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[ursprunglich 610 ing (980/,)] werden in 2 in1 Athano1 geldst und unter Eiskiihlung mit 0,22 nil 
65proz. Salpetersaurc in 1 ml Athanol versetzt. Das Nitrat kristallisiert sogleich aus. Nach 2 Std. 
Stehen im Eisschrank werden die Kristalle abgenutscht und getrocknet : 286 mg (36,60/,) Nitrat, 
Snip. 152-155"; nach weitereni Zmaligern Kristallisieren aus dthanol 180 nig (22,70/), Smp. 
166-166,5' (Zers.) [nach der 2. Kristallisation, Smp. 165 --166" (Zers.)]. Gemass der optischcn Dre- 
hung ( [ M ] ~  = +76,8" 3" (c = 1,022, Wasser)) besteht das Salz aus 01% 18-Nitrat und 916 
19-Nitrat 11), Die Substanz unterscheidet sich im NRIK.- Spektrum nicht von reinem Pilocarpin- 
nitrat. Zur gas-chroniatographischen Untcrsuchung I?) wirtl ails einer Probe die Base frcigesetzt. 
Die Analyse crgibt 93,2 1% 18 und 6,s  i: 1% 19. 

LlTEKATtiRVEIZZElCt€l lS 

[1] A .  K .  Battersb.y & H .  T .  Opeitshaw, in R. H .  F.  dlatzske & H .  I.. Holmes, <The Alltaloidss~ 
Vol. 111, 201; New York 1953; I? .  C. Elclerjield, <Heterocyclic Compoundsi}, Vol. 5, 235; 
Ncw York 3957; H.-G. Bod, dErgebnissc der ,"tkaloid-Chemic bis 1960s, Berlin 1961. 

[2] H .  W .  Voigtlander & W.  Rosederg ,  Arch. Pharm. 292, 579 (1959). 
[3] ft. I<. Hill & S .  Barcza, Tcti-ahcdron 22, 2889 (1966). 
[4] N .  A .  Preobvashensk?, A .  N. Poljakowa & 141. A .  Pveobvashenski, Izv.  Akad. Nauk SSSR 7936, 

[5j A .  G. Natradze & E .  E .  Mikhl ina ,  J .  gen. Chcmistry USSR 77, 1718 (1947) [Chem. Abstr. 42, 

161 N .  A .  Preobvashemki, M .  E .  Mauvzt & G. T ' .  Snzirizovu, lhklacly -4kacl. Nauk SSSR, 87, 613 

[7] G. V ,  Chclintsev & I/. A .  f;ish, J .  gen. Chem. USSR, 17, 459 (1941) [Chem. Abstr. 35, 6.591 

[ 8 ]  ,I. I<. Mehrota & A .  N. Dey, J.  Indian chcni. SOC. -38, 971 (1961). 
[9] F .  1,. P y m a n ,  ,J. chcm. Snc. 101, 530 (1912). 

983 [Chcm. Zbl. 7937 IT, 9981; A .  N .  Dey, J. chcm. Snc. 1037, 1057. 

2967 (1948)l. 

(1951) [Chein. Abstr. 47, 4345 (1953)l. 

(1941)j; R. Buvtles,  F. L.  P y m a n  & J .  l(o-ylance, J .  chcm. Soc. 727, 581 (1925). 

[lo! A .  M .  Poljakowa, TV. A .  Preobrasheizski & N .  A .  Preohvashenski, J .  gcn. Chcmistry LJSSR, 9, 
1402 (1939) [Chcm. Zbl. 7940 I, 8691 ; N. A .  Duyamona, S .  I .  Zav'ynlov & S. A .  Preohrashenski, 
ibid.  78, 1733 (1948) [Chem. Abstr. 43, 2625 (1949)J. 

1111 U'. Obevhunsli, privatc Mitteilung. 
[12] I?. G. Jones,  J .  Amcr. chem. SOC. 71, 644 (1949). 
[13] R. G. Jones  E\: K. C.  McLaughlin,  J .  hnier.  chem. SOC. 77, 2444 (1949). 
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109. Antigen Synthesis: The Preparation of 
Selected Dodecapeptide Carriers with Systematically 

Altered Structures by a Two-Phase Method 
by C. H. Schneider and W. Wirz 

liistitutc for Clinicai Iminunology, Ins~lspital, 3008 Uer II  

(28. 2. 72) 

S ~ W V Z ~ ~ Y > J .  The synthesis of a series of dodecapcptidc ethyl csters containing I,-lcucinc, i,-ala- 
ninc, gll-cine and rd-lysine is rlescribed. These pcptidcs are suitable carriers for the preparation of 
haptcnic conjugates to  I)(: used in antigenicity studies. The  strategy for preparing internietlixy 
hcxapepti'lcs has been called a two-phase approach since the elongation of the p p t i d e  chain is 
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carrictl out stcpwise in a water-iminiscible organic phase, whercas removal of sidc-products axid 
cxcess rcagent is effcctecl by means of a suitably adaptcd aqucous phase. The method allows an 
cfficicnt production of relatively large amounts of fully defincd peptidc antigens. 

During tlie last decade it has become increasingly apparent that in addition to 
proteins and large polysaccharides, simpler and smaller molecules can function as 
complete antigens. The use of polymers containing a restricted number of randomly 
distributed amino acids has been particularly extensive and led to  a number of 
valuable generalizations regarding the influence of various molecular parameters such 
as charge, shape and (in a restricted sense) composition on antigenic properties 111. 
In contrast, comparatively small, but rigorously defined peptide antigens have only 
occasionally been studied and little use has been made of the possibility to synthesize 
modified structures for additional immunological investigation. 

It seems quite certain that fully defined peptide antigens, together with a selection 
of their analogues, will prove their value as incisive instruments for studies on induc- 
tion of the immunological responses as well as on elicitation of the various immuno- 
logical reactions. Progress along these lines appears to depend however on two major 
methodological achievements. One is related to the high sensitivity required in 
assessing weak immunogenic effects. From available evidence it can be predicted that 
a numbcr of small peptides will be only weakly immunogenic, yet important inirnuno- 
genicity differences may be expected within this class of antigens. Thanks to the 
introduction of versatile and highly sensistive radioimmunological techniques, the 
general problem of measuring very low titered antisera has been solved in principle 
:2], and it may be added that also highly sensitive biological tests for antibody 
detection have become available, notably a test based on the immunospecific in- 
activation of bacteriophages [ 3 ] .  

The second advance required consists in a considerable simplification of methodo- 
logy in peptide synthesis. Only with syntheses that do not depend on the tedious 
isolation and purification of intermediates, a sufficient number and variety of peptide 
antigens may be expected to  become available. Recently, two types of approach 
by-passing the classical isolation of intermediates have become prominent in studies 
on ribonuclease synthesis, namely the solid-phase synthesis of Merrif ield [4] and the 
N-carbosyanhydride method IS]. Both procedures are eminently promising, but a t  
the same time seem to exhibit a number of drawbacks for the purposes of the present 
series of syntheses. We therefore adopted a strategy which can be characterized as a 
two-phase method which makes use of two immiscible solvents in conjunction with 
suitable classical techniques for coupling and protecting amino acids and peptides 
in such a manner that no intermediate of tlie growing peptide chain needs isolation. 

