
(100 ml.) and the eluate was evaporated to a small 
volume in vacuo and lyophilized; yield 560 mg. The 
crude hexapeptide dissolved in water (200 ml.) was 
applied to a DEAE-cellulose column (15 X 20 cm.) 
which was eluted with the following solvents: water 
(200 ml.) and pH 6.9 ammonium acetate buffer 0.001 
M (300 ml.). Individual fractions of 10 ml. each were 
collected at a flow rate of 2.5 ml./min. The desired 
peptide was located in the 0.001 M ammonium acetate 
eluates from which it was isolated in the.usua1 manner. 
Rechromatography on DEAE-cellulose gave a homo- 
geneous material; yield 380 mg. (18%); [cx]*~D -13.3' 
( c  0.29, 10% acetic acid); Rf3  1.6 x His; ninhydrin-, 
Pauly-, Sakaguchi-, and methionine-positive spot 

slightly contaminated with the sulfoxide; R f 3  1.1 X 
His; amino acid ratios in acid hydrolysate phelo8- 
gluz ozargl Ozhisl ,,ornet,, s5; amino acid ratios in  LAP 
digest phel lsglul 4 ~ a r g l  oohiso gsmeto 93. 

Calcd. for C36H53011NllS. CH3COOH.  2 H z 0 :  
C, 48.3; H, 6.6; N ,  16.3; 0, 25.4. Found: C, 48.4; 
H , 7 . 1 ;  N, 16.1; 0 , 2 5 . 5 .  

Anal. 
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Studies on Polypeptides. XXXI. Synthetic Peptides 
Related to the N-Terminus of Bovine Pancreatic 
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Syntheses are described of peptides related to positions 
12-20 in the amino acid sequence of bovine pancreatic 
ribonuclease A .  In particular, methods are given f o r  
preparation of the d-sulfoxides of histidylmethionyl- 
aspartylserine and histidylmethionylaspartylserj~l- 
serylthreonylserylalanylalanine. Evidence is pre- 
sented f o r  homogeneitj of these compounds, one of 
which served as an intermediate in a synthesis of S- 
pep tide. 

alanine and serine and 1 mole of threonine per mole of 
peptide. The crude digestion mixture was assayed for 
its ability to reconstitute active ribonuclease in com- 
bination with S-protein. Full activity was restored 
when an  aliquot of the carboxypeptidase digest, cor- 
responding to 1 mole of S-peptide, was added per mole 
of S-protein. From this result the authors concluded 
that a peptide corresponding to the N-terminal penta- 
decapeptide of S-peptide (positions 1-15) was fully as 
active as S-Deptide in restoring enzvmic activitv with 

( I )  The authors wish to express their appreciation to the U. S .  Public 
Health Service, the National Science Foundation, and the American 
Cancer Society for generous support of this investigation. 

(2) The peptides and peptide derivatives mentioned are of the L-con- 
figuration. In the interest of space conservation the customary L- 
designation for individual amino acid residues is omitted. 

(3) See I<. Hofmann, W. Haas, M. J .  Smithers, R.  D. Wells, Y. Wol- 
man, N.  Yanaihara, and G. Zanetti, J .  A m .  Chem. Soc., 87, 620 (1965), 
for paper XXX in this series. 

(4) A preliminary communication describing some of the results pre- 
sented in this communication has appeared: ibid., 85, 833 (1963) 

( 5 )  I<. Hofmann. R .  Schmiechen. R .  D. Wells, Y. Wolman, and N.  

Marchiori, et U I . , ~  have recently repor ted the  prepara- 
tion of ethyl benzyloxycarbonylserylthreonylserylala- 
nylalaninate, which they obtained by a stepwise process 
starting with ethyl alanylalaninate. 

The section of the S-peptide molecule which is the 
subject of this study contains the sequence aspartyl- 
serine which has attracted considerable attention in 
view of its occurrence in a number of esteratic and 
proteolytic e r~zymes .~  Peptide derivatives containing 

Yanaihara, ibid., 87, 611 (1965). (8) F. Marchiori, R .  Rocchi, and E. Scoffone, Gazz.  chim. i tal . ,  93, 

(9) J .  A .  Cohen, R .  A .  Oosterbaan, H.  S.  Jansz,  and F. Berends, J .  
(6) F. M. Richards, Proc. ,Vat/. Acad. Sci.  U .  S., 44, 162 (1958). 
(7) J .  T. Potts, Jr., M. Young, and C .  B .  Anfinsen, J .  Biol Chem., 

834 (1963). 

Cell. Comp. Phj,siol., 54 (Suppl. I ) ,  231 (1959). 238, PC 2593 (1963). 
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Scheme I1 
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t-Boc-MET*ONHS t H.ASP*SER.OH t-Boc*MET*ONHS + H.ASP*SER~SER.THR*SER*ALAALAO-t -BuI 

t 
IE 

this structural element have been prepared lo and were 
shown to exhibit unusual properties. The 6-ester 
group in such compounds as benzyloxycarbonyl-6- 
benzylaspartylserine amide undergoes hydrolysis under 
alkaline conditions at  unusually high rates and suc- 
cinimide derivatives are involved intimately as inter- 
mediates in the process. Opening of the ring of the 
cyclic intermediates can occur in two ways resulting in 
formation of mixtures of a- and 6-aspartyl peptides. 
Thus, in schemes directed toward synthesis of honio- 
geneous aspartyl peptides involving 6-ester inter- 
mediates the use of alkali must be avoided. The routes 
which we devised for the synthesis of peptides IV and  
V (Scheme 11) take cognizance of these considerations. 

For the synthesis of t-butyl serylserylthreonylseryl- 
alanylalaninate (XI) the 1-butyl ester of alanylalanine 
(VI)  was coupled with the azide of benzyloxycarbonyl- 
threonylserine (VII)  to give f-butyl benzyloxycarbonyl- 
threonylserylalanylalaninate which was decarbo- 
benzoxylated by hydrogenolysis (see Scheme 11). 
The ensuing tetrapeptide ester VI11 was then allowed to 
react with the azide of benzyloxycarbonylserylserine 
(IX) and the resulting protected hexapeptide ester was 
subjected to hydrogenolysis. The crystalline a-suc- 
cinimido benzyloxycarbonyl-6-t-butylaspartate (X) 

( I O )  S.  A. Bernhard, A .  Berger, J .  H. Carter, E. Katchalski, M. Sela, 
and Y .  Shalitin, J .  Ani. Chem. Soc., 84, 2421 (1962). 

t 
P 

served to introduce the aspartic acid residue. For 
the preparation of X benzyloxycarbonylaspartic acid 
anhydride' was treated with benzyl alcohol and 
the resulting mixture of a- and 6-esters sepamted by 
crystallization of the dicyclohexylammoniuni salt. 
The wester, liberated from the recrystallized salt, 
was esterified with isobutylene and the ensuing a- 
benzyl-6-t-butyl ester partially saponified. l 3  The re- 
sulting oily 6-t-butyl benzyloxycarbonylaspartate was 
converted to  crystalline X in the usual manner.14 
This "activated" ester was coupled with t-butyl seryl- 
serylthreonylserylalanylalaninate (XI) t o  give benzyloxy- 
carbonyl- 0- t - butylaspartylser y lser y l  t h r e o  ny l s e r  yl- 
alanylalaninate which was decarbobenzoxylated by 
hydrogenolysis. 

In a previous paper3 we drew attention to the ease 
of oxidation of the methionine sulfur in peptides cor- 
responding to sections of S-peptide. All the syn- 
thetic peptides containing methionine, even following 
reduction with thioglycolic acid, were more or less 
contaminated by the respective sulfoxides. I n  order 

(1 1) G. L. Miller, 0. I<. Behrens, and V .  du  Vigneaud, J .  B i d .  Chem., 

(12) E. Wiinsch and A. Zwick, Z .  PhjJsiol. Chem., 328, 235 (1962). 
(13)  R. Schwyzer and H. Dietrich, H e h .  Chim. A c t a ,  44, 2003 (1961). 
(14) G .  W .  Anderson, J.  E. Zimmerman, and F. M. Callahan, J 

140, 41 1 (1941). 

