
THE PREPARATION OF L-ARGINYL DIPEPTIDES OF 
ASPARAGINE, GLUTAMINE, AND SOME BASIC AMINO ACIDS1 

'l'he syllthesis of the follo~ving dipepticles is described: L-i~rginyl-I.-aspal-agi~ie acetate, L- 
orgin).l-L-gl~~tamine acetate, L-arginyl-L-lysine dincetate, aticl L-arginyl-L-ornithine diaretate. 
T h e  two former \\;ere prepared b)- coupling a mixed anhydride of a-carbobenzosy-w-~iitro-L- 
nrginine directly with L-asparagine or with L-glutxmi~le; catalytic hyclrogenolysis of the 
resulting intermediates gave the dipeptides. The  two others were obtainecl by combining 
a-carbobenzosy-~-argi~~i~~e with w-carbobenzosy-L-lysine nrethyl ester h~~clrochloricle or with 
w-carbobenzoxy-L-ornithine methyl ester hydrocliloricle in the presence of N,S1-clicycloliesyl- 
carbodiimicle; saponification and  hydrogenation was necessary to  uncover the resultilig 
dipeptides. 

.-lrginine is a universal constituent of proteins and is founcl in most of the physio- 
logically active polypeptides. Its introcluction in synthetic pepticles has presented unusual 
difficulties causecl by the strongly basic character of the guaniclino group (1). The arginyl 
peptides, in \vhich the carbosyl group of arginine is involved, were not prepared until 
three groups of morl~ers reported initial success almost a t  tlne same time in 1953 (2, 3, 4). 
A41tl~oug1~ a variety of these compouncls have now been synthetized by appropriate 
methods (5-8), the arginyl clipepticles containing basic amino acids have not hitherto 
been described; ~-arginj71-~-arginine is the only exception (9). 

Two methods uere adapted to the combination of arginine \\lit11 L-asparagine and 
L-glutrumine or \\lit11 L-lysine and L-ornithine respectively. I n  the first of these, or-carbo- 
benzoxy-w-nitro-~-ni-gi~~i~~e (6, 10) \\-as convertecl to a mixed anhydride (11) b). the 
action of ethyl cl~loroformate in tlne presence of an equimolar amouilt of tri-fr-butylamine; 
it \vas then condensecl clirectly with L-asparagine or with I,-glutnmine in alkaline solution. 
Catalytic hyclrogenolysis of the resulting intermediates removed the cal-bobenzoxyl and 
nitro groups ancl resulted in the respective dipeptides; these \\?ere crystallized as the 
acetates. 

The s)-nthesis of L-arginyl-L-lysine ancl of L-arginyl-L-ornitlline n7ns attemptecl by the 
same procedure: the misecl zunhyclride of ethyl carbonate and a-carbobenzoxj--a-11it1-o- 
I,-arginine was condensed with w-carbobenzos)l-I,-lysine meth>.l ester l~~~drochloricle and 
with w-carbobenzosy-L-ornitlnine methyl ester hydrochloride. Saponification of the 
resulting coverecl dipeptide esters was successful but tlne carbox)-lic compounds resisted 
I~ydrogenolysis in acidic, neutral, or basic media. 

An alternate procedure based on tlne previous experience of Boissonnas ct nl. (15) was 
adopted. In this procedure the guanido group of a-carbobenzosj1-1,-arginine is protected 
by a proton (2, 3) ~vhile conclensation is carried out nrith K,9'-dicyclol~exylcarbodiimide 
(12). Use of the proton to cover the guanido group avoided the necessity for hydl-ogenol~r- 
sis of the nitro group and in contrast to previous esperielnce of the authors (7) gave 
satisfactory yields of the protected dipepticles. The esters obtained by condensation of 
a-carbobenzoxy-~~-argi~ni~ne with w-carbobenzoxy-L-lysine methyl ester or \vith w-carbo- 
benzoxjr-I>-ornithine methyl ester were saponified in the i~sual manner. I-Iydrogenation 
in lOy0 acetic acid over palladium catalyst converted the carboxylic intermediates into 
arginyl clipeptides; these were isolated as the diacetates. 

