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and in the prcscnce of palladium-charcoal as catalyst; b.p. 
64-66' (4 mm.). 

S-Fluor~acetani/ide.~O To the solution of 8.5 g. (0.75 mole) 
of 3-fluoroaniline in 50 ml. of benzene, a small excess of 
acetic anhydride was added. When the exothermic reaction 
had subsided, the mixture was kept a t  room temperature for 
12 hr., and the volatile constituents were removed in vacuo. 
The residue crystallized spontaneously in form of colorless 
needles, m.p. 84", yield, 11.5 g. (98y0). 
2,4-Dinitro-5-$uoroacetanilide. With stirring and cooling 

(ice-salt mixture), 11 g. (0.7 mole) of the foregoing sub- 
stance was added in small quantities to a mixture of 30 g. 
of concd. nitric acid ( d  = 1.49) and 90 g. of concd. sulfuric 
acid. After 1 hr., the mixture was poured onto ice and the 
solid filtered, washed, and recrystallized from ,alcohol: m.u. . _  
119", yield, 7.2 g. (42%). 

Anal. Calcd. for C*H,FN,O,: C. 39.5: H. 2.5: N. 17.3. 
, I  I ,  

Found: C, 39.4; H, 2 .4;N,  i7.4. 
8,4-Dinitro-5-$uoroanililze. The mixture of 10 g. (0.05 

mole) of the foregoing compound and 30 ml. of Soy0 sul- 
furic acid was refluxed for 2 hr. and poured onto ice. The 
solid product was filtered and recrystallized from alcohol: 

' 

m.p. 186-187"; yield, 8 g. (96%). 
Anal. Calcd. for C.H4FNnOd: h', 21.0: F. 9.5. Found: N. - .  . .  , , ,  

21.0; F, 9.7. 
Preparation of N-(2,4-dinitro-5-acetamidophenyl) glycine. 

To the solution of 0.17 g. (0.002 mole) of glycine and 0.5 
g. of sodium bicarbonate in 10 ml. of water, there was 
added a solution of 1.2 g. (0.006 mole) of 2,4-dinitro-5- 
fluoroacetanilide in 50 ml. of alcohol. The mixture was 
stirred a t  room temperature for 2 hr., the alcohol removed 
in vacuo and water added. The excess of the reagent was 
then removed by filtration and the filtrate acidified with 
dilute hydrochloric acid. The yellow precipitate was recrys- 
tallized from alcohol: m.p. 243'; yield, 0.7 g. (87%). X ~ l . ~ ' o H  
334 mp (4.32); 410 mp (4.02). 

Anal. Calcd. for CIOHION1O7: C, 40.3; H, 3.3; N, '18.71. 
Found: C, 40.7; H, 3.3; N, 18.2. 

The analogous reactions with other amino acids are 
summarized in Table 11. 

Preparation of N-(8,4-dinitr0-5-aminophenyl )-~bphenylal- 
anine. The mixture of 0.8 g. (0.05 mole) of DL-phenylalaninc, 
0.9 g. of sodium bicarbonate, 1.5 g. (0.14 mole) of 2,4-dinitro- 
5-fluoroaniline, and 30 ml. of alcohol was heated until a clear 
solution resulted. After 30 min. a t  room temperature, 20 
ml. of water was added, and the filtered solution heated in 
vacuo, in order to  remove the alcohol, and acidified with 
dilute hydrochloric acid; from methanol, m.p. 235O, yield, 
1.6 g. (93%). 

Anal. Calcd. for CISHI4N4O6: C, 52.0; H, 4.0; N, 16.2. 
Found:C,52.2;H,4.3;N,16.1. 

The analogous reactions with other amino acids are sum- 
marized in Table 111; in these cases 507, alcohol was used 
as the reaction medium. 

Diazotization and coupling with a-naphthol. To an ice-cold 
solution of 0.004 mole of the 2,4-dinitro-5-aminophenyl deriv- 
ative in 5 ml. of 10% hydrochloric acid, 1.4 ml. of a 20y0 so- 
dium nitrite solution was added with agitation, followed by 
0.6 g. of a-naphthol, dissolved in 6 ml. of 10% sodium 
hydroxide solution. 

Procedure f o r  paper chromatography. The test solution was 
applied to  the paper with a glass capillary until a round 
Epot of about 1 cm. diameter formed. The spot was left to 
dry for a minute or two. 

The filter paper used was Whatman's No. 1. The solvent 
was n-butyl alcohol, saturated with water. The developed 
chromatogram was sprayed successively with 10% hydro- 
chloric acid, a 1% solution of sodium nitrite, and a solution 
of 1 g. of e-naphthol in 10 ml. of 10% sodium hydroxide. 
The chromatogram was then dried a t  50-60'. 

334 mp (4.26); 410 (3.96). 
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The interaction between or-halogcno-7-butyrolactone, N-acylated-wamino-y-butyrolactones, or a-benzamido-y-halogeno- 
butyric acid esters and between ammonia, benzylamine, and dibenzylamine was studied. a-Dibenzylamino-y-butyrolactone 
was employed in the synthesis of a series of homoserine and a,ydiaminobutyric acid derivatives, in which functioual groups 
appeared selectivity masked or free for reaction. 

The occurrence in nature of homoserine3 and of 
a, y-diaminobutyric acid4 lends interest to the 
synthesis of these compounds and of such of their 
derivatives in which protection as well as activa- 

(1) Presented in part before the XXVIth Scientific Mect- 
ing of the Israel Chemical Society, Jerusalem, April 1960, 
cf. M. Frankel, Y. Knobler, and T. Sheradsky, Bull. Res. 
Counc. Israel, 9A,  56 (1960). 

