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Total Synthesis of Bovine Pancreatic Ribonuclease A. Part 5.' Syn- 
thesis of the Protected S-Protein (Positions 21-124) and the Protected 
S-Peptide (Positions 1-20) t 
By Nobutaka Fujii and Haruaki Yajima," Faculty of Pharmaceutical Sciences, Kyoto University, Sakyo-ku, 

Starting from the protected tetraoctacontapeptide corresponding to the sequence Z(0Me) - (41 -1 24) -0Bzl of 
bovine pancreatic RNase, the protected S-protein Z(0Me)-(RNase 21 -1 24)-OBzl was synthesized by six 
successive azide condensations of the peptide fragments Z(0Me)-Asp(0Bzl)-Arg( MBS)-Cys(MBz1)-NHNH-Troc 
(23), Z( OMe) -Arg( MBS)-Asn-Leu-Thr-Lys(Z)-NHNH, (24), Z( 0Me)-Met( 0) -Lys(Z) -Ser-NHNH, (25), 
Z( OMe) -Asn-Gln- Met( 0) - N H N H, (26), Z( OMe) -Asn-Tyr-Cys( M Bzl) - NH NH, (27). and Z( OMe) -Ser-Ser- 
Ser-NHNH, (28). In addition, the S-peptide was synthesized in a protected form, Z-Lys(Z)-Glu(OBut)-Thr- 
Ala-Ala-Ala-Lys(2) -Phe-Glu(0Bzl) -Arg( MBS) -Gln- His-Met(0) -Asp-Ser-Ser-Thr-Ser-Ala-Ala- NHNH,, by 
assembling three sub-units: (A) (14-20), (6) (9-13), and (C) (1-8). 

Kyoto 606, Japan 

SUI+SEC~ULNT to tlic synthesis of the protected tetra- shown in Scheme 1 .  In addition, the protected ic-osa- 
octacontapept ide ester Z(0Me)- (RNase 41--124)-OB~l,~ peptide Iiydrazide Z- (KNase 1 --20)-NHN H,, tei nitd the 
this peptide chain was elongated to the protected tetra- protected S-peytide, was synthesized. We now prescnt 
liectapeptide Z(0Me)-(RNase 21 -124)-OBzl, termed a detailed account o f  these syntheses. 

Posit ion 

21 - 23 (28) Z(OMe)-Ser-Ser -Ser -NHNH~ 

24 - 26 ( 27  Z (OMe) -Am-Tyr - Cys -NHNH2 

27  - 29 ( 2 6  2 (0Me)-Asn-Gln-Met -NHNH2 -1 

MBZl 
I 

P 
? f  

30- 32 ( 2 5 )  Z(OMe)-Met-Lys-Ser-NHNH2 '-1 
MBS Z 

1 I 

OBzl  MBS MBzl  
I I 1  

3 3 -  37 ( 2 4  1 Z(0Me)-Arg-Asn-Leu-Thr-Lys-NHNH2 

38 - L 0 1 ( 2 3 Z ( OMe) -Asp-Arg -Cys -NHNH-Troc 

0 Protec ted  amino-acids; A s p ( O B z 1 )  , G l u ( O B z l  ) , C y s (  M B z l ) ,  L y s ( Z ) , A r g ( M B S ) , M e t ( O ) .  

I Posi t  ions of fragment condensation. 
Synthetic route to the protected tctrahccLipeptidc ehter, Z(0hIe) -(KN;tse 21- 124)- 0 1 3 . ~ 1  (protected S-protein) SCHI.,AI): 1 

t lit. 1)rotcctod S-protcin, by successivc azide condeiis- \ l i e  first planned construction of the N-terminal 
atiori of six relatively small peptide fragments, as portion of the protected S-protein by addition of frag- 

Inents ( 2 3 ) ~  ( 2 4 ) ~  and (25) ,  together with two additional 
Peptides ' [Part 91, ref. Id (preceding paper)]. sub-units, Z(0Me)-Ser-Ser-Ser-Asn-Tyr-NHNH, (21- 

t ':his paper is regarded as Part 92 of the series ' Studies oI1 



J.C.S. Perkin I 
25) and Z( 0Me)-Cys( MBz1)-Asn-Gln-Me t (0)-NHNH, 
(26-29). Preliminary experiments indicated that the 
Rudinger azide condensation of the latter proceeded 
satisfactorily, but, for some reason, the final condens- 
ation of the former sub-unit onto the amino-component 
possessing the Cys(MBz1)-Asn unit at the N-terminal 
portion did not proceed quantitatively, even when a large 
excess of the acyl component was used. In  the acid 
hydrolysate of the isolated peptide, recoveries of the 
newly incorporated amino-acids remained a t  around 
76%, indicating that the product was heavily contamin- 
ated with unchanged amino-component. If such a 
product were to be submitted to subsequent coupling 
reactions, it is obvious that the product would be 
contaminated with a peptide containing a failure se- 
quence. At earlier stages of the synthesis, each condens- 
ation reaction was driven to completion b y  use of a n  
excess of the acyl Component, removal of the unchanged 
acyl component being the main consideration in obtaining 
homogeneous products. In the present situation, where 
the reactivity of the amino-components has apparently 
decreased significantly and removal of unchanged 
material has become extremely difficult, it is absolutely 
necessary to drive the reaction as near to completion as 
possible, even by the use of larger excesses of acyl 
components, preferably those with a higlier reactivity. 
To this end, we decided to subdivide the above two 
peptides into three sub-units, (26), (27), and (28), as 
shown in Scheme 1. 

Fragment (23), Z( 0Me)-Asp( OBz1)-Arg( MBS) -Cys- 
(MBz1)-NHNH-Troc (positions 38-40), was prepared in 
a stepwise manner starting from H-Cys(MBz1)-NHNH- 
Troc (Scheme 2). The DCC-plus-HOBT and the N P  

Z fOMel-AAsp( 0 8 z l ) -  ON P 
Z (OMel-Arg ( M6Sl-  OH 

H-Cys I MBzIl-NNHNH-Troc 

YBzI YBS MBzl 
I 2 (0Me)- Asp-Arg-Cys-NHNH-Troc 

SCHEME 2 Synthetic scheme for the protected tripeptide 
hydrazide derivative Z(0Me)-(RNase 38-40) -NHNH-Troc 
(23) 

procedures were employed to introduce Z(0Me)- 
Arg(MBS)-OH and Z(0Me)-Asp(OBz1)-OH respectively. 
The Troc group was removed from the resulting 
protected tripeptide (23) as usual, by treatment with Zn 
in acetic acid to %yield Z(0Me)-Asp(ORz1)-Arg( MBS)- 

The next fragment, Z(OMe)-L4rg(MBS)-Asn-Leu-Thr- 
I,ys(Z)-NHNH2(24) (positions 33--37), was also prepared 
in a stepwise manner, but without protection of the C- 
terminal end. Z(0Me)-Thr-Lys(2)-OH and Z(0Me)- 
Leu-Thr-Lys(7,)-OH, prepared by the active-ester pro- 
cedures, were easily purified by extraction. Z(0Me)- 
Asn-OH was then introduced by the N P  method, as 
usual, and Z(0Me)-Arg(MBS)-OH by the DNY method.8 
In the latter instance, the corresponding active ester was 
not isolated and the progress of the reaction was 

C ~ S (  MRzl)-NHNH,. 

monitored by t.1.c. Thus, any intramolecular lactani 
formation by Arg( MBS) was suppressed. The resulting 
pentapeptide was esterified and subsequently exposed to  
hydrazine to give the desired hydrazide (Scheme 3). 

The tripeptide hydrazide Z(0Me)-Met(0)-Lys(2)-Ser- 
NHNH, (25) (positions 30-32) was prepared according to  
Scheme 4. Z( 0Me)-Me t-Lys (2)-Ser-OMe, prepared by 

ZfOMe)-Arg(MBS)-ODNP 

Z f OMe) - Thr -0PCP 

Z (OMe) -Asn-ONP 

Z fOMe) -Leu-ONP 

H-Lys( Z )-OH 3 
f MBS 

I 
2 (0Me)-Arg -Asn- Leu-lhr-Lys -NHNH2 

hydrazide Z(0Me)-(RNase 33--37)-NHNH, (24) 
SCHEME 3 Synthetic scheme for the protected pentapeptidc 

Z (OMe)-Lys(Z )-OH 
Z f0Me)-Met-OH 3 H - Ser -0Me 

? 7  
Z ( OMe 1 -Met -Lys -Ser-NHNH2 

hydrazide Z(0Me)- (  RNase 30-32)--NHNH2 (25) 
SCHEME 4 Synthetic scheme for the protected tripeptide 

two successive DCC condensations lo was oxidized by 
sodium metaperiodate,ll instead of hydrogen peroxide l2 

or tetrachlorauric( 111) acid l3 adopted previously for the 
preparation of Z(0Me)-Ser-Thr-Met(0)NHNH2( 12).lc 
A convenient procedure fur the preparation of Met(0) 
derivatives was available, the mild oxidation producing 
a mixture of diastereoisomeric sulphoxides, but little 
sulphonc. 

In order to prepare fragment (Zfi),  Z(0Me)-Asn-Gln- 
Met(0)-NHNH, (positions 27- 29), the methionine 
residue was oxidized by the aforementioned oxidant, 
sodium metaperiodate, a t  the dipeptide stage. The 
resulting dipeptide, Z(0Me)-Gln-Met (0)-OMe, was con- 
verted into Z(0Me)-Asn-Gln-Met(0)-OMe by the N P  
method and subsequently into the hydrazide (26) by the 
usual hydrazine treatment (Scheme 5 ) .  

(positions 
24-26), a fragment selected for the reasons stated 
earlier, was formed by condensation of Z(0Me)-Asn- 
Tyr-NHNH, (ain the azide) with H-Cys(MBz1)-OMe, the 
resulting tripeptide ester being converted into the 
hydrazide (27), in the usual manner (Scheme 6). 

The N-terminal tripeptide unit Z(0Me)-Ser-Ser-Ser- 
NHNH, (28) (positions 21-23) was prepared by two 

Z( 0Me)-Asn-Tyr-Cys (MBz1)-N HN H2( 27) 

Z (OMe 1- Asn-ONP 
Z (0Me)-Gln-ONP 

H- Me t-OMe 

I 

Synthetic scheme for the protected tripeptide 
Z OMe) -Asn -Gln - Met -NHNH2 

hydrazide Z(0Me)-(RNase 27-29)-NHNH2 (26) 
SCHEME 5 



1981 
successive azide condensations followed by the usual 
hydrazine treatment (Scheme 7). 

