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At,tempts to iso1at.r piirc gliit.amine brnzyl ester hydrochlo- 
ride from this reaction mixt,ure have been iiiisuccessfiil. 
The most serious side reaction appears to he alcoholysis on 
the gamma carbon. Trarisesterification and hydrolysis a t  the 
d p h a  carbon seem to he of secondary importance. 

Comparable results were obtained with N-formylaspara- 
gine benzyl ester where again a t  least six spots were detected 
cahromatographically. Numerous attempts to  make the 
tleformylation reactions more selective by changes in the 
solvents, acid concentrations, reaction temperature, and time 
were unsuccessflils. Other solvent systems that  were tried 
were water, t-butyl alcohol, aqueous tetrahydrofuran, aqiie- 
ous acetic acid, aqueous acetonitrile, and aqueous trifluoro- 
ethanol. In  these solvents the reaction rate was drastically 
reduced witholit apparent increase in t,he selectivity. 

Carbobenzoxy-bglutamine benzyl ester. To 500 mg. of carbc- 
benzoxy-bglutamine in 2 ml. of dimethylformamide a solu- 
tion of crude diazotoluene in petroleum ether was added 
until a reddish brown color persisted for 30 min. The excess 
diazotoluene was decomposed with acetic acid and the 
petroleum ether removed under reduced pressure. The re- 
sult,ing solution was treated with 45 ml. of et,her and 40 ml. 
of water and the mixture stored overnight a t  0'. Filtration, 
washing of the precipitate with ether, and two recryst,alliza- 
tions from aqueous ethanol yielded 320 mg. of ester, 49'35, 
m.p. 130-131", reportedlo n1.p. 123'. 

Anal. Calcd. for C2OH22N205: C, 64.85; H,  5.99; N, 7.57. 
Found: C, 64.69; H, 6.07; Tu', 7.44. 

Carbobenzozy-L-asparagine benzyl ester. This compound 
\vas prepared from 650 mg. of carbobenzoxy-L-asparagine by 
the same procedure as that used for the glutamine derivative. 
A gel was obtained which crystallized slowly a t  50' from 
ethyl acetate; yield 0.391 g., 45%, m.p. 128.5', reported1o 
m.p. 132". 

i lnal.  Calcd. for C I ~ H ~ O ? ; & ~ S ;  C, 64.03; H, 5.66; N, 7.86. 
Found C, 64.03; H, 5.81; K, 7.81. 

Carbohenzozy-lllycyl-LglIitamine benzyl ester. To 0.74 g., 
2 mmoles, of carbobenzoxy-1,-glutamine benzyl ester was 
added 3 ml. of 30% hydrogen bromide in acetic acid. After 
storage a t  room temperature for 15 min. the niisture was 
cooled in a Dry Ice-acetone bath and freeze-dried. The resi- 
due was washed wit,h 30 ml. of ether and then dissolved in a 
minimum of dimethylformamide and reprecipitated with 
ether. The residue dissolved in ethanol was treated with 0.28 
ml. of triethylamine and the mixture filtered. Evaporation 
of the filtrate yielded an oil and a further quantity of tri- 
ethylamine hydrobromide. This residue was treated with 

2 ml. of dimet,hylformamide, t,he mixtiirr filt,wad, the pre- 
cipitate washed wit,h an additional 1 ml. of dimethylforma- 
mide and the combined solution stored a t  0" for coupling 
wit,h the azide. 

An ethereal solution of carbobenzoxy-glycylazide was pre- 
pared in the usual manner from 223 mg., 1 mmole, of carbo- 
benzoxy-glycyl hydrazide. The azide was combined with 
the benzyl ester and the solution stored overnight a t  Oo,  
then 4 hr. a t  room temperature. The addition of water 
caused precipitation of an oil which crystallized on storage 
a t  0'. The precipitate was collected, washed with dilute 
hydrochloric acid, sodium bicarbonate .and water, dried 
i n  Vacuo over phosphorus pentoxide; yield 0.28 g., 67y0 
based on the quantit.y of azide, m.p. 154-135'. Recrys- 
tallization from aqueous ethanol yielded 0.20 g. of product, 
m.p. unchanged. 

Anal. Calcd. for C~~H~~NSOP,:  C, 61.80; H, 5.89; N, 9.83. 
Found: C, 61.73; H, 5.87; N, 10.10. 

Carbobenzoxy-glycyl-L-aspuragine benzyl ester. This com- 
pound was prepared by the same procedure as the glutamine 
analog in 58% yield, m.p. 135-136". 

Anal. Calcd. for C Z ~ H Z ~ N ~ O ~ :  C, 61.00; H, 5.02; N, 10.19. 
Found: C, 60.87; H, 5.64; N, 10.46. 

Test for racemization and chromatographic puri ty  of the 
peptides. Hydrogenolysis of the carbobenzoxy-benzyl esters 
in the presence of palladium black a t  room temperature and 
atmospheric pressure yielded gycyl-L-glutamine, m.p. 202- 
203' reportedt6 m.p. 19!)-200", R, 0.055, 1-butanol, acetic. 
acid, water (4:  1 : 5 ) ;  and glycyl-Lasparagine, 1n.p. 214', 
raported17 m.p. 216", RJ 0.05'2 in 1-butanol, acetic acid and 
water (4:1:5) arid 0.32 in water saturated phenol. Each 
peptide gave only one spot with ninhydrin. To check for 
possible racemization the peptides were refluxed 2 hr. in 6N 
hydrochloric acid and [ a ] y  of the hydrolyzate compared 
with [a]: for L-glutamic acid and baspartic acid containing 
equivalent quantities of glycine and ammonium chloride. 
The hydrolyzate from glycylglutamine gave [a] Y +28.9" 
(c 3.02, 6N hydrochloric acid); bglutamic acid, [a] +28.9'. 
The hydrolyzate from glycyl->asparagine gave [a] +22.2" 
( c  1.57, 6N hydrochloric acid); baspartic acid [a]': +22.4'. 

SYRACUSE 10, N. Y. 

(16) H. Thierfelder and E:. von Cramm, 2. Physiol. Chem., 
lOS,58 (1919). 

