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ride, the solvent was removed by distillation under reduced pres- 
sure, and the residue was crystallized by trituration with petro- 
leum ether. Recrystallization of the solid from isopropyl alcohol- 
ether gave a small yield of solid, m.p. 146-148". The solid gave a 
negative Beilstein test for halogen and positive sodium fusion 
tests for nitrogen and sulfur. The compound appeared t o  be a 3- 
benzoyl-1-methyl-4-phenyldihydropyridinesulfinic acid (XVI), 
plus oxygen or water. 

A n a l .  Calcd. for C ~ ~ H I G N O & ~ :  C, 64.00; H ,  5.10. Found: 
C, 64.58; H, 5.21. 

(e) The Reaction of the Methobromide V with Sodium Cy- 
anide.-A 1.0-g. sample of V was dissolved in 50 ml. of water 
and 0.5 g. of sodium cyanide waa added. A small amount of 
yellow precipitate formed. The addition of an additional 3.0 g. 
of sodium cyanide caused further precipitation. The solid was 
removed by filtration and washed with water. During this proc- 
ess the solid turned brown. Recrystallization of the solid was 
accompanied by a darkening in color. Thus analyses were de- 
termined on crude material, m.p. 75-80'. The analytical data 
suggest that this compound is a 3-benzoyl-1-methyl-4-phenyl- 
cyano-l,4-dihydropyridine (XVII), plus oxygen or water. 

A n a l .  Calcd. for CzoHleN~Ol: C, 76.00; H ,  5.07. Found: 
C, 75.25; H, 5.10. 

Acknowledgment.-This research was supported in 
part by Research Grants CY-4143 and CY-4143-C1 
from the National Cancer Institute of the National 
Institutes of Health. The nicotinic acid used for the 
preparation of the starting materials for this research 
was a gift of Koppers Chemical Corporation through 
Dr. Ben Corson. The ultraviolet absorption spectral 
studies were made using a Perkin-Elmer Spectracord 
purchased by Grant NSF-G3901 from the National 
Science Foundation. The authors further wish to 
express appreciation to Dr. Edwin D. Becker of the 
National Institute of Arthritis and Metabolic Diseases 
of the National Institutes of Health for the determi- 
nation and interpretation of the proton magnetic reso- 
nance spectra. 

The Synthesis of ~-Valyl-~-lysyl-~-valyl-~-tyrosyl-~-proline~ 

JAX.4KIRAMAN RAMACHANDRAN AND C H O H  HAO LI 
Hormone Research Laboratory, University of California, Berkeley, California 

Received September $4, 1961 

The peptide sequence, r,-valyl-~lysyl-L-valyl-~tyrosyl-Lproline, which occurs in adrenocorticotropins, has 
been synthesized by the reaction of carbobenzoxy->valyl-Nf-tosyl-L-lysine azide with L-valyl-Ltyrosyl-b 
proline benzyl ester, followed by hydrogenation and treatment with sodium in liquid ammonia. The protected 
pentapeptide was obtained in crystalline form. A side reaction was observed when carbobenzoxy->valine 
p-nitrophenyl ester was coupled with >tyrosine methyl ester hydrochloride in the presence of excess 
triethylamine. The by-product was identified as 0-( carbobenzoxy-L-valyl-)-L-tyrosine methyl ester. The di- 
substituted by-product, N,O-di(carbobenzoxy->valyl)->tyrosine methyl ester, was also isolated from this 
reaction. 

The pentapeptide L-valyl-L-lysyl-L-valyl-L-tyrosyl-L- 
proline (VI) occurs at  position 20-24 in the amino acid 
~equencez-~ of adrenocorticotropins (ACTH) isolated 
from pituitary glands of various species. It is generally 
a ~ s u m e d ~ , ~  that the adrenocorticotropic activity resides 
in the sequence consisting of the first twenty-four or 
twenty-eight amino acid residues. Indeed, we have 
recently reported the synthesis6 of a nonadecapeptide 
corresponding to the first nineteen amino acid residues 
of adrenocorticotropins and have shown that it possesses 
approximately 50% of the potency of the natural 
product. Subsequently, other  investigator^'-^ have 
described briefly the synthesis of ACTH analogues 
consisting of 19, 20, 23, and 24 amino acid residues. 
In  the course of the synthesis of the tetracosapeptide, 
we have obtained peptide VI and crystalline L-valyl- 
N'-tosyl-L-lysyl-L-valyl-L-tyrosyl-L-proline (V) . 

(1) Taken from a portion of the Ph.D. thesis of J. Ramschandran a t  the 
University of California. 1962. 

