a 37% aqueous solution of formalde- 
hyde (4.80 g., 0.16 mole). After mixing for 1 hr. a t  room 
temperature the precipitate was collected, washed with water 
and dried to yield 2.86 g. of a product, m.p. 227-230'. Two 
recrystallizations from N,N-dimethylformamide gave a yel- 
low product, m.p. 259-260'. (The compound was too insol- 
uble to be recrystallized from m y  other solvent.) Infrared 
spectrum: 3.00 p (NH, aminc) ; 5.85 p (C=O, y-lactone; 6.10 
p ( C=C) . 

Anal .  Calcd. for C23H22N204: C, 70.75; H, 5.68; N, 7.18. 
Found: C, 69.94; H, 5.63; N, 7.54. 
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