comitant with nucleophilic attack of sulfite ion on C-6
of the pyrimidine ring system can occur. This would
seem quite analogous to nucleophilic attack by a thiol
at the active site of an enzyme on C-6 concomitant with
methyl donation to C-5 from an electrophile such as
either S-adenosylmethionine or the cationic imine
(N+=CH,) shown by Kallen and Jencks® to be an
intermediate in the condensation of formaldehyde with
tetrahydrofolate. Also the collapse of an intermediate
such as 4 to yield the methylated pyrimidine involves
proton abstraction from C-5. Since enzymes must
catalyze reactions under constant and physiological
conditions of pH, the enzyme most likely catalyzes

(25) R. H. Kallen and W, P. Jencks, J. Biol. Chem., 241, 5851 (1966) ,
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the breakdown of the enzyme—dihydropyrimidine inter-
mediate 4 via a general base catalyzed mechanism. This
presumption is also in accord with our data with the
sodium bisulfite—1,3-dimethyluracil system.

Another important biological aspect of the reaction
of bisulfite ion with pyrimidines is the finding that the
5,6-dihydrocytosine-6-sulfonate is rapidly deaminated
under physiological conditions of temperature and pH
to yield uracil.*#® Thus, bisulfite can be considered
mutagenic as has been demonstrated by Hayatsu and
Miura who have shown that bisulfite induces muta-
tions in phage A.%

(26) H. Hayatsu and A. Miura, Biochem, Biophys. Res. Commun., 39,
156 (1970).

Studies on Polypeptides. L. Synthesis of a Protected
Tritricontapeptide Hydrazide Corresponding to Positions 48—80
of the Primary Structure of Ribonuclease T,™

Roger Camble, Gilles Dupuis, Koichi Kawasaki,
Hana Romovacek, Noboru Yanaihara, and Klaus Hofmann*

Contribution from the Protein Research Laboratory, University of
Pittsburgh, School of Medicine, Pittsburgh, Pennsylvania 15213.

Received July 30, 1971

Abstract:

Syntheses are described of two N-benzyloxycarbonylpeptide rers-butoxycarbonylhydrazides which

correspond to positions 48-65 and 66-80 of the proposed primary structure of the enzyme ribonuclease T,. Evi-

dence is presented to indicate that these materials are sequentially homogeneous.

These fragments were con-

densed to form an N-benzyloxycarbonyltritricontapeptide zers-butoxycarbonylhydrazide corresponding to posi-

tions 48-80 of the sequence of the enzyme.
solution are discussed.

For reasons discussed in previous communications, '3
we have subdivided the peptide chain of ribo-
nuclease T, (ribonucleate guanine nucleotido-2’-trans-
ferase (cyclizing) 2.7.7.26) into a series of fragments
(Figure 1) which serve as the starting materials for
attempts to construct the entire primary structure of the
enzyme via fragment condensation. Thus far, we have

(1) See J. Beacham, G, Dupuis, F. M. Finn, H. T. Storey, C. Yanai-
hara, N. Yanaihara, and K. Hofmann, J. Amer. Chem. Soc., 93, 5526
(1971), for paper XLIX 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 No. 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 article have appeared: N. Yanaihara, C. Yanaihara, G. Dupuis,
J. Beacham, R. Camble, and K. Hofmann, J. Amer. Chem. Soc., 91,
2184 (1969); K. Hofmann, Peptides, Proc. Eur. Peptide Symp., 10th,
1969, 130 (1971); H. T. Storey and K. Hofmann, ibid., 12th, 1971, in
press.

(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 = ethylcarbamoyl; EtOH =
ethanol; F = formyl; i-PrOH = isopropy! alcohol; MeOH = meth-
anol; N: = azide; NMM = N-methylmorpholine; OCP = 2.,4,5-
trichlorophenyl ester; ONHS = N-hydroxysuccinimido ester; O-t-
Bu = rtert-butyl ester; TEA = triethylamine; TFA = trifluoroacetic
acid; THF = tetrahydrofuran; tlc = thin layer chromatography; X =
tert-butoxycarbonylhydrazide; Y = benzyloxycarbonylhydrazide;

Advantages and disadvantages of the stepwise synthesis of peptides in

described details pertaining to the synthesis of frag-
ments B, C, and D and to their condensation to form
the partially protected hexatricontapeptide BCD (Fig-
ure 2) and have provided evidence for the sequential
and sterecchemical homogeneity of this compound.!
The present investigation concerns the preparation of
the partially protected tritricontapeptide EF (Figure 2)
which corresponds to positions 48-80 of the enzyme’s
peptide chain.

Four protected peptide hydrazides, subfragments
Ei, E;, F,, and F, (Figure 1), were prepared mainly by
stepwise methods in solution®¢ according to the routes
illustrated in Schemes I-IV. Following suitable de-
protection, subfragments E, and E, were linked to form
fragment E; subfragments F, and F, were similarly

Z = benzyloxycarbonyl. In order to simplify the designation of com-
plex peptide derivatives, the following nomenclature is used: sub-
fragments Ei, E;, Fi, and F» and fragments E, F, and EF = the N-
benzyloxycarbonyl tert-butoxycarbonylhydrazides of subfragments
Ei, E;, Fi, and F; and fragments E, F, and EF. Subfragments Ei, Es,
Fi, and Fz and fragments E, F, and EF tert-butoxycarbonylhydrazides =
the amino-deprotected tert-butoxycarbonylhydrazides. Subfragments
Ei, E;, Fi, and F; and fragments E, F, and EF hydrazides = the unpro-
tected hydrazides of the N-benzyloxycarbonyl subfragments and frag-
ments.

(5) M. Bodanszky and V. du Vigneaud, J. 4mer. Chem. Soc., 81,
5688 (1959).

(6) 1. 8. Morley, J. Chem. Soc. C, 2410 (1967).
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Figure 1. Protected peptide hydrazides corresponding to the se-
quence of ribonuclease T).

condensed to afford fragment F. The hydrazide
obtained from fragment E by treatment with tri-
fluoroacetic acid was converted to the azide’” and the
latter coupled to the frert-butoxycarbonylhydrazide
derived from fragment F by hydrogenolysis. This

Scheme I Synthesis of Subfragment E; (Mol Wt 1189)
(I}- t-Bu
PHE ASP PHE SER VAL SER SER  PRO

Z N3 H OH

z OH
Z N3 H X
Z30NHS H X
Z1ONHS H X
z X

48 49 50 Si 52 53 54 56

Scheme II Synthesis of Subfragment E; (Mol Wt 1653)
i‘! 0-t-Bu '
TYR TYR GII.U TRP PRO ILE LEU SER SER  GLY

z OH

Z40NHS H X

Z40NHS H X

Z10NHS H X

Z¢0CP H X

~

+ONHSH X

Z,$0CP H X

z X
56 57 58 59 60 61 62 63 64 65

(7) J. Honzl and J. Rudinger, Collect. Czech. Chem. Commun,, 26,
2333 (1961).

SYNTHESIS OF RIBONUCLEASE T, FRAGMENTS

EC £C

YAy SLUCYS THR-NH,

PHE
ASN
ASK
@ G!;'f

SER
aLa - SR
6LY ; :
THR
HiS
THR
\iLE-VM-M\"-lLl-LEU‘GLN-ISH-ISN-GLU-&SN

Figure 2. Location of fragments BCD and EF within the sequence
of ribonuclease T.

overall synthetic scheme is based on the protected
hydrazide procedure.® The following protecting groups

Scheme II1. Synthesis of Subsequent F; (Mol Wt 1142)
?-I-Bn
ASP VAL TYR SER 6GLY PRO GLY SER G6LY

Z“N3 H+ OH

z OH

74 ONHS H X

Z40NHS H X

z || |,

66 67 68 69 70 71 72 73 74
Scheme IV. Synthesis of Subfragment F: Mol Wt 1070)
(IJ-t-Bu
ALA  ASP ARG VAL VAL PHE

Z+X

~
o
=
b o
77
b= o
+
>

Z1ONHS H X

ZtONHS H X

z X
75 76 £ 78 79 80

(8) K. Hofmann, A. Lindenmann, M. Z. Magee, and N. H. Khan,
J. Amer. Chem. Soc., T4, 470 (1952).
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were used: the benzyloxycarbonyl group for a-amino
groups and the phenolic hydroxyl of tyrosine, the tert-
butoxycarbonyl group for the hydrazide function,®
the tert-butyl ester group for the S-carboxyl of aspartic
acid and the 4y-carboxyl of glutamic acid,* and the nitro
group for the guanido function of arginine.!' The
serine hydroxyl group was not protected. Benzyloxy-
carbonyl groups were removed by hydrogenolysis,
tert-butoxycarbonyl and tert-butyl ester groups by
exposure to trifluoroacetic acid.

Preparative Aspects

Synthesis of Fragment E. For the synthesis of sub-
fragment E; (Scheme I), serylproline!? (positions 54-55)
was coupled with the azide of benzyloxycarbonylvalyl-
serine! and the ensuing benzyloxycarbonyltetrapeptide
was converted to the terz-butoxycarbonylhydrazide by
reaction with tert-butoxycarbonylhydrazine!® in the
presence of DCC. The benzyloxycarbonyl group was
removed and the resulting peptide tert-butoxycarbonyl-
hydrazide condensed with benzyloxycarbonylphenyl-
alanylserine azide!‘ to give benzyloxycarbonylphenyl-
alanylserylvalylserylserylproline tert-butoxycarbonylhy-
drazide. This compound was decarbobenzoxylated
and the chain elongated by two single steps using
a-N-hydroxysuccinimido $-tert-butyl benzyloxycar-
bonylaspartate!® and N-hydroxysuccinimido benzyloxy-
carbonylphenylalaninate'® for acylation.

Benzyloxycarbonylserylserylglycine, the starting ma-
terial for the synthesis of subfragment E, (Scheme 1),
was converted to the crystalline tert-butoxycarbonyl-
hydrazide and the benzyloxycarbonyl group was re-
moved. The remaining amino acid residues were
added by the stepwise method using appropriate benzyl-
oxycarbonylamino acid 2,4,5-trichlorophenyl'” or N-
hydrosuccinimido esters'® for acylation. The 2,4,5-
trichlorophenyl ester of N,0-dibenzyloxycarbonyl-
tyrosine served to introduce the tyrosine residues in
positions 56 and 57. The reaction of 2,4,5-trichloro-
phenyl N,0-dibenzyloxycarbonyltyrosinate with the
nonapeptide tert-butoxycarbonylhydrazide (positions
57-65) in the presence of 2 equiv of triethylamine
yielded a material exhibiting a number of high running
contaminants on thin-layer chromatography in the
solvent system methanol-chloroform (10:90). It was
suspected that these impurities were the result of
O-acylation of the tyrosine residue in position 57.
This side reaction is known to occur during active ester
couplings in the presence of excess base!® and apparently
was responsible for some of the difficulties encountered

(9) R. A, Boissonnas, St. Guttmann, and P.- A. Jaquenoud, Helc.
Chim. Acta, 43, 1349 (1960); (b) R. Schwyzer, E. Surbeck-Wegmann,
and H, Dietrich, Chimia, 14, 366 (1960).