(17) E. Fischer and E. Icoenigs, Re?., 37, 4585 (1904). 
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The syntheses of the tetrapeptide, r,-leucyl->alanyl-~,-valyl-L-glutamic acid, the tripeptide, L-leucyl-1,-alanyl-L-valine and 
the dipeptides, L-leucyl-r.-alaninc and 1,-valyl-L-glutamic acid, are described. The p-nitrohenzyloxycarhonyl group was em- 
ployed to protect the amino groups during peptide bond formation by either the azide, acid rhloride, or acid anhgdride 
iric>t hods. 

In cwniiection with studies being performed in 
this laboratory on the oxidative cleavage of pep- 
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of the Sxtional Institute for Arthritis and Metabolic 
I )iseases of the National Institutes of Health. (b) Abstracted 
Irom the thesis submitted by W. H. McGregor in partial 
fiilfillnicnt of the requirements for the Ph.D. degree a t  the 
University of California, Berkeley, September, 1959. 

tide bondsibs some model compounds were needed. 
It was desirable to obtain a series of peptides up tto 
a tetrapeptide sequence in which the constituent 

(2) Present address: Union Carbide Research Institute, 
32 Depot Plaza, White Plains, N. Y .  
' (3) F. H. Carpenter and R. H. McGregor, Fed. Proc., 
19,344 (1960). 
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di- and tripeptides as well as the amino acids 
contained therein could all be readily separated 
from one another by paper chromatography. 
Furthermore, we preferred to avoid using amino 
acids containing side chains that are easily oxi- 
dizable. The sequence, leucyl-alanyl-valyl-glutamic 
acid was selected as one which would very likely 
fullfil these conditions. This paper describes the 
synthesis of this tetrapeptide as well as the syn- 
theses of two of the constituent dipeptides and one 
tripeptide. The syntheses were performed using 
the p-nitrobenzyloxycarbonyl (abbreviated as "P- 
NBC") group4 to block the amino function during 
formation of the peptide bond. The dipeptides were 
prepared by use of the mixed anhydride, azide, 
or acid chloride methods.6 Tripeptide and tetra- 
peptide derivatives were made exclusively by means 
of the azide method. The use of these procedures 
should largely precluded racemization during 
peptide bond f ~ r m a t i o n . ~  Frequent recourse was 
made in these syntheses to the use of benzyl esters 
prepared according to a procedure recently pub- 
lished from this laboratory.6 The peptide sequences 
effected. as well as the methods used, are outlined 
in Fig. 'I. 

H,LEU OH H A L A  OH 

PNBC 

PNBC OE t 

I I 

H V A L . O H  H GLU diOH 

PNBCfCI  II H f d I O E t  

PNBC diOEt 

d i O H  

PNBC l -7  

HTOBz I 

P N B r [ N 3  H l d i O B z  

d i 0 B z  xmrr PN B 

HI. E U A L A  - V A L  GL U.d i OH 

Fig. 1. Diagram of the syntheses of the various peptides; 
DNBC = p-nitrobcnzyloxycarbonyl-, Bz = benzyl, and 
E t  = ethyl. 

(4) F. H. Caruenter and D. T. Gish. J .  Am.  Chern. Soc., 
74; 3818 (1952). - 

( 5 )  See the reviews bv J. S. Fruton [Adv .  in Protein Chem.. 
\ ,  

:;, 1 (1949)l and M. Goodman and'G. W. Kenner [Adv:  
n Protein Chem., 12, 465 (1957)] for a general description 

of the methods and references to the original literature. 
(6) J. E. Shields, W. H. McCregor, and F. H. Carpenter, 

J. Org. Chem., 26, 141 (1961). 

In  the course of this work several observations 
of general interest in peptide synthesis were made. 
One of these was the superiority of the benzyl over 
the methyl ester for use in the preparation of the 
hydrazide of p-nitrobenzyloxycarbonyl-cleucyl- 
>alanyl-cvaline. The hydrazide of this tripeptide 
was prepared by treatment of the benzyl ester 
with hydrazine a t  37' for several days. Under 
similar or even more vigorous conditions, the 
methyl ester failed to give the product desired.7 
A second observation was that diketopiperazines 
were formed during the reduction of pnitrobenzyl- 
oxycarbonyl protected dipeptide esters. One ap- 
proach to the synthesis of the tetrapeptide which 
we explored involved the coupling of two suitably 
protected dipeptides. When the pnitrobenzyloxy- 
carbonyl group was removed from pnitrobenzyl- 
oxycarbonyl-bvalyl-cglutamic acid diethyl ester 
hy hydrogenation over palladium in methanol- 
rtcetic a d z  a neutral compound with the proper- 
ties of the dilietopiperazine was the only product 
isolated. A similar result was obtained when the 
pnitrobenzyloxycarbonyl group was reduced from 
pnitrobenzyloxycarbonyl-cleucyl-calanine ethyl 
ester. Formation of diketopiperazines during the 
hydrogenation of dipeptide derivatives is not a 
new observation18 but one that has not been gener- 
ally en~ountered.~ Another dif3Ficulty experienced 
in the syntheses was in the saponification of the 
ester group from pnitrobenzyloxycarbonyl-pro- 
tected di- and tripeptides. Yields of the free acids 
of below 70%, in several cases as low as 40%, 
were encountered after saponification with either 
one or several equivalents of alkali. It is possible 
that these low yields were a result of competing 
reactions involving the formation of substituted 
hydantoins or ureas.l0 I n  an effort to circumvent 
these low yields on saponification, several of the 
protected peptide esters were subjected to acid 
hydrolysis in dioxane-water mixtures (0.04M 
solutions of the esters in 70% dioxane in water 
which was 0 . N  in hydrochloric acid were re- 
fluxed for one hour). The yields and purity of the 
products obtained from acid hydrolysis were not 
appreciably better than those obtained by saponi- 

(7) J. A. Maclaren, W. E. Savige, and J. M. Swan 
[Australian J. Chem., 11, 345 (1958)l have reported on the 
difficulties encountered in the preparation of hydrazides 
from methyl and ethyl esters of some peptides. They de- 
scribed an improvement in yield when n-butyl alcohol was 
used as a solvent. With pnitrobenzyloxycarbonyl-cleucyl- 
cdanyl-cvaline methyl ester the uae of n-butyl alcohol 
as a solvent did not improve the yield of the hydrazide. 

