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and Z-chloro-~-nitrobenaotrifluoride (42 g., 0.186 mole) waa 
added dropwise with stirring. Stirring was continued for an 
hour a t  room temperature and the alkaline mixture acidified 
with 6N hydrochloric acid to give a yeUow solid. The solid 
was diesolved in 150 cc. of ether, the ether solution extracted 
with 100 cc. of 5% aqueous sodium hydroxide, then with 
100 cc. of water, and both aqueous extracta were discarded. 
On evaporation of the ether, a yellow material precipitated. 
The solid crystallized from hot methanol to yield 33 g. (900/,) 
of a substance believed to be 2,2'-bistrifluoromethyl4,4'- 
dinitrodiphenyl ether, m.p. 141-141.5". The expected prod- 
uct, the benzyl ether of 2-hydroxy-5nitrobensotrifluoride, 
 vas not detected. 

Anal. Calcd. for C U H C N ~ ~ F ' ~ :  C, 42.44; H, 1.53; N, 7.07; 
mol. wt., 396. Found: C, 42.01; H, 1.64; N, 7.75; mol. wt. 
( b s t } ,  410. 

G A m i ~ 6 - h y d r o z y b ~ o l ~ ~ ~ o r z d e .  2-Nitro-5-hydroxyben- 
~otrifluoride'~ (4) g.), dissolved in 100 cc. of 95% ethanol, 
wati reduced by hydrogen using 0.5 g. of 570 palladium on 
charcoal. The mixture was ahaken for 3 hr. a t  room tempera- 
ture. The solvent wna removed leaving a residue which was 
recryYtallized from 95% ethanol to yield 29.5 g. (86%) of 2- 
amino-~hydroxybeneotrifluoridc, m.p. 154.6155.5". 

A m i ,  Calcd. for C7HoNOFa: C, 47.46; H, 3.42. Found: C, 
47.41 : H, 3.64. 

Meemein condmalim pathway for amino acids. Sodiuni 
ttcetate (8.5 g.), 3.0 g. of cupric chloride, 7.2 g. of acrylic 
acid, and 75 cc. of acetone were placed in a 500-c~. round 
bottomed flask containing a msgnetic stirring bar. The 
flask was partially immersed in a Dry Ic+acetone bath and 
thp mixture WSB stirred. Twentv euhic centimeters of concd. 
hydrochloric acid and 10 cc. of water were added to 17.7 g. 
(0.1 mole) of Z-amino-5-hydroxybenzotrifliioride in a beaker 
which was also partially immersed in a Dry Ice-acetone 
tmth. A cold solution of i.0 g. of sodium nitrite in  20 cc. of 

(17) Supplied by Mauniec Chemical Co., Toledo, Ohio. 
.~ 

water waa added dropwise while the mixture was stirred, the 
temperature being kept below 0" during the addition. 
The diazotized mixture waa quickly added to the contents of 
the flask and the system connected to a mercury-bubble 
counter. The mixture turned green during the addition. 
The Dry Iceacetone bath was removed, the system allowed 
to warm to room temperature and the mixture stirred for 4 
hr. during which time nitrogen was evolved. Generally, 
bubbling ceased within 2 hr. after the bath had been re- 
moved. The contents of the flask were shaken with 150 cc. 
each of ether and water, the aqueous layer discarded, and 150 
cc. of 10% aqueous sodium hydroxide added to the ether 
solution. The ether extract was discarded, the alkaline solu- 
tion acidified with 6N hydrochloric acid and 200 cc. of ether 
added to the aqueoua mixture. The aqueous layer was sepa- 
rated and the ether was evaporated by air blowing. This WBB 
continued until the odor of acrylic acid was no longer evi- 
dent. The rwidue wm dissolved in 300 cc. of coned. aqueous 
ammonium hydroxide and the solution placed in a 500-c~. 
round bottomed flask, which was stoppered. The flask and 
contents were shaken occasionally over a 4-day period. The 
contents of the flask were poured into an Erlenmeyer flask 
arid heated on a stesm bath while air wae blown over the 
fiolution until the odor of ammonia could no longer be de- 
tected. The mixture was concentrated to 50 cc., powdered 
rharcoal added and the mixture filtered. A double volume of 
95% ethanol was added and the solution placed in P refriger- 
ator. 2-Trifluoromethyltyrosine precipitsted within 24 hr. 
After washing with cold absolute ethanol and drying, there 
was obtained 4.25 g. (177,) of thk a&no acid, m.p. 272- 
225' dec.; positive ninhydrin and Millon tea&- 

Anal. Calcd. for C~OH&O,F~: C, 48.20; H, 4.05; N, 5.6'2. 
Found: C, 48.36; H, 4.54; N, 5.51. 