(10) (a) R. Schwyzer and H. Kappeler, Helv. Chim. Acta, 44, 1991
(1961); (b) R. Schwyzer and H. Dietrich, ibid., 44, 2003 (1961).

(11) K. Hofmann, W. D, Peckham, and A. Rheiner, J. Amer. Chem.
Soc., 78, 238 (1956).

(12) H. Yajima, Y. Okada, T. Oshima, and S. Lande, Chem. Pharm.
Bull., 14, 707 (1966).

(13) L. A. Carpino, J. Amer. Chem. Soc., 79, 98 (1957).

(14) (a) E. D. Nicolaides and H. A. DeWald, J. Org. Chem., 26,
3872 (1961); (b) R. A. Boissonnas, St. Guttmann, and P. -A. Jaquenoud,
Helv. Chim. Acta, 43, 1349 (1960).

(15) K. Hofmann, W. Haas, M. J. Smithers, and G. Zanetti, J.
Amer. Chem. Soc., 87, 631 (1965).

(16) G. W. Anderson, J. E. Zimmerman, and F. M. Callahan, ibid.,
86, 1839 (1964).

(17) 1. Pless and R. A. Boissonnas, Helv. Chim. Acta, 46, 1609 (1963).

(18) (a) J. Ramachandran and C. H. Li, J. Org. Chem., 28, 173 (1963);
(b) R. Paul, ibid., 28, 236 (1963).
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in the synthesis of fragment D.! Various attempts to
purify the product by precipitation or trituration were
unsuccessful. The procedure chosen for the final step
in the synthesis of fragment E; involved acylation of the
nonapeptide tert-butoxycarbonylhydrazide acetate (po-
sitions 57-65) with 2,4,5-trichlorophenyl N,0-dibenzyl-
oxycarbonyltyrosinate in the absence of triethylamine.
Under these conditions, a product of good chromato-
graphic quality was obtained in satisfactory yield.

The synthesis of fragment E involved conversion of
subfragment E; to the hydrazide and azide’ and
coupling to subfragment E, terr-butoxycarbonylhy-
drazide, The yield of chromatographically homo-
geneous fragment E was 4897,

Synthesis of Fragment F. Scheme III illustrates the
route employed to prepare subfragment F, in crystal-
line form. This synthesis proceeded smoothly and re-
quires no additional comments. However, the prepara-
tion of subfragment F, created problems. This syn-
thesis (Scheme IV) was carried out entirely via the
stepwise procedure starting with phenylalanine tert-
butoxycarbonylhydrazide and using the N-hydroxy-
succinimido esters of the required benzyloxycarbonyl-
amino acids, excepting arginine-77 which was incorpo-
rated as N>-benzyloxycarbonyl-N“-nitroarginine by the
Anderson modification'® of the mixed anhydride proce-
dure. Difficulties arose during the last two active ester
couplings. Originally, an excess of active ester was em-
ployed in these reactions in order to promote maximal
vields, but the ensuing products were contaminated by
a higher running component on thin-layer chromatog-
raphy which could not be removed by distribution
between 1-butanol and 5% acetic acid. Addition of
3-dimethylaminopropylamine after completion of the
coupling reaction followed by distribution in the above-
mentioned solvents failed to improve the quality of
the products whose acid hydrolysates showed the
presence of an excess of the N-terminal amino acids
aspartic acid and alanine. Chromatographically homo-
geneous samples of subfragment F, were obtained
when equimolar proportions of active ester and amino
component were employed. Subfragment F, was
found to be heat labile and exhibited a lower running
component on thin-layer chromatography when work-
up evaporations were carried out at temperatures in
excess of 40°. Acid hydrolysates of samples which
were heavily contaminated by this component showed
essentially the same amino acid composition as the
desired material suggesting that the terz-butoxycarbonyl-
hydrazide was partially deprotected. Further work
will be required to clarify this point, but the formation
of the contaminant was avoided when evaporations
were performed at temperatures not exceeding 36°.
A similar problem was not encountered during ex-
tensive studies with peptide tert-butoxycarbonylhydra-
zides C terminating in glycine in this and a previous
investigation.!

The final step in the synthesis of fragment F in-
volved coupling of subfragment F, azide with sub-
fragment F, tert-butoxycarbonylhydrazide. The yield
of chromatographically homogeneous fragment F was
77 % of theory.

(19) G. W. Anderson, J. E. Zimmerman, and F, M. Callahan, J.
Amer. Chem. Soc., 88, 1338 (1966).
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Synthesis of Fragment EF. Exposure of fragment E
to the action of trifluoroacetic acid afforded the free
hydrazide which was converted to the azide.” Frag-
ment F was converted to fragment F tert-butoxy-
carbonylhydrazide by hydrogenolysis and this com-
pound was coupled with the above azide in dimethyl
sulfoxide-dimethylformamide solution to give fragment
EF. The yield of chromatographically homogeneous
material was 39 %7,

Purification and Assessment of Homogeneity

Countercurrent distribution, solvent precipitation,
ion-exchange chromatography, gel filtration, and in
some instances crystallization were employed for
purification of intermediates and final products.
Details pertaining to the procedures used are described
in the Experimental Section; only a few pertinent com-
ments will be offered at this point. For removal of
unreacted amino component, the crude coupling prod-
ucts were frequently distributed between ethyl acetate
and aqueous citric acid. Ethyl acetate insoluble
materials were distributed between 1-butanol and dilute
aqueous acetic acid for the same purpose. These
procedures were successful in most instances but failed
in the synthesis of benzyloxycarbonyltryptophylprolyl-
isoleucylleucylserylserylglycine  zert-butyoxycarbonyl-
hydrazide (positions 59-65). In this situation, un-
reacted amino component was removed from the
coupling mixture by treating the product in 80
aqueous methanol with Dowex 50W-X2 (H+ cycle) at
0-5°. This technique was also used for removal of
unreacted amino component (fragment E, rert-butoxy-
carbonylhydrazide) from crude fragment E with di-
methylformamide-methanol-water (1:7:2) serving as
the solvent. Countercurrent distribution between 1-bu-
tanol and 577 acetic acid was employed for purification
of fragment F, and its fert-butoxycarbonyl hydrazide.
Chromatography on the ion-exchange resin AG 1-X2
served to remove excess acylating component (re-
arrangement products of subfragment F, azide) from
crude fragment F. Fragment E was obtained in chro-
matographically homogeneous form by gel filtration
on Sephadex LH-20 using dimethylformamide for
column development. Gel filtration on Sephadex
G-100 served to purify fragment EF. The solvent in
these experiments was 5097 aqueous acetic acid and
columns were operated at 4° to minimize deblocking
of the ters-butoxycarbonylhydrazide function.

Protected intermediates were characterized by thin-
layer chromatography in at least two solvent systems
and in certain instances by paper chromatography.
Melting points, optical rotations, and elemental
analyses were also performed. Since they provide no
information regarding homogeneity, elemental analyses
were not performed on the precious complex peptides.
However, amino acid analyses of acid hydrolysates of
these protected peptides were carried out with particular
emphasis on the ratios of the “diagnostic” amino acid
residues. We have defined the “diagnostic” residues
as those amino acids stable to acid hydrolysis, which
occur in one but not in the other of the reaction partners
in a coupling reaction.! The ratio of the “diagnostic”
residues in fragment E, valine derived from fragment E,
and isoleucine contributed by fragment E., was unity
as predicted by theory. The ratio Gly/3 derived from

fragment F, to alanine from fragment F, was 0.94
in fragment F and 1.0 in fragment F tert-butoxycar-
bonylhydrazide. Theory predicts a ratio of 1. The
ratio of isoleucine (fragment E) to alanine (fragment
F) was unity in fragment EF, in excellent agreement
with prediction.

The tryptophan content of fragment EF, assessed
by the method of Liu and Chang,?® showed the presence
of one residue. It was observed, however, that the
recovery of valine in p-toluenesulfonic acid hydroly-
sates of this compound was low. Similar low valine
recoveries were realized in p-toluenesulfonic acid
hydrolysates of fragment F tert-butoxycarbonyl-
hydrazide. It appears likely that the low wvaline
recovery is a reflection of a slow hydrolysis rate of the
valylvaline bond present in both compounds.

Optical rotations, thin-layer chromatography in at
least two solvent systems, and digestibility by amino-
peptidase M (AP-M)?! served to assess the homogeneity
of the various peptide tert-butoxycarbonylhydrazides.
Buffer-insoluble peptide tert-butoxycarbonylhydrazides
were deblocked with trifluoroacetic acid and the ensuing
soluble peptide hydrazide trifluoroacetate salts were
subjected to AP-M digestion. Average recoveries of
amino acid residues in acid hydrolysates and enzymic
digests provide a satisfactory measure of peptide content
of a given sample, and such figures, based on formula
weight, are given in the Experimental Section.

We conclude from these results that fragment EF is
sequentially homogeneous but realize that the analytical
procedures employed are not sensitive enough to
detect minor degrees of racemization.

Conclusions

Based on experience which is presented in this and an
earlier communication,! we conclude that the assembly
of homogeneous subfragments in the decapeptide
range or smaller, which can be synthesized rapidly and
cleanly via the stepwise method, appears to be the
method of choice for production of complex homo-
geneous protected peptide hydrazides. Our experience
with the stepwise active ester method when applied to
the synthesis of larger partially protected peptide hydra-
zides and using a minimum of side-chain protection has
not been encouraging. A gradual accumulation of side
products accompanies chain elongation and purification
becomes increasingly difficult. This behavior was
observed during the synthesis of fragment D! and in this
study with fragment E. A preparation of fragment E
synthesized exclusively by the stepwise active ester
procedure contained many components and could not
be purified satisfactorily.

Experimental Section??

Benzyloxycarbonylphenylalanine tert-Butoxycarbonylhydrazide.
A mixed anhydride was prepared, in the usual manner, from benzyl-

(20) T.-Y.Liuand Y. H. Chang, J. Biol. Chem., 246, 2842 (1971).

(21) G. Pfleiderer, P. G. Celliers, M. Stanulovic, E. D. Wachsmuth,
H. Determann, and G. Braunitzer, Biochem. Z., 340, 552 (1964).