(2) Part  of a Ph.D. Thesis to be submitted to the Hebrew 
University. 

(3) A. I. Virtanen and J. K. bliettinen, Biochim. et Biophys. 
Acta, 12, 181 (1953); A. I. Virtanen, Acta Chem. Scan., 11, 
747 (1957). 

(4) J. R. Catch, T. S. G. Jones, and S. Wilkinson, Ann. 
N .  Y .  Acad. Sei., 51, 917 (1949); W. Hausmann and L. C. 
Craig, J .  Am. Chem Soc., 76, 4892 (1954). 

tion of the functional groups is selectively provided 
for. 

In  this work, a-dibenzylamino--pbutyrolactone, 
an intermediate in homoserine synthesis, was used 
as a fundamental substance for conversion to 
linear, lactonic, and lactamic homoserine and a,y- 
diaminobutyric acid derivatives, with the three 
functional groups, in part or in toto selectively 
protected. The derivatives prepared in this manner 
are arrived a t  directly, obviating the preparation 
of the acids themselves. 

The reaction between a-bromo-~-butyrolactone5 
and dibenzylamine yielded a-dibensylamino-y- 

(5) J. E. Livak, E. C. Britton, J. C. Vander Wcelc, ant1 
M. F. Murray, J. Am. Chem. SOC., 67, 2218 (1945). 
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butyrolactone (I) in exclusive a-amination, without 
opening the lactone ring by y-amination or by 
amide formation, even with excess of dibenzyl- 
amine. 

The failure of dibenzylamine to open the lactone 
ring, as well as the increased ring stability caused 
by the a-introduction of the dibenzylamino group, 
should be attributed to steric hindrance. This 
becomes apparent on comparing the parallel re- 
actions of a-bromo- y-butyrolactone, of N-acy- 
lated-a-amino-y-butyrolactone, or of a-dibenzyl- 
amino-y-butyrolactone with ammonia, with benzyl- 
amine or with dibenzylamine. 

o- co 
CH2CH2kH I 

(CsH5CHz)zNH I + I N(CHzCsHs)z 
0- C F - -  

I I 
CH2CH2CHBr 

C6HaCHzNHz L--+ HOCHzCHzCHCONHCHzCsHs 
I 

NHCHgCsHs 
I1 

a-Bromo-7-butyrolactone reacts with aqueous 
ammonia to give a-amino-y-hydroxybutyramide16 
and with benzylamine to give a-benzylamino-y- 
hydroxy-N-benzylbutyramide (11) , while, as men- 
tioned above, with dibenzylamine only replacement 
of the halogen by the dibenzylamino group takes 
place, leaving the lactone ring unaffected. 

Among N-substituted a-amino- y-butyrolactones, 
a-benzamido-y-butyrolactones (la) or a-carbo- 
benzoxyamino-y-butyrolactone6 (Ib) reacted with 
ammonia or with benzylamine to give the cor- 
responding y-hydroxyamides (III,IV,V,VI), but 
no reaction occurred with dibenzylamine. 

I I 
0- co HOCHZCH~CHCOCHR” ’ 
CHgCHZCHNR’R” - 

NHzR”’ I 
----f NR’R“ 

111. R’ = R”’ = H. R ”  = COC-~HI. . -  
IV .  R‘ = H, R”  = coC6H5, R”’ = CHzCsHs 
V. R’ = It”‘ 
VI. R’ = H, R”  = OCOCHzCsHs, R”’ 
VII .  

H, R” = OCOCHZC~H~ 
CHzCsHs 

R’ = It” = R’” = CH2CeHj 

a-Phthalimido-y-butyr~lactone,~ as well, was 
found unaffected by dibenzylamine. Its reaction 
with ammonia or benzylamine could not be com- 
pared with that of the other N-acylated lactones, 
bccausc of partial removal of the phthalyl group. 

While the a-acylamino-y-butyrolactone suf- 
fcred amidic ring opening by ammonia or benzyl- 
amine, a-substitution by the dibenzylamino group 
in y-butyrolactone led to the inactivation of the 

lactone ring. I did not react a t  all with ammonia 
and its reaction with benzylamine was very slow. 
As expected, no reaction occurred between I and 
dibenzylamine. 

In accordance with the inertness of dibenzyl- 
amine towards lactones, this base was found to 
be unreactive also towards linear esters. Thus, the 
reaction of a-benzamido-y-halogenobutyric acid 
esters6 with dibenzylamine resulted in y-amination 
only, while reaction of the same esters with benzyl- 
amine led to y-amination and to  amide formation. 

The inertness of a-dibenzylamino-y-butyrolac- 
tone (I) becomes apparent also in its stability 
towards hydrogen halides; while a-benzamido-,8 
and a-phthalimido-y-butyr~lactone~b) were opened 
by concentrated hydroiodic acid to  the correspond- 
ing y-iodo acids, or by alcoholic hydrogen halides 
to the corresponding y-halogeno esters16 I was found 
to be unaffected by these reagents. 

This stability of a-dibenzylamino-y-butyrolac- 
tone (I) reveals itself also in the failure to react 
with aqueous alkali, the lactone I being opened 
only by hot alcoholic alkali solution. 