Am. Chem. Soc., 86, 1839 (1964). 
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to avoid this difficulty we elected t o  prepare the d- 
sulfoxides of the methionine peptides IV and V as 
intermediates for synthesis of S-peptide and the above 
mentioned pentadecapeptide. The advantages of sul- 
foxide protection of the methionine sulfur have been 
discussed by Iselin. lb 

Methionine d-sulfoxide was prepared essentially 
according to Lavine16 and was converted into the 
t-butyloxycarbonyl derivative. The N-hydroxysuc- 
cinimide ester of t-butyloxycarbonylmethionine d- 
sulfoxide (XIII) was obtained in the usual manner.14 
The p-nitrophenyl ester was also prepared but in our 
experience proved inferior to the N-hydroxysuccinimide 
ester as an  acylating reagent for XI1 and XIX. 

The partially protected heptapeptide ester (XII) 
was allowed to react with XI11 in aqueous dioxane to 
give the crystalline sulfoxide of t-butyl t-butyloxycar- 
bonylmethionyl-6- t -  butylaspartylserylserylthreonyl- 
serylalanylalaninate. This compound was deblocked 
by exposure to trifluoroacetic acid and the ensuing 
peptide XIV on reaction with t-butyloxycarbonyl- 
histidine azide (XV) afforded the sulfoxide of t-butyloxy- 
carbonylhistidylmethionylaspartylsery l s e  r y 1 t h r e o n y 1- 
serylalanylalanine. 

Methyl N"-t-butyloxycarbonylhistidinate which 
served as the starting material for preparation of N"-t- 
butyloxycarbonylhistidine hydrazide and the azide 
XV was prepared according to Schroder and Gibian" 
who obtained the compound in the form of an  oil. We 
have obtained this ester as a sharp melting crystalline 
compound. 

Short exposure to trifluoroacetic trans- 
formed the protected nonapeptide into V. 

This same scheme was used to prepare the d-sulfoxide 
of histidylmethionylaspartylserine (IV). To  this end 
sodium serinate (XVII) was coupled with the activated 
ester X to give benzyloxycarbonyl-0-t-butylaspartyl- 
serine (XVIII) which was decarbobenzoxylated by 
hydrogenolysis. The ensuing partially protected di- 
peptide XIX was then acylated successively with the 
N-hydroxysuccinimide ester of t-butyloxycarbonyl- 
methionine d-sulfoxide (XIII) followed by t-butyloxy- 
carbonylhistidine azide (XV). Intermediates were de- 
blocked by trifluoroacetic acid. The tetrapeptide IV 
was obtained in crystalline form (needles) from aqueous 
acetic acid-methanol. 

Peptides IV and V were homogeneous as judged by 
paper chromatography and their acid hydrolysates 
gave the theoretically expected amino acid ratios. 
They were completely digestible by leucine amino- 
peptidase. The acid hydrolysates of the peptides 
containing methionine d-sulfoxide contained methionine 
plus traces of homocysteic acid, and not methionine 
sulfoxide. Elemental analyses verified the expected 
composition. Peptides XIV and V were homogeneous 
on paper electrophoresis a t  various p H  values. 

Experimenta120 

carbonylaspartic acid anhydride 
a-Benzyl Benzyloxycarbonylaspartate. Benzyloxy- 

(86.7 g.) was con- 
(15) B. Iselin, Helv.  Chim. Acta,  44, 61 (1961). 
(16) T. F. Lavine, J .  Biol. Chem., 169, 477 (1947). 
(17) E. Schroder and H. Gibian, Ann.,  656, 190 (1962). 
(18) L.  A .  Carpino, J .  Am.  Chem. SOC., 79, 98 (1957). 
(19) R.  Schuyzer, W. Rittel, H. Kappeler, and B. Iselin, A n g e w .  

(20) General experimental and analytical procedures used were those 
Chem., 72, 915 (1960). 

verted to a-benzyl benzyloxycarbonylaspartate ac- 
cording to the method of Bergmann, et al.,21 yielding 
74.9 g. of crude product. A solution of dicyclohexyl- 
amine (38.0 g.) in ether (60 ml.) was added within I O  
min. to a solution of the crude a-benzyl benzyloxy- 
carbonylaspartate (74.9 g.) in ether (200 ml.). The 
mixture was kept at  room temperature for 1 hr. when 
the ether was removed in vacuo. The dicyclohexyl- 
ammonium salt was recrystallized twice from ethyl 
acetate; yield 65.6 g. (35%); m.p. 118-119"; [cu]~"D 
+ 2 . 5 "  (c 1.55, methanol). 

Anal. Calcd. for C31H4206N2: C,  69.1; H, 7.9; 
N, 5.2; 0, 17.8. Found:  C, 69.3; H,  7.9; N ,  4.9;  
0, 18.0. 

The dicyclohexylammonium salt (65.6 g.) was sus- 
pended in ice-cold 2 N sulfuric acid (200 ml.) and the 
mixture was stirred for 90 min. The a-benzyl 
benzyloxycarbonylaspartate which precipitated was 
dissolved in ether (200 ml.) and the sulfuric acid was 
extracted with three 100-ml. portions of ether. The 
combined ether fractions were washed with water 
(three 50-ml. portions) and dried over sodium sulfate. 
After removal of the ether in vacuo the product was 
recrystallized twice from ether-petroleum ether (b.p. 
30-60"); yield 43.0 g. (98%); m.p. 84"; [ C X ] * ~ D  
-9.3" (c 1.2, acetic acid); lit." m.p. 85"; lit?'  m.p. 
84-85"; l i t .22 m.p. 84-85'; [c!]'~D -9.7" (acetic acid). 

a-Succinimido /3-t-Butyl Benzyloxycarbonylas- 
partate (X). N,N'-Dicyclohexylcarbodiimide23 (17.3 
g.) was added to a n  ice-cold solution of N-hydroxy- 
succinimide (9.7 g.) and crude 0-t-butyl benzyloxy- 
~a rbony laspa r t a t e '~  (prepared from 30 g. of a-benzyl 
benzyloxycarbonylaspartate) in dry dioxane (300 ml.). 
The mixture was stirred for 6 hr. at  0" and kept in the 
refrigerator overnight. The N,N'-dicyclohexylurea was 
removed by filtration and washed with dioxane, and the 
combined filtrate and washings were evaporated in 
vacuo. The residue was recrystallized twice from ethyl 
acetate; yield 27.9 g. (78%): m.p. 151-152": [ c x ] ~ ~ D  

Anal.  Calcd. for C20H2405N2: C, 57.1; H,  5.8; 
N ,  6.7; 0, 30.4. Found:  C, 57.0; H ,  5.9; N ,  7.0;  
0, 30.3. 

Methyl N"-t-Butyloxycarbonylhistidinate. Methyl 
histidinate dihydrochloride (19.4 g.) was converted into 
the t-butyloxycarbonyl derivative according to  the 
procedure of Schroder and Gibian." The resulting 
oily material crystallized when kept under petroleum 
ether in a refrigerator for several days. The substance 
was recrystallized from a mixture of benzene and ether; 
yield 16.6 g. (82%); m.p. 127-130"; [ c x ] ~ ~ D  -14.0" 
(c 2.02, methanol). 

Anal. Calcd. for C,2Hl,04Ns: C, 53.5; H. 7.1; N ,  
15.6. Found:  C,  53.4; H,7.1; N ,  15.5. 

-27.4" (C 1.1, DMF) .  

described in paper XXIX of this series.5 The Lowry reaction was per- 
formed as described by 0. H.  Lowry, N.  J .  Rosebrough, A .  L. Farr,  
and R .  J .  Randall, J .  Biol. Chem., 193, 265 (1951) .  The following a b -  
breviations are used: DMF = dimethylformamide; T H F  = tetrahy- 
drofuran; 0- ( -But  = t-butyl ester; r-Boc = r-butyloxycarbonyl; Z = 

benzyloxycarbonyl: met = methionine d-sulfoxide; ONHS = N-  
hydroxysuccinimide ester; LAP = leucine aminopeptidase. 

(21) M .  Bergmann, L .  Zervas, and L .  Salzmann, Ber. ,  66, 1288 
(1 93 3). 