(22) Melting points are uncorrected. Rotations were dete_rmmed
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 Micro-
analytical Laboratory, Woodside, N, Y.; oxygen values were actually
determined and not computed by difference. Analytical samplgs
were dried in tacuo over P2Os at 50~60°. The amino acid composi-
tions of acid hydrolysates and AP-M digests were determined with a
Beckman-Spinco Model 120 amino acid analyzer according to the
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oxycarbonylphenylalanine?? (6.0 g) in THF (35 ml) with TEA (2.8
ml) and ethyl chloroformate (1.92 mi). This solution was added
with stirring to an ice-cold solution of rert-butoxycarbonylhydra-
zide!3 (2.6 g) in THF (15 ml). The mixture was stirred at ice-bath
temperature for 1 hr and at room temperature for 12 hr and was then
filtered. The filtrate was evaporated, the residue was dissolved in
ethyl acetate (50 ml), and the solution was washed in the usual
manner and dried over sodium sulfate. The residue which ensued
after removal of the solvent was recrystallized from ether: 5.2 g
(63%); mp 81-83°; [«]**D —26.6° (¢ 2.20, MeOH); R¢! 0.8;
RV 0.8.
Anal. Caled for CpHxO3;Nj;:
Found: C,663.7; H,6.7; N, 10.2.
Phenylalanine fert-Butoxycarbonylhydrazide. Benzyloxycarbon-
ylphenylalanine rerr-butoxycarbonylhydrazide (2.1 g) was hydro-
genated in MeOH (50 mi). The catalyst was removed by filtration,
the solvent was evaporated, and the residue was recrystallized from
ethyl acetate-petroleum ether: 1.3 g(93%); mp 117-119°; [«]*’D
+48.8°(c 2.40, 1 NHCY); R10.6; RV 0.6.
Anal. Caled for C;H;O3N;: C, 60.2;
Found: C,60.6; H,7.6; N, 14.6.
Preparation of Subfragment E, (Positions 48-55). (Positions 54—
55) Serylproline. Benzyloxycarbonylserylproline!? (16.8 g) dis-
solved in MeOH (30 ml) and 107 acetic acid (150 ml) was hydro-
genated. The catalyst was removed by filtration and the solvents
were evaporated. Addition of EtOH gave crystals which were re-
crystallized from a small volume of water by addition of EtOH:
needles; 9.9 g (99%); mp 196-198° dec; [«]?D —109.3° (¢ 2.83,
acetic acid); Ri! 0.6; R:20.6; R{! 0.2, amino acid ratios in AP-M
digest: Sero.s Proi., (100%).
Anal. Caled for C3H1404N2:
Found: C,47.7; H,7.0; N, 13.6.
(Positions 52-55) Benzyloxycarbonylvalylserylserylproline. So-
dium nitrite (2.10 g) dissolved in ice-cold water (10 ml) was added
slowly to an ice-cold stirred solution of benzyloxycarbonylvalyl-
serine hydrazide! (10.56 g) in 2 N hydrochloric acid (45 ml), THF
(50 ml), and dioxane (75 ml). Ice-cold THF (100 ml) was added to
dissolve the crystalline azide. The mixture was stirred at —5° for
5 min and TEA (8.4 ml) was added. To this azide solution was
added a solution of serylproline (4.04 g) in water (40 mi) and THF
(20 ml) containing TEA (4.2 ml). The mixture was stirred at 4°
for 48 hr and the bulk of the solvents was removed. The residue
was extracted with three portions of ethyl acetate and the organic
layers were extracted with 1 N ammonium hydroxide. The com-
bined aqueous phases were acidified with 4 N hydrochloric acid
and extracted three times with ethyl acetate. The ethyl acetate
extracts were washed in the usual manner and dried over sodium
sulfate. Evaporation of the solvent gave a viscous oil which
solidified on addition of acetonitrile,. The compound was re-
crystallized from acetonitrile: 5.82 g (55%); mp 111-116°;
[a]?™D —74.7° (¢ 3.80, MeOH); R:!0.9; R:20.7; R{ 0.6.

C, 639; H, 6.6; N, 10.2;

H, 7.6; N, 15.0.

C, 47.5; H, 7.0, N, 13.9.

method of S, Moore, D. H. Spackman, and W, H. Stein (4nal. Chem.
30, 1185 (1958)). The figures in parentheses are average recoveries of
amino acids based on formula weight. Nle and a-amino-3-guanido-
propionic acid served as internal standards. Acid hydrolyses were
performed in constant boiling HCI at 110° for 24 hr in evacuated tubes
except with peptides containing valine or isoleucine which were hy-
drolyzed for 48 hr; values are not corrected for amino acid destruction,
AP-M digests were performed as described by K. Hofmann, F. M.
Finn, M. Limetti, J. Montibeller, and G. Zanetti (J. Amer. Chem. Soc.,
88, 3633 (1966)) except when noted otherwise. Designations of solvent
systems for descending paper chromatography on Whatman no, 1
filter paper are: R;! l-butanol-glacial acetic acid-water (4:1:5) top
layer; R:? 2-butanol-3 % ammonium hydroxide (3:1); R¢3 1-butanol-
pyridine-water—glacial acetic acid (45:30:36:9); with this system R;
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: Ry l-buta-
nol-glacial acetic acid-water (60:20:20); R/l 95% EtOH-concen-
trated NH.OH (100:27); R{1! l-butanol-pyridine-glacial acetic
acid-water (30:20:6:24); Rs!Y MeOH-chloroform (!:1); Rs¥ MeOH-
chloroform (5:95); R;¥!1 MeOH-chloroform (10:90); R:¥!! 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. Solvents were
freshly distilled and, except when noted otherwise, evaporations were
carried out in vacuo at a temperature of 40-45° in rotary evaporators.
Hydrogenations were performed at room temperature and atmospheric
pressure, Routinely catalyst was removed by filtering the hydrogena-
tion mixture through a bed of Filter Cel. Yields are based on weight
of vacuum dried (over P05 and KOH) substance.
(23) W, Grassmann and E. Wiinsch, Chem. Ber., 91, 462 (1958).
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Anal. Caled for C;sH3;:O9Ny: H, 6.6; N, 107.
Found: C,55.1; H,6.8; N, 10.5.

(Positions 52-55) Benzyloxycarbonylvalylserylserylproline rers-
Butoxycarbonylhydrazide Monohydrate. DCC (2.04 g) was added
to an ice-cold solution of benzyloxycarbonylvalylserylserylproline
(5.23 g) and tert-butoxycarbonylhydrazide (1.45 g) in DMF (10
ml) and dioxane (40 ml) and the mixture was stirred at 4° for 15 hr.
The suspension was filtered and the filtrate was concentrated to a
small volume. The residue was dissolved in ethyl acetate (200 mi)
and the solution washed in the usual manner and dried over sodium
sulfate. Evaporation of the solvent gave an oil which solidified on
addition of acetonitrile and ether. The compound was recrystal-
lized from MeOH: 4.70 g (72%); mp 128-131° (sintering at
124°); [a]%*D —94.6° (¢ 1.39, MeOH); R:! 0.6.

Anal. Caled for GsH4O1Ne-H.O: C, 53.2; H, 7.1; N, 12.8.
Found: C, 53.8; H,6.9; N, 126.

(Positions 52-55) Valylserylserylproline rers-Butoxycarbonyl-
hydrazide Acetate. Benzyloxycarbonylvalylserylserylproline rers-
butoxycarbonylhydrazide (5.82 g) was hydrogenated in MeOH (60
ml) and 102 acetic acid (20 ml). The catalyst was removed by
filtration and the solvents were evaporated. The residue was dis-
solved in a small volume of EtOH and ether was added. The
precipitate was collected and dried: 4.52 g (90%); [«]?’D —89.6°
(¢ 3.00, MeOH); R:! 0.6; R:20.9; R 0.3; amino acid ratios in
AP-M digest, Valo.sSerz..Pros.q (92%).

(Positions 50-55) Benzyloxycarbonylphenylalanylserylvalylseryl-
serylproline tert-Butoxycarbonylhydrazide. Sodium nitrite (1.1
g) in ice-cold water (10 ml) was added slowly to an ice-cold stirred
solution of benzyloxycarbonylphenylalanylserine hydrazide!* (5.76
g)in 1 N hydrochloric acid (43.2 ml) and THF (100 ml). The mixture
was stirred at —35° for 5 min and TEA (4.0 ml) was added. To
this solution containing ZPheSer azide was added a solution of
valylserylserylproline rers-butoxycarbonylhydrazide acetate (4.06
g) in DMF (8 ml) and THF (30 mi) containing TEA (1.0 ml), The
mixture was stirred at 4° for 20 hr, then additional azide (prepared
from 2.88 g of benzyloxycarbonylphenylalanylserine hydrazide)
was added. Stirring was continued at 4° for 20 hr when the bulk of
the solvents was removed. Ethyl acetate (150 ml) was added and
the mixture was kept in a refrigerator for 12 hr. The resulting
amorphous product was collected, washed with ice-cold ethyl
acetate, and dried. The compound was dissolved in hot MeOH
and the solution was left to cool slowly. The ensuing gelatinous
mass was collected and dried: 4.28 g (68%); mp 215-216° dec
(sintering at 205°); [a]%*D —32.2° (¢ 3.01, DMF); R¢! 0.6.

Anal. Caled for CyHxOi3Ng: C, 56.5; H, 6.7; N, 129.
Found: C,56.3; H,7.0; N, 12.7.

(Positions 50-55) Phenylalanylserylvalylserylserylproline ters-
Butoxycarbonylhydrazide Acetate. Benzyloxycarbonylphenylalan-
ylserylvalylserylserylproline fert-butoxycarbonylhydrazide (4.63 g)
was hydrogenated in MeOH (60 ml) and 109 acetic acid (15
mi). The catalyst was removed by filtration and the solvent
evaporated. The residue was dissolved in a small volume of
MeOH and ether was added. The precipitate was collected and
dried: 3.74 g (88%); [a]®D —73.9° (¢ 2.09, MeOH); R;! 0.6;
R:2 0.9; Rf! 0.4; amino acid ratios in AP-M digest, Phe, ,Ser;.o-
ValHPI'Oo.s (86 %)

(Positions 49-55) Benzyloxycarbonyl-3-err-butylaspartylphenyl-
alanylserylvalylserylserylproline sers-Butoxycarbonylhydrazide. o-
N-Hydroxysuccinimido B-fert-butyl benzyloxycarbonylasparate!®
(1.98 g) was added to a solution of phenylalanylserylvalylserylseryl-
proline zert-butoxycarbonylhydrazide acetate (3.75 g) in DMF
(15 ml) and THF (40 ml) containing TEA (0.66 ml). The mixture
was stirred at room temperature for 5 hr; then the THF was re-
moved. The residual solution was diluted with water (100 ml);
the precipitate was collected and dried. For purification, the
compound was dissolved in hot MeOH, precipitated with water,
and dried: 4.00 g (81%); mp 200-201° dec; [a]*D —33.2°
(c 1.16, DMF); R:0.7.