By controlling the degree of debenzylation and 
by varying the hydrogenation conditions, I served 
for the preparation of homoserine and of its lactonic 
and dimeric forms. These compounds are also 
intermediates in the syntheses of other natural 
amino a~ids.~J’ 

o- co 0- co 
I I I I 

CHzCHzCH CHZCHzCH 
I 

I X  NHz.HC1 
1 

HCI.NHCHzCeH5 

f Ht(PdCl?/C; HC1) 
Hz(Pd; HCI) [ 
0- co CO-NH 

CHZCHzCH --+ HOCHZCHZCH CHCHzCHzOH 
I 1 HdPd/C) I 1  

I 1  
NH-CO 

I 
N(CHzCsHdz 

I X 
I Hz(Pd/C; (CzHs)aN) 

O H - /  / H +  L 1 
$ 

I 
NHz N(CHzCsHs)z 

XI1 XI 

HOCHzCHzCHCOOH HOCHZCHzCHCOOH 
I 

Catalytic hydrogenation of I with the aid of 
palladium black in ethanol containing hydrochlo- 
ric acid, gave a-monobenzylamino-y-butyrolac- 
tone hydrochloride (VIII). When a palladium 
chloride catalyst was used in the presence of hy- 
drochIoric acid both benzyl groups were removed, 
giving a-amino-y-butyrolactone hydrochloride 
(IX). Hydrogenation in neut(ra1 medium, with 

( G )  Y .  Knobler and M. Frankel, J .  Chem. Soc., 1629 
(1958). 

(7) (a)  G .  Talbot, R. Gaudry, and L. Berlinguet, Canad. 
J .  C h e w ,  36, 593 (1958); (b)  hl. Frankel, Y. Knobler, and 
T. Stwradsky, B ~ l l .  Res. Counc. Israel, 7A, 173 (1958). 

(8) hi. Frankel and Y. Knobler, J. Am. Cheni. SOC., 80 
3147 (1958). 

(I)) J. A. Stekol, J .  BioL Chem., 173, 153 (1948); H. R. 
Snyder and G. W. Cannon, J .  Am. Chem. SOC., 66, 511 
(1944). 
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palladium on charcoal, gave free a-amino-y- 
butyrolactone which dimerized on further heating 
to the diketopiperazine of homoserine (X). Hy- 
drogenation of I using palladium on charcoal in 
aqueous ethanolic solution in the presence of tri- 
ethylamine to prevent relactonization, gave a- 
amino-y-hydroxybutyric acid (homoserine) (XI). 

Ring opening of I by hot alcoholic alkali yielded 
N,N-dibenzylhomoserine (XIT), Ring closure back 
to the lactone I was achieved by prolonged heating 
in acidic medium. 

For the preparation of a, y-diaminobutyric 
acid derivatives, I was opened by potassium 
phthalimide in boiling dimethylformamide. y- 
Amination occurred with introduction of the 
phthalimido group, and adibenzylamino- y-phthal- 
imidobutyric acid (XIII) was obtained. 

C6€14(C01) NIC 
I + CHsCIlrCHCOOH 

I 

4 NaHCO: 

NH-CO KH-CO 
I I 

CH9CHzCH 
I 

XIX NHZ.HC1 
I 

XVIII N(CITZC811J* 

To set free the 0-amino group only, XI11 was 
hydrogenated with palladium on charcoal. a- 
Amino-y-phthalimidobutyric acid (XIV) resulted 
as the final hydrogenation product, while on short- 
ening the hydrobenation time the partially hydro- 
genated intermediate, a-monobenzylamino-y- 
phthalimidobutyric acid (XV), was obtained. 

l'or the liberation of the y-amino group only, 
thc removal of the phthalyl group was carried out 
by hydrolysis of XI11 with concentrated hydro- 
bromic acid or by treating with hydrazine, giving 
a-dibenzylamino- y-aminobutyric acid (XVI). 

The amino acid XVI was esterified to ethyl a- 
dihcnzylamino-y-aminobutyrate dihydrochloride 
(XVII), and the freed ester cyclihed to 3-dibenzyl- 
aminopyrrolidin-2-one (XVIII), which upon hy- 
drogenation yielded 3-aminopyrrolidin-2-one hy- 
drochloride (XIX). 

On attempting to  prepare a-amino-y-phthalimi- 
dobutyric acid (XIV), by treating a-amino-y- 
butyrolactone hydrobromide with potassium ph- 
thalimide,'b) a transfer of the phthalyl group to the 
a-amino group of the lactone occurred. Thus, with 
one mole of potassium phthalimide, a-phthalimido- 
y-butyrolactone, and with two moles, a, y-di- 
phthalimidobutyric acid, were obtained, although in 
low yields. This transfer did not occur with the 
free amino acids. 

NHCHzCsHs N(CH&sH& 

~ H z C H Z ~ H C O N H C H Z C ~ H ~  CHzCHzYHCOOH 
I 

NHCOC~H' 
XXIV 

t CsIIrCHZNHa 

XCHZCHZCHCOOCZHr 
I 

(X = Br, I) xx 
I 

NHCOCsHa N H COCsH' 

CHiC& 

K- ' co 

I I 
I!JIHCOC~H' 

XXIII  
NHI 

XXII  

On treating dibenzylamine with ethyl a-benz- 
amido- y-halogenobutyrate (prepared from a-benz- 
amido- y-butyrolactone in ethanolic hydrogen hal- 
ide solution),B exclusive y-dibenzylamination oc- 
curred, yielding ethyl a-benzamido- y-dibenzyl- 
aminobutyrate (XX) . Mild alkaline hydrolysis 
of the ester XX gave a-benzamido-y-dibenzyl- 
aminobutyric acid (XXI) while acid hydrolysis 
yielded a-amino-y-dibenzylaminobutyric acid 

Hydrogenation of the a-benzamido-y-dihcnzyl- 
amino ester XX gave 1-benzyl-3-benzamidopyr- 
rolidin-2-one (XXIII). This result indicates that 
the cyclization reaction took place before the 
second benzyl group was removed. The lactamic 
N-benzyl, now attached to  'an amidic nitrogen, 
became resistant towards further hydrogenation. 