We liere describe the synthesis of a selection of related dodecapeptides suitable 
for conjugation with various haptenic groups by this two-phase approach. In  pririciplc 
coupling by means of amino acid activated esters was performed stepwise from the 
C-terminus in such a way that the growing peptide chain could be kept dissolved in 
a water-immiscible organic phase (phase one), whereas excess reagent and side- 
products were removed by washing the organic phase with aqueous extractants (phase 
two). Idcally, no further purification bcyond the extraction of the organic phase is 
necessary. Deprotection steps depend on the groups to be removed. In the case of tlie 
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Boc-protection, deprotection was usually achieved by transferring the peptide into 
trifluoroacetic acid. The deprotected peptide was converted into the acetate with the 
aid of a ”Dowex-2” column in the acetate-form and then retransferred into a water- 
immiscible organic phase for the next coupling. 

I n  our experience, amino acid N-hydroxysuccinimide esters [6] proved highly 
valuable. N-Hydroxysuccinimide, the by-product of acylation with these esters is 
quite soluble in water. Excess reagent can be hydrolysed and extracted from the 
organic phase with sodium carbonate solution. Couplings proceed smoothly and give 
good yields. Indeed, purification of peptide intermediates beyond simple extraction 
of the organic phase seemed rarely required after acylations with these esters. 

Instead of activated ester procedures, other couplings affording by-products 
extractable by aqueous phases could be used, notably the N-ethyl-5-phenyl-isoxa- 
zolium-3’-sulfonate procedure [7] or methods using water-soluble carbodiimides. 
Indeed it seems that Sheehan’s group first used a two-phase approach by preparing 
oligopeptides in methylene chloride with l-ethyl-3-(3-dimcthylamino-propyl)-carbo- 
diimide hydrochloride as condensing reagent without isolation of intermediates [S]. 
In our hands this method could be used alternatively, particularly for the smaller 
peptides. Relatively long reaction times were required however, and with some pep- 
tides, purification was less easy and yields were lower than after N-hydroxysuccini- 
mide ester coupling. As an example, the synthesis of Boc-Lys(Z)-Ala-Leu-Lys-(2)- 
Gly-OEt by means of carbodiimide is givcn in the experimental part. 

It is evident that  the two-phase approach resembles the solid phase method of 
Merrifield in certain aspects but differs in others. I ts  main limitation derives from 
the fact that  suitable water-immiscible solvent systems are available for syntheses 
of oligopcptides up to the octapeptide or nonapeptide stage only. Larger peptides 
will therefore have to be made by fragment condensation. Since progress in the field 
of peptide condensations is quite promising this is not necessarily a drawback. The 
main advantages of the present method are ease of control a t  each step and the 
possibility of interruption of the monotoiious syntlietic procedure for insertion of 
additional purification if and when required. Since the preparation of the present 
sequences is not inherently troublesome, these assets of the method may not be 
clearly apparent in this work. They were however a major motive for developing and 
adopting the two-phase approach instead of the soIid-phase procedure. It should be 
kept in mind that the antigenic peptides synthesized and to be synthesized do not 
a fwiori possess a known biological activity which could be used as a guide in the final 
purification, and therefore the problem of maintaining a high product quality 
throughout all the intermediary stages under all circumstances appeared quite 
essential. 

’Thc syntlicscs of the dodecapeptides described here were performed in order to 
have an initial stock of defined carriers to which defined numbers of various haptenic 
groups could be conjugated in defined positions a t  defined intervals. Initially a free 
clioice of amino acids to be used in the sequence could be made. We selected r2-lysine 
to serve with its s-amino function as a general point of haptenic attachment. The 
positions between the lysine units were occupied by L-alanine, L-leucine and glycinc. 
It seemed economical to prepare a number of liexapeptides by the two-phase method 
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and to combine them to dodecapeptides. Glycine was used as the C-terminal acid in 
all hexapeptides, thus allowing application of a variety of condensation methods even 
under conditions were racemization of a similarly situated optically active amino 
acid would be expected. In  our hands removal of the protecting ester from the 
terminal carboxyl function by alkaline hydrolysis and subsequent condensation of 
the deprotected hexapeptide with clicyclohexyl-carbodiimide in the presence of 

Hexapeptides 

2 7 
Pr-[Leu Lys Ala Leu Lys Glyl-OEt I 

2 
Pr-lLeu Ala Ala Leu Lys Glyl-OEt I I  

z 
Pr-[Leu Lys Ala Leu Ala Gly]-OEt 1 1 1  

Ala Leu Ala Gly -0Et  IV 

n n n n 

Condensation 
(DCCI/HOSu) 

Deprotection 

16 haptenic conjugates with protected or free C-terminus: 
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5.1. H-Leu-Ala-Ah-Leu-Lys (H)-Cly-Leu- p, Ala-Ala-Leu-Ala-Gly-OEt diacetate 

K = 0.35; I-butanol : 1-propanol : 
0.05% acetic acid (2:1:3) 

I /  \ 
ih.*-.-/--*-.-* . . - /; ?.-.-.//I 

5.2. H-Leu-Lys (H)-Ata-Leu-Ala-Gly-Leu- 
Lys (H)-Ala-Leu-Ala-Gly-OEt triacetate 

i* 1 K=0.27; I-butanol : ethanot : 
0.05% acetic acid (4:1:5) 

P\ 
'/ ! 
.? $.. 

5.3. H-Leu-Ala-Ata-Leu-Lys (H)-Gly-Leu- 
Lys (H)-Ala-Leu-Ah-Gly-OEt triacetate 

f K =0,30; 1-butanol : ethanol : 
0 , 0 5 ~ 0  acetic acid (4:1:5) 

!- IVY a t'. 

'A.- 
A 

J4' 

.t \ 
5.4. H-Leu-Ala-Ala-Leu-Lys (H)-Gly-Leu- 
Ala-Ala-Leu-Lys (H)-Gly-OEt triacetate 

K = 0.27; I-butanol : ethanol : 
0,05P, acetic acid (4:1:5) 

4 / \ +  

'I -! 
i i 

,4 
.-,A* b.\. . 

I 
5.5. H-Leu-Ala-Ala-Leu-Lys (H)-Gly-Leu-Lys 
(H)-Ala-Leu-Lys (H)-Gly-OEt tetraacetate 

K = 0.39; I-butanol : ethanol : 
0.05% acetic acid (8:3:10) 

B i 
9 \;-. - */.4 .*-.-.,--.-.-.- 

5.6.  H-Leu-Lys (H)-Ala-Leu-Lys (H)-Gly-Leu- 
Lys (H)-Ala-Leu-Lys (H)-Gly-OEt pentaacetate 

K = 0.33; 1-butanol : ethanol : 
0,0576 acetic acid (8:3: 10) 

-.-. - . . .A*-* 
I I I I I I I I I I 

-\.- - 

I j  I ; \  i+ 
.i 

20 40 m 80 tubenumber 
Fig. 2. Countevcuvrent distribzition of dodecapeptide esters 
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Distributions of 100 transfers w r e  carried out with dodecapeptitle aliquots of 150-250 ~ n g .  (For 
details see “Experimental part”.) They are shown in per cent of the residual weight in the peak 
tube. Only the residual weight in the lower phase was determined throughout. The rcsitlue in the 
upper phase was controlled additionally from tube 70-100. WTherc thc: calculated curve does not 
coincide with the experimental curve of the main component, its outlinc is shown by dotted lines. 
After recovery o€ the main component the relative ratios o[ thc  amino acids based on a value 
of 2,OO for glycine were estimated. Optical rotations and electrophoretic xobilities were also 
determined. 