Anal, Caled for CuHnO1sNy:
Found: C,559; H,6.8; N, 12.1.

(Positions 49-55) $3-rert-Butylaspartylphenylalanylserylvalylseryl-
serylproline rert-Butoxycarbonylhydrazide Acetate. Benzyloxycar-
bonyl- 3 - fert - butylaspartylphenylalanylserylvalylserylserylproline
tert-butoxycarbonylhydrazide (2.40 g) was hydrogenated over pal-
ladium in MeOH (60 ml) and 109 acetic acid (15 ml). The
catalyst was removed by filtration and the filtrate evaporated. The
residue was dissolved in a small volume of EtOH and ether was
added. The precipitate was collected and dried: 2.08 g (93%);
[¢]2®D —57.0° (¢ 2.40, MeOH); R:! 0.8; R 0.5; amino acid

C, 55.2;

C, 56.5;, H, 69; N, 12.1.
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ratis; in AP-M digest, (O--BuAsp -+ Asp).oPheo.sSers.oValy.oPros.s
(91%).%¢

(Positions 48-55) Benzyloxycarbonylphenylalanyl-3-zers-butyl-
aspartylphenylalanylserylvalylserylserylproline rerr-Butoxycarbonyl-
hydrazide (Subfragment E,). N-Hydroxysuccinimido benzyloxy-
carbonylphenylalaninate! (2.08 g) was added to a solution of $-
tert-butylaspartylphenylalanylserylvalylserylserylproline tert-bu-
toxycarbonylhydrazide acetate (5.03 g) in DMF (20 ml) and THF
(40 ml) containing TEA (0.73 ml). The mixture was kept at room
temperature for 5 hr, then water (300 ml) was added. The pre-
cipitate was collected and dried. For purification, the compound
was dissolved in hot MeOH and precipitated by addition of water:
5.42 g (88%); mp 214-217° dec; [«]?*D —36.3° (c 1.87, DMF);
R:10.9; Re20.9; R4 0.7,

Anal. Caled for CssHsoOanoZ
Found: C,58.4; H,7.0; N, 11.6,

Subfragment E, rerr-Butoxycarbonylhydrazide Acetate. Sub-
fragment E, (100 mg) was hydrogenated in MeOH (20 ml) and 10
acetic acid (2 ml). The catalyst was removed by filtration and the
solvents were evaporated. The residue was dissolved in a small
volume of EtOH and ether was added. The precipitate was col-
lected and dried: 85 mg (91%); [«]**D —65.8° (¢ 0.96, MeOH);
R:10.9; R;20.9; R 0.6; amino acid ratios in 72-hr AP-M digest:
(O-I-BUASp =+ ASp)l.zphez.cserg.lvah‘0PI'00.3 (88 %).“

Subfragment E; Hydrazide Trifluoroacetate, Subfragment E,
(2.97 g) was dissolved in chilled 909, TFA (29 ml) and the solution
kept at room temperature for 30 min. The solvent was evaporated
and the residue triturated with ether. The white precipitate was
collected, washed with ether, reprecipitated twice from DMF with
ether, and dried: colorless powder; 2.61 g (91%); mp dec above
198°; [«]?™D —32.5° (¢ 1.75, DMF); R:! 0.6 with faint traces at
0.3 and 0.2; R 0.7; ninhydrin negative, chlorine and hydrazide
positive spot.

Preparation of Subfragment E, (Positions 56-65). (Positions 63—
65) Benzyloxycarbonylserylserylglycine. Sodium nitrite .(3.7 g)
in ice-cold water (15 ml) was added slowly with stirring to an ice-
cold solution of benzyloxycarbonylserylserine hydrazide®® (17 g)
in THF (100 ml) and 2 N hydrochloric acid (75 ml). After 10 min
TEA (14 ml) was added slowly at a temperature of 0-2°. This
solution containing ZSerSer azide was added to an ice-cold solution
of glycine (5.3 g) in water (70 ml), THF (35 ml), and TEA (10 m}).
The mixture was stirred for 20 hr at 4°; then the bulk of the solvents
was evaporated. The residual solution was extracted with three
portions of ethyl acetate and the ethyl acetate layers were in turn
extracted twice with 1 N ammonium hydroxide. The combined
aqueous phases were acidified with 4 N hydrochloric acid and
extracted with five portions of 1-butanol. The butanol layers were
washed five times with 59 acetic acid and evaporated. The re-
sulting solid was triturated with ether and dried. The compound
was recrystallized from MeOH-ether: prisms; 12.8 g (64%);
mp 169-171° dec; [a]?'D —12.2° (¢ 3.52, MeOH); R;! 0.7; single
chlorine positive spot.

Anal. Caled for C;sHnOgNj:
Found: C,50.4; H, 5.5; N, 10.8.

(Positions 63-65) Benzyloxycarbonylserylserylglycine fert-Butoxy-
carbonylhydrazide. DCC (4.12 g) was added to a solution cooled
at —5° of benzyloxycarbonylserylserylglycine (7.67 g) and fert-
butoxycarbonylhydrazine (2.64 g) in DMF (10 ml) and dioxane (40
ml). The mixture was stirred for 1 hr at 0° and for 20 hr at room
temperature. The N,N’-dicyclohexylurea was removed by filtra-
tion, the bulk of the solvents was evaporated, and the residue was
dissolved in ethyl acetate (200 ml). The solution was washed in the
usual manner and dried. The solvent was evaporated, the ensuing
viscous oil was dissolved in ethyl acetate, and ether was added. The
precipitate was collected and recrystallized from acetonitrile:
needles; 6.0 g (61%); mp 111-112°;, [«]%D —10.7° (c 2.86,
MeOH); R 0.7.

Anal. Caled for CyHxuO3N;:
Found: C,51.0; H,6.3; N, 14,2,

(Positions 63-65) Serylserylglycine fer-Butoxycarbonylhydrazide
Acetate. The protected tripeptide hydrazide (7.46 g) in MeOH
(50 mi) and 109} acetic acid (15 mi) was hydrogenated. The catalyst
was removed by filtration and the solvent was evaporated, The
oily residue was lyophilized from a small volume of water—dioxane:
colorless powder; 6.3 g (100%); [a]®D —6.5° (c 3.11, MeOH);
R:10.6; R:20.8; R¢! 0.4; trace impurity at 0.5; amino acid ratios
in AP-M digest, Ser,.1Gly;.0 (81 %),

C, 58.6; H, 68; N, 11.8.

C, 50.1; H, 55; N, 11.0.

C, 507; H, 6.3; N, 14.1.

(24) B-tert-Butyl aspartate undergoes partial deblocking during
amine acid analysis.

(Positions 62-65) Benzyloxycarbonylleucylserylseryiglycine tert-
Butoxycarbonylhydrazide. N-Hydroxysuccinimido benzyloxycar-
bonylleucinate' (4.0 g) was added to a solution of serylserylglycine
tert-butoxycarbonylhydrazide acetate (4.65 g) and TEA (1.6 ml)
in DMF (20 ml) and THF (70 ml). The mixture was stirred for 5
hr at room temperature when the bulk of the solvents was evapo-
rated. The residue was dissolved in ethyl acetate (200 ml) and the
solution was washed three times with 1 N citric acid, once with
saturated sodium bicarbonate, and once with water. The solvent
was removed to give a solid, which was recrystallized from a mix-
ture of MeOH and acetonitrile (1:5): needles; 4.84 g (72%); mp
189-191° dec; [a]?D —22.1° (¢ 2.00, MeOH); R;1 0.7,

Anal. Caled for C27H42010N52 C, 531, H, 69, N, 13.8.
Found: C, 53.4; H, 6.8; N, 14.0.

(Positions 62-65) Leucylserylserylglycine fert-Butoxycarbonyl-
hydrazide Acetate. The protected tetrapeptide hydrazide (3.91 g)
dissolved in MeOH (50 ml) and 107 acetic acid (15 ml) was hydro-
genated. Thecatalyst was removed and the solvent was evaporated.
The crystalline residue was recrystallized from EtOH: 331 g
96%); [a]**D —6.9° (c 3.09, MeOH); R:! 0.7, R:20.9; R 0.5;
amino acid ratios in AP-M digest, Leu,.,Serz.oGly:.o (82%).

(Positions 61-65) Benzyloxycarbonylisoleucylleucylserylserylgly-
cine rert-Butoxycarbonylhydrazide. ~N-Hydroxysuccinimido ben-
zyloxycarbonylisoleucinate!® (2.17 g) in dioxane (20 ml) was added
to a solution of leucylserylserylglycine rerr-butoxycarbonylhydra-
zide acetate (2.95 g) in DMF (10 ml) containing TEA (0.84 ml).
The mixture was stirred for 6 hr at room temperature and water
(70 ml) was added. The precipitate was collected, dissolved in
dioxane, and precipitated by addition of water. For purification
the material was triturated twice with 250 ml each of hot aceto-
nitrile and then again precipitated from dioxane with water: 3.10g
(78%); mp 232-234° dec; [«]%*D —41.0° (¢ 3.09, MeOH); R:!
0.8; R/ 0.7; RAVO.8.

Anal, Caled for CzH;;0uN7:
Found: C,54.5; H,7.7; N, 13.7.

(Positions 61-65) Isoleucylleucylserylserylglycine rers-Butoxy-
carbonylhydrazide Acetate. The protected pentapeptide hydrazide
(3.11 g) in MeOH (50 ml) and 10%, acetic acid (10 ml) was hydro-
genated over palladium. The catalyst was removed, the solvents
were evaporated, and the residue was dissolved in a small volume of
EtOH. Addition of ether gave a precipitate which was collected
and dried: 2.72 g 97%); [a]**p —23.5° (¢ 2.56, MeOH); R:!
0.8; R 09; R 0.5; R{M 0.6; amino acid ratios in AP-M
digest, Ile,.cLeu;.oSer,.¢Gly, .o (89 %).

(Positions 60-65) Benzyloxycarbonylprolylisoleucylleucylseryl-
serylglycine tert-Butoxycarbonylhydrazide. N-Hydroxysuccini-
mido benzyloxycarbonylprolinate® (1.45 g) was added to a solution
of isoleucylleucylserylserylglycine fers-butoxycarbonylhydrazide ac-
etate (2.73 g) in DMF (10 ml), THF (20 mi), and TEA (0.58 mil).
The mixture was stirred for 6 hr at room temperature and water
(100 ml) was added. The precipitate was collected and repre-
cipitated from MeOH by addition of water: 3.05 g (88%); mp
238-239° dec: [a]?D —69.4° (¢ 2.01, MeOH); R{ 0.7, con-
taminated with traces of Z-Pro-ONHS.

Anal. Caled for CixHeO1Nsg: C, 556, H, 7.4, N, 13.7.
Found: C,554; H,7.5; N,13.7.