H-Cys(MBz1 I-OMe 

Z(0Me)-Asn-ONP 
H -Tyr - OMe 

2 (OMel-Asn -Tyr  -6ys-NHNH2 

MBzL =t?l 
SCHEME 6 Synthetic scheme for the protected tripeptide 

hydrazide Z(0Me)-(RNase 24--26)-NHNH, (27) 

Z ( OMe 1 -Ser - NHNH2 
Z(OMe)-Ser-NHNH2 

Z(OMe)-Ser-Ser-Ser-NHNH~ 

hydrazide %(OMc)-(RNase 21-23) -NHNH, (28) 

H-Ser-OMe 

SCHEME 7 Synthetic scheme for the protected tripcptidc 

The six successive azide condensations of these peptide 
fragments were performed according to Scheme 1. In 
the azide condensations of (23) and (24), two additions of 
acyl components (3 4- 2 molar equivalents) at intervals of 
72 11 were sufficient to bring the reactions to completion, 
as mentioned in the preceding paper.ld The condens- 
ation of (25) was performed similarly and the reaction 
mixture became almost ninliydrin negative. When a 
sample of the product was isolated at this stage and 
submitted to amino-acid analysis, incorporation of acyl 
component was found to be only around 80%. Even 
after purification by repeated washing and precipitation, 
the situation was not altered. In order to avoid 
laborious purification procedures, after 48 h a third 
portion of acyl component (2 molar equivalents) was 
added to drive the last 20% of the reaction to completion. 
Based on these experiences, the subsequent condens- 
ations of fragments (26), (27), and (28) were performed 
using 9-12 molar equivalents of acyl component in 
each step. Each reaction was started with 5-6 molar 
equivalents of acyl component and after 72 h, the second 
azide (2 mol equiv.) was added, a t  which the reaction 
mixture became almost ninhydrin negative. In  order to 
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secure complete condensation, 2 mol equiv. of the third 
azide were added for fragments (26) and (27) followed by 
2 mol equiv. of the fourth azide for fragment (28). 
Amino-acid ratios in the acid hydrolysates of the pro- 
tected S-protein and the intermediates, synthesized 
under the above conditions, are listed in the Table. 
These values corresponded well with those predicted by 
theory. Phenylalanine, in addition to leucine, still 
played a very important role as a diagnostic amino-acid 
for assessment of homogeneity. In  order to obtain 
additional proof for the homogeneity of synthetic 
Z(0Me)-(RNase 21--124)-OBzl, the sample was sub- 
mitted to gel-filtration on Sephacryl s-200. When 
eluted with DMSO-H,O (19 : l),  the desired compound 
emerged from the column as a single component, thereby 
excluding the possibility of contamination by acyl 
components. 

After successive condensations of 28 peptide frag- 
ments and column chromatographic examination at  three 
points (positions 69, 41, and 21), we were able to obtain 
4.9 g of the protected S-protein having a high degree of 
homogeneity. Hirschmann et aZ.14 have prepared the 
protected S-protein by the azide condensation of two 
fragments , Boc- ( 21-64)-NHNH2 and H-(65--124)-0H, 
and this material, without purification and characteriz- 
ation, was submitted to the final deprotection. No 
information about the coupling yield and the purity of 
the protected S-protein was given. 

Following the synthesis of the protected S-protein, we 
synthesized the S-peptide in the form of the protected 
hydrazide, expecting to reach the final goal by a single 
azide condensation. Based on the earlier observations 
made by Richards and his co-workers l5 that  equimolar 
combinations of S-peptide and S-protein brought about 
full regeneration of enzymatic activity (RNase S’), 
Hofmann et aZ.16 synthesized an S-peptide in 1966, 
using protecting groups removable by TFA and claimed 
the semi-synthesis of RNase S’, after combination with 
natural S-prot ein . Information about s t ruc ture-func- 
tion relationships of S-peptides has been presented by 
the above authors l7 and by others.ls 

Position 
Residue 

Thr 
Ser 
Glu 
Pro 

Ala 
V a1 
Met * 
Ile 
Leu 
Tyr 
Phe 

His 

ASP 

Gly 

Lys 

Arg 
cys  

Recovery (yo) 

Amino-acid ratios of Z(0Me)-(RNase 2 1--124)-OBzl and intermediates 
38-124 33-124 30--.124 27-124 24-124 

11.28( 11) 12.34(12) 12.34( 12) 13.26(13) 14.23(14) 
6.91(7) 8.01(8) 7.96 (8) 7.48 ( 8) 7.52 ( 8) 
6.52 (8) 6.48( 8) 7.18(9) 7.29( 9) 7.28( 9) 

(87) ( 92) (95) (98) (101) 

8.21(8) 8.12(8) 8.12(8) 9.44 ( 9) 9.36( !)) 
3.69 (4) 3 .79 (4) 3.76(4) 3.99 ( 4) 3.7 7 (4) 
3.23 (3) 3.29(3) 3.17(3) 3.22(3) 3.26( 3) 
6.81 (7) 6.83(7) 6.86(7) 6.91(7) 6.88( 7) 
8.79( 9) 8 ,85 ( 9) 8.68(9) 8.65( 9) 8.77 (9) 
0.69(1) 0.70( 1) 1.55(2) 2.57 (3) 2.37(3) 
2.47(3) 2.41(3) 2.38( 3) 2.16(3) 2.09( 3) 
1.01( 1) 2.04(2) 2.12(2) 1.91(2) 1.99(2) 
5.40( 5) 5.32 (5) 5.29(5) 5.1 1 (5) 6.28 ( 6) 
2.00(2) 2.00( 2) 2 .OO( 2) 2.00(2) 2.00( 2) 
6.20(6) 7.34(7) 8 .3  2 (8) 8.41(8) 8.36(8) 

(8) 

2.71(3) 2.67 (3) 2.7 l (3)  2.31(3) 2.55( 3) 
1.97(2) 3.05( 3) 2.87 (3) 2 .99(  3) 2.81(3) 

89 82 
(7) 

86 
(7) ( 7) 

84  
(7) 

87 
* Met(0) was not calculated. 

81-124 
(104) 

!).69( 12) 
!). :<!I ( 9) 
3.‘!41(4) 
3.02(3) 
6.85(7) 

14.20(14) 
7.69 ( 8) 

8.53 ( 9) 
2.41(3) 
2.01(3) 
1.97(2) 
6 .2  6 (6) 
2.00(2) 
8.37 (8) 
2.23 (3) 

(8) 
2.86(3) 

89 
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2 ( OMe 1 -Thr - 0 P C P  
H -Ala-OMe 1 - 

J.C.S. Perkin I 

Z(OMe1-Ala-ONP 

We synthesized, witli tlic aid of the substituted liydr- 
azine, the protected S-peptide hydrazide 2-(RNase 1- 
20)-NHNH,, by the condensation of three building 
blocks as shown in Scheme 8. The C-terminal hepta- XH,. 

by the IVY tnetliod. Tlic "roc group was removed from 
tlie resulting pentapeptide (B) using Zn, as usual, to 
yield Z(0Me)-Glu(OBz1)-Arg( MBS)-Gln-His-Met (0)-NH- 

Posit ion 
f PBu' f 

1-8  ( C )  Z-Lys-Glu-Thr-Ala-Ala-Ala-Lys-Phe-NHNHZ 

9 -13 ( B  1 Z (0Me)-Glu-Arg-Gln-His-Met-NHNH-Troc 

1 4 -20 ( A 1 Z (OMe I -Asp -Ser - Ser - T hr - Ser - Ala - Ala - NHNH-Tr oc 

OBzl MBS 0 
I 1  I 

?BU' 

- 

0 :Pro tec ted  amino-acids:  L y s I Z  I , A r g ( M B S ) , M e t  (O),Glu(OBzl), 
Glu(0Bu' I  ( p o s i t i o n  2 I .  

I : Pos i t ion s of f r ag  men t condensation. 
S c H E s i E  8 Synthetic route to the protected icosapeptide hydrazide, Z-(RNase l--PO)--NHNH, (protcctcd S-peptidc) 

peptide fragnient Z (OMe) -Asp( OBut)-Ser-Ser-Tlir-Ser- 
Ala-Ala-NHNH-Troc, Z( 0Me)-( KNase 14-20)-NHN H- 
Troc (A), was prepared according to Scheme 9. Z(0Me)- 

Z ( O M e l - A s p ( O B u t ) - O N P  

Z (OMe 1 -Ser --NHNHz 

2 (OMe) -Ser -NHNHz 

Z (OMe)  -Ser-OPCP 

Z (OMe) -Ala-ONP 

H -Thr -0Me 

H - Ala-NHNH-Troc 
OBu' 

Z ( OMe) -Asp -Ser-Ser -Thr-Ser-Ala-Ala-NHNH-Troc 
SCHEME 9 Synthetic scheme for the protected heptapeptidc 

hydrazide derivative Z(0Me)-( RNase 14--20)-NHNH-Troc 
(A) 

Ser-Ala-Ala-NHNH-Troc, prepared in a stepwise manner 
by the active-ester procedure, was condensed succes- 
sively with Z(0Me) -Ser-Thr-NHN H, and 2 (OMe) -Ser- 
NHNH, via the azide procedure. Next, Z(0Me)- 
Asp(OBz1)-OH was added onto the resulting hexapep- 
tide. However, when exposed to Et,N, the protected 
heptapeptide was heterogeneous on t .l.c. This pheno- 
menon seems due to formation of succinimide by the 
Asp(OBz1)-Ser unit, as reported by Bodanszky et aZ.19 
Therefore, we decided to introduce 2 (0Me)-Asp( OBut)- 
OH and to remove both protecting groups by TFA, prior 
t o  the next condensation. 

The middle fragment, Z(0Me)-Glu( OBzl) -Arg( MBS) - 
Gln-His-Met (0)-NHNH-Troc, Z(0Me)- (RNase 9-13) - 
NHNH-Troc (B) containing Glu(OBzl), was synthesized 
starting from H-Met (0)-NHNH-Troc as shown in 
Scheme 10. Z(OMe)-Gln-His-NHNH,O was then intro- 
duced via the azide, Z(0Me)-Arg(MBS)-OH by the 
mixed anhydride method,,l and Z(0Me)-Glu (OBz1)-OH 
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responding liydrazide using HMYA-MeOH as the solvent 
system (because of the low solubility of the ester in 
DMF). 

According to Scheme 8 , successive azide condensations 
of the three fragments led to the formation of the 
protected icosapeptide derivative, from which the Troc 
group was removed with Zn in HMPA-NMP-acetic acid. 
The Troc group was for some reason not removed from 
this relatively large fragment in DMSO-acetic acid. As 
mentioned above, the side chain of the aspartic acid 
residue at position 14 was free in our protected S-peptide. 
The homogeneity of the protected S-peptide was assessed 
by t.1.c. , acid hydrolysis, and elemental analysis. We 
were thus able to obtain the two peptide units necessary 
to construct the entire amino-acid sequence of RNase A. 
The final steps of the total synthesis of RNase arc 
reported in the following paper. 

E XPERI M EN TA Id 

General experimental procedures are essentially the same 
as described in the Part  1.IW The Ka-protecting group, 
Z(OMe), was removed by TFA in the presence of anisole 
( 2 2  mol equiv.) in an ice-bath for 48-60 min. The DCC 
antl the active ester condensations were performed a t  room 
temperature ( 17--25 "C). The azide condensation was 
performed according to Honzl and Iiudinger.2 A mixed 
anhydride was prepared according to  Vaughan and Osato. 31b  

Z(Oi~e)-Cys(MBzZ)-NHNH-Z'voc.--DCC (1 1.30 g, 55 
nimol) was added to a stirred solution of Z(0Me)-Cys- 
(MBz1)-OH (20 27 g, 50 nimol) ancl Troc-NHNH, (1 1.41 g, 
55 mmol) in AcOEt (250 ml). After 48 h,  the solution was 
filtered, the filtrate washed with 10% citric acid, 576 Na,- 
CO,, and H,O, dried over Na2S04, and concentrated. 
'I'ritiiration with ether followed by recrystallization from 
AcOEt-ether afforded tlie substituted hydmzide (20.20 g, 
68y0), ni.p. 126-129 "C, -21.8" (c,  0.9 in IIMF), 
R,,,,., 0.51 (Found: C, 46.6; H,  4.45; N, 7.05. C,,H,,- 
Cl,N,O,S requires C ,  46.43; H ,  4.41; N, 7.06%). 