Reaction of a-benzamido- y-halogenobutyric acid 
esters with benzylamine resulted in y-amination 
as well as in aminolysis of the ester group yielding 
a-benzamido- y- benzylamino - N - benzylbu tyramide 

(XXII). 

(*UIV). 

EXPERIMENTAL 

a-Dibenzylamino-y-butyrolactone (I). A mixture of 82.5 g. 
(0.5 mole) of a-bFomo-ybutyrolactone' and 227 g. (1.15 
moles) of dibenzylamine was allowed to stand a t  room tem- 
perature for 1 week. Ether was added, separated dibensyl- 
amine hydrobromide was filtered off and the ethereal solu- 
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tion concent,rated in uacuo until semisolid. Another portion 
of ether was added, a second crop of the salt was filtered off , 
and the lactone I separated on concentration of the ethereal 
solution; weight 92 g., m.p. 80'. The mother liquor was con- 
centrated in vacuo and the residue dissolved in ethyl acetate. 
Traces of the salt were removed and the solution concen- 
trated in v w  to give an additional 6 g. of I. 

Further amounta of I may be obtained either by repeating 
the above procedure And prolonged extraction with petro- 
leum ether of the dark crude mass, left from the concen- 
tration of the mother liquor, or advantageously by alcoholic 
alkaline hydrolysis and relactonbation, as described for the 
preparation of N,Ndibenzylhomoserine (XII), giving an 
additional 21 g. of I. The overall yield was 85%. After 
crystallization from acetone-water it melted at 82'. 

Anal. Calcd. for C1,HI,NOt: C, 76.8; H, 6.8; N, 5.0. 
Found: C, 77.0; H, 6.9; N, 4.9. 

Slow crystallization from large amount of petroleum ether 
(b.p. 40-60") provided star-shaped crystals, m.p. 90'. 

Anal. Found. C, 76.9; H, 6.9; N, 5.0. 
Elevation of the reaction temperature to lob' did not 

affect the course of the reaction. In  this case the reaction 
time was shortened to a few hours, but work at room tem- 
perature waa preferred because of easier isolation and 
purification of the product. 

a-Benzylamino- y-hydrozy-N-bazylbuty7amide (11). 01- 

Bromo-ybutyrolactone' (33 g., 0.2 mole) and benzylamine 
(107 g., 1 mole) were mixed a t  0' and left a t  room tem- 
perature for 5 days. Water was added and the mixture was 
stirred a t  NOo, then allowed to cool with stirring. The semi- 
crystalline mass solidified when kept in the cold and was 
collected. Crystallization from benzenepetroleum ether 
afforded 36 g. (60%) of the amide 11, m.p. 82". 

Anal. Calcd. for CaHaNgOs. C, 72.5; H, 7.9; N, 9.4. 
Found: C, 72.2; H, 7.4; N, 9.4. 
a-Benzamido-y-hydrotybutyamidc (111). a-Benzamido- 

y-butyrolactones (Ia) (4.1 g.) was dissolved by shaking in 
50 ml. of 24% ammonia solution. A voluminous precipitate 
separated out in a few minutes. After 24 hr. i t  was collected 
and recrystallized from water to aive the amide I11 (4  e.. - . I, 
SO%), m.p. 180". 

Anal. Calcd. for CnH11Np0s: C, 59.5; H, 6.3; N, 12.6. 
Found: C, 59.8: H. 6.4: N. 12.5. 

,BenZamiddr-hydroZ~~~-ylbutZfamid~ (N) . A solu- 
tion of 4.1 g. (0.02 mole) of a-benzamido-y-butyrolactone' 
(Ia) in 10.7 g. (0.1 mole) of benzylamine waa kept at room 
temperature for 24 hr. Ether and petroleum ether were 
added and the precipitated amide IV, (5.9 g., 90%), m.p. 
131', was collected. 

Anal. Calcd. for CI~HZQNZO~: C, 69.2; H, 6.4; N, 9.0. 
Found: C, 69.4; H, 6.6; N, 9.1. 

r r - C a r b o b ~ z o z y a m i n o - r - h y d r o ~ ~ t ~ a m ~ d e  (V). The pro- 
cedure was the same as described for 111, using 4.7 g. (0.02 
mole) of cr-carbobenzoxyamino-I.y-butyrolactone' (Ib) and 
75 ml. of 24% ammonia solution. The product V, (4.2 g., 
780/00) melted a t  137'. 

Anal. Calcd. for CI~HI~NIOI:  C, 57.1; H, 6.3; N, 11.1. 
Found: C, 57.3; H, 6.6; N, 11.1. 

a-Carbobenzoxyamino- y-hydroxy-N-benzylbutyramide (VI). 
VI was prepared as described for IV, from I b  (4.7 g., 0.02 
mole) and benzylamine (10.7 g., 0.1 mole), giving 6 g. (88%) 
of the amide VI, m.p. 133O. 

Anal. Calcd. for C I ~ H ~ N Z O ~ :  C, 66.7; H, 6.4; N, 8.2. 
Found: C, 66.7; H, 6.7; N, 8.3. 
a-Dibenzylamino-y-hydsozy-N-benzylbutyramide (VII). 

The lactone I (1.4 g., 0.005 mole) was dissolved in 5 g. (0.05 
mole) of benzylamine and left a t  room temperature for 1 
week. Water was added and the separated oil was washed 
with portions of water and left in the cold. The semisolid 
was dissolved in acetone, precipitated by adding water, 
kept again in the cold and this procedure repeated until 
crystallization. The amide VI1 (1.7 g. 88%) melted a t  76- 
78'. 