(Positions 60-65) Prolylisoleucylleucylserylserylglycine rers-Bu-
toxycarbonylhydrazide Acetate. The protected hexapeptide hy-
drazide (3.0 g) was hydrogenated in MeOH (50 ml) and 1077 acetic
acid (10 ml). The catalyst was removed, the solvents were evapo-
rated, the residue was dissolved in a small volume of EtOH, and
ether was added. The precipitate was collected and dried:
2.71 g (99%); [a]*D —356.1° (¢ 1.09, MeOH); R:! 0.8; R:%0.9;
R:! 0.4 with trace impurity at 0.2; R¢!!! 0.7 with trace impurity at
0.5; amino acid ratios in AP-M digest Proy.Ilei.cLeu.oSer2.¢Glyc.s
94 %).

78Positions 59-65) Benzyloxycarbonyltry ptophylprolylisoleucyl-
leucylserylserylglycine rert-Butoxycarbonylhydrazide. 2,4,5-Tri-
chloropheny! benzyloxycarbonyltryptophanate'” (3.75 g) was added
to a partial suspension of prolylisoleucylleucylserylserylglycine
tert-butoxycarbonylhydrazide acetate (5.40 g) in DMF (80 ml) con-
taining TEA (1.0 ml); a clear solution was slowly formed. The mix-
ture was stirred for 20 hr at room temperature and was diluted with
ethyl acetate (900 ml). The solution was washed in the usual
manner and was concentrated to a gel. The amorphous product
was dissolved in hot EtOH (150 ml), the solution was concentrated
at 40° to about 50 ml, and the product precipitated with ether:
6.20 g; R;! 0.8 with some streaking; R1! 0.7 with trace impurity
at 0.8. This material was dissolved in 80% MeOH and treated
twice with Dowex 50W-X2 (H* cycle) (10 ml of settled resin) at

C, 548, H, 7.4; N, 136.
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0-5°. After evaporation and reprecipitation of the residue from
EtOH-ether a white solid was obtained: 5.5 g (76%); mp 160-
162° dec; [@]*"D —52.5° (¢ 2.23, MeOH); R{ 0.8; single, chlorine,
hydrazide, and Ehrlich positive spot with no tailing,

Anal. Caled for CyH70O1:Nyo: C, 584; H, 7.0; N, 13.9;
0,20.7. Found: C,58.0; H,7.1; N, 14.1; O, 20.4.

(Positions 59-65) Tryptophylprolylisoleucylleucylserylserylglycine
tert-Butoxycarbonylhydrazide Acetate. The protected heptapep-
tide hydrazide (6.85 g) was hydrogenated in MeOH (150 ml) and
107 acetic acid (20 ml) for 24 hr. The catalyst was removed by
filtration and the solution was evaporated to dryness. The residue
was dissolved in MeOH, ether was added, and the precipitate was
collected and dried: 5.77 g (91%); [a]®D — 54.9° (¢ 2.54, MeOH);
Ri! 0.6; R:11 0.8. A sample (50 mg) was dissolved in TFA (0.4
ml) and the solution was kept at room temperature for 30 min.
Ether was then added and the precipitate was collected, washed with
ether, and dried: 45 mg; Ry 0.3; amino acid ratios in AP-M
digest, Trp:.4Proy iIleq sLeu; (Sery. oGlyo.7 (76 %).

(Positions 58-65) Benzyloxycarbonyl-v-tert-butylglutamyltrypto-
phylprolylisoleucylleucylserylserylglycine  fers-Butoxycarbonylhy-
drazide. «-N-Hydroxysuccinimido vy-tert-butyl benzyloxycar-
bonylglutamate? (1.74 g) was added to a solution of tryptophyl-
prolylisoleucylleucylserylserylglycine ters-butoxycarbonylhydrazide
acetate (3.73 g) in DMF (16 ml), THF (16 ml), and TEA (1.12 m}).
The mixture was stirred for 5 hr at room temperature and overnight
at 4° and the THF was removed by evaporation. Ethyl acetate
(400 ml) was added to the residue and the solution was washed in
the usual manner and dried. The ethyl acetate layers were pooled
and concentrated to a small volume, and ether was added to the
residue. The precipitate was collected and dried; 4.5¢g. Since tic
indicated the presence of unreacted amino component, the material
was dissolved in DMF (30 ml) and ethyl acetate (600 ml) and the
solution was rewashed and the material reprecipitated as described
above: 4.0 g (84%); mp 160°; [«]®D —58.9° (¢ 2.55, MeOH);
R 0.8; R4V 0.9,

Anal. Caled for C:;sHs:O1Ny: C, 58.4; H, 7.2; N, 12.9;
0, 21.5. Found: C,3582; H,7.1; N 12.7; O 21.3.

(Positions 58-65) vy-rert-Butylglutamyltryptophylprolylisoleucyl-
leucylserylserylglycine rert-Butoxycarbonylhydrazide Acetate. The
protected octapeptide hydrazide (5.96 g) was hydrogenated for
20 hr in MeOH (100 mi) and 107 acetic acid (20 ml). The catalyst
was removed and the solvents were evaporated. The residue was
precipitated from EtOH with ether: 5.30 g (95%); [a]?*D —60.1°
(c 2.63, MeOH); hygroscopic, after storing for several weeks in the
air; [a]*D —57.7° (¢ 2.65, MeOH); R: 0.8; RV 0.9; R;V10.2.

A sample (30 mg) was dissolved in anhydrous TFA (0.3 ml) and
the solution kept at room temperature for 1 hr. Ether was added
to the reddish-pink solution and the pink solid was collected and
washed with ether. The material was dissolved in a small volume
of water and the solution lyophilized: 25 mg; R:! 0.4; amino acid
ratios in 48 hr AP-M digest, Glu, (Trp:.Proo.slle;.(Leu;.oSers.i-
Glyos (63%).

(Positions 57-65) N,0-Dibenzyloxycarbonyltyrosyl-vy-zert-butyl-
glutamyltryptophylprolylisoleucylieucylserylserylglycine rers - Bu-
toxycarbonylhydrazide. 2,4,5-Trichlorophenyl »,0-dibenzyloxy-
carbonyltyrosinate!” (2.52 g) was added to a solution of v-rerr-
butylglutamyltryptophylprolylisoleucylleucylserylseryiglycine zers-
butoxycarbonylhydrazide acetate (4.47 g) in DMF (25 ml), THF
(50 ml), and TEA (1.12 mi). The mixture was stirred at room
temperature for 15 hr, the THF removed, and the residue diluted
with ethyl acetate (500 ml). The solution was washed in the usual
manner and dried. The solvent was evaporated and the residue
precipitated from warm ethyl acetate with ether: 5.86 g (98%);
Ri! 0.8 (slight tailing); R 09; R4V 0.9; Ri¥! 0.3 with trace
impurity at 0.12.

The product was twice reprecipitated from ethyl acetate with
ether: 572 g(96%); [a]%D —350.2° (¢ 2.60, MeOH): tlc showed
a single spot without tailing in systems I, III, and IV; with system
VIslight tailing was observed.

Anal. Caled for C75H100020N12: C, 60.5; H, 6.8; N, 11.3;
0O, 21.5. Found: C,60.2; H,6.8; N, 11.6; O, 21.6.

(Positions 57-65) Tyrosyl-vy-tert-butylglutamyltryptophylprolyl-
isoleucylleucylserylserylglycine rers-Butoxycarbonylhydrazide Ace-
tate. The protected nonapeptide hydrazide (5.0 g) was hydro-
genated for 12 hr in MeOH (150 ml) and 109 acetic acid (25 mi).
The catalyst was removed and the solvents were evaporated. The
residue was reprecipitated from EtOH with ether and dried:

(25) R.Zabeland H. Zahn, Z. Naturforsch. B, 20, 650 (1965).
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hygroscopic powder; 4.06 g (94%); [a]*D —66.3° (¢ 2.34, MeOH);
R4 0.7, RA0.8; R4V 0.8; single ninhydrin, chlorine, and hydra-
zide positive spot.

A sample (30 mg) was dissolved in anhydrous TFA (0.3 ml) and
the solution kept at room temperature for 1 hr. Ether was added
and the pink precipitate was collected, washed with ether, and
dissolved in a small volume of water. The solution was lyophilized
to give a pink solid: 24 mg; amino acid ratios in 48 hr AP-M
digest Tyrl‘oGlul,oTrpl.oProl olley.oLeuy oSerz 2Glyo o (69 9N

(Positions 56-65) N,O-Dibenzyloxycarbonyltyrosyltyrosyl-vy-rert-
butylglutamyltry ptophylprolylisoleucylleucylserylserylglycine tert-
Butoxycarbonylhydrazide (Subfragment E,). 2,4,5-Trichlorophenyl
N,0-dibenzyloxycarbonyltyrosinate!'” (2.1 g) was added to a solu-
tion of tyrosyl-y-tert-butylglutamyltryptophylprolylisoleucylleucyl-
serylserylglycine rert-butoxycarbonylhydrazide acetate (4.07 g) in
DMF (20 ml) and THF (40 ml). The mixture was stirred for 40
hr at room temperature when the THF was removed and the residue
was diluted with ethyl acetate (300 mi). The solution was washed
in the usual manner and dried. The residue obtained after evap-
oration was twice reprecipitated from EtOH with ether: 5.0 g
95%); [a]*> —43.1° (¢ 2.13, MeOH); R 0.7, RV 0.5 with
faint traces at 0.4; R:! 0.4 with faint traces at 0.3.

Anal. Caled for CsHiosOeNi;: C, 61.0; H, 6.6; N, 11.0.
Found: C,61.1; H,6.8; N, 10.7.