Pept ide5 .7 . :  Amino acid analysis: G1y:iZla:Leu:Lys L . 0 : 5 . 0 : 3 . 9 : 1 . 0 ;  [a]: =-73.4“ (L; = 7 ,  
H,O) ; PE: single zone a t  2.0 cm (cathodic) after 4 h. 

Pept ide5 .2 . :  Amino acid analysis: Glv:.Ala:I~cu:I~ys,  2.0:3.9:4.0:2.1; = -73.5” (c = I ,  
H,O); PE: single zone a t  2.9 cm (cathodic) after 4 h .  

Pefitzde5.3.:  Amino acid analysis: Gly:Ala:Leu:Lys,  2.0:3.9:4.0:1.9;  [c(]g - -79 .3’  (c =- 1, 
H,O) ; PE: single zone at 2.4 cm (cathodic) after 4 h.  

Pep t ide5 .4 . ;  Amino acid analysis: GIy:Ala:Leu:Lys,  2.0:4.0:4.1:2.2;  [c(]g5 =-74.1-  (c = 1, 
13,O); PE: single zone a t  2.5  cm (cathodic) after 4 h .  

Pepl ide5 .5 . :  Aminoacid analysis: Gly:Als:Leu:Lys,  2.U:3.0.3.9:2.9; [ C L ] ~  --72.3” (c 1, 
H,O) ; PE: single zone at 2.9 cm (cathodic) after 4 h.  

Pept ide5 .6 . :  Amino acid analysis: Gly:Ala:Leu:Lys,  2 . ~ , 2 , I : 4 . 1 : 4 . U ;  [x jg =-62,6” (c = 1, 
H,O); PE: single zone at 3.0 cm (cathodic) after 4 h ;  P C :  €<I 0.38, znnc with tailing (ninhj-chin), 
solvent F. 

PIT-hydroxysuccinimide was reasonably satisfactory. Other condensations have tliere- 
fore not yet been studied in detail. 

A general outline of the syntheses and haptenic conjugates obtainable is depicted 
in Fig. 1. A portion of each of the four protected hexapeptides I-IV, prepared by the 
two-phase method, is deprotected a t  the h’-terminal end and a second portion of each 
protected peptide is freed from tlie C-terminal ester protection by hydrolysis. Pairs 
of the partially deprotected hexapeptides are condensed with dicyclohexyl-carbo- 
diimide/hydroxysuccinimide [9] to give a series of protected dodecapeptides. Sub- 
sequent deprotection of all amino functions affords dodecapeptide carriers suitable 
for attachment of various haptenic groups. A total of sixteen carriers differing in the 
number and distribution of their haptenic attachment points may be prepared. The 
possible conjugates based on a Leu1Lys2Lys5LyssI,ys11-pentaamino carrier, a Leu1- 
monoamino carrier, four tetraamino carriers, six triamino carriers and four diamino 
carriers arc schematically represented in Fig. 1. Very simple means for additional 
variation of liaptenic arrangement will be the use of permanent (non-haptenic) pro- 
tection on the N-termini of the dodecapeptides and further to employ the C-terminal 
carboxyl as an additional site for haptenic conjugation. In this way a variety of 
highly defined haptenic conjugates become available in a relatively efficient manner. 

We have prepared six protected carriers namely the Leu1Lys5-diamino, tlie Leu1- 
Lvs2Lys5-triamino, the Leu1Lys5Lyss-triamino, the LeulLysjLysll-triamino, the Leu1- 
Lys5LyssI,ys1l-tetraamino and tlie Leu1Lys2Lys5Lys~Lys11-pentaamino carrier. Thesc 
peptides could be synthesized with reasonable overall yield and analytically pure 
compounds were obtained by simply using liquid extraction, in some instances with 
one or two reprecipitations. Liberation of the amino functions was achieved with 
HRr in glacial acetic acid (101, affording free dodecapeptide esters which required 
little additional purification as shown by their cliaracterization by paper chromato- 
graphy, electrophoresis and by Craig countercurrent distribution. I t  is to be noted 
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that  the countercurrent distributions presented in Fig. 2 exhibit one major peak with 
a distribution in close agreement with the calculated one. The products occasionallv 
separated from tlie main component were mostly ninhydrin-negative and would thus 
not be revealed by the usual paper chromatographic and electrophoretic techniques. 

The carriers are now fitted with penicilloyl and other antigenic determinants and 
used in immunological studies to be reported elsewhere. I t  should be noted that other 
systematically modified antigens can be economically realized by starting from our 
stock of hexa- or dodeca-peptides. The attachment of two or more different hap- 
tenic groups onto the same carrier, and further tlie enlargement of the dodecapeptides 
to defined multiples, seems very promising. 

Experimental Part 
General remarks. - A  bbveuiutions; Pr : protecting group, unspecified ; Z : t~-nz?-Ioxycarbonpl- ; 

h c :  f-bLityloxycarl)on!l-; --OSu : N-succininiidoxy-; HOSu : N-hydroxysuccinimidc; DCCI : 
tlicyclohexyl-carbocliiniide; TF.1: trifluoroacctic acid ; DMF: diniethylformainide ; TLC : thin- 
layer clirornatography; PC:  paper chromatography; PE : paper clectrophoresis. 

Materials: Aniinoacid derivatives and coupling reagcnts \\ere ohtaincd from Flctku. ..<G,, 
13uchs, Switzerland. l-Etliyl-3-(3-dimcthyla1nino-prop~l)-carbocliiniide hydrochloridc (n1.p. 112,5 
to  114.S") was from the Ott Chemicd Conzpuny RIuslccgon, &rich. 

.lTethoL< : .-lftc:r the coupling step the peptitlc solutions wcrc extracted 3 times \\it11 about 
equal volunics of each of the following: 1~ acetic acid, H20, 0 . 5 ~  K,CO, and again H,O. For 
batchcs of about  5 rnmolcs a n  cxtractant volume of 30 ml per extraction mas satisfactory. The 
reaction solutions containing DMF were finally extracted 5 t o  6 times with water in order to  
remove most o f  the  I)MF from t h e  organic phase. The first water extracts were rcextractecl with 
small volumes of CH,Cl, in those cases. After the last extraction, the organic layers were tlrictl 
with Na,SO, and evaporated in vacuo. In some of the runs a continuous liquid-liquid extraction 
\\-as used in place of the batchwise procedure. This was achieved by injecting large volumes of 
extractants through a nozzle in the form of small droplets into the  organic phase. This method 
appcars to improve the  quality of the product and is suitable for automatic operation1). 

For ion-exchange, a 2 cm x 20 cm column of purified lIow~x-ZX4, 20-50 mesh, was used for 
portions above one mrnole of deprotected peptide sdlt. Fcplide intermediates to 11e converted 
into the acctate were usually dissolved in ethanol/uater 1: 1 t o  give less than I:/, solutions. These 
solutions, followed by libzral amounts of solvent, were then passed through the  column in thc 
acctate forni. .!I similar procedure was used to  obtain frec dcprotectcd peptides from the column 
in the OH'-form. Whenever required, removal of solvents -was performcd on a rotary evaporator 
in vacuo lie lo^ 35". Intcrmrdiates were dricd in vacuo (0.2 Torr) over P,O, to  constant weight. 
lvost preparations were carricd out more than once anti reference to  additional runs is madr  11). 
iiidicating thcir yields in per cent as well as in absolutc amounts. Melting points were clctcrniiiied 
in capillary tubes and are corrected. Optical rotations \yere measured in a. Prrkin-Elmer polari- 
inctcr 141. 