(2) K. 8. Howard, R. G. Shepherd, E .  A. Eigner, D. 9. Davies, and 
P. H. Bell, J. Am.  Chem. Sac.. 77, 3419 (1955); R. G. Shepherd, S. D. Wilson, 
K. 8. Howard, P. H. Bell, D. S. Davies, S. B. Davia, E. A. Eigner, and N. E. 
Shakespeare, ibid., 78, 5067 (1956). 
(3) C. H. Li. 1. Geschwind, R. D. Cole, I. D. Raacke, J. I. Harris, and 

J. 6. Dixon, Nature, 176, 687 (1955). 
(4) C. H. Li. J. S. Dixon, and D. Chung. J. Am.  Chem. Sac., 80, 2587 

(1958); Biachem. Biaphya. Acta, 46, 324 (1961). 
(5) C. H. Li, Adoon. Protein Chem., 11, 101 (1956). 
(6) C. H. Li, J. Meienhofer, E. Schnabel, D. Chung, T. Lo, and J. Rama- 

chandran, J. Am. Chem. Sac., 82, 5760 (1960); 83, 4449 (1961). 
(7) R. Schwyzer, W. Rittel, H. Kappeler, and B. Iselin, Anpew. Chem.. 

23, 915 (1960); H. Kappeler and R. Schwyzer, Hela. Chim. Acto, 44, 1136 
(1961). 

( 8 )  K. Hofmann, H. Yfljima, N. Yanaihara, T. Y. Liu. and S. Lande, 
J .  Am.  Chem. Soc., 83, 487 (1961). 
(9) K. Hofmann, T. Y. Liu, H. Yajima, N. Yanaihars, C. Yanaihara, 

and J .  L. Humea, $bid. ,  84, 1054 (1962). 

The scheme for the synthesis of VI is given in 
Fig. 1. The benzyl group was employed for the 
protection of the C-terminus in order to avoid saponi- 
fication a t  the end of the synthesis. The protected 
dipeptide (I) carbobenzoxy-L-valyl-L-tyrosine methyl 
esterlop11 was obtained in good yield by coupling carbo- 
benzoxy-cvaline and tyrosine methyl ester via the 
dicyclohexylcarbodiimide (DCCI) procedure.I2 Car- 
bobenzoxy-L-valyl-L-tyrosyl-L-proline benzyl ester (11) l4 
was prepared in 75% yield by the reaction of carbo- 
benzoxy-L-valyl-L-tyrosine azide with L-proline benzyl 
ester. The use of dicyclohexylcarbodiimide with 
carbobenzoxy-L-valyl-L-tyrosine was avoided because 
of the reported racemization with this combination in 
an analogous synthesis.Ia A sample of the protected 
tripeptide was hydrogenated exhaustively in the pres- 
ence of palladium. The free tripeptide L-valyl-L- 
tyrosyl-L-proline was isolated and crystallized from 
methanol-water. 

Carbobenzoxy-L-valyl-n"-tosyl-L-lysine methyl es- 
terle was prepared by the reaction of carbobenzoxy+ 

(10) W. Rittel, B. Iselin, H. Kappeler, B. Riniker, and R. Schwyzer, 

(11) H. Schwars, F. M. Bumpus, and I. H. Page, J. Am.  Chem. Sac., 79, 

(12) J. C. Sheehan and G. P. Hem, i b i d . ,  77, 1067 (1955). 
(13) B. Riniker and R. Schwyaer, Hela. Chim. Acfo ,  44, 658, 674, 677, 

685 (1961). 
(14) Pannemann,u et al.,  reported the synthesis of I1 by the use of ethoxy- 

ethane; carbobenzoxy-bvalyl-L-tyrosine reacted with L-proline benzyl ester 
hydrochloride by refluxing with ethoxyethene in moist ethyl acetate for 
2.5 hr. The protected tripeptide was obtained in 61y0 yield. 
(15) H. J. Pannemann, A.  F. Marx, and ,J. F. Arens, Rec. frou. chim., 78. 

487 (1959). 
(16) R. Schwyzer and P. Sieber. Helr. Cham. Acto. 41. 1582 (19.58). 

Hela. Chim. Acta, 40, 614 (1957). 

5697 (1957). 
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Z-Val-OH + H-Tyr-OCHs 3. DCCI 

I. Z-Val-TyrOCH8 

4 
Z--Val-Tyr-NHNHt 1 +H-Pro-OBz, HKO, 

11. Z-Val-Tyr-Pro-OBz -+ H-Val-Tyr-Pro-OH ' HBr/HOAc Z-val-o+N02 + H-iys-oCHa 

H d P d  

Tos 

.1 
H-Val-Tyr-Pro-OBz 

I 

i Tos 

H N O ~  + Z-V~~-I&NHNH~, 
Tos 1 

h-HzSHz I '  ~ 

I11 + Z-Val-Lys-OCHs, I I Ia  

i 
.1 T O S  

4 T O s  

IV. Z-Val-Lye-Val-Tyr-Pro-OBz 
1 Hz/Pd 

V. H-Val-Lvs-Val-Tvr-Pro-OH 
3. S a / S H 3  

VI. H-Pal-Lys-Val-Tyr-Pro-OH 

Fig. 1 .-Outline of the synthesis of L-valyl-L-lysyl-L-valyl-L- 
tyrosyl-L-proline; Z, carbobenzoxy; Bz, benzyl; Tos, p-toluene- 
sulfonyl. Underlines indicate crystalline products. 

valine p-nitrophenyl ester with N'-tosyl-L-lysine methyl 
ester. The protected dipeptide was converted to the 
hydrazide (111). The azide of the protected dipeptide 
was prepared and allowed to react in ethyl acetate with 
L-valyl-L-tyrosyl-L-proline benzyl ester, which was 
prepared by treatment of I1 with hydrogen bromide in 
glacial acetic acid. It was advantageous to use the 
free tripeptide ester in this reaction instead of the 
hydr~bromide,~' since the free tripeptide ester was 
readily soluble in ethyl acetate whereas the hydrobro- 
mide could be dissolved in this solvent only by the 
addition of some dimethylformamide besides an equiva- 
lent of triethylamine. Thus, when the reaction in 
ethyl acetate was performed with the free tripeptide 
ester, the protected pentapeptide (IV) separated in 
crystalline form. IV was isolated in 75% yield and 
recrystallized from ethyl acetate. 