Subfragment E, rer-Butoxycarbonylhydrazide. Subfragment
E: (600 mg) was hydrogenated in MeOH (30 ml) for 12 hr. The
catalyst was removed by filtration and the solvents were evaporated.
The residue was dissolved in a small volume of EtOH and ether was
added. The precipitate was collected and dried: 473 mg (97%);
[e]*D —54.0° (¢ 1.17, MeOH); R;! 0.9; R¢! 0.6; R/110.8; R4V
0.4 with trace at 0.1; R:¥! 0.9; R;¥!! 0.4. This material (15 mg)
was dissolved in TFA (0.2 ml) and the solution was kept at room
temperature for 1 hr, Ether was added and the precipitate was
collected, washed with ether, and dried: 14 mg; R 0.6; Rl
0.8; R:!V 0.9, amino acid ratios in 48 hr AP-M digest, Tyrs.o-
Glu; ,oTI'po,sPI'Ol,one].oLeul _oserz,gGlyLo (82%)

Preparation of Fragment E (Positions 48-65). A solution of sub-
fragment E, hydrazide trifluoroacetate (642 mg) in DMF (3.5 ml)
was cooled at —25° and 6.9 N HCl in dioxane (0.4 ml) was added
with stirring followed by tert-butyl nitrite (0.7 ml of a 107 solution
in DMF). The solution was stirred for 15 min at —25° and then
cooled to —60° and TEA (2.63 ml of a 20 solution in DMF) was
added dropwise. To the stirred suspension (pH 7.5-8.0) was added
dropwise a solution of subfragment E, rert-butoxycarbonylhydra-
zide (380 mg) in DMF (3 ml). The reaction mixture was stirred
for 3 days at 4°, the solvent evaporated, and water (~70 ml) was
added to the residue. The precipitate was collected, washed with
water, and dried: 898 mg; R¢! 0.7 containing ninhydrin positive
material with R¢! 0.6. This material was dissolved in DMF-
MeOH-H,O (1:7:2) (150 m}) and the solution cooled to —10°.
Chilled Dowex 50W-X2 (H* cycle) (10 ml settled in water) was
added and the mixture stirred for 30 min at —5to —10°. A fur-
ther addition of resin (10 ml) was made after 15 min. The mixture
was rapidly filtered and the resin washed with ice-cold solvent.
The filtrate was refiltered through a bed of Celite; a few drops of
TEA were added to the filtrate which was evaporated. The
residue was dissolved in DMF-MeOH-H,O and the resin treatment
repeated. The residue was dissolved in a small volume of DMF
and precipitated by addition of ethyl acetate: 703 mg; R 0.7
ninhydrin negative, chlorine and hydrazide positive spot. This
material, in 350-mg batches, was dissolved in DMF (4 ml) and the
solution added to a Sephadex LH-20 column (2 X 150 cm) which
was eluted with DMF. Absorbancy measurements at 280 nm
served to locate the desired peptide in the various fractions. Tubes
which contained homogeneous material by tlc were pooled and
evaporated. The residue was precipitated from DMF with ethyl
acetate and rechromatographed on LH-20 in the manner described:
310 mg (48%); [«]¥D —35.8° (c 1.44, DMF); R¢ 0.7; R 08,
ninhydrin negative, chlorine, hydrazide, and Ehrlich positive spot;
amino acid ratios in 48-hr acid hydrolysates of two samples

Phe Asp Ser Val Pro Tyr Glu He Leu Gly
1.9 1.0 43 1.0 2.0 1.7 1.1 1.0 1.0 1.0 (92%)
20 1.0 4.2 1.0 20 1.7 1.1 1.0 1.0 1.0 (95%)

ratio of Val/Ile = 1.0

Anal, Caled for C121H165033N215 C, 59.5,‘ H, 6.8; N, 12.0;
0,21.6. Found: C,359.3; H,7.0; N,11.9; O, 21.8.

Fragment E rert-Butoxycarbonylhydrazide Acetate. A solution
of fragment E (50 mg) in MeOH-5% acetic acid (9:1) (50 ml) was
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hydrogenated for 12 hr. The catalyst was removed by filtration
and the solvent was evaporated. The residue was reprecipitated
from EtOH with ether and the solid collected and dried: 32.7
mg (68%); R¢! 0.6; R:!0.8; ninhydrin, chlorine, hydrazide, and
Ehrlich positive spot; amino acid ratios in 72-hr acid hydrolysate,
Phe, s Asp, oSer, 7Valy oPro. s Tyr sGluy olley oLeuy ¢Glyys (Trp de-
stroyed).

Fragment E Hydrazide Trifluoroacetate. Fragment E (80 mg)
was dissolved in ice-cold 90 %, TFA containing 1 % mercaptoethanol
and 1 % anisole and the mixture was kept at this temperature for 10
min. The solution was then kept at room temperature for 40 min
and was concentrated to a small volume at 20°, Ether (approxi-
mately 50 mi) was added to the residue and the precipitate was col-
lected by centrifugation and washed with three portions of ether:
74 mg (92%); R 0.6; R{M 0.8; amino acid ratios in acid
hydrolysate, Phe,.gASpl.1Ser4,4Va11‘1Pr02,1Tyr2,oGlu1,1Ile1,1LeU1,1-
Gly,.o.

Preparation of Subfragment F, (Positions 66-74). (Positions 73-
74) Benzyloxycarbonylserylglycine tert-Butoxycarbonylhydrazide.
DCC (10.2 g) was added to a solution of benzyloxycarbonylseryl-
glycine® (14.8 g) and rerr-butoxycarbonylhydrazine!® (6.6 g) in
dioxane (25 ml) and DMF (25 ml). The mixture was stirred at 0°
for 1 hr and at room temperature for 15 hr and was filtered. The
solvents were removed, the residue was dissolved in ethyl acetate,
and the solution was washed in the usual manner and dried. The
solvent was evaporated to give a crystalline residue, which was
recrystallized from ethyl acetate: needles; 16.6 g (77%); mp
112-114°; [a]?*D —6.3° (¢ 3.7, MeOH); ninhydrin negative,

Anal. Caled for CyHyeO:N,: C, 52,7, H, 6.4; N, 13.7.
Found: C,52.9; H,6.6; N, 13.8.

(Positions 73-74) Serylglycine tert-Butoxycarbonylhydrazide.
Benzyloxycarbonylserylglycine fert-butoxycarbonylhydrazide (12.3
g) in MeOH (100 ml) was hydrogenated. The product was isolated
in the usual manner and was lyophilized from dioxane-water:
8.3 g (100%); R:! 0.5; R:? 0.8; R{! 0.4, The product was em-
ployed for the next step without further purification.

(Positions 71-72) N-Hydroxysuccinimido Benzyloxycarbonyl-
prolylglycinate. DCC (8.2 g) was added to a solution of benzyl-
oxycarbonylprolylglycine?” (12.2 g) and N-hydroxysuccinimide
(4.4 g) in dioxane (150 ml). Following stirring at 4° for 20 hr,
the mixture was filtered and the filtrate evaporated to dryness.
Ether was added to the residue to initiate crystallization. The
product was recrystallized from ethyl acetate; needles; 12.7 g
(79%); mp 149-150°; [«]?'D — 59.1° (¢ 5.35, MeOH).

Anal, Calcd fOI' C19H2107N3: C, 566, H, 5.2; N, 10.4.
Found: C,56.3; H, 5.4; N, 10.7.

(Positions 71-74) Benzyloxycarbonylprolylglycylserylglycine tert-
Butoxycarbonylhydrazide. N-Hydroxysuccinimido benzyloxycar-
bonylprolylglycinate (12.1 g) in dioxane (50 mi) was added to a
solution of serylglycine rert-butoxycarbonylhydrazide (8.24 g) in
dioxane (50 ml) containing TEA (2.1 ml). The mixture was stirred
at room temperature for 5 hr and water (50 ml) was added. The
solution was evaporated, the residue was dissolved in ethyl acetate,
and the solution was washed in the usual manner and dried.
Evaporation of the solvent gave a viscous oil which was dissolved
in a small volume of EtOH and ether was added. The precipitate
was collected and crystallized from acetonitrile: needles; 150 g
(87%); mp 112-115°; [«]%D —29.3° (¢ 1.00, MeOH); R:10.5.

Anal. Caled for C;sHsOsNs: C, 53.2; H, 6.4; N, 14.9.
Found: C,52.8; H,6.6; N, 14.4,

(Positions 71-74) Prolylglycylserylglycine rert-Butoxycarbonyl-
hydrazide Acetate. The protected tetrapeptide hydrazide (8.47 g)
was hydrogenated in MeOH (100 mi) and 109 acetic acid (30
mi). The product was isolated in the usual manner and was ly-
ophilized from water-dioxane: 7.35 g (100%); [«a]*D —29.6°
(¢ 1.50, MeOH); R;:! 0.5; R:%20.5; R¢! 0.1; amino acid ratios in
AP-M digest, Pro..oGly..oSer;.0 (59 %).

(Positions 69-74) Benzyloxycarbonylserylglycylprolylglycylseryl-
glycine rerr-Butoxycarbonylhydrazide. Benzyloxycarbonylseryl-
glycine rert-butoxycarbonylhydrazide (6.98 g) was dissolved in 5.8
N hydrogen chloride in dioxane (15 ml) and the solution was kept
at room temperature for 30 min; then THF (20 ml) was added.
The solution was cooled at —30°, terr-butyl nitrite (2.0 mi) was
added, and the mixture was stirred at —20 to —25° for 15 min.
The mixture was then cooled at ~60° and TEA (9.50 ml) was added.
To this solution containing ZSerGly azide was added a chilled

(26) 1. S. Fruton, J. Biol. Chem., 146, 463 (1942),
(27) M. A. Ondetti, J. Med. Chem., 6, 10 (1963).

solution of prolylglycylserylglycine rert-butoxycarbonylhydrazide
acetate (7.35 g) and TEA (2.1 ml) in DMF (20 ml) and THF (20
ml). The mixture was stirred at 4° for 24 hr and the bulk of
the solvents was evaporated. The residue was diluted with water
(150 ml) and extracted twice with ethyl acetate. The organic layers
were in turn washed twice with water. The combined aqueous solu-
tions were extracted six times with 1-butanol and the butanol layers
were washed six times with 59 acetic acid and evaporated. To
the residue was added EtOH and the precipitate was collected,
washed with ether, and dried. For further purification the com-
pound was dissolved in hot ethanol, the solution was left to cool,
and the gelatinous material was collected and dried: 8.51 g (80%);
mp 168-169° dec; [«]%*D —21.9° (¢ 3.99, DMF); R:! 0.4.

Anal. Caled for CyHaOpNg: C, 50.8; H, 6.3;
Found: C, 50.7; H,6.5; N, 15.5.

(Positions 69-74) Serylglycylprolylglycylserylglycine rert-Bu-
toxycarbonylhydrazide Acetate. The protected hexapeptide hy-
drazide (7.09 g) was hydrogenated in MeOH (100 ml) and 57 acetic
acid (30 mi). The catalyst was removed by filtration and the sol-
vents were evaporated. The residue was dissolved in a small
volume of EtOH and ether was added. The precipitate was col-
lected and dried: 6.25 g (98%); [«]?*D —10.6° (¢ 2.5 MeOH);
Ri! 0.4; Rs? 0.5; R¢! 0.1; amino acid ratios in AP-M digest,
Ser;.oPro; 1Glys.o (88%7).