T I L  mas performed with 100 pug samples on silica gel plates containing a fluorescence indi- 
cator (A!4wck IiZjg). PC was carried o u t  on Schleichev 6: Srhztell Nr. 2043 B mgl paper. Usually th r  
circular tcchnique (radius of paper: 8.5 cm) and a sample size of 25 j i g  was emplo~-ed. The following 
chromatographic solvent systems wcrc used : 

solvcnt A :  CHC'l,/methanol 95: 5 
solvent B: 1-huta.nol/acctic ac id /H20 8 : 1 : 1 
solvent C :  Cl€Cl,/methanol 97.5: 2.5 
solvent 11: 1-butanol/acetic acid/H,O 4 :  1 : 5 

l - l r~~i ta i iol /e thai io1/0.~5~~ acetic acid 4 . 1  : 5 
1~butanol/cthano1/0.05O,i, acetic acid 8 : 3 :  10. 

~~ __ 
') C. lf. Schwidw & W .  Wzrz.  to  be publishcd. 
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I'E was carried out on a Spznco paper electrophoresis cell, model R, at approximately 10 V/cm 
lor 240 niin in 0.05 H phosphate buffer pH 7.4. Substance spots on TCL plates and on paper were 
detccted with ninhydrin, by  exposure to iodine vapour (I,) or by examination in ultraviolet light 
at 254 nm (UV.). 

For estimation of the relative amino acid ratios, the peptidcs were hydrolysed in 6~ HCl 
in a nitrogen atmosphcre or in vacuo (0.05 Torr) a t  110" for 24 h and analyscd on a Spiizco amino 
acid analyser, modcl 120 or on a Beckman Unichrom analyscr. 

For countercurrcnt distribution lyophilized samples of deprotcctcd dodecapeptide esters wcrc 
dissolved in 20 to 30 ml lower phase and introduced into the first tubcs of a 100 tube Craig appa- 
ratus which contains 1.0 ml of lower phase in each tube and transfcrs the samc volume of upper 
phase. Distributions were carricd out very slowly (mostly only 1 to  2 transfcrs per hour) below 
10". This sccined necessary becausc heavy emulsions with long separation times formed in several 
tubes. LXstributions (Fig. 2) were obtained from analysis of residual weights [Ill. Thc phases 
containing the main portion of the pcptides (bctween arrows in Fig. 2) were removed and the 
upper phase was extracted with 3 equal volumes of 0.05% acetic acid. The lower phase, combined 
with the extracts, was concentrated to  a small volume below 25., diluted with water and lyo- 
philized. Heforc analytical data were measured, thc lyophilizate was further dried a t  100" (2 h )  
and at 40" (24 h) at 0,2 Torr ovci- P,O,. 

1.  Hexapeptide I ,  Boc-L-leucyl-NF-Z-L-lysyl- L-alanyl- L-leucyl- NE-Z-L-lysyl- glycine 
ethyl ester and deprotected derivatives. 

1.1. Boc-Lys(2)-Gly-OEt:  Ethyl glycinate hydrochloride (3.5 g, 25 mmoles) was suspendcd in 
40 nil CII,CI, at 0". Aftcr Et,N (3.50 ml, 25 mmolcs) a solution of 11,9 g (25 mmoles) hra-Boc-N"- 
Z-Lys-OSu in 110 nil CH,C1, was added at 0" and thc resulting, initially turbid solution was stirred 
a t  room temperaturc for 5 h. Obtained: 10.5 g (90%) of glassy- residue (othcr yields: 4.3 g, 9376; 
4.35 g, 93.50/; 4.05 g, 87%). TLC: Rf 0.87 (GV., I.J, solvcnt A. 

1.2s. H-Lys(Z)-Gly-OEtacetate: The dipeptidc of 1.1. (10.5 g, 22.6 mmolcs) was kept in 15 ml 
TFA at room temperature for 40 min. The TFA was removed and the residue converted into the 
acetatc. Lyophilization of the eluatc from the ion-exchange coluinn gave an oily residue which was 
dissolved in 300 nil H,O and freed from a slight turbidity by  filtration. Lyophilization of thc 
filtrate afforded 9.4 g (980,6) (other yiclds: 4.0 g, 1000/;  4.0 g, 100%). TLC,: Kf 0.56 (ninhydrin), 
solvcnt B. 

1.2b. H-Lys(Z)-Gly-OEt hydrochloride: Thc dipeptide of 1.1. (4.3 g, 9.2 mnioles) was dissolved 
in 40 ml warm cthyl acetate and sloivly mixed a t  0' with 40 ml 5~ HC1 in cthyl acetate. After 
Z1/, h a t  4" the reaction solution had solidified. Thc white crystals were filtered and washed on the 
filter with GO ml of cold cthyl acetate. Obtained: 3.1 g (83;/,). TLC: Rf 0.67 (ninhydrin), methanol. 
Thc mother liquor coritaincd 0.3 g of cliromatographically inhomogeneous material. 

1.3. Boc-Leu-l-y~(Z)-GZy-OEt: To the dipcptide of 1.2a. (1.50 g, 3.53 mmoles), dissolved in 
30 ml DhIF 1.15 g (3.50 mmoles), Doc-Leu-OSu in 10 ml CH,CI, and thereafter 0.495 nil Et,N 
wcrc addcd and thc slightly turbid solution was stirred at room tcmperature for 4 h. Extractions 
of the rcaction solution were carried out after addition of 120 nil CH,Cl,. Obtained: 1.86 g (91%) 
yellowish crystals (other yields: 3.4 g, 96%; 4.3 g, 8 6 % ;  5.0 g, 920/,, reaction in CH,CI,-DMF 
( 1 : Z ) ) .  TLC: Rf 0.77 (L-V., I,), solvcnt A. 

1.4s.  H-Lezz-Lys(Z)-GZ~,-OEt acetate: The tripeptidc of 1.3. (5.0 g, 8.65 mmolcs) was dissolved 
in 5 nil TFh at room temperature. After 20 min TFX was cvaporated and the residue was con- 
vcrtcd into the acctate. The cluate from thc ion-exchange column was taken to  dryness, thc 
rcsidue was dissolved in 60 nil H,O, filtered, and the filtrate was lyophilized: 4.3 g (92:/,) yellowish 
powdcr (other yields: 3.3 g, 83%). TLC: Rf 0.55 (UV., Is), solvcnt B. 

1.4b. H-Lezc-Lys(Z)-Gly-OEt hydrochloride: To the tripeptidc of 1 .3 .  (0.55 g) in 3 ml ethyl 
acctate, 5 ml 5x HC1 in ethyl acetate was slowly added at 0". After 4 h a t  4" the solution was 
taken t o  dryness. Obtained: 460 mg (94%). TLC: Rf 0.65, traccs a t  Rf 0.17, 0.42 (ninhydrin), 
solvent B. 