Z(OA4e) -A ~ g (  ,WHS) -Cys( M B d )  -,VHNH- I'roc.-Z (OMe) - 
Cys(MBz1)-NHNH-"roc (8.15 g,  14 mmol) was treated with 
TFA-anisole (20 nil; 4 : 1 v/v) as usual, then the excess of 
I'FA was removed by evaporation. The oily residue was 
washed with n-liexane and dissolved in 4.2~-HCl-dioxan 
(4.0 nil, 16 mmol). The solvent was evaporated off and 
t h s  resulting oil, after washing wi th  n-hexane, was dissolved 
in DMF (80 nil) together with Et,N (1.9 ml, 14 mmol), 
HOB'l' (2.22 g ,  16 mniol), arid Z(OMe)-Arg(MJ3S)-OH 
(7.66 g, 15 mmol). After addition of I X C  (3.39 g ,  16 
mmol), the solution was stirred for 48 h,  filtered, and tlie 
filtrate was concentra tetl. l'lie residue was purificd by 
procedure A l'ollowecl by recrystallization from AcOEt- 
ether to afford the pvolecfed dipeptide (11.33 g ,  900/{,), m.p. 
95-98 "C, [a],)22 - 15.6" (G, 0.5 in MeOH), 0.69 (Found: 
C:, 47.1; H ,  4.65; N, 10.65. C,,H44Cl,N7C),,S2 requires C ,  
46.93; H ,  4.81 ; N ,  10.6476). 

I'YOC( 23) .--The above protected dipeptide ( 1 1 .33 g , 12 
nimol) was treated with 1 F A  (23 ml) antl anisole (5.6 ml) as 
usual, then dry ether was added. 'llie resulting powder 
was collected by filtration, dried over KOH pellets in vucuo 
for 3 h and dissolved in UMF (100 ml) together with E t ,N  
(3.4 ml, 25 mmol) and Z(0Me)-Asp(OBz1)-ONP (7.51 g 
15 mmol). After stirring for 48 h, the solution was con- 

Z( O M e )  - A  s p  (01321) - A  rg(MBS)  -Cys (MBzZ) - N H N H -  

centrated and the residue was purified by procedure -1 
followed by recrystallization from AcOEt-ether to give the 
protected tripeptide (10.50 g, 76%), m.p. 101-105 OC, 
[aID23 -11.5" (c, 1.3 in DMF), RF1 0.66 (Found: C, 50.85; 
H ,  4.95; N, 10.45. C,7H55C1,N8014S, requires C, 50.11; 
H, 4.92; N, 9.95%). 

Z ( 0 M e ) -  ( R N a s e  38--40)-NHNH,.--The above protected 
tripeptide (10.36 g, 9.2 mmol) in AcOH (100 ml) was treated 
with Zn powder (6.0 g, 10 mol equiv.) for 48 h and the 
solvent was evaporated off in wcuo at a bath temperature 
(25 "C. The residue was treated with a saturated solution 
of EDTA to give a gelatinous mass, which was washed with 
5% Na,CO, and H,O and recrystallized from dioxan-ether 
to afford the protected tripeptide hydruzide (7.01 11, 80%). 
m.p. 161-167 "C, -23.4" ( G ,  1.4 DMSO), Rty, 0.53. 
Amino-acid analysis: Asp 1 .OO, Arg 0.82 (average recovery 
87%) (E;ountl: C, 54.4; H ,  5.6; N, 11.35. C4pH54N8012- 
S,-H,O requires C, 54.53; H, 5.82; N, 11.56%). 

Z(OMe)-Thr-Lys  (Z)-OH.-Z(0Me)-Thr-OPCP (42.40 g , 
80 mniol) was added to a stirred solution of Lys(2) (22.40 g, 
80 mniol) in 50% aqueous pyridine (220 ml) containing 
Et,N (21.6 nil, 0.16 niol). After 48 h,  the solvent was 
evaporated off and the residue was purified by procedure 
C followed by recrystallization from MeOH-AcOEt to 
yield the protected dipeptide (27.03 g ,  62y0), n1.p. 141.- - 
145 OC, -t 13.0' (G, 0.5 in IIMF), f?1431 0.35 (Fouiitl: C ,  
59.7; H,  6.45; N, 7.8. C2,H35N30R requires C ,  5!).43; 13, 
6.48; N, 7.70y0). 

Z(O&le) -Leu- T / ~ v - L y s ( Z )  -OH. -Z (OMe) -l'hr-Lys( Z) -OH 
(12.40 g, 23 nimol) was treated with 'I'LA-anisole (26 nil; 
10 : 3 v/v) as usual, then tlry ether was added. The 
resulting powder, isolated as above, was dissolved in DMl; 
(80 nil) together with Et,N (9.5 nil, GH mmol) ancl Z(0Me)- 
Leu-ON1' (9.61 g ,  23 mmol). After stirring for 48 11, the 
solution was concentrated and the residue was purified by 
procedure C followed by recrystallization from AcOEt to 
give the protected tripeptide (12.42 g, 83:/,), ni.p. 99-104 "C, 
\a],23 + 0.6" (G, 0.8 i n  UMF), RBt, 0.57 (Found: C ,  59.9; 
H,  7.0; N, 8.7. C,,H,,N,O,, requires C, 6 0 . 1 7 ;  H ,  7.04; 
N ,  8.51(;$). 

Lys(Z)-OH (9.01 g ,  13.7 nimol) mas treated with T1;A- 
anisole (13.5 nil; 2 : 1 v/v) as usual, then dry ether was 
added. 'Hie resulting powder, isolated as above, was 
dissolved in 1)IVII; (90 nil) together with Et,N (5.7 ml, 41 
mmol) ;tiid Z(OMe)-Asn-ONl' (7.40 g ,  18 mniol). After 
\tirring for 48 11, the solution w a s  concentrated and the 
residue was treated with 5% citric acid antl ether to form ;t 
powder, which was washed with 574 citric acid and H,O and 
precipitated from L)MF with AcOEt to afford the firoteded 
lelrapeptide (8.13 g, 77?&), 1 i i . p .  178- 181 "C, \a],22 - 14.3" 
( G ,  1.4 in L)MF), RF,  0.32 (Foiincl: C,  57.45; H ,  6.8;  S ,  
10.8. C,,H52N,O1, requires C, 57.50; H ,  6.78; N ,  10.88°/0). 

(2.47 g.  12 nimol) was added to a stirred solution of Z(OMe)- 
Arg(MRS)-OH (6.15 g ,  12 nimol) antl DNP-OH (2.23 g ,  12 
nimol) in AcOEt-DMF (35 ml; 6 :  1 v/v). After 5 h,  the 
solution was filtered and the filtrate \%as submitted to  the 
fol I owing condensation reaction. Z ( OMe ) - Asn- Leu - 'Tli r - 
l,ys(Z)-OH (8.50 g, 11 nimol) was treated with TFA- 
anisole (21  nil; 4 : 1 v/v) and the NQ-deprotected peptide, 
isolated as mentioned above, was dissolved in DMF (50 nil) 
containing Et,N (4.6 ml, 33 mmol). This solution was 
niixed wit11 tlie solution containing the DNP ester. After 

Z( O M e )  -A  sp(0BzZ) - A  r g ( ~ B S ) - C y s ( M B z l - N ~ ~ H , ,  

Z ( O M e ) - A  sn-l,eu-?'lrr-Lys(Z)-(IH.-Z(OILle)-Leu-'llir- 

Z ( O M e )  - A  rg ( M R S)  - ,4 sn- 1 ,eu- Tlzr- L y  s ( Z )  -0 H . - I )C C 
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stirring for 48 h, the solution was concentrated and the 
residue was purified by washing with 5% citric acid and 
H,O followed by recrystallization from MeOH-AcOEt to 
afford the protected pentnpeptide (6.80 g, My0), ni.p. 168- 
171  "C, -6.8" (c, 0.1 in DMF), Rk?, 0.14 (Found: C ,  
54.6; H, 6 6; N, 12.65. C5oH7oN,oO16S requires C, 54.63; 
H, 6.42; N, 12.74%). 

ethereal solution of diazomethane was added to an ice- 
chilled solution of 2 (OMe) -Arg(MBS) -Am-Leu-ThrI,ys( 2)  - 
OH (6.34 g, 5.8 mmol) in DMF-MeOH (1  : 1 v/v; 100 nil) 
until the yellow colour persisted for 30 min. A4fter ndclition 
of a few drops of AcOH, the solution was concentrated antl 
the residue was triturated with ether. The resulting 
powder was washed with 5% Na,CO, and H,O ant1 precipi- 
tated from UMF with AcOEt to give tlie protected pentn- 
peptide ester (4.48 g, 70%), n1.p. 158-160 "C, [al,122 - 12.1' 
( c ,  1.0 in UMF),  RP, 0.61 (Found: C, 55.0; H ,  6.4;  S, 
12.55. C~,lH7,NloO16S requires C, 55.02; H, 6.52; N, 
la .58%).  

%- 
(OMe) - (RNnse 33-37)-NNNN2( 24) .-'[he above nietli yl 
ester (4.01 g, 3.6 mmol) in D M F  (40 ml) was treated with 
80% hydrazine hydrate (2.3 ml, 10 niol equiv.) overnight. 
The solvent was evaporated off and the residue was tritu- 
rated with MeOH. Precipitation of tlie resulting mash froiii 
1)MF with MeOH afforded the tiydrazide (3.30 g ,  82"/0), 
m.p. 237-240 "C, [a],22 -11.6" ( c ,  1.0 in D M S O ) ,  Rlr l  0.55. 
Amino-acid analysis: Asp 1 . 0 1 ,  l'hr 0.94, Leu 1 .O(J,  Lys 
1.13, Arg 0.87 (average recovery 94(y0) (Found: C, 53.75; 
H, 6.3; N, 14.9. C5,H7,N1,O,,S requires C, 63.94; H ,  
6.52; N, 15.10y0). 

OMe 2, (16.37 g,  30 mmol) was treated with TFA-anisole 
(41.2 nil;  4 : 1 v/v) as usual and tlry ether was adtleti. The 
resulting powder was dissolved in 4.2  LN-HC1-diosan (7.13 
inl, 30 mmol), the solvent was evaporatetl off, and the residue 
was treated with ether. The resulting powder was col- 
lected by filtration, dried over KOH pellets in oucuo for 3 
11, antl dissolved in UMF (150 ml) together with Et,N (4.14 
ml, 30 i11niol) and Z(0Me)-Met-OH (!).40 g ,  30 nii~iol)~ 
After addition of DCC (6.80 g ,  33 mmol), the soliition was 
stirred for 48 h, filtered and the filtrate was concentrated. 
The residue was purified by procedure €3 followed by pre- 
cipitation from DAMP with AcOEt to afford tlie pvotected 
tvipeptide ester (14.70 g, 72%)), 1ii.p. 188---1!)0 "C [aInz3 
-12.9O (G, 0.2 in L I M F ) ,  RF1 0.60 (Pound: C,  5 6 . 8 5 ;  H, 
6.6; N, 8.4. C,,H44N,0,0S requires C ,  56.79; H, 6.55;  II;, 
8.28%). 

