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product mixtures were formed on irradiation. Small amounts of 
products with short retention times were observed, but these mate- 
rials did not accumulate sufficiently to allow isolation. Addition 
of acetic acid after irradiation did not lead to any new product 
peaks. 

A preparative scale photolysis was carried out on 0.76 g of 17 
in 100 ml of nitrogen-purged tert-butyl alcohol. After irradiation 
for 24 hr, the solvent was removed in vacuo and the residue was 
subjected to preparative gc (B, 180”). The major product (0.10 g) 
appeared to be a mixture of cyclobutanols as evidenced by the pres- 
ence of hydroxyl absorptions in the infrared spectrum at 2.90 I J :  

nmr 6 1.21 ( s )  and 1.40 (s); mass spectrum mle (re1 intensities) 
180 (1 I), 162 (38), 122 (loo), 43 (8 1). 

Anal. Calcd for CllHzoO: C, 79.94; H, 11.18. Found: 
C, 79.70; H, 11.03. 

Several minor products were detected in quantities too small to 
isolate and characterize. 
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Abstract: Syntheses are described of three N-benzyloxycarbonylpeptide tert-butoxycarbonylhydrazides which 
correspond to positions 12-23, 24-34, and 3547, respectively, of the proposed primary structure of the enzyme 
ribonuclease TI. Evidence is presented to indicate that these materials are sequentially homogeneous. These frag- 
ments were condensed to form an N-benzyloxycarbonylhexatricontapeptide tert-butoxycarbonylhydrazide corre- 
sponding to positions 12-47 of the primary sequence of the enzyme. Available techniques to evaluate homogeneity 
of complex peptides are critically discussed and the concept of “diagnostic” amino acid residues is introduced. 

ibonuclease TI [ribonucleate guanine nucleotido-2’- R transferase (cyclizing), 2.7.7.261 is an acidic 
single-chain protein, 104 amino acid residues in length, 
cross-linked by two disulfide bridges.5 The enzyme 
can be unfolded by reduct i~n ,~ , ’  and such unfolding 

( I )  See K. Hofmann, R. Andreatta, F. M. Finn, J. Montibeller, 
G. Porcelli, and A. J. Quattrone, Bioorg. Chem., 7, 66 (1971), for 
paper XLVIII in this series. 

(2) Supported by grants from the U. S. Public Health Service and the 
Hoffmann-La Roche Foundation. The early phases of this investiga- 
tion were supported by the Research Laboratories, Edgewood Arsenal, 
Contract DA-18-035-AMC-307 (A). The opinions expressed are those 
of the authors and do not reflect endorsement by the contractor. 

(3) Preliminary communications of some of the results presented in 
this communication have appeared: (a) N. Yanaihara, C. Yanaihara, 
G. Dupuis, J. Beacham, R. Camble, and K. Hofmann, J .  Amer. Chem. 
Sot., 91,2184 (1969); (b) I<. Hofmann in “Peptides 1969,” E. Scoffone, 
Ed., North Holland Publishing Co., Amsterdam, 1971, p 130. 

(4) The amino acid residues except glycine are of the L configuration. 
The following abbreviations are used: AP-M = aminopeptidase M ;  
DCC = N,N’-dicyclohexylcarbodiimide; DMSO = dimethyl sulf- 
oxide; DMF = dimethylformamide; EC = ethylcarbamyl; F = 
formyl; OCP = 2,4,5-trichlorophenyI ester; ONHS = N-hydroxy- 
succinimido ester; 0 - t -Bu  = tert-butyl ester; TEA = triethylamine; 
TFA = trifluoroacetic acid; THF = tetrahydrofuran; tlc = thin-layer 
chromatography; X = tert-butoxycarbonylhydrazide; Y = benzyl- 
oxycarbonylhydrazide; Z = benzyloxycarbonyl. In order to simplify 
the designation of the complex products the following nomenclature is 
used: fragments B, C, D, CD, and BCD = the N-benzyloxycarbonyl 
tert-butoxycarbonylhydrazides: fragments B, C, D, CD, and BCD 
tert-butoxycarbonylhydrazides = the amino-deprotected tert-butoxy- 
carbonylhydrazides; fragment B, C, D, CD, and BCD hydrazides = 
the free hydrazides of the N-benzyloxycarbonyl fragments. 

(5) I<. Takahashi, J .  Biol. Chem., 240,4117 (1965). 
(6) S.  Yamagata, I<. Takahashi, and F. Egami, J .  Biochem. (Tok jo ) ,  

(7) I<. Kasai, ibid., 57, 372 (1965). 
52, 272 (1962). 

is accompanied by a complete loss of activity. Es- 
sentially complete reactivation occurs when the reduced 
enzyme is allowed to r e o x i d i ~ e . ~ ? ~  Thus, assembly of 
the correct peptide chain will constitute synthesis of the 
enzyme. 

Ribonuclease TI contains one residue each of lysine, 
arginine, and tryptophan, and no methionine ; more- 
over, three of the four half-cystines are located in the 
N-terminal region of the peptide chain. From the 
point of view of synthesis these structural characteristics 
simplify the problem of side-chain protection and it 
was for this reason that this particular enzyme was 
selected for exploratory synthetic studies. The peptide 
chain was subdivided into a number of N-benzyloxy- 
carbonylpeptide tert-butoxycarbonylhydrazide frag- 
ments B to F (Figure 1) which provide potential build- 
ing blocks for the synthesis of larger sections of the 
polypeptide chain. 

The present article describes syntheses of frag- 
ments B, C, and D and their assembly into the pro- 
tected hexatricontapeptide hydrazide BCD (Figure 
2, shaded section), This peptide derivative corresponds 
to positions 12-47 of the amino acid sequence of the 
enzyme. 

Preparation of Fragments B, C, and D 
Doubly protected peptide hydrazides, such as frag- 

ments B, C, and D ,  are desirable intermediates for con- 
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struction of large peptides via fragment condensation? 
Hydrogenolysis removes the benzyloxycarbonyl group 
with formation of an "amino component" in terms of 
peptide terminologyg while selective removal of the 
tert-butoxycarbonyl group affords an acylpeptide hydra- 
zide which is readily converted into the corresponding 
azide for coupling to an "amino component." 

Since fragments B, C ,  and D served as starting mate- 
rials for an investigation of their suitability as building 
blocks for synthesis of larger segments of ribonuclease 
TI it was important to prepare gram quantities of these 
intermediates in a high state of purity within a reasonable 
span of time. The stepwise procedurei0 was selected 
for this purpose. The peptide chains of two di- and a 
tripeptide tert-butoxycarbonylbydrazide were extended 
from the amino end in a stepwise manner (Schemes 1- 
Ill) using the benzyloxycarbonyl group for a-amino 
Scheme I 
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(8) K. Hofmann, A. Lindenmann, M. Z. Magee, and N. H .  Khan. 

(9) K. Hofmann and P. G. Katsoyannis, Proleins, 1.53 (1963). 
(IO) (a) M. Bodanszky and V. du Vigneaud, J .  Amer. Chem. Soc., 

1. Amer. Chem. Soe., 74,470 (1952). 

81,5688 (1959); (b) J. S. Morley, J.  Chem. Soe. C, 2410 (1967). 

Figure 1. Protected peptide hydrazides corresponding to the 
sequence ofribonuclease T,. 

Figure 2. 
nuclease TI. 

Location of fragment BCD within the sequence of ribo- 

Scheme III 
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Figure 3. Thin-layer chromatogram of fractions obtained during 
purification of fragment D tert-butonycarbonylhydraride on 
Sephadex G-50. Solvent System I ;  chromatogram developed with 
chlorine reagent. See text for experimental details. 

protection. Hydrogenolysis over spongy palladium 
was used exclusively to remove amino protecting groups. 
Certain dipeptide tert-butoxycarbonylhydrazides proved 
to be sensitive to acid and formed the corresponding 
diketopiperazines on exposure to  methanol containing 
acetic acid during hydrogenolysis. This problem was 
avoided when the terf-butoxycarbonylhydrazides of 
benzyloxycarbonylvalylglycine and benzyloxycarbonyl- 
y-tert-butylglutamylglycine were decarbobenzoxylated 
by hydrogenolysis in methanol without addition of 
acetic acid. 

Serine and histidine residues were introduced uia 
their N"-benzyloxycarbonyl azides. 11 ,12  DCC served 
as the carboxyl-activating reagent for incorporation of 
threonine 32 into fragment C. Other amino acid 
residues were introduced in the form of benzyloxy- 
carbonyl N-bydroxysu~cinimido,~~ or 2,4,5-trichloro- 
phenyl" esters. As concerns side-chain protection, 
the formyl group was used to  protect the e-amino group 
of lysine 41's and tert-butyl esters protected the p- 
carboxyl of aspartic acids 15 and 29 and the y-carboxyl 
of glutamic acids 28, 31, and 46.'6 The side chains 
of histidines 27 and 40 and those of the various serine, 
threonine, and tyrosine residues were not protected. 
Certain sequences such as 13-14, 16-17, and 18-19 in 
fragment B and 37-38 in fragment D were introduced 
as N-benzyloxycarbonyldipeptide azides. In order to 
avoid lactam formation of glutamine 25 the design of 
the synthesis of fragment C involved coupling of benzyl- 
oxycarbonyltyrosylglutamine azide to the nonapeptide 
ferf-butoxycarbonylbydrazide corresponding to posi- 
tions 26-34. 

The tert-butoxycarbonylhydrazide function was in- 
corporated into fragment B at the tripeptide stage by 
treating a mixed anhydride of benzyloxycarbonyl- 
alanylalanylglycine with tert-butoxycarbonylhydra- 

(11) J. S .  Fruton, J .  Bid. Chem., 146,463 (1942). 
(12) R. W. Holley and E. Sondheimer, J .  Amrr. Chem. Soe., 76,1326 

,lOCA> ~.,- .,. 
(13) G.  W. Anderson, J. E. Zimmerman. and F. M. Callahan, ibid., 

(14) 1. Pless and R. A. Boissonnas. Heiu. Chim. Acto, 46, 1609 
86, 1839 (1964). 

(1963). 

Schwartz, J .  Amer. Chem. Soc., 82, 3727 (1960). 

(1961); (b) R. Schwyzer and H. Dietrich. ibid., 44, 2003 (1961). 

(15) K.  Hofmann, E. Stutz, G.  Spiihler, H .  Yajima, and E. T. 

(16) (a) R. Schwyrer and H. Kappeler, Helu. Chim. Acta. 44, 1991 

zine." The benzyloxycarbonyldipeptide terf-butoxy- 
carbonylhydrazides required in the synthesis of frag- 
ments C and D were obtained from the benzyloxy- 
carbonyldipeptides and fert-bntoxycarbonylhydrazine 
in the presence of DCC. 

Attempts to  introduce the three N-terminal amino 
acid residues (positions 12-14) into fragment B in the 
form of N-benzyloxycarbonyltriserine azide were un- 
successful ; however, benzyloxycarbonylserylserine azide 
was used to  incorporate serines 13 and 14 and benzyl- 
oxycarbonylserine azide served to add serine 12 to  the 
peptide chain. Solubility problems arose during the 
synthesis of fragment B and it was found necessary to 
employ hydrogenolysis in D M F  at 70" to  remove the 
benzyloxycarbonyl group following the two final cou- 
pling steps. 

Purification and Assessment of Homogeneity of Frag- 
ments B, C, and D 

In many instances the crude coupling products were 
distributed between aqueous citric or acetic acid and a 
suitable organic solvent to remove unreacted amino 
component; then the material from the organic phase 
was purified by solvent precipitation. Crystallization 
was employed to  purify intermediates whenever possible 
but unfortunately only a limited number of the pro- 
tected peptides were obtained in crystalline form. 

Protected intermediates were characterized by melting 
point, optical rotation, elemental analysis, and tlc. 
Optical rotation, tlc in at least two solvent systems, and 
digestibility by aminopeptidase M(AP-M)IS served to 
assess the homogeneity of peptide tert-butoxycarbonyl- 
hydrazides. Buffer-insoluble peptide tert-butoxycar- 
bonylhydrazides were deblocked with TFA and the 
ensuing soluble trifluoroacetate salts were subjected 
to AP-M digestion. The amino acid composition of 
acid hydrolysates of a number of the protected inter- 
mediates was also determined. 

Many peptides are highly hydrated and undergo 
marked alterations when attempts are made to assess 
peptide content by drying to constant weight at ele- 
vated temperatures. However, average recovery of 
amino acids in acid hydrolysates and AP-M digests 
provides a satisfactory measure of peptide content and 
such figures are reported in the Experimental Section. 

In the course of this investigation it became apparent 
that tlc of protected peptide hydrazides has limited 
value as an index of purity for the reason that many of 
these intermediates migrate close to the solvent front. 
However, tlc of the corresponding peptide terf-butoxy- 
carbonylhydrazides revealed the presence of contami- 
nants. These impurities accumulated with progressive 
chain elongation, and repeated precipitation failed, in 
certain instances, to yield a chromatographically accept- 
able material. The impurities do not necessarily appear 
in the form of distinct spots, but create the well-known 
streaking effect on the plates. Despite the fact that tlc 
demonstrated the presence of contaminants, the ele- 
mental analyses and amino acid compositions of acid 
or enzymic hydrolysates afforded values which agreed, 
within experimental error, with those expected by 

(17) L. A. Carpino, J .  Amer. Chem. Soe., 79,98 (1957). 
(18) G.  Pfleiderer. P. G.  Celliers, M. Stanulovic. D. E. Wachsmuth, 

H. Determan. and G .  Braumtzer, Bioehem. Z., 340,552 (1964). 
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from 89 to 99 %. However, aspartylglycylglutamyl- 
threonylvalylglycine hydrazide (positions 29-34), when 
digested under identical conditions, gave an average 
amino acid recovery of only 27%. Since this peptide 
derivative contains an aspartylglycine bond which can 
be subject to an CY + fl shift20 this problem received 
critical study. The model peptide y-tert-butylglutamyl- 
0-tert-butylaspartylglycine tert-butoxycarbonylhydra- 
zide (positions 28-30) was synthesized from identical 
starting materials by the procedures employed to pre- 
pare aspartylglycylglutamylthreonylvalylglycine hydra- 
zide and was subjected to  AP-M digestion under stan- 
dard conditions; an average amino acid recovery of 
80% was observed. The rate of amino acid liberation 
from aspartylglycylglutamylthreonylvalylglycine hydra- 
zide, using twice the enzyme concentration employed 
in standard digests, was then investigated. From the 
results presented in Table I it is apparent that the rate of 

theory. It follows that these analytical tools are not 
adequate to  establish homogeneity. 

The progressive accumulation of impurities was par- 
ticularly apparent during the synthesis of fragment D 
which contains three unprotected tyrosine residues in 
positions 38, 42, and 45. 0-Acylation of the tyrosine 
hydroxyls may contribute to  the accumulation of con- 
taminants. It should be noted that the amino acid 
ratios in acid hydrolysates and AP-M digests of crude 
fragment D tert-butoxycarbonylhydrazide were in good 
agreement with theory. The inhomogeneity of this 
material is shown in Figure 3 ,  which illustrates a sys- 
tematic evaluation by tlc of its purification on a Sepha- 
dex G-50 partition column with the solvent system 1- 
butanol-acetic acid-water (4 : 1 : 5 )  lower phase as the 
stationary and upper phase as the moving component. 
Channel I represents the desired homogeneous fragment 
D tert-butoxycarbonylhydrazide which was obtained in 
a yield of 55-60 based on the crude material applied 
to  the column. No attempt was made to identify the 
nature of the various contaminants (channels A to  H 
and J to  P). The chromatogram magnifies the problem 
since the desired product (channel I) and the various 
side products in its synthesis were applied to the plate in 
comparable concentrations ; each individual impurity 
was actually present in a small proportion (see Experi- 
mental Section). 

The amino acid composition of acid hydrolysates and 
AP-M digests of column-purified material agreed closely 
with that observed with the crude product. This result 
supports the conclusion, stated above, that amino acid 
analyses of acid or enzymic hydrolysates of complex 
synthetic peptides which are not shown to be “pure” 
by other methods provide little support for homo- 
geneity. Amino acid analyses in agreement with theory 
are a necessary, but  not suficient, criterion ofpurity. 