(8) E. L. Smith and M. Bergmann [ J .  Biol. Chem., 153, 
627 (1944)l made a similar observation during the hydro- 
genation of carbobenzoxyglycyl-bprolinamide. 

(9) Neither one of the two review articles cited above 
(Ref. 5 )  makes a point of this problem in the synthesis of 
dipepetide esters. 

(IO) J. S. Fruton and M. Bergmann, J. Biol. Chem., 145, 
253 (1942); C. A. Dekker, S. P. Taylor, and J. S. Fruton, 
J. Biol. Chem., 180, 155 (1949); J. A. Maclaren, Australian 
J. Chem., 11,380 ( 1958). 



JUNE 1961 STSTII !:SIS OF L-T,ET~7CYL-L-.II,.\"YL-L-\'.\LYL-L-GLUTAMIC ACID 1851 

fication. The difficulties expcriciiccd with hrdroly- 
sis of the methyl and ethyl esters stimulated the use 
of benzyl esters which were cleaved by hydro- 
genolysis. l1 

A rather low yield (4240%) was obtained upon 
the synthesis of the protected tetrapeptide (XVIII) 
from the tripeptide hydrazide (XVI) and glutamic 
acid dibenzyl ester. During the conversion of the 
hydrazide (XVI) to the azide, part of the product 
was found to be insoluble in ethyl acetate and was 
removed before going on to the coupling step with 
glutamic acid dibenzyl ester. The removal of this 
ethyl acctate-insoluble product accounts in good 
measure for the low yield experienced in preparing 
the protected tetrapeptide (XVIII). With the ex- 
ceptions noted above the other step? in the syn- 
theses, including the hydrogenations, .proceeded 
smoothly in good yield. However, in the case of 
the final tetrapeptide (XIX) recourse was had to 
purification by countercurrent distribution in 
order to obtain a crystallinc product. 

EXPERIhlENTAL'* 

p-Nitrobenzylox?jcarbon?~l-Lvaline (I). The procedure used 
Iiy Gish and Carpenter'3 for ~ ~ v a l i n c  was applied to the 
L-isomer. The product was crystallized from n-butyl ether 
i l l  50'7, yield, m.p. 72-74', [a]': S5 .5"  (c 3.10, ethanol). 

I'ourid: C, 52.86; H, 5.58; X, 9.52. 
p-i~itroberizy~ox?/ca1.bony1-Lvnl?/l-L-glutumic acid diethill 

esler (11). To 3 g. (0.01 mole) of p-nitrobeiizj,lo~ycarbon).1-L- 
valine ( I )  in  75 nil. of cold diethyl &cr, 3 g. (0.014 mole) of 
phosphoriis pcntachloridc Ivits nddctl and nlloived to react 
i i i  an ice salt bath for 1 hr. with orcssionnl swirling. After 
tht, mixtiirc had warmed to room tcnipcrnturc, it \vas filtered 
t liroiigh a sintered glass Iilter to reniove an). unchanged 
phosphorus peiit:Lchloridr aiid the solvent \vas removed 
i i  ntlcr rcducctl prrssrire. The oily residue \vas wnshcd scvcral 
tirnrs with petrolrum ether th7-t had been drird over phos- 
ph~~r i i s  pentoxide and the oil IVILS dissolvcd in 50 ml. of di- 
c s t  hJ.1 csthc~r. 'This solution w:ts added to I00 nil. uf an cthrrcd 
solutiori of L-glutamic acid diethyl cstor, obtninrd froin 5 g. 
(0 .021 inole) (if 1.-glutamic acid diethyl ester t i~~drochlor id ,~ '~  
IJI. tlissolving it i n  It5 ml. of methanol and :3.:3 mi. (0.024 
riiolt*) of tr ir th~~lnniine followed by prccipitat,iuii of thr tri- 
c~tli>~laniirie hydrochloride by the addition of ether. Thr  rcae- 
t i o r i  w:is : t l l ( ~ \ ~ d  to proccicd for 2 hr. a t  room temprraturc: 
\ \  hcn thc crj-stnls whicli h:td fornwd (G.7  g.)  w r e  filtered, 
t rituratcvl wi th  water, :tiid collcctcd. For an:tlj.sis, the prod- 
iirt \\':is drird over phosphoriis p i~ntos i t l~~  in  u a ~ i i o  at room 
tmpcmturc., !+Id 4.1 g, (84%), in.1). 138-I4lo, [CY]',' 

- 7.!Io ( c  2.8, dios:iric*). 
.1nal. C:ilcd. for C,,T?,,S,O,: C, 54.80; 11, 6.49; S, 8.73. 

J ~ o t ~ i i d :  C, 54.87; If,  5.96; S,  8.78. 
p-.~iirohenzylor!/c,rLrl,nn1JI-L-L.ni~l-L-RI~(tanl ic arid (111). 

Ester 11 (0.5 g., 1 nimolc) was dissolved i n  20 ml. of ethariol, 
atid 10 ml. of A$- potassium hydroxide \vas atldrd. The mix- 

(11) 11. Berginaxin, L. Zervas, and L. Salzmnnn, Ber., 
66, I285 (l!)X<); 11. Bergmann and J. P. Fluton, J .  Biol. 
C'kcni., 117, 18!)(19;+7), 

(12) All  mcdting points are uncorrected. Annlyses were 
p(;rformcd I)y tlic 3lic.rocticmical l , : iI ic~r:t t~r,v,  L)cpnrtrnciit 
ol Cliemistr!., I.7niversity of Cdii'ornia, Rer!ielc\-. 

Anal. Calcd. for CljHiaN&: C, 52.71; H, 5.44; r';, 9.45. 

(13) D. T. C M i  mid 1;. H. C:trpcntvr, J .  d i n .  Ch(,rn. SOC., 

(14) H. 31. Chilcs :tiid JV. A. Noyes, J .  .4m. Chein. SOC., 
75,950(1053). 

44, 1798 (1022). 

ture was allowrd t o  react a t  room temperature for 30 min. 
and then acidified with 6N hydrochloric acid. The solutiori 
was concentratrd to :I sm:tll volume under reduced pressure 
and placed in the refrigerat,or overnight giving 204 mg. 
(67%) of the desired product. For analysis i t  wm recrystal- 
lized from aqueous ethanol and dried over phosphorus pen- 
toxide in vacuo a t  room trmperature, m.p. 162-163°., 
[a]': -7.8' ( c  1.1, ethanol). 