Anal. Calcd. for CzS1Iz8N20~. C, 77.3; H, 7.2; N, 7.2' 
Found. C, 77.3; H, 7.4; N, 7.2. 

Attempted reaction of adibenzylamino-y-bulyrolactone (I) 
w'th hydsoiodic acid. The lactone I (2.8 g.) was wspendcd 
in 20 ml. of 55% hydroiodic acid and the mixture was stirred 
a t  50-60" during 10 hr. The solid was filtered off, washed 
with ethanol, followed by ether and then by petroleum ether. 
The compound (3.7 g., 90%) melted at 175". 

Anal. Calcd. for ClaH2oNOtI: C, 52.8; H, 4.9; N, 3.4; 
I, 31.1. Found: C, 52.5; H, 4.8; N, 3.4; I, 31.2. 

The analytical data are the same for the expected a- 
dibenzylamino-?-iodobutyric acid and for the hydroiodide 
of the unchanged starting material I. But as the infrared 
spectrum of the product was identical with that of I, show- 
ing the specific y-lactone band at 5.6 p, i t  can be assumed 
that I could not be opened by concentrated hydriodic acid 
and that the product is ita hydroiodide. Moreover, the 
product did not dissolve in alkali, the free lactone I, m.p. 
82O, being recovered. 

a-Bmzylamino-y-btyokufi?ne hydrochluride (VIII). The 
lactone I (2.8 g.) was dissolved in 100 ml. of ethanol con- 
taining 1 ml. of concd. hydrochloric acid, palladium black 
(0.2 g,) was added, and the mixture hydrogenated for 5 hr. 
a t  3 atm. The catalyst was filtered off and the filtrate 
evaporated in v a m o .  Water was added and the undieaolved, 
unchanged I was removed, The aqueous solution was con- 
centrated in uacw, and an additional amount of 1 which 
separated was filtered off (total 1.5 g., 54% recovery). The 
filtrate was evaporated in vacuo, and the crude residue of 
VI11 was dissolved in a little ethanol and precipitated with 
ether, yielding a crystalline substance (0.75 g., 30%), m.p. 
205-215'. Recrystallized from ethanol-ether, m.p. 220'. 

Anal. Calcd. for C1IHI,NO&l: C, 58.0; H, 6.2; N, 6.2; 
C1, 15.6. Found: C, 58.2; H, 6.1; N, 6.2; C1, 15.3. 

u-Amino-~-butyrolacloe hydrochloride (IX). The lactone 
I (1.4 9.) was dissolved in 50 ml. of ethanol containing 0.5 
ml. of concd. hydrochloric acid, 0.5 g. of 25% palladium 
chloride on charcoal was added and the mixture w a ~  hydro- 
genated for 5 hr. at 3 atm. The catalyst was filtered off and 
washed with water, the filtrate evaporated in vacuo and the 
residue purified by washing with ethanol. The crystals (0.3 
g.) melted a t  202-203'. Concentration of the washing solu- 
tion and precipitation with ether yielded additional 0.3 g. 
of IX, m.p. 202", (over-all yield 85%). 

Anal. Calcd. for C4HsNOzC1: N, 10.2; C1, 25.8. Found: 
N, 10.2; C1, 25.5. 

b,G-Bis(B-hydroxyethyl)-8,6dikelopiperazinc (X). The lac- 
tone I (1,4 g.) was dissolved in 50 ml. of ethanol, 0.7 g. of 
10% palladium on charcoal was added and the mixture was 
hydrogenated a t  60' for 10 hr. ( 3  atm.). The catalyst was 
filtered off, the filtrate refluxed for 12 hr. and then evapo- 
rated in vacuo. Crystallization of the semisolid residue from 
alcohol-ether afforded 0.35 g. (70%) of X, m.p. 184186". 

Anal. Calcd. for CsHwNt04: N, 13.9; N (Van Slyke), 0.0. 
Found: N (Kjeldahl), 13.6; N (Van Slyke), 0.0. 

Hmoserine (a-amino-r-hydroxybulyn'c acid) (XI) .  The 
lactone I (1.4 9.) was dissolved in 200 ml. of ethanol-water 
1: 1. Triethylamine (2  ml.) and 0.125 g. of 10% palladium 
on charcoal were added and the mixture was hydrogenated 
for 10 hr. a t  60-65" (3 atm.). The catalyst was filtered of€ 
and the solvent removed in ucccuo. The residue was dis- 
solved in a small amount of water, ethanol was added, 
followed by an excess of acetone. The precipitated acid XI 
(0.45 g. 75%) was recrystallized from water-ethanol- 
acetone, m.p. 185'. 

Anal. Calcd. for CIHONOS: N, 11.8. Found: N (Van 
Slyke), 11.7. 

N,N-Dibenzylhomoserine (a-dibenzylamino-r-hydroxybuty- 
ric acid) (XII). The lactone I(2.8 g., 0.01 mole) was dis- 
solved in 40 ml. of ethanol and a solution of 1 g. (0.025 
mole) of sodium hydroxide in 40 ml. of water was added. 
The mixture was refluxed for 10 hr. with slow dissolution 
of the reprecipitated I. The solution was purified with Norit 
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and evaporated in vacuo. The residue was dissolved in 100 
nil. of water and acidified with acetic acid. The crude mass 
which separated was recrystallized from its precipitation 
solution and washed with water and acetone. The acid XI1 
obtained (1  g.) melted at 153-154". On concentrating the 
mother solution an additional amount (0.8 g.) of pure XI1  
was obtained, m.p. 154". The over-all yield was 60%. 