1.5. ~oc-Ala-Lezt-Lys(Z)-(~Zy-OEt: The tripeptide of 1.4a. (2.1 g, 3.9 mmolcs) and 0.56 ml 
Et,N were added to 20 ml CH,C1,. To the solution Roc-Ala-OSu (1.15 g, 4.0 mmolcs) in 25 ml 
CH,Cl, was added a t  0" with stirring, which was continued for 5 h.  Obtained: 2.45 g (970/6) of 
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ifliite residue (other yields: 4.9 g, 947;; 3.6.5 g. 02'$&). T 
(['V., I,), solvent. A. 
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Kf 0.85, traces a t  Rf 0.94 and 0.60 

eu-lys(%)-Gly-OEt ocetnte: The tcAtrapeptide o f  1.5. (4.47 g, 6.88 mmoles) vas  
i at room temperature for 30 niiii. T F 4  mas remoucd and the residue was con- 

vcrtcd into the acetatc. -4fter eiaporation of the eluatc from the ion-exchange column the rcsiduc 
was talicn up  in 80 nil I€,O and lyophylizcd. Obtaincd: 4.0 g (9.5yoj of white powder (other yields: 
1.9 g, 8 2 % ;  3.20 g, 91%).  TLC: Iif 0.74 (ninhydrin), solvent Li. 

1.7. H o c - L ~ s ( % ) - A Z o - L e u - l ~ ~ , s ( % ) - C Z ~ ~ - O E t ,  To 3.20 g (5.25 mmoles) tetrapeptide of 1.6. in 50 in1 
CH,CI,, Et,N (0.75 1~11) and 2.50 g (5.25 mnioles) Pu'a-Hoc-l\'f-Z-I~ys-OSu in 10 mi CH,CI, were 
added a t  0". \\'ithin 5 niin a gelatinous mass appexed  which could be dissolved b y  adding 15 mi 
L)MF. The clear solution was stirred at room temperature for 5 h and diluted with 100 ml CHBCl, 
bclore extraction. Obtaincd: 4.6 g (95%). TLC: Rf 0.83 (UT'., I,), solvent A. 

A Z u - l ; e u - L ~ ~ s ( Z j - G Z ~ ~ - O ~ ~  acetate: 'l'hc pentapeptide of 1.7. (4.5 g, 4.93 mnioles) 
was added t o  7.5 nil TFA. hftcr 40 nini a t  room tcmpei-ature the TFA was evaporated and the 
residue was converted into the acetatc. The material from thc ion-exchange column was obtained 
as a slightly water-soluble residue after removal of the eluting solvent. It was suspended in 50 ml 
H,O and lyophylizcd: 3.0 g (91':b). T L C :  I l l  0.53 (I;\-., I,, ninhydrin), solvent €3. 

1.9. ~oc-Lrzi- l ;ys(Z)-~~4Zn-lez~-l .ys(%j-Gly-OEt:  Thc pentapeptide of 1.8. (3.9 g, 4.5 nimoles) 
was suspended in 30 nil CH,C:l, antl dissolved by  acltling 60 nil UhW. Et,X (0.65 nil) and 1.5 g 
(4.57 mnioles) Uoc-Txu-OSu in 60 ml L)MF were added m d  the clear solution was stirred for 
51/2 h at room temperature. Before extraction 300 nil CH,CI, were addcd. After the first extraction 
with 0,5 N K,C,O, separation o f  crystals started. 'The solution mas thereforc concentrated in vacuo 
t o  one third of its original voluiiic and the crystals were filtered off: 4.30 g (94%). TLC:  Kf 0.84 
(UV. ,  I,), no spots with ninhydrin, solwrit A. h samplc v a i  recrystallized with little loss troni 
etlianol-H,O: m.p. 218-221'; [crj:$ = -24.7" (c ~ 1, r)m;j, 
C,,H,,N,C),, (1025.3) Calc. C 60.02 H 7.87 N 10.030,; Found C 60.83 H 7.96 N 11.040/, 

1.10. Roc-Lezi-Lys(Z)-AZa-Lezi~Lys(~!)-(;Z~~-OH: The hexapeptide of 1.9. (1.35 g, 1.32 mmoles) 
was dissolred in .30 ml warm UMF and mixed with 20 nil dioxane, 50 1111 ethanol and 50 ml 0,5x 
NaOH. The clear solution was kept for '10 rnin a t  40", concentrated to  about one fourth of its 
original volunie nntil the mixture solidified. Ice-cold 1 N citric acid (100 mi) was added and t h e  
white precipitate was collccted b y  filtration. It was reprecipitated from DMF-H,O : 1.20 g (927h)  
111.p. 177-180'. TLC: Kf 0.44 [UJ'., 12), no spots with ninhydrin, solvent R. X small sample was 
reprecipitated with littlc loss fr-om J>MF-H,O : n1.p. 180-183 . 

(:60H76X8013~H20 Calc. c' .59.10 H 7.74 K 11.04% 
(1 01 5.2) l'ountl ) )  59.04 ,, 7.81 ,, l0.99qG 

1.11. II~I.PzL-Lys(Z)-Alo~~~ez1~I.,ys(%)-G1?.-OEI: T i c  licxapeptide of 1.9. (1.8 g. 1.75 mmolcs) 
\vas dissol\.ecl in .i in1 TI;:\. !\ftcr 30 min TFA was rciiiovcc vacuo and the residuc was dissolved 
in 40 in1 IIXF and 120 nil ethanol. The solution was pas through a Domex-2 column in the  
OH'-lorm and cluted with L)MF/ethanol 1 : 5, The eluate . concentrated l o  70 ml and  used in 
iurtlicr synthctic work. A small portion was t a k v n  t o  dryness. 1'1 Kf 0.63 (t'\-., I,, ninhydrin), 
tracc a t  Ilf 0.20 (ninhydrin), solvent H. 

1.12. Ro[--Lys(Z)-A liL-l~czI-L?.s(%)-GZ~~-O~t by cuvbodiimzirlr ~ o ~ p l i n g  [XI. - H-Alo-Leu-Tdys(Zj- 
G ~ J J - O E ~  iz~'ilvochloi,itle: I~oc~.4la-Leu-Lys~%)-Glp-OEt (13.1 g, 20.2 inmoles) , prepared by the  
carbotliiinitlc method using l-ethyl-3-(3-tlini~lliylaniino-prop~~j-car~~odiimide was dissolved in 
100 nil ethyl acetate antl 120 nil CH,CI, and sloivly miuetl with 250 nil 3 .23  HCI in ethyl acetate. 
Tlic solution \\-as stirred at 4" for 2l/, h .  The solvent was evaporated and the residue was dissolved 
in 220 in1 H,O. Thc solution was extracted with two portions of 30 in1 C:H,CI, each, concentrated 
to  100 ml and lyophilizctl: 11.8 g (l000,'Oj o f  ivhite powdcr. T L C :  Rf 0.76 (ninhydrin), solvent R. 

