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390. Syntheses of Peptidyl-nucleotidates including L-Arginyl-L- 
alan yl -L-argin y 1 -L-alan yl Urid ine-5’ Phosphate. 

By G. HARRIS and I. C. M A C ~ I L L I A M .  

Condensation of various peptides with representative nucleoside-5’ 
phosphates by means of dicyclohexylcarbodi-imide yields mixed anhydrides 
of  the peptides and nucleotides. Application of this reaction to uridine-5’ 
phosphate and L-arginyl-L-alanyl-L-arginyl-L-alanine (prepared by condens- 
ation of Na-benzyloxycarbonyl-N‘-nitro-L-arginyl-L-alanine with N‘-nitro-L- 
arginyl-L-alanine benzyl ester followed by removal of the protecting groups 
by hydrogenation) gave L-arginyl-L-alanyl-L-arginyl-L-alanyl uridine-5’ 
phosphate, identical with a product isolated from brewer’s yeast. 

THE esistence in brewer’s yeast of nucleotide-peptide compounds containing active 
carbosyl groups (as judged by the formation of peptide hydroxamates) has recently been 
demonstrated.l92.3 One such compound was isolated and shown by degradative studies 
to be arginyl-alanyl-arginyl-alanyl uridine-5’ phosphate (as I), and in view of the possible 
importance of materials of this nature as intermediates in protein synthesis the preparation 
of representative members of the series was undertaken. 

Reactions were first carried out by methods already available for the synthesis of the 
related adenine compounds (I1 ; K = amino-acid residue). For instance, application of 
Berg’s r n e t h ~ d , ~  as modified by Kingdon, Webster, and Davie,5 to condensation of 
adenosine-5’ phosphate with L-leucylglycine by means of dicyclohexylcarbodi-imide 

yielded a nucleotide-peptide anhydride (I1 ; R = CH2*NH*CO*CHBui*NH2) in small yield. 
The same product was obtained in rather better, though still small, yield by condensing 
adenosine-5’ phosphate with the protected dipeptide, N -  (benz ylthio) carbon yl-leuc ylglycine, 
in the same way and then removing the protecting group with ice-cold perbenzoic acid.6 
In the same manner the corresponding uridine derivative (I) was obtained and the reaction 
was extended to  the tripeptide leucylglycylglycine to yield both compounds (I) and (11). 
Further, the dipeptide, ~-arginyl-~-alanine,~ closely related to the tetrapeptide obtained by 
degradation of the natural peptide-nucleotide anhydride of yeast, was readily condensed 
with uridine-5’ phosphate. 

All the peptide-nucleotide anhydrides (I and 11) prepared gave a characteristic red 
colour with ninhydrin reagent on paper and a strong red-brown colour due to the formation 
of a ferric hydroxamate on treatment with hydroxylamine followed by ferric chloride 
under controlled conditions (cf. ref. 8). The products of degradation of the leucylglycinc 
derivatives (I and 11) and the arginylalanine derivative (I) by hydroxylamine were (a) the 
peptide portion bearing the hydroxamate group and (b)  the respective nucleotides. 
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Analysis of the anhydrides by complete hydrolysis showed tlicm to contain ecpiniolar 
proportions of nucleotide and amino-acids. As, moreover, they bore a net positive charge 
at  pH 4.0, migrating towards the cathode like the simple amino-acyl adenosine phosphates 
on electrophoresis a t  this pH, had ultraviolet absorption of the same type as the corre- 
sponding nucleotides, and reacted with periodate through the cis-2’- and 3’-hydroxyl 
groupsJ9 it follows that they have the structures shown. The 3’-phosphates of adenosine 
and uridine also condensed with peptides to give analogous phosphoric amino-acyl 
anhydrides which, however, failed to react with periodate. 