(22) P. M.  Bryant, R. H. Moore, P. J .  Pimlott, and G .  T. Young, 
J .  Chem. SOC., 3868 (1959), 

(23) J .  C. Sheehan and G. P.  Hess, J .  A m .  Chem. SOC., 77, 1067 
( 1955), 
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t-Butylox}lcarbonylmethionine. Methionine (6.0 g.) 
was treated with t-butyl azid0formate2~ essentially as 
described.25 After 20 hr. ice-water (250 ml.) was 
added to the reaction mixture and the magnesium oxide 
was removed by filtration. Additional ice-water 
(150 ml.) was added to the filtrate followed by ice-cold 
2 M citric acid (100 ml.). The solution was saturated 
with sodium chloride and extracted with ethyl acetate 
(four 200-1111. portions), and the combined ethyl acetate 
layers were washed with two 20-ml. portions of 1 N 
sodium bicarbonate and two 20-ml. portions of water. 
The combined aqueous extracts were cooled in a n  ice 
bath, acidified with 2 M citric acid, (approximately 50 
nil. needed), and extracted with ethyl acetate (four 
300-ml. portions). The organic extracts were washed 
with water (20 ml.) and saturated sodium chloride 
(seven 20-m1. portions). The solution was dried over 
sodium sulfate, the solvent was removed, and the oil 
was dried in vacuo. When kept in a refrigerator for 
several weeks the material crystallized; yield 2.5 g. 
(25 %). A sample recrystallized from Skellysolve B 
(b.p. 60-68") melted at  47-49"; [O!]?~D -20.0" (c 
1.3, methanol); lit.25 oil, [ O ! ] ~ ~ D  -21.6 1 1 . 0 "  (c 0.92, 
methanol). 

A n d .  Calcd. for CloHIgO4NS: C, 48.2; H ,  7.7; 
N ,  5.6. Found: C,  48.2: H, 7.6; N ,  5.8. 

t-But~lox)~carbon~lmethionine d-Sulfoxide.26 A mix- 
ture of methionine d-sulfoxide'j (16.5 g.), water (100 
ml.), dioxane (100 ml.), triethylamine (41.7 ml.), and 
t-butyl azidoformate24 (28.6 g.) was stirred for 48 hr. 
at  45-50", then water (100 ml.) was added, and the 
dioxane was removed in vacuo. The basic solution 
(pH 8) was extracted with three 60-ml. portions of 
ethyl acetate and the organic extracts were washed with 
three 30-ml. portions of 0.01 N ammonium hydroxide. 
The organic phase was discarded, the combined aqueous 
phases were concentrated in vacuo to approximately 
100 ml., and the concentrate was cooled in an  ice 
bath and  slowly acidified with glacial acetic acid. The 
solution was extracted with six 100-nil. portions of 
1-butanol (equilibrated with 2 % acetic acid) and the 
butanol extracts were washed with seven 50-1111. por- 
tions of 2 %  acetic acid (equilibrated with 1-butanol). 
The combined butanol phases were evaporated in vacuo 
to give an oil which crystallized on drying. Recrystal- 
lization from ethyl acetate gave 7.80 g.; m.p. 134-136". 
The aqueous phases were combined and concentrated to 
a small volume iif vacuo and re-extracted with 1-butanol 
as above to give additional material; 4.66 g . ;  m.p. 
136-138". The two fractions were combined and 
recrystallized from boiling ethyl acetate; yield 11.54 g. 
(43%); ii1.p. 142--145"; [CY]'~D + 41.6" (c 2.01, 
DMF) :  R r l  0.87; R f 2  0.59; single ninhydrin-negative, 
chlorine- and methionine-positive spot. 

Anal. Calcd. for CloH1905NS: C, 45.3; H,  7 .2;  
N ,  5.3. 

t-Butyloxycarbonylmethionine dl-sulfoxide2' was pre- 
pared in the manner described above; yield 20%;  

Found:  C, 45.3: H,  7.4; N ,  5.3. 

(24) r - B u ~ y l  azidofornxttc v a s  prepared from the hydrazide as de- 
scribed by L. A.  Carpino, C. A .  Giza, and B. A .  Carpino, J .  A m .  
Chem. SOC., 81, 955 (1959), and \ \as  used directly without distillation. 

(25) R .  Schwyzer, P. Siebsr, and H. Kappeler, H e l v .  Chim. Acta ,  42, 
2622 (1959). 

(26) Deblocking of a sampic by trifluoroacetic acid at  room tempera- 
turc for 30 mill. zave iiiethioninc. &sulfoxide. 

(27) Deblocking of a sample by trifluoroacetic acid a t  room tempera- 
ture for I O  niiii. g a ~ e  iiistliioiiiiie di-sulfoxide. 

m.p. 123-125.5'; [O!]'8D -9.8" (C 2.00, DMF) :  [CY]"D 
+4.3" (c 2.00, 95 acetic acid): indistinguishable 
from the above compound on paper chromatography 
in solvent systems 1 and 2. 

Anal. Calcd. for ClOHlgO;NS: C, 45.3: H. 7 .2 ;  
N ,  5.3. Found:  C, 45.5; H,  7.3: N, 5.4. 

p-Nitropheiijl t-But~~lox~~ca~boi~).Imethionirlnre.  
N,N'-Dicyclohexylcarbodiimide"" (2.16 g , )  in ether 
(2 ml.) was added with stirring to an ice-cold ether 
solution (15 ml.) containing crystalline t-butyloxycar- 
bonylniethionine (2.5 g.) and p-nitrophenol (1.55 g.). 
The mixture was stirred for 15 min., then placed in a 
refrigerator for 12 hr. Ether (10 ml.) was added, the 
suspension was filtered, and the filter cake was washed 
with ethyl acetate. The filter cake was then extracted 
with a hot mixture of ethyl acetate (25 nil.) and me- 
thanol (20 ml.) and the extract was cooled in  a refrig- 
erator and filtered. This second filtrate was combined 
with the first filtrate and washings, and the solution was 
evaporated in vacuo. The residue was recrystallized 
from methanol; yield 1.69 g. (45%): m.p. 96.5-97.5"; 
[O!]?'D - 50.6" (c 1.2, methanol). 

A n d .  Calcd. for Cl6H2?06N?S: C. 51.9; H, 6.0: 
N ,  7.6. Found: C,  52.0; H. 6.0: N ,  7.3. 

P-Nitrophenj'l t-But~~lox.)~ccirbo~i~lm~thioninate d- 
Sulfoxide. N,N'-Dicy~lohexylcarbodiimide~~ (6.13 g.) 
in ice-cold ethyl acetate (20 nil.) was added to an ice- 
cold D M F  solution (50 ml.) containing t-butyloxycar- 
bonylmethionine d-sulfoxide (7.95 g.) and p-nitrophenol 
(4.16 g.), The mixture was stirred #1  hr. at  0" and 
overnight at room temperature when a few drops of 
glacial acetic acid was added. After 1 hr. the sus- 
pension was filtered and the residue was washed with 
ethyl acetate (20 nil.). The combined filtrate and 
washings were concentrated in vacuo to give an oil 
which was dissolved in ethyl acetate (100 ml.), the 
extract was washed with three 40-nil. portions of water, 
and the aqueous phases were extracted with two 70-nil. 
portions of ethyl acetate. The combined organic 
phases were dried and concentrated in vacuo to give 
a n  oil which was dissolved in ethyl acetate ( 5  nil.) 
and enough ether was added to bring about crystalliza- 
tion. After 12 hr. at  4 "  the material was collected and 
a further recrystallization from ethyl acetate-ether 
gave 8.0 g. (69%); m.p. 119-121": [C.!]"D +4.1" 
(c 2.02, methanol); [ O ! ] ~ ~ D  1-11.5" (c 2.04, 95% acetic 
acid); R f l  0.91 : single ninhydrin-negative, chlorine-, 
and methionine-positive spot. 

A i d .  Calcd. for C16H2207N2S: C, 49.7; H,  5.7; 
N,  7.2. 

p-Nitrophenyl t-butyloxycarbonylniethioninate dl- 
sulfoxide was prepared in the manner described above; 
yield 37%;  m.p. 115-117"; [cY]~'D -1.2" ( c  2.03, 
methanol); [ c Y ] ~ ~ D  +7.0' (c 2.17, 95% acetic acid): 
indistinguishable from the above compound on paper 
chromatography in solvent system 1. 

Anal. Calcd. for C16H??07N2S: C. 49.7; H, 5.7; 
N,7.2.  

Succinimido t-But~~lox~~carboti~~lmethio~~inute d- 
Sulfoxide (XZZZ). N.N'-Dicyclohexylcarbodiimide?" 
(10.3 g.) was added to an ice-cold solution of N-hydroxy- 
succinimide l 4  (5.75 g.) and t-butyloxycarbonylnie- 
thionine d-sulfoxide (1 1.9 8.) in dry dioxane (200 nil.). 
The mixture was stirred for 2 hr. at  0" and for 20 hr. 
at  rooni temperature. The N ,N '-dicyclohexylurea 

Found:  C. 49.9; H, 5.8;  N ,  7.1. 