Exhaustive hydrogenation of IV in the presence of 
palladium yielded the crystalline peptide V, L-valyl-K'- 
tosyl-L-lysyl-L-valyl-L-tyrosyl-L-proline monohydrate. 
Removal of the tosyl group was accomplished by re- 
duction with sodium in liquid ammonia. The free 
pentapeptide L-valyl-L-lysyl-L-valyl-L-tyrosyl-L-proline 
(VI) was isolated in 69% yield by desalting on an IRC- 
50 column.18 VI was found to be homogeneous in 
paper chromatography in three different solvents and 
by paper electrophoresis in a buffer of pH 3.7. Amino 
acid analysis of an acid hydrolysate of the pentapep- 

I 17) When the hydrobromide of the tripeptide benzyl ester reacted with 
carbobenzoxy-L-valyl-Ne-tosyl-L-lysine azide in the presence of a n  equivalent 
of triethylamine, considerable amounts of unchanged tripeptide benzyl 
ester remained even after a week and covld be removed from the product 
only by countercorrent rlistriblition in the system consisting of chloroform- 
tqluene-methanol-u-ater ( 5 : 5 : 8 : 2 ,  by volume). The protected penta- 
peptide IT' was obtained from the peak with K = 0.21 in 38% yield and 
unchanged r-valyl-L-tyrosyl-1.-proline benzyl ester was recovered from the 
peak with K = 9. 

(18) H. B. F. Dixon and A I .  B. Stack-Dunne, Biochem. J., 61, 483 (1955). 

tide VI by the procedure of Spa~kman, '~  et al., gave the 
following ratios of the amino acids: Valp.oLyso.~r- 
Tyrl .&ol .o. 

VI was digested with leucine aminopeptidase20 
(LAP), trypsin, and chymotrypsin. Paper chromatog- 
raphy of aliquots of these digests in the solvent system 
BPAW (n-butyl alcohol-pyridine-acetic acid-water) 
may be seen in Fig. 2. It was found that the LAP 
digest gave three spots which showed a positive reac- 
tion to ninhydrin: valine (Rf 0.42) and lysine (Rf 0.11) 
were identified by controls. The third ninhydrin- 
positive spot (Rf 0.55) also gave a positive reaction 
with the Pauly reagent.21 No free tyrosine or free 
proline was detected. Quantitative amino acid analy- 
sis of an aliquot of the digest by the Spinco amino 
acid analyzer showed the molar ratio of valine to lysine 
to be exactly 2:  1 and no tyrosine or proline were de- 
tected. Hence the third ninhydrin-positive spot (R ,  
0.55) must represent L-tyrosyl-bproline. 

The tryptic digest revealed two ninhydrin-positive 
spots in chromatography on paper in the system BAW 
(n-butyl alcohol-acetic acid-water) . As expected, 
one of these spots was also positive to the Pauly reagent 
and corresponded to L-valyl-L-tyrosyl-L-proline. The 
spot with the lower mobility corresponded to L-valyl- 
L-lysine. As may be seen in Fig. 2, chymotrypsin 
caused no splitting of the peptide bonds. 

A Side Reaction in Peptide Synthesis with p-Nitro- 
phenyl Esters.22-In an attempt to prepare 1, carbo- 
benzoxy-L-valine p-nitrophenyl ester was allowed to 
react with tyrosine methyl ester hydrochloride in the 
presence of two equivalents of triethylamine. The 
progress of the reaction was followed by paper chroma- 
tography in the solvent system BAW. The disap- 
pearance of ninhydrin positive material (tyrosine 
methyl ester) was followed. After eight hours' reac- 
tion, the chromatograms revealed the presence of un- 
changed tyrosine methyl ester, which gave a positive 
reaction with ninhydrin and the Pauly reagent; in 
addition, a second ninhydrin-positive spot with a 
high Rf was observed. This latter spot failed to give 
any reaction with the Pauly reagent (Fig. 3). The 
reaction mixture was worked up by removing the sol- 
vent in vacuo, redissolving the residue in ethyl acetate 
and removing the triethylamine hydrochloride crystals 
by filtration. When hydrogen chloride in ethyl acetate 
was added to the filtrate, a crystalline material separ- 
ated. Paper chromatography in BAW showed that 
this crystalline product corresponded to the unknown 
spot which was positive to ninhydrin but negative to 
the Pauly reagent.21 This compound could be recrys- 
tallized from methanol and microanalysis confirmed 
the structure of 0-(carbobenzoxy-L-valy1)-L-tyrosine 
methyl ester hydrochloride (VII) . 