As has been mentioned, fragment B and its protected 
precursor, undecapeptide, are very sparingly soluble in 
DMF. The fortuitous observation that serylseryl-p-tert- 
butylaspartylvalylserylthreonylalanylglutamin yla lanyl- 
alanylglycine tert-butoxycarbonylhydrazide (positions 
13-23) is soluble in aqueous pyridinium acetate buffers 
enabled us to evaluate its homogeneity by chroma- 
tography on a Dowex resin using the amino acid ana- 
lyzer detecting system. The material contained only 
traces of ninhydrin-positive impurities. Dowex-purified 
material formed sharp spots on tlc in two solvent sys- 
tems and its acid hydrolysate afforded the correct amino 
acid composition. The corresponding hydrazide was 
completely digestible by AP-M. Fragment B tert- 
butoxycarbonylhydrazide, also readily soluble in pyri- 
dinium acetate buffers, was obtained in a high state of 
chromatographic homogeneity by chromatography on a 
Dowex column. The purified material contained a 
trace impurity which may be completely deprotected 
fragment B hydrazide. 

The synthesis of fragment C (Scheme 11) proceeded 
smoothly and material of good quality was obtained 
by  the purification steps described in the Experimental 
Section. The tert-butoxycarbonylhydrazides corre- 
sponding to the C sequence up to glycyl-y-tert-butyl- 
glutamylthreonylvalylglycine (positions 30-34) were 
completely digested by AP-M under our standard con- 
d i t i o n ~ ~ ~  with average recoveries of amino acids ranging 

Zanetti, J .  Amer .  Chem. Soc., 88,3633 (1966). 
(19) K. Hofmann, F. M. Finn, M. Limetti, J. Montibeller, and G. 

Table I. Liberation of Amino Acids in AP-M Digests of 
Aspart ylglycylglutamylthreonylvalylglycine Hydrazide 
Bis(trifluoroacetate) as a Function of Time 

Recovery, 
Amino -Incubation time, hr----- 

acid 4 6 16 24 40 

24 30 63 70 88 
69 

ASP 
Glya 9 14 38 47 
Glu 1 3  23 57 67 88 
Thr 9 17 52 58 80 
Val 7 14 49 62 78 

a Glycine values are based on a theoretical recovery of two gly- 
See text for experimental cines per mole of peptide hydrazide. 

details. 

hydrolysis of the aspartyl-glycine bond is abnormally 
slow and thus represents the rate-limiting step. This 
same behavior has been previously observed with 
aspartylserine and peptides containing this linkage. l9 
The evidence presented indicates that fragment C and 
intermediates in its synthesis are not contaminated by 
significant proportions of corresponding peptides con- 
taining the P-aspartyl-glycine bond. 

The experiments presented have shown that frag- 
ments B and D, synthesized by the stepwise method, 
were not pure. Purification of the amino-deprotected 
compounds by chromatography was possible since the 
chromatographic behavior of the contaminants differed 
significantly from that of the desired product. The 
chromatographically purified materials were homo- 
geneous as judged by tlc and their acid hydrolysates 
exhibited, within the experimental error, the correct 
amino acid composition. Buffer-soluble derivatives of 
these compounds were completely digestible by AP-M 
and the ensuing digest possessed essentially the same 
amino acid composition as the acid hydrolysates. How- 
ever, we recognize the fact that the analytical procedures 
used are not sensitive enough to detect minor degrees of 
racemization. 

Assembly of Fragment BCD 
Complex peptides in which all the side-chain func- 

tional groups are protected are frequently difficult to 
(20) (a) E. E. Haley and B. J. Corcoran, Biochemistry, 6,2668 (1967); 

(b) K. Weber and W. Konigsberg, J .  Bid.  Chem., 242, 3563 (1967); 
(c) M. A. Ondetti, A. Deer, J. T. Sheehan, J. PluSEec, and 0. Kocy, 
Biochemistry, 7, 4096 (1968). 
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Figure 4. Thin-layer chromatogram of fragment CD, fragment 
C D  tert-butoxycarbonylhydrazide, and fragment BCD. Plate de- 
veloped for 16 hr in solvent system I. The 15-cm marker indicates 
the relative distance the peptides migrated and d w s  not correspond 
to the solvent front. Peptides visualized with chlorine reagent. 

purify. For this reason we employ a minimum of side- 
chain protection in our synthetic schemes. Of par- 
ticular interest are the free p -  and y-carboxyls of aspartic 
and glutamic acid since these charged sites provide an 
added dimension for purification by ion exchange 
chromatography. chromatography on the anion ex- 
changer AG 1-X2S1 using increasing concentrations of 
acetic acid as the eluent provides a potent tool for the 
highly selective separation of peptides or peptide deriva- 
tives which differ in net negative charge. This prin- 
ciple, which was developed in connection with the 
synthesis of %peptidez2 and a series of its analogs,'*Ja 
was successfully applied to the preparation of fragment 
BCD (Figure 2, shaded section). 

For the synthesis of fragment CD (positions 24-47), 
fragment C was exposed to  TFA and the ensuing tri- 
fluoroacetate salt converted to the azide. This azide 
served to acylate the tert-butoxycarbonylhydrazide of 
fragment D. In concert with the removal of the terf-  
butoxycarbonyl group, the TFA treatment liberates 
the carboxyls in positions 28, 29, and 31 which are 
critical for the successful isolation of fragment CD. 
The Rudinger modification of the azide r e a c t i ~ n , ~ '  
which gave excellent results during our synthetic studies 
in the S-peptide was used exclusively for 
coupling of complex fragments. 

Following completion of the coupling reaction the 
mixture was simply diluted with the solvent mixture 
1-butanol-methanol-water (1 : 1 : I )  and the solution 
was applied to an AG I-X2 column. Elution of the 
column with the same solvent system removed un- 
changed amino component; the desired fragment CD 
was released in sequentially homogeneous form (Fig- 
ure 4) by the solvent mixture 1-butanol-methanol-0.09 
N acetic acid (1 : 1 : 1). The average yield from several 
experiments was 50%. Inspection of Figure 1 will 
show that fragment D tert-butoxycarbonylhydrazide 
contains one terminal amino group and a histidine 
residue in position 40. The azide of fragment C and its 
rearrangement products (amide) contain one histidine 
in position 27 plus three free carboxyls in positions 28, 
29, and 3 1. The desired coupling product CD contains 
two histidines in positions 27 and 40 and three carboxyls 
in positions 28, 29, and 31. The unreacted amino 
component (fragment D tert-butoxycarbonylhydrazide), 
which contains no net negative charge, has no affinity 

(21) AG 1-X2 is an anion exchanger manufactured by Bio-Rad 
Laboratories, Richmond, Calif, 

91. 4883 (1969). 
(22) K.  Hofmann, I. P. Visser, and F. M. Finn, 3. Amer. Chem. Soe., 

(23) K: Hofhann, J. P. Visser, and F. M. Finn, ibid., 91,29M) (1970). 
(24) 1. Honzl and I. Rudinper. Collect. Czech. Chem. Commun.. 26, 

2333 (1961). 
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Figure 5. Purification of fragment BCD on AG 1-XZ. Arrows 
designate solvent changes. Peak I, fragment H-CD-X; peak 11, 
unknown; peak 111, fragment BCD. See text for experimental 
details. 

for the exchanger and is eluted with the neutral solvent. 
When the concentration of acetic acid reaches a certain 
level the acidic reaction product CD is displaced. The 
more acidic azide rearrangement products require still 
higher levels of acetic acid for elution. With some 
experience it is possible to predict the acetic acid con- 
centration which will be required to elute a given pep- 
tide. 

Hydrogenation of fragment CD over palladium in 
the solvent system I-butanol-methanol-0.09 N acetic 
acid removed the benzyloxycarbonyl group. This ex- 
periment demonstrates that large sequential peptides 
can be decarbobenzoxylated by hydrogenolysis. The 
hydrogenation product was purified by chromatography 
on AG 1-X2 using the 1-butanol-methanol-acetic acid 
system for elution. The fact that the deprotected 
peptide was eluted with a lower concentration of acetic 
acid than fragment CD emphasizes the sensitivity of 
this convenient chromatographic technique. A chro- 
matogram of fragment CD tert-butoxycarbonylhydra- 
zide is shown on Figure 4. 

The synthesis of fragment BCD (Figure 2, shaded 
section) was patterned according to the procedure used 
to synthesize fragment CD. Exposure of fragment B 
to TFA removed the tert-butoxycarbonyl group from 
the hydrazide and the p-rert-butyl ester from aspartic 
acid in position 15. The hydrazide TFA salt was con- 
verted to the azide in the solvent system DMSO-DMF. 
The salt was insoluble in D M F  but dissolved readily in 
DMSO; when the peptide was completely dissolved in 
a small volume of this solvent the solution could be 
diluted with D M F  without causing precipitation. The 
azide was prepared in the usual manner, coupled to 
fragment CD tert-butoxycarbonylhydrazide, and the 
desired product isolated by AG I-X2 chromatography, 
A typical elution pattern is shown in Figure 5. The 
yield of chromatographically pure fragment BCD 
(Figure 4) averaged 45 % in several experiments. 
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"Diagnostic" Amino Acid Residues 
Determination of the ratios between certain diag- 

nostic amino acid residues in a peptide which is obtained 
by condensation of two homogeneous fragments pro- 
vides a valid criterion for assessment of the purity of the 
coupling product. Diagnostic residues are those which 
are stable to acid hydrolysis and which occur in one 
but not in the other of the reaction partners. Frag- 
ments C D  and BCD may serve to  illustrate the concept. 
The diagnostic residues in fragment C are leucine and 
valine; those in fragment D are lysine and proline. 
The diagnostic amino acid in fragment B is alanine 
which is absent from fragment CD. Since the amino 
acid composition of homogeneous fragments which are 
to  be combined to form a larger chain is not likely to 
undergo change during the coupling step, it follows 
that the ratios between the diagnostic residues provide 
a convenient measure for the homogeneity of the cou- 
pling product. The focus is on but a few amino acid 
residues and deviation from the predicted ratio is in- 
dicative of contamination of the reaction product by 
one or the other of the components employed for cou- 
pling. In our fragment condensation studies we were 
guided by the ratios between diagnostic amino acids 
and critical evaluation of the large coupling products 
by tlc. Elemental analyses and optical rotations were 
not performed since these determinations provide little 
valid information. 

Experimental Sectionz5 
2,- 

4,s-Trichlorophenyl Benzyloxycarbonylasparaginate. DCC (4.1 g) 
in D M F  (10 ml) was added to an ice-cold solution of benzyloxy- 
carbonylasparagine (5.3 g) and 2,4,5-trichlorophenoI (4.4 g) in 
D M F  (25 ml). The mixture was stirred for 3 hr a t  0" and was 
filtered. Water was added to the filtrate and the precipitate was 
collected, dried, and recrystallized from THF-ether: 4.0 g (45 z); 
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(25) Melting points are uncorrected. Rotations were determined 
with a Zeiss precision polarimeter. Measurements were carried out 
with a mercury lamp at 546 and 576 nm and extrapolated to the 589-nm 
sodium line, Elemental analyses were by Schwarzkopf Microanalytical 
Laboratory, Woodside, N. Y .  ; oxygen values were actually determined 
and not computed by difference. Analytical samples were dried in 
uacuo over PZOS at 50-60". The amino acid composition of acid hy- 
drolysates and AP-M digests were determined with a Beckman-Spinco 
Model 120 amino acid analyzer according to the method of S.  Moore, 
D. H.  Spackman, and W. H.  Stein, Anal. Chem., 30, 1185 (1958). The 
figures in parentheses are average recoveries of amino acids based on 
formula weight. Nle and a-amino-P-guanidopropionic acid served as 
internal standards. Acid hydrolyses were performed in constant-boil- 
ing HCI at 110" for 24 hr in evacuated tubes except with peptides con- 
taining valine or isoleucine which were hydrolyzed for 48 hr; values are 
not corrected for amino acid destruction. AP-M digests were prepared 
as described in ref 19 except when noted otherwise. Designations of 
solvent systems for descending paper chromatography on Whatman No. 
1 filter paper are: Ri1 1-butanol-glacial acetic acid-water (4:l :5) top 
layer; Ri2 2-butanol-3 % ammonium hydroxide (3 : 1); Ri3 l-butanol- 
pyridine-water-glacial acetic acid (45 :30 :36 :9); with this system Rf 
values are expressed as multiples of the distance traveled by a histidine 
marker. Designation of solvent systems for ascending tlc on silica gel 
G (E. Merck and Co., Darmstadt, West Germany) are: Ri' l-butanol- 
glacial acetic acid-water (60:20:20); Rr" 95 % EtOH-concd NHdOH 
(100:27); R P  1-butanol-pyridine-glacial acetic acid-water (30:20: 
6 :24); RrIv MeOH-chloroform (20 : 80). Sparingly soluble compounds 
were prepared for spotting by dissolving them in a few drops of glacial 
acetic acid with slight warming and adding a few drops of water. Sol- 
vents were freshly distilled and evaporations were carried out in uacuo 
at a temperature of 40-45" in rotary evaporators. AG 1-X2 (chloride 
form, 200-400 mesh) was washed twice with 2 N KOH, then with water 
until neutral; this was followed by two washings with 10% acetic 
acid and water until neutral. Columns were equilibrated with the ap- 
propriate solvent before use. Except when noted otherwise, hydrogena- 
tions were performed at room temperature and atmospheric pressure. 
Routinely, catalyst was removed by filtering the hydrogenation mixture 
through a bed of Filter Cel. Yields are based on weight of vacuum- 
dried (over PZOS and KOH) substance. 

mp 184-185'; [aIz7D -28.1" (c  3.60, DMF); &IV 0.7. Anal. 
Calcd for C18H150SN2C18: C, 48.5; H, 3.4; N, 6.3. Found: 
C,49.1; H,3.4;N,6.8. 

a-N-Hydroxysuccinimido y-tert-Butyl Benzyloxycarbonylgluta- 
mate. To an ice-cold solution of benzyloxycarbonyl-r-tert-butyl- 
glutamic acid (4.4 g) and N-hydroxysuccinimide (1.52 g) in dioxane 
(50 ml) was added DCC (2.66 g), and the mixture was stirred for 
14 hr a t  4" and for 2 hr a t  room temperature. The suspension was 
filtered, and the filtrate was evaporated yielding an oil which crys- 
tallized on standing. Recrystallization from ethyl acetate-petro- 
leum ether (bp 30-60")gave needles: 3.23 g (57%); mp 101-103"; 
[ a I z 6 D  -29.9"(c 2.43, EtOH). Anal. Calcd for C21H2608N2: C, 
58.1; H, 6.0; N, 6.4. Found: C, 58.1; H ,  6.0; N, 6.7. 

Benzyloxycarbonylglutamine tert-Butoxycarbonylhydrazide. 
DCC (9.60 g) was added to a stirred solution of benzyloxycarbonyl- 
glutaminez6 (13.0 g) and tert-butoxycarbonylhydrazine (6.15 g) 
in D M F  (30 ml) and THF (170 ml) at 0" and the mixture was stirred 
a t  0" for 5 hr. The suspension was allowed to reach room tem- 
perature, the precipitate was removed by filtration, and the filtrate 
was concentrated to a small volume. Ethyl acetate (70 ml) was 
added, the suspension was filtered, and the ethyl acetate was evap- 
orated. Ether and water were added to the residue and the re- 
sultant precipitate was collected, dried, and crystallized from 
MeOH-ethyl acetate (1:2): 12.18 g (67%); mp 193-194"; [ a I z 6 ~  
-33.0' ( c  2.10, MeOH); Ril 0.7; RrIV 0.8. Anal. Calcd for CIS- 
Hz606Nn:  C, 54.8; H, 6.6; N, 14.2. Found: C, 54.8; H, 6.6; N, 
14.1. 