Anal. Calcd. for ClsH23N309: C ,  50.83; H, 5.45; N, 9.88. 
Found: C ,  50.70; H, 5.45; N, 9.70. 

The same compound was also prepared by saponification 
in which only two cquivalent,s of basr were used. The product 
was obtained in similar yield to thc previous case. 

LT'alyl-L-glutamic acid (IV). p-~itrobenzylox).carbonyl- 
dipeptide I11 (0.5 g., 1.2 mmoles) dissolved in 10 ml. of 
methanol containing 0.1 ml. of glacial acetic acid \v,w 
hydrogenated with 70 mg. of palladium oxidez5 as catalyst 
by bubbling hydrogen through the solution while stirring 
for 1.5 hr. The catalyst was removed and the solvent, was 
evaporated under reduced pressure. The residue W:LS dried 
to constant w i g h t  in i)aczio over phosphorus pentoxide and 
sodium hydroxide pellets. The peptide was crystallized 
from aqucous acetone to yield 230 ing. (90%) of product, 
m.p. 220-222" dec., [a]': +23' (c 1.0, water). 

Anal. C:tlcd. for CIJIlnS,Os: C, 48.78; H, 7.37; X, 11.37. 
Found: C, 49.16: 11, 7.52; S, 11.29. 

S- [2-( Carboz~)e~hy1]-6-isopropyl-d,5-piperazinedione ethyl 
esler (V). Est,er TI (1 g., 2 mmoles) in 15 ml. of methanol 
and 0.2 ml. of glacial acetic acid was hydrogenated using 
120 mg. of palladiuni oxide as catalyst for 1 hr. The catalyst 
was removed, the solvent was cvaporatcd under reduced 
pressure, and the residue was dessicatcd in zm-ito over phos- 
phorus pentoxide and sodium hydroxide pellets. The residue 
was crystallized from aqueous ethanol giving 460 mg. of 
product with m.p. 185-187'. The compound was ninhydrin 
negativc, had no ultraviolet absorption, and behaved aa a 
neiitral compound upon electromctric titration. Acid hy- 
drolysis and paper chromatography of the hydrolysate 
showed the compound contained valine aiid glutamic acid. 

Anal. Cdcd. for ClJl?oX2Or: N, 10.93; sapon. equiv., 256. 
Found: S,  11.12; sspon. rquiv., 201. 

JThc'n this compound was saponified and the saponifica- 
tion mixtiire was acidified, a product crystallized which 
mcltrcl at 207" dec. Khrri this product was titrated, i t  was 
found to contain an acidic group with a pKa of approxi- 
mately 4.1 which is attribiitcd to the y-carboxyl group of 
glutamic acid arid vhich indicates that this carboxyl was 
the one cstrrified. From this cvidencc the structure was 
assiqned. 

When p-nitrobenzvloy~earbonyl-~-leucyl-~alanine ethyl 
ester was hydrogenated under similar conditions, the only 
product isolatrd was a substance melting at 261-262' Lvhich 
br1i:ivc~d as a neutral compound iipon rlwtromctric titra- 
tion. I t  v:ts not charricterized further, but was presumrd t,o 
br: the corrrsponding diltet,opiperazine. 

p-A-itrobenz?/lorycur~ony~-L-leuc?/l-h!idrazide ( VI). L - h u -  
cine methyl ester hydrochloride16 (5 g., 0.028 mole) \vas dis- 
solved in 15 ml. of methanol :~nd  triethyla~niiie (3.8 ml., 
0.028 mole) i vm addcd follow-r:d by 200 ml. of rther. The: 
niixtme WRS stirred in an ice bath and the triethylamirir 
hydrochloride vas  removed by filtration. An additional ~3.8 
nil. (0.028 mole) of triethylamine mas added to the cold 
filtrate followed by tho addition of 100 ml. of an ethereal 
solution of p-iiitrobenzj.1 chloroformate (6 g., 0.028 mole). 
The mixture \ v u  stirrcd for 30 min. iri an ice bath and al- 
lowed to stand for 2 hr. a t  room temperature. The precipi- 
tate ww removed by filtration; the filtrate was washeti with 

(15) R. L. Shriner and R. Adams, J .  Am. Chem. SOC., 
46, 1683 (1924). 

(10) The proced,uro uscd I>y C. 8. Smith and A. E. Browrl 
[ J .  Am. Chem. SOC., 63, 2605 (1941)l for the preparation of 
D-leucine methyl ester hydrochloride mas applird to the 
L-compound. 
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0.1 A' hydrochloric acid, 0.1 N sodiiim bicarbonate, and water 
:tnd then dried over anhydrous sodium sulfate. Evaporation 
of the ether gave p-nitrobcnzyloxycarbonyl-tleucine methyl 
csster as an oil (7.5 g., 84%). This material (0.023 mole) wps 
dissolved in 25 ml. of ethanol and 2 ml. of 95+ % hydrazine 
\vm added and allowed to react for 48 hr. a t  room tempera- 
ture. The solvent was removed in vacuo and the residue 
was crystallized from 50 ml. of ethanol to give 6 g. of the 
hydrazide (80% from p-nitrobenzyloxycarbonyl-tleucine 
methyl ester), m.p. 133-134', [a]? -10' ( c  1.21, ethanol). 

Anal .  Calcd. for C,H2oN,O6: C, 51.85; H, 6.21; N, 17.27. 
Found: C, 51.80; H, 6.10; N, 17.35. 

p-Nitrobenzyloxycarbonyl-kleucyl-Lalanine ethyl ester 
(VII). B y  the mixed mhydr ide  method. p-Nitrobenzyloxy- 
carbonyl-L-leucine monohydrate4 (2  g., 6.4 mmoles), 1 ml. 
(6.4 mmoles) triethylamine and 6 ml. of tetrahydrofuran were 
cooled to - 10' in an ice salt bath and 1 ml. of cold isobutyl 
chloroformate was added. After the mixture had remained 
for 10 min. a t  this temperature, 1 g. (0.0065 mole) of L- 
alanine ethyl ester hydr~chlor ide '~ in 5 ml. of purified di- 
oxane containing 1 ml. of triethylamine and 1 ml. of water 
was added, and the reaction mixture was stirred for 2 
hr. at room temperature. Ethyl acetate (10 ml.) and 5 ml. 
of water were added to give two phases. The aqueous phase 
was extracted with two 5-ml. portions of ethyl acetate. 
The ethyl acetate extracts were combined and washed with 
.Y hydrochloric acid and saturated sodium bicarbonate. 
The ethyl acetate solution was dried over anhydrous mag- 
nesium sulfate and the solvent was removed in vacuo. The 
product was crystallized from aqueous ethanol to  yield 1.8 g. 
(77%), m.p. 131-133", [a]" -29' ( c  1.2, ethanol). 