Anal. Calcd. for CL8H21N03: C, 72.2; H, 7.0; N, 4.7. 
Found: C, 72.2; H, 6.9; N, 4.8. 

On heating the acid XI1  for 4 hr. in water containing a 
little acetic acid or a few drops of hydrochloric acid, re- 
lactonization to I, m.p. 82", occurred. (Found: C, 76.8; 
H, 7.0; N, 5.0). 
rr-Dibenzylamino-r-phlhalimidobut2/ric acid (XIII) ,  a- 

Dibenzylamino-y-butyrolactone (I) ( 14 g., 0.05 mole) and 
potassium phthalimide (9.3 g., 0.05 mole) in dimethyl- 
formamide (250 ml.) were refluxcd for 5 hr. Most of the 
solvent was distilled off in tiacuo and 500 mi. of water was 
added. On acidification with 187, hydrochloric acid (Congo 
Red) the acid XI11 separated as an oil which solidified 
immediately. Recrystallization from alcohol gave 15.5 g. 
(72%) of XIII, m.p, 185'. 

Anal. Calcd. for CT6HIoN,O+: C, 72.9; H, 5.6; N, 6.5. 
Found: C, 72.7; H, 5.7; N, 6.5. 
a-Amino-r-phthalimidobutyric acid (XIV). The acid XI11 

(2.15 g.) was dissolved in 100 ml. of ethanol, 1 g. of 10% 
palladium on charcoal was added, and the mixture hydro- 
genated a t  40-50' for 12 hr. at a pressure of 3 atm. During 
hydrogenation the acid XIV separated out. Water (400 ml.) 
was added, the acid dissolved in the boiling solution and the 
catalyst mas removed by rapid fikration in the hot. Evapora- 
tion of the filtrate gave 1.1 g. (88%) of XIV, m.p. 200" 
dec. 

.4naZ. Calcd. for C12H12N2O4, N (Kjeldahl), 11.3; N (Van 
Slyke), 5.6. Found: N (Kjeldahl), 11.4; N (Van Slyke), .5.5. 

a-Bensylanzino-r-p6thalimidohutl/ric acid (XV). The acid 
XI11 (2.15 g,) was dissolved in 100 ml. of ethanol, 1 g. of 
10% palladium on charcoal was added, and the mixture 
hydrogenated for 2 hr. a t  room temperature (3 atm.). 
The catalyst was removed by filtration and the solution 
wag concentrated in vacuo to  a small volume. Upon addition 
of water, the a-monobenzylamino acid XV precipitated (1.5 
g. SO%), m.p. 215' dec.; recrystallized from ethanol, m.p. 
219' dep. ~~ 

Anal.-Calcd. for CIQHIEN~O~:  C, 67.5; H, 5.3; N, 8.3. 
Found. C. 67.4; H, 5.1: N,  8.3. 

a-Dibenzylamino:r-aminobutyric acid (XVJ). (A)  By 
treating .with hydrazine. A solution of 4.3 g. of XI11 and 1 ml. 
of SO?& hydrazine hydrate in 100 ml. of ethanol was re- 
fluxed for 1 hr. The solvent was removed in vacuo, 50 ml of 
18% hydrochloric acid was added and the mixture heated 
on a water hath for 30 min. After filtration ~ n d  evapcration 
of the filtrate, the hygroscopic residue was diseolved in a little 
water and some insoluble material was filtered off. Treat- 
ment with sodium bicarbonate solution prwipitatcd the 
Cree ?-amino acid XVI (2.5 g. 83%), m.p. 102-193" dec. 

'4nal. Calcd. for C I ~ H Z Z N ~ O ~ :  C, 72.5; H, 7 4 ;  N (K,jel- 
dahl), 9.4; N (Van Slyke), 4.7. Found: C, 72.6; H, 7.7; 
N (Kjeldahl), 9.2; N (Van Slyke), 4.5. 

(B) By hydrolysis with hydrobromic m i d .  Thr  acid XI11 
(2.15 g.)  in 50 ml. of 4870 hydrobromic acid T Y ~ P  refluxed for 
4 hr., during which time it dissolved completrAly. The solu- 
tion was cooled, filtered from phthalic acid, and washed with 
ether. Then the hydrobromic arid was removed in c'acuo, 
to give the dihydrobromide of XVI ( 2  g., 7i7,) as a light 
hrown very hygroscopic Bolid. 

Anal. Calrd. for ClsHzs?rT,02Br2: C, 47.0: H, 5 . 2 ;  N 
(Kjeldahl), 6.1; N (Van Slyke), 3.0; Br, 34.8. Found: 
C ,  45.8; H,  5.2;  N (Kjeldahl), 5.8; N (Van SIyke), 2.8; Br, 
33.9. 

Treatment of an aqueous solution of the dihydrobromide 
with aqueous sodium bicarbonate gave a quantitative yield 
of the free acid XVI, m.p. 192" d(sc. 

Anal. Found: N (Kjeldahl), 9.1; N (Van Slyke), 4 6. 

a-Dibenzylamino- y-bazamidobutyric acid. Benzoylation of 
XVI was carried out in the usual way with benzoyl chloride 
in 2N sodium hydroxide solution. The benzoyl derivative 
was recrystallized from alcohol and melted a t  120-121". 

Anal. Calcd. for CZ6H26N2O3: C, 74.6; H, 6.5; N, 7.0. 
Found: C, 74.4; H, 6.3; N, 6.8. 