Glutamine tert-Butoxycarbonylhydrazide. Benzyloxycarbonyl- 
glutamine tert-butoxycarbonylhydrazide (1 1.52 g) was hydrogen- 
ated in MeOH. The catalyst was removed by filtration, the filtrate 
was evaporated to dryness in D ~ C U O ,  and the residue was lyoph- 
ilized: 7.63 g (99%); [#D +15.1" ( c  1.91, MeOH); Rf l  0.4; 
R P '  0.4. Anal. Calcd for C l o H ~ o 0 4 N ~ :  C, 46.2; H, 7.7; N,  21.5. 
Found: C,46.0; H, 7.9; N, 21.6 

N-Hydroxysuccinimido Benzyloxycarbonylglutaminate. DCC 
(6.18 g) was added a t  -15" to a solution of benzyloxycarbonyl 
glutamine (8.41 g) and N-hydroxysuccinimide (3.45 g) in THF 
(100 ml) and the mixture was stirred at  0" for 18 hr. The precipi- 
tate was removed and the filtrate evaporated to dryness. The 
residue was crystallized from ethyl acetate: 7.40 g (65 %); mp 

DMF); R P '  0.6 Anal. Calcd for C17H1907N3: C, 54.1; H, 5.1; 
N,11.1. Found: C,54.2; H,5.4; N, 11.0. 
Benzyloxycarbonyltyrosylglutamine tert-Butoxycarbonylhydra- 

zide. 2,4,5-TrichlorophenyI N-benzyloxy~arbonyltyrosinate~~ 
(14.50 g) was added to a solution of glutamine tert-butoxycar- 
bonylhydrazide (7.67 g) in T H F  (120 ml) and the solution was 
kept at room temperature for 18 hr. The solvent was removed, 
the residue dissolved in MeOH (80 ml), and the product was pre- 
cipitated by addition of water (400 ml) and ether (400 ml). The 
material was washed with ether and water and dried: 14.18 g 
(8673; mp 145-149"; [ a I z 7 ~  -23.1" ( c  2.03, DMF); R f l  0.7; 
RfIV 0.8. Anal. Calcd for C2.iHa;OsNb: C, 58.2; H, 6.3; N, 
12.5. Found: C,58.1; H,6.1; N,12.4. 
Benzyloxycarbonyltyrosylglutamine Hydrazide. The protected 

hydrazide (20.75 g) was dissolved in TFA (100 ml) and the solution 
was kept a t  room temperature for 1 hr. Excess ether was added 
and the precipitate was collected, washed with ether, and dried. 
The precipitate was dissolved in hot MeOH (400 ml), and the solu- 
tion was cooled and neutralized with TEA. Addition of water 
(600 ml) and refrigeration for 18 hr gave a granular gel which was 
collected, washed with water, and dried: 14.08 g (83%); mp 
195-198" (soften); 202-206" dec; [ a I z6~  -15.5" (c  1.96, DMF);  
Ril 0.7; R$I1 0.8. Anal. Calcd for CZZH&N~: C, 57.8; 
H ,  5.9; N, 15.3. Found: C,58.0; H, 6.2; N, 14.8. 

Methyl Benzyloxycarbonylvalylserinate. A mixed anhydride 
was prepared in the usual manner from benzyloxycarbonylvaline 
(31.2 g) in THF (70 ml) with tributylamine (29.4 ml) and ethyl 
chloroformate (11.0 ml). This solution was added slowly with 
stirring to a chilled solution of methyl serinate (17.1 g) and TEA 
(17.1 ml) in THF (100 ml) and water (30 ml). The mixture was 
stirred for 30 min in an ice bath and was then kept for 1 hr at room 
temperature. The resulting crystalline material was collected, and 
the filtrate was concentrated to obtain an additional quantity of 

134-136'; [ a I z 6 D  -31.4" (C 0.98, EtOH); [.]"D -23.6' ( C  2.37, 

(26) R. Boissonnas, St. Guttmann, P. A. Jaquenoud, and J. P. 
Waller, Helc. Chim. Acta, 38, 1491 (1955), report mp 135"; [ c u I ~ O D  
+5.8" ( c  2, EtOH). We recorded mp 139-141"; [O1Iz6D -5.7" ( c  5.01, 
EtOH). 
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the compound. The combined crops were washed with water 
and ether and recrystallized from ethyl acetate: needles; 30.5 g 
(69%); mp 171-172"; [a]% -19.2" (c 4.28. MeOH). Anal. . .  
Calcd for C17H~10SN~: C, 57.9; H,  6.9; N, 8.0. Found: C, 
57.9; H.6.9; N.8.0. 
Benzyloxycarbonylvalylserine Hydrazide. Hydrazine hydrate 

(1 1 ml) was added to a solution of methyl benzyloxycarbonylvalyl- 
serinate (35.2 g) in MeOH (600 ml) and the solution was kept a t  
room temperature for 4 hr. The resulting crystalline product was 
collected and washed with MeOH: yield 33.2 g (94%); mp 245- 
247" dec. A sample for analysis was recrystallized from water: 
mp 246-248" dec; [a]% -43.4" (c 1.45, 1 NHCl).  Anal. Calcd 
for CisHzdOaNa: C, 54.5; H, 6.9; N, 15.9. Found: C, 55.1; 
H, 7.0; N, 15.5. 

Benzyloxycarbonyl-~tert-butylglutamyl-P-tert-butylaspartylgly- 
cine Dicyclohexylammonium Salt. A solution of glycine (564 mg) 
and sodium bicarbonate (630 mg) in water (16 ml) was added to a 
solution of a-N-hydroxysuccinimido 6-tert-butyl benzyloxycar- 
bonylaspartate (2.1 g) in T H F  (20 ml). The mixture was stirred 
for 4 hr at room temperature, then the T H F  was removed. The 
solution was acidified with 1 N hydrochloric acid and extracted by 
ethyl acetate. The extract was dried over sodium sulfate and 
evaporated to give an oil which was hydrogenated in MeOH-10% 
acetic acid (1 :1) for 3 hr. The catalyst was removed by filtration, 
the filtrate was evaporated, and the residue was precipitated from 
MeOH with ether. The precipitate was absorbed from water onto 
AG 50W-X2 (H+),  which was washed with water. The resin was 
eluted with 3 % aqueous pyridine and the eluate evaporated. The 
residue was crystallized from EtOH-water: 800 mg (65%); mp 
179-180" dec; [ a I z 5 ~  +61.7" (c 1.00, water); Rfl 0.4; Rt1I1 
0.5 ; amino acid ratios in acid hydrolysate, Asp,.oGlyl.o. 

a-N-Hydroxysuccinimido y-tert-butyl benzyloxycarbonylgluta- 
mate (1.140 g) in T H F  (10 ml) was added to a solution of the 
above product (665 mg) and sodium bicarbonate (228 mg) in water 
(10 ml) and the reaction stirred at room temperature for 18 hr. 
The T H F  was removed, and the residue was acidified with 1 N 
hydrochloric acid and extracted by ethyl acetate. The extract 
was dried and evaporated to an oil. Dicyclohexylamine was added 
to a solution of the oil in ether and the resulting sticky solid crys- 
tallized from MeOH-ether: 824 mg (44%); mp 15Ck-152"; [a]% 
-22.9" (c 1.97, MeOH); RfI 0.6; amino acid ratios in acid hy- 
drolysate, Glul , oAspi, oGly,, 0 

y-tert-Butylglutamyl-P-terr-butylaspartylglycine rert-Butoxycar- 
bonylhydrazide Acetate. Benzyloxycarbonyl-y-rert-butylglutamyl- 
P-tert-butylaspartylglycine dicyclohexylammonium salt (560 mg) 
was partitioned between aqueous citric acid and ethyl acetate. 
The ethyl acetate layer was washed with water and dried. tert- 
Butoxycarbonylhydrazine (99 mg) and DCC (155 mg) were added t o  
this solution which was stirred at  0" for 18 hr. The suspension 
was filtered, and the filtrate was washed with 1 N hydrochloric 
acid, saturated sodium chloride, and saturated sodium bicarbonate, 
dried, and evaporated to an oil. 

The oil was hydrogenated in MeOH containing acetic acid 
(0.2 ml). The catalyst was removed by filtration and the filtrate 
was evaporated to dryness. A solution of the residue in water 
was freed from a small amount of insoluble material by filtration 
and lyophilized: 384 mg (76%); [a]% -8.4" (c 2.21, MeOH); 
Rrl 0.9; &IV 0.8; amino acid ratios in AP-M digest, y-0-tert-Bu- 

Preparation of Fragment B (Positions 12-23). (Positions 21-23) 
Benzyloxycarbonylalanylalanylglycine. Sodium nitrite (2.76 g) 
in water (10 ml) was added to  an ice-cold solution of benzyloxy- 
carbonylalanylalanine hydrazidez7 (12.32 g) in a mixture of water 
(90 ml), T H F  (110 ml), and 5 N hydrochloric acid (24 ml). The 
solution was kept at - 3 to  0" for 15 min and then neutralized with 
TEA (12.4 ml). To this solution containing Z-Ala-Ala-azide was 
added an ice-cold solution of glycine (4.50 g) in a mixture of water 
(30 ml), T H F  (20 ml), and TEA (8.3 ml). The solution was kept 
at 4" for 20 hr, maintaining the pH at approximately 7.5 by addition 
of TEA. The bulk of the solvents was evaporated and the residue 
diluted with 1 N ammonium hydroxide. This solution was ex- 
tracted with three portions of ethyl acetate which were discarded. 
The aqueous phase was acidified to Congo red with 5 N hydro. 
chloric acid, and the ensuing suspension was kept at  4" for 1 hr 
when the precipitate was collected, washed with ice-cold water, 
and dried. The solid was then washed with boiling ethyl acetate, 

Glui ,oP-O-ierr-BuAspl .oGlyo, n (80 z). 

(27) K. Hofmann, R. Schmiechen, R. D. Wells, Y. Wolman, and N. 
Yanaihara, J .  Amer. Chem. SOC., 87, 611 (1965). 

dried, and recrystallized from MeOH: needles; 10.11 g (72x); 
mp 210-211°; [ ( Y ] ~ ~ D  -46.4' (c 1.13, MeOH); R+ 0.7; R p  0.6; 
RfIV 0.5. Anal. Calcd for C1~Hz1OSN3: C, 54.7; H, 6.0; N,  
12.0. Found: C, 54.9; H, 5.9; N, 12.3. 

(Positions 21-23) Benzyloxycarbonylalanylalanylglycine tert- 
Butoxycarbonylhydrazide. Isobutyl chloroformate (1.31 ml) was 
added a t  - 15' t o  a solution of benzyloxycarbonylalanylalanyl- 
glycine (3.51 g) in D M F  (30 ml) containing N-methylmorpholine 
(1.12 ml). The mixture was kept at  - 15" for 15 min, then a solu- 
tion of terf-butoxycarbonylhydrazine~~ (1.58 g) in D M F  (10 ml) 
cooled at - 15" was added, and the mixture was warmed to 40" and 
kept at  that temperature for 3 min. The solvents were evaporated, 
the residue was dissolved in ethyl acetate, and the solution was washed 
successively with water, saturated sodium bicarbonate, 1 N citric 
acid, and saturated sodium chloride, and was dried over sodium 
sulfate, and evaporated. The solid residue which was obtained 
on addition of ether-petroleum ether (1 : l), was collected, dried, 
and recrystallized from ethyl acetate: 4.24 g (91 %); mp 151-153"; 
[a]"D -27.8" (c 3.66, MeOH); R? 0.8; R?I1 0.8; RrIV 0.9. Anal. 
Calcd for C21H3107Nj: C, 54.2; H, 6.7; N, 15.1. Found: C, 
54.1; H, 6.6; N, 15.1. 

(Positions 21-23) Alanylalanylglycine tert-Butoxycarbonylhy- 
drazide Monoacetate. Benzyloxycarbonylalanylalanylglycine tert- 
butoxycarbonylhydrazide (4.0 g) was hydrogenated over palladium 
in MeOH (150 mi) containing 10% acetic acid (8 ml). The catalyst 
was removed by filtration and the filtrate was evaporated. The 
residue was dissolved in a small volume of EtOH and ether was 
added. The precipitate was collected and dried: 3.20 g (95%); 
mp 110-112"; [ a I z 8 ~  -17.4' (c 3.05, MeOH); Rfl  0.6; Rf3  3.5 X 
His; Rfl 0.4; R P 1  0.6; RP'0.4;  amino acid ratios in AP-M digest, 
Alaz.oG1yl.a (89%). 

(Positions 20-23) Benzyloxycarbonylglutaminylalanylalanylgly- 
cine tert-Butoxycarbonylhydrazide. 2,4,5-Trichlorophenyl benzyl- 
oxycarbonylglutaminate14 (8.28 g) in D M F  (20 ml) was added at  
room temperature to a solution of alanylalanylglycine tert-butoxy- 
carbonylhydrazide monoacetate (4.70 g) in D M F  (150 ml) and TEA 
(1.66 ml). The mixture was kept at room temperature for 20 hr 
and then evaporated. To the residue was added ethyl acetate and 
the resulting precipitate was collected, washed with ethyl acetate, 
and dried. The material was precipitated from MeOH with water 
and was recrystallized from MeOH: needles; 6.30 g (88%); mp 
227-228'; [ a I z 7 D  -37.1' (c 0.82, MeOH); [a]% -10.8" (c 3.7, 
DMF); Rfl 0.6; R P  0.8; &IV 0.9; amino acid ratios in acid hydro- 
lysate, Glul.oAlaz.oGlyl.o. Anal. Calcd for G6H3809N7: C, 52.6; 
H ,  6.6; N, 16.5; 0, 24.3. Found: C, 52.4; H ,  6 6 ;  N, 16.2; 
0, 23.8. 

(Positions 2Ck23) Glutaminylalanylalanylglycine rert-Butoxycar- 
bonylhydrazide. The protected tetrapeptide hydrazide (6.71 g) 
was hydrogenated in MeOH (300 ml) for 5 hr. The catalyst was 
removed by filtration and the filtrate was evaporated. The solid 
residue which was obtained by addition of ether was collected and 
dried: 5.02 g (97%); [ a I z 5 D  -36.3' (c 4.00, MeOH); Rr' 0.5; Rr3 
3.0 X His; Rfl 0.4; 0.6; RP' 0.3; amino acid ratios in AP-M 
digest, Glnl.oAla~.lGlyl.o (90%). 

(Positions 18-23) B:nzyloxycarbonylthreonylalanylglutaminyl- 
alanylalanylglycine tert-Butoxycarbonylhydrazide. tert-Butyl nitrite 
(1.72 ml) was added to a solution cooled at  -20 to -25" of ben- 
zyloxycarbonylthreonylalanine hydrazide*' (4.39 g) in D M F  (20 ml) 
and T H F  (20 ml) containing 5.9 N hydrogen chloride in dioxane 
(8.8 ml). The mixture was stirred at - 20 to - 25' for 10 min, TEA 
(7.18 ml) was added dropwise followed by an ice-cold solution of 
glutaminylalanylalanylglycine terr-butoxycarbonylhydrazide (4.60 g) 
in D M F  (15 ml). The mixture was stirred at 4" for 24 hr and ethyl 
acetate (approximately 200 ml) was added to the heavy suspension. 
The solid was collected, washed with a mixture of hot ethyl acetate 
and water, and dried. Additional material was obtained from the 
filtrate by evaporation and washing of the solid residue with hot 
ethyl acetate and water. Both batches were combined and the 
product was precipitated from D M F  with ethyl acetate and from 
DMFwithwater: 6.00 g ( 7 8 z ) ;  mp 267-270" dec; [ ( Y ] * ~ D  -14.2" 
(c 1.18, DMF); RfI 0.7; R P  0 8; amino acid ratios in acid 
hydrolysate, Thrl,@Alas lGlul.oGlyo,,. Anal: Calcd for C ~ ~ H X O I Z N Q :  
C ,  51.8; H, 6.7; N, 16.5; 0, 25.1. Found: C,  51.5; H, 6.8; N, 
16.7; 0, 24.5. 

(Positions 18-23) Threonylalanylglutaminylalanylalanylglyc~ne 
fert-Butoxycarbonylhydrazide Acetate. Benzyloxycarbonylthre- 
onylalanylglutaminylalanylalanylglycine tert-butoxycarbonylhydra- 
zide monohydrate (4.50 g) was hydrogenated in MeOH-water- 
acetic acid (20: 10: 1). The catalyst was removed by filtration and 
the filtrate evaporated to  dryness. A solution of the residue in water 
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Butoxycarbonylhydrazide. tert-Butyl nitrite (0.65 ml) was added 
at  - 20 to - 25 to a solution of benzyloxycarbonylserylserine 
hydrazide28 (1.70 g) in D M F  (10 ml) and T H F  (10 ml) containing 
5.9 N hydrogen chloride in dioxane (3.40 ml). The solution 
was kept at  - 20 to  - 25 O for 20 min, was cooled at  - 35 , and 
TEA (2.80 ml) was added. To this solution containing Z-Ser-Ser- 
azide was added an ice-cold D M F  solution of P-tert-butylaspartyl- 
valylserylthreonylalanylglutaminylalanylalanylglycine tert-butoxy- 
carbonylhydrazide obtained in the manner described above and the 
mixture was stirred at 4" for 20 hr. The solvents were evaporated, 
water was added to the residue, and the resulting precipitate was 
collected and dried. This material was dissolved in hot DMF (100 
ml) and water (30 ml), and the solution was concentrated to 0.5 its 
volume and was extracted with six 250-ml portions of 1-butanol 
(saturated with 3% acetic acid). The extracts were washed in 
counter-current fashion with 3 % acetic acid (saturated with 1- 
butanol) and evaporated. Addition of ether gave a solid which 
was collected, dried, and dissolved in D M F  (100 ml) and water (30 
ml). The solution was concentrated to a volume of approximately 
30 ml and MeOH (approximately 150 ml) was added. The precipi- 
tate was collected and dried: 1.11 g (64%); mp 27@277" dec; 
[a I z8D -16.2" (c  1.81, DMSO); Rrl 0.4; 0.8. Anal. Calcd 
for CjjHggOzZNl4: C, 50.9; H, 6.9; N, 15.1; 0, 27.1. Found: C, 
50.7; H ,  6.8; N, 15.0; 0, 27.8. 