With this experience the synthesis of the tetrapeptide compound mentioned above 
was undertaken. The parent tetrapeptide had not previously been prepared.1° The 
precursor, arginylalanine , had been prepared from Na-benzyloxycarbonyl-NP-nitro-L- 
arginyl-L-alanine methyl ester (111; R = Me, R’ = CO*O*CH,Ph), but in the present work 
the more readily accessible benzyl ester (111; R = CH,Ph, R’ = CO*O*CH,Ph) was 
preferred. Condensing L-alanine benzyl ester with Na-benzylosycarbonyl-NP-nitro- 

0,N.N NHR’ Me R”. N NHR’ Me Me 
I1 I I II 1 I I 

H,N.C*NH*[CH,]3*CH*CO*NHCti*CO,R H,N.C.NH.[CH,].,.CH.CO.NH.CH.CO.NH.CH.CO.NH.CH.CO,R 
I 

[k H J3*N HC: N R” 
I 
NH, 

L-ai-ginine l1 by means of dicyclohexylcarbodi-imide l2 gavc the new ester (111; R = 
CH,Ph, R’ = CO*O*CH,Ph) in better yield than was given by the mixed anhydride 
method.’ After hydrolysis of the ester group by alkali the benzylosycarbonyl group was 
smoothly and selectively removed by treatment with dry hydrogen chloride in carbon 
tetrachloride,ll to give N€-nitro-L-arginyl-L-alanine benzyl ester (I11 ; R = R’ = H). 
Combination of the acid (111; R = H, K’ = CO*O*CH,Ph) with the ester (111; R = 
CH,Ph, R’ = H) by means of dicyclohexylcarbodi-imide afforded crystalline Na-benzyl- 
oxycarbonyl-N‘-nit ro-L-arginyl-L-alanyl-N‘-nit ro-L-arginyl-L-alanine benz yl ester (IV ; 
R = H, R’ = CO*O*CH,Ph, R” = NO,) and thence by hydrogenation the required tetra- 
peptide (IV; I< = R‘ = R” = H). Direct condensation of this tetrapeptide with uridine- 
5’ phosphate as in the reactions above (cf. ref. 4) gave a complex mixture from which a 
compound was isolated having properties identical with those of the naturally occurring 
inaterial from brewer’s yeast.3 

EXPERIMENTAL 
A denim-5‘ L-Leucylglycyl Phosphate.-(u) Adenosine-5’ phosphate (190 iiig.) and L-leucyl- 

glycine (1.04 g.) were dissolved in a mixture of N-hydrochloric acid (5.5 ml.), pyridine (44 ml.), 
and water (7.6 ml.) a t  0”, and dicyclohexylcarbodi-imide (2.0 g.) was added with stirring. The 
mixture was kept for 3 hr. a t  0”, then ice-cold acetone (500 ml.) was added. The precipitate was 
immediately filtered off, dried for 1 hr. in a vacuum, aiid extracted with 0-hi-acetate buffer a t  
pH 5.0 (10 ml.). The residuc 
was dissolved in a small amount of water and placed on two Whatman 3MM papers, each 
10 cin. wide, for electrophoresis in acetate buffer a t  pH 4.0 with a voltage gradient of 10- 
15 v/cm. overnight. The material which combined the properties of reacting with hydroxyl- 
amine to  form a hydroxamate,* giving a red colour with ninhydrin reagent, and migrating 
towards the cathode, as located by guide strips, was eluted from the papers by means of cold 
water, and the solution was dried lyophilically. The resulting solid was dissolved in a little 
water and chromatographed on Whatman 3MM paper in butanol-acetic acid-water (4 : 1 : 1).  
The required inaterial was located by its reactions with hydroxylamine and ninhydrin in a band 

The extract was evaporated in a vacuum a t  room temperature. 
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having RB7 0.27 in the above solvent and RF 0.20 in ethyl acetate-propan-l-ol-water (2 : 7 : 1) 
(containing 5 ml. of acetic acid per 1. to prevent decomposition of the product). It was 
eluted by means of cold water, and the solution was freeze-dried. 

(b)  Adenosine-5' phosphate (30 mg.) and N-(benzy1thio)carbonyl-DL-leucylglycine (1 35 mg., 
see below) were dissolved in pyridine (4.2 ml.) and water (0.45 ml.) a t  0", whereafter dicyclo- 
hexylcarbodi-imide (1.8 g.) was added. The mixture was cooled t o  - 10' and kept for 1 hr. 
Ether (30 ml.) was added and the precipitate collected and dried in a vacuum. It was then 
extracted with 0-Oh-hydrochloric acid (1 x 10 ml.; 2 x 5 ml.), and the solution was treated 
at 0' with perbenzoic acid (100 mg.) in water (12 ml.) and kept a t  0" for 20 min. The mixture 
was extracted with cold chloroform, and the aqueous phase freeze-dried. Further working up 
by electrophoresis and chromatography was effected as under (a) .  