Z(OIWe) -:Wet (0) -Lys(Z) -Sev-O~Ie.---NalO,~ ( 2 . 3 5  g, 1 I 
mmol) in H 2 0  (50 ml) was added to ;ti1 ice-chilled solution of 
Z(OMe)-Met-Lys(Z)-Ser-OMe (6.75 g ,  10 mmol) in DMF- 
MeOH (80 nil; 3 : 5 vlv). After stirring a t  4 "C for 24 1 1 ,  
the solution was concentrated and the residue was treated 
with ether and H,O. 'The resulting powder was precipitatetl 
froin D M F  with MeOH to afford tlie s u l f h x z d e  (6.20 g ,  
goyo), m.p. 207-211 "C,  lct\D23 + 2.1" (c, 0.9 i n  LIML;), 
Rrl 0.79, 0.62 (Found: C, 55.3; H, 6 . 4 ;  N ,  8.05. 
C,,H,4N401,S requires C,  55.48; H, 6 . 4 0 ;  N, 8.0!Soh) 

Z(Oll/le)-~et(O)-Ly,s(Z)-SEr-NHNH,, Z(0Me)-(RNnse 
30-32) - N H N H ,  (25) .- -Z (OMe) -Met (0) -Lys( Z) -Ser-OMe 
(6.03 g, 8.7 mmol) in L>Ml;-MeOH (50 nil; 4 :  1 v/v) was 
treated with SOYo hydrazine hydrate (4.4 ml, 8 mol 
equiv.) overnight. The solvent was evaporated off and the 
residue was precipitated from DMF with MeOH to give the 

Z(0Me)  -Arg(MBS)-A sn-Leu-Ttir-I>ys(Z) -0Me.-An 

Z( 0 M e )  - A rg ( M B S )  - A  sn- 1-eu- Thr- Lys (Z)  - N H N H  2 ,  

Z(0Me)  -Met-Iys(Z) -Ser-OMe.-Z (OMc) -Lys( Z) -Ser- 

hydrazide (4.97 g, S2%1, m.p. 221-224 'C, [aIDz2 t 2 . 0 "  
(c,  1.0 in DMSO), Rk71 0.61, RI,12 0.20. Amino-acid analysis: 
Met + Met(O), 0.82, Lys 1.00, Ser 0.71  (average recovery 
90%) (Found: C, 53.55; H,  6.65; N, 12.1. C,lH44N,010S 
requires C, 53.74; H, 6.40; N, 12.13%). 
%(OMe)-Gln-Met-0Me.--Z(OMe)-Gln-ONP (64.65 g, 0.15 

niol) and Et,N (20.7 mi, 0.15 mol) were added to  a stirred 
solution of H-Met-OMe [from the hydrochloride (29.85 g, 
0.15 mol) with Et,N (20.7 nil, 0.15 mol)] in DMF (300 ml). 
-1fter 48 11, the solution was concentrated and the residue 
was purified by procedure B followed by recrystallization 
from dioxan-MeOH to give the protected dzpeptide ester 
(46.41 g ,  68%), 1n.p. 162--170 OC, [a],23 -7.0' (G,  1.4 in 
DMF), Rpl 0.43 (Found: C, 53.1; H, 6.65; N, 9.35. 
C,oH,9N,0,S requires C, 52.73; H, 6.42; N, 0.230/,). 

Z(Onle)-GZn-ll.~et(0)-0Me.-NaIO, (1.93 g,  9 mmol) in 
H,O (20 nil) was added to an ice-chilled solution of Z(OMe)- 
Gln-Met-OMe (3.65 g, 8 mniol) in MeOH-DMI; (65 ml; 
8 : 5 v/v). After stirring a t  4 "C for 12 h, the solution was 
concentrated and the residue was washed with H,O to 
remove tlie inorganic salt; sortie of the product was lost, 
because of its solubility in water. Precipitation from DMlT 
with ether afforded the suzphoxide (1.60 g, 40y0), m.p. 
185-186 OC, [a],,23 - 1 . 5 . 9 O  (c, 1.8 in DMF), RkYl 0.70, 
Rp12 0.55 (Foiintl: C ,  50.!)5;  H, 6.15; N, &!I. C,,H,,- 
N,O,S requires C,  50.94; H, 8.20; N, 8.91(;(,). 

OMe ( 7 . 7 7  g,  16.5 niniol) was treated with TFA-anisole 
(38 nil; 15 : 4 v/v) as usual, mid dry ether was added. 
The resulting powcler isolated as mentioned above, was dis- 
solved in DMF-LIMSO (150 ml; 2 : I v/v) together with 
Et,N (4.55 nil, 33 inniol), HOBT (0.50 g ,  3.3 mmol~,  and 
Z(0Me)-Asn-ONP (A.8!) g ,  16.5 nimol). After stirring for 
24 h ,  the solution was concentrated antl the residue was 
purified by washing with 5yo citric acid and H,O followed 
by precipitation ( x 2) froin IIMSO with AcOEt to yield the 
protected tvzpepride ester (7.01 g, 73y0), 1ii.p. 216-220 O C ,  

-- 19.6" (G, 0.5 in I)MSO), RD-~  0.37 (Found: C, 47.2; 
H ,  6.2;  N, 11.4. C,,H2,N,0,,S*1.5H,0 requires C, 47.05; 
13, 6 .25;  N ,  1 1 . 4 3 ~ 6 ) .  Attempts to wash with 5% Na,CO, 
or precipitatc from I)R/LSO with MeOH produced a pasty 
material that \vas difficult to collect bv filtration. 

Z (  OMe) -13 sn -Gln-Mef (0) - N H N H ,  , Z( OMe) - (RNase 2 7- 
29) - N N N t i ,  (26) .--2 (0Me)- Asn-Gln-Met (0) -OMe (4.82 g, 
8.2 nimol) i n  1)MSO-MeOH (25  nil; 4 : 1 v/v) was treated 
with 80% liydrazine hydrate (2.06 tnl, 4 mol equiv.) a t  
4 "C overnight. The solvent was evaporated off and the 
residue was precipitated twice from DMSO with MeOH to 
afford the hydruzide (4.68 g, 97%), m.p. 226-229 "C, [aID2O 
-23.5" (c, 0 .9  in lIMSO), RP1 0.14. Amino-acid analysis: 

I .OO, Glu 1.03, Met -\- Met(0 )  0.71 (average recovery 

Z (  ClMe \ - A  sn- G h - M e  t ( 0) -0Me.  --2 ( 0 Me) -Gln- Met (0) - 

98",,) (F0~1id: C, 46.55; H, 6 . 1 ;  N, 16.15. C2,H3,N7- 
09S.lj2H,0 requires C,  46.45; H, 6.10; X, 16.49%). 

%(O~fe)-Asn-Tyr-0Me.--Z(OMe)-Asn-ONP (12.98 g, 31.1 
iiiniol) and Et,N (4.29 1121, 31.1 mmol) were added to a 
stirred solution of H-Tyr-OMe [from the hydrochloride 
(7.21) g ,  37.3 mniol)] with Et,N (5.15 nil, 37.3 mmol)] in 
DMF (100 nil). After 24 h ,  the solution was concentrated 
and the resitlue was purified by procedure B followed by 
precipitation ( x  2) from MeOH with ether to give the 
firote&cl dipepl ide ester (10.61 g, 72y0), m.p. 171-172 OC, 
[ ~ ] ~ 2 0  +8.2" (G. 1.1 in D M F ) ,  R F ~  0.45 (Found: C, 58.35; 
H ,  5.8.5; N, 8.85. C,,H,,N,O, requires C, 58.34; H, 5.75; 

Z(0Me)-Asn-Tyr-NHNH,.-Z(0Me)-Asn-Tyr-OMe (6.05 
N, 8.88yo) .  



g, 12.8 mmol) in DMF-MeOH (35 ml; 6 : 1 v/v) was treated 
with 80% hydrazine hydrate (6.4 ml, 8 mol equiv.) over- 
night and MeOH (200 ml) was added, The resulting gelati- 
nous mass was precipitated twice from DMF with MeOH to 
afford the hydrazide (5.63 g, 93%), m.p. 215-218 O C ,  

-1 .7" (c,  0.6 in DMSO), RF, 0.22 (Found: C, 56.0; H ,  
5.8; N, 14.95. C,,H,,N,O, requires C, 55.80; H, 5.75; 
N, 14.79%). 

Z(OMe\-Asn- Tyv-Cys (MBzZ) -0Me.-The azide [from Z- 
(0Me)-Asn-Tyr-NHNH, (5.02 g, 10.6 mmol)] in DMF (20 
ml) and Et,N (1.61 ml, 1 1 . 7  mmol) were added to an ice- 
chilled solution of H-Cys(MBz1)-OMe [from the Z(0Me)- 
derivative (6.17 Q, 14.7 mmol) by the usual TFA treat- 
ment followed by neutralization with Et,N (2.23 ml, 16.2 
mmol)] in DMF (45 ml). After stirring for 24 h, the 
solution was concentrated and the residue was purified by 
procedure B followed by precipitation twice from DMF 
with MeOH to yield the methyl ester (6.02 g, 82y0), n1.p. 
198-200 "C, -37.3" (c, 0.7 in DMF), RE', 0.68 (Found: 
C, 58.55; H, 5.65; N, 8.2.  C,4H40N,0,0S requires C, 58.61; 
H, 5.79; N, 8.040/,). 

Z(0Me)  - I RNase 
24--26) - N H  NH,(2 7) .--2 (OMe) -Asn-Tyr-Cys(MBz1) -OMe 
(6.02 g, 8 .7  mmol) in DMF-MeOH (35 ml; 6 :  1 v/v) was 
treated with 80"h hydrazine hydrate (4.3 nil, 10 mol 
equiv.) overnight. Addition of MeOH (200 ml) gave a 
gelatinous mass, which was precipitated from DMF with 
MeOH to give the hydrazide (5.33 g, 880/,), m.p. 224-226 OC, 
[aII,2O -220.3" (c, 1.2 in DMSO), Rk-,., 0.39. Amino-acid 
analysis: Asp 1.00, Tyr 1.01 (average recovery 94%) 
(Found: C, 56.6;  H ,  5 . 8 ;  N, 11.95. C,,H4,N,@,S requires 
C, 56.88; H ,  5.79; N, 12.06%). 

Z(0Me)-Ser-Ser-0Me.-The azide [from Z(OMe)-Ser- 
NHNH, (10.05 g,  36 mmol)] in DMF (70 ml) and Et,N 
(4.90 ml, 36 mmol) were added to an ice-chilled solution of 
H-Ser-OMe [from the hydrochloride (7.18 g, 46 mmol) with 
Et,N (6.36 ml, 46 mmol)] in DMF (35 ml). After stirring 
for 24 h, the solution was concentrated. Trituration with 
EtOH followed by precipitation from DMF with EtOH 
afforded the protected dipeptide ester (10.22 g, 60y0), m.p. 
124-127 "C, [a],,, +12.Io (c, 0 .4  in DMF), RF1 0.52 (Found: 
C, 51.45; H ,  5.9; N, 7.45. C,,H,,N,O, requires C, 51.89; 
H ,  5.99; N, 7 56%). 

Z (  OMe) -Ser-Ser- Ser-OMe .-2 (OMe) -Ser-Ser -0Me (8.1 0 g , 
22 mmol) was treated with TFA-anisole (32 ml; 3 : 1 v/v) 
a s  usual, and dry ether was added. The resulting powder 
was dissolved in DMF (80 ml) containing Et,N (3.02 ml. 
22 mmol). To this ice-chilled solution were added the 
azide [from Z(OMe)-Ser-NHNH,(6.20 g, 22 mmol)] in DMF 
(50 ml) and Et,N (3.02 ml, 22 mmol). After stirring for 
24 h, the solution was concentrated. Trituration with 
EtOH followed by precipitation from DMF with EtOH 
afforded the protected tripeptide ester (7.62 g, 76y0), m.p. 
188-189 OC, +7.9" (c, 0 .5  in DMF), R F ~  0.67 (Found: 
C, 50.2; H ,  5.95;  N, 8.9.  C,,H,,N,O,, requires C, 49.89; 
H ,  5.95; N ,  9.19%). 