(Positions 13-23) Serylsergl-P-tert-butylaspartylvalylseryl- 
threonylalanylglutaminylalanylalanylglycine tert-Butoxycarbonylhy- 
drazide Acetate. The protected undecapeptide (502 mg) was 
dissolved in D M F  (100 ml) at 70" and water (33 ml) was added. 
This mixture was hydrogenated over palladium at room temperature 
for 18 hr, then at 70" for 3 hr. The catalyst was removed by filtra- 
tion, the filtrate was evaporated, and the residue was dissolved in 
0.1 M acetic acid. The solution was lyophilized and the ensuing 
colorless fluffy material dried: 464 mg (98 %); [ a I z 6 D  - 18.7" (c 
1.77 DMSO); RfI 0.2 with slight tailing; 0.7 with slight 
tailing; amino acid ratios in acid hydrolysate, Ser2, ~Aspl,oVall,o- 
Thrl.oAla3.1Glul.oG1yi.o (100%). A sample (50 mg) was dissolved 
in TFA (0.5 ml) and the solution was kept at room temperature for 1 
hr. The solvent was removed and the residue was lyophilized from 
water; amino acid ratios in AP-M digest: (Ser+Gln)4.0Aspl,oVall,o- 
Thr1.0Ala3.1G1y0,9 (92% based on bis(trifluor0acetate)). A sample 
of the undecapeptide tert-butoxycarbonylhydrazide acetate (9.0 mg) 
was dissolved in 0.1 M ,  pH 3.1, pyridinium acetate buffer (0.5 ml) 
and the solution was centrifuged to remove a trace of insoluble 
material. The clear supernatant was then applied to a column (0.9 
X 24 cm) of Beckman ion-exchange resin type 15A. The residue was 
resuspended in 0.25 ml of buffer, the solution was clarified by 
centrifugation, arid the supernatant also was added to the column. 
The column was first eluted with 0.1 M ,  pH 3.1, pyridinium acetate 
for 125 min at  a flow rate of approximately 15 ml/hr, then with a 
continuous linear gradient of pyridinium acetate between 0.1 M ,  
pH 3.1 (150 ml), and 2.0 M ,  pH 5.0 (150 ml), for 600 min. The 
column was then flushed with 2.0 M ,  pH 5.0, buffer for 73 min. 
The eluates were fed continuously through a Beckman Model 120 B 
amino acid analyzer detector system. A large peak was eluted 
near the void volume; only small impurity peaks were observed. 

Preparative Column Purification. The undecapeptide t er t -  
butoxycarbonylhydrazide acetate (146 mg) was dissolved, with 
warming, in 0.1 M ,  pH 3.1, pyridinium acetate buffer (7 ml) and the 
solution was applied to  a Beckman ion-exchange resin type 15A 
column (1.9 X 12 cm). The column was eluted at  a flow rate of 
approximately 15 ml/hr with the pH 3.1 buffer and fractions (8 min 
each) were collected. Samples ( 2  pl) were withdrawn from each 
fraction and evaluated by tlc using the chlorine test for visualiza- 
tion. Chlorine-positive fractions were pooled, concentrated to a 
small volume, and lyophilized to constant weight: 132 mg; Rrl 0.2; 
R P 1  0.7; amino acid ratios in acid hydrolysate, Sera,oAspl,o- 
Vall.oThrl.oAla3.1G1ul.oGlyl.a (80%). A sample (15.8 mg) was 
dissolved in 90% TFA ( 2  ml) and the solution was kept at  room 
temperature for 30 min. The solvent was removed and the residue 
was lyophilized from water and dried; amino acid ratios in AP-M 
digest: (Ser+Gln)4.0Aspo. QVal,, oThrl,oAlas.2Glyl., (79 %). 

(Positions 12-23) Benzyloxycarbonylserylserylseryl-P-tert-butyl- 
aspartylvalylserylthreonylalanylglutamin~lalanylalanyl~lycine tert- 
Butoxycarbonylhydrazide (Fragment B). A solution of benzyloxy- 
carbonylserine hydrazide" (495 mg) in D M F  (20 ml) was cooled at 
-5" and 4.36 N HC1 (1.34 ml) was added followed by 
sodium nitrite (185 mg/ml; 0.79 ml). The mixture was stirred at  
- 5" for 20 min (negative hydrazide test); then TEA was added until 
the pH of the solution reached 7.5-8.0 (approximately 0.55 ml 
required). To this solution was added a solution of the undeca- 

was freed from a small amount of insoluble material by filtration 
andlyophilized: 3.88 g (95z ) ;  [aIz5D -73.0" (c4.17, water); [aIz8D 
-52 3" (C 0.88, DMF-water 1 : l ) ;  Rfl 0.5; Ria 1.6 X His; 
0.7; amino acid ratios in AP-M digest, Thrl.~Ala3.~Gln~,~Gly~,~ 

(Positions 16-23) Benzyloxycarbonylvalylserylthreonylalanyl- 
glutaminylalanylalanylglycine tert-Butoxycarbonylhydrazide. An 
ice-cold solution of sodium nitrite (1.24 g) in water (6 ml) was 
added a t  - 3 to 0" to a solution of benzyloxycarbonylvalylserine 
hydrazide (6.34 g) in D M F  (50 ml), T H F  (30 ml), and 2 N hydro- 
chloric acid (27.0 ml). The resulting precipitate was dissolved by 
adding D M F  (50 ml) and THF (70 ml) and the solution was kept at 
0" for 10 min, when TEA (4.96 ml) was added dropwise. To this 
solution containing Z-Val-Ser-azide was added an ice-cold solution 
of threonylalanylglutaminylalanylalanylglycine rert-butoxycarbonyl- 
hydrazide acetate (4.15 g) in D M F  (100 ml), T H F  (20 ml), water (65 
ml), and TEA (0.83 ml). The mixture was kept at  4" for 24 hr and 
the bulk of the solvents was evaporated. Water (approximately 100 
ml) was added to the residue and the resulting suspension was heated 
in a boiling water bath for approximately 3 min. The suspension 
was cooled; the solid was collected, washed with MeOH, and dried. 
The material was dissolved in warm D M F  (approximately 300 ml), 
the solution was concentrated to a volume of approximately 30 ml, 
and MeOH (approximately 150 ml) was added to the residue. The 
precipitate was collected and dried: 3.72 g (65 %); mp 281-283" dec; 
[a]"D - 13.3" (c  0.72, DMSO); Rfl  0.5; R P 1  0.8. Anal. Calcd for 
C41HsaOljN11: C, 51.7; H, 6.9; N ,  16.2; 0, 25.2. Found: C, 
51.5; H, 7.0; N, 16.1; 0, 25.4. 

(Positions 16-23) Valylserylthreonylalanylglutaminylalanyl- 
alanylglycine rert-Butoxycarbonylhydrazide. The protected 
octapeptide hydrazide (3.5 g) in D M F  (300 ml), water (60 ml), and 
MeOH (60 ml) was hydrogenated over palladium. The catalyst was 
removed by filtration, the filtrate was evaporated, and the solid 
residue which was obtained on addition of ether was collected and 
dried: 2.8 g (937J; mp 280-285" dec; [ C X ] ~ ~ D  -14.6" ( c  1.40, 
DMSO); Rrl 0.3; Rf3 2.9 x His; Rrl 0 3; R P  0.7; amino acid 
ratios in acid hydrolysate, Vall.GSer~,~Thrl.oAla3.zGlul.oGlyl,o 
(94%). A sample (50 mg) was dissolved in TFA (1 ml) and the 
solution was kept at room temperature for 40 min. The solvent was 
evaporated and the residue lyophilized three times from water; 
amino acid ratios in AP-M digest: Vall.oSer + Glnz.lThrl,oAla3.0- 
Glyo,, (88 based on bis(trifluoroacetate)). 

(Positions 15-23) Benzyloxycarbonyl-P-tert-butylaspartylvalyl- 
serylthreonylalanyl~utaminylalanylalanylglycine tert-Butoxycar- 
bonylhydrazide Monohydrate. a-N-Hydroxysuccinimido P-tert- 
butyl benzyloxycarbonylaspartateza (1.87 g) was added to a solution 
of valylserylthreonylalanylglutaminylalanylalanylglycine tert-but- 
oxycarbonylhydrazide (2.81 g) in D M F  (200 ml) and water (40 ml). 
The mixture was kept at room temperature for 15 hr, when the 
solvents were evaporated and water was added to the residue. 
The ensuing precipitate was collected, dried, and washed three times 
with boiling ethyl acetate. The dried material was dissolved in 
D M F  (approximately 300 ml), the solution was concentrated to a 
small volume (approximately 30 ml), and MeOH was added. The 
precipitate was collected, dried, and reprecipitated from D M F  with 
water: 3.05 g (78%); mp 284-2236' dec; [CY]~~D -14.8' (c 1.03, 
DMSO); Rrl 0.5; 0.7. Anal. Calcd for C 4 s H ~ 8 0 1 ~ N 1 2 ~ H z O :  
C, 51.6; H ,  7.1; N, 14.7; 0, 26.6. Found: C, 51.8; H, 6.8; N, 
14.5; 0, 26.8. 

(Positions 15-23) /3-tert-Butylaspartylvalylserylthreonylalanyl- 
glutaminylalanylalanylglycine ?err-Butoxycarbonylhydrazide. The 
protected nonapeptide hydrazide (1.50 g) was hydrogenated in D M F  
(200 ml) for 20 hr at  70". The catalyst was removed by filtration, 
the filtrate was concentrated to a volume of approximately 100 ml, 
and this solution was used for the next coupling reaction. 

For analytical evaluation a 10-ml aliquot was evaporated, washed 
with ether, and dried: mp 279-280" dec; [ a I z 8 ~  - 15 4" (c 1.26, 
DMSO); Rrl 0.5; Rr3 3.1 X His; RrIO.3; R P  0.7; amino acidratios 
in acid hydrolysate, Aspl,oVall.oSero,sThrl.aAla3.1Gl~~l.oGlyl.o 
(95%). A sample (50 mg) was dissolved in TFA (0.5 ml) and the 
solution was kept at room temperature for 40 min. The solvent was 
evaporated and the residue lypohilized three times from water; 
amino acid ratios in AP-M digest: ASpo,sVall.oSer + Gln2.0Thrl.o- 
Ala3.2Glyo.8 (99 % based on bis(trifluoroacetate)). 

(Positions 13-23) Benzyloxycarbonylserylseryl-p-fer?-butyl- 
aspartylvalylserylthreonylalanylglutaminylalanylalanylglycine tert- 

(97 %). 

(28) K. Hofmann, W. Haas, M. J.  Smithers, and G. Zanrtti, J .  Amer. 
Chem. Soc., 87,631 (1965). 
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peptide tert-butoxycarbonylhydrazide acetate (395 mg) in D M F  
(20 ml), water (12 ml), and TEA (1 : 1 in DMF;  0.09 ml). The mix- 
ture was stirred for 2 hr at room temperature; then the pH was ad- 
justed to  7.5-8.0 by addition of TEA. After stirring for 12 hr the 
solvents were evaporated and ethyl acetate (75 ml) was added to  the 
residue. The mixture was kept in a refrigerator for 2 hr and the 
precipitate was collected and dried. The material was washed, in 
centrifuge tubes, with four 12-ml portions of water, two 12-ml por- 
tions of MeOH, and three 12-ml portions of ethyl acetate and was 
dried: 373 mg (83%) of a colorless powder was obtained; [a]26~ 

- 13.2" (c 0.92, DMSO); R$ 0.5 with trace impurity at  0.6; Rf"1 
0.7; ninhydrin negative; amino acid ratios in acid hydrolysate, 
Sera.eAspl, 0Val~.~Thr~,~Ala3.0Glu~. 0Gly1.0 (94 %). Anal. Calcd for 
CjgHg3024Nlj: C, 50.3; H, 6.8; N, 15.2; 0, 27.7. Found: C, 
50.2; H,7.0; N ,  15.0; 0, 28.0. 

Fragment B (123 mg) 
was dissolved in cold aqueous 90% TFA (5.0 ml) and the solution 
kept at  rt for 40 min. The solvent was evaporated, ether (50 ml) 
was added, and the suspension was stored at  -10" for 30 min. 
The material was collected, washed with ether, and dried: 120 mg 
(100z)  of a colorless nonhygroscopic powder was obtained; amino 
acid ratios in AP-M digest, Ser + G l n ~ . l A s p , , ~ V a l o . ~ T h r ~ . ~ A l a ~ . ~ -  
Gly,,, (91 % based on bis(trifluoroacetate)). 

Fragment B tert-Butoxycarbonylhydrazide. Fragment B (506 mg) 
was dissolved in D M F  (100 ml) by triturating and warming at 70" 
After 30 min a clear solution was obtained to which H 2 0  (33 ml) was 
added. This mixture was hydrogenated at  rt for 15 hr and at 70" for 
3 hr. The catalyst was removed by filtration and the filtrate was 
evaporated to dryness. The residue was dissolved in 0.1 Maqueous 
acetic acid and lyophilized: 450 mg (94%); [ a I z 6 D  - 15.6" (c 1.88, 
DMSO); RrI 0.3 streaking with impurity at 0.1; 0.7 with 
streaking; amino acid ratios in acid hydrolysate, Ser3,sAspl,lVall.l- 
Thrl,oAlaa,oGlul,oGlyl,l (82%). A sample (12.5 mg) was dissolved 
in 0.1 M pyridinium acetate buffer (pH 3.1, 0.5 ml) and the solution 
was applied to a column (0.9 X 24 cm) of Beckman ion-exchange 
resin type 15A. The column was eluted with a linear buffer gradient 
obtained by mixing 100 ml of 0.1 Mpyridinium acetate, pH 3.1, with 
100 ml of 2.0 M pyridinium acetate, pH 5.0. The eluate was moni- 
tored with the Beckman Model 120 B amino acid analyzer detector 
system. 

A large peak representing the desired product was eluted soon 
after initiation of ninhydrin color response. Four diffuse peaks 
were then observed followed by two sharp symmetric peaks and 
further minor peaks. A broad, low intensity peak was observed at  
approximately the midpoint of the buffer gradient. Eleven im- 
purity peaks were distinguished clearly. 

It was found that excellent separation of the major peak from all 
impurity peaks could be accomplished by delaying the application of 
the buffer gradient. However, recovery of product and impurities 
and recycling of the column could most readily be achieved by 
alternate elution with the two pyridinium acetate buffers described. 
This procedure was used in preparative experiments. 

Preparative Column Purification. The crude hydrogenation 
product (157 mg) was dissolved at  40" in 0.1 M pyridinum acetate 
buffer (pH 3.1, 6.0 ml) and the solution was applied to a column of 
Beckman type 15A ion-exchange resin (1.9 X 12 cm). The column 
was eluted with the above buffer at a rate of 15 ml/hr while frac- 
tions were collected at  intervals of 8 min. Fractions containing the 
desired product were identified by the chlorine test. 

These fractions were pooled, concentrated to a small volume, and 
lyophilized to constant weight: 143 mg (91 %). Analytical exam- 
ination revealed the absence of impurity peaks excepting the broad, 
low-intensity peak located at  approximately the midpoint of the 
buffer gradient. The proportion of this impurity was negligible: 
[ ~ ] Z ' D  -68.0" (c 1.015, 10% aceticacid); Ril 0 4; RrlI1 0 7; amino 
acid ratios in acid hydrolysate, Ser4,2Aspl.oVall.oThro.~Ala3.aGlul.o- 
Gly,,, (81 z); amino acid ratios in AP-M digest, (Ser + Gln)j.4- 
Asp,, rThri.lAlat.gGlyo.s (80 %). 