Found:  C, 49.5: H, 5.8; N ,  7.0. 
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was removed by filtration and washed with dioxane, 
and the combined filtrate and washings were evaporated 
in vacuo. The residue was recrystallized twice from 
benzene; yield 15.6 g. (95%); m.p. 134"; [ a I z 9 ~  
+ 17.9" ( c  1.68, methanol). 

Anal. Calcd. for C14H2207N2S: C, 46.4; H ,  6.1; 
N ,  7.7; 0 ,30 .9 .  Found:  C,  46.6; H ,  6.2; N ,7 .6 ;  0, 
30.7. 

t- Butyl Benzylox~~carbonylalanylalaninate. N , N  '- 
Dicyclohexylcarbodiimide23 (20.6 g.) in T H F  (30 ml.) 
was added to  an ice-cold T H F  solution (70 ml.) con- 
taining t-butyl alaninate (14.2 g.)** and  benzyloxy- 
carbonylalanine (22.4 g.).29 The mixture was kept in 
a refrigerator for 24 hr., glacial acetic acid (3 ml.) 
was added, and 15 min. later the suspension was filtered 
and the filter cake washed with T H F  (100 ml.). The 
filtrate and washings were evaporated to dryness in 
vacuo, the residue was dissolved in ethyl acetate (300 
ml.), and the solution was washed with 1 M citric acid 
(250 nil.), saturated sodium chloride (75 ml.), saturated 
sodium bicarbonate (250 ml.), and again with saturated 
sodium chloride (two 75-ml. portions). The solution 
was dried over sodium sulfate and concentrated to  a 
small volume in vacuo, and petroleum ether (b.p. 
37-55") was added. The mixture was placed in a 
refrigerator where crystallization occurred ; yield 20.6 
g. (60%); m.p. 68-71". A sample for analysis was 
recrystallized from ethyl acetate; m.p. 69-71 "; [ a I z 0 ~  
- 54.2" (c 2.0, methanol). 

Anal. Calcd. for C18H2605N2: C, 61.7; H ,  7.5; N, 
8.0. Found:  C, 61.6; H,  7.4; N ,  8.0. 

Benzyloxj~carbonyIserylseri~ie Hydrazide. Hydra- 
zine hydrate (3.8 ml.) was added to a hot solution of 
methyl benzyloxycarbonylserylserinate30 (25.6 g.) in 
methanol (200 ml.) and the mixture was kept for 4 hr. 
The crystalline hydrazide was collected, washed with 
ice-cold methanol, and dried over concentrated sulfuric 
acid in vacuo; the material was recrystallized from 
water; yield 18 g. (70%); m.p. 221-222" dec.; [ a I z 6 ~  
- 30.5 " (c 1 .O, 1 N hydrochloric acid). 

Anal. Calcd. for Cl4HZ0O6N4: C, 49.4; H ,  5.9; N ,  
16.5. Found:  C,49 .7 ;  H,  6.1; N ,  16.4. 

Methj>l Benzyloxycarbonylthreonylserinate. To a 
T H F  solution (80 ml.) containing methyl serinate 
(prepared from 17.1 g. of the h y d r ~ c h l o r i d e ~ ~  with 
15.3 ml. of triethylamine in methanol in the usual 
manner) was added benzyloxy~arbonylthreonine~~ (25.3 
g.) in T H F  (35 ml.) and the solution was cooled in 
an  ice bath. N,N'-Dicyclohexylcarbodiimide23 (21.6 
g.) in T H F  (10 ml.) was added and the mixture was 
kept in a refrigerator for 22 hr. when the N,N'-dicyclo- 
hexylurea was removed by filtration. The filter cake 
was washed with T H F  (50 ml.) and the combined 
filtrate and washings were evaporated to dryness. 
Crystallization occurred when ethyl acetate (65 ml.) 
was added to the residue. The crystals were collected 

(28) t-Butyl benzyloxycarbonylalaninate was prepared from benzyl- 
oxycarbonylalai7ine according to G .  W. Anderson and F. M. Callahan, 
J .  A m .  Chem. Soc., 82, 3359 (1960). The oily compound was hydro- 
genated in methanol. The resulting oily r-butyl alaninate was used 
\%ithout purification. 

(29) M .  Bergmann and L. Zervas, Ber., 65, 1192 (1932). 
(30) J .  S .  Fruton, J .  Biol. Chem., 146, 463 (1942). 
(31) St. Guttmann and R.  A .  Boissonnas, Helv .  Chim. Acta, 41, 1852 

(32) R. B. Merrifield, J .  B i d .  Chem., 232, 43 (1958). 
( 1958). 

and washed with cold ethyl acetate (20 ml.) and dried; 
yield 19.6 g. 

Additional ethyl acetate (40 ml.) was added to the 
original mother liquor and the solution was extracted 
with 1 M citric acid (100 ml.), saturated sodium chloride 
(50 ml.), saturated sodium bicarbonate (200 ml.), 
and again with saturated sodium chloride (100 ml.). 
The solution was dried over sodium sulfate, the solvent 
was removed in vacuo, and ether was added to the 
residue. The resulting crystals were collected and 
washed with ether; yield 10.9 g. The two fractions 
were combined and recrystallized from a mixture of 
benzene and methanol; yield 22.4 g. ( 6 3 x ) ;  m.p. 
135-136"; [ C ~ ] ~ ~ D  +7.6" (C 0.5, DMF) .  

Anal. Calcd. for C16H2207N2: C, 54.2; H ,  6.3; N, 
7.9. Found:  C, 54.0; H ,  6.4; N ,  7.7. 

Benzyloxycarbonylthreonylserine Hj)drazide. Hy- 
drazine hydrate (2.8 ml.) was added to a hot solution of 
methyl benzyloxycarbonylthreonylserinate (20.0 g.) in  
methanol (160 ml.) and the mixture was kept for 12 hr. 
at  room temperature. The resulting crystals, col- 
lected by filtration, were washed with cold methanol 
(40 ml.) and dried in vacuo over concentrated sulfuric 
acid. The hydrazide was crystallized from water (900 
ml.); yield 13.8 g. (69x7,); m.p. 225-227". A sample 
for analysis was recrystallized from water; m.p. 
226-228"; [ a I z 9 ~  -34.2" (c 1.0, 1 N hydrochloric 
acid). 

Anal. Calcd. for C15H2206N4: C, 50.8; H ,  6.3; N, 
15.8. Found:  C, 50.9; H ,  6.3; N, 15.7. 

Benzyloxycarbonyl-P-t-butylaspartylserine ( X V I I I ) .  
T o  a stirred suspension cooled at - 30" of a-succinimi- 
do  0-t-butyl benzyloxycarbonylaspartate (X, 2 1 .O 9.) 
in ethanol (300 ml.) was added a solution of serine 
(XVII, 6.3 g.) and sodium bicarbonate (5.0 g.) in 
water (100 ml.). The mixture was stirred for 2 hr .  
at  - lo" ,  for 2 hr. at  0", for 16 hr. at  4", and for 4 hr. 
at  room temperature. The solution was cooled at  
0" and acidified with 1 N hydrochloric acid (75 ml.), 
and the ethanol was removed in vacuo. The solution 
was extracted with three 300-ml. portions of ethyl 
acetate, and the organic phase was washed with water 
(three 100-ml. portions) and dried over sodium sulfate. 
The solvent was removed in vacuo and the residue 
was recrystallized twice from ethyl acetate; yield 14.9 
g. (73%); m.p. 135"; [ a I z 8 ~  +8.6" (c 1.41, methanol): 
Rr"' 0.68; single chlorine-positive spot;  amino acid 
ratios in acid hydrolysate aspl oserl o. 

Anal. Calcd. for Cl9Hz6O8N2: C,  55.6; H,  6.4; N ,  
6.8; 0, 31.2. Found:  C,  55.7; H,  6.5; N, 6.7; 0, 
3 1 .O. 