Anal .  Calcd. for C19H27N307: C, 55.74; H, 6.65; N, 10.26. 
Found: C, 55.84; H, 6.47; N, 10.22. 

B y  the azide method. T o  hydrazide VI ( 1  g., 3 mmoles) 
in 8 ml. of cold 1.2N hydrochloric acid, 210 mg. (3  mmoles) 
of sodium nitrite in 2 ml. of cold water was added over a 
period of 3 min. while the solution was stirred in an ice bath. 
Cold saturated potassium carbonate (3.6 ml.) was added 
and the mixture was extracted Kith cold ethyl acetate. A 
second extraction with 15 ml. of cold ethyl acetate was 
made and the ethyl acetate extracts were combined and 
dried over magnesium sulfate. It was convenient to carry 
out  these steps in the 4' room. The dry ethyl acetate solu- 
tion of the azide was added to a cold ethyl acetate solution 
of >alanine ethyl ester which w&s obtained from 0.6 ml. 
(4.3 mmole) of triethylamine and 0.67 g. (4.3 mmole) of 
L-alanine ethyl ester hydr~chloride'~ by a procedure similar 
to that  described above for the preparation of leucine methyl 
ester. The reaction was allowed to proceed a t  4" for 48 hr. 
aft,er which time i t  was extracted with ,Ir hydrochloric acid 
and sodium bicarbonate. The product obtained upon re- 
moval of solvent was crystallized from aqueous ethanol t o  
give 1.65 g. (66'%), m.p. 126-128", [a]? -25" (c 1 . 1 1 ,  
ethanol). 

p-Nitrobenzyloxycarbonyl-tleucyl-L-alanine benzyl ester 
( VIII). pSitrobenzyloxycarbony1-L-leucine monohydrate4 
( 2  g., 6 mmoles) and 2.5 g. (8 mmoles) of L-alanine benzyl 
oster benzenesulfonate6 were allowed to  react following the 
procedure outlined for the preparation of ethyl ester VI1 
I)y the mixed anhydride method. The product was crvs- 
tallized from aqueous ethanol to yield 2.4 g. (837,). For 
analysis, i t  was recrystallized from aqueous ethanol and dried 
over Dhosuhorus uentoxide in vacuo, m.p. 105.5-107.5", 
[a]': '-380 ( c  l .l ,Aethanol). 

.inal. Calcd. for CznH29K307: C, 61.14; H, 6.20; N, 8.91. 
Found: C, 61.57; H, 6.27; X, 8.90. 

p-SitrobenzylosycarborL?/I-L-lei~cyl->alanine ( IX) .  Ethyl 
mter VI1 (0.5 E., 1 mmole) dissolved in 20 ml. of ethanol 

as added to  10 nil. of potassium hydroxide and the mix- 
turr was allowed to stand a t  room temperature for 40 min. 
. i t  the end of this time the solution was acidified, and the 

( 1 7 )  D. A.  Rowlands and G .  T. Young, J .  Chem. SOC., 
3937 (1952). 

solvent was removed under reduced pressure to give an oil 
which was extracted several times with 20 ml. of ethyl 
acetate. The ethyl acetate layers were extracted with three 
20-ml. portions of N potassium bicarbonate. The combined 
bicarbonate extracts were acidified and placed in the re- 
frigerator to  give 350 mg. (72%), m.p. 126.5-127.5'. Re- 
crystallization from aqueous ethanol did not improve the 
melting point nor remove a slight yellow color from the 
product. The compound was dried over phosphorus pen- 
toxide in vacuo for analysis, [ala' -14' ( c  1.1, ethanol). 

Anal .  Calcd. for C17HZPNJ07: C, 53.55; HI 6.08; ru', 11.02. 
Found: C, 53.65; H, 6.36; N, 11.37. 

The ester was also saponified under conditions where only 
one equivalent of base was employed to  give the desired 
product in similar yield to the previous case where excess 
of alkali was used. 

tLeucy1- ta lanine  ( X )  by catalytic hydrogenation of IX.  
p-Nitrobenzyloxycarbonyldipeptide I X  (0.5 g., 1.3 mmoles) 
was hydrogenated as previously described for compound 
IV. The residue remaining after removal of the catalyst 
and solvent was washed with acetone and cryst,allized from 
methanol by the addition of ethyl acetate, 130 mg. (50y0), 
1n.p. 255-256' dec., [a]? $23" ( c  5, methanol); lit.,'B m.p. 
357", [ala: +22.9 to +23.5" ( c  5, methanol). The compound 
was dried a t  78' in vacuo over phosphorus pentoxide for 
analysis. 

Anal .  Calcd. for C9HlaN203: C, 53.45; H, 8.97; N, 13.85. 
Found: C, 52.84; H, 8.84; S, 13.73. 

B y  catalytic hydrogenation of benzill ester VIII. Benzyl 
ester VI11 (0.5 g., 1.06 mmoles) in 20 ml. of methanol con- 
taining 0.2 ml. of glacial acetic acid was hydrogenated over 
90 mg. of palladium oxide and the peptide \vas isolated and 
crystallized as described above; yield 175 mg. (80%), m.p 
258459' dec. 
p-Nitrobenzyloxycarbonyl-L-leucyl-L-alanine hydrazide ( S I ) .  

T o  a solution of ethyl ester VI1 (15 g., 37 mmoles) in 120 
ml. of methanol, 10 ml. of 95+ % hydrazine was added 
and allowed to react for 48 hr. at rooin temperature. The 
product, which Gad crystallized (12.3 g., 85%), was coi- 
lected and recrystallized from methanol and dried over 
phosphorus pentoxide in vacuo a t  room temperature for 
analysis, m.p. 194-196', [a]? -24' ( c  1.1 ,  acetic acid). 

i ina l .  Calcd. for C17H2,N,0s: C, 51.65; H, 6.37; N, 17.79. 
Found: C, 51.86; H, 6.29; N, 17.75. 