When VI1 was treated with 0.1 N sodium hydroxide 
for five minutes at  room temperature, carbobenzoxy-L- 
valine and tyrosine methyl ester were formed, both of 
which were identified by paper chromatography. Fur- 
ther proof of the structure of the product was obtained 

(19) D. H. Spackman, W. H.  Stein, and S. Mocre, Anal. Chcm., 80, 1190 
(1958). 

(20) R. L. Hill and E. L. Smith, J .  BzoZ. Chem., 228, 577 (1957). 
(21) H. Z. Pauly, Phzlaiol. Chem., 42, 508 (1904); 94, 427 (1915). 
(22) A preliminary account of this observation has been reported by one 

of 118.2~ 

(23) J.  Ramachandran, abstract of paper presented a t  the 140th National 
Meeting of the American Chemical Society, Ciiicago, Ill., September, 1961. 
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from an examination of the ultraviolet absorption 
spectrum. In Fig. 4 are shown the ultraviolet ab- 
sorption spectra of an authentic sample of carbobenz- 
oxy-L-valyl-L-tyrosine methyl ester, of 0,N-dicar- 
hobenzoxy-L-tyrosine, and of VII. It is evident that 
the characteristic absorption maximum of tyrosine a t  
275 mp is absent from VII. The effect of alkali on 
the absorption spectra of these threc compounds is 
shown in Fig. 5 .  With regeneration of the hydroxyl 
group in the presence of alkali, all three compounds 
exhibit the typical tyrosine absorption a t  295 mp. 
Xow aftcr acidification, the absorption maxima shift 
to shorter wave lengths (275 mp) and all the com- 
pounds exhibit nearly identical spectra. 

After the isolation of VII, the mother liquors yielded 
a small amount of another crystalline product that 
gave negative reactions with both ninhydrin and the 
I'auly reagent. Analysis established its structure as 
0,K-di(carbobenzoxy-L-valyl)-L-tyrosine methyl ester. 
This was further confirmed by its ultraviolet absorption 
spectra and by the results of mild alkali treatment. 
The latter gave rise to carbobenzoxyvalyltyrosine 
methyl ester and carbobenzoxyvaline, both of which 
were identified by paper chromatography. 

VI1 was obtained in 40-50Y0 yield. The reaction 
was then repeated under different conditions in order 
to establish the cause of the side reaction. No trace 
of V I 1  was found when carbobenzoxy-kvaline p- 
nitrophenyl ester was allowed to react with tyrosine 
methyl ester in the absence of triethylamine; only 
traces of VI1 appeared on paper chromatograms when 
the reaction with tyrosine methyl ester hydrochloride 
was repeated with exactly one equivalent of triethyl- 
amine. Hence, it is apparent that the excess triethyl- 
amine removes the proton from the phenolic hydroxyl 
group, thus leaving a highly nucleophilic phenoxide ion 
which in preference to the amino group, is attacked by 
the p-nitrophenyl ester. 

The incidence of the side reaction when other pro- 
tected amino acid p-nitrophenyl esters are allowed to 
react with tyrosine methyl ester was then investigated. 
The appearance of a new ninhydrin-positive, Pauly- 
negative spot on the chromatograms in BAW was 
taken as an indication that the side reaction had 
occurred. The p-nitrophenyl esters of Nu-carbohenz- 
oxy 4'-tosyl +lysine, Ne-carbobensoxy-&glutamine 
and N%arbobenzoxy-S-benzyl-m-cysteine gave rise 
to 0-substituted products when allowed to react with 
tyrosine methyl ester hydrochloride in the presence of 
more than one equivalent of triethylamine. 

Experimental2' 
Carbobenzoxy-L-valyl-bt~osine Methyl  Ester (I).-i,-Tyro- 

sine (45.3 g., 250 mmoles) was esterified with methanol (300 ml.) 
by the thionyl chloride method" to yield 46 g. (79%) of L-tyro- 

(24) All mclting points wem performed on a Fiahcntohns molting point 
a p w m t w  and m e  uncorrected. Mioroanalus~s were Drrformed hy tho 
Miemanalytiurl Laboratory of Department of Chemistry of this University. 
All ~ y ~ m p l m  for microaanalyaea wera dried in an Abderhalden drying pistol 
with phoaphoius pentoxide st 7 7 O  for 16 hr. at 0.3-mm. pres~iire. Paper 
chromatography was oarried out on Whatman no. 1 filter paper at room 
temperature: the solvents used were *butyl alcohol-acetic acid-water 
(BAW) in P ratio of 4 : l : l  (by volume). arebatyl alcohol-lO% ammonia 
(SBA) in 8 ratio of 8.5: 15 (hy vnhme), n-batyl sleohol-pyiidinc8cetie 
acid-water (BPAW) in B nitio of 30:20:6:24 (by volume). and 3% an- 
monia-arc-butyl sloohol (.ASR) in a ratio of 44:lOO (by volume). Zone 
electrophoresis on pnpci (Wlmtman S MM) was mrformed st room tem- 
perature in 8 Spine" avp$irntas for 8 hr. st 400 volts with B pyridinn-ncecir 
mid bullor of p l l  3.7. 