(Positions 67-74) Benzyloxycarbonylvalyltyrosylserylglycylprolyl-
glycylserylglycine rerr-Butoxycarbonylhydrazide. ferr-Butyl nitrite
(1.3 ml) was added to a solution cooled at —30° of benzyloxy-
carbonylvalyltyrosine hydrazide® (4.72 g) containing DMF
(20 mi) and THF (20 ml) in 5.8 N hydrogen chloride in dioxane (9.5
mil). The mixture was stirred at —20 to — 25° for 15 min and then
cooled to —60°, and TEA (6.2 ml) was added. This mixture con-
taining ZValTyr azide was added to a chilled solution of serylglycyl-
prolylglycylserylglycine rers-butoxycarbonylhydrazide acetate (6.35
g) in DMF (20 ml) and THF (20 ml) containing TEA (1.4 ml).
The mixture was stirred at 4° for 20 hr when a second portion of
azide (prepared from 4.72 g of hydrazide) was added. Stirring
was continued for 20 hr at 4°, then the bulk of the solvents was
evaporated. The residual solution was diluted with water (200 ml)
and was extracted with three portions of ethyl acetate. The
aqueous layers were extracted six times with 1-butanol and the
butanol phases were washed six times with 5% acetic acid and
evaporated. To the residue was added EtOH (30 ml) and ether
(60 ml) and the mixture was stored at 4° for 20 hr. The resulting
gelatinous material was collected and dried. This material was
suspended in hot MeOH and water was added to obtain a clear
solution which was left to cool slowly. The crystalline product
was collected and dried: needles; 7.12 g (73%);, mp 215-217°
dec; [«]?D —23.0°(c 1.17, DMF); R 0.4.

Anal. Caled for Cy4HeOnsNig: C, 54.4; H, 6.4; N, 14.4.
Found: C,54.1; H,6.3; N, 14.1.

(Positions 67-74) Valyltyrosylserylglycylprolylglycylserylglycine
tert-Butoxycarbonylhydrazide Acetate. The protected octapeptide
hydrazide (5.8 g) was hydrogenated in MeOH (120 ml), 5% acetic
acid (25 ml), and water (15 mi). The catalyst was removed by fil-
tration and the solution was evaporated. The residue was dissolved
in EtOH and ether was added. The ensuing precipitate was collected
and dried: 5.3 g (100%); [a]**D —13.5° (¢ 2.12, MeOH); R:!
0.6; R:? 0.7: R 0.2; amino acid ratios in AP-M digest Val ¢-
Tyro.sSery.(Gly, oPro; .2 (86 7).

(Positions 66-74) Benzyloxycarbonyl-3-tert-butylaspartylvalylty-
rosylserylglycylprolylglycylserylglycine ter-Butoxycarbonylhydra-
zide (Subfragment F;). «-N-Hydroxysuccinimido 3-fert-butyl benzyl-
oxycarbonylaspartate® (2.1 g) was added to a solution of the
above octapeptide terr-butoxycarbonylhydrazide acetate (4.5 g) in
DMF (20 ml), THF (10 ml), and TEA (0.7 ml). The mixture
was stirred at room temperature for 4 hr, then water (approxi-
mately 200 ml) was added. The solution was extracted six
times with 1l-butanol and the butanol phases were washed six
times with 59 acetic acid and evaporated. To the residue was
added EtOH (50 ml) and ether (200 ml) and the solution was stored
at 4° overnight. The resulting gelatinous material was collected
and dried. This compound was dissolved in hot MeOH and the
solution was left to cool. The resulting needles were collected and
dried: 4.7 g (82%); mp 190-191° dec; [a]?D —22.5° (c 1.19,
DMF); R:! 0.6 with faint trace at 0.4; R¢!V 0.8; ninhydrin negative,

N, 15.8.

(28) H. Schwarz, F. M. Bumpus, and I. H. Page, J. 4mer. Chem. Soc.,
79, 5697 (1957).
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chlorine and hydrazide positive spots; amino acid ratios in acid
hydrolysate, Aspy.qVal.¢Tyro.sSer1.sProy1Glys.o (89%).

Anal. Caled for CgH:O1sNn: C, 54.7; H, 6.6; N, 13,5,
Found: C, 54.6; H,6.9; N, 13.7,

Subfragment F, rer-Butoxycarbonylhydrazide. The benzyloxy-
carbonylnonapeptide rert-butoxycarbonylhydrazide (570 mg) was
hydrogenated in MeOH (70 ml) and 109 acetic acid (1 mi). The
catalyst was removed and the solution was evaporated. Ether
was added to the residue and the resulting solid was collected and
dried: 510 mg (95%); [«]**D —39.5° (c 1.93, 509 acetic acid);
Ri' 0.7; R:? 0.9; R{ 0.3 with traces at 0.2 and 0.4; ninhydrin,
chlorine, and hydrazide positive spots; amino acid ratios in AP-M
digest, (O--BuAsp + Asph.oValy.oTyr oSer:.0Gly, oProy.s (83%).%¢

Subfragment F, Hydrazide Trifluoroacetate. Subfragment F,
(114 mg) was dissolved in chilled 909 TFA (2 ml) and the solution
kept at room temperature for 30 min. The solvent was evaporated,
the residue was triturated with ether, and the white solid precipitate
was collected and washed thoroughly with ether. The product was
precipitated from a small volume of DMF with ether. The solid
was collected, washed with ether, and dried: 101 mg (88%);
R{ 0.4; R{M 0.6; amino acid ratios in acid hydrolysate, Asp, -
Vali Tyre.eSer: sGlys.1Proy .o (84 %),

Preparation of Subfragment F, (Positions 75-80). (Positions 79—
80) Benzyloxycarbonylvalylphenylalanine rer-Butoxycarbonylhydra-
zide. N-Hydroxysuccinimido benzyloxycarbonylvalinate!® (34.8 g)
in THF (150 ml) was added to a solution of phenylalanine rert-
butoxycarbonylhydrazide (27.9 g) in 90% (v/v) aqueous THF
(200 ml). The mixture was stirred for 5 hr at room temperature,
maintaining the pH at 7.5-8.0 by addition of TEA. The solution
was concentrated and water was added. The ensuing crystalline
material was washed by trituration and decantation with three
100-ml portions each of 1 N sodium bicarbonate, water, 1 N citric
acid, and water, and was dried. The peptide was crystallized from
chloroform-petroleum ether: 41.0 g (84%); mp 162-163°;
[@]*D —45.0° (¢ 3.21, MeOH); R{ 0.9; RV 0.9; amino acid
ratio in acid hydrolysate Val, (Phe, .

Anal. Caled for CxHjzOeNy:
Found: C,63.5; H,7.2; N, 11.0.

(Positions 79-80) Valylphenylalanine rert-Butoxycarbonylhydra-
zide Acetate. The protected dipeptide hydrazide (15.4 g) was
hydrogenated in MeOH (200 ml) in the presence of 109 (v/v)
aqueous acetic acid (18 ml). After 5 hr the catalyst was removed by
filtration and the solvent evaporated. The residue was dissolved
in water and the solution was filtered, concentrated to a small
volume, and lyophilized: 12.5 g (95%); [a]*D +16.7° (¢ 2.80,
H.0); [«]?D +23.7°(c 1.59,1 NHCl); R:!0.6; RV 0.6.

(Positions 78-80) Benzyloxycarbonylvalylvalylphenylalanine rert-
Butoxycarbonylhydrazide. N-Hydroxysuccinimido benzyloxycar-
bonylvalinate (10.5 g) was added to a solution of valylphenylala-
nine fert-butoxycarbonylhydrazide acetate (13.0 g) in 90% (v/v)
aqueous THF (150 ml). The solution was stirred for 10 hr at room
temperature, maintaining the pH at 7.5-8.0 by addition of TEA.
The solution was concentrated and water was added. The crystal-
line residue was washed by trituration and decantation with four
100-m1 portions each of 1 N sodium bicarbonate, water 1 N citric
acid, and water, and was dried. The peptide was recrystallized
from THF-water: laminar crystals; 15.0 g (83%); mp 215-
216°; [a]®D —5.5° (c 4.22, DMF); R 0.8; R 0.9; RV 0.9,

Anal. Caled for C»H4OiN;: C, 62.8; H, 7.4; N, 11.4.
Found: C,63.0; H,7.4; N, 11.4,

(Positions 78-80) Valylvalylphenylalanine terr-Butoxycarbonyl-
hydrazide Acetate. The protected tripeptide hydrazide (18.3 g)
was hydrogenated in MeOH (300 ml) containing 10% (v/v)
aqueous acetic acid (18.0 ml). The catalyst was removed by
filtration and the solvent was evaporated. The residue was dis-
solved in a small volume of EtOH and the material precipitated by
addition of ether: 16.0 g (99%); mp 133-134°; [4]*D —39.8°
(c 1.23, MeOH); R{ 0.5; R 0.7; amino acid ratios in AP-M
digest, Val, ;Phe;.s (95 %).

(Positions 77-80) Ne-Benzyloxycarbonyl-N-nitroarginylvalylval-
yiphenylalanine rers-Butoxycarbonylhydrazide. To a solution
cooled at —15°, containing ANe-benzyloxycarbonyl-N«-nitroargi-
nine!! (5.4 g) and NMM (1.68 ml) in THF (50 ml), was added drop-
wise isobutyl chloroformate (1.77 ml). After 1 min an ice-cold
solution of valylvalylphenylalanine rers-butoxycarbonylhydrazide
acetate (5.4 g) in DMF (30 ml), THF (50 ml), and TEA (1.38 ml)
was added. The mixture was stirred for 10 min at 0° and for 2
min at 40° and was concentrated to a small volume. The solution
was poured into ether (1 1.) and the mixture was kept at 0° for 12
hr when the precipitate was collected by filtration. The solid was

C, 633; H, 7.1; N, 109.
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washed by trituration and decantation with ten 200-ml portions
each of 2 N ammonium hydroxide and water and four 200-ml
portions each of 1 N citric acid and water. The material was
suspended in ethyl acetate (800 ml) and the suspension was washed
successively with five 200-ml portions each of 1 N sodium bi-
carbonate and water. The organic layer was evaporated, the
residue was dissolved in DMF, and the solution was filtered and
concentrated to a small volume. Addition of water afforded a
precipitate which was collected and dried: 7.9 g (96%); mp 238°
dec; [«]*™D —8.4° (¢ 2.42, DMF); R 0.8; R!110.9.

Anal. Caled for CsH:O1Ny: C, 56.1; H, 6.9; N, 17.2,
Found: C,56.2; H,7.0; N, 17.0.

(Positions 77-80) Arginylvalylvalylphenylalanine rers-Butoxy-
carbonylhydrazide Diacetate. The protected tetrapeptide hydra-
zide (7.3 g) was hydrogenated in MeOH (160 ml) containing
109 (v/v) aqueous acetic acid (160 ml) and 1-butanol (I mi).
After 24 hr the catalyst was removed by filtration and the solvents
were evaporated. The residue was dissolved in water, the solution
was filtered, and the material lyophilized to constant weight from
water: 6.4 g (94%); [a]®D —33.1° (¢ 3.78, H:0); R¢! 0.5; RAM
0.7; amino acid ratios in AP-M digest, Arg oVal, cPhe; . (84 %).