Ethyl a-dibenzylamino- yaminobutyrate dih ydrochloride 
(XVII). The acid XVI (2.15 g.) was suspended in 50 ml. of 
absolute ethanol and dry hydrogen chloride was passed 
through the suspension. Dissolution occurred in a few 
minutes. The solution was refluxed for 5 hr. under continued 
hydrogen chloride introduction. The solvent was removed 
in vacuo, another portion of ethanol was added and evapo- 
rated. The ester XVTI (4  E., 100%) remained as an hygro- . -  
scopic solid, m.p. 100-105'.' 

And. Calcd. for C Z O H Z ~ N ~ O ~ C I ~ .  N (Kjeldahl!, 7.0; N 
(Van Slyke), 3.5; OCIHs, 11.3. Found: N (Kjeldahl), 6.7; 
N (Van Slvke). 3.3: OC2Hs, 11.0. ,, , 

S-Dibenzylaminopyrrolidin-2-one (XVIII). A solution of 
2 g. of the ester XVII in 30 ml. of water was made alkaline 
with aqueous sodium bicarbonate and the free ester tnken 
up in benzene. The aqueous layer waa extracted with benzene 
and the combined benzene solution was 'washed with water, 
dried over sodium sulfate, and then refluxed for 1 hr. %me 
high melting material (the probable product of inter- 
molecular reaction) which separated upon concentration was 
filtered off. Final removal of the benzene and crystalliza- 
tion of the oily residue from ethanol-water yielded the 
pyrrolidinone XVIII (1.1 g., 80%), m.p. 103-104°. 

Anal. Calcd. for CIIHmNTO: C, 77.1; H ,  7.1; N, 10.0. 
Found: C, 77.1; H, 7.4; N, 9.8. 

8-rlminopyrrolidilz-bone hydrochloride (XIX). The Pyr- 
rolidinone XVIII (0.7 g.) was dissolved in 50 ml. of ethanol 
containing a few drops of hydrochloric acid, 0.5 g. of 10'7, 
palladium chloride on charcoal was added and the mixture 
wa.3 hydrogenated for 12 hr. a t  3 atm. The catalyst was fil- 
tered off and the solvent removed in vacuo. The ymisolid 
residue was crystallized from ethanol-ether to glve the 
pyrrolidinone XIX (0.3 g. 85%), map. 202'. 

Anal. Calcd. for C~H~NIOC1: N (Kjeldahl), 20.5; N (Van 
Slyke), 10.3. Found: N (Kjeldahl), 20.1; N (Van Slyke), 
10.1. 

Reaction bdween n-am,ino-r-hutyrolactone h?/drobromide and 
potassium phthalimide. (A) With one equivalent of potasaiurn 
phthalimide. a-Amino-y-butyrolactone hydrohromide'O ( 1.8 
E.,  0.01 mole) and potassium phthalimide (1.85 g. ,  0.01 
mole) were dissolved in dimethglformamide (50 ml.) and 
the solution w m  refluxed for 7 hr. Precipitated potassium 
bromide was filtered off and the solvent was removd in 
~ " x o .  Water was added and the insoluhle material then 
extracted with benzene. Phthalimide was removed by fi1tr:k- 
tion and the benzene was evaporatrd. The residue w.m 
extracted again v i th  benzene and or-phthalimido-r-butyro- 
lactone (0.35 g., 15%), m.p. 175", precipitated upon con- 
centration. 

Found: C, 62.5; H, 3.7;  N, 6.2. 
Anal .  Calcd. for C12H9NOa: C, 62.3; H, 3.9; N, G . O .  

(B) With two e g ~ h z l e n t s  of potassium phthalimide. A solu- 
tion 'of 8.05 E. -(0.02  mole)^ of m-amino-r-butyrolactone 
hpdrohromide'o and of 7.4 g. (0.04 mole) of potassium 
phthalimide in 80 ml. of dimothylformnmide was refluxed 
for 8 hr. Potassium bromide was filtered off and the solvent 
m-as removed in mcuo. Water was added and phthalimide 
was removed bv filtration. Acidification of the solution h,v 
hydrochloric acid caused the precipitation of qydiphthal-  
imidohutvric acid (0.75 g., 20%), m.p. 195'. 

Anal. Calcd. for C20H!dO~NZ: C, 63.5; H, 3.7; N,  7.4. 
Found: C, 63.2; H, 3.7; S, 7.6.  

Mixed melting points of or-phthalimido-y-hutyrola~t~rle 
2nd a,?-diphthxlimidobutyric acid thns obtnined with 
samples prepared from cu-bromo-r-buty~olartone and potas- 

(10) M. Frankrl, Y :  K n o b h i  and T. Sheradsky, b. 
Chem. Sot., 3642 (1959). 
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sium phthalimide7'~ showed no depression and the infrared 
spectra were identical. 

Ethul a-bentamido-~-dibenzylaminobutyrute (XX). Ethyl 
a-bensamido-y-iodobutyrates (3.65 g., 0.01 mole) was dis- 
solvea in 200 ml. of ether and a solution of 4 g. (0.02 mole) 
of dibenzylamine in 50 ml. of ether was added with cooling. 
The mixture was left a t  room temperature for 4-5 days, 
and the precipitated dibenaylamine hydroiodide was fil- 
tered off. Further amounts of the salts were removed by 
repeated concentration of the solution, addition of ethyl 
acetate, and filtration. After final concentration, the semi- 
solid residue was purified by washing with portions of water, 
then with petroleum ether until crystallization. The ester 
XX (2.8 g., 65%) melted a t  80-82". 