The hydrazide (XI)  ww also prepared from benzyl ester 
VI11 (0.5 g.) dissolved in 5 ml. of ethanol and 0.33 ml. of 
95+ % hydrazine. Aft,er 3 days a t  room temperature, 0.39 
g. (94%) of hydrazide (m.p. 194-195') was obtained. 

p-Nitrobenzyloxycarb~yl-L-leucyl-L-alanyZ-L-vaZine meth ? / I  
ester (X1I):To a suspension of hydrazide X I  (12 g., 0.03 
mole) in 240 ml. of cold 1.2N hydrochloric acid, was added 
2.4 g. (0.035 mole) of sodium nitrite in 5 ml. of cold tvater; 
and the mixture was stirred for 3 min. at 4". The insoluble 
azide which formed was extracted into ice cold ethyl acetate 
and dried over magnesium sulfate. The cold solution of thr 
azide was added to  50 ml. of cold ethyl acetate solution of 
L-valine methyl ester prepared from 5.5 g. (0.033 mole) of 
>valine methyl ester hydro~hlor ide '~ and 4.9 ml. (0.035 
mole) of triethylamine in the usual manner. The reaction 
was allowed to proceed at 4' for 2 days during which ,timr 
the product had crystallized (11.4 g.). The mother liquor 
yielded another 1.51 g. of product, giving a combined yield 
of 12.9 g. (86%). For analysis, the product was recrystallized 
from methanol and dried in uacuo over phosphorus pentoxide 
a t  room temperature, m.p. 199-200", [a]': -37" (c 1.2, 
dioxane). 

(18) E. Fischer, Ber., 39, 2893 (1906); hI. Bergmann, L. 
Zervas, J. S. Fruton, F. Schneider, and H. Prhleich, J .  Biol. 
Chem., 109, 325 (1935); R. J. Polglase and E. L. Smith, J .  
Am. Chem. SOC., 71,3081 (1949). 

(19) R. A. Boissonnas, St. Guttmann, P. .4. Jaccliienoud, 
and J. P. Waller, Helv.  Chi,nz. A c t a ,  39, 1421 (1956). 
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Anal. Calcd. for C~~HI,N.O~: C, 55.87; H, 6.93; N, 11.33. 
Found: C, 56.02; H, 6.89; N, 11.29. 

p N i t r ~ y l o z y c a r b y ~ > ~ ~ - ~ y ~ > v a l ~ n e  benzyl 
estet (XIII).  Hydrazide XI (12 g., 0.03 mole) and 12 g. 
(0.033 mole) of >valine benzyl ester bemenedfonate6 were 
allowed to react following the procedure described for the 
preparation of the methyl ester. The product was recrys- 
tallized from aqueous ethanol and dried over phosphorus 
pentoxide in vacuo at room temperature to give 13.6 g. 
(79%), m.p. 162-165', [a ]y  -37" (e 1.1, acetic acid). 

Anal. Calcd. for Cz~HtsNlOs: C, 61.05; H, 6.71; N, 9.82. 
Found: C, 60.43; H, 6.62; N, 9.60. 

p N i t r o b e n z y l o z y c a r b a y l - > ~ l - L a I a n y G L u  (XIV). 
Ester XI1 (0.5 g., 1 mmole) dissolved in 7.5 ml. of purified 
dioxane was mixed with 0.5 ml. of N poteesium hydroxide. 
After 30 min. an additional 0.6 ml. of N potessium hydrox- 
ide was added, and the mixture was stirred .for 3 hr. a t  
room temperature at which time the solution had become 
clear. The product was isolated in the manner previously 
described for the other saponification products; yield, 230 
mg. (47%). For analysis, the product was recrystallized 
from aqueous ethanol and dried over phosphorus pentoxide 
in vacuo a t  room temperature, m.p. 160-161", [ala. -31" 
(c 1.0, ethanol). 

Anal. Calcd. for C B H S Z N , ~ ~ :  C, 55.00; H, 6.71; N, 11.66. 
Found: C, 55.33; H, 6.89; N, 11.66. 

The use of an excea of alkali in the saponification pro- 
cedure did not improve the yield of the desired product. 

>Leucyl-Lalan$-waline (XV). By Catolylic hydrogenation 
of XIV. pNitrobenzyloxycarbonyltripeptide XIV (2.06 g., 
4.3 mmoles) in 40 ml. of methanol containing 0.4 ml. of 
glacial acetic acid was hydrogenated with 300 mg. of palla- 
dium oxide15 as catalyst by bubbling hydrogen through the 
solution for 2 hr. while stirring. During this time, the p e p  
tide precipitated. Water was added a t  the end to redissolve 
the peptide and the catalyst was removed by filtration. 
The solvent was removed in vacuo and the residue was dried 
to constant weight over phosphorus pentoxide and sodium 
hydroxide pellets. The product was crystallized from 
aqueous ethanol to give 1.12 g. (78%) of the dihydrate, m.p. 
243-247' dec. with previous sintering. 

Anal. Calcd. for ClrHnNaOl: 2 H ~ 0 :  C, 49.84; H, 9.26; N, 
12.46. Found: C, 50.41; H, 9.22; N, 12.17. 

The material was dried in uacuo over phosphorus pentoxide 
a t  100" and lost 11.6% of its weight (theory for dihydrate 
is 10.77,). The dried material is hydroscopic, [a]*: -31' 
(c 1.0, water). The peptide gave a single ninhydrin positive 
spot after chromatography in n-butyl alcohol-acetic acid- 
water (4: 1 : 1). Acid hydrolysis of the peptide in constant 
boiling hydrochloric acid and paper chromatography of the 
hydrolysate showed the presence of all three of the expected 
amino acids in approximately equal amounts. 