€or the nucleotide-peptide 
compound from yeast. The molar ratios found were adenosine-5' phosphate : leucine : glycine= 
1.0 : 1.3 : 1.0. 

uL-LeucyZgZycyZ Uridine-5' Phospljate.-Uridine-5' phosphate (30 mg.) and N -  (benzylthio) - 
carbonyl-DL-leucylglycine (135 mg.) in pyridine (4.2 ml.) and water (0.28 ml.) werc 
condensed as above by means of dicyclohexylcarbodi-iniide (1.8 g.), and the product, 
presumably consisting of a mixture of diastereoisomers, was worked u p  as for the 
corresponding adenosine compound. Analysis of the product gave the molar ratios 
uridine-5' phosphate : leucine : glycine = 0.92 : 1.0 : 0.80. 

Similar condensations with DL-leucylglycylglycine and its N- (benzy1thio)carbonyl derivative 
(see below) together with either adenosine-5' or uridine-5' phosphate gave analogous products ; 
uridine-5' phosphate reacted with glycine or leucine to give the respective amino-acid der iv- 
atives. Degradation with hydroxylamine and characterisation of the products was effected as 
described ear lie^.^ 

N- (BenzyZthio)cavbonyZgZycine.-Glycine (0.6 g.) and sodium hydrogen carbonate (1.68 g.) in 
water (12 ml.) a t  0" were treated dropwise with stirring with S-benzylthioformyl chloride l3 

(1 .1  ml.) in dioxan (8 ml.). After 1 hr. the mixture was acidified with 5~-hydrochloric acid, 
concentrated, and kept a t  0". The product separated as plates, m. p. 135-136' (Found: 
N, 6.0; S, 14-3. Calc. for C1,HllNO,S: N, 6.2; S, 14.2%). McCorquodale and Mueller give 
In. p. 153.5' for needles, presumably polymorphic with the product described here. 

N-(Benzy~thio)carbony~-DL-~eucy~g~ycine.-DL-Leucylglycine (5-0 g.) and sodium hydrogen 
carbonate (6.1 8.)  in water (70 ml.) were treated, as above, with S-benzylthioformyl chloride 
(5.6 g . ) .  The upper oily layer was separated and the aqueous solution extracted with ether, 
after which the clear aqueous layer was acidified to pH 2 and kept a t  0" overnight after seeding. 
The product (5-0 g.) (m. p. 175-176"), together with a further crop (0.25 g.) from the mother- 
liquor, recrystallised from ethanol as needles, m. p. 177" (Found: C, 56-4; H, 6.8; &-, 8.4; s, 
9-1. 

N- (BenzyZthio)carbon~~Z-L-Ze~cyZgZycine.-Tliis compound was obtained in the same manner as 
the DL-isomer and recrystallised from aqueous ethanol as needles, m. p. 109-111" (Found: K, 
7.8. Cl6H2,N,O,S requires N, 8.3%). 

N-(13en~yZthio)carbonyZ-DL-ZeucyZgZycyZ~Zyc~nc.--Prepared by the above procedure, this 
peptide recrystallised from aqueous ethanol as needles, in. p. 148-150O (I~ound: N, 10.1; S, 
7.8. C,,H,,N,O,S requires N, 10.6; S, 8-17/,). 

~€-Nitro-L-arginine.-This was prepared by the method of Hofniann, Peckham, ant1 
I<heiner and recrystallised (yield 60%) from hot watcr. It had m. p. 253--254", [alIj2O +23" 
in 3N-HCl (lit.,? 111. p. 262", [a]D23 t-24.3' in 2h--HC1). 

SQ-Ben~vZoxycarbo~z~~Z-N~-~zi~o-~-a~gi~zine.-N'-Nitr~-~-arginiiie (4.G g.) was treated with 
benzyloxyformyl chloride l4 (9 g.). The product, recrystallised from aqueous ethanol (3.8 g., 
52y0), had m. p. 127-128', [a]l,27 -4" in RIeOH (lit., m. p. 134-136", -3.5" in MeOI-S1,7 
in. p. 12G" 14). 

as needles (78%) from niethanol- 
ether. -13" in MeOH (Erlanger and Hall l5 give m. p. 140", 
[a], - 14-8"). The free base was prepared by dissolving the hydrochloride in water, adjusting 
the pH of the solution to 9 with sodium carbonate solution, estracting the mixture with ether, 

Analysis of the product was carried out as described in detail 

C,,H,,N,O,S requires C, 56.8; H, 6.5; N, 8.3; S, 9.5%). 