Roc-l,ys(Z)-.4 Zo-Lezi-Lys(%)-GIy-OEt, To a suspension of the above deprotectcd tctrapeptitle 
(11.8 g, 20.2 mmolesj in 100 nil CH,CI,, 2.1 g Bt,N in 20 nil CII,Cl, was added with stirring arid 
after 10 min 17.0 g (30.3 nimoles) Sa-Hoc-ru'E-Z-Lys-C)I-I tlicyclohex?laniine salt in 100 ml CH2CI, 
and 6,O g (31.3 mmolcs) l-~thyl-3-(3-dirnethylamino-pro~~yl)-carbodii1nide hydrochloride in 100 nil 
CH,C1, ~bcre  addid. Thc solution was stirred at room temperature lor 18 1-1. Obtaincd after extrac- 
tions: 20 g of vcllow, viscous solid. It was rcprccil>itatcd from ncetone/CH2Cl, 1 : 1. T L C :  Rf 0.81 
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:mcl 0.69 (UV. ,  I?), solvent A. Reprecipitation froni cthanol gavc 8.3 g (45%) product (other yields: 
0.70 g,  76%). TLC: Rf 0.82 (UT'., I,), solvent ,A. h small sarnplc ~ v a s  reprecipitated with little loss 
from cthanol/cther: m.p. 184-188 

C3GHG9N7012 (912.11) Calc. C 60 H 7.63 N 10.750,L Found C 60.21 H 7.4.5 N 10.45% 

2. Hexapeptide 11, Boc- L- leucyl-L-alanyl- L- alanyl- r.-leucyl- N E - Z -  1.-lysyl-glycine 
ethyl ester and deprotected derivatives. 

2.1. Roc-AZa-Ala-Leu-Lys(Z)-GZy-OEt, To 4.0 g (6.57 mmoles) of tctrnpcptidc 1.6. in 50 ml 
CH,C1, 0.95 in1 Et,N and 1.88 g (6.57 mmolcs) Boc-illa-C)Su in 40 ml CH,CI, were added and the  
solution was stirred for 5 h a t  room tempra ture .  Obtained: 4.63 g (98%) of colourlcss glass (other 
y ~ c l d s :  1.53 g, 91",.;; 2.15 g, 950;"). T L C :  Rf 0.26, trace a t  the origin (UV,,  I,), no spots \\.it11 
ninliycli-in, solvent C. 

2.2. li-rZlu-Ala-Leu-Ly~(Z)~GZy-OEt acetule: The pentapcptide of 2.1. (1.53 g,  2.13 mmolcs) 
was kept in 5 ml TPA for 20 niin. TFA was evaporated and the residue was converted into the 
acetalc. The eluate of the ion-exchange column xvas taken to  d r p e s s ,  the residue was dissolved 
in 100 nil H,O and the  solution was lyophilizctl after removal of some turbidity by filtration: 
1.31 g (91%) of white powder (other yields: 3.95 g, 90"/0). T l L  Tif 0.65, trace at 0.44 (ninliydriti), 
solvent A. 

2.3. Boc-~~u-AZa-AZa-Leu-Lys(Z)-GZy-OEt: The pcntapeptide of 2.2. (3.05 g, 5.81 mmolcs) was 
dissolved in 150 ml DMF and mixed with 0.85 ml Et,N and 1.90 g (5.80 mmolcs) Boc-Leu-OSu 
in 40 ml CH,C12. The clear solution was stirrcd for 16 h at room temperature. Before extractiou 
200 nil CH,CI, were added. Obtaiued: 4.70 g (97;;) of glassy residue (other yields: 1.43 g, 897;). 
TLC:  R I  0.46 (UV., T,), solvent A. The residue was washed with hot acetone and precipitated with 
little loss from ethanol-ether: m.p.  213-21 5' ; [ct;:: = - 26.8" (c = 1, DNF). 
C411€67N7011 (S34.03) Calc. C 59.04 11 8.10 N 11.760,/, Found C 58.69 H 8.19 N 11.532: 

2.4. l~oc-Leu-AZa-AZa-Lez~-Lys(Z)-GZy-OH: The hexapeptide of 2.3. (1.62 g, 1.95 mmolcs) 
was dissolved in 100 nil dioxane a t  50". After 50 in1 cthanol, 35 nil 0 . 5 ~  NaOH was added and thc  
solution was kept at 37" for 90 inin. After concentration to  25 nil, 8 in1 H,O and subsequently 
100 nil 1 li citric acid were added. After 30 niin the white precipitate was filtered off in the  cold: 
1.16 g (7476) (other yields: 2.0 g, 71%; 0.55 g, 68%). TTL: Kf 0.68 (Ui ' . ,  I,), solvent B. :Z small 
sample was reprecipitated with little loss from ethanol/ethyl acetate 1 : 6  with hcxane: m.p. 
170-173" (dec.); [ m ] g  = -22.7' (c = 1, 1)MF). 
C,,H,,N,O,, (805.97) Calc. C 58.12 H 7.88 N 12.1776 1;ound C 58.00 H 7.75 N 12.210/6 

2.5. H-LE~~-:~ZU-~~IZU-L~Z~-L~.~(Z)-GZ~-OE~: The hcsapeptide of 2.3. (210 rng, 0.252 mmole) was 
licpt in 1 1~11 TFA at room temperature for 20 min. Tlic solution was then taken t o  dryness and 
the rrsiduc \\-as tlissoivcd in 100 in1 ethanol and passed through a small column of I3owex-2 in thc 
C)H'-forrn. Thc eluate afforded after evaporation: 170 nig (920,L) of \vliitc residue. T I L  : KI  0.69, 
trace at  the origin (UV., l,), solvent B. 

.]I"," = - 27.6' (c = 2, propanol). 

3. Hexapeptide 111, Pr- L-leucyl- N'- 2- L-lysyl- L-alanyl- L-leucyl- L-alanyl-glycine 

s (Z) -A la-Leu-AZu-Gly-OEt; Starting Ii-om ethyl glycinatc hydrochloride thc 
stcpwisc in C€I,Cl, by the two-phase method similar to the syntheses of 
11. In four cycles of coupling, extraction and N-terminal dcprotcction the 

following amino acid deriv;lwtives mere successively added : Boc-Ala-C)Su, Boc-Lcu-OSII, Boc-Xla- 
OSu and Sa-Boc-N"-Z-Lys-OSu. The intermediate yields in sci.cual batches of 5-10 mmoles were 
for the dipeptsde 96, 94, 89% (protected), 90,94, 85y0 (deprotcctcd), for the tripeptide 93, 92, 9200 
(protected), 92, 93, 790,; (deprotected), for the tetrapeptide 90, 93, (protected), 98, 98, 957; 
(deprotcctcd), and for the pentapcptide 85, 84, 98% (protected), 96, 93, 97% (deprotectcd). 