Z(0Me) -Ser-Ser- Sev- N H N H ,  , Z (  OMe) - (R  Nase 2 1-2 3) - 
N H N H ,  (28).-Z(OMe)-Ser-Ser-Ser-OMe (5.01 g,  1 lmmol) in 
DMF-MeOH (50 ml; 2 : 3 v/v) was treated with SO./;  
hydrazine hydrate (2.74 ml, 4 mol equiv.) overnight. 
The solvent was evaporated off and the residue was pre- 
cipitated from DMF with MeOH to give the hydrazide (4.42 
g, 887&), m.p. 309-214 O C ,  [aID2O +5.2" ( G ,  0.8 in DMSO), 
RF1 0.41 (Found: C, 46.65; H, 5.95; N, 15.05. C18H27- 
N50,-1/2H,0 requires C, 46.35; H ,  6.05; N, 15.02%). 

Z ( 0 M e )  -Asn- Tyr-Cys(MBz1) -NHNH, ,  

Z(0Me)  - A  sp (OBzl) - A rg (MBS)  -Cys (MBzl )  -Lys (Z) -Pro- 
Val-A sn- Thr- Phe- Val- His-Glu(OBz1) -Ser-Leu- A la-A sp- 
(OBzl) - Val-Gln-A la- Val-Cys (MBzl) -Ser-Gln-Lys(2) - A  sn- 
Val-A Za-Cys( MBz1)-Lys (2) - A  sn-Gly-Gln- Thr-Asn-Cys- 
(MBzl )  -Tyr-Gln-Ser- Tyr-Ser-Thr-Met (0) -Ser- Ile- Thr- 
A sp (OBzl) -Cys (MBzl )  - A  rg ( M B S )  -Glu (OBz2) - Thr-GZy-Ser - 
Ser-Lys(2)-Tyr-Pro-Asn-Cys(MBzZ)-A la-Tyr-Lys(2)-Thr- 
Thr-GZn-A la-A sn-Lys (2) -His- Ile-IZe- Val-A la-Cys (MBzl) - 
Glu(OBz1) -Gly-A sn-Pro- Tyr- Val-Pro- Val-His-Phe- A sp- 
(0Bzl)-Ala-Ser- Val-OBzl [abbreviated as Z(O&fe)-(RNase 
3 8- I 24) -0BJ or Z( OMe)  -A sp ( OBzl) -A rg( MBS)  -Cys (MB-  
z l ) -  (41-1 24) -OBzl] .-2 (0Me)-(RNase 4 1-1 24)-OBzl (6.2 1 
g, 0.53 mmol) was treated with TFA-anisofe (35 ml; 28 : 7 
v/v), then dry ether was added. The resulting powder was 
collected by filtration, dried over KOH pellets in vacuo for 
3 h, and dissolved in DMSO-DMF-HMPA (1 : 1 : 1 v/v; 50 
ml) containing Et,N (0.29 ml, 2.12 mmol). To th i s  ice- 
chilled solution, the azide [from Z(OMe)-Asp(OBz1)-Arg- 
(MBS)-Cys(MBz1)-NHNH, (1.51 g, 1.59 mmol)] in DMF (12 
ml) and Et,N (0.22 ml, 1.59 mmol) were added and the 
mixture was stirred a t  4 "C for 72 h. The additional azide 
(prepared from 1.01 g, 1.06 mmol of the hydrazide) in DMF 
( 5  ml) and Et,N (0.15 ml, 1.06 mmol) were added and 
the mixture, after stirring for a further 48 11, was 
concentrated. The residue was purified by procedure B 
followed by precipitation ( x 4) from DMSO with MeOH to 
yield the protected heptnoctacontapeptide ester (5.62 g,  850/,), 
m.p. 246 "C (decomp.), -29.4" (c, 0.4 in DMSO), RF 0 
(Found: C, 53.6; H, 6.3; N, 12.4. C5B1H79,N1170163- 
SI0-38H,O requires C, 53.96; H, 6.69; N, 12.4604). 

Z(O1Me) - (RNase 33- 1 24) -0Bzl [ Z (  OMe) - A  rg ( M B S )  - A  sn- 
Leu-Thr-Lys(Z) -( 38-1 24)-OBz2] .-Z( OMe) - (RNase 38- 
124)-OBzl (5.61 g, 0.45 mmol) was treated with TFA- 
anisole (30 ml; 4 :  1 v/v) and the Na-deprotected peptide, 
isolated as mentioned above, was dissolved in DMSO- 
DMF-HMPA ( 1  : 1 : 1 v/v; 40 ml) containing Et,N (0.26 ml, 
1.8 mmol). To this ice-chilled solution, the azide [from 
Z(0Me)-Arg(MES)-Asn-Leu-Thr-Lys(2)-NHNH, ( 1.50 g, 
1.35 mmol)] in DMF (8 ml) and Et,N (0.19 ml, 1.35 mrnul) 
were added and the mixture was stirred for 72 h. The 
additional azide [from the hydrazide ( 1  .OO g, 0.90 mmol)] in 
DMF (6  ml) and Et,N (0.12 ml, 0.90 mmol) were added and 
the mixture, after stirring for an additional 72 h, was con- 
centrated. The product was purified by procedure B 
followed by precipitation ( x  2) from DMSO with DMF. 
Further precipitations from DMSO with BunOH and from 
DMSO with MeOH afforded the pvotected dononncontapeF- 
tide ester, free from contamination of the acyl component 
(t.1.c.) (4.96 g,  SZq/,), m.p. 251 "C (decomp.). [ o ( ] ~ ~ ~  -31.9" 
( c ,  0.4in DMSO), R1? 0 (Found: C ,  52.15; H ,  6.28, N, 12.1 .  
C,,2H,,,N,,,0,ijS,,*50H,0 requires C. 53.13; H, 6.75; N, 
18.45Oh). 

Z( OMe) - (R,\;nse 30- 1 2 4) -0UzZ [Z (0,1.1 e )  - M e t  (0) - Lys ( Z )  - 
Ser-( 33-1 24) -OBzZ] .-Z( OMe) - ( KNase 33-1 24)-OUzl (4.95 
g, 0.37 mmol) was treated with TFA-anisole (30 nil; 4 :  1 
v/v) and the Na-deprotected pepticle, isolated as above, was 
dissolved in DMSO-DMF-HMI'A ( 1  : 1 : 1 vfv; 40 ml) 
containing Et,N (0.21 ml, 1.52 mmol). To this ice-chilled 
solution were added the azide [from Z(OMe)-Met(O)- 
Lys(2)-Ser-NHNH, (0.57 g ,  1.11 niniol)] in D M V  (6 nil) and 
Et,N (0.16 nil, 1.16 nimol), and the mixture was stirred for 
72 h. The additional azide [from the hydrazide (0.51 g, 
0.74 mmol)] in DMF ( 5  nil) and Et3X (0.10 nil, 0.74 mmol) 
were added and stirring was continued for 48 h. 'The third 
batch of azide [from the hydrazide (0.51 g, 0.74 mniol)] in 
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DMF ( 5  ml) and Et3N (0.10 ml, 0.74 mmol) were added and 
the reaction was continued for an additional 48 h, until 
the solution became ninhydrin negative. The solvent was 
evaporated off and the residue was purified by procedure B 
followed by precipitation ( x  3) from DMSO with DMF, 
then once from DMSO with MeOH to afford the protected 
pentanonacontapeptide ester with no contamination of the 
acyl component (t.1.c.) (4.18 g, Slyo) ,  m.p. 248 "C (decomp.), 
[oi]D23 -24.2" Ic, 0.4 in DMSO), RF 0 (Found: C, 53.55; 
H, 6.25; N, 12.5. C,32H,,,Nl,,01,,Sl,~40H20 requires C, 
53.79; H, 6.69; N, 12.56%). 

Z(0Me)-( RNase 27-1 24) -0BzZ [Z(OMe)  -,4 siz-Gln-iWet (0) - 
(30-124)-OBel].-Z(OMe) - (RNase 30-1 24) -0Bz l  (4.17 g, 
0.30 mmol) was treated with TFA-anisole (30 ml; 5 : 1 
v/v) and the Nu-deprotected peptide, isolated as above, 
was dissolved in DMSO-DMF-HMPA ( 1  : 1 : 1 v/v; 40 
ml) containing Et3N (0.17 ml, 1.23 mmol). To this 
ice-chilled solution were added the azide [from Z(OMe)- 
Asn-Gln-Met(0)-NHNH, (0.88 g, 1.50 mmol)] in DMF- 
DMSO (1  : 1 v/v; 7 ml) arid Et,N (0.21 ml, 1.52 nimol). 
After 72 h, the second batch of the azide [from the liydrazide 
(0.35 g, 0.60 mmol)] in DMF-DMSO (1  : 1 v/v; 3 nil) and 
Et3N (0.09 nil, 0.65 mmol) were added. After an addi- 
tional 48 h, the 3rd batch of the azide [from the hydrazide 
(0.35 g, 0.60 mmol)] in DMSO-DMF (1  : 1 v/v; 3 ml) and 
Et3N (0.09 ml, 0.65 mmol) were added and stirring was 
continued for a further 48 h, until the solution became 
ninhydrin negative. The solvent was evaporated off an(l 
the residue was purified by procedure B followed by pre- 
cipitation from DMSO with DMF ( x 2).  Further pre- 
cipitations from DMSO with Bun@H ( x 2) and from DMSO 
with MeOH I x 1) afforded the protected octanonacontapep- 
iide ester, free from contamination of the acyl component 
(3.47 g, 81%), m.p. 241 "C (decomp.), [4D23 -23.4' (c,  0.6 in 
DMSO), RF 0 (Found: C, 53.7; H, 6.45; N, 12.8. C,,,- 
H~lzN13,0188S13*33H,0 requires C, 53.97; H, 6.63; N, 
12.81%). 

Z ( 0 M e )  -(RNase 24-1 24) -0BzZ [Z(OMe) -A sn- Tyr-Cys- 
(MBzZ)-( 27-1 24)-OBzl] .-Z(0Me)-( RNase 27-1 24)-OBzl 
(3.46 g, 0.24 mmol) was treated with TFA-anisole (24 ml; 
5 : 1 v/v) and the Nu-deprotected peptide, isolated as above, 
was dissolved in DMSO-DMF-HMPA ( 1  : 1 : 1 v/v; 30 
ml) containing Et3N (0.14 ml, 1.01 mmol). To this ice- 
chilled solution were added the azide [from Z(OMe)-Asn- 
Tyr-Cys(MBz1)-NHNH, (0.85 g, 1.22 mmol)] in DMF (7 nil) 
and Et3N (0.17 ml, 1.23 mmol), and after 72 h the second 
batch of the azide [from the hydrazide (0.34 g, 0.49 mmol)] 
in DMF (3 ml) and Et3N (67 pl, 0.49 mmol) were added. 
After an additional 48 h, the same amounts of the azide 
and Et3N were added and stirring was continued for 48 h, 
until the solution became ninhydrin negative. The solution 
was concentrated and the residue was purified by procedure 
B followed by precipitation from DMSO with Bu*IOH 
( x 3). Further precipitation from DMSO with MeOH 
afforded the protected henhectapeptide ester, free from 
contamination by the acyl component (t.1.c.) (3.10 g, 
86y0), m.p. 240 "C (decomp.), -21.6' (c, 0.6 in DMSO), 
RF 0 (Found: C, 54.1; H ,  6.35; N, 12.6. CS9ZH940NZ40- 
O194S1,-33H,0 requires C, 54.08; H, 6.60; N, 12.767;). 