Ultrnuiulet Spedru. The ultraviolet spectra were ohtained 
on a Beckman DK-2 spectrophotometer. 

CHICAGO 16, ILL. 
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The use of n-arnin~y-butyrolactone and ita derivativm for the synthesis of homoseryl snd of N-homoserine peptides 
w&s investigated. Mixed homosergl and N-homoserine peptides, peptidolactones and unsymmetrically substituted diketo- 
piperazinea of homoseriue, as well as polymers of mixed N-homoserine dipeptides were synthesized. 

Homoserine (a-amino- y-hydroxybutyric acid), a 
precursor of methionine and of t h re~n ine ,~  was 
found as a bacterial degradation product of canav- 
anine. Virtanen and co-workers isolated homo- 
serine from germinating pea seedss and showed that 
in certain plants it occurs in peptide bound form.6 

(1) Presented in part before the XSVIth Scientific 
Meeting o f  the Israel Chemical Society, Jerusalem, April 
1960, cf. M Frankel, Y. Knobler, and T. Sheradsky, Bull. 
ResenTch Counz'l Ismel ,  9A, 59 (1960). 

12) Part of a Ph.1). Theis  to be sitbmitted to the Hebrew ~, 

University. 
(3 )  H. J. Teas. N. H. Korowitz. and M. Fling. J .  Biol. 

Chejti., 172, 651 (1948); pvl. Fling and N. H. Hoyowitz. J. 
Bzol. Chem., 190, 275 (1951). 

(4)  H. Kihara, J M. l'rescott, atid I:. I<, Sne11, J .  R i d .  
Chcrti., 217, 49i (1955). 

Various methods were developed for the synthe- 
sis of homoserine, of its derivatives as well as for 
conversion routes to other amino acids,7-" but no 
method was reported for the synthesis of homoserine 

(5) A. I. Virtsnen, A. M. Berg, and S. Kari. dcla Chcrrt. 
Scand., 7, 1423 (1953). 

(6) A. I. Virtanen :md J. K. Miettinen, Bzochem. et 
Biophys. Acfa, 12, 181 (1953); A. I. Virtanen, Acta Chem. 
Scand., 11, 747 (1957). 

(7) E. Fischer and H. Blumenthal, Ber., 40, 106 (1907). 
(8) J. E. Livak, E. C. Britton, J. C. Vander Week, and 

M. F. Murray, J .  Am. Chem. SOC., 67, 2218 (1945). 
(9) Y. Knohler and M. Frankel, J .  Chem. So.., 1629 

( 1953). 
(10) M. Frankel and Y. Knobler, J. .47tl. Cheni. SOC., 80, 

314i (1958); Y. Knobler, S. Livergand, and M. Frankel, J. 
Osg. Chem., 27, 1794 (1959). 
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peptides. The preparation of the lstter is compli- 
cated by the ready lactonimtion of this acid and of 
its reactive derivatives. 

In  this paper we describe the synthesis of homo- 
serines peptides based on its lactones. N-Acylated 
lactones of homoserine were found active enough 
to react through their carbonyl, while in the free 
aminolactone the carboxyl and the hydroxyl groups 
were sufEciently protected by the lactone bond to 
allow production of a peptidic bond with the amino 
group. 

Interaction between a-benaamido- y-butyrolac- 
tone and glycine ethyl ester led to aminolysis of 
the lactone with formation of the peptide bond, 
yielding N-benzoylhomoserylglycine ethyl ester. In  
the actual preparation, a-carbobenzoxyamino-y- 
butyrolactone served aa the homoserine component 
and sodium salts of amino acids in alcoholic solu- 
tion constituted the second component. N-carbo- 
benzoxyhomoseryl pept,ide (I) (cf. Table I) were 
obtained, which on hydrogenation yielded the free 
homoseryl peptides (11) (cf. Table 11). 