L-A Innine Beiz,-),Z Ester.-The hydrochloride was obtained 
It had m. p. 137-138", 

l3  l<ollonitsch, Gabor, and Hajos, Cltem. BEY., 1956, 89, 2293. 
l1 Bergmann, Zervas, and Rinke, Z.  pltiisiol. C h e ~ i i . ,  1934, 224, 40. 
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2056 Syiztheses of Peptidyl-nucleotidates, ctc. 
evaporating the ether layer to dryness, and dissolving the residual syrup in tetrahydropyran 
(see below). 

K = CH,Ph, I<' = 
CO*O*CH,Ph).-The preceding ester (1-70 g.) in tetrahydropyran (20 nil.) was mixed with 
Nu-benzyloxycarbonyl-N'-nitro-L-arginine ( 1-29 g.) in the same solvent ( 10 ml.) . Dicyclohexyl- 
carbodi-imide (1.0 g.) was added and the mixture shaken a t  room temperature for 5 hr. and 
kept overnight a t  0". A4cetic acid (1 ml.) was added, the mixture shaken and left aside for 
0.5 hr., and the precipitate of dicyclohexylurea filtered off and washed with ethyl acetate. The 
solvent was removed froin the filtrate and the resulting residue redissolved in ethyl acetate 
(100 ml.) , washed successively with N-hydrochloric acid, water, N-sodium hydrogen carbonate, 
and water, and dried (Na,SO,). The fieptide (2.0 g., SlO,/o) crystallised from aqueous ethanol as 
plates, m. p. 163", [aID -11" in MeOH (Found: C, 55.7; H, 6.0; N, 16.1. C24H30NB07 requires 

Nu-BenzyZoxycarbonyZ-Pu"-nitro-L-av~inyZ-L-aZanine (I11 ; li == H, R' = CO*OCH,*I'h) .-'l'hc 
preceding dipeptide ester (0.8 g.) was shaken with 0.5N-sodium hydroxide (10 ml.) for 1 hr. a t  
room temperature, and the solution was then neutralised with hydrochloric acid and extrac- 
ted with ethyl acetate (3 x 50 ml.). The extracts were washed with water (2 x 25 ml.), 
dried, and evaporated to dryness. The residue crystallised from aqueous ethanol (0.59 g. , 
88%) and had m. p. 206-207", -4" in pyridine (Hofmann et aZ.7 give m. p. 207-208O, [aID2O 

-5.9") (Found: N, 22.7. 
L-ArginyZ-L-alanine (111; R = R' = H). L-Alanine benzyl ester (0.2 g . )  in methanol 

containing 10% of acetic acid was hydrogenated over 10% palladium-charcoal as described by 
Hofmann et aZ.? After removal of the catalyst and solvents the dipeptide was isolated as thc 
acetate and was recrystallised from aqueous ethanol. It had m. p. 170-171", [aID3O +7-8". 
Hofmann et aZ.' found m. p. 173-174", [a]D23 +9-7" in H,O. 

~-ArginyZ-~-aZanyZ Uridine-5' Phosfihate.-L-Arginyl-L-alanine (60 mg.) and uridine-5' 
phosphate (52 mg.) were dissolved in water (1.2 ml.), N-hydrochloric acid (0.8 ml.), and pyridine 
(8 ml.) and cooled to 0". Dicyclohexylcarbodi-imide (300 mg.) in pyridine (4 ml.) was added 
and the mixture was treated as described above for L-leucylglycyl adenosine-5' phosphate. 
After separation from unchanged uridine-5' phosphate by electrophoresis on paper, the product 
was isolate by freeze-drying, as a glass (40 mg.). It migrated to the cathode during 
electrophoresis in acetate buffer a t  pH 4 and with hydroxylamine gave a hydroxamate.8 
The following molar ratios were found : uracil : ribose : phosphate : arginine : alanine = 
1.18 : 1.02 : 1-0 : 0.85 : 0-92. im- 
mediate uptake of the reagent was observed. 