Z(0Me)  - (RNase 2 1-1 24)-ORzl [Z( OMe) -Ser-Ser-Ser- 
(24-124)-OBzZ, Protected S-Protein] .-Z(OPv'le) -( RNase 24- 
124)-OBzl (3.09 g, 0.21 mmol) was treated with TFA-anisole 
(24 ml; 5 : 1 v/v) and the Na-deprotected peptide, isolated 
as above, was dissolved in DMSO-DMF-HMPA (1  : 1 : 1 
v/v; 25 ml) containing Et3N (0.12 ml, 0.87 mmol). To this 

ice-chilled solution were added the azicle [from Z(OMe)- 
Ser-Ser-Ser-NHNH, (0.58 g, 1.26 mmol)] in DMF (5 ml) and 
Et3N (0.18 ml, 1.30 mmol) and after stirring for 72 h, 
three batches of the azide [each from the hydrazide (0.19 g, 
0.42 mmol)] in DMF (3 ml) and Et3N (58 P I ,  0.42 niniol 
each) were further added at 48 h intervals. After addition 
of the last batch of the azide, stirring was continued for a 
further 24 h, until the solution became completely ninhydrin 
negative. H,O (250 ml) was added and the resulting powder 
was purified by procedure B followed by precipitation 
from DMSO with RunOH ( x  3). Further precipitation 
from DMSO with MeOH afforded the protected tetmhectapep- 
tide ester, free from contamination with the acyl component 
(t.1.c.) (2.59 g, 82%), n1.p. 246 "C (decomp.), [a]D23 -21.1" 
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T u b e  no. 
Gcl-fiitratioii of Z(C)Mc)--(RNase 21- 124)-OBzl on SephacryI 

s-200 

(c, 0.7 in UMSO), Rhl 0. For testing of purity, the sample 
(202 nig) was dissolved in 5% H,O-DMSO (2 ml) and 
applied to a column of Sephacryl S-200 (3 x 142 cm), and 
eluted with 5% H,O-DMSO. Individual fractions (10 ml 
each) were collected and absorption at 275 nm was deter- 
mined. A single peak bvith a minor tailing was detected 
(Figure). Fractions corresponding to the main peak (tube 
nos. 2 2 - 4 5 )  were collected, the solvent was evaporated ofl, 
and the residue was treated with MeOH to give a powder 
(182 mg, 90%). No significant difference in amino-acid 
analyses was noted, before (Table 5) and after gel-filtr- 
ation: Asp 14.21 (14), Thr 7.49 (S), Ser 9.44 (12),  Glu 
9.09 (9) ,  Pro 3.81 (4), Gly 3.06 (3),  Ala 6.71 (7) ,  Val 8.62 ( O ) ,  
Met + Met(0) 2.17  (3) ,  Ile 2.09 (3),  Leu 2.05 (a) ,  Tyr 
6.42 ( B ) ,  Phe 2.00 (2) ,  Lys 8.44 ( 8 ) ,  His 2.31 (3),  Arg 2.84 (3) 
(average recovery 86%) (Found: C, 53.0; H ,  6.25; IS*, 
12.95. C,,,H,,,N,~,0,,,S1,~43H,0, M 150 33.690 + hydra- 
tion, requires C, 53.26; H, 6.64; S, 12.67y0). 

Z(0Me)  -A la-A l a - N H N H -  Troc.-Z (OMe) -Ala-NHNH- 
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Troc Z4 (37.0 g, 84 mmol) was treated with TFA-anisole 
(68 ml; 25 : 9 v/v) as usual, then the excess of TFA was 
removed by evaporation. The oily residue was washed 
with n-hexane, dried over KOH pellets in vacuo for 3 h 
and dissolved in DMF (200 nil) together with Et,N (23.5 
ml, 0.17 niol) and Z(0Me)-Ala-ONP (36 02 g, 96 mmol) 
After stirring for 48 1 1 ,  the solution was concentrated ancl the 
residue was purified by procedure A followe'd by recrystal- 
lization frorii AcOEt-ether to  give the dipeptzde derivativc 
(36.04 g ,  !41:<), in p. 118-120 *C, [0(IDz7 --11.5" (c ,  1 4  in  

H,,N,O,Cl, requires C,  42.08; H, 4.51; N, 10.91yo). 
Z ( O M e )  -Sev-A In-A la-h 'HNN- ?'roc .-Z (OMe) - Ala- Ala- 

XHNH-l'roc (41 03 g, 80 mmol) was treated with ?'FJ2- 
anisole (55 ml; 8 : 3 v/v), then the excess of TFA waq 
removed by evaporation. The oily residue, isolated, as 
above, was dissolved in DMF (250 nil) together with Et:+K 
(22.05 nil, 0.16 niol) and Z(0Me)-Ser-OPCP (41.30 g, 80 
mmol). After stirring for 48 h, the solution was con- 
centrated antl the residue was purified by procedure A 
followed by re( rystallization from MeOH to give the 
jxwtacted tripeptide Rerizrative (34.60 g, 72:/0), 1ii.p. 179- 
183 "C, ral,,25 - 3  8" ( c ,  0.8 in DMF), h'p1 0.53 (Founcl: (', 
42.0; H ,  4 65; N, 11.75. C21H,,CI,N,C), requires C, 41.98; 
11 ,  4.70; N, 1 1  GGY() j .  

%( OiWe) -Ser- 'T'lrr-OMe .-'The a z i tle [from Z (OMe) - Ser- 
NI-INH, (32.76 g, 0 12 inol)] in L)MF (200 nil) antl Et,,N 
(lh.!)5 nil, 0.12 mol) were added to an ice-chilletl solution 
of H-Thr-(>Me Lfroni the liytlrochloride (18.01 g, 0.12 niol)] 
with Et,N (15.97 nil, 0.12 mol) in DNll; (150 nil). After 
stirring for 24 11, the solution was concentrated and the 
rcsiclue was purified by procedure A followed by recrystal- 
lization from MeOH-ether to give the erotected dzpeptzde 
(21.20 g,  48q&j, m.p. 125-127 "C, [o1ID3O + 7.2* (c, 1.0 in 
DMF), Rlpl 0.66 (Found: C, 53.1; H ,  6.5; K, 7.25. C17- 
H,,N,O, requires C, 53.12; H, 6.29; N, 7.2996). 
Z (OM e)  - Ser- TI/ Y- X H N H  ,. -Z (OMe) -Ser-Thr-OMe ( 1 3 20 

g, 34 niniol) in MeOH (80 ml) was treated with 80% hytlr- 
azine hydrate ( 1 7  ml, 8 niol equiv.) overnight. The result- 
ing mass was precipitated from PMF with MeOH to yield 
the hydrazidu (11.05 g, 850/;), m.p. 204-207 "C, [ ~ l , , ~ ~  
-$ 10.5" (c ,  0 7 in UhlSO), RPr 0.50 (Found: C,  49 85; H ,  
6.4;  N, 14.65. C',,H,,N,O, requires C,  49.99; H, 6.29; S, 
14.58%). 

Z ( 0 M e ) - S e r - T h - S e v - A l a - A  ln-II'~~;CTH-T~oG.-Z(Ohle)- 
Ser-Ala-Ala-NHNH-'l'roc (14.7T g, 25 nimol) was treated 
with TFA-anisole (56 nil; 3 : 1 v/v) as usual, then dry ether 
was added. The resulting powder was dried over KOH 
pellets zn vacuo for 3 h and dissolved in DMF (120 nil) 
containing Et,,S (3.39 ml, 25 mmol). To this ice-chilled 
solution were added the azide [from Z(Oh4e)-Ser-Thr- 
NHNH, (10.42 g, 27 mmol)] in DRlF (70 nil) and Et,X 
(3.74 nil, 27 mmol), and the solution, after stirring for 48 
11, was Concentrated. The residue was purified by procedure 
I3 followed by precipitation from DNIF with MeOH ( x 2) to 
yield the protected pentapeptide derivative ( 1  7 15 g, SS",), 
m.p. 224-228 "C, [aTDP5 -7.5" (6 ,  1.6 in DMSO), RF1 0.32. 
Amino-acid analysis: Ser 1.39, Thr 0.85, Ala 2.00 (average 
recovery 91%) (Found: C, 42.65; H, 5 2;  N, 12.65. 
C,,H40C13N70,, requires C, 42.62; H ,  5.11 ; W, 12 43O4). 

Z(OMe)-Ser-'Thr-Ser-Ala-Ala-NHNH-Troc (1 7.15 g, 22 
nimol) was treated with TFA-anisole (67 nil; 50 : 17 
v/v) and the NWeprotected peptide, isolated as above, was 
dissolved in 1 )MF (150 nil) containing Et ,S  (3 .0  nil, 22 

r i m ,  H ~ - ~ )  0 ti3 ( F ~ w I ~ :  c, 42.3;  H, 4.5;  N, 10.7. c18- 

Z( O M e  j -Ser-Ser- lhr-Ser- A la- A la- NH,V H -  TYOG.- 

mmol). To this ice-chilled solution were added the azide 
[from Z(0Me)-Ser-NHNH, (7.39 g, 26 mmol)] in DMF ( 7 0  
ml) and Et,N (3.6 ml, 26 niniol). After stirring for 48 h,  
the solution was concentrated and the residue was purified 
by procedure R followed by precipitation from DMF with 
MeOH ( x 2) to yield the protected hexapeptide derivative 
(16.99 g, 89%), m.p. 241-244 OC, -7.4" (c, 1.1 in 
DMF), RF1 0.41. Amino-acid analysis: Ser 2.46, Thr 
0.94, Ala 2.00 (average recovery SO?,) (Found: C, 42.26; 
H, 5.4;  N, 12.7. C,,H4,C1,N,01, requires C, 42.50; H, 
5.18; N, 12.79%). 

Troc, Z ( 0 M e ) - ( R N a s e  14---20)-NHNH-Troc (A) .-Z(0Me)- 
Ser-Ser-Thr-Ser-Ala- Ala-NHNH-'Troc (9.33 g, 10.7 mmol) 
was treated with TFA-anisole (50 ml; 4 :  1 v/v) and the 
Nx-deprotected peptide, isolated as above, was dissolved in 
IIMSO-DMF ( 1  : 1 v/v; 100 nil) together with Et,N (2.94 ml, 
21.3 mmol) and Z(0Me)-Asp(0But)-ONP (5.05 g, 10.7 
mmol). After stirring for 24 h, the solution was concen- 
trated and the residue was purified by procedure B followed 
by  precipitation from DMF with MeOH ( x 2) to give the 
pvotected heptnpeptide derivative (8.77 g, 79y0), m.p. 221 "C 
(deconip.), [o1],*O -9.2" (c ,  0.9 in DMSO), Rpl 0.19, RP, 0.82. 
.\mino-acid analysis: Asp 1.00, Ser 2.24, Thr 0.86, Ala 
2.00 (average recovery 93%) (Found: C, 44.4; H, 5.55; N, 
11.65. C,,H,,C1,N,Or8~1/2H,0 requires C, 44.34; H, 5.63; 

Z(on.le)-n/ret(0)-A'HATH-Troc.--I)CC (10.89 g, 53 mmol) 
was added to a stirred solution of Z(0Me)-Met(0)-OH 
(15.84 g,  48 mniol) and Troc-NHNH, (10.97 g, 53 mmol) in 
T H F  (200 nil). -4fter 24 h, the filtered solution was con- 
centrated and the residue was purified by procedure A 
followed by recrystallization from AcOEt to  give the 
hydrazide deriilative (16.22 g, 65%), m.p. 133--138 O C ,  

[a]I)25 4-12.9' ( 6 ,  1.0 in DMF),  Rp2 0.56 (Found: C, 39.25; 
H ,  4.25; N, 8.0. C,,H22C1,N,07S requires C, 39.35; H ,  
4.27; N, 8.10%). 