Preparation of Fragment C (Positions 24 -34). (Positions 33- 
34) Methyl Benzyloxycarbonylvalylglycinate. TEA (5.60 ml) 
was mixed with a stirred suspension of methyl glycinate hydro- 
chloride (2.51 g) in THF (20 ml). N-Hydroxysuccinimido benzyl- 
0xycarbonylvalinate~3 (6.97 g) was added, and the reaction was 
stirred for 6 hr at room temperature. The solvent was evaporated, 
and the residue was partitioned between ethyl acetate and 1 N HC1. 
The organic phase was washed with saturated sodium chloride and 
saturated sodium bicarbonate, dried, and evaporated. The residue 
was crystallized from ethyl acetate-ether: needles; 5.40 g (83z ) ;  
mp 161-162"; [ a I z 6 ~  -26.7" (c 3.53 MeOH); R f l  0.8; 0.9; 
lit.?9 mp 160-161 O ;  [cY]*~D - 30.0" (c 1.85, MeOH). Anal. Calcd for 

Fragment B Hydrazide Trifluoroacetate. 

CI~HZZO&: C, 59.6; H,6.9; N, 8.7. Found: C, 59.8; H ,  6.9; 
N, 8.6. 

(Positions 33-34) Benzyloxycarbonylvalylglycine tert-Butoxycar- 
bonylhydrazide. a. By the DCC Procedure. DCC (6.88 g) was 
added to a stirred solution of benzyloxycarbonylvalylglycine~O (10.28 
g), tert-butoxycarbonylhydrazine (4.41 g), and N-hydroxysuc- 
cinimide (1.90 g), in THF-ethyl acetate (1 :1) (150 ml) at -20" and 
the reaction was stirred at 0" for 20 hr. A few drops of acetic acid 
were added, and 15 min later the solution was filtered. The filtrate 
was evaporated to dryness and the residue was partitioned between 
ethyl acetate and 1 N HC1. The organic phase was washed with 
saturated sodium chloride and saturated sodium bicarbonate, 
dried, and evaporated. Trituration with ether-petroleum ether 
gave a crystalline product: 13.75 g (97%); mp 139-140"; [.]*6~ 

-9.5" (c 3.17, MeOH); RI' 0.8; RfIV 0.8. A sample for analysis 
was recrystallized from ethyl acetate-petroleum ether; mp 142- 
144"; [ a I z 6 ~  -9.8" (c  3.84, MeOH). A/za/. Calcd for C20H3006NI: 
C, 56.9; H ,  7.2; N, 13.3. Found: C, 56.8; H, 7.3; N, 13.4. 

b. By the Mixed .4nhydride Procedure. A mixed anhydride was 
prepared, in the usual manner, from benzyloxycarbonylvalylglycine~~ 
(10.6 g) in T H F  (125 ml) with TEA (4.75 ml) and ethyl chloroformate 
(3.3 ml). This solution was added slowly with stirring to an ice- 
cold so!ii on of tert-b~toxycarbonylhydrazine~~ (4.5 g) in T H F  (30 
ml) and the mixture was stirred at  ice-bath temperature for 1 hr and 
at room temperature for 4 hr. The suspension was filtered, the 
filtrate was evaporated, and the residue was dissolved in ethyl acetate 
(250 ml). This solution was washed successively with four 60-ml 
portions each of 1 N citric acid, water, 1 N sodium bicarbonate, and 
water and was dried over sodium sulfate. The oily residue which 
ensued when the solvent was evaporated crystallized when tri- 
turated with ether-petroleum ether. The compound was recrystal- 
lized from the same solvents: 11.0 g(76Z);  mp 89-90" A mixture 
of this material with the higher melting form melted at 138-140': 
[ a I z 2 D  -9.7" (c 3.26, MeOH); R f l  0.9; Rr1 0.8; iodine- and chlorine- 
positive spot. Aim/. Calcd for CtoHooOsN4: C, 56.9; H ,  7.2; N, 
13.3. Found: C, 56.9; H, 7.2; N, 13.8. 

(Positions 33-34) Valylglycine tert-Butoxycarbonylhydrazide. 
Benzyloxycarbonylvalylglycine tert-butoxycarbonylhydrazide (6.00 
g) was hydrogenated in MeOH. The catalyst was removed by 
filtration and the filtrate was evaporated. The residue was crystal- 
lized from ethyl acetate (25 ml): needles; 3.19 g (7773; mp 143- 
145"; [ C ~ ] ~ * D  +6.9" (c 3.76, MeOH); RiIV 0.6; amino acid ratios in 
AP-M digest, Vall,oGlyl.o (94%). Anal. Calcd for C12H2104N4: 
C,50.0; H,8.4; N, 19.4. Found: C, 50.3; H,8.5; N, 19.2. 

(Positions 32-34) Benzyloxycarbonylthreonylvalylglycine fert- 
Butoxycarbonylhydrazide. DCC (4.8 g) in methylene chloride 
(10 ml) was added at room temperature to  a methylene chloride 
solution (200 ml) containing valylglycine rert-butoxycarbonyl- 
hydrazide (6.6 g) and benzyloxy~arbonylthreonine~~ (5.8 g). The 
mixture was kept at room temperature for 24 hr and filtered. The 
filtrate was evaporated, the residue was dissolved in ethyl acetate 
(500 ml), and the solution was washed successively with four 100-ml 
portions each of 1 N citric acid, water, 1 N sodium bicarbonate, and 
water. Following drying over sodium sulfate, the solvent was re- 
moved and the residue was crystallized from MeOH-water: 6.0 g 
(50%); mp 114-115"; [ a I z 3 D  -24.0" (c 3.53, MeOH); R$ 0.8; 
RfII 0.8; amino acid ratios in acid hydrolysate, Thro.qVall.~Glyl.l 
(99%). Anal. Calcd for CgiHa;OgNj: C, 55.1; H, 7.1; N, 13.4. 
Found: C,  54.4; H ,  7.1; N, 13.2. 

(Positions 32-34) Threonylvalylglycine tert-Butoxycarbonylhy- 
drazide Acetate. The protected tripeptide hydrazide (10.0 g) 
was hydrogenated in MeOH containing acetic acid (10 ml). The 
catalyst was removed by filtration and the filtrate was evaporated 
to dryness. The resultant froth after drying over PtO: was solidi- 
fied by refluxing with ethyl acetate containing a few drops of acetic 
acid: 7.1 g (83%); mp 14e142"; [ a I 2 6 ~  - 17.3"(c 2.77, MeOH); 
Rfl  0.7; RrIV0.6; amino acid ratios in AP-M digest, Thrl.oVall,o- 
Glyi. o (99 73. 

(Positions 31-34) Benzyloxycarhonyl-y-fert-butylglutamylthre- 
onylvalylglycine rert-Butoxycarbonylhydrazide. a. By the 2,4,5- 
Trichlorophenyl Ester Procedure. 2,4,5-Trichlorophenyl benzyloxy- 
carbonyl-y-tert-b~tylglutamate~~ (8.53 g) was added with stirring 
to a solution of threonylvalylglycine tert-butoxycarbonylhydrazide 
acetate (6.74 g) and TEA (1.46 ml) in D M F  (70 ml) and the solution 
was kept at room temperature for 42 hr. 3-Dimethylaminopropyl- 

(29) I<. Hofmann, E. Sturz, G. Spiihler, H. Yajima, and E. T. 

(30) W. Grassmann and E. Wiinsch, Chem. Ber., 91, 449 (1958). 
(31)  R. B. Merrifield, J .  Biol. Chem., 232, 43 (1958). 

Schviartz, J .  Amer. Chem. Soc., 82, 3727 (1960). 
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amine (0.5 ml) was added and after 1 hr the reaction mixture was 
poured into ether-water (1 : 1) (400 ml) containing 1 N HCI (10 ml). 
The precipitate was washed with ether-water, dried, and crystallized 
from MeOH (45 ml); ether (25 ml) was added after crystallization 
had begun: 8.70 g ( 8 2 z ) ;  [cUIz6D -28.8"(c 4.68, MeOH); [aIz6D 
-2.9" (c 3.32, DMF); Ril 0.8; amino acid ratios in acid hydro- 
lysate, Glul,oThro.oVaI~.oGly~.~. Anal. Calcd for C33HdhN6: C, 
55.9; H,7.4; N, 11.9. Found: C, 55.8; H,7.5; N,12.0. 

b. By the N-Hydroxysuccinimido Ester Procedure. a-N- 
Hydroxysuccinimido benzyloxycarbonyl-y-tert-butylglutamate (10.0 
g) was added to a solution of threonylvalylglycine tert-butoxycar- 
bonylhyrazide acetate (7.61 g) and TEA (4.75 ml) in D M F  (80 ml) 
and the solution was stirred for 20 hr at  room temperature. Work- 
up as described under a gave 7.9 g (6673; [ a I z 4 D  -28.1" (c 4.03, 
MeOH). 

(Positions 31-34) y-rert-Butylglutamylthreonylvalylglycine tert- 
Butoxycarbonylhydrazide Acetate. The protected tetrapeptide hy- 
drazide (7.0 g) was hydrogenated in MeOH containing acetic acid 
( 5  ml). The catalyst was removed by filtration and the filtrate was 
evaporated. The residue was crystallized from MeOH (15 ml) with 
the addition of ethyl acetate (30 ml): 5.77 g (92%); mp 156-158"; 

0.8; RlIv 0.8; amino acid ratios in AP-M digest, Glul.oThrl.o- 
Vall,oGlyl.o (94%). 

(Positions 30-34) Benzyloxycarbonylglycyl-y-tert-butylglutamyl- 
threonylvalylglycine tert-Butoxycarbonylhydrazide Monohydrate. 
N-Hydroxysuccinimido benzyloxy~arbonylglycinate1~ (2.65 g) was 
added with stirring to a solution of y-tert-butylglutamylthreonyl- 
valylglycine tert-butoxycarbonylhydrazide acetate (4.50 g) and TEA 
(1.98 ml) in D M F  (15 ml) and the mixture was stirred atroom tem- 
perature for 20 hr. 3-Dimethylaminopropylamine (1 ml) was 
added and after 0.5 hr the reaction mixture was added to ether- 
water (1 : 1) (400 ml) containing acetic acid (5.5 ml). The precipitate 
was washed with ether-water and crystallized twice from MeOH 
with water (50ml): 4.28g(77z);32mp203-205'; [ a I z 7 ~  -29.5"(c 
3.87, MeOH); [aIz6D -6.1" ( e  3.11, DMF); Rrl 0 8. Anal. Calcd 
for C3:,Hj3012N7.H20: C, 53.6; H, 7.3; N, 12.5. Found: C ,  
53.6; H, 7.4; N, 12.5. -s- 

(Positions 30-34) Glycyl-y-tert-butglglutamylthreonylvalylgly- 
cine tert-Rutoxycarbonylhydrazide Acetate. The protected penta- 
peptide hydrazide (4.00 g) was hydrogenated in MeOH containing 
acetic acid (3 ml). The catalyst was removed by filtration, and the 
filtrate was evaporated to dryness. The residue was dissolved in 
water and the solution was lyophilized: 3.39 g(96Z);  mp 22C225" 
dec; [a]"D -28.6" (c 3.03, MeOH); Ril  0.8; R P '  0.5; amino acid 
ratios in AP-M digest, Gly~,oGlul.oThrl,oVall.o (89%). 

(Positions 29-34) Benzyloxgcarbony1-P-tert-butylaspartylglycyl- 
y-tert-butylglutamylthreonylvalylglycine tert-Butoxycarbonylhydra- 
zide. a-N-Hydroxysuccinimido 6-tert-butyl benzyloxycarbonyl- 
aspartate*s (3.88 g) was added with stirring to a solution of glycyl- 
y-tert-butylglutamylthreonylvalylglycine tert-butoxycarbonylhydra- 
zide acetate (5.20 g) and TEA (2.36 ml) in D M F  (25 ml) and the mix- 
ture was stirred at room temperature for 20 hr. 3-Dimethylamino- 
propylamine (0.16 ml) was added and after 30 min the reaction mix- 
ture was poured into water (300 ml) containing 1 N HCI (21 ml). 
The resulting precipitate was washed with water and crystallized 
from MeOH-water (2 : l )  (50 ml): 6.13 g (87%); mp 184-186"; 

Rf' 0.8; Ri" 0.8 Aizal. Calcd for C43H68015NS: C ,  55.1; H ,  7.3; 
N ,  12.0. Found: C, 54.9; H,7.3; N, 11.6. 

(Positions 29-34) p-tert-Butylaspartylglycyl-y-fert-butylglutamyl- 
threonylvalylglycine tert-Butoxycarbonylhydrazide Acetate. The 
protected hexapeptide hydrazide (4.2 g) was hydrogenated in 
MeOH containing acetic acid. The catalyst was removed by 
filtration, the filtrate was evaporated, and the residue was pre- 
cipitatedfromEtOH byether: 3.52 g(91Z);  [ a IZ7~  -24.2" (c2.51, 
MeOH); RI' 0.9; R P  0.8. 

A sample for AP-M digestion was deblocked with TFA for 1 hr at  
room temperature, followed by precipitation with ether; amino 
acid ratios in AP-M digest (twice the normal concentration of 
enzyme for 40 hr): Aspl.~Glyl,~Glul,oThrl.oVall.o (83z) .  (See 
Table I for amino acid recoveries.) 

(Positions 28-34) Benzyloxycarbonyl-y-terr-butylglutamyl-P-rert- 
butylaspartylglycyl-~-tert-butylglutamylthreonylvalylglycine rerr-Bu- 
toxycarbonylhgdrazide. a-N-Hydroxysuccinimido y-tert-butyl ben- 
zyloxycarbonylglutamate (8.17 g) was added with stirring to  a 

[aIz7D -21.1°(c3.22,MeOH); [ a I Z 4 D  -26.4"; ( ~ 4 . 2 2 ,  water); Ri' 

[a]"D -23.8" (C 3.45, MeOH); [CI']~'D -11.2" (C 4.19, DMF); 

(32) Similar results were obtained when using 2,4,5-trichlorophenyl 
benzyloxycarbonylglycinate as the acylating component. 

solution of ~-rert-butylaspartylglycyl-y-~ert-butylglutamylthreonyl- 
valylglycine tert-butoxycarbonylhydrazide acetate (16.20 g) and 
TEA (5.25 ml) in D M F  (60 ml) and the mixture was stirred at 
room temperature for 20 hr. The reaction mixture was added 
to water (800 ml). The precipitate was washed with water 
and precipitated from MeOH with water: 17.33 g (82%); mp 
204-206" dec; [ a I2 '~  -30.7' (c 1.21, MeOH); R? 0.8; RfrV 0.8. 
Anal. Calcd for C6zH83018Ng: C, 55.7; H ,  7.5; N, 11.2. Found: 
C, 55.5; H. 7.4: N, 11.4. 

(Positions 28-34) y-tert-Butylglutamyl-P-tert-butylaspartyl- 
glycyl-y-tert-butylglutamylthreonylvalylglycine tert-Butoxycarbonyl- 
hydrazide Acetate. The protected heptapeptide hydrazide (17.20 
g) was hydrogenated in MeOH containing acetic acid. The catalyst 
was removed by filtration, the filtrate was evaporated, and the 
residue was precipitated from EtOH by ether: 16.50 g (102%); 
[a Iz8~ -23.0" (c 2.42, MeOH); Rrl 0.9; Ri1!'0.7. 

A sample for AP-M digestion was deblocked with TFA for 1 hr 
at room temperature, followed by precipitation with ether; amino 
acid ratios in AP-M digest (twice the normal concentration of 
enzyme for 72 hr): 

(Positions 27-34) Benzyloxycarbonylhistidyl-y-rert-butylglu- 
tamyl-0- tert-butylaspartylglycyl- y- tert -butylglutamylthreonylvalyl- 
glycine tert-Butoxycarbonylhydrazide. An ethyl acetate solution 
of benzyloxycarbonylhistidine azide, prepared from 3.04 g of the 
hydrazide,12 was added with stirring to an ice-cold solution of 
y-tert-butylglutamyl-~-tert-butylaspartylglycyl-y-ter~-butylglutamyl- 
threonylvalylglycine tert-butoxycarbonylhydrazide acetate (5.24 g) 
and TEA (0.70 ml) in D M F  (50 ml). After stirring for 5 hr at 0" 
a fresh quantity of azide, prepared from 1.214 g of hydrazide, 
was added and stirring continued at 0" for 16 hr. The reaction 
mixture was concentrated to a small volume and the product was 
precipitated by addition of ethyl acetate; 6.77 g. The material 
was distributed between 1-butanol-ethyl acetate (1:l)  and 6 %  
ammonium hydroxide in six separatory funnels (120-ml upper and 
50-ml lower phase). The butanol layers were then washed with two 
75-ml portions of water and evaporated. The residue was dissolved 
in D M F  (18 ml) and precipitated by addition of ethyl acetate (250 
ml): 4.76 g (75%); mp 182-183" dec; [a Iz7D -28.8" (c 2.17, 
MeOH); Ril 0.7. A m / .  Calcd for C:sHooOleN1?: C, 55.3; H ,  7.2; 
N, 13.3. Found: C. 55.4; H ,  7.2; N,  13.1. 