P-t- Butj3laspartylserine (XZX). Benzyloxycarbonyl- 
0-t-butylaspartylserine (XVIII, 10.7 g.) was hydro- 
genated over palladium in 70 % (v./v.) aqueous ethanol 
(150 ml.). The catalyst was removed by filtration and 
the filtrate was evaporated to dryness in vacuo. The 
product was recrystallized from ethanol; yield 6.8 
g. (94%); m.p. 158-160", then solidifies and decom- 
poses a t  180"; [ a I z 5 ~  +30.3" (c 1.45, water); R r '  
0.62; Rr * 0.59 ; single ninhydrin- and chlorine-positive 
spot. 

Anal. Calcd. for CllHZ0O6N2: C, 47.8; H ,  7.3; N,  
10.1; 0, 34.7. Found:  C,  47.6; H ,  7.4; N,  10.3; 0, 
35.0. 

t-Butyl A/anj~la/aninare Monoacetate ( V I ) .  The 
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benzyloxycarbonyl derivative (14.0 g.) in methanol 
(120 ml.) containing glacial acetic acid (2.6 ml.) and 
water (20 ml.) was hydrogenated in the usual manner 
over a palladium catalyst. The catalyst was removed by 
filtration, the solvents were evaporated, and ether 
(50 ml.) was added to the residue to bring about crystal- 
lization. The suspension was kept i n  a refrigerator for 
12 hr., and the crystals were collected, washed with 
ether (50 ml.), and dried; yield 9.4 g. (85%). A 
sample for analysis was recrystallized from ethyl ace- 
tate;  m.p. 106-108"; [cx]'~D -39.2"(c 1.05, methanol). 

Anal. Calcd. for C I o H 2 0 0 3 N 2 ~ C H 3 C O O H :  C,  52.2; 
H, 8.8; N, 10.1. Found:  C,  51.9; H, 9.0; N, 10.2. 

t- Butj~1ox)~carbonylmethionyl- P-t-birtylasparty Iserine 
d-Sulfoxide. To a stirred solution cooled a t  -20" 
of succinimido t-butyloxycarbonylmethioninate d-sul- 
foxide (XIII, 7.24 g.) in ethanol (150 id . )  was added a 
solution of P-t-butylaspartylserine (XIX, 4.44 g.) and 
sodium bicarbonate (1.34 g.) in water (100 ml.). The 
mixture was stirred for 2 hr. at  - lo" ,  for 2 hr. at 0", 
and  for 20 hr. at  room temperature. The solution 
was cooled a t  0"  and acidified with 1 .W hydrochloric 
acid (20 ml.). The ethanol was removed in vacuo 
and the aqueous solution was saturated with sodium 
chloride and extracted with three 250-ml. portions of 
ethyl acetate. The ethyl acetate solution was washed 
with saturated sodium chloride solution (50 nil.), 
dried over sodium sulfate, and evaporated to dryness. 
The residue was dissolved in hot ethyl acetate and 
after cooling the protected tripeptide przcipitated as a 
gel. The material was three times reprecipitated from 
ethyl acetate; white amorphous solid; yield 6.5 g. 
(77%); [ c u ] ~ O D  f20 .1"  (c 1.79, methanol): Rr' 0.90; 
R r 2  0.77 ; single chlorine- and methionine-positive 
spot;  amino acid ratios in acid hydrolysate met33~i8-  
aspl,ooserl.oo. 

Anal. Calcd. for C21H37010N3S: C, 48.2; H, 7.1; 
N ,  8.0; 0, 30.6; S, 6.1. Found:  C,  48.5; H ,  7.3; 
N ,  7.8; 0, 30.2; S, 6.3. 

Mrthiori~~laspart~~lserirze d-Sulfoxide Dihydrate 
(XX). t-Butyloxycarbonylmethionyl-t-butylaspartyl- 
serine d-sulfoxide (6.4 8.) was dissolved in trifluoroacetic 
acid ( I  5 ml.) and the solution was kept a t  room tempera- 
ture for 15 niin. Ice-cold ether (500 ml.) was added 
and the ensuing suspension was kept at  -10" for 30 
min. when the precipitate was collected and washed 
with ether. The hydroscopic residue was dissolved in 
water (300 ml.), Amberlite IRA-400 (acetate cycle) 
(50 nil. settled in water) was added, and the suspension 
was stirred for 1 hr. at  room temperature. The resin 
was removed by filtration and washed with three 100-ml. 
portions of 2 %  acetic acid. The combined filtrate 
and washings were evaporated to a small volume, the 
concentrate was cooled at 0". and methanol (approxi- 
mately 150 nil.) was added. The precipitate was col- 
lected and reprecipitated twice from water with me- 
thanol. The peptide was then dissolved in water and 
the solution was lyophilized; white amorphous solid; 
yield 2.7 g. (55%): [ a I Y 9 ~  +49.5" (c 0.54, water); 
R r '  0.20; Rr"  0.66 X His; single ninhydrin- and 
chlorine-positive spot;  amino acid ratios in LAP 
digest liieto.y,aspo.,4serl,0; (84 %). 

Aricil. Calcd. for C12H2103N3S.2H20: C ,  35.7; 

(33) Methioninr: plus homocysreic acid; valuer not corrected for 
destruction. 

H, 6.2; N ,  10.4; 0, 39.7. Found: C, 35.5: H, 6.0: 
N, 10.2; 0, 39.5. 

N"-t- ButL'loxycarbonylhistidylmethioti~~laspartylserine 
d-Sulfoxide Dihydrate. t-Butyl nitrite (1.61 ml.) was 
added to a stirred solution cooled at  -30" of NO-[- 
butyloxycarbonylhistidine hydrazideL7 (3.76 g.) in  
D M F  (30 ml.) containing 9.2 ml. of 6.1 N hydrogen 
chloride in dioxane. The mixture was stirred at  -20" 
for 30 min., then cooled at  -40" and neutralized with 
triethylamine (7.7 ml.). To  this solution containing 
the azide cC N"-t-butyloxycarbonylhistidine (XV) was 
added a solution of methionylaspartylserine d-sulfoxide 
dihydrate (XX, 2.56 g.) in water (20 ml.) containing 
triethylamine (1.93 ml.), and the mixture was stirred 
a t  - I O "  for 90 min. and  a t  4"  for 24 hr. The solvents 
were removed in vacuo, the residue was dissolved in  
water (20 ml.), and the solution was added to a Dowex 
1-X2 column (2.8 X 47 cm.) which was eluted with 
water (500 ml.), 0.1 N acetic acid (500 ml.), and 0.2 N 
acetic acid (900 ml.). Individual fractions (20 ml. 
each) were collected at  a flow rate of 4 ml./min. The 
desired peptide was located in the 0.2 N eluates by the 
Pauly reaction. These eluates were combined, the 
solvent was evaporated iri vacuo, and the residue was 
lyophilized twice from water: yield 2.85 g. (70%); 
[cu]?*D +5.2" (c 0.9, water); Rf '  0.46; Rr' 0.26; 
Pauly- and chlorine-positive, ninhydrin-negative spot;  
slightly contaminated with the free tripeptide R, 
0.20: ninhydrin- and chlorine-positive, Pauly-negative 
spot;  amino acid ratios in acid hydrolysate hisn,y.i- 
met 33~.a6asp~ 09serl.o~. 

Anal. Calcd. for C ~ 3 H 3 6 0 1 1 N 6 S ~  2 H 2 0  : C, 43.1 ; 
H, 6.3; N, 13.1; 0, 32.5. Found:  C,  42.7; H, 6.5; 
N,  13.2; 0, 32.4. 

t- Butyl N- Benzy1oxycarbonylthreon~lserJ.lalanl.l- 
alaninate. (a) B y  the Standard Azide Procedure. 
This entire operation was conducted in a 5 O cold room. 
Sodium nitrite (3.62 g.) in water (25 ml.) was added 
slowly to a solution, cooled at  - 2 " ,  of N-benzyloxy- 
carbonylthreonylserine hydrazide (17.7 g.) in water 
(125 ml.) and 6 N hydrochloric acid (25 nil.). The 
mixture was kept at  -2"  for I O  niin. when the solid 
azide was collected by filtration. The azide was then 
suspended in ice-cold 10 % potassium bicarbonate 
(250 ml.), the suspension filtered, and the filter cake 
washed with ice-cold 10 2 potassium bicarbonate 
(IOOml.), ice-cold saturated sodiumchloride(50ml.), and 
finally ice-water (40 ml.). The moist azide was then dis- 
solved in ice-cold T H F  (250 ml.), t-butyl alanylalaninate 
acetate (13.8 g.) and triethylamine (6.85 ml.) were added, 
and the solution was kept at  5" for 22 hr. The crystalline 
material which had precipitated was collected, washed 
with ice-cold T H F  (40 ml.). and recrystallized from 
methanol (300 ml.); yield 9.7 g. (36%); this material 
can also be recrystallized from 80 aqueous acetone: 

Anal. Calcd. for Cz jH380yN4:  C, 55.8; H,  7.1: N,  
10.4. Found:  C, 55.9: H.  7.3: N, 10.4. 