Rlet(0)-NHNH-Troc (10.63 g, 20.5 mmol) was treated with 
?'FA-anisole (50 ml; 4 : 1 v/v) as usual, then n-hexane was 
added. The resulting oily precipitate was dried over KOH 
pellets in vacuo for 3 11 and then dissolved in lIn41; (100 ml) 
containing Et,N (2.83 nil, 20.5 mniol). To this ice-chilled 
solution were added the azide [from Z(0Me)-Gln-His- 
SHNH,  2o (9.46 g, 20.5 mmol)] in DMF (SO ml) and Et,N 
(2.83 nil, 20.5 mmol) were added and the mixture, aiter 
stirring for 48 h, was concentrated. The residue was dis- 
solved in BuIIOH saturated previously with H,O. The 
organic phase was washed three times with 5% Xa2C0, ancl 
H,O, dried over MgSO,, and concentrated. The residue was 
washed with H,O and recrystallized from EtOH to give the 
protecbed tripeptide devivative (12.25 g,  76y0), m.p. 142- 
146 "C, +6.5" (c ,  1 . 1  in DMF), R b l  0.49 (Found: C, 
43.0; H ,  5.05; hT, 14.45. C28H3,C1,N801,S requires C, 
42.89; H ,  4.76;  N, 14.29%). 

Z(Ohfe)-Gln-His-Met(0)-NHNH-Troc (10.58 g, 13.5 mmol) 
was treated with TFA-anisole (40 ml; 3 ; 1 v/v), then dry 
ether was added. The resulting powder, isolated as men- 
tioned previously, was dissolved in DMF (100 ml) containing 
Et,N (3.72 ml, 27 mmol). To this ice-chilled solution was 
added the mixed anhydride [from Z(0Me)-Arg(MBS)-OH 
(8.23 g, 16.2 mtnol)] in dry 'THE; (60 ml). After stirring 
in an ice-bath for 3 11, the solution was concentrated and the 
residue was purified by Livashing with 50/, NaHCO, and 

Z(  O M e )  -A s p  (OBu') - Ser-Ser- Thr- S e v A  la-,4 l a - N H N H -  

N, 11.930/0). 

Z(  O M e )  -Gln-His-Met (0) - N H N H -  l'roc.-Z (OMe) - 

Z (OMe)  - A  rg ( M B  S )  -Gln-His - Met  (0) - N H  N H  - Troc . -- 
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H,O followed by precipitation froin I>hW Lvith MeOH to 
afford the protected tetrapeptide derivatiue (1  0.72 g ,  72nh), 
m.p. 176-181 "C, - 18.0" ( c ,  0.7 in ])MI?), RIJl 0.53 
(Founcl: C, 45.0; H, 5.2; S, 15.4. C41H,,CI,N,,0,4S2 
requires C, 44.34; H, 4.99; 3, 15.14°/0). 

Z (0 f i f e )  - G lu ( OBzl) -.4 rg ICP B S )  -Gln-His-Met (0) - SH S I  / - 
Troc (B) .- -2 (OMe) -Xrg(MBS)-Gln-His-Rlet(0) -XHKH-Troc 
(11.69 g, 10.5 mniol) was treated with TFA-anisole (52  nil; 
10 : 3 v/v) and the X%-cleprotectetl peptitle, isolated as 
above, was dissolved in 1)MF (100 1111) together with Et,?; 
(4.3G nil, 31.6 mmol) and Z(O~[e)-Glu(OHzl)-OSl' (5.50 g ,  
10.5 mniol). After stirring for 24 h, the solution was con- 
centrated and the residue was purified by procedure 13 
followed by precipitation from DMF with EtOH to yield 
the projected peiztnpeptide tlevivntive (10.99 g, 79o,b), m.p. 
192-197 'C, -14.4" ( c ,  0.7 in DAIF). Aniiiio-acid 
analysis: Glu 2.08, Arg 0.96, His 1.00, Met + Met(0) 0.75 
(average recovery 89%) (Found: C, 46.05; H. 5.1; S, 
13.05. C5,H6,C1,N,,0,,S,*2.5H,0 requires C, 46.30; 1-1, 
5.35; X, 13.250/,). 

Z(0Me)  -G Zu( ORzlJ-A rg(A4B.S)-Gln-His-let  ( O ) - S H N H , ,  
Z(OA4e) - (KNase 9- 1 3)-NHNH2.-The above protected 
pentapeptide (10.54 g, 7.1) mniol) in DMF-AcOH (120 nil; 
5 : 1 v/v) was treated with Zn powder (5.18 g, 10 mol 
equiv.) in an ice-bath for 10 niin and a t  room temperature 
for 3 h. The solution was filtered, the filtrate was con- 
centrated bz vacuo a t  a bath temperature of <35 "C, and 
the residue was treated with a saturated solution of EDTA 
and 5% NaHCO,. The resulting mass was washed with 
H,O and precipitated twice from DMSO with MeOH to 
afford the hydrazide (6.72 g, 73y0), m.p. 229-236 "C, [alDZo 
-22.5" (6, 0.9 in DMSO), KF, 0.47. Amino-acid analysis: 
Glu 2.00, Arg 1.06, His 1.01, Met + Met(0) 0.68 (average 
recovery 93%) (Found: C, 50.3; H ,  6.2; N, 14.9. C5,H6,- 
Nl3Ol,S2.2.5H2O requires C, 50.07; H ,  6.05; N, 15.18%). 
Z(0Me)-Lys-(2)-Phe-0Me.-DCC (22.66 g, 0.11 mol) was 

added to a stirred mixture of Z(0Me)-Lys(2)-OH (44.45 g, 
0.10 mol) and H-Phe-OMe [from the hydrochloride (21.52 g, 
0.10 mol) with Et,N (13.8 ml, 0.10 mol)] in DMF (200 ml). 
After 48 h, the filtered solution was concentrated and the 
residue was purified by procedure B followed by recrystal- 
lization from MeOH-AcOEt to give the protected dipeptide 
ester (43.33 g, 72y0), m.p. 129-131 "C, [a]D22 -3.6" (c, 1.1 
in DMF), RF, 0.92 (Found: C, 65.35; H, 6.6; N, 7.3. 
C,,H,,N308 requires C, 65.44; H,  6.49; N, 6.9404). 

OMe (40.01 g, 66 mmol) was treated with TFA-anisole (60 
ml; 2 :  1 v/v) as usual, then n-hexane was added. The 
resulting oily precipitate, isolated as previously, was 
dissolved in DMF (250 ml) together with Et,N (18.2 nil, 
0.13 mol) and Z(0Me)-Ala-ONP (26.20 g ,  70 mmol), and the 
mixture, after stirring for 48 h, was concentrated. The 
residue was purified by procedure B followed by recrystal- 
lization from dioxan-MeOH to afford the protected tripeptide 
ester (35.65 g, 80y0), m.p. 159-162 "C, -6.9" (c, 1.5 in 
DMF), RF, 0.85 (Found: C, 63.95; H, 6.5; N, 8.0. Ca6- 
H4$N40, requires C, 63.89; H,  6.55; N, 8.28%). 

Z( OMe) - A h -  A Za-Lys( Z)-Phe-OMe.-Z (OMe) - Ala-Lys (2) - 
Phe-OMe (33.02 g, 49 mmol) was treated with TFA- 
anisole (49 ml; 33: 16 v/v) as usual, then dry ether was 
added. The resulting powder, isolated as above, was 
dissolved in DMF (250 ml) together with Et,N (13.5 ml, 98 
mmol) and Z(0Me)-Ala-ONP (18.70 g, 50 mmol) and the 
mixture, after stirring for 48 h,  was concentrated. The 
residue was purified by procedure B followed by precipit- 

Z(0Me)  -A  Za-Lys(2) -Phe-0Me.-2(OMe) -Lys(Z) -Phe- 

ation from DMF with MeOH to afford the protected tetra- 
pefitide ester (27.32 g, 7504,), 11i.p. 203-204 "C, [aIDz5 -9.8" 
( c ,  0.6 in DMF), Rpl 0.90 (Found: C, 62.5; H,  6.5; N, 
9.45. C3gH4gxj010 requires C, 62.63; H, 6.60; N, 9.37%). 

Z(8Me)-Thr-AZa-O~~e.--Z(OiLfe)-?'lir-OPCP (37.11 g, 70 
tnniol) was added to a stirred solution of H-Ala-OMe [from 
the hydrochloride ( 9 . 7 7  g, 70 mmol) with Et,S (9.64 nil, 7 0  
niniol)] in DMF (100 ml). After 48 11, the solvent was 
evaporated off and the residue was purified by procedure €3 
followed by recrystallization from AcOEt-etlier to afford 
the protected dipeptzde ester (18.41) g, 72O(.,), m.p. 123-126 "C, 

-2.6" ( c ,  0 .8  in DMF), R F ~  0.80 (Found: C, 56.7; 
H, 6.8; X, 7.7.  C17H24x207 requires C, 55.42; H ,  6.57; 
S, 7.61°/"). 

Z ( OM,) - Th Y -  A Zn- NH SH2. -Z (OMe) -T hr - Al a -0R4e ( 2 1 .03 
g, 57 nimol) in MeOH (150 ml) was treated with 80(j/, 
liyclraziiie hydrate (18 nil, 5 niol equiv.) overnight. The 
resulting mass was recrystallized from MeOH to afford the 
Jiydrazzde (18.48 g, 880/{,), m.p. 199-200 "C, +7.1" 
(c ,  0.7 in DMSO), R l y r  0.64 (Found: C, 51.6; H,  6.55; N, 
15.0. C,,H2,N40, requires C, 52.16; H ,  6.57; K, 15.21%). 
Z( 01Vle)- ?'/w-A la-A la-A la- T-ys(Z)-P~~e-OMe.-Z(OMe)- 

Ala-Ala-Lvs(2)-Phe-OAle (7.70 g, 10.3 mmol) was treated 
with TFA-anisole (37 nil; 30: 7 v/v) and the NQ-depro- 
tectetl peptide, isolated as above, was dissolved in DMF 
(70 nil) containing Et,N (1.42 ml, 10.3 mmol). To this 
ice-chilled solution were added the azide [from Z(0Me)- 
Thr-Ala-NHNH, (5.30 g, 14.4 mmol)] in DMF (30 ml) and 
Et,N (1.99 ml, 14.4 mmol), and the mixture was stirred 
for 48 h. The solvent was evaporated off and the residue 
was purified by procedure B followed by precipitation from 
DMF with MeOH ( x  2) to afford the protected hexapeptide 
(8.52 g, go%), m.p. 218-222 "C, -10.1" (c, 0.7 in 
DMF), I Z F ~  0.73. Amino-acid analysis: Thr 0.93, Ala 
2.89, Lys 1.03, Phe 1.00 (average recovery 91%) (Found: C, 
59.8; H,  6.7; N, 10.55. C16H6LN7013 requires C, 60.05; 
H,  6.68; N, 10.66%). 

nimol) in T H F  (120 ml) was added to a stirred solution 
of H-Glu(OBut)-OH (4.92 g, 24 mmol) and Et,N (6.68 ml, 
48 mmol) in H 2 0  (50 ml). After 24 h ,  the solvent was 
evaporated off and the residue was extracted with AcOEt. 
The organic phase was washed with 5% citric acid and 
H,O-NaCl, dried over Na2S04, and concentrated. Tritur- 
ation with ether and n-hexane followed by recrystallization 
from AcOEt-n-hexane af?(,rded the protected dipeptide 
(12.23 g ,  84%), m.p. 86.-89 "C, [alDz5 - 4.3" ( c ,  0.7 in DMF), 
RP1 0.68 (Found : C, 62.15; H,  6.95; N, 6.05. C,lH4,N,O, 
requires C, 62.09; H,  6.89; N, 7.01%). 