'~Vfa?iziscript receivrd i?z o~igi t ial  foritr Febrz~ary 1 ,  1960, aud,  as  reviscd, Jril~t 11 ,  1.960. 
Contributiotz frotit the Depn~t?r~e?zt of CIzenzis~ry, U?ziversitb de ~l fo, t t i inl ,  Jfo)~treaL, Qzre. 
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a- Carbobe~zzony-w-n~tro-I,-argifzyl-L-asparagifze 
Etli),l chloroformate (2.44 ml, 20 mmoles) was addecl to a solution of a-carbobenzoxy- 

w-nitro-I,-argiiiine (7.06 g, 20 m~iioles) ( 5 ,  6 ,  10) aiid tri-n-but)7lamine (2.8 iiil, 20 mmoles) 
in dry dioxar~e (50 ml). -After 10 minutes, L-asparagiiie (2.64 g, 20 mmoles) in 0.4 N 
sodium hydroxide (30 1111) was added to tlie mixture a t  10'. Carbon dioxide gas was 
given off vigorousl~,. Tlie mixture was sliakeri for 15 minutes a t  lo0, aiicl tlieii it was 
acidifiecl to Congo red with iV hydrochloric acid. Diosaiie mas evaporated i n  vacuo in the 
water bath, n-ater was decanted, and the resulting oily product was triturated xvith colcl 
acetonitrile until crystallizatiori occurred. The compound was recrystallizecl froni a 
mixture of N,N-dir~ietliylforii~a~iiide arid acetonitrile. Yield 4.6 g (48%),  111.p. 201°, 
[a]: f 6 . 2  (c ,  4.17 i l l  Kr,S-dimethylforil~i~iiiide). Aiial. Calc. for ClsH2508K7: C ,  46.23; 
11, 5.39; N, 20.98. Found: C,  46.27; I-I, 5.46; K ,  20.88. 

I,-. 1 rgiliyl-L-asparagifze .I cetate 
c~-Carbobeiizox)~-w-iiitro-~-aryinyl-~-asparagiiie (2.12 g, 4.33 mmoles) was clissolved in 

0.1 N sodium hydroxide (4.65 1111). Pallaclium catalyst \vas aclded and tlie illixture was 
shaken with li)7drogeii for 3 hours. The  catalyst was filterecl off; pH of the solution \\,as 
8.6; it nras brought to 5-6 with glacial acetic acid, then the solvent was evaporated until 
dryness i n  vaczio a t  30-40'. Tlie resulting product was washed with absolute ethanol and 
treater1 with N,S-cliinetli~~lforiiiariiide. On standing, the residue crystallizecl. The  corn- 
pouiid mas recr~~stallized froiii aqueous methanol. Yield 1.2 g ('i370), lll.p. 260' (decoiiip.), 
[a]: +ll.1° ( 6 ,  0.83 in water). .lnal. Calc. for C12EI24OGNG: C, 41.34; I-I, 6.95; S, 24.13. 
Found: C,  41.32; 1-1, 7.07; N ,  24.16. 

~-Carbobe~zzoxy-w-~zitro-~,-argi~zyl-~~-gl~itanzine 
This cornpo~rricl was prepared from a-cai-bobenzosy-w-nitro-L-argiiiine (3.53 g ,  10 

mmoles) and L-glutamine (1.46 g, 10 mmoles) in the manner described for a-carbo- 
beiizox)~-w-nitro-I>-argiii~rl-L-aspar-agiiie; the product was cr~~stallizecl several times from 
a mixture of a small aniount of absolute ethanol aiicl meth!-leiie chloricle. 17ield 2.8 g 
(4570) ,  111.p. 16S0, [a]: -0.3' (c,  3.8 in K,S-dimetliylfoi-mniiiicle). Xnal. Calc. for 
c191-12iOSS7 ( 1 / 2  1-120): C,  46.63; M, 5.72; S ,  19.99. Found: C,  46.72; 1-1, 5.91; S, 19.97. 

I.-.-I rgifzyl-~-gl~ila?7z~~ze .I cefate 
a-Carbobenzox~~-w-nitro-~-argin~~l-~.-gl~rt~urnine ( 2  g, 4.16 mnioles) was dissolvecl in a 

mixture of water ( 2  ml), niethaiiol ( 2  ml), and glacial acetic acid (20 ml). The  compound 
~ v a s  hydrogenated for 12 hours a t  room temperature and a t  atmospheric pressure over 
1 g of 10y0 pallacliurii on carbon. The  catal).st was filtered off ancl the solvent was evapo- 
rated 77% vacuo a t  40-30". The residue was crystallized from methanol-acetone. Yielcl 
1.0 g (MI%) ,  m.p. 160°, [a]: +19.2' (c ,  3.87 in water). Anal. Calc. for CllI-I?6OGNG 
( 1 / 2  I-120): C,  -12.16; I-I, 7.35; N, 22.65. Founcl: C,  42.31; EI, 7.11; N, 22.67. 