Fig. 3.-Reaction 
of carhohenzoxy - L - 
valine p-nitrophenyl 

Fig. Z.--Enaymic digestion of the ester with >tyrosine 
pentapeptide ~-valyl-~-lysyl-b methyl ester. 
valyl->tyrosyl-L-proline. I. L-tyrosine methyl 

I. L-valyl-L-lysyl-L-valyl-L- ester 
tyrnsyl-L-proline 11. I + carhohenr- 

11. I + leucine aminopeptidase oxy->valine p -  
111. Irvdyl-~tyrosyl-L-pr~,line nitrophenyl ep 
IV. I + trypsin ter, + triethyl- 
V. I + chymotrypsin amine 

- 2-Val-Tyr-OMe 

.... 2-Tyr-OH f 
2-Val 

I7g. 4.--Ultraviolet absorption spcatrum of O-(earl,ol~cnsosy- 
rrvslyl)-r.-tyrosine methyl ester hydrochlorido, and derivetivcs. 

sinc mcthyl ester hydrochlorido, m.p. 189-190". I.-Tyrosint, 
mcthyl ester was preparcd in 88% yield irom the hydroehkiriiln 
by treatment with alcoholic potassium hydroxide (m.p. 135'). 
>Tyrosine methyl ester (3.0 g., 20 mmoles) was dissolved in 150 
cc. of acetonitrile by warming. Carhohenzoxyl->valine (5.02 g., 
20 mmoles) was added and the mixture cooled to 0'. Dieyclo- 
hexylcarbodiimide (4.12 g., 20 mmoles) waa added and the reac- 
tion mixture was stirred lor 4 hr. at 4" nnd for 15 hr. at room tem- 
perature. 1)icyelohexylurca was filtercd off and washed with 100 
ml. of hot acetone. The filtrate and washings were concentrated 
in vacuo and the crystdine rcsiduo wm recrystallized irnm 60 

(26) M. Brenncrand W. Huber. H d n .  Chim. Ado,  88, 1114 (1963). 
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ml. of hot ethyl acetate to give 7 g. (81%) of the protected di- 
peptide ester, m.p. 150"; [ ( Y ] ~ ~ ' D  + 12.1' (c 1 ,  pyridine); 

+ 10.2' (c 4.8, pyridine). 
Carbobenzoxy-L-valyl-L-tyrosine Hydrazide.-Carbobenzoxy- 

L-valyl-L-tyrosine methyl ester (2.91 g., 6.8 mmoles) was dis- 
solved in 20 ml. of methanol, and 0.48 g. of hydrazine (15 mmoles) 
was added. Crystals appeared after an hour. The reaction 
mixture was left overnight, then stirred with methanol and water, 
filtered, and washed with water. Recrystallization from hot 
methanol (150 ml.) gave 2.6 g. (90%) of carbobenzoxy-L-valyl- 
L-tyrosine hydrazide, m.p. 247-248". Lit.," m.p. 239-241'. 

L-Proline Benzyl Ester Hydrochloride.-L-Proline (22.8 g., 200 
mmoles) was added to a mixture of 300 ml. of benzyl alcohol and 
50 g. of thionyl chloride (prepared by adding the thionyl chloride 
to the alcohol a t  - 5 ' ) .  The mixture was stirred a t  room tem- 
perature for 48 hr., hydrochloric acid was removed in vacuo, and 
the residual solution was poured into 1 1. of anhydrous ether. 
The white crystalline material was filt,ered, washed with ether, 
and dried. Recrystallization from hot ethanol yielded 30 g. 
(64%) of 1.-proline benzyl ester hydrochloride, m.p. 148-149'. 
[ q I z 6 " ~  -43.3' (c 1, methanol). R ~ B A W  0.62; RrAsB 0.86. 
Lit.,2E m.p. 148-148.5'; [LU]~*"D -41.6' (c 1.4, ethanol). 
Carbobenzoxy-L-valyl-L-tyrosyl-L-proline Benzyl Ester (II).- 

Carbobenzoxy-L-valyl-L-tyrosine hydrazide (8.6 g., 20 mmoles) 
was dissolved in a mixture of 50 ml. of 2 N hydrochloric acid, 30 
ml. of glacial acetic acid, and a few drops of ethyl acetate. This 
mixture was cooled to -2' and stirred vigorously with a vibro- 
mixer .27 Sodium nitrite (1.4 g., 20 mmoles) was added in small 
portions over a period of 20 min. Stirring was continued for 30 
min. Further operations were conducted in the cold room with 
reagents and glassware precooled to  0' for a t  least 2 hr. The 
azide was extracted into 60 ml. of ethyl acetate, and the solution 
was washed with water, 5% sodium bicarbonate, and then again 
with water. The organic layer was dried over anhydrous sodium 
sulfate. L-Proline benzyl ester hydrochloride (7.32 g., 30 mmoles) 
was suspended in 50 ml. of ethyl acetate, cooled to O " ,  and stirred 
with 4.2 ml. of triethylamine (30 mmoles) for 60 min. The pro- 
line ester was filtered from triethylamine hydrochloride and 
washed with a few ml. of ethyl acetate. The azide solution was 
added and the volume of the mixture was reduced to half by 
evaporation an UUCUO at 0'. Crystals appeared after 4 hr. The 
mixture wm kept a t  4' for 2 days and the protected tripeptide 
ester was filtered and washed with ethyl acetate to yield 9 g. 
(75%) of the product, m.p. 188-190'. Recrystallization from 
hot ethyl acetate gave a product that melted a t  191-192'. 