While the N-acylated lactones of homoserine 
coupled easily with amino acids, ar-azido-,l1 Q- 

phthalimido-12 and &ibenzylamino--y-butyrolac- 
tone13 were found to be inert under similar con- 
ditions. The inertness of the latter lactones can be 
explained by inhibition due to steric hindrance 
exerted by the N-masking groups.13 The a-N- 
acyl group, on the other hand, increases the reac- 
tivity of the lactonic carbonyl, apparently because 
of the imide’s tautomery in the a-acylamido group 
causing electron deficiency on the lactonic car- 
bonyl, thus strengthening the nucleophilic attack 
on the latter. 

For the synthesis of N-peptides of homoserine, 
a-amino-y-butyrolactone was employed. 

a-Amino-y-butyrolactone hydrobromide uas 
coupled with an N-carbobenzoxyamino acid by the 
mixed anhydride method , yielding N-carbobenz- 
oxypeptidolactones (111) (cf. Table 111). On 
catalytic hydrogenation of I11 in the presence of 
water and triethylamine, simultaneous decarbo- 
(11) M. Frankel, Y. Knobler, and T. Sheradsky, J. Chen.  

Soc., 3642 (1959). 
(12) M. Frankel, Y. Knobler, and T. Sheradsky, Bull. 

Research Council Israel, 7A, 173 (1958). 
(13) T. Sheradsky, Y. Knobler, and M. Frankel, J .  Ory. 

Chetn., in press. 
(14) R. H. B o k i m ,  Heie. Chiin. Ada ,  34, 874 (1951); 

J. R. Vsughan and R. L. Osato, J. Ani. Chem. SOC., 73 ,  
553 (1951). 
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benzoxylation and ring opening took place, and free 
N-peptides of homoserine (IV) (ef. Table IV) were 
obtained. Hydrogenation with retention of the 
lactonic structure, in the presence of hydrochloric 
acid, gave pept~idolactones hydrochlorides (t’) . 

Removal of the carbobenzoxy rest of IIla i n  a 
neutral medium set free t,he intermediate pepti- 
dolactone (VIa), which subsequently underwent, 
intramolecular aminolysis. The lact,onic ring opened 
under production of a cyclic mixed dipeptidic: 
anhydride of homoserine with the second a- 
amino acid. Unlike the usual prcparatJion of 811- 

hydrides from two different amino acid esters, 
resulting in a mixture of suhst,ituted diketopipera- 
zines build up from one and from bot,h starting 
amino acids, this method yields pure 3-(@-hydroxy- 
ethyl)-6-alkyl-2,3diket80piperaxiiics (VII) only (cf. 
Table V). 

O--CO 0 C() 
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H HN(CHZ).CONHCHCO 01f 

HOCH2CHp I 1  
VIIIa. n = 21; x = 25-30 

b. n = 3 ; x  = 20 
c. n = 5; x = 10 

c 
In peptidolactones with the free amino group 

located otherwise than in the a-position (IIIb), 
thus eliminating the possibility of forming 6- 
membered anhydrides, an intermolecular ami- 
nolysis took place, resulting in long chain poly(N- 
homoseryl dipeptides). Hydrogenation of c~-(c*urbo- 
benzoxy-8-alanylamido)-y-butyrolactone follonml 
by refluxing the intermediate a-@-danylamido)-r- 
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butyrolactone (VIb) in ethanol yielded poly(& 
alanylhomoserine) (VIIIa) of an average chain 
length of twenty-seven dipeptide units. Similar 
treatment of a!-( y-carbobenzoxyaminobutyramido)- 
y-butyrolactone afforded poly(-paminobutyrylho- 
moserine) (VIIIb) of an average chain length of 
twenty dipeptide units. The degree of polymeriza- 
tion seem to decrease with elongation of the 
comonomeric chain, thus under identical condi- 
tions poly(eaminocaproy1homosrine) (VIIIc) was 
obtained with an average chain length of ten 
dipeptide units. With decreasing chain length, the 
polymeric products become softer, glass-like and 
elastic, and dissolve in cold water. 