By catalytic hydrogenation of benzyl ester XIII. Benzyl 
ester XI11 (0.5 g., 0.88 mmole) in 20 ml. of methanol, con- 
taining 0.2  ml. of glacial acetic acid was hydrogenated with 
80 mg. of palladium oxideI5 ascatalyst for 2 hr. in the usual 
way. The peptide was isolated and crystallized as described 
above to give 230 mg. (85%), m.p. 240-242" dec. 

p-Nitrobenzyloxycarbonyl-tleuc~l-talanyZ-L-valine hydra- 
zide (XVI).  To a warm solution of benzyl ester XI11 (5  g., 
9 mmoles) in 100 ml. of absolute ethanol, 4 ml. of 95+% 
hydrazide was added and the mixture was allowed to react 
for 2 days a t  37". The crystalline product was collected on a 
filter, washed with acetone and ether, and dried over phos- 
phorus pentoxide in vacuo a t  room temperature for analysis, 
yield, 3.7 g. (857,), m.p. 249.5-251.5", [ala.  -42' (c 0.81, 
acetic acid). 

Anal. Calcd. for C ~ Z H J ~ N ~ O , :  C, 53.44; H, 6.93; N, 16.99. 
Found: C, 53.89; H, 6.81; N, 17.27. 

This compound could not be prepared from the methyl 
ester under similar conditions. Almost quantitative recovery 
of starting material was obtained in several attempts using 
ethanol, methanol or n-butyl alcohol as solvents. A crude 

product (m.p. 233-235") was obtained by refluxing methyl 
ester XI1 in methanol with hydrazine for 1 hr. 

p-Nitrobenzylox ycarbon yl-Lleucyl-~alanyl-~valyl->glu- 
tamic acid diethyl ester (XVII). To hydrazide XVI (4 g., 8 
mmoles) dissolved in 100 ml. d cold 1.2N hydrochloric acid 
was added 800 mg. (12 mmoles) of sodium nitrite in 3 ml. 
of cold water and the mixture was stirred for 3 min. Cold 
ethyl acetate (50 ml.) was added followed by cold saturated 
potassium carbonate in the manner previously described 
for the other azides. A product (1.3 g.) which was insoluble 
in either phase appeared a t  the azide extraction step and 
was filtered off. The ethyl acetate soluble material was 
added to a cold ethyl acetate solution of L-glutamate di- 
ethyl ester, obtained from 2.5 g. (0.01 mole) of tglutamic 
acid diethyl ester hydrochloride** in the usual manner. The 
reaction was allowed to proceed in the cold room for 2 days 
during which time a gel had formed. The product was col- 
lected on a filter, washed with ethyl acetate, and d M  over 
phosphorus pentoxide to give 2.12 g. An additional 300 mg. 
of product was obtained from the mother liquor. The com- 
bined yield was 2.42 g. (45%). After the product had been 
reprecipitated several times from ethanol, it attained a con- 
stant melting point of 220-223'. This material was dried 
over phosphorus pentoxide in vacuo a t  room temperature 
for analysis. fa12 -46' (c 1.0. acetic acid). - . _  . -  

Anal. Calcd. for C3lH47N5OllI C, 55.94; H, 7.11; N, 10.52. 
Found: C, 56.07: H. 6.92: N. 10.57. , .  

pNitrobenzyl&ycarboyh-leuc yl-L-alan yl-kvalyl-Lglu- 
tamic acid dibenzyl ester (XVIII). Hydrazide XVI (4  g., 
8 mmoles) and 6 g. (12 mmoles) of L-glutamic acid di- 
benqyl ester benzenesulfonates were allowed to react follow- 
ing the procedure already described for the diethyl ester. 
Insolublz material (1.5 9.) was removed a t  the azide stage. 
The reaction mixture was kept in the cold room for 2 days 
a t  which time a gel had formed which was collected and 
washed with ethyl acetate to give 2.9 g. An additional 350 
mg. of product was obtained from the mother liquor; com- 
bined yield wm 3.25 g. (50%). For analysis the product 
was precipitated twice from ethanol and dried over phos- 
phorus pentoxide in vacuo a t  room temperature, m.p. 178- 
186O, [a]? -35' (c 1.0, acetic acid). 

Anal. Calcd. for Cd1HslN5011: C, 62.35; H, 6.51; N, 8.86. 
Found: C, 61.87; H, 6.80; N, 8.65. 

LLewyl-L-ulanyZ-Lvalyl-Lglutu~~ic acid hydrochloride 
(XIX) .  Benzyl ester XVIII (10.4 g., 13.2 mmoles) was dis- 
solved in 500 ml. of 80% acetic acid and hydrogenated 
over 1.6 g. of palladium oxideI5 as catalyst for 3 hr. The 
catalyst wm filtered and the solvent was removed in vacuo 
to give a residue which weighed 6.5 g. after it had been 
dried over phosphorus pentoxide and sodium hydroxide 
(theory is 5.7 g.). Six grams of this residue was dissolved 
in 150 ml. of the lower phase of the system obtained by 
equilibrating equal volumes of 2-butanol with 0.1N hydro- 
chloric acid. The solution was placed in the first fifteen tubes 
of a 200-tube, all glass countercurrent distribution apparatus 
and 200 transfers were performed. Aliquots were removed 
from the lower phase of every hfth tube for analysis by nin- 
hydrin*O and copper-FolinZ1 methods and for solids. As a re- 
sult of these analyses, the solvent was removed from all the 
tubes except tubes 60-100 and replaced with fresh upper 
and lower layers. The last tube was connected to the zero 
tube and the solvent was recycled for 1507 transfers. Ali- 
quots were removed from every fifth tube for ninhydrin 
analysis. The contents of tubes 500 to 630 were combined 
and evaporated to a small volume under rEduced pressure. 
The concentrated solution was lyophilized t o  give a solid 
product (3.7 g.). The peptide hydrochloride was crystallized 
by dissolving the lyophilate (0.5 g.) in ethanol (10 ml.) and 

(20) S. Moore and W. H. Stein, J. Biol. Chem., 211, 907 

(21) 0. H. Lowry, N. J. Rosebrough, A. L. Farr, and 
(1954). 

R. J.  Randall, J. Bwl. Chem., 193, 265 (1951). 



adding ethyl ncrtate (45 mi.) until a pertnancnt turbidity 
appeared. Aftcr the mixture had reinained overnight at 4", 
the crystals were collected, 0.19 g. .4 secoiid crop, 0.13 g., 
was obtained from the mothcr liquor. The product w ~ t s  dried 
over phosphorus pcntoxide i n  uaaco a t  100" for analysis, 
m.p. 194.5-19G0 dec., [a]*: -62' (c 1.0, water). 