-411 intermediate rcsidues were tested by TLC;  none required additional purification. Finally, 
the dcprotectetl H-T,ys(Z)-Bla-~.eu-Ala-Gly-OUt acetate (2.11 g, 3.10 mmoles) in 55 ml DMF was 
mixed with 0.44 nil Et,N and 1.02 g (3.10 mmoles) Boc-Leu-OSu in 27 ml CH,CI, and left a t  rooni 
tcmperature for 16 h. Eefore extraction 0.25 1 CII,Cl, was added. Obtained: 2.10 g (81%) (other 
yields: 1.3 g,  929;; 1.2 g, 840;6). T1.C: Rf 0.77 (UV., I,), solvent A .  The material was reprecipitated 
with little loss from ethanol-ether and from cthanol-H,O: 1n.p. 214-217". .Z small sample was 

ethyl ester and deprotected derivatives. 
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\vashctl with hot acetone and reprecipitated from ethanol-Il,O: 1n.p. 217--218"; [wjg : - 25,6' 

C4111G7N7011 (834.03) Calc. C 59.04 €-I 8.10 N 11.76:& Found C 58.69 H 7.91 N 11.7904 

3.2. Z-Leu-Lys (2) -Ala-Lezi-Aln-GZy-O~f:  To 500 ing (0.73 nimolc) H-I,ys(Z)-;\la-Leu-Xla-(;ly- 
OEt in 30 in1 ClI,CI, and 20 nil DMF was acldetl 0 , l l  in1 Et,N and 266 rng (0,735 mniole) 2-Leu- 
OSu iii 15 in1 C'llzClz. The clear solution was stirred for 4'1, h at i-oonl temperature. The residue 
obtained after vxtractions was washed with cold acetone: 506 ing (SOYo). TLC: Rf 0.62 (UV., 12), 
solrcnt A .  T h c  material was precipitated xvith little loss froin ethanol/ethcr and from ethanol/l .  2- 
dichlorocthanc 1 :I with ether:  n1.p. 219-221"; [rxl: 7 - 22.5 ( C  = 1, DMF). 
C44HG5iX7011 (868.05) Calc. C 60.88 I1 7.55 N 11.29% 1;ound C 60.68 15 7.65 N 11.02q.b 

3.3. Z~Leu-L?is(%)-Ala-Leu-Ala-GZ~~-OH: To 300 nig (0.346 inmole) hexapeptide of 3.2., 
dissolved in 25 nil warin dioxaiic, 2 in1 1 N IiC1 was atitleti and t h e  solution was kept at 90" for 
90 min. It w-as coiice~itratcd to  about 8 ml and mixed with 40 in1 H,O. After 1 h thc whitc pre- 
cipitate was collected in the cold: 270 ing (930,.6). T I  1 U  0.63 (Ul'., J,), no spots with ninhydrin, 
solvent 13. The material was reprecipitated with lit loss from ethanol-cthcr : m.p. 237-239'. 
C42HG1N7011 (840.00) Calc. C 60.06 H 7.32 N 11.617%~ I;ountl C 59.85 H 7.40 N 11.490/;, 

3.4. Roc-Leu-~y~((Z)-AZa-Lczt-AZu-Gly-OH: Tlie hexapeptide of 3.1. (.iOO mg, 0.6 mmol) was 
dissolvcd in 40 nil marm dioxane. Ethanol (10 nil) and 10 nil 0 . 5 ~  EaOH were added and the 
solution xvas kept at 40' for 90 rnin. -4fter concentration to  about 8 ml the turbid solution was 
cleared by adding 10 ml I5,O. Mixing Xvith 30 in1 1 N citric acid afforded a precipitate which was 
collected after 30 min. The  precipitate was dissolvcd in 1~ NaOH and rcprccipitatcd with citric 
acid. F'rccipitat.ion from ethanol-Hi,O yielded 341 ing (70%) (othcr yields: 0.55 g, 56%). X1.p. 
179-181 ' (dcc.). A reprecipitation from ethanol tlirl not significantly raise the  m.p. (I  80-182', 
dcc.). T L C :  Rf 0.82 (IJV., 12), no spots with ninhyclrin, solvent B; hjg = - 24.4" (c = 1, DMF). 
C39HG3N7011 (80.5.97) Calc. C 58.12 H 7.88 N 12.170/, Found C 58.04 H 7.90 N 12.010/b 

3.5. H-Lezi-Lj~~(~)-Ala-Lez~-;lZu-Gly-OEt: The hexapeptide of 3.1. (1.0 g, 1.2  mmoles) tvas 
kept in 5 ml TFA for 30 inin. lUter renioval of most of the T1;A t h e  residue \vas dissolved in 100 nil 
ethanol and passed through a l)owex-2 column in the Ol€'-fo~-ni. Tlie eluate was taken to dryness: 
870 rng (9So/,). TLC: Kf 0.65, tracc at 0.28 and at the  origin (ninliydrin), solvent B. 

X second batch of hexapeptidc (1.32 g) was cleprotected as above. The residue after TFA 
evaporation was dissolved in 200 ml cthanol/M,C) 1 : 1 and passed through the ion-exchange 
column. The eluate was concentrated in V ~ C I I O  to  40 nil, miscd with 0.5 in1 Et,N and extracted 
with CH,CI,. The extracts were twice washed with watei-, dried with Na,SO, and yielded after 
evaporation of tho solvent 778 ing (677") of white powder. TLC:  Rf 0.63 (ninhy-drin), solvent B. 

4. Hexapeptide IV, Pr-L-leucyl-L-alanyl-I-- alanyl- L-leucyl-L- alanyl- glycine ethyl 
ester and deprotected derivatives. 

4.1. %-Leu-A la-Alu-Leu-A la-Gly-OEt: Starting from 15 niniolcs ctti)-l glycinate hydrochloride 
the syntlicsis procecded in CH,Cl, b y  tlie tw-phase method. In  four cycles of coupling, extraction 
and cleprotcctioii, Roc-.\la-OSu, Boc-Leu-0%. Lioc- .Ala-OSu anti again Boc-Ma-0% were 
sncccssively acltletl t o  the  growing peptide chain, racli Ciine in equimolar amounts. Yields were 
above 907,: only the coupling of lb-.4la-C)Su to the dcprotcctcd tripeptide gave 830,; and on 
repetition 8876,. 1 ntcrnicdiate control b y  7'T.(: was satisfactorj- in all cases. l?inally, Z-I.cu-C)Sn 
mas coupled to  the  dcprotcctcd pentapcptidc in CIX,CI,/DnIF 4 :  1, affording thc  desired hcxapcp- 
tide in 8501; yield. The residue obtained after the usual extractions and after cvaporation of the  
solvent was precipitated with little loss from a mixture of cthanol/I)hlF 9 :  1 by addition of € 1 2 0 .  
nLp. 254-256". T L C :  Kf 0.45 (EL'., I,), solvent X;  XI^ ~~ - 25.7" (C = 1, DJIF). 
C3,kl~LN609 (576.81) Calc. C 58.56 H 7.74 N 12.42"" Found C 58.70 H 7.83 N 12.280,; 

4.2. kl-Leti-A la-Ala-Le~-Ala-GZy-OEt~ To 4.0 g (8.20 mn1olc.s) of the pentapeptide H-hla-Xla- 
la-Gly-OJ<t acetate, obtaincd according to 4.1., in 120 in1 CH,C:l, and 30 nil I)Xll<., 1.15 nil 
and 2.69 g (,8.20 mmolcs) Boc-Leu-OSu in 30 i d  CH,CI, were added and the solution was 

kept at room tcinpei-ature for 4 h. 5.0 g (9.iq0) resulted o f  a residue of Roc-T.cii-~~la-.~la-L,eu-Ala- 
C;ly-Ol<t. TLC Rf 0..50 ( I T  12), no spots \\.it11 ninhytlrin, solvent .\. 

(c : 1, JIMP). 
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An aliquot (2.0 g, 3.12 ninioles) of the protected hexapeptide was kept in 5 nil TI;A for 30 
min. After removal of most of the T F A  the crystalline residue was dissolved in 300 nil 95% 
ethanol and passed through Dowex-2 in the OH’-form. Evaporation of the eluate left: 1.65 g 
(97o/b) of white crystalline residue (other yield: 1.2 g, 88%). TLC: Rf 0.39 (ninhydrin), solvent B. 