Lit.," m.p. 186-188'; [a]a1.60~ -40.6' (c 1 ,  pyridine). 
L-Valyl-L-tyrosyl-cproline Benzyl Ester.-Peptide I1 (3.32 g., 

5.5 mmoles) was finely ground in a glass mortar and stirred 
vigorously with 10 ml. of 4 N hydrobromic acid in glacial acetic 
acid for 15 min. a t  room temperature with the exclusion of mois- 
ture. The tripeptide ester hydrobromide was precipitated by the 
addition of 250 ml. of anhydrous ether. The precipitate was 
washed twice with ether by decantation. The residue was dis- 
solved in 60 ml. of cold water that had been saturated with ethyl 

Rf  BAW 0.83; Rf SBA 0.91. Lit.," m.p. 155.5-156'; [a]"'D 

[CZ]*'~D -38.8' ( C  1.2, pyridine). RfBAw 0.83; R f s s i  0.87. 

(26) R. E. Neumsn and E. L. Smith, J .  B id .  Chem., 93, 97 (1951). 
(27) Vibro-mixer. A. G. Fuer Chemie-Apparatebsu, Zurich, Model El. 

acetate and then was washed with ether (2  X 30 ml.). The 
aqueous phase was then brought to pH 8 with cold 5% sodium 
bicarbonate and the tripeptide base was extracted into ethyl ace- 
tate (2 X 50 ml.). The organic layer was washed with water, 
dried over anhydrous sodium sulfate, and evaporated to dryness. 
The residue was dried overnight over phosphorus pentoxide to 
yield 2 g. (77.8%) of L-valyl-L-tyrosyl-L-proline benzyl ester, m.p. 
50-60'; [aIz6'D -41.9' (c0.6,  methanol). Rt BAW 0.70; Rrssn 
0.83. Lit.,16 [ c Y ] ~ ~ ~ D  -42.6' (c 1, methanol). 

Anal. Calcd. for CzaH~N~Os (467.6): C, 66.8; H, 7.11; N, 
8.98. Found: C, 66.5; H, 7.32; N,8.77. 

L-Valyl-L-tyrosyl-L-proline .-Carbobenzoxy-L-valyl-L-tyrosyl- 
L-proline benzyl ester (0.5 g., 0.83 mmole) was dissolved in a 
mixture of 20 ml. of glacial acid and 20 ml. of methanol, and 
hydrogenated for 6 hr. in the presence of freshly prepared palla- 
dium. The catalyst was filtered and washed and the filtrate and 
washings were evaporated in vacuo. The residue was crystallized 
from methanol-water to give 0.25 g. (75%) of L-valyl-L-tyrosyl- 
L-proline, m.p. 176-178". The tripeptide was recrystallized 
from methanol-water, m.p. 177-178'; [ c ~ ] ~ ~ ~ D  -27.4' (c 0.6,  
water). Lit.,16 m.p. of the one-half hydrate, 206-208', [ c Y ] ~ ~ ~ D  
-29" (c 1 ,  water). The difference in m.p. may be due to dif- 
ferences in water of crystallization. The tripeptide was found to 
be homogeneous in paper chromatography in three solvents and 
gave a positive reaction with ninhydrin and Pauly reagent; 
Rr BAW 0.53; Rr SBA 0.11; Rr BPAW 0.68. C, H, and l\j 
analyses indicated that the tripeptide crystallized with 1.25 moleg 
of water. 

Anal. Calcd. for ClsHz?Na06.1.25 HzO (400): C, 57.1; H, 
7.44; N, 10.5. Found: C, 57.0; H, 7.33; N, 10.8. 

Paper electrophoresis revealed a single spot positive to nin- 
hydrin and the Pauly reagent; mobility 0.23 with respect to 
lysine. 

Carbobenzoxyl-L-valyl-Ne-tosyl-L-lysinepMethyl Ester.-N@- 
Tosyl-L-lysine methyl ester" hydrochloride (8.77 g, 25 mmoles) 
was suspended in 50 ml. of ethyl acetate, and the suspension was 
cooled in ice and stirred vigorously with 3.5 ml. of triethylamine 
(25 mmoles) for 30 min. The ethyl acetate solution was filtered 
into a flask containing 9.13 g. (25 mmoles) of carbobenzoxy-L- 
valine p-nitrophenyl ester,z* and the precipitate of triethylamine 
hydrochloride was washed with 30 ml. of ethyl acetate. The 
reaction mixture was stirred at  room temperature for 4 days. 
The protected dipeptide ester crystallized and was filtered and 
washed with ether. Yield 11.5 g. (83y0), m.p. 131-132'; [(Y]'~'D 
-18.8' (c 0.8, methanol); Rr BAW 0.91; Rf ASB 0.94. Lit..IB 
m.p. 130' [ C Y ] ~ ~ ' D  -8" (c 1, acetic acid). 