The combination of both methods presented here 
for the synthesis of homoseryl and of N-homoserine 
peptides, by treating the amino and the carboxyl 
group of a-amino-7-butyrolactone consecutively, 
enables a stepwise peptide synthesis containing 
homoserine as linking unit. Thus, e. g., interaction 
between a - oarbobeneoxyglycylamido - y - butyr- 
olactone and alanine sodium salt yielded car- 
bobenzoxyglycylhomosrylalanine (IX) , and finally 
glycylhomoserylalanine (X) . 

0-eo YH* A H&HI t: H -___t HtNdHCooH I CiHrONa 
CbgoNHCH&ONH 

An important advantage of the method presented 
here is the fact that the peptides are prepared by 
using intermediates of the homoserine synthesis, 
thus omitting the need for the preparation of the 
acid itself and subsequently of protected derivat'ives 
of the latter. 

The furhher extension of the aminolactone 
method including Synthesis of optically active 
compounds is under investigation. 

EXPERIMENTAL 

N-Benzoylhomoserylglycine ethyl ester. Glycine ethyl ester 
hydrochloride (7 g., 0.05 mole) was dissolved in ethanol 
(50 ml.), and sodium (1.15 g., 0.05 g.-atom) in ethanol (20 
ml.) was added with cooling (ice salt bath). Sodium chloride 
was filtered off, the filtrate added to a solut,ion of a- 
benzamido-ybutyrolactoneo ( 10.25 g., 0.05 mole) in etha- 
nol (150 ml.) and left at room temperature for 1 week. It 
waa filtered from salt and polymeric product, and concen- 
trated an vacuo. After addition of ether and filtration, the 
product waa precipitated with petroleum ether (b.p. 40-60'). 

It (5.5 g., 36%) was recrystallized from ethanol-petroleum 
ether, m.p. 114-115'. 

Anal. Calcd. for ClsHmNIOa: C, 58.4; H, 6.5; N, 9.1; 

N-Benwylhmserylglycine. N-Benzoylhomoserylglycine 
ethyl ester (1.5 g.) waa dissolved in 10 ml. of 1N sodium 
hydroxide solution and left to stand at room temperature 
for 0.5 hr., then acidiEed with dilute hydrochloric acid and 
left in the cold. After 1 week the crystals formed (0.75 g , 
55%) were collected and recryshllized from ethnnol- 
ether-petroleum ether, m.p. 153-154'. 

Anal. Calcd. for CI,H&06: C, 55.7; H, 5.7; N, 10.0. 
Found: C, 55.6; H, 6.0; N, 9.7. 

N - C a r b o b e n z o z y h s e r y l  peptides (I). The following pro- 
cedure for the preparation of N-carbobenaoxyhomoseryl- 
alanine is typical for the coupling of a-carbobenaoxyamino-r- 
butyrolactone with amino acid sodium salta. The carbo- 
benzoxyhomoseryl peptidea thus obtained are listed in Table 
I. 

A solution of sodium (0.46 g., 0.02 &-atom) in ethanol 
(50 ml.) was added to a suspension of alanine (1.8 g., 0.02 
mole) in absolute ethanol (100 m1.h When most of the ~ 1 1 1 -  
nine dissolved, a-carbobenzoxyaminc-y-butyroIactones (4.G 
g., 0.02 mole) was added and the solution was refluxed for 
4 hr. After evaporation in vacuo the reaidue waa diasolved 
in water, unchanged lactone filtered off, and the solution 
acidified with 12% hydrochloric acid. The preeipitate was 
dissolved in aqueous sodium bicarbonate, more unchanged 
lactone filtered off and the product of the type I (3.8 g., 
58%) wm precipitated by acidification in the cold. Recrys- 
tallbed from water it melted at 163'. 

1-Propanol could be used instead of ethanol without 
change in yields. With methanol or 1-butanol yields were 
much poorer. 

Homoseryl peptides (11). The prptidea freed as deacribed 
below for homoserylalanine are listed in Table 11. 

N-Carbobenzoxyhomoserylalanine (3.2 g.) was dissolved 
in methanol (100 ml.). Palladium black (0.1 g.) wm added 
and the mixture hydrogenated for 4 hr. at 3 atm. The cata- 
lyst was removed by filtration and the solvent distilied off 
in ~(IGZLO. The residue was recrystallized from water-metone 
(1.9 g., loa%), m.p. 184-185' dec. 
a-Amino- y-butyrolactone hydrobromtde was prepared by IL 

method previously described,11 modified for larger quanti- 
ties. Crude a-aeidc-7-butyrolactone (137 g.) waa disaolved 
in glacial acetic acid (600 ml.) and dry hydrogen bromide 
was passed through for 5 hr. The precipitate waa collected 
and washed with ether, It weighed 75 g., m.p. 223-224'. 