4.3. %-Leu-ALu-AZa-Leu-Ala-Gl~~-OH~ To 2.0 g (2.96 mmoles) hexapeptidc of 4.1. in 40 ml 
I)MP and 120 ml dioxane 15 ml I N  HCI was added. A clear solution was obtained above 60”. 
The solution was kept a t  90” for 120 min, concentrated to about 5 nil and mixed with 100 ml 
H,O. After 30 min a t  0” the white precipitate was collected: 1.78 g (93%). TLC: Kf 0.62 (UV., 12), 
no spots with ninhydrin, solvent €3. 

5. Dodecapeptides. - Condensation I J ~  hrxopeptides: To a 1.5 mmol-portion of hcxapeptide 
tlcprotected a t  the C-terminus in about 40 nil DMF a 5-1074 molar excess of hexapeptide de- 
protected at  the N-terminus in 45 nil D M F  mas added. ‘2fter addition of 1.84 minoles of N-hydroxy- 
succinimide the solution was cooled to - 15’ and mixed with 1.67 mmoles of  DCCl [9j. The turbid 
solution was stirred at  - 15” for 24 h, diluted with 45 ml DMF and the now clear solution was 
stirred for another 24 h a t  room temperature. Cooling to - 15” separated the N,N’-dicyclohexyl- 
urea which was filtered off after 2 h. The filtrate was concentrated to 30 nil and mixed with 
270 nil H,O and 5 ml 1 N acetic acid. The precipitate was collected on a filter after about 20 niin 
a t  0” and dried over 1’205 in vacuo. I t  was twice extracted with hot ethanol (120 nil altogether) 
and dissolved in 55 ml hot DMF. The hot solution was filtered and the filtrate was precipitated 
with 450 ml H,O a t  about 40”. After cooling the mixture to 0” the precipitate was collected ant1 
dried (yield usually between 50 and 70%) and a sample was extensively dried a t  100” for analysis. 

,Y-deprotection: To a 1 mmol-portion of protected dodecapeptide 3 ml glacial acetic acid were 
added, followed by 15 nil hydrobromic acid in glacial acetic acid (33%) at  4” until after about 
30 min a clear solution was obtained. The solution was mixed with 120 in1 ether and the resulting 
precipitate was centrifuged a t  0 ’  and thrice washed with ether on the centrifuge. After drying, 
the solid was dissolved in 55 ml H,O and passed through a small column of L)owex-Z in the acctatc 
form. The eluate was lyophilized to give the acetates of the dodecapeptide esters in yields above 

.5.1. Hoc-Leu-Ala-Ala-Leu-Lys(Z)-Gly-Leu-~4la-Ala-Leu-Ala-Gl~~-OEt and deprotected dodeca- 
peptide ester: The protected dodecapeptide was obtained by condensing peptide of 2.4. with 
peptide of 4.2.: 1n.p. 290-293” (dec.) ; 1ct]h5 = - 11.4’ (c = 1, DMF). 

C,,H,,,N,,O,, (1330.6) Calc. C 57.77 H 8.11 N 13.68:” Found C 58.06 H 8.33 N 13.77% 

80?/,. 

Deprotected peptide: PC: Rf 0.75, single zone (ninhydrin), solvent D 

5.2. Boc-I.eu-I,ys(~)-Ala-Leu-.4la-Gly-Leat-Ly.s(Z)-Ala-Letc-A la-Gly-OEt and deprotected dodeca- 
peptide ester; Condensation of peptide of 3.4. with peptide of 3.5. afforded the protected dodeca- 
peptide: ni.p. 274-276” (dcc.); [ct]g - -10.7’  (c = 1, DMI‘). 

(‘i5H120Nl,,0~~ (1521.9) 1:ound C 59.40 H 7.74 N 12.660,b Calc. C 59.10 H 7.94 N 12.887” 

Ueprotected peptide : 1’C : Iif 0.49, single zone (ninhydrin), solvent F. 

5.3. Boc-Lezc-Ala-Ala-Leu-Lys(Z)-Gl~~-Leu-L~~s(Z)-Alu-Lezr-Ala-Gly-OEt and  deprotected dodecu- 
peptide ester; Condensation of peptide of 2.4. with peptide of 3..5. afforded protected dodecapep- 
tide: 1 i i . p .  285-288”; [cc]?? = - 13.8” (c = 1, DMF). 

C,,H,,,N,,O,, (1521.9) Calc. C 59.19 H 7.04 N 12.88% Found C 59.11 H 7.86 N 12.78% 

Ikprotcctcd peptide: PC: Kf 0.43 and 0.35 (trace) (ninhydrin), solvent E 

5.4. Boc-Leu-Ala-Ala-Leu-Lys(Z)-Gly-Leu-Ala-Ala-Leai-Lys(%)-Gly-OEt aud deprotected dodeca- 
peplide ester: Condensation of peptide of 2.4. with peptide of 2.5. afforded a product: inp. 281- 
284”; [a]? = - 10.3” (C = 1, DMF). 

C,,H,,,K,,O1, (1521.9) Calc. C 59.19 H 7.94 N 12.880/, 

Ikprotected peptide: PC: Rf 0.56, zone with tailing (ninhydrin), solvent E. 

Found C 59.05 H 8.05 N 12.90% 
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3.3. Hoc-Leii- A la-A la-Leu-l~y.s(Z) -Gly-Lezi-L?fis(%) -.-I lu-J,eu-I-ys(Z) -Gly-OBL ond deprolecterl 
tlotlecaprplide ester: Chidensation oi peptide of 2.4. with l)cptitlc o f  1 .11 . affortlctl a product: 
lll.p. 277--280” (dec.) ; ja.1:; = - 12.8’ (c -= 1, DMFj. 

CX6H133K15021 (1713.1) Calc. C 60.30 11 7.83 K 12.26‘:“ Pound C 60.50 1 1  7.74 N 12.3704 

Ikprotectecl peptide: PC:  l i f  0.5.5, sharp zone (ninhydrin), solvent F 
5.6. Boc-Le  ~ 6 - r - y ~  (Z)  -,4 la-Leu-Lys ( Z )  -Gly-Leu-Lys ( Z )  -A la-Leu-Lys (Z) -Gly-OEt and deproterted 

dodecapeptide ester: Condensation of peptide of 1.10. with peptide of 1.11. afforded the protected 
tlodccapcptide: m.p. 282-284’ ((lee.); [m]: :: - 15.h” (c = 3 ,  I IMI) .  

C9,H146N16CJ23 (1904.3) Calc. C 61.12 If 7.73 N 11.76(); 1;uund C 61.14 11 7.70 N ll.841;;> 

Ikprotccted peptide: YC: Rf 0.6-0.75, broad zone (ninhydrin), solvent 14.. 
We are indebted to Dr. K .  Vogler ( F .  Hoffnzann-La Roche & Co. ,  AG, Basel) for elementary 

arid amino-acid analyses, to 1)r. K .  Eder (Ecolc dc chimic, GcnBve) for elcmcntary analyses, to 
Mr. P. Schi l t  (1,andwirtschaftlichc Forschungsanstalten, Liebcfcld) for amino-acid analyses arid 
to Mrs. Ch. Schofier for technical assistance. 
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