~-Carbobe~zzoxy-w-~titl.o-~~-argi~zyl-w-cnrbobe~zzo.vy-~~-lysine JIethyl Ester 
a-Cai-bobe1izox)r-w-nitro-L-argii~iiie (3.53 g, 10 mmoles) \\!as dissolved in dry dioxane 

(100 1111) and tri-72-butylamine (2.4 1111, 10 ~ninoles) was added. The solution was cooled 
to  10" C ;  ethyl chloroformate (0.96 nil, 7.8 mrlioles) IVLLS aclded with stirring ancl the 
solution was kept a t  11-12' for 13 minutes. Tlie product n7as then addecl to  150 ml of 
N,S-diiiiethylformamicle cont,lining 3.31 g (10 miiioles) of w-carbobenzoxy-L-l).sine 
inethyl ester hydrochloricle (13,  14). The iiiixture n7as shaken for 2 haul-s a t  room tempera- 
ture and the solveilt was evaporated a t  40-50'. The residue was dissolved in ethyl acetate, 
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and the solution was 11-ashed successively with N hydrochloric acid, water, N sodium 
bicarbonate and water, dried over sodiuln sulphate, and evaporated to dryness in vacuo: 
i t  was then treated with isoamyl alcohol - methylene chloride ( l :50) .  'The resulting 
crystals were washed with ether and recrystallized from K,S-dimeth~~lforl11a111ide- 
water. Yield 3.9 g (62%), m.p. 104', [a]: -2.5' (c, 4.64 in S ,K-di1ne th) - l for~~~a~~~ide) .  
Anal. Calc. for C2gH390&7: C,  53.35; 13, 6.23; N,  15.58. Found: C, 53.28; I-I, 6.32; S ,  
15.39. 

oc-Carbobe~zzo.ty-w-nitro-~-arginyl-w-carbobenzo,ty-~-Lys~ne 
a-Carbobenzox~~-w-~~itro-~-argin~~l-w-carbobenzoxy-~-lysine methyl ester (6.35 g, 10.01 

mmoles) was dissolved in methanol (20 1111) and iV sodium hydroxide (20 ml, 20 mmoles) 
was added. The  mixture was shalreil for 3 hours; the alkaline solution was washed x i t h  
ethyl acetate, then acidified to Congo red with N hydrochloric acid; the oily residue 
crystallized on standing. I t  was recrystallized from hot ~va te r  or aqueous methanol. 
Yield 4.7 g (77%), 1n.p. 15g0, [a]: +3.g0 (c, 1.44 in K,S-dimethylforn1ai11ide). Anal. 
Calc. for C23T-13709N7: C,  54.80; T-I, 6.07; N, 15.93. Found: C ,  54.55; H,  6.19; K ,  15.74. 

a-Carbobenzo.ty-~-argi~zyl-w-carbobenzoxy-~-lysze Methyl Ester Hydrochloride 
a-Carbobenzoxy-~-argini~~e (3.08 g, 10 mmoles) (15, 17) and w-carbobenzoxy-L-lysine 

methyl ester hydrochloride (3.65 g, I 1  mmoles) were suspended in N,N-dimethyl- 
formamide (10 ml) containing diethyl phosphite (2 1111) and the mixture was stirred for 
2 hours (15). T o  this solution was added N,K-dicyclohexylcarbodiimide (3.10 g, 15 
mmoles). The mixture was stirred for 2 d a ~ r s  a t  roo111 temperature, then i t  was cooled 
to  -10'; K,N-dicyclohex~~lurea precipitated and was filtered off. The urea \\.as washed 
with a small amount of N , S - d i m e t h y l f o r ~ ~ ~ a ~ ~ ~ i d e  which was combined with the filtrate. 
The  solvent was removed in vacuo. The  residue was triturated several times with an- 
hydrous ether; it was then dissolved in metlq-lene chloricle (200 ml). The  solution was 
washed with N ammonium hydroxide, lvater, N hydroch101-ic acid and water, and it was 
dried over sodiu~n sulphate; the solvent was re~noved in vacuo. The  crude product thus 
obtained mas crystallized from methylene chloride - ether. I t  was recrjatallized from the 
same solvent and again recrystallized fro111 ethanol-ether. J7ield 4.05 g (G5yo), m.p. 
131°, [a]: +9.g0 (c, 5.69 in N,N-dimethylfor~~lamide).  AAnal. Calc. for C ? S H ~ ~ O ~ ? ~ G C ~ :  
C, 56.00; 1-1, 6.66; N ,  13.G2. Found: C ,  57.40; I-I, 7.01; K, 13.88.* 