(Positions 27-34) Histidyl-y-tert-butylglutamyl-P-tert-butyl- 
aspartylglycyl-y-tert-butylglutamylthreonylvalylglyci~e terf-Butoxy- 
carbonylhydrazide Diacetate. The protected octapeptide hydrazide 
(4.70 g) was hydrogenated in MeOH containing acetic acid. The 
catalyst was removed by filtration and the filtrate was evaporated 
to  dryness. The residue was precipitated from EtOH by ether: 
4.20 g (90%); [a]27D -28.3' ( e  2.07, MeOH); Rr'0.8; R1'0.5, trace 
0.1; A sample was deblocked with TFA for 
1 hr at room temperature, followed by precipitation with ether; 
amino acid ratios in AP-M digest (twice the normal concentration 
of enzyme for 72 hr): Hisl,3GIup,oAsp1,0Glyl,oThrl.oVall (64%). 

(Positions 26-34) Benzyloxycarbonylleucylhistidyl-y-tert- 
butylglutamyl-~-tert-butylaspartylglycyl-y-fert-butylglutamyl thre- 
onylvalylglycine tert-Butoxycarbonylhydrazide. N-Hydroxysuc- 
cinimido benzyloxycarbonylleucinate (2.33 g)13 was added with 
stirring to a solution of histidyl-y-tert-butylglutamyl-,t3-terr-butylas- 
partylglycyl-y-rert-butylglutamylthreonylvalylglycine rut-butoxy- 
carbonylhydrazide diacetate (8.0 g) and TEA (2.70 ml) in D M F  
(60 ml) and the solution stirred at  room temperature for 18 hr. 
The reaction mixture was poured into water and the precipitate 
was collected and reprecipitated from D M F  (60 ml) with water 
(90ml): 7.38g(83Z); mp 209-211" dec; [CY]~'D -32.9" (c 1.03, 
MeOH); Ril 0.6; Rr" 0.8; amino acid ratios in acid hydrolysate, 
Leu,. oHisl. oGlu2.0Aspl. ~Gly?.  aThrl. oVall, @. A m / .  Calcd for Csa- 
H101020N13: C,  56.0; H,  7.4; N, 13.3. Found: C, 56.1; H, 7.3; 
N, 13.3. 

(Positions 26-34) Leucylhistidyl-y-tert-butylglutamyl-~-tert- 
butylaspartylglycyl-y-tert-butylgluta~ylthreonyl~alylglycine tert- 
Butoxycarbonylhydrazide Diacetate. The protected nonapeptide 
hydrazide (7.50 g) was hydrogenated in MeOH containing acetic 
acid. The catalyst was removed by filtration and the filtrate was 
evaporated. The residue was distributed between 1-butanol and 
7% aqueous acetic acid in five separatory funnels (80 ml of upper 
and 80 ml of lower phase). The butanol layers were washed with 
two 8 0 "  portions of water and were concentrated to a small 
volume. Water was added and the residue was lyophilized: 6.63 g 
(89%); [cY]"D -29.0" (c 1.67, 1-butanol-acetic acid-water, 3 : l :  1); 

A sample was deblocked with TFA for 1 hr at room temperature, 
followed by precipitation with ether; amino acid ratios in acid 

Glu2.1Aspl,oGlyl,gThrl.~Vall,~ (78%). 

R P  0.7, trace 0.1. 

Rrl 0.8; Rr' 0.5. 
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hydrolysate, Leul  h hi so. 9GIu2.1Asp1. OGIYZ. ~ T h r ~ . ~ V a l ~ . ~  (96 2) ; 
amino acid ratios in AP-M digest (twice the normal concentration 
of enzyme for 72 hr), Leul. ~His~.~Glu~.~Asp~.~Gly~.~Thr~,~Val~,~ 

(Positions 24-34) Benzyloxycarbonyltyrosylglutaminylleucyl- 
histidyl-y-tert-butylglutamyl-~-tert-butylaspartylglycyl-y-rerr-bu t yl- 
glutamylthreonylvalylglycine rert-Butoxycarbonylhydrazide (Frag- 
ment C). tert-Butyl nitrite (0.51 ml) was added to a solution 
of benzyloxycarbonyltyrosylglutamine hydrazide (2.061 g) and 
4.8 N hydrogen chloride in dioxane (8.4 ml) in D M F  (25 ml) cooled 
to -15". The reaction was stirred for 20 min, cooled to -40", 
and TEA (5.70 ml) was added. This azide solution was added to a 
mixture of leucylhistidyl-y-tert-butylglutamyl-~-tert-butylaspartyl- 
glycyl-y-tcrt-butylglutamylthreonylvalylglycine tert-butoxycarbonyl- 
hydrazide diacetate (4 077 g) and TEA (0.84 ml) in D M F  (30 ml) at  
0". After 1 hr the pH of the reaction mixture was readjusted to 8 
by addition of TEA. The mixture was stirred for 5 hr at OD, then a 
fresh quantity of azide, prepared from 2.61 g of hydrazide as de- 
scribed, was added and stirring was continued for 16 hr at 0". The 
reaction mixture was concentrated to  a small volume and 1-butanol 
equilibrated with 5 % aqueous acetic acid (250 ml) was added. The 
solution was washed with 5% aqueous acetic acid (equilibrated with 
1-butanol) (150 ml) and water (150 ml). Addition of saturated 
aqueous sodium bicarbonate precipitated a gel. The aqueous 
phase was separated and the organic phase was washed repeatedly 
with water (approximately 3 I.) until only an aqueous suspension of 
granular gel remained. The combined washings were in turn 
extracted with 1-butanol (100 ml) and this was repeatedly extracted 
with water until only an aqueous suspension of granular gel re- 
mained. The two suspensions were combined and the granular gel 
collected by filtration, washed with MeOH (200 ml), and dried: 
3.95 g; RiI0.7; R P  0.8, trace 0.7. 

The granular solid was refluxed for 15 min with MeOH (100 ml), 
the solution was cooled, and the precipitate was collected and dried. 
This material was precipitated from D M F  (50 ml) by water: 3.45 g 
(69%); mp 218-220" dec; [a]"D -23.6' (c 1.72, DMF); Ril 0.7; 
Ri1Ir 0.8; single chlorine positive spot; amino acid ratios in acid hy- 
drolysate, Tyro. $Leul. oHisl, oGlui. iAspl .oGlyz, oThro. sVall, o. A i d .  

(70 2) 

Calcd for CisHll~O~rNls:  C, 56.3; H ,  7.1; N,  13.5. Found: C, 
56.5: H. 7.3; N, 13.4. . .  . 

Fragment C Hydrazide Trifluoroacetate. Fragment C (666 mg) 
was dissolved in chilled 90% TFA (12 ml) and the solution was kept 
at room temperature for 40 min. The solution was evaporated to a 
small volume at 20" and the TFA salt was precipitated with ice- 
cold ether, washed with ether, and dried over KOH pellets: color- 
less amorphous solid; 610 mg; Rrr 0 4; Rirl '  0.6; amino acid ratios 
in acid hydrolysate, Tyro. ~ G l u ~ . ~ L e u ~ ,  oHisl.oAsp,, oGly:, oThrl. o- 
Val,.o (100z). A sample of this material was hydrogenated in 
water containing 2 drops of TFA, the catalyst was removed by 
filtration, and the filtrate was lyophilized: Ril 0.1; 0.5; 
amino acid ratios in AP-M digest (twice the normal concentration 
of enzyme for 72 hr), Tyrl.~Glno.~Leul.~Hisl.3G1u~.~A~p1.~Glyl 8- 

Thro.QValo.s (76 73. 
Preparation of Fragment D (Positions 35-47). (Positions 46-47) 

Benzyloxycarbonyl-y-rerf-butylglutamylglycine. A solution of 
a-N-hydroxysuccinimido benzyloxycarbonyl-y-tert-butylglutamate 
(26.04 g) in T H F  (180 ml) was added to a solution of glycine (4.44 g) 
and TEA (16.8 ml) in water (180 ml). The mixture was stirred for 
5 hr at  rt when the bulk of the solvents was evaporated. The resid- 
ual solution was acidified with 1 N citric acid and extracted with 
three portions of ethyl acetate. The ethyl acetate layers were 
washed once with 1 N citric acid and three times with saturated 
sodium chloride and dried over sodium sulfate. Evaporation of 
the solvent gave an oily residue which solidified when triturated 
with a mixture of ether and petroleum ether. The compound 
was reprecipitated from ether with petroleum ether: 19.23 g (81 %); 
mp 49-54"; [ a I z 7 ~  -13.2" (c 3.57, MeOH); Ril 0.7; RilI1 0.7. 
Anal. Calcd for C19H260iNZ: C, 57.9; H, 6.6; N,  7.1. Found: 
C, 57.8; H, 6.4; N, 7.3. 

(Positions 46-47) Benzyloxycarbonyl-y-tert-butylglutamyl- 
glycine rert-Butoxycarbonylbydrazide. DCC (12.36 g) was added 
to a solution cooled at  - 5"  of benzyloxycarbonyl-y-tert-butyl- 
glutamylglycine (20.51 g) and tert-buto~ycarbonylhydrazine~~ (7.93 
g) in T H F  (120 ml). The mixture was stirred for 1 hr at 0" and for 
20 hr at room temperature and was filtered. The solvent was 
removed, the residue was dissolved in ethyl acetate, and the solution 
was washed three times with 1 N citric acid, once with saturated 
sodium chloride, three times with saturated sodium bicarbonate, 
and three times with saturated sodium chloride and dried over 
sodium sulfate. The solvent was evaporated to give a viscous oily 

residue, which was dissolved in ether and petroleum ether was 
added. The resulting oily precipitate solidified when triturated 
with petrolelm ether: 24.40 g (92%; mp 68-73" (sintering at 60"); 
[aIz3D -8.8" (c  4.36, MeOH); Ri' 0 7; Ri"' 0.8. Anal. Calcd for 
C24HdhN4: C, 56.7; H, 7.1; N ,  11.0. Found: C, 56.5; H,7.4; 
N,  11.1. 

(Positions 46-47) y-rert-Butylglutamylglycine terf-Butoxycar- 
bonglhydrazide. The protected dipeptide hydrazide (21.40 g) i n  
MeOH (150 ml) was hydrogenated over palladium. The catalyst 
was removed by filtration and the solvent evaporated. Water 
(100 ml) was added to the residue and the resulting crystalline prod- 
uct was collected, washed with ether, and recrystallized from 
EtOH-water: needles; 14.41 g (91%); [ a I z 6 ~  +5.6" (c  3.99, 
MeOH); Ril  0.8; R f 2  0.9; R? 0.5; amino acid ratios in AP-M digest, 
y-O-terr-BuClul.lCly,, (96%). 

(Positions 45-47) Benzgloxycarbonyltyrosyl-y-tert-butylglu- 
lamylglycine tert-Butoxycarbonylhydrazide. 2,4,5-TrichlorophenyI 
benzyloxy~arbonyltyrosinate~~ (18.80 g) was added to a solution of 
y-tert-butylglutamylglycine tert-butoxycarbonylhydrazide (14.23 g) 
in D M F  (30 ml) and T H F  (30 ml) containing TEA (5.32 ml). The 
mixture was allowed to stand for 15 hr at  room temperature, when 
the bulk of the solvents was removed. The residue was dissolved 
in ethyl acetate, the solution was washed three times with 1 N citric 
acid, once with saturated sodium chloride, three times with saturated 
sodium bicarbonate, and three times with saturated sodium chloride, 
and dried over sodium sulfate. Evaporation of the solvent gave a 
crystalline residue, which was recrystallized from ethyl acetate: 
needles; 21.52g(84%); mp 171-172"; [ o I z 6 ~  -7.4"(c4.53, MeOH); 
Ril 0 7. A m / .  Calcd for CssHa5010N3: C, 59.0; H, 6.8; N, 10.4. 
Found: C,  58.9; H ,  6.8; N, 10.6. 

(Positions 45-47) Tyrosyl-y-tert-butylglutamylglycine tert- 
Butoxycarbonylhydrazide Acetate. The protected tripeptide 
hydrazide (20.15 g) was hydrogenated over palladium in MeOH 
(100 ml) and 10% acetic acid (50 ml). The catalyst was removed 
by filtration and the solvent was evaporated to dryness. The 
residue was dissolved in a small volume of EtOH and ether was 
added. The ensuing precipitate was collected and dried: 16.94 g 
(94%); [ c u I Z s ~  $1.1" (c 3.63, MeOH); Rrl 0.8; Ri2 0.9; Rrl 0.7; 
amino acid ratios in AP-M digest. Tyrl ~y-O-tert-BuGlu~.~GIy,,~ 
(95 %I. 

(Positions 44-47) Benzyloxycarbonylasparaginyltsros~~l-y- 
fert-butylglutamglglycine tert-Butoxycarbonylhydrazide. 2.4,5- 
Trichlorophenyl benzyloxycarbonylasparaginate (12.93 g) was 
added to a solution of tyrosyl-y-tert-butylglutamylglycine terf- 
butoxycarbonylhydrazide acetate (16.96 g) in D M F  (45 ml) and 
THF (45 ml) containing TEA (7.93 ml). The mixture was kept at  
room temperature for 20 hr ; then the bulk of the solvents was evapo- 
rated, and the residue was diluted with ethyl acetate. The so- 
lution was washed three times with l N citric acid and three times 
with saturated sodium chloride and was concentrated to  a small vol- 
ume. The resulting amorphous product was collected by filtration 
and precipitated from MeOH with ethyl acetate: 16.5 g (74%); 

Anal. Calcd for Ci:H51012N,: C, 56.6; H ,  6.5; N, 12.5. Found: 
C, 56.4; H,6.6; N, 12.3. 

(Positions 44-47) Asparaginyltyrosyl-y-tert-butylglutamylglycine 
tert-Butoxycarbonylhydrazide Acetate. The protected tetrapeptide 
hydrazide (15.7 g) was hydrogenated over palladium in MeOH 
(120 ml) and 10% acetic acid (35 ml). The catalyst was removed 
by filtration and the solution was evaporated to dryness. The 
residue was washed with ether and dried: 14.23 g (100%); [CY]~~D 
-4.1' (c  4.07, MeOH); Ril  0.7; R i 2  0.9; R? 0.5; amino acid ratios 
in AP-M digest, Asnl.~Tyr~.~y-O-tert-BuGlul,~Gly~,~ (92 %). 

(Positions 43-47) Benzyloxycarbonylasparaginylasparaginyl- 
tyrosyl-y-rert-butylglutamylglycine tert-Butoxgcarbonylhydrazide. 
2,4,5-TrichlorophenyI benzyloxycarbonylasparaginate (1 3.38 g) was 
added to a solution of asparaginyltyrosyl-y-terr-butylglutamylglycine 
tert-butoxycarbonylhydrazide acetate (14.23 g) in D M F  (50 ml) 
and T H F  (50 ml) containing TEA (3.1 ml). The mixture was 
allowed to stand for 15 hr at  room temperature, then ethyl acetate 
(300 ml) and 1 N citric acid (100 ml) were added, and the mixture 
was shaken. The resulting precipitate was collected by filtration, 
washed once with 1 N citric acid, three times with water, and twice 
with ethyl acetate and dried. This material was suspended in hot 
MeOH and water was added to obtain a clear solution which was 
placed in a refrigerator. The ensuing amorphous precipitate was 
collected and dried: 13.71 g (76%); mp 202-203" dec; [a]"D 
-25.0" (C 3.43, DMF); RfI  0.7; Ri"1 0.7 A m l .  Calcd for C4l- 
HaiOiaNs: C,  54.7; H, 6.4; N,  14.0. Found: C, 54.7; H,6.7; N, 
13.8. 

mp 174-176"; [r2]zflD -21.1". ( C  4.87, DMF); Ri' 0.7; Ri"' 0.8. 
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mylglycine tert-butoxycarbonylhydrazide acetate (4.24 g) in 
D M F  (40 ml) containing TEA (0.52 ml). The mixture was stirred 
at 4" for 20 hr and water (500 ml) was added. The resulting amor- 
phous product was collected, washed with water, and ether, and 
dried. The compound was suspended in hot MeOH and water was 
added to  obtain a clear solution which was placed in a refrigerator. 
Theensuing gelatinous mass was collected and dried: 3.51 g (63 %); 
mp 215-217" dec; [aIz7D -28.8' (c 3.36, DMF); Rfl 0.4 with im- 
purities at 0.5 and 0.3; R P 1  0.8. Anal. Calcd for C63H86019N16: 
C, 55 8: H, 6.3; N, 15.5. Found: C. 55.8; H,  6.4; N, 15.6. 