Carbobenzoxy-L-valyl-Nt-tosyl-L-lysine Hydrazide (III).- 
The protected dipeptide methyl ester described above (2.74 g., 5 
mmoles) was dissolved in 30 ml. of methanol by warming and 
allowed to  react with 0.5 ml. of hydrazine a t  room temperature. 
Crystals appeared after 3 hr. These were filtered after 12 hr. 
and washed with methanol to give 2.5 g. (91%) of 111, m.p. 212"; 
[(Y]*~'D -14.6' (c 4,  acetic acid). 

AnaE. Calcd. for CZ~HWNF,OBS (547.7):-'c, 57.0; H, 6.81; 
N, 12.9; S, 5.85. Found: C, 57.3; H, 6.89; N, 12.8; S, 5.56 

Carbobenzoxy-L-valyl-NC-tosyl-L-lysyl-L-valyl-L-tyrosyl-L-pro- 
line Benzyl Ester (IV).-III(2 g., 3.66 mmoles) was dissolved in 
a mixture of 16 ml. of 1 N hydrochloric acid and 10 ml. of glacial 
acetic acid containing a few drops of ethyl acetate. The mixture 
was cooled to -2' and stirred vigorously with a Vibro-mixer,'? 
and 0.276 g. of sodium nitrite was then added in small portions 
over a period of 20 min. Stirring was continued for another 30 
min. Further operations were carried out in the cold room with 
equipment and reagents precooled to 0" for a t  least 2 hr. An 
equal volume of ice water was added and the azide was extracted 
into 40 ml. of ethyl acetate. The organic phase was washed with 
water, then with 5% sodium bicarbonate until neutral, and again 
with water. The ethyl acetate extract was dried over anhydrous 
sodium sulfate and filtered into a solution of 1.404 g. (3 mmoles) 
of L-valyl-L-tyrosyl-L-proline benzyl ester in 20 ml. of ethyl 
acetate a t  0'. The total volume was reduced to about 50 ml. 
in vacuo a t  O',  and the reaction mixture wm kept a t  4' for 3 
days. A gelatinous precipitate was formed. After 3 days the 
solvent was removed in vucuo, the residue was again dissolved in 
fresh ethyl acetate, washed with 1 N hydrochloric acid, water, 5% 
sodium bicarbonate, and water, and, finally, the washed solution 
was dried over anhydrous sodium sulfate. The ethyl acetate 

(28) B. Ieelin, W. Rittel, P. Sieber, and R. Schwyzer, HeZw. Chim. Acto, 
40, 373 (1957). 
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solution was filtered and concentrated to a volume of 50 ml. 
The protected pentapeptide benzyl ester IV crystallized on 
standing; yield 2.2 g. (75%); m.p. 149-151'. Recrystallization 
from hot ethyl acetate improved the m.p. to  152.5-153.5". 
[ ( Y ] ~ ~ ' D  -25.7' ( c  1, dimethylformamide). Rr BAW 0.91; Rr ASB 
0.94. 

Anal. Calcd. for C ~ Z H ~ & S  (983.2): C, 63.5; H ,  6.77; 
N,8.55; S,3.26. Found: C,63.4; H,6.72; N,8.80; S,3.41. 

~-Valyl-N~-tosyl-~-lysyl-~-valyl-~-tyrosyl-~-proline (V).- 
Carbobenzoxy-~-valyl-N~-tosyl-~-valyl-~-tyrosyl-~-proline ben- 
zyl ester (0.5 g., 0.5 mmole) was dissolved in a mixture of 20 ml. 
of glacial acetic acid and 20 ml. of methanol, and the solution was 
hydrogenated for 8 hr. in the presence of freshly prepared palla- 
dium. The catalyst was filtered and washed with methanol. 
The filtrate and washings were evaporated to dryness t o  yield a 
crystalline residue, m.p. 215-218' dec. Recrystallization from 
hot methanol-water yielded 0.32 g. (84y0) of V monohydrate, 
m.p. 240-241' dec.; [ a l z S 0 ~  -33.2' (c 1, acetic acid); Rr BAW 
0.74; Z 2 t . k ~ ~  0.67. C, H ,  and PI; analysis indicated that the 
pentapeptide crystallized with 1 mole of water. 

And .  Calcd. for C~,HMN~OBS.H~O (759.9) C, 58.5; H ,  7.30; 
N,  11.1. Found: C,58.6; H,7.52; N,  11.1. 