a-Carbobe~zzoxy-~-argi~zyl-w-carbobenzoxy-~-lysize IIydrochloride 
S o d i ~ ~ ~ n  hydroxide (4 N, 2 ml, 8 mmoles) was added to  a-carbobenzoxy-L-arginyl-w- 

carbobenzoxy-L-lysine methyl ester hydrochloride (2.6 g, 4.2 mmoles) dissolved in 
methanol. The mixture was shaken a t  room temperature for 2 hours. The solutioil was 
diluted with water (2 ml), acidified with concentrated hydrochloric acid under cooling. 
NIethanol was evaporated i n  vacuo. The  product precipitated as an  oil and crystallized 
on stailding. I t  was recrystallized from hot water. Yield 1.53 g (GOYo), m.p. 205' [a]: 
1-27.8' (c, 1.82 in K,N-dimethylformamide). Anal. Calc. for C?8FIz907N,C1: C,  55.50; 
I-I, 6.50; N, 13.83. Found: C, 56.19; 13, 7.12; N, 13.83.* 

L-il rginyl-L-lysine Diacetate 
(a) A number of attempts towards the hydrogenation of a-carbobenzoxy-w-nitro-L- 

arginyl-w-carbobenzoxy-L-lysine in methanol containing acetic acid or ammonium 
hydroxide or in neutral methanol, over palladium catalyst in the usual manner, were 
~~nsuccessful. 

*In view of the poor agree7,zellt of the analytical data the other properties of the co?npo~~nd are subject to questio?~. 
However, the irzter?tzediate at this stage of pz~rity was suitable for the syntl~esis of L-arginyt-L-lysine diacetate. 
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(b) a-Carbobenzoxj--L-arginyl -w  -carbobenzosj--~-lj.sine h~~drochloride (1 g, 1.65 
rurnoles) was dissolved in rnethanol (20 ml) containing 10% by volurne of glacial acetic 
acid. The  compound was hj-drogenatecl for 3 hours a t  room temperature and atmospheric 
pressure over palladium catalyst. The  catalj-st n-as removed by filtratio~i and the filtrate 
was evaporated to dr) ness in ancuo. The  residue was crystallized from methanol-acetone. 
J-ield 0.41 g (58YG), 111.p. 167', [a]? +5.l  (c, 3.-1-1 in water). .Anal. Calc. for C161-13307S6: 
C, 45.48; I-I, 8.11; K, 19.99. Fourtd: C ,  45.59; 1-1, 8.24; S, 20.61. 

a-Carbobenzoxy-w-~aitro-~-arginyl-w-carbobenzo.vy-~-or~tit~ai~ze JIethyl Ester 
This compound \\-as prepared from a-carbobe~~zoxy-w-nitro-L-arginine (3.33 g ,  10 

mmoles) and w-carbobenzosj--L-ornithine methj-l ester hydrochloride (3.46 g, 10 mmoles) 
(16) in the manner described lor a-carbobenzoxy-nitro-L-arginyl-w-carbobenzow-L- 
lysine methyl ester hj-drochloride. The  product n-as recrj-stallized from methanol - 
methylene chloride (1:100 b!. volume). Yield 3.53 g (58YG), m.p. 88O, [a]L6 -16.2" (c, 1.0 
in X,S-dimeth~.lforn1~1111ide). Anal. Calc. for CrsI-IaiOsSi: C, 54.70; H,  6.06; S, 15.91. 
Found: C, 54.35; I-I, 6.20; S, 13.85. 

a - C n r b o b e t a z o . e y - w - n i f v o - I * - a r g ~ n y l - u - o r ~ z i t h i n c  
a-Carbobenzox~~-w-nitro-~~-arginj~l-w-carbobenzo~-~-ornithine inethyl ester (7.00 g, 

14 mmoles) was dissolved in methanol (20 ml) and N soclium hydroxide (SO ml, 20 
mmoles) was added. The  mixture was shaken for 3 hours. The  product \\.as isolated in 
the usual manner and recr>-stallized from hot water. Yield 4.9 g (72YG), m.p. 185", 
[a]: -12.7' (c, 0.77 in S,S-dimethylfornta~nide).  Anal. Calc, for CriHajOsKi: C ,  54.00; 
I-I, 5.86; N ,  16.31. Found: C,  53.81; I-I, 5.84; S ,  16.25. 