(Positions 40-47) Histidyl-N'-formyllysyltyrosylasparaginyl- 
asparaginyltyrosyl-y-tert-butylglutamylglycine tert-Butoxycarbonyl- 
hydrazide Diacetate. The protected octapeptide hydrazide (5.90 g) 
was hydrogenated over palladium in MeOH (100 ml), 1-butanol 
(30 ml), and 10% acetic acid (70 ml). The catalyst was removed by 
filtration, the solution was evaporated to  dryness, and ether (50 ml) 
was added. The resulting amorphous material was collected and 
dried: 5.71 g (102%); [cY]"D -21.3' (c 2.73, 50% acetic acid); 
Rfl 0.2 with impurities at 0.3 and 0.4; R P  0.5. A sample (50 mg) 
was dissolved in TFA (0 5 ml), the solution was kept at room tem- 
perature for 1 hr, and ether was added. Theresultingprecipitate was 
collected and dried: 43 mg; amino acid ratios in AP-M digest, 
Hisl, oFormlyso, 9Tyrz, oGlul, oGlyo.9 (86 % based on tris(tri- 
fluoroacetate)). 

(Positions 39-47) Benzyloxycarbonylprolylhistidyl-Ne-form- 
yllysyltyrosylasparaginylasparaginyltyrosyl-y-tert-butylglutamylgly- 
cine rert-Butoxycarbonylhydrazide. N-Hydroxysuccinimido ben- 
zyloxycarbonylprolinate13 (5.19 g) was added to a solution of 
histidyl-N'-formyllysyltyrosylasparaginylasparaginyltyrosyl- y - tert- 
butylglutamylglycine tert-butoxycarbonylhydrazide diacetate 
(13.42 g) in D M F  (100 ml) containing TEA (2.8 ml). The mixture 
was allowed to stand at room temperature for 5 hr, then the solvent 
was evaporated, and water (500 ml) and ethyl acetate (150 ml) were 
added to the residue. The mixture was shaken and was kept in a 
refrigerator. The ensuing amorphous product was collected and 
dried. The compound was suspended in hot MeOH and water was 
added to  obtain a clear solution which was kept in a refrigerator. 
The gelatinous mass thus obtained was collected and dried: 11.80 g 
(78%); mp 207-208" dec; [ a I z 6 ~  -38.4" (c  1.18, DMF); Rfl  0.4 
with impurities at 0.5 and 0.3; 0.6. Anal. Calcd for CmHg2- 
020Nl6: C, 56.2; H ,  6.4; N, 15.4. Found: C, 56.0; H, 6.7; N, 
15.1. 

(Positions 39-47) Prolylhistidyl-Ne-formyllysyltyrosylaspara- 
ginylasparaginyltyrosyl-y-tert-butylglutamylglycine tert-Butoxycar- 
bonylhydrazide Diacetate. The protected nonapeptide hydrazide 
(11.6 g) was hydrogenated over palladium in MeOH (150 ml) and 
10% acetic acid (150 ml). The catalyst was removed by filtration, 
the solution was evaporated to dryness, and the residue was tritu- 
rated with ether, collected by filtration, and dried: 10.8 g (94%); 
[ C ~ D  -32.8' (c 1.22, 50% acetic acid); Rrl 0.3; R f 3  6.0 X His; 
RfI 0.1 with trace impurities; RflI1 0.5. A sample (50 mg) was 
dissolved in TFA (0.5 ml); the solution was kept at room tempera- 
ture for 1 hr and ether was added. The ensuing precipitate was 
collected and dried: 48 mg; Rfl  0.1; R P 1  0.3; amino acid ratios 
in AP-M digest, Prol .*His1 .OFormlys 1, oTyrz, oAsnl. sGlul, oGlyo, 
(91 % based on tris(trifluor0acetate)). 

(Positions 37-47) Benzyloxycarbonylseryltyrosylprolylhistidyl- 
Ne-form yll y sylt yrosylasparaginy lasparagin yl tyrosyl-y-tert- bu tylglu- 
tamylglycine rert-Butoxycarbonylhydrazide. tert-Butyl nitrite 
(2.5 ml) was added to  a solution cooled at -20" of benzyloxycar- 
bonlyseryltyrosinehydrazide33 (8.76 g)inDMF(80ml) containing 5.5 
N hydrogen chloride in dioxane (15.2 ml). The mixture was stirred 
at -20" for 30 min and then cooled to  -40" and TEA (8.8 ml) was 
added. To this solution containing the azide of 2-Ser-Tyr was 
added an ice-cold solution of prolylhistidyl-Ne-formyllysyltyrosyl- 
asparaginylasparaginyltyrosyl-y-tert-butylglutamylglycine tert-bu- 
toxycarbonylhydrazide diacetate (10.08 g) in D M F  (80 ml) containing 
TEA (1.96 ml). The mixture was stirred for 1 hr at -20" and at 
4" for 20 hr and the solvents were evaporated. To the residue was 
added water (500 ml) and ethyl acetate (250 ml) and the mixture was 
shaken and then placed in a refrigerator. The resulting amorphous 
material was collected and dried. This compound was reprecipi- 
tated from D M F  with ethyl acetate, washed with MeOH, and dried: 
11.81 g (99%); mp 210-211" dec; [aIz7~ -25.9" (c 2.18, DMF); 
RI' 0.5 with major impurity at 0.6; R P 1  0.8. Anal. Calcd for 
CsoH~osOzaNls: c ,  56.4; H, 6.3; N, 14.8. Found: C, 56.3; H ,  
6.2; N, 14.6. 

(Positions 43-47) Asparaginylasparaginyltyrosyl-y-tert-butyl- 
glutamylglycine tert-Butoxycarbonylhydrazide Acetate. The pro- 
tected pentapeptide hydrazide (20.0 g) was hydrogenated over 
palladium in MeOH (200 ml), water (100 ml), and glacial acetic acid 
(20 ml). The catalyst was removed by filtration and the solution 
was evaporated to dryness. The residue was washed with ether, 
collected, and dried: 18.05 g (98%); [aIz4D - 14.8" (c 3.30, 50% 
acetic acid); Rf1 0.5; R f a  0.9; Rf' 0.4. A sample (50 mg) was dis- 
solved in TFA (0.5 ml), the solution was kept at room temperature 
for 1 hr, and ether was added. The resulting precipitate was col- 
lected and dried: 46 mg; Rtl 0.2; R P  0.4; amino acid ratios in 
AP-M digest, Asna.oTy~l.oGlul.~Glyl,~ (90% based on bis(trifluor0- 
acetate)). 

(Positions 42-47) Benzyloxycarbonyltyrosylasparaginyl- 
asparaginyltyrosyl-y-tert-butylglutamylglycine tert-Butoxycarbonyl- 
hydrazide. 2,4,5-Trichlorophenyl benzyloxycarbonyltyrosinate~4 
(7.42 g) was added to  a solution of asparaginylasparaginyltyrosyl-y- 
tert-butylglutamylglycine tert-butoxycarbonylhydrazide acetate 
(9.09 g) in D M F  (70 ml) containing TEA (2.8 ml). The mixture 
was allowed to stand for 20 hr at room temperature and water (700 
ml) was added. The resulting precipitate was collected, washed 
with ether, and dried. This material was suspended in hot MeOH 
and water was added to  obtain a clear solution which was placed in 
a refrigerator. The amorphous precipitate was collected and dried: 
8.95 g (77%:); mp 208-209" dec; [aIz6D -27.6' (c 4.23, DMF); 
Rfl 0.8 with impurities at 0.9 and 0.7; RflI1 0.8. Anal. Calcd for 

N, 12.9. 
(Positions 42-47) Tyrosylasparaginylasparaginyltyrosyl-y-tert- 

butylglutamylglycine tert-Butoxycarbonylhydrazide Acetate. The 
protected hexapeptide hydrazide (6.0 g) was hydrogenated over 
palladium in MeOH (100 ml), 1-butanol (150 ml), water (100 ml), 
and glacial acetic acid (50 ml). The catalyst was removed by 
filtration, the solution was evaporated to  dryness, and ether (150 
ml) was added. The resulting amorphous product was collected 
and dried: 5.50 g (98%); [ a l Z 4 ~  -13.9' (c 3.44, 50% acetic acid); 
R f l  0.6; Rr3 5.4 X His; Ril 0.5; R P  0.8. A sample (50 mg) was 
dissolved in TFA (0.5 ml), the solution was kept at room tempera- 
ture for 1 hr, and ether was added. The ensuing precipitate was 
collected and dried: 44 mg; Rfl 0.2; R P 1  0.5; amino acid ratios in 
AP-M digest, Tyr2.1Asn~.oGlul.lG1yl.o (90% based on bis(tri- 
fluoroacetate)). 

(Positions 41-47) Benzyloxycarbonyl-Ne-formyllysyltyrosyl- 
asparaginylasparaginyltyrosyl-y-terf-buty~glu~amy~glycine tert-Bu- 
toxycarbonylhydrazide. 2,4,5-Trichlorophenyl benzyloxycar- 
b~nyl-N'-formyllysinate~~ (5.85 g) was added to a solution 
of tyrosylasparaginylasparaginyltyrosyl-y-tert-butylglutamylglycine 
tert-butoxycarbonylhydrazide acetate (10.88 g) in D M F  (200 
ml) containing TEA (2.24 ml). The mixture was allowed to  stand 
for 20 hr at room temperature when water (700 ml) was added. The 
amorphous precipitate was collected, washed with water, and dried. 
This material was suspended in hot MeOH and water was added to  
obtain a clear solution which was placed in a refrigerator. The re- 
sulting product was collected by filtration and dried: 9.14 g (68 %); 
mp 210-211" dec; [ c Y ] ~ ~ D  -25.4' (c  3.75, DMF); Rfl  0.7 with im- 
purities at 0.6 and 0.8; R P  0.8. Anal. Calcd for C&801~N12: 
C,56.2;H,6.4;N,13.8.  Found: C,56.1;H,6.6;N,13.5.  

(Positions 41-47) Ne-Formyllysyltyrosylasparaginylasparaginyl- 
tyrosyl-y-tert-butylglutamylglycine tert-Butoxycarbonylhydrazide 
Acetate. The protected heptapeptide hydrazide (9.0 g) was hy- 
drogenated over palladium in MeOH (200 ml), 1-butanol (100 ml), 
and 10 % aqueous acetic acid (150 ml). The catalyst was removed 
by filtration, the solution was evaporated to dryness, and ether 
(300 ml) was added. The resulting amorphous product was col- 
lected by filtration and dried: 8.12 g (96%); [aIz3D -15.2" (c 
2.48, 50% acetic acid); Rfl  0.3 with impurities at 0.4, 0.2, and 0.1; 
RflI1 0.7. A sample (50 mg) was dissolved in TFA (0.5 ml), the 
solution was kept at room temperature for 1 hr, and ether was 
added. The resulting precipitate was collected and dried, 48 mg; 
Rr' 0.2; Rf"' 0.5; amino acid ratios in AP-M digest, Form- 
lysl.oTyrz.lAsnz oGlul.oGly1.0 (90% based on bis(trifluoroacetate)). 

(Positions 40-47) NE-BenzyloxycarbonyIhistidyl-Nf-formylly- 
syltyrosylasparaginylasparaginyltyrosyl-y-tert-butylglutamylglycine 
tert-Butoxycarbonylhydrazide. Sodium nitrite (0.52 g) dissolved 
in ice-cold water (7 ml) was added slowly to an ice-cold stirred 
solution of NE-benzyloxycarbonylhistidine hydrazide12 (2.25 g) in 
4 N hydrochloric acid (5.55 ml) and T H F  (20 ml). The mixture 
was stirred at -5" for 10 min and TEA (2.1 ml) was added. To 
this solution containing the azide was added a solution of Ne- 
formyllysyltyrosylasparaginylasparaginyltyrosyl- y - tert - butylgluta- 

CsoHsaOieNio: C, 56.5; H ,  6.3; N,  13.2. Found: C, 56.6; H,  6.5; 

(33) I<. Hofmann, A. Johl, A. E. Furlenmeier, and H. Kappeler, 
J .  Amer. Chem. SOC., 79, 1636 (1957). 

Hofmann, et al. Condensation of Peptides Related to Ribonuclease TI 
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(Positions 37-47) Seryltyrosylprolylhistidyl-NC-formyllysyltyro- 
sylasparaginylaspara~nyltyrosyl-y-tert-butylglutamyl~ycine tert- 
Butoxycarbonylhydrazide Diacetate. The protected undecapeptide 
hydrazide (11.75 g) was hydrogenated over palladium in MeOH 
(200 ml) and 10% acetic acid (200 ml). The catalyst was removed 
by filtration, the solvents were evaporated to dryness, and the residue 
was triturated with ether and collected by filtration. The product 
was washed with warm EtOH and dried:. 10.61 g (94%); [a]*7~ 

- 38.9" (c 1.94,50% acetic acid); R f l  0.3; Rr20 .6; R f 3  4.9 x His; R$ 
0.2 streaking; R P 1  0.6; amino acid ratios in AP-M digest, Ser1,,,- 
Tyr~.oPro~.oHis~. ~Formlys~.oAsnr.~y-O-tert-BuGlul,aGlyl (88 %). 

(Positions 36-47) Benzyloxycarbonylasparaginylseryltyrosyl- 
prolylhistidyl-Nf - formyllysyltyrosylasparaginylasparaginyltyrosyl- 
y-tert-butylglutamylglycine rert-Butoxycarbonylhydrazide. 2,4,5- 
Trichlorophenyl benzyloxycarbonylasparaginate (4.29 g) was added 
to a solution of seryltyrosylprolylhistidyl-N'-formyllysyltyrosylas- 
paraginylasparaginyltyrosyl-y-rert-butylglutamylglycine tert-butoxy- 
carbonylhydrazide diacetate (10.48 g) in D M F  (100 ml) containing 
TEA (1.74 ml). The mixture was allowed to stand at room tem- 
perature for 15 hr when additional 2,4,5-trichlorophenyl benzyloxy- 
carbonylasparaginate (1.38 g) was added. The mixture was kept 
for 15 hr at room temperature. The solvent was evaporated, water 
(500 ml) and ethyl acetate (300 ml) were added, and the mixture was 
shaken and placed in a refrigerator. The resulting amorphous com- 
pound was collected, washed with water, and dried. The com- 
pound was precipitated from D M F  with ethyl acetate and washed 
with warm EtOH: 11.0 g (94%); mp 208-209" dec; [aIz7~ -31.0' 
(c 1.87, DMF); RfI 0.4 with impurities at 0.7, 0.5, 0.3, and 0.2; 
R P  0.7. Anal. Calcd for Cs4HI120~eN20: C,  55.5; H, 6.2; N, 
15.4; 0,22.9. Found: C, 55.5; H,  6.4; N,  15.2; 0,22.9. 

(Positions 36-47) Asparaginylseryltyrosylprolylhistidyl- 
N'-formyllysyltyrosylasparaginylapsaraginyltyrosyl-y-rerr-butylglu- 
tamylglycine rert-Hutoxycarbonylhydrazide Diacetate. The pro- 
tected dodecapeptide hydrazide (10.70 g) was hydrogenated in Me- 
OH (250 ml), water (200 ml), and 10% acetic acid (100 ml). The 
catalyst was removed by filtration, the solution was evaporated to 
dryness, and the residue was triturated with ether. The solid was 
collected, washed with warm EtOH, and dried: 9.40 g (92z ) ;  
[ C Y I ~ ~ D  - 37.8"(c 1.24, 50xacetic acid); Rf l  0.5;Ri3 3.4 X His; RfI 
0.2 with heavy streaking; Rf"1 0.6. A sample (45 mg) was kept 
in TFA (0.45 ml) at room temperature for 1 hr and ether was added. 
The precipitate was collected, washed with ether, and dried: 39 
mg; R f r  0.1; R P  0.5; amino acid ratios in AP-M digest, Asn + 
Ser4, sProl,oHiso.eFormlysl.oTyr3.0Glul.oGlyl . o  (83 % based on tris- 
(trifluoroacetate)). 