Carbobenzoxypeptidoloetates { 111). The following proce- 
dure for the preparation of or-carbobenzouyglycylamid~~- 
butyrolactont! is typical for the preparation of the carbo- 
benzoxypeptidolaotones listed in Table 111. 

A solution of cfirbobenzoxyglycine (10.5 g., 0.05 mole) 
and triethylamine (5.1 g., 0.05 mole) in toluene (100 ml.) 
waa cooled t c i  - 5 O ,  ethyl chloroformate (5.4 g., 0.05 mole) 
added, and the mixture stirred in the cold for 30 min. A 
solution of a-amino-ybutyrolactone hydrobromide (9.1 
g., 0.05 mole) and triethylamine (10.2 g., 0.1 mole) in chloro- 
form (100 ml.) was added. Stirring in the cold was continued 
for 15 min. and the mixture left overnight at room tempera- 
ture. The precipitated salt, sometimes mixed with a portion 
of the product, was filtered off and the water insoluble por- 
tion Collected. The mother liquor was washed with water 
then with aqueous sodium bicarbonate, dried (magnesium 
sulfate), and evaporated in vacuo. Crystallized from water, 
the product (8.6 g., 66%) melted a t  108'. 

N-Peptides of homoserine (IV). These peptides are pre- 
pared aa described below for glycylhomoserine and are listed 
in Table IV. 

g . ) 
waa diasolved in 75 ml. of 50% aqueous ethanol. Triethyl- 
amine ( 5  ml.) and palladium black (0.2 9.) were added and 
the mixture hydrogenated for 2 hr. at 3 atm. The catalyst 
waa filtered off and the solvent evaporated in uacw, below 

OCxHa, 14.5. Found: C, 58.4; H. 6.7; N, 9.0; OC~HS, 14.7. 

4 

a-Carbobenzoxy gl y cy lamido- y-butyrolactone ( 1 .4 5 
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TABLE I 
N-CARBOBENZOXYHOMOSERYLPEPTIDES (I) 

HOCH2CHZCHCONHCHCOOH 
I 

CbzokH R 
Yield, C H N 

Amino Acid- M.P. 96 Formula Calcd. Found Calcd. Found Calcd. Found 

DL-Alanine 163 58 CiaHzoNnOs 55.6 55.6 6.2 6 . 1  8 .6  8 . 6  
&Alanine 125-127 42 Ci6HzoNz06 55.6 55.8 6.2 6.2 8 .6  8 .3  
LLeucine Oil 49 CiaHzd\izOs 59.0 58.6 7 . 1  7.2 7.7 7 . 3  
DL-Phenylalanine 144-146 62 Cz1Hz4N20a 63 0 62.8 6.0 5 . 8  7.0 6 . 9  
DL-Serine 128-129 44 CibHzoNz01 52.9 52.9 5 . 9  5.6 8.2 8 . 0  

TABLE I1 
HOMOSERYL PEPTIDES (11) 

HOCHzCHzCHCONHCHCOOH 
I I 

NH, R 

M.P., C H N (Kjeldahl) N (Van Slyke) -- 
Amino Acid- Dec. Formula Calcd. Found Calcd. Found Calcd. Found Calcd. Found 

DL- Alanine 184-185 C7HirNz01 44.2 44.3 7.4 7.4 14.7 14.5 7 . 4  7.2 
&Alanine 187-188 ClH14N204 44.2 44.4 7.4 7.6 14.7 14.4 7.4 7 .6  
IrLeucine 213-215 CioHmN204 51.7 51.9 8.6 8.7 12.1 12.2 6 .0  6 . 0  

DL-Serine 181-185 C T H I ~ N ~ O ~  40.8 40.2 6 . 8  7 .0  13.6 13.6 6 . 8  7 .1  
DL-Phenylalanine 209-210 CIIHIINZO~ 58.6 58.8 6 .8  6.9 10.5 10.2 5.3 5 . 3  