L-Valyl-L-lys yl-L-valyl-L-tyrosyl-L-proline .-L-Valyl-h"- tosyl- 
L-lysyl-L-valyl-L-tyrosyl-L-proline monohydrate (0.1 9.) was dis- 
solved in 150 ml. of liquid ammonia freshly distilled from sodium, 
and small pieces of sodium were added with stirring until a blue 
color persisted for 30 min. Ammonia was allowed to evaporate 
and the residue was dried over phosphorus pentoxide and sulfuric 
acid. This material was dissolved in 10 ml. of 1 M acetic acid, ap- 
plied onto an Amberlite ion-exchanger IRC-50 column (3 X 5 em.) 
in the acid form, and the column was washed with 300 ml. of 0.1 
M acetic acid and 300 ml. of water. The peptide was eluted with 
60 ml. of pyridine-acetic acid-water (30:4:66). The eluate was 
evaporated to dryness a t  room temperature in vacuo, and the 
residue was dissolved in water and lyophilized to yield 62 mg. of 
the pentapeptide VI. Peptide acetate content was estimated on 
the basis of ultraviolet absorption a t  275 mp, to be 97.77'". Yield 
69%. [cr!'Z6n -67" (c 0.6, water) (calcd. for the free peptide). 
The peptide was found to be homogeneous in three solvent sys- 
tems in paper chromatography and gave a positive reaction with 
ninhydrin and the Pauly reagent. Rr BAW 0.26; Rr BPAW 0.50; 
Rr ASB 0.37. Paper electrophoresis revealed a single spot posi- 
tive to ninhydrin and the Pauly reagent; mobility 0.53 with res- 
pect to lysine. 

Anal. Calcd. for C30H48N607CH3COOH. 1.5 H20 (691.9): 
C, 55.5; H,8.02; N,  12.1. Found: C, 55.5; H ,  7.7; N,  11.9. 

One milligram of the peptide was hydrolyzed for 25 hr. a t  110' 
in a sealed evacuated tube, with 0.5 ml. of constant boiling 
hydrochloric acid. Quantitative analysis in the Spinco amino 
acid analyzer'p gave the following ratio for the amino acids: 
Valz.0, Lys0.94, Tyrl.o, Prol.0. 

Enzymic Digestion of VI.-The pentapeptide VI (1.0 mg.) was 
dissolved in 0.5 ml. of tris(hydroxymethy1)aminomethsse 

(TRIS) buffer, pH 8, containing 0.002 M magnesium chloride. 
To this solution was added 0.1 ml. of LAP solution containing 
0.5 mg. of the enzyme (Worthington Biochemical, lot no. 5917). 
The digestion mixture was kept a t  37" for 24 hr. 

Crystalline a-chymotrypsin and trypsin were commercial prod- 
ucts (Armour); digestion of VI by these enzymes was carried 
out a t  25" for 24 hr. in a solution of pH 8.5, with an enzyme-sub- 
strate ratio of 1/100 (w./w.). 

Reaction of Carbobenzoxy-L-valine p-Nitrophenyl Ester with 
L-tyrosine Methyl Ester.-L-Tyrosine methyl ester hydrochlo- 
ride (3.45 g., 15 mmoles) was suspended in 40 ml. of acetonitrile 
and 2.1 ml. of triethylamine was added. The solid dissolved 
readily. Carbobenzoxy-L-valine p-nitrophenyl ester (5.58 g., 15 
mmoles) was added, followed by another 2.1 ml. of triethylamine 
(15 mmoles). The reaction mixture was stirred a t  room tem- 
perature. Paper chromatograms in BAW, after 8 hr. of reaction, 
showed the presence of unchanged tyrosine methyl ester (Rr BAW) 
0.46, ninhydrin and Pauly positive), and a new ninhydrin positive 
Pauly negative spot, (Rf BAW 0.68). The solvent was removed in 
vacuo after 48 hr. and the residue was redissolved in 50 ml. of 
ethyl acetate. The crystalline material was filtered off (1.6 g., 
m.p. 252-254"), and was identified as triethylamine hydrochloride 
(mixed m.p. 252-254'). The filtrate was washed with water; 
the ethyl acetate layer was dried, and 7.5 ml. of 2 N hydrochloric 
acid in ethyl acetate was added. Crystals appeared in a few 
minutes. The mixture was kept a t  4" for 6 hr. and filtered. The 
crystalline product was washed with ethyl acetate and dried over 
sodium hydroxide to yield 3 g. of a product which was identified 
aa O-(carbobenzoxy-L-valy1)-L-tyrosine methyl ester hydrochlo- 
ride (VII), m.p. 183-185'. A sample was recrystallized from 
methanol-ether, m.p. 186-187". [ a ] 2 s o ~  -26.7' (c 1, methanol). 

Anal. Calcd. for C&gNzO&l (464.9): 59.4; H ,  6.29; N ,  
6.03; C1, 7.63. Found: C, 59.6; H,  6.43; N,  6.31; Cl, 7.90. 

The filtrate from VI1 was washed with water, dried, and con- 
centrated. A second crystalline material separated; it was re- 
crystallized from methanol to yield 0.53 g. of a product which 
melted a t  159-160, and which failed to give any reaction with 
ninhydrin or the Pauly reagent. The second crystalline product 
was identified as 0,N-di(carbobenzoxy-L-valy1)-L-tyrosine methyl 
ester, m.p. 160'. 

Anal. Calcd. for C3&3N30g (661.7): C, 65.3; H,  6.55; N ,  
6.35. Found: C, 65.8; H ,  6.83; S ,  6.55. 

Determination of the ultraviolet absorption spectra of VI1 and 
other crystalline products in ethanol, alkali and acid was per- 
formed in a Beckman Model DU spectrophotometer. 
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