N'-Nitro-L-arginyZ-L-aZanine BenzyZ Ester (I11 ; R = CH,Ph, R' = H) .-Nu-Benzyloxy- 
carbonyl-N'-nitro-L-arginyl-L-alanine benzyl ester (0.5 g.) was dissolved in carbon tetrachloride 
(20 ml.), and dry hydrogen chloride was passed through the solution €or 0.5 hr. The solution 
was then poured into dry ether (100 ml.) to precipitate the $woduct as hydrochloride. This 
separated from methanol-ether as needles (0.25 g., 61%), m. p. 171-173', [a]* -10" in MeOH 
(Found: C, 46.6; H, 5 . 5 ;  N, 20.1. 

N~-BenzyZoxycarbonyZ-N'-nitro-L-arginyZ-L-nZanyZ-N'-nitro-L-arginyZ-L-aZanine Benzyl Ester 
(IV ; R = CH,Ph, R' = CO*O*CH,Ph, R" = NO,) .-NQ-Benzyloxycarbonyl-N'-nitro-L-arginyl- 
L-alanine (0-21 g.) and the preceding ester (0.19 g.) in tetrahydropyran (10 ml.) were shaken for 
5 hr. with dicyclohexylcarbodi-imide (0.2 g.) and treated as above. The tetrapeptide ester 
separated from aqueous ethanol as plates (0.31 g., 79%) , m. p. 212-213", [aIDl9 - 5.6" in MeOH 
(Found: C, 50.7; H, 5.8; N, 20-9. 

L-A YginyZ-L-aZanyZ-L-arginy2-L-alanine (IV; R = R' = R" = H) .-The last-mentioned 
product (0.2 g.) was hydrogenated as described above for L-arginyl-L-alanine. The solvent 
was removed by evaporation to leave the free tetrafieptide as an amorphous powder (0.11 g., 
81%), [a], +-7-8" in H,O (Found: C, 45.1; H, 7.5; N, 34.1. Cl,H3,N100,,2CH3*C02H requires 
C, 44.6; H, 7.5; N, 23.7%). 

~-A~ginyZ-~-aZanyZ-~-argi~yZ-~-ala~yZ Uridine-5' Phosphate.-The above free tetrapeptide 
(56 mg.) in N-hydrochloric acid (0.5 ml.) was mixed with uridine-5' phosphate (26 mg.) in water 
(0.5 ml.) and pyridine (5 ml.) and cooled to 0". Dicyclohexylcarbodi-imide (0.2 g . )  in pyridine 
(1 nil.) was added. The misture was treated as described for L-leucylglycyl adenosine-5' 
phosphate and then subjected to electrophoresis in acetate buffer at  pH 4 for 4 hr. a t  10 mA 
(see above). A zone on the electrophoregram containing niateria which migrated ca. 2 cm. 

Nu-BenzyZo~ycarbonyZ-~u"-nitro-L-arginyZ-L-alanine BenzyZ Ester (I11 ; 

C, 56.0; H, 5.8; N, 16.3%). 

Calc. for C,,H,,N,O,: N, 22.9%). 

With sodium metaperiodate under our usual conditions 

C,,H,,ClN,O, requires C, 46-2; H, 5.8; N, 20.2%). 

C,,H,,N1,Ol1 requires C, 50.4; H, 5.9; N, 21.4%). 
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towards the cathode and with hydroxylamine formed a product yielding a ferric salt was 
separated and eluted from the papers with 50% aqueous ethanol. After removal of 
the solvent under reduced pressure at  lo", a glass (10 mg.), [ E ] ~  + l l . 2 "  in H,O, was 
obtained which analysis showed to contain uracil, ribose, phosphate, arginine, and 
alanine in the ratio 1.0 : 0.9 : 1.1 : 1.9 : 1.8. The material behaved as a homogeneous substance 
when subjected to electrophoresis as above or to chromatography in acidic solvents [butanol- 
acetic acid-water (4 : 1 : 1) ; acetone-30% acetic acid (1 : 1) ; l6 or ethyl acetate-propan-l-ol- 
water (2 : 7 : l)], and had the same mobilities as the natural material. Treatment with amino- 
peptidase gave the products obtained also from the natural compound. 

The authors thank Dr. A. M. Cook, F.R.S., for his advice aiid encoiiragement throughout 
the investigation. 
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