Anal. Calcd. for CWH~ONQO~:  N, 6.5; OCnH6, 10.5. Found: 

The same ester (XX) was obtained in an analogous reac- 
tion with ethyl a-benzamido-y-bromobutyrate.t 

a-Benzamido-7-dibenzylaminobutyric acid (XXI) .  The 
ester XX ( 1 . 1  g., 0.025 mole) was dissolved in 50 ml. of 
methanol containing 25 ml. of 0.5% aqueous sodium hy- 
droxide and the solution refluxed for 6 hr. The methanol was 
removed in uacuo, and the remaining cooled solution acidified 
with hydrochloric acid. The semisolid precipitate was re- 
crystallized from benzene yielding 0.6 g. (60%) of the acid 
XXI, m.p. 147'. 

N, 6.4; OCzHs, 10.8. 

Anal. Caled. for CzsH~Nz09: N, 7.0. Found: N, 6.8. 
a-Amino-r-dibenzylaminobutyric acid (XXII) .  The ester 

XX (1.1 9.) was refluxed in 50 ml. of 12% hydrochloric acid 
for 5 hr., during which time it dissolved completely. The 
solution was cooled, filtered from benzoic acid, washed with 
ether, and the solvent was evaporated in vacuo. The solid 

hygroscopic residue was dissolved in water, the solution 
made alkaline with aqueous sodium hicarboiiate and the 
a-amino acid XXII (0.55 g., 73%),  precipitated; recrystal- 
lized from water, m.p. 188-190' dec. 

Anal. Calcd. for C18H12N2Ch. C, 72.5; H, 7.4; N (Kjel- 
dahl), 9.4; N (Van Slyke), 4.7. Found. C, T2.8; H, 7 6 ;  
N (Kjeldahl,) 9.2; N (Van Slyke), 4.6. 

1-Benzyl-3-benzamidopyrrolidin-%me (XXIII). The ester 
XX (2.15 g.) was dissolved in 100 ml. of ethanol, 3 g. of 
5% palladium on charcoal was added and the mixture 
hydrogenated a t  60-70" For 12 hr. (3  atm.). The catalyst 
was filtered off, the solvent evaporated and the oily residue 
crystallized from ethanol-water. Recrystallization from 
benzenepetroleum ether yielded 1.2 g. (80%) of the pyr- 
rolidinone XXIII,  m.p. 160-161O. 

Anal. Calcd. for C18H18N202. C, 73.5; H, 6.1; N, 9.5. 
Found. C, 73.9; H, 6.4; N, 9.3. 

a-Benzamido- y-benz ylamino-N-benz!jlbut?/ra?nzde (XXIV) . 
Ethyl a-benzamido-y-iodobutyrate6 (3.6 g,, 0.01 mole) was 
dissolved in 50 ml. of benzene, benzylamine (10.7 g., 0.1 
mole) was added and the solution mas allowed to stand a t  
room tempcrature for 1 week. Precipitated benzylamine 
hydroiodide was filtered off, and the filtrate evaporated 
n uacuo. The residue was recrystallized three times from 
ethanol-water t o  give the amide XXIV (2 g. 5070), m.p. 
165'. 

Anal. Calcd. for C ~ ~ H Z ~ N O Z .  C, 75.0; H, 6.7; N, 10.5. 
Found. C, 74.5; H, 6.8; N, 9.9. 

The same amide (XXIV) was obtained in an analogous 
reaction with ethyl a-benzamido-y-bromobutyrate.g 
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Glycine dissolves on heating in solutions of a titanate ester in an alcohol. A crystalline complex containing the amino 
acid and titanium ester separates from the cold solution. On further standing, the solution deposits crystals of diketo- 
piperazine. Dipeptides also dissolve in the titanate este-alcohol solution, and yield a substituted dikctopiperazine cor- 
responding to the dipeptide employed. 

In preliminary studies of the yellowing of wool 
by ultraviolet light2 it was observed that pretreat- 
ment of wool with an alkyl titanate, for example, 
tetra-n-butyl titanate, protects wool from yellow- 
ing. It was proved that protection was not due to 
screening of ultraviolet light from wool by the 
titanate. Other observations suggested that the 
titanates may react with proteins, peptides, and 
amino acids. In  this investigation, reaction of 
titanates with amino acids is confirmed by prepa- 
ration of crystalline complexes of several alkyl 
titanates with glycine, alanine, and phenylalanine. 
These complexes were found to lose titanate on 
standing a t  room temperature, with conversion 
of the amino acid moiety to  cyclic anhydrides. 

(1) A laboratory of the Western Utilization Research and 
Development Division, Agricultural Research Service, 
U. S. Department of Agriculture. 

(2 )  H. P. Lundgren, Pmc. Intern. Wool Teztile Research 
Ccn.f., Melboume, 1955C, pp. 374-395. 

Several amino acids were found to  react with 
alkyl titanates in the presence of alcohol. Glycine 
is typical of these. It is insoluble in butyl titanate 
but becomes soluble when ethyl alcohol is present. 
From a solution prepared by warming a mixture 
of glycine, butyl titanate, and ethyl alcohol, 
present in the molar ratios 1:2:4 (a glycine con- 
centration of about 8%), crystals deposit on cooling 
to room temperature. The crystals contain both 
titanium esters and glycine and appear usually 
as rhomb-shaped plates. Similar crystals can be 
obtained from less concentrated solutions of 
glycine and by precipitation with hexane. Recrystal- 
lization is inconvenient because of hydrolysis from 
atmospheric moisture, which proceeds in a manner 
similar to that' of the alkyl titanates. The crystals 
of complex are birefringent and exhibit well 
defined X-ray diffraction patterns differing from 
those of the constituents. Analysis of the complex 
indicates an equimolar rstio of glycine and titan. 