TABLE I11 
CARBOBENZOXYPEPTIDOLACTONES (111) 

0- co NHCbzo 

Yield, C H N 
Amino Acid- M.P. % Formula Calcd. Found Calcd. Found Calcd. Found 

DLAlanyl 162 73 CisHiaNzOb 58.8 58.7 5.9 6 . 0  9.2 9.4 
@-Alanyl 146-147 64 CibHl8NzOa 58.8 58.9 5.9 5 . 8  9 . 2  9.4 

Glycyl 108 66 CiJIibNzOa 57.5 57.2 5 . 5  5 .5  9 .6  9 .6  
uLPhenylalany1 134-135 56 C21H,NZO, 66.0 66.4 5 . 8  6 . 1  7.3 7 . 5  

7-Aminobutyryl 107 52 Ci~zoNzOa 60.0 60.5 6 .3  6 . 5  8 .8  8 .6  
tAminocaproy1 92-93 73 CisHzrNtOb 62.1 62.1 6.9 6.5 8 . 0  7.8 

TABLE IV 
N-PEPTIDES OF HOMOSERINE (IV) 

HzNCHCONHCHCOOH 

R I AHzCH20H 

M.P., Yield, C H N (Kjeldahl) N (Van Slyke) -~ 

Amino Acid- Dec. % Formula Calcd. Found Calcd. Found Calcd. Found Calcd. Found - 
DbAlanyl 201-202 38 C7HuNiOr 44.2 44.3 7.4 7 .5  14.7 14.8 7.4 7 . 3  
@-Alanyl 190-191 85 C ~ H I ~ N Z O ~  44.2 44.0 7 .4  7 .4  14.7 14.4 7.4 7 .1  
Glycyl 194-196 30 C&izNzO4 40.9 40.7 6.8 7 . 1  15.9 15.6 8.0 8 . 3  
DLPhenylalanyl 202 25 CI&&~O~ 58.6 58.4 6 .8  6.9 10.5 10.2 5 . 3  5.1 

40" to a small volume. Acetone waa added, the precipitated 
oil was dissolved in water and precipitated again with ace- 
tone. After standing overnight in the cold it crystallized 
in needles (0.6 g., 30%), m.p. 194-196' dec. 

Longer hydrogenation time or evaporation to dryness 
gave only the diketopipertmines VII. The formation of VI1 
from the competitive free peptidolactone VIa is responsible 
for the low yields of the dipeptides IV. 

u-Glycylamti+-f-butyolactone hydrochloride (V. R = H). 
P-Carbobenzoxyglycylamido--pbutyrolactone (1.45 g.) waa 

dissolved in ethanol (50 ml.), concd. hydrochloric acid (1 
ml.) and palladium black (0.1 9.) were added and the mix- 
ture hydrogenated for 4 hr. a t  3 atm. The catalyst was 
filtered off and the solvent removed in vacuo. Crystallization 
of the residue from ethanol-ether afforded the product (0.8 
g.: 4070), m.p. 179-182'. 

Anal. Calcd. for CsHllN*O&l: C, 37.0; H, 5.7; N (Kjel- 
dahl), 14.4; N (Van Slyke), 7.2. Found: C, 36.7; H, 5.9; 
N (Kjeldahl), 14.6; N (Van Slyke), 7.4. 
u-Alanylamido-y-butyroluctone hydrochloride (V. R = 
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TABLE V 
3-( 8-HYDROXYETHYL)-6-ALKYL2,~-DIKETOPIPERAZINEB (VII) 

CO-NH 

HOCHzCHzJH 4HR 

C H N 
R Amino Acid M.P. Formula Calcd. Found Calcd. Found Calcd. Found 

H Glycine 162 CeHioNiOa 45.6 45.6 6.3 6.3 17.7 17.6 
CHI DLAlanine 178 C7HizNz03 48.8 48 .7  7.0 7.0 16.3 16.2 
CK&& m-phenylalanine 215 C13H1BNg03 62.9 63.1 6.5 6.9 11.3 11.2 

CH,) was prepared as above, yield 55%, m.p. 225-228" 
(dec.). 

Anal. Calcd. for C7H13N203C1: N (Kjeldahl), 13.4; N 
(Van Slyke), 6.7. Found: Tu' (Kjeldahl), 13.6; pi (Van Slyke), 
6.7. 