a-Carbobetzzory-~-arginyl-~-~a~bobetzzo,ey-~-ornit1zi~ze Methyl Ester Hydrochloride 
This co~npoulld \\,as prepared from a-carbobenzox~--L-arginine (3.08 g, 10 mmoles) 

and w-carbobenzoxy-I<-orl~ithine n~ethj- l  ester hydrochloride (3.80 g, 11 mmoles) in the 
rilanner described for a-~arbobenzo~~--~-arginyl-w-carbobenzox~--~-lysine methyl ester 
hj-drochloride. The crude product nras precipitated f r o n ~  ethanol-ether and was re- 
crystallized from methylene chloride - ether. Yield 3.73 g (625>), m.p. 122O, [a]? +4.6 
(c, 4.78 in N,N-di111ethylforrn;unide). Anal. Calc. for C.'8F13g0iSGC1: C,  53.30; I-I, 6.48; 
S, 13.85. Found: C, 55.51; I-I, 6.60; S, 13.88. 

a-Cnrbobenzoxy-~-argirzyl-w-carbobenzo~~y-~-or~z~t~ane fIydrochloride 
a-Carbobenzoxy-~-arginyl-w-carbobenzosy-~-ornithine rnethj.1 ester hydrochloride 

(1.00 g, 1.75 mrnoles) was saponified in the manner described for a-carbobenzouy-L- 
arginyl-w-carbobenzoxy-~~-lj.sine h>-drochloride. The  procluct was recrj-stallized from hot 
n-ater. Yield 0.61 g (58YG), m.p. 103-10GO, [a]: +3.Z0 (c, 1.72 in K,S-dimethylformamide). 
Anal. Calc. for C.?iI-I3iO;S6C1: C ,  54.70; H ,  6.29; N,  14.17. Found: C,  54.48; 1-1, 7.03; 
ii, 13.80. 

1,-.lrginyl-L-or~zilhine Dincetate 
a-Carbobenzoxy-~-argin~-1-w-carbobenzoxy-~-ornithine hydrochloride (1.00 g, 1.68 

rnmoles) was dissolved in methanol (10 ml) containing lOYG by volume of glacial acetic 
acid. The  compound was hydrogenated for 3 hours a t  roo111 temperature and atmospheric 
pressure over the palladium catalyst. The final product was obtained in the manner 
described for L-arginyl-L-lysine diacetate. Yield 0.53 g (77%), hygroscopic. The  crude 
product (0.52) in 5% acetic acid (50 ml) was applied to  the top of the curtain of the 
contirluous flow paper electrophoresis cell (Spinco Model CP) and was carried downward 
b>- acetic acid solution (5%, 16 liters). Sample feed rate was 0.8 ml/hour. The  acetic 
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acid solut ion \vas mai~ i ta inec l  a t  lo C ancl t h e  c u r t a i n  t e m p e r a t u r e  w a s  10' C. I'ower 

s u p p l y  w a s  3 0  milliampzres a n d  500  volts.  T h e  c u r t a i n  c a m e  t o  eqililibrium a f t e r  2liou1-s. 
Collection of t h e  s a m p l e  solut ion mas s t a r t e d  I /2 h o u r  a f t e r  t h e  first f ract ion reached t h e  

d r i p  point .  Th i r ty - tn lo  (32) test t u b e s  \Irere ilsed to collect t h e  solut ion.  D u r a t i o n  of a 
typical  r u n  w a s  65 hours .  'The c u r t a i n  \\-as the11 dr ied  a n d  developecl w i t h  n i n h y d r i ~ i .  

T h e  s a m p l e  s o l i ~ t i o ~ l  in  t e s t  t u b e s  S o .  27 t o  32 w a s  combined  a n d  t h e  so lven t  \\-,ls 
e v a p o r a t e d  in aacuo at  10-30' C .  T h e  resiclue w a s  prec ip i ta ted  froill ~ n e t h a n o l - e t h e r .  
Yield 0.36 g (,33.9y0), [a]: f9.6 (c, 2.9 in wate r ) .  Ana l .  Calc. for C1511.>2071\;6: C ,  44.1 I ;  

11, 7.00; S, 20.60. F o u n d :  C,  -11.11; H,  8.03;  K, 20.19. 

T h i s  research \\.as s u p p o r t e d  b y  a g r a n t  of t h e  S a t i o n a l  Research  C o u ~ i c i l  of C'anacla. 

O n e  of 11s (A. U.) lielcl a C a n a d i a n  Inclustries Limitecl Fello\vship d u r i n g  p a r t  of t h e  
period of work .  The a u t h o r s  wish t o  express  t h e i r  apprec ia t ion  of th i s  s u p p o r t .  
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