(Positions 35-47) Benzyloxycarbonylserylasparaginylseryl- 
tyrosylprolylhistidyl - N' - formyllysyltyrosylasparaginylasparaginyl- 
tyrosyl-y-tert-butylglutamylglycine tert-Butoxycarbonylhydrazide 
(Fragment D). Sodium nitrite (2.52 g) in ice-cold water (15 ml) 
was added slowly to an ice-cold stirred solution of benzyloxycar- 
bonylserine hydrazide11 (9.12 g) in 4 N hydrochloric acid (27 ml) 
and T H F  (100 ml). The mixture was stirred at -5" for 10 min 
when TEA (10.1 ml) was added. To this solution containing the 
azide of Z-Ser was added an ice-cold solution of asparaginylseryl- 
tyrosylprolylhistidyl-~f-formyllysyltyrosylasparaginylasparaginylty- 
rosyl-y-rerr-butylglutamylglycine tert-butoxycarbonylhydrazide di- 
acetate (10.46 g) in D M F  (120 ml) containing TEA (1.68 ml). The 
mixture was stirred at 4" for 20 hr when the bulk of the solvents 
was evaporated. Water (500 ml) and ethyl acetate (250 ml) were 
added and the mixture was shaken and placed inarefrigerator. The 
amorphous material was collected, precipitated twice from D M F  
with ethyl acetate. For further purification the compound was 
suspended in hot EtOH, the solution was cooled, and ether was 
added. The amorphous product was collected and dried: 9.04 g 
(79%); mp 201-202" dec; [aIz8~ -25.6" (c 1.63, DMF); Rir 0.5 
with impurity at 0.3; 0.8. Anal. Calcd for C87Hl1702&l: C, 
54.8; H, 6.2; N, 15.4; 0, 23.5. Found: C, 54.9; H,  6.2; N,  15.1; 
0, 23.5. 

Crude fragment D 
(450 mg) was hydrogenated for 14 hr over palladium in a mixture 
of 50% aqueous MeOH (225 ml) and 10% acetic acid (75 ml). The 
catalyst was removed by filtration, the filtrate was evaporated to  
dryness, and the residue was washed with EtOH and dried to give 400 
mg of a tan-colored solid: [alZ7~ -40.8" (c 1.0, 50% acetic acid); 
streaks in solvent systems 1, 3, I, and 111; amino acid ratios in hy- 
drolysate, SerI.gAsp3.1Tyrz. sProl.lHiso.~Lysl.OGlul.OGlyl .O (100 %). 
A sample (45 mg) was dissolved in TFA (0.45 ml) and the solu- 
tion was kept at room temperature for 1 hr. The product was 
precipitated by addition of ether, washed with ether, and dried: 
38 mg; streaks in solvent systems I and 111; amino acid ratios in AP- 

Fragment D ?err-Butoxycarbonylhydrazide. 

M digest, (Ser + Asn)5.4Tyr3.1Prol .lHisl.~Formlys~ .~Glul.oGlyo,, 
(85%). 

Atypical purification was carried out as follows: crude frag- 
ment D tert-butoxycarbonylhydrazide (716 mg) dissolved in 6 ml 
of the lower phase of the solvent system 1-butanol-acetic acid- 
water (4: 1 :5) was applied to  a column (1.9 X 150 cm) of Sephadex 
G 50 which was poured with lower and equilibrated with upper 
phase of the same solvent. The column was then eluted with upper 
phase solvent at a flow rate of approximtely 3 ml/hr. Chlorine- 
positive material appeared after some 150-200 ml of solvent had 
passed through the column. Chlorine-positive tubes were analyzed 
by tlc and fractions containing single spot material in solvent sys- 
tem I (Rf 0.2) were pooled and evaporated. The residue was 
washed by centrifugation with ethyl acetate and dried: 400 mg of a 
colorless powder was obtained; [(rIz8D - 37.9" (c 1.04, 50% acetic 
acid); Rfl  0.2, sharp single spot (Figure 3, channel I); amino acid 
ratios in acid hydrolysate, Ser~.~Asp~.~Tyr~.~Pro~.~His~.~Lys~.~Glu~.~- 
Glyl.l; amino acid ratios in AP-M digest, Ser + Asns.zTyr2.g- 
Prol, OHiso. sFormlysl, oy-0-tert-BuGlul , oGlyl, (84 %). Eight to ten 
days were required to operate the column. The chromatogram 
shown on Figure 3 was obtained as follows: starting with the 
first chlorine positive tube and eliminating tubes containing homo- 
geneous material (channel I) eluents corresponding to ten tubes each 
were pooled and evaporated to dryness, and their weights were 
recorded. In a typical experiment these weights and the amounts 
spotted were as follows: channel A, tubes 1-10 (11 mg; 50 pg); 
channel B, tubes 11-20 (8 mg; 30 pg); channel C, tubes 21-30 (9 
mg; 30 pg); channel D,  tubes 31-40 (12 mg; 30 pg); channel E, 
tubes 41-50 (12 mg; 30 pg); channel F, tubes 51-60 (15 mg; 30 pg); 
channel G, tubes 61-70 (17 mg; 10 pg); channel H, tubes 71-80 
(19 mg; 10 pg); channel I, tubes 81-120 (400 mg; 5 pg); channel J, 
tubes 121-130 (25 mg; 10 pg); channel K, tubes 131-140 (18 mg; 
10 pg); channel L, tubes 141-150 (18 mg; 10 pg); channel M, tubes 
151-160 (17 mg; 5 pg); channel N, tubes 161-170 (70 mg; 5 pg); 
channel 0, tubes 171-180 (50 mg; 5 pg); channel P, tubes 181-190 
(12 mg; 5 pg). The chromatogram was developed with the chlorine 
reagent 

Preparation of Fragment CD (Positions 24-47). A solution of 
the TFA salt of fragment C hydrazide (245 mg) in D M F  (4 ml) 
was cooled at -10 to -12" and 6.91 N hydrogen chloride in 
dioxane (0.108 ml) followed by 10% tert-butyl nitrite in D M F  
(0.19 ml) were added. The solution was stirred at - 10 to - 12" 
for 20 min and was then cooled to  -25'. TEA (0.209 ml) was 
added followed by a solution of fragment D tert-butoxycarbonyl- 
hydrazide (189 mg) in D M F  (2 ml) and 10% TEA in D M F  (0.28 
ml). The mixture was stirred at 4" for 66 hr and was then diluted 
with 150 ml of a 1 : 1 : 1 mixture of l-butan01-MeOH-water.~~ This 
solution was added to an AG 1-X2 column (2 X 10 cm) which was 
eluted with 50 ml of the same solvent followed by 1-butanol-MeOH- 
0.03 M acetic acid (100 ml), 1-butanol-MeOH-0.06 M acetic acid 
(100 ml), 1-butanol-MeOH-0.09 Macetic acid (200 ml), and finally 
1-butanol-MeOH-0.12 M acetic acid (100 ml). Fractions of 10 ml 
each were collected. The desired material was located in the 0.09 
M eluates by absorbancy measurements at 280 nm and tlc. Tubes 
containing single spot material were pooled and concentrated to  a 
small volume, and the residue was l y ~ p h i l i z e d : ~ ~  average yield 
in five experiments, 206 mg (63%); R+ 0.4; R P 1  0 6 (see Figure 
4 for tlc); amino acid ratios in acid hydrolysate, Try3,3Glu4.1- 
L e ~ ~ . ~ H i s ~ .  QAsp4 1G1y3. oThro. @Vall $erl ,7Pro1. oLysl,o; ratios of 
"diagnostic" amino acid residues Leu,Val/Lys, Pro = 1.0. Evap- 
oration of the 1-butanol-MeOH-water eluates afforded 70 mg of 
fragment D tert-butoxycarbonylhydrazide. The 0.12 M acetic acid 
eluates contained azide rearrangement products. 

Fragment CD rerr-Butoxycarbonylhydrazide (Positions 24-47). 
The benzyloxycarbonyl derivative (400 mg) was hydrogenated for 
20 hr over palladium in 1-butanol-MeOH-0.09 M acetic acid (1 : 1 : 1) 
(240 ml). The catalyst was removed by filtration, and the solvents 
were evaporated. The residue was dissolved in 10% acetic acid 
(50 ml) and the solution was lyophilized. The dried residue 
dissolved in 1-butanol-MeOH-water (100 ml) was then added 
to  a column (2 x 10 cm) of AG 1-X2 which was eluted with 1- 
butanol-MeOH-water (50 ml), 1-butanol-MeOH-0.1 M acetic 
acid (150 ml), 1-butanol-MeOH-0.02 M acetic acid (150 ml), and 
1-butanol-MeOH-0.03 Macetic acid (350 ml). The desired material 

(34) The ratios of 1-butanol-MeOH-water (or acetic acid) were 

(35) Since fragment CD has a tendency to precipitate on standing in 
1 : 1 : 1 in all instances. 

the eluant the tubes were rinsed with 50% acetic acid. 
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was located in the 0.03 M acetic acid eluates by absorbancy measure- 
ments at 280 nm and tlc. Fractions containing homogenous material 
were pooled, the solvents were evaporated, and the residue was ly- 
ophilized from 5 %  acetic acid: fluffy colorless powder; 290 mg; 
RfI 0.1; RflII 0.6 (see Figure 4 for tlc); amino acid ratios in acid 
hydrolysate, Tyr~.~Glu4. lLeul .oHis~.~Asp~.~Gly~.~Thrl .oVall ,~Serl .~-  
Prol.oLysl.o (77%); amino acid ratios in AP-M digest, Tyr4.0 
(Glu + Asn + Ser)s. &eul .lHisl, gGlu2.lAspl. oGly,.0Thr1, 0Va1~.~- 
Prol.lFormlysl.ly-O-fert-BuGlul ,o  (81 %); ratios of "diagnostic" 
amino acid residues Leu, Val/Pro, Formlys = 1.0. 

Preparation of Fragment BCD (Positions 12-47). The tri- 
fluoroacetate salt of fragment B hydrazide (104 mg) was dissolved 
in DMSO (1 ml) and DMF (1 ml) was added to the clear solution. 
The solution was cooled at - lo" ,  then 6.91 N hydrogen chloride in 
dioxane diluted 1 : 10 with D M F  (0.58 ml) was added followed by 
10% tert-butyl nitrite in D M F  (0.11 ml). The solution was stirred 
at - 10 to - 15" for 15 min and was then cooled at -25". A 10% 
solution of TEA in D M F  (0.78 ml) was then added and the mixture 
was stirred at -25" for 5 min. A solution of fragment CD tert- 
butoxycarbonylhydrazide (75 mg) in D M F  (2 ml) and 10% TEA 
in D M F  (0.11 ml) was then added to the suspension which was 
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stirred at -4" for 66 hr. TEA (10% in DMF) was added from 
time to time to adjust the pH of the rfiixture to 7.5-8.0. The reac- 
tion mixture was diluted with 100 ml of l-butanol-MeOH-water 
and the solution was added to an AG 1-X2 column (1.9 X 
11 cm) which was eluted with l-butanol-MeOH-water (50 ml), 
l-butanol-MeOH-0.01 M acetic acid (150 ml), l-butanol-MeOH- 
0.03 M acetic acid (150 ml), l-butanol-MeOH-0.06 M acetic acid 
(250 ml), l-butanol-MeOH-0.09 M acetic acid (150 ml), and 1- 
butanol-MeOH-0.12 M acetic acid (450 ml). The desired product 
was located in the 0.12 M acetic acid eluates by absorbancy mea- 
surements at 280 nm and tlc. Fractions containing homogeneous 
material were pooled and evaporated to dryness, and the residue was 
lyophilized from 50% acetic acid: 49 mg (48%); Rfl 0.4; R P  
0.6; amino acid ratios in acid hydrolysate, Sere.oAspr.4Valt.o- 
Thr gAla2, gGlu5.2Gly4, ]Tyr . s k u l  .oHisl .8Prol, SLYSO. 9 (94 Z) ; ratios 
of "diagnostic" amino acid residues Ala/Leu, Lys = 3.05 (see Fig- 
ure 4 for tlc). 
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Abstract: Deaminotocinamide (the 20-membered disulfide pentapeptide amide ring of deamino-oxytocin) a n d  
tocinamide (the corresponding disulfide pentapeptide amide ring of oxytocin) were synthesized by the stepwise p- 
nitrophenyl ester method using thep-nitrobenzyl ester for  C-terminal carboxyl protection. p-Nitrobenzyl S-benzyl- 
~-mercaptopropionyltyrosylisoleucylglutaminylasparaginyl-S-benzylcysteinate and  p-nitrobenzyl N-benzyloxy- 
carbonyl-S-benzylcysteinyltyrosylisoleucylglutaminylasparaginyl-S-benzylcysteinate were converted t o  the corre- 
sponding C-terminal amide compounds in liquid ammonia.  The polypeptide amides were then converted t o  the 
corresponding ring compounds by treatment with sodium in liquid ammonia followed by oxidation and  purifica- 
tion. Deaminotocinamide was found to  possess 34.2 f 3.0 units/mg of  oxytocic activity, but n o  detectable avian 
vasodepressor activity. Tocinamide possessed 3.2 f 0.2 units/mg of oxytocic activity, but no detectable avian 
vasodepressor activity. 

he synthesis of oxytocin (Figure 1) established the T presence of a 20-membered disulf ide ring in the hor- 
mone.6 To investigate whether the ring structure 

(1) Tocinamide refers here to the cyclic disulfide of cysteinyltyrosyl- 
isoleucylglutaminylasparaginylcysteinamide originally synthesized by 
C. Ressler (Proc. SOC. Exp. Biol. Med., 92, 725 (1956)). I t  represents 
the amide of the cyclic moiety of oxytocin. Since this compound and 
various analogs thereof will be receiving considerable attention in the 
future for various chemical, biological, and particularly physical studies, 
we suggest referring to it as tocinamide and the free acid as tocinoic acid. 
The deamino analogs would thus be deaminotocinamide and deamino- 
tocinoic acid. Likewise, the corresponding compounds in the vaso- 
pressin series would be called pressinamide and pressinoic acid, respec- 
tively. It may be recalled that in a previous communication (R. Walter 
and V. du Vigneaud, Biochemistry, 5, 3720 (1966)) the ring of oxytocin 
has been referred to as the tocin ring and that of the vasopressins as the 
pressin ring. 

(2) This work was supported in part by Grant No. HE-11680 (V. 
du V.) from the National Heart Institute, U. S. Public Health Service, 
and in part by Grant No. GB-11781 (V. J. H.) from the National Science 
Foundation. 

(3) All optically active amino acid residues are of the L variety. 
(4) The University of Arizona, 
( 5 )  Cornell University. 
(6) V. du Vigneaud, C. Ressler, J. M. Swan, C. W. Roberts, P. G. 

Katsoyannis, and S .  Gordon, J .  Amer. Chem. Soc., 75, 4879 (1953); 
V. du Vigneaud, C. Ressler, J. M. Swan, C. W. Roberts, and P. G. 
Katsoyannis, ibid., 76, 3115 (1954). 

itself of oxytocin possesses intrinsic biological activity, 
Ressler synthesized the cyclic disulfide of cysteinyltyro- 
sylisoleu~ylglutaminylasparaginylcysteinamide.~ This 
cyclic pentapeptide amide, tocinamide, was found 
by Ressler to have l o w  but s ignif icant  oxytocic (3.3 
units/mg) and milk-ejecting (0.5 unit/mg) potencies, 
but no detectable avian vasodepressor activity, whereas 
oxytocin possesses 546 f 18 units/mg oxytocic,* 
410 f 16 units/mg milk-eje~ting,~ and 507 f 23 units/ 
mg avian vasodepressorg potencies. 

It may be recalled that deamino-oxytocin possesses 
803 f 36 units/mg of oxytocic activity and 975 f 24 
units/mg of avian vasodepressor activity. lo This 
p a p e r  presents the synthesis and some of the pharma- 
cological act ivi t ies  o f  the deamino analog of  the cyclic 

(7) A synthesis of this amide by a method different from that re- 
0. A. Kaurov, v. F. Marty- 

(8) W. Y .  Chan, M. O'Connell, and S.  R. Pomeroy, Endocrinology, 

(9) W. Y .  Chan and V. du Vigneaud, ibid., 71,977 (1962). 
(10) B. M. Ferrier, D. Jarvis, and V. du Vigneaud, J .  Biol. Chem., 

ported by Ressler has recently appeared: 
nov, and 0. A. Popernatskii. Zh.  Obsh. Khim., 40,904 (1970). 

72,279 (1963). 

240, 4264 (1965). 
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