( b )  B y  the Ruditzger modi'jication. 3 4  t-Butyl nitrite 
(2.41 ml.) was added to a stirred solution cooled to 
- 30" of N-benzyloxycarbonylthreonylserine hydrazide 
(7.0g.)in DMF(75ml.)containing 13.2ml.of6.1 Nhydro- 
gen chloride in dioxane. The solution, after stirring at  

m.p. 209-210"; [Ct]?'D -4.0" (C 1.5, DMF) .  

(31) J .  Honzl and J. Rudingrr, Collection Czech. Chew!. Conimrr!~., 26, 
2333 (1961). 
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- 25 " for 15 min., was cooled to  - 60" and triethylamine 
(12.3 ml.) was added. T o  this mixture, containing the 
azide of N-benzyloxycarbonylthreonylserine, was added 
a solution of t-butyl alanylalaninate acetate (5.52 g.) 
in D M F  (50 ml.) containing triethylamine (2.78 ml.). 
After stirring 1 hr. at -20" and being kept overnight 
at 4"  the crystalline product was collected, triturated 
with water, and dried; 6.5 g. The filtrate was con- 
centrated in vacuo, water was added to the residue, and 
the amorphous precipitate was collected; 1.9 g. The 
combined residues were recrystallized from 50 % 
aqueous dioxane; 5.6 g. (52%); m.p. 217-221"; 

single ninhydrin-negative and chlorine-positive spot. 
Anal. Calcd. for C25H3809N4: C,  55.8; H ,  7.1; N ,  

10.4; 0, 26.7. Found:  C,  55.9; H ,  7.3; N,  10.6; 
0, 26.8. 

t-Butyl Threonylserylalanylalaninate Acetate 
(VZZZ). t-Butyl N-benzyloxycarbonylthreonylseryl- 
alanylalaninate (2.69 g.) in acetic acid-methanol-water 
(3 : 1 : 1) (40 ml.) was hydrogenated in the usual manner 
over palladium catalyst. After 4 hr., when the evolu- 
tion of carbon dioxide had ceased, the catalyst was 
removed by filtration through "filter cel" and the 
filtrate was evaporated to a small volume in vacuo. 
Ether (100 ml.) was added and the mixture was kept 
at 4" for 12 hr. when the gelatinous precipitate was 
collected, washed with ether, and dried; yield 2.30 g. 
Two recrystallizations from absolute ethanol gave 1.74 

10% acetic acid); R f l  0.65; R f 2  0.89; single ninhydrin- 
and chlorine-positive spot; amino acid ratios in acid 
hydrolysate thro g2ser0 99ala2 ol. 

Anal. Calcd. for C I , H ~ ~ O , N ~ . C H ~ C O O H :  C, 49.1; 
H,  7.8; N,  12.1; 0, 31.0. Found:  C, 49.3; H, 8.0; 
N, 12.4; 0, 31.0. 

Histidylmethionylaspartylserine d-Sulfoxide Dihy- 
drate ( X X Z ) .  N"-t-Butyloxycarbonylhistidylmethio- 
nylaspartylserine d-sulfoxide dihydrate (2.8 g.) was 
dissolved in anhydrous trifluoroacetic acid (10 ml.) 
and the solution was kept at room temperature for 
15 min. Ice-cold ether (500 ml.) was added and the 
ensuing suspension was kept at -10" for 30 min. 
when the precipitate was collected and washed with 
ether. The hydroscopic residue was dissolved in 
water (50 ml.) and the solution was added to  a Dowex 
1-X2 column (1.8 X 27 cm.) which was eluted with 
water (200 ml.) and 0.05 N acetic acid (200 ml.). 
Individual fractions (20 ml. each) were collected at a 
flow rate of 2 ml./min. The desired peptide was 
located in the water and 0.05 N acetic acid eluates by 
the Pauly reaction. These eluates were combined and 
the solvent was evaporated in vucuo. The free tetra- 
peptide XXI crystallized from dilute acetic acid after 
addition of methanol; fine needles; yield 1.76 g. 
(75%); m.p. 184-188" 'dec.; [ c r I z 8 ~  +28.8" (c 1.34, 
10% acetic acid); R f 3  0.55 X His; single Pauly-, 
ninhydrin-, and chlorine-positive spot ; amino acid 
ratios in acid hydrolysate hiso.gjmet330 84aspl ,,sera 96; 
amino acid ratios in LAP digest hisl 06t%eto gjaspl M- 

ser0.95 (91 %). 
Anal. Calcd. for C18H2809N6S.2Hz0: C, 40.0; 

H ,  6 .0;  N,  15.5; 0, 32.6. Found:  C, 39.8; H, 6.1; 
N, 15.5; 0, 32.6. 

t-Butyl Benzyloxycarbonylserylserylthreonylseryl- 

[a Iz8D -4.7" (C 0.51, D M F ) ;  R f '  0.93; R f 2  0.90; 

g. (75%); m.p. 182-184"; [Cr]?'D -89.1" (C 1.03, 

alan.~lalaninate. This entire operation was conducted 
in a 5"  cold room. Sodium nitrite (6.01 g.) in water 
(50 ml.) was added slowly with stirring to  an ice-cold 
solution of benzyloxycarbonylserylserine hydrazide 
(28.44 g.) in water (400 ml.) and 6 N hydrochloric acid 
(50 ml.). The solution was kept for 5 min. at 0" 
when the solid azide was collected by filtration. The 
azide was suspended in ice-cold potassium bicarbonate 
(30 g. in 150 ml. of water) and the suspension was 
filtered. The filter cake was washed with ice-water 
(50 ml.) and sucked as dry as possible on the funnel. 
t-Butyl threonylserylalanylalaninate acetate (VIII ,  23.74 
g.)was dissolved in warm DMF(350ml.), the solution was 
cooled in an ice bath, and triethylamine (7.1 ml.) was 
added followed by the above moist azide. The mix- 
ture was kept in a refrigerator for 22 hr. when the 
solvents were removed in vacuo. The residue was 
triturated with water, the suspension filtered, and the 
filter cake washed with additional quantities of water 
(total amount 500 ml.). The wet material was then 
recrystallized from 80 % aqueous acetone (2000 ml.); 
yield 26.4 g. (72%). A sample for analysis was 
recrystallized from methanol; m.p. 236-238" dec. ; 

Anal. Calcd. for C31H48013N6: C,  52.2; H ,  6.8: 
N ,  11.8; 0, 29.2. Found:  C,  51.9; H,  6.6; N, 11.7; 
0, 29.1. 

t-Butyl Serplserylthreonylserylalanylalaninate Ace- 
tate ( X I ) .  t-Butyl N-benzyloxycarbonylserylserylthre- 
onylserylalanylalaninate (5.0 g.) was suspended in 
acetic acid-methanol-water (3 : 1 : 1) (100 ml.) and 
hydrogenated in the usual manner over a palladium 
catalyst. After 4 hr., when the evolution of carbon 
dioxide had ceased, the catalyst was removed by filtra- 
tion through "filter cel" and the filtrate was evaporated 
to a small volume in vacuo. Ether (100 ml.) was added, 
and the mixture was kept at 4"  for 12 hr. when the fine 
precipitate was collected, washed with ether, and dried ; 
yield 4.4 g.; m.p. 215-217" dec. One recrystallization 
from 90% aqueous dioxane gave 3.45 g. (77%); m.p. 
216-218" dec.; [ a ] * ' ~  -92.4" (c 1.05, 10% acetic 
acid); R f '  0.52: R r 2  0.79; single ninhydrin- and  
chlorine-positive spot ;  amino acid ratios in acid 
hydrolysate sera d h r o  g2alal 96. 