(Positions 76-80) Benzyloxycarbonyl-3-rert-butylaspartylarginyl-
valylvalylphenylalanine tert-Butoxycarbonylhydrazide Acetate Mo-
nohydrate. N-Hydroxysuccinimido B-rert-butyl benzyloxycarbon-
ylaspartate!s (1.26 g) was added to a solution of arginylvalylvalyl-
phenylalanine fert-butoxycarbonylhydrazide diacetate (2.26 g) in
DMEF (12 ml). The pH was adjusted to 7.0 by addition of a 107
solution of TEA in DMF (2.1 ml) and the mixture was stirred at
room temperature for 24 hr. The bulk of the solvents was evapo-
rated at a bath temperature not exceeding 36° and the residue was
distributed between 1-butanol and 597 acetic acid (60-ml upper and
60-ml lower phase) in three separatory funnels. The butanol layers
were washed with 15 60-ml portions of 5% acetic acid and 15 60-
ml portions of water. The butanol layer from the first funnel,
containing the desired product, was evaporated to a small volume
and the product precipitated by addition of ether: 2.48 g (82%);
mp 173° dec; [a]®D —39.4° (¢ 3.05, MeOH); R:! 0.7, R:110.8;
amino acid ratios in 48-hr acid hydrolysate, Asp:.1Arg; oVal; sPhe; .
©7%).

Anal. Caled for C43H74013N10'H202 C, 567, H, 75, N,
13.8; 0,22.0. Found: C,56.5; H,7.5; N,13.7; O, 22.8.

(Positions 76-80) (-rert-Butylaspartylarginylvalylvalylphenyl-
alanine rert-Butoxycarbonylhydrazide Diacetate. The protected
pentapeptide hydrazide acetate monohydrate (2.0 g) was hydro-
genated in MeOH (100 ml) containing 109 acetic acid (1.2 mi).
After 18 hr the catalyst was removed by filtration and the solvent
was evaporated. FEther was added and the precipitate was col-
lected and dried: 1.7 g (94%); (a]®D —11.0° (c 2.30, DMF);
R 0.4; R 0.7; amino acidratios in 48-hr AP-M digest, (O-#-Bu-
Asp + Asp)iaArgg gVal, (Phe; o (85%).2¢

(Positions 75-80) Benzyloxycarbonylalanyl-3-rert-butylaspartyl-
arginylvalylvalylphenylalanine tert-Butoxycarbonylhydrazide Ace-
tate (Subfragment F,). N-Hydroxysuccinimido benzyloxycar-
bonylalaninate!® (320 mg) was added to a solution of B-rers-butyl-
aspartylarginylvalylvalylphenylalanine rerr-butoxycarbonylhydra-
zide (930 mg) in DMF (12 ml) and the pH of the solution was ad-
justed to 7.5 by addition of 109 TEA in DMF (1.4 ml). The
mixture was stirred at room temperature for 40 hr, then 3-dimethyl-
aminopropylamine (0.05 ml) was added, and stirring was continued
for 1 hr. The solvents were evaporated and the product was dis-
tributed between 1-butanol and 5% acetic acid (50 mieach)in three
separatory funnels. The butanol layers were washed with 15 50-ml
portions of 5%, acetic acid and 15 50-ml portions of water. The
butanol layer of the first funnel was evaporated and the product
precipitated by addition of ether: 830 mg (77%); mp 189° dec;
[2]%D —19.1° (¢ 2.23, DMF); R{ 0.7; R¢#!10.8; amino acid ratios
in 48-hr acid hydrolysate, Ala;.1Asp;..Arge.sVal, sPhey o (95%).

Anal. Caled for C5H701:Ny: C, 57.2; H, 74; N, 144; O,
20.9. Found: C,57.5; H,7.3; N, 14.3; O, 21.6.

Subfragment F, ferr-Butoxycarbonylhydrazide Diacetate. Sub-
fragment F; acetate (326 mg) was hydrogenated in MeOH (50
ml) containing 109 (v/v) aqueous acetic acid (0.4 ml). After 18
hr the catalyst was removed by filtration, the solvents were evapo-
rated, and the product was precipitated by addition of ether;
290 mg (97%). This material was distributed between 1-butanol
and 5% acetic acid in 15 separatory funnels (25-ml upper and 25-
ml lower phase). Usually 40 transfers were sufficient to remove
impurities. The butanol phases were then washed with ten 25-ml
portions of water and the homogeneous material was located by tlc
in funnels 3-13. Butanol layers containing homogeneous material
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were pooled, the solvent was evaporated, and the residue was
lyophilized from water: 220 mg (73%); [«]%*D —13.5° (¢ 1.02,
DMF); R 0.5; R/ 0.7; amino acid ratios in 48-hr AP-M digest,
(Ala + O--BuAsp), 7Aspg .2 Arg, 1Val, oPhe; y (77 %). 2

Preparation of Fragment F (Positions 66-80). To a solution cooled
at —15° of fragment F, hydrazide trifluoroacetate (375 ml) in
DMF (3.5 ml) was added 7.73 N HCl in dioxane (0.22 m}) followed
by a 10% (v/v) solution of rert-butyl nitrite in DMF (0.43 mi).
The mixture was stirred for 20 min at —15°, then cocled to —350°,
and a 107 (v/v) solution of TEA in DMF (approximately 3.3 ml)
was added to adjust the pH to 7.5-8.0. The temperature of the
reaction mixture was allowed to reach —20° and a solution cooled at
—10° of fragment F, rert-butoxycarbonylhydrazide diacetate (213
mg) in DMF (1.5 ml) was added dropwise. The reaction mixture
was stirred for 24 hr at 4°, the pH being maintained at 7.5-8.0 by
addition of 109 TEA in DMF. The mixture was evaporated to a
small volume, the residue was dissolved in 150 ml of isopropyl
alcohol-methanol-water (1:1:1), the pH was adjusted to 7.5-8.0
with TEA, and the solution was applied to an acetate cycle AG
1-X2 column (2.5 X 20 cm) which was eluted with the same solvent
mixture until the eluates became chlorine negative. The chlorine
positive eluates were evaporated, the residue was suspended in 20%;
acetic acid, and the solution was lyophilized. The residue was
extracted with two 10-ml portions of boiling ethanol and dried.
The material was then dissolved in 1-butanol-methanol-water
(1:1:1) (80 ml) and the cloudy solution filtered through a layer of
Filter Cel. The clear filtrate was concentrated to a small volume,
the residue was dissolved in 209 acetic acid and the solution was
lyophilized: 305 mg (75%); [«]*» —28.3° (¢ 0.95, DMSO);
Ri! 0.6; R¢M1 0.7; chlorine and hydrazide positive single spot with
slight tailing; amino acid ratios in 48-hr acid hydrolysate Asp,..-
Val; »Tyro.sSer;, ;Gly;. 1 Pro, 2Ala, 1Argo oPhe,, (88%); ratio of
Gly/3:Ala = 0.94.

Anal. Caled for CseHjpsOxNso: C, 54.6; H, 6.8; N, 14.8;
0,237, Found: C,354.4; H,6.9; N, 14.5; O,2209.

Fragment F rerr-Butoxycarbonylhydrazide Diacetate. Fragment
F (200 mg) was hydrogenated for 20 hr in 1-butanol-methanol-
209 acetic acid (1:1:1) (40 ml). The catalyst was removed by
filtration, the filtrate was evaporated at a temperature of 36°, the
residue was dissolved in 209 acetic acid, and the solution was
lyophilized: 180 mg (97%); [«]?*D —28.6° (¢ 1.03, DMSO); R:!
0.4; R:110.7; amino acid ratios in 48-hr acid hydrolysate, Asps .-
Valg.oTyro,gSerl.gGlys,oPro,,,Alal,lArgl,lPhel.l (83%) Amino acid
ratios in 48-hr p-toluenesulfonic acid hydrolysate:* Asp...Val;.o-
Tyr.oSerz.oGlys.sPro;.1Ala, Arg 1Phe;, (81%); ratio of Gly/3:Ala
= 1.0.

Fragment F Hydrazide Ditrifluoroacetate. Fragment F (100
mg) was dissolved in 907 (v/v) aqueous TFA and the solution was
kept at room temperature for 45 min. Excess TFA was evap-
orated and the residue was lyophilized from water: 100 mg; mp
210°; [¢]¥D —27.1° (c 1.67, DMF); R:! 0.4; amino acid ratios in
48-hr acid hydrolysate; Asp,.1Valy sTyre.sSer; sGlys.oPro;. Ala;.i-
Arg1 ,cPhem (62 %)

Preparation of Fragment EF (Positions 48-80). Fragment E
hydrazide trifluoroacetate (73 mg) was dissolved in DMF (1.5 ml)
and the solution was cooled at —10°. To this solution was added
6.91 N hydrogen chloride in dioxane (109 in DMF) (0.22 m})
followed by tert-butyl nitrite (197 in DMF) (0.36 ml). The mixture
was stirred at —10° for 20 min and was then cooled at —20°,
After 10 min at this temperature, 1057 TEA in DMF (0.33 mi)
wasadded followed by a solution of fragment F tert-butoxycarbonyl-
hydrazide (52 mg) dissolved in DMSO (0.5 ml), DMF (0.5 ml), and
TEA (0.06 mi). The mixture, which was green to ‘‘pHydrion
paper,” was stirred at 4° for 3 days. Ethyl acetate (approximately
100 ml) was added, the precipitate was collected by centrifugation,
washed with the same solvent, and dried. The material was then
washed with water, redried, and dissolved in 507 acetic acid (3.5
ml). This solution was added to a Sephadex G-100 column (2 X
140 cm) which was eluted at 4° with the same solvent, Fractions
(approximately 3-ml each) were collected at a flow rate of 6 mi/hr.
Absorbancy measurements at 280 nm and tlc in solvent system I
(chlorine test) served to locate the desired compound Rl 0.5 in
fractions 93-100. These fractions were pooled and lyophilized,
and the residue was precipitated from DMF with ethyl acetate and
dried: 48 mg (39%); [a]?**p —24.5° (¢ 0.92, DMF); R 0.5;
R 0.8, single chlorine and Ehrlich positive spot: amino acid
ratios in 48-hr p-toluenesulfonic acid hydrolysates?

Phe Asp Ser Pro Val Tyr Glu

3.2 3.6 6.7 3.0 3.2 3.0 1.1
3.3 3.2 7.2 2.7 3.0 2.9 1.0

Trp Ile Leu Gly Ala Arg
0.8 1.0 1.1 4.1 1.0 0.9 (102%)
1.1 1.0 1.0 4.2 1.0 0.9 (80%%)
ratio of Ile/Ala = 1.0.
Acknowledgments. The authors wish to express their

appreciation to Elaine Gleeson, Judy Montibeller, and
Guirguis Rizk for skillful technical assistance. They
also thank Dr. T.-Y. Liu for making available a pre-
print of his tryptophan procedure.®

Journal of the American Chemical Society | 94:6 | March 22, 1972