~-(8-Hydrozyethyl)-6-alkyl-b,5-diketopiperaBines (VII).  
The following procedure is general for the synthesis of sub- 
stituted diketopiperanines build up from homoserine and a 
different a-amino acid, listed in Table V. 

d3arbobennoxyglycylamido-~-butyrolactone (2.9 g.) was 
dissolved in ethanol (100 ml,), palladium black (0.1 g.) 
added and the mixture hydrogenated for 4 hr. a t  3 atm. The 
catalyst was removed by filtration, the filtrate refluxed for 
10 hr. and evaporated in vacuo. The residue was crystallized 
from ethanol-ether-petroleum ether to give the diketo- 
piperazine of type VI1 (0.7 g., 92'%), m.p. 162'. 
Poly(B-alunylhomoserine) (VIIIa). a-( Carbobenzoxy-8- 

alany1smido)y-butyrolactone (1.55 g.) was dissolved in 
ethanol (50 ml.) and palladium black (0.1 9.) added. The 
mixture was hydrogenated for 4 hr. at 3 atm. and the cata- 
lyst filtered off. The solution was refluxed for 20 hr. during 
which time the polymer separated. Soluble in boiling water, 
in hot acetic acid, precipitable from water-acetone. It (0.6 
g., 700/,) decomposed a t  325330' without melting. 

Anal. Calcd. for (C7HaNdh),: C, 48.8; H, 7.0; N, 16.3. 
Found: C ,  48.6; H, 6.8; X (Kjeldahl), 15.9; N (Van Slyke), 
0.3. 

The terminal nitrogen value indicates an average chain 
length of 27 dipeptide units. 

P&( n~rznobutyrylltomosen'ne) (VIIIb). The polymer 
was prepared in the mme way 88 VIIIa, starting with a-( Y- 
csrbobenzoxyaminobutyry1amido)-7-butyrolactone. It de- 
composee at 280-290'. Its properties are similar to  VIIIa. 

Anal. Calcd. for (CgHI,N~O&: N (Kjeldahl), 15.1; N 
(Van Slyke, 5 = 21), 0.36. Found: N (Kjeldahl), 15.2; N 
(Van Slyke), 0.35. 

Poly( taminocaproylhmserineerine) (VIIIc) was prepared as 
described for the former polydipeptidea, starting with a-( .+ 
carbobenzoxyaminocaproy1amido)--,-butpolactone. The 
product was obtained by evaporation of the ethanolic poly- 
merization solution, 8s soft, glassy, elastic fiber forming 
mass. It was soluble in cold water, acetic acid, 5nd alcohol. 
It precipitated from acetic acid and ether, but could not be 
crystallized as the former polymers. The crude product has 
an average chain length of ten units, as indicated by the 
terminal nitrogen values. 

C a r b o b e n z o z y g l y c y l h o ~ s ~ ~ ~ ~ n i n e  (IX). a-Carbobenz- 
oxyglycylamido-r-butyrolactone (2.9 g., 0.01 mole) wm 
added to a solution of sodium (0.23 g., 0.01 g. atom) and 
alanine (0.89 g. ,  0.01 mole) in 50 ml. of ethanol and the solu- 
tion refluxed for 4 hr. The ethanol waa removed in vacuo and 
the reeidue dissolved in water, Acidification with 12% hydro- 
chloric acid precipitated an oily material, which was re- 
precipitated from ethyl acetate-petroleum ether giving s 
semisolid product (2.5 g., 65%). 

.4nal. Calcd. for ClTHWN307: N, 11.0. Found: N, 10.9. 
Glgcylhomoserylalanine (X). IX (1.7 g.) was dissolved in 

methanol (50 ml.), palladium black (0.05 9 . )  added and the 
mixture hydrogenated for 4 hr. st 3 atm. After removal of 
the catalyst and evaporation of the solution in v(u11~0, the 
residue was crystallized from water-acetone yielding the free 
tripeptide (X)  (1 g., SO%), m.p. 188-190° dec. 

Anal. Calcd. for CpHl,NaOs: N (Kjeldahl), 17.0; N (Van 
Slyke), 5.7. Found: N (Kjeldahl), 16.7; N (Van Slyke), 5.6. 
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