Anal. Calcd. for C23H42011N6. CH3COOH: C, 47.0; 
H ,  7.3; N, 13.2; 0, 32.6. Found:  C, 47.2: H ,  7.4; 
N ,  13.4; 0, 32.4. 

t-Butj.1 Benzyloxycarbonyl-6-t-butj~laspartylserpl- 
serylthreonylserylalanylalaninate. A solution of 
N-succinimido benzyloxycarbonyl-P-t-butylaspartate 
(X, 5.27 g.) in dioxane (20 ml.) was added to  a solution 
of t-butyl serylserylthreonylserylalanylalaninate acetate 
(6.71 g.) in a mixture of dioxane (150 ml.), water (60 
ml.), and triethylamine (1.5 ml.). After a few minutes 
the crystalline product came out of solution and after 
keeping the mixture overnight at room temperature it 
was collected, triturated with 2 % acetic acid, washed 
with water, and dried; 6.74 g.; m.p. 220-222" dec. 
The filtrate was concentrated in vacuo to  a small volume. 
ether was added, and the precipitate was collected and 
treated as above; 1.86 g.; m.p. 209-211" dec. The 
combined fractions were recrystallized from 80 % 
aqueous dioxane; yield 7.53 g. (81 2): m.p. 230-232" 
dec.; [CrIz6D -4.3" (c 1.00, D M F ) ;  R f l  0.90: R f ?  
0.92 ; single ninhydrin-negative and chlorine-positive 

[ C ? ] ~ ~ D  - 3.4" (C 0.52, DMF).  
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spot;  amino acid ratios in acid hydrolysate aspl,,,- 
sera odhro.daz.oo. 

Anal. Calcd. for C39H6~016N7:  C, 53.0; H, 7.0; 
N, 11.1; 0, 29.0. Found:  C,  53.2; H, 7.1; N,  
10.9; 0, 29.0. 

t-Butj.1 P-t-Butyl AspartylserylserylthreonylseryI- 
alanylalaninate Acetate (HI). t-Butyl benzyloxycar- 
bonyl-P-t-butyl aspartylserylserylthreonylserylalanyl- 
alaninate (3.0 g.) in acetic acid-methanol-water 
(3 : 1 : 1) (80 ml.) was hydrogenated in the usual manner 
over a palladium catalyst. After 4 hr., when the 
evolution of carbon dioxide had ceased, the catalyst 
was removed by filtration through "filter cel," and the 
filtrate was evaporated to a small volume in vacuo 
and lyophilized. The residue was dissolved in water 
(750 ml.) and the solution was added to a C M C  column 
(3 X 35 cm.) which was eluted with water (750 ml.) 
and 0.005 M p H  6.9 ammonium acetate buffer (2500 
ml.). Individual fractions (20 ml. each) were collected 
a t  a flow rate of 4 ml./min. The desired material 
was located in the 0.005 M eluates by the Lowry 
reaction. * @  These fractions were pooled, concentrated 
to a small volume in vacuo, and lyophilized to constant 
weight from small volumes of water; colorless fluffy 
powder; 2.54 g. (92%): [a]"D -69.5" (c 0.50; 10% 
acetic acid): R f l  0.72; Rf2 0.92; single ninhydrin- 
and chlorine-positive spot;  amino acid ratios in acid 
hydrolysate aspo. 97ser ,. oothr o. 98a1a2. 

Anal. Calcd. for C31H5j014N7.CH3COOH: C, 48.9; 
H, 7.3; N ,  12.1; 0, 31.6. Found:  C,  49.1; H ,  7.7; 
N ,  12.0; 0, 30.8. 

Aspartylserj~lserj~Ithreon~lserj~lalanj~lalanine Trihy- 
drate. t-Butyl P-t-butylaspartylserylserylthreonyl- 
serylalanylalaninate monoacetate (XII, 350 mg.) was 
dissolved in anhydrous trifluoroacetic acid (2.5 ml.) 
and the solution was kept for 30 min. at  room tempera- 
ture. Ice-cold ether (100 ml.) was added and, after 
keeping for 30 min. at  - lo", the precipitated trifluoro- 
acetate salt was collected by filtration, washed with 
ether, and dried in vacuo over potassium hydroxide 
pellets. This material -dissolved in water (250 ml.) 
was added to a Dowex 1-X2 (acetate cycle) column 
(2 X 20 cm.) which was washed with water (250 ml.) 
and eluted with the following acetic acid solutions: 
0.01 (250 ml.), 0.02 (250 ml.), 0.05 (250 ml.), and 0.10 
M (500 ml.). Individual fractions (15 ml.) each were 
collected at  a flow rate of approximately 2 ml./min. 
and the desired peptide was located in the 0.10 M 
eluates by the Lowry reaction.20 These eluates were 
pooled and the solvent was evaporated in vacuo to a 
small volume when the peptide precipitated from the 
concentrated solution. 35 The suspension was lyo- 
philized twice from water, water (20 ml.) was added, 
and after keeping a t  4"  overnight the white solid was 
collected; yield 230 mg. The peptide was dissolved 
in  boiling water (15 ml.) and an  equal volume of 
ethanol added. After 1 week at  4" the gelatinous 

(35) A preparation of  this peptide was found to be very water soluble 
and to exhibit a considerably lower rotation in both 0.5 M potassium 
bicarbonate and w'ater. The chromatographic and electrophoretic 
behavior of this and the above sample \ \as identical. However, al- 
though both samples gave the expected amino acids on  acid hydrolysis, 
the L A P  digest of this preparation gave l o w  recoveries o f  aspartic acid, 
serine, and threonine, and in addition to the expected amino acids there 
were t\ho unidet~tifiable peaks at 95  and 132 ml. ofeffluent from the long 
column of thc amino acid analyzer. Similar behavior has also been ob- 
ser\C:d \\ i th a preparation of the octapeptide XIV. We have at  present 
110 cuplanation for these findings. 

precipitate was collected, washed with ethanol, and 
dried; yield 190 mg. (64%); [ a I z 8 ~  -61.2" (c 0.431, 
0.5 M potassium bicarbonate); [cY]*~D -67.5" (C 

0.207, water); Rr' 0.17; R f 2  0.03; Rr3 0.85 X His, 
single ninhydrin- and chlorine-positive component on 
paper electrophoresis at  p H  1.9, 3.5, 6.5, and 8.0; 
amino acid ratios in acid hydrolysate aspl oaser2 yo-  

thro g5ala2 I o :  amino acid ratios in LAP digest asp, 06- 

serz d h r O  d a 2  12 (89 %). 
Anal. Calcd. for C23H39011N7.3H20: C,  39.9; H, 

6.6; N .  14.2; 0, 39.3. Found:  C, 40.3; H, 6.6; N, 
13.5; 0, 39.8. 

t-Butj.1 t-Butj~loxj~carbonj~Imefhion~~l-P-t-butj~l- 
a s p a r t j ~ l s e r j ~ ~ s e r ~ l f ~ ~ r e o n ~ ~ s e r y ~ a ~ a n ~ ~ a ~ a n i n a t e  d-Sul- 
foxide.  ( a )  BJ- the N-Hl.droxj,succinimide Ester 
Method. Succininiido t-butyloxycarbonylmethioninate 
d-sulfoxide (1.07 g.) in dioxane (10 ml.) was added to a 
stirred solution of f-butyl P-t-butylaspartylserylseryl- 
threonylserylalanylalaninate acetate (XII, 1.99 g.) in 
30 % aqueous dioxane (35 ml.) containing triethylamine 
(0.34 ml.). After 1 hr. a crystalline material started to 
separate from the solution and, after keeping the mix- 
ture overnight at  room temperature, it was collected, 
triturated with water, and dried; 1.42 g.; m.p. 220-222" 
dec. The filtrate was concentrated in vacuo to a small 
volume, water was added, and the resulting precipitate 
was collected and treated as above; 0.59 g.; m.p. 
210-214" dec. The combined fractions were re- 
crystallized from 70% aqueous dioxane; yield 1.69 g. 
(67%); m.p. 223-225" dec.; [CU]~'D -24.5" (c 1.07, 
90% acetic acid); Rt l  0.90; Rr2 0.92; single ninhydrin- 
negative, chlorine- and methionine-positive spot;  amino 
acid ratios in acid hydrolysate met33n 76aspl onsera ,,,- 
thro.g7ala2. ,9. 