N, 12.00; C1, 7.59. Found: C, .li.$)2; li, 7.71; K, 1 I , ' ! ) > ;  ('I, 
7.59. 

The expected amino acids were dctcctcd in approximntclg 
equal molar amounts upon paper c1iromutogr:y)hy of :ti1 

acid hydrolysate of the tctrapcptide. 

Anal. Calcd. for C I ~ H ~ ~ N ~ O J I C I :  C, 48.87; H, 7.55; BERKELEY, CALIF. 

[CONTRIBUTION FROM THE LILLY RESEARCH LABORATORIES] 

A New Synthesis of DL-Glutamine 

( 2 .  BRUCE I i IJXE AND STANDIFOltn 11. COX 

Receiced October 11, 1860 

1,4,5,G-Tctrahydro-6-oxo-3-pyridazinecar~o~ylic acid has been converted to Dirgliitnmine by hydrogenation i i i  water 
using palladium-on-carbon as the catalyst, and to Dkornithine by hydrogenation in acetic acid using platinum o\itle as the 
catalyst. A convenient preparation of benzylhydrazine is described. 

Although glutamine (I. R = H),l the naturally 
occiirriiig monoamide of glutamic acid, has shown 
promise as a therapeutic agrnt in several important 
mcdirinal areas,2 extensive clinical investigation of 
this substanre has been retarded by the prohibi- 
tive cost of both the natural L-isomer and the race- 
mate. The tendency of glutamine to undergo cycli- 
zation to ammonium pyroglutamate (11) under 
rather mild conditions,3 necessitates spccial pre- 
cautions in the isolation of glutamine from iiatural 
sources and the use of blocking groups in synthetic 
proced~res .~  We wish to report here a simple syn- 
thetic sequence whirh o1)viatc.i this inht>ient diffi- 
culty and makes u~-glutamine readily arcessible. 

H I 
R 

I1 111 
I 
H. 
I (R = H, unless specified) 

otherwise 

0 A '  N," 
H N H, 

V 

(1) For a review on t,he chemical characteristics and 
physiological roles of glutamine, see R. SI. Arrhiliald, Chem. 
Rev., 37, 161 (1915): for metabolism studies, see '1. hleister, 
Physiol. Rev., 36, 103 (1956). 

(2) I). B. Tower, Seuro loyy ,  5,  113 (1955): T,. I,. Rogers 
and R. B. Pclton, Texas Repts. Bid. ,Wed., 15, 84 (1057): 
J. M. Ravel, B. Felsing, E. M. Lnnsford, R .  H. 'rrubey, 
and W. Shivc, J .  Bid. Chem., 214,497 (1953); L. L. Rogers, 
R. B. Pelton, and R. J. Williams, J .  B id .  Chem. ,  214, 503 
(1'355); 220, 321 (1056); JI7. Shive and J. ILI. Ravel, U.S. 
Pat. 2,868,693; E. A. Swinyard, L. Chin, F. 11. Cole, and 
L. S. Goodman, Proc. Soc. Ezptl. Rid. A f e d . ,  94, 12 (1957). 

( 3 )  The complete conversion of glutamine to ammonium 
pyroglutamate can be accomplished by heatiiig the solid to 
its melting point or by holding an aqueous solution at 100" 

The arrangement of atoms in 1,4,5,6-tetrahydro- 
6-oxo-3-pyridazinecarboxylic acid (111), rcadily 
prepared from a-ketoglutaric acid and hydrazine, 
madc this compound appear particularly attractive 
as a potential intermediate for the desired synthesis. 
The conversion of 111 to glutamine requires only 
the saturation of the carbon-nitrogcn double bond 
and the reductive cleavage of the nitrogen-nitro- 
gen single bond. The possibility that both 
of these steps might be accomplished in one oper- 
ation led us to undertake a study of the catalytic 
hydrogenation of III.s~6 

El hyl oxalosuccinate was preparcd by the method 
of Friedman and Kosower' and hydrolyzcd to  
a-ketoglutaric acid by the met,hod of Blaisc and 

(4)  (a )  F. E. King and D. A. Kidd, J. Chem. SOC., 3315 
(1949). (b) VI. Bergmann, L. Zervns, and L. Balaman, Der., 
66B, 1288 (1933); H. Nienherg, Der.,  68B, 2232 (1935); 
R. Vassel, U.S. Par. 2,762,841; R. M. Joyce and B. Vassel, 
U S .  Pat. 2,798,092. 

(5 )  Although there is ample precedent for the catalytic 
reduction of a carbon-nitrogen double bond to a carbon- 
nitrogen single bond, the catalytic raductive cleavage of a 
nitrogen-nitrogen single bond by hydrogrn h:is wcn oiily 
1iinit.d application. \V. F. Whitmore nnd A. J.  Rrvukns, 
J .  Am. Chem. Soc., 59, 1500 (1'337); 62, 1687 (1040), rc- 
ported the cleavage of azo compounds using Rariey nickrl 
catalyst and hydrogen. 'The presence of a sinnll amount of 
isopropylamine as a by-product in  the catalytic hydrogena- 
tion (platinum catal1,st) of :icetone seinicarhazone to isn- 
propyleemicarbazide WRS ot)served hy I). W. Neiqhl)orP, 
A. I,. Foster, S. M. Clark, J. E. hlillcr, and J .  R. Bailey, 
, J .  Am. Chem. SOC., 44, 1557 (1922). The chemical reductive 
cleavage of substituted hydrazines to amiiies using sodium 
amalgam and acetic acid in alcohol has h e n  reported by 
J. Tafel, Rer., 19, 1924 (1886). 

(6 )  The cleavage of nitrogen-nitrogen bonds by the iisr 
of excess Raney nickel has received some application in rr- 
cent years. In addition to work reported by C. Airisworth, 
J .  ilm. Cheni. SOC., 76, 5774 (1951); 78, 1G3G (1956); and 
R. L. Hinman, J .  Ory. Chem., 22, 148 (1957), there iu the 
synthesis of Lglutamine from Lglutamic acid y-hydrazide, 
S. Akabori and K. Xarita, Proc. Japan Acad., 29,264 (1953); 
S. Rath, U S .  Pat. 2,788,370. 

( 7 )  L. Friedman and IC. Iiosower, Org. Synlheses, Coll. 
for one hour. voi. 111, 510 (1955). 