Anal. Calcd. for C41H72018N8S: C, 49.4; H,  7.3; 
N ,  11.2; 0, 28.9; S, 3.2. Found: C, 49.0; H, 7.2: 
N ,  11.0; 0, 28.8; S ,  3.3. 

p-Nitro- 
phenyl t-butyloxycarbonylmethioninate d-sulfoxide (841 
mg.) in dioxane (6.0 ml.) was added to a stirred solution 
of t-butyl P-t-butylaspartylserylserylthreonylserylalan- 
ylalaninate acetate (543 mg.) in 50% aqueous dioxane 
(6.0 ml.) and the resulting solution kept for 2 days at  
room temperature. The solution was concentrated 
to a small volume in vacuo, ethanol (100 ml.) was added, 
and after 12 hr. at  4 "  the gelatinous residue was col- 
lected, washed with ether, and  dried; yield 455 mg.; 
m.p. 202-205" dec. Recrystallization from 70 % 
aqueous dioxane gave 360 mg. (54%); m.p. 222-225" 
dec.,; [ a ] * ' D  -24.1 (c 1.05, 90% acetic acid); chro- 
matographically identical with the above compound in 
solvent systems 1 and 2 ;  amino acid ratios in acid 
hydrolysate xjaspl.02thro 97ser3 09. 

Anal. Calcd. for C11H,201XNxS: C, 49.4; H ,  7.3; 
N ,  11.2; 0, 28.9. Found:  C, 49.3; H,  7.6; N ,  
11.1; 0, 29.6. 

Methionylaspar t ~ l s e r ~ ~ l s e r g l t h r e o n ~ l s e r ~ l a l a n ~ ~ l a l a -  
nine d-Sulfoxide Tetrahq.drate ( X I V ) .  t-Butyl t -  
butyloxycar bonylmethionyl-P - t - butylaspartylserylseryl- 
threonylserylalanylalaninate d-sulfoxide (885 mg.) was 
dissolved in anhydrous trifluoroacetic acid (5.0 ml.) 
and the solution was kept for 30 min. at  room tempera- 
ture. Ice-cold ether (200 ml.) was added and after 
30 min. at - 10" the precipitate was collected, washed 
with ether, and dried in vacuo over KOH at room 

( b )  B J ~  the p-Nitrophenyl Ester Method. 
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temperature. The residue, dissolved in water (500 
ml.), was added to a Dowex 1-X2 (acetate cycle) 
column (2 X 20 cm.) which was washed with water 
(350 ml.) and eluted with the following acetic acid 
solutions: 0.01 (500 ml.), 0.02 (500 ml.), and 0.05 M 
(1000 ml.) Individual fractions (20 ml. each) were 
collected at a flow rate of approximately 2 ml./min. 
and the peptide was located in the 0.02 and 0.05 M 
eluates by the Lowry reactionz0 These eluates were 
pooled, the solvent was evaporated in vacuo, and the 
residue was lyophilized from small volumes of water; 
yield 644 mg. (85%); [a]"D -43.7" (c 0.4, 10% acetic 
acid); R t l  0.22; Rf2 0.18; R f 3  0.70 X His; single 
ninhydrin-, chlorine-, and methionine-positive spot;  
single component on  paper electrophoresis at pH 
1.9, 3.5, 6.5, and 8.0; amino acid ratios in acid hy- 
drolysate met330 ~ , a s p l  O4ser3.dhrO 96ala2 oo; amino acid 
ratios in LAP digest h e t o  98aspl OOserz d h r l  08alaz l5 

(88%); the peptide appeared as a single peak at 72 
ml. of effluent when applied to the long column of the 
amino acid analyzer. 

Anal. Calcd. for C2gH48Ol6N8S ~ 4H20: c, 39.2; 
H, 6.6; N,  13.1; 0, 37.3. Found:  C, 39.4; H ,  6.9; 
N, 12.8; 0, 36.9. 

Na-t-Butyloxj~carbonylhistidylmethionylaspariyl- 
ser~~lserylthreonylserylalanylalanine d-Sulfoxide Trihy- 
drate. A 20% (v./v.) solution of t-butyl nitrite in 
D M F  (0.85 ml.) was added to a stirred solution 
(cooled to - 30') of Nu-t-butyloxycarbonylhistidine 
hydrazide" (360 mg.) in D M F  (4.0 ml.) containing 
0.89 ml. of 6.1N hydrogen chloride in dioxane. The 
solution, after stirring at -25" for 15 min., was cooled 
to - 60" and triethylamine (0.75 ml.) was added. This 
mixture, containing the azide of Ne-t-butyloxycarbonyl- 
histidine, was added to a solution (cooled to -50') of 
methionylaspartylserylserylthreonylserylal any1 a1 a n i  ne 
d-sulfoxide tetrahydrate (XIV, 525 mg.) in 50 % aqueous 
D M F  (2 ml.) containing a 20 % (v./v.) triethylamine 
in D M F  solution (0.94 ml.). After stirring 1 hr. at 
-25" and 23 hr. at 4", additional azide (prepared 
from 180 mg. of the hydrazide) was added, and the 
solution was stirred for 24 hr. at 4" and 12 hr. at room 
temperature. The solvent was removed in vacuo and 
the residue was lyophilized twice from a small volume 
of water. This residue was dissolved in water (1000 
ml.) and the solution was added to a Dowex 1-X 
(acetate cycle) column (3 X 20 cm.) which was washed 
with water (1000 ml.) and eluted with the following 
acetic acid solutions: 0.01 (750 ml.), 0.02 (750 ml.), 

and 0.05 M (1500 ml.). Individual fractions of 20 
ml. each were collected at a flow rate of approximately 
3 ml./min. and the peptide was located in the 0.05 M 
eluates by the Pauly reaction. These eluates were 
pooled, the solvent was removed in vacuo, and the 
residue was lyophilized from small volumes of water; 
yield 515 mg. (78%); [ C X ] ~ ~ D  -45.3" (c 0.39, 10% acetic 
acid); Rrl 0.25; R f 2  0.06; Rf3 1.73 X His; single 
ninhydrin-negative, Pauly-, chlorine-, and methionine- 
positive spot;  amino acid ratios in acid hydrolysate 
h i ~ ~ , ~ ~ m e t  33~.~~aspl ,ooser3  10thr0.96ala2.0~. 

Anal. Calcd. for C39H63019NllS. 3H20: C, 43.5 ; 
H, 6.5; N, 14.3; 0, 32.7; S,  3.0. Found:  C, 43.6: 
H ,  6.6; N, 14.3; 0, 32.0; S, 3.3. 

Histidylmethionylaspartylserylserylthreony~seryl- 
alanylalanine d-SulfoxideMonoacetate Trihydrate ( X V I ) .  
N"-t-Butyloxycarbonylhistidylmethionylaspar t y 1 se  r y 1 - 
serylthreonylserylalanylalanine d-sulfoxide trihydrate 
(385 mg.) was dissolved in anhydrous trifluoroacetic 
acid (4.0 ml.) and the solution was kept at room 
temperature for 15 min. Ice-cold ether (150 ml.) 
was added and after 30 min. at - 10" the precipitate 
was collected, washed with ether, and dried in vacuo 
over K O H  at room temperature. The residue was 
dissolved in water (400 ml.) and the solution was added 
to a Dowex 1-X2 (acetate cycle) column (2 X 20 cm.) 
which was washed with water (500 ml.) and eluted 
with 0.01 M acetic acid (500 ml,). Individual fractions 
(20 ml. each) were collected at a flow rate of approxi- 
mately 4 ml./min. and the peptide was located in  the 
0.01 M eluates by the Pauly reaction. These eluates 
were pooled, the solvent was evaporated in vacuo, and 
the residue was lyophilized from small volumes of 
water; yield 232 mg. (63%); [(YIz7D -39.5" (c 0.40, 
10% acetic acid); Rf' 0.10; R,2 0.12; R f 3  0.62 X 
His ; single ninhydrin-, chlorine-, and Pauly-positive 
spot;  single component on paper electrophoresis at 
pH 1.9, 3.5, 6.5, and 8.0; amino acid ratios in acid 
hydrolysate h i ~ ~ . ~ ~ m e t  330.77aspl.02ser2 d h r O  94alaa 12: 

amino acid ratios in LAP digest hiso.g,meto.9,aspo.ao- 
ser 3. oothrl.loala2. 32 (96 %). 

Anal. Calcd. for C34Hjj017NllS. CHaCOOH 3 H 2 0 :  
C, 41.7; H ,  6.3; N ,  14.9; 0, 34.0; S, 3.2. Found:  
C, 41.8; H ,  6.7; N, 14.8; 0, 32.7; S, 3.4. 
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