Z-Lys  (2) -GZu (OBu') -0Me .-An ethereal solution of di- 
azomethane was added to an ice-chilled solution of Z- 
Lys(2)-Glu(0But)-OH (8.10 g, 13.5 nimol) in MeOH (80 
ml), until the yellow colour persisted for 30 min. After 
addition of a few drops of AcOH, the solvent was evaporated 
off. Trituration with ether followed by recrystallization 
from AcOEt-n-hexane afforded the dipeptide ester (7.12 g ,  
86y0), m.p. 64-67 "C, [a1D25 -5.9" (c, 0.9 in DMF), RF1 
0.97 (Found: C, 62.35; H ,  7.0; N, 6.8. C,,H,,N,O, 
requires C, 62.62; H ,  7.06; N, 6.85%). 

OMe (7.11 g, 11.6 mmol) in EtOH (70 ml) was treated with 
80% hydrazine hydrate (3.63 ml, 5 rnol equiv.) a t  4 "C for 
48 h, then ether was added. The resulting gelatinous mass 
was recrystallized from MeOH-ether to afford the hydrazide 
(5.72 g, 80y0), m.p. 101-105", [a]D25 -7.7" (c ,  1.0 in DMF), 

Z-L~~(Z)-GZ~(OB~z)-OH.-2-L~~(2) -OSU ( 12.48 g, 24 

Z-Lys(Z)-GZu( OBW')-NHNH,.-Z-L~~( 2) -Glu (OBut) - 
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R F ~  0.73 (Found: C., 60.05; H, 7 .0 ;  N, 11.85. C,,H,,N,O, 
requires C, 60.6.5; H, 7.05;  N, 11.4%)). 

OMe.-Z (Ohfe) -'Tlir-Ala-Ala-Ala-Lys(2) -Phe-OMe (7 .74 g ,  
8.4 mmol) was treated with TFA-anisole (40 ml; 4 : 1 v/v) 
as usual, then clrjr ether was added. The resulting powder, 
isolated as above, was dissolved in DMSO-IIMF ( 1  : 1 v/v, 
80 nil) containing E t ,S  ( 1 . 1 7  nil, 8 .4  mniol). To this ice- 
chilled solution were added the azide [from Z-Lys(Z)- 
G~LI(OBU~)-NHNII,  (6.22 g, 10.1 nimol)] i n  1,RIIE: (30 nil) 
and Et,N (1.40 1111, 10.1 nimol), and the mixture, after 
stirring for 48 11, was concentrated. The residue was 
purified by procedure I3 followed by precipitation from 
DMSO with MeOH ( x  2) to afford the Protected octapeptzde 
ester (9.67 g, 8B0;-,), 1ii.p. 233-236 "C, -12.0" (6, 0.8 
in UMF), N k Y 1  0.76, 0.69. Amino-acid analysis: Lys 
2.02, Glu 1 . 0 0 ,  I'hr 0.89, Ala 2.86, f'he 1.00 (average recovei-y 
87%) (Found: C,, 60.85; H, 6 . 9 ;  N, 10.35. C,,H,2N1001, 
requires C, 61.06. H ,  6.93;  N, 10.470,;). 

NHMH,,  Z ( O M e ) - ( R N a s e  l--8)-NHNH2 (C,) .--?'he above 
protected octapeptide ester (7.21 g, 5.4 mmol) in HATPA\- 
MeOH (4 : 1 v/\r; 7 0  nil) was treated with SO:,& hyclrazine 
hydrate (1.69 nil, 5 niol equiv.) for 24 h, then H 2 0  (300 nil) 
was added. The resulting powder was washed with I4,O 
and precipitated from DMSO with MeOH to yield the 
protected octapeptide hydrazide (6.31 g, 88q&), 1ii.p. 234- 
238 "C, [ N : ~ . O  - 15.1" (c. 1.1 in DMSO), REq3 0.86,  RFj 0.28. 
Amino-acid analysis: L,p 2.00, Glu 1.01, l 'hr 0.96, Ala 
2.90, Phe 1.00 (average recovery 9276) (Iqound: C, 59.95; 
H, 7 .0 ;  N, 12.3. C6iH92hTYr1201i requires C, 60.16; H, 6.93;  
N, 12.57%). 

%(OMe) -Glu(( IHz l )  -,4 rg(MBS)  -Gln-His-iWet (0) -,4 sp-Ser- 
Ser-T?zr-.Ser--4lu-,4la--~HNH-7'roc.-Z(OMe)-( lCNase 14-- 
20)-NHNH-l'roc (:I) (4.28 g. 4.  I mmol) was treated with 
1FA-anisole (20 i n l ;  4 : 1 v/v) i n  it11 ice-batli for 3 11 and a t  
rooni temperature for 30 min, then dry ether was addetl. 
The resulting powder, isolated as above, was dissolved i n  
DMSO-ZlhTI; ( 1  : 1 v/v; 40 nil) containing Et:,?j' (1.13 ni l ,  
8 . 2  mniol). '1'0 this ice-chilled solution were added tlie 
azitle jf~-oni Z(OAle)-( liN3se 9--13)-NHhTI-I, (4.71 g, 4.  I 
niniol)I] i n  1)MSO- I)hll; ( 1  : I v / v ;  30 nil) and l<t,,X (0.5(i n i l ,  
4. 1 niniol), ant1 tlie solution, after stirring for 24 11, \vas 
concentrated. 'l'he residue ivas  purified by procet1ui-e H 
followed by prcci pitation from 1 )&'If; wit11 AcOEt ( '., 2) t o  
afiortl the protrcted dodecapeptide t ler i rd ive  (6.14 g ,  7 7 ( ) 4 ) ,  
m.p. 200---203 ' C ,  ~ 1 , ) ' ) ~  -- 13.6" (c, 0 .9  in DhlSo) ,  RbIiL 0.6Ci. 
Aniino-acid analysis: A s p  1.04, ' l l ~ r  0 . 8 ! ) ,  Ser 2 . 3 5 ,  Glu 
2.1 1 ,  ,Zla 2.00, Jlet - 1  hlet(0) 0.93, His 1.05, Arg 1.04 
(average recover!. S 8 O / O )  (Fount l :  C ,  46.15; H ,  5 . 8 ;  N, 
13.65,. ('7,Hlo5(~I~~X.,,,( ),,S2*2.613,0 requires C, 4 5 . X ;  I€,  
5 . M ;  N, 14.04nc)).  

Z-Lys ( Z )  -Glu (OBu') - T h -  A Zc--4 la-A la- Lys  (Z)  - P h e -  
GZZC ( UHzZ) -,4 rg ( il I H S)  -GI 12 - H i s  - ,I I et ( 0) - -4 s;h- Ser- Sev- Tk Y -  

Ser-..4la-Alu-NFISH-7voc.-Ttie above prdtected tlodecn- 
peptitie (1.24 g ,  0.64 mmol) was treated with TFA4-a.nisole 
( 5  nil; 4 : 1 v/v) mt l  the Na-tieprotected peytide, isolated 
as above, was tlissolvetl in I~MSc>-I)MF ( 1  : 1 v/v ;  7 n i l )  
containing Et,X (0.18 nil, 1 . 2 i  nimol) and iV-niethyl- 
niorpholine ( 0 . 0 7  nil, 0.64 rnniol). 'lo this ice-chilled 
solution were dcled the azide [from Z-(KNase 1 - 4 ) -  
NHNH, (C) (0.85 g ,  0.64 niniol)] in L)hlSO-DMIF ( 1  : 1 v/v 6 
nil) and lV-metli!.lmorpholiiie (0.07 nil, 0.64 mniol). After 
stirring for 48 h.  the solution was concentrated and the 
residue was puri tied by procedure B followed by precipit- 

Z-Lys( 2) -Glu( UHu~)-TThr- A Za-A Za-A In-Lys(Z)-Phe- 

Z- Lys  (2) -Glu(OBut) -T?w-A la-A la-A Za-I>ys(Z) -Phe- 

ation from DMSO with MeOH ( x 2) to afford the protected 
icosapeptide dtriuative (1.02 g, 520/,), m.p. 228 "C (decomp.), 
[ N ] ~ ) ~ ~  -13.7" ( c ,  0.7 in DMSO), Rb~,3 0.76. Amino-acid 
analysis: Asp 0.94, Thr 1.77, Ser 2.22, Glu 2.98, A l a  5.10, 
Met f NIet(0) 0.62, Phe 1.00, Lys 2.08, His 0.90, h rg  0.95 
(average recovery W 0 $ )  (Found: C, 51.45; H, 6 .1 ;  N, 
13.25. CI,,H1,,C1,N,,O,,S,*2H~O requires C, 51.47 ; H ,  
6.09; PIS, 13.44Oh). 

Z- Iys (Z )  -GZu(OBztt) -7hr -A  la-A la-A Zu-Lys(Z) -Yke- 
GZu ( OBzZ) -A rg ( M B  S )  -Gln - His-&let (0) -24 sp - Ser- Ser- Th r- 
Ser-Ala-Ala-NHIZI'HP, Z-(RNase 1 - 2 0 ) - N N N H 2 .  Protected 
S-pepti& . --l'he above protected icosapep t i de  (1 er i va t i ve 
(0 .53 g, 0.17  mniol) in HMPA-NMY (2 : 1 v/v; 5 nil) and 
AcOH ( 1  nil) was treated with %n powder (0.56 g, 50 mol 
equiv.) a t  40 T for 3 h. The solvent was evaporated oft 
and the residue was treated wi th  5.i EUTA. The resulting 
gelatinous mass was purified by washing with H,O followed 
by precipitation from DhlSO with MeOH to yield tlie 
hydrazide (0.41 g ,  83"4), n1.p. 251 "C (decomp.), 
-28.9" ( 6 ,  0.8 in DMSO), Rk13 0.61. A4niir~o-acid analysis. 
Asp 0.93,  'llir 1 74, Ser 2.09, Glu 3.02, A h  4.85, Met f 
hlet(0) 0.7'7, Plie 1.00, Lys 2.13 ,  His 0.91, Arg 0.91 (average 
recovery 93%) (Found: C, 53.4; H,  6 .5 ;  N, 13.3 C,,,- 
Hl,,N,o0,2S,*3H20 requires C,  52.99; 1-1, 6.45; N, 14 15O;). 
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the Ministry of Education, Culture antl Sciences, Japan, ant1 
by the Yamada Science Foundation (Osaka, Japan). 

j9/1719 K P L P I U P J ,  26th Uctobci,  19791 

R EFE RE NCI< S 

N. F'ujii and H. Yajima, (u) Part I ,  J .  Clicni. SOC., Perttin 
Trans.  I ,  1981, 789; (6) Part  2, ibid., 1981, 797; (c) 1''ix-t 3, ibici., 
1981, 804; (d )  Part  4, preceding, paper. 

J .  Honzl and J .  Kudinger, C o l l .  Czech. Chem. Comi)inn., 1961, 
26, 2 3 : H .  

W. liiinig and R. Geiger, Cheun. Ber., 1970, 103, 788. 
M .  Uodanszky and V. du \'igneaud, J .  Am.  Chenr. Soc., 1959, 

0. Nishimura and M. E'ujino, ClLem. Phaiwz. B 7 4 L Z . ,  1976, 24, 

13. Yajima and Y .  Kiso, Chevn. Pharni. Bull., 1!)71, 19, 420. 
R. €3. Woodward, I<. Hcusler, J .  Gosteli, P. Nacgeli, W. 

C)ppolzt:r, K. Kamage, S. Ranganathan, antl H. L'orbrtiggen, 
J. A m .  Cheni. Soc., 1966, 88, 852. 

M .  Bodanszky, Natzire, 19.55, 175, 685; L4cta Chiin. Acud. 
Sci. H m g . ,  1957, 10, 335;  Ill. Bodanszky and &I. A.  Ondetti, 
Cliem. f n t l .  (London) ,  19ti6, 26. 

M. Botlanszky and J .  'r. Sheehan, Cheun. 1 9 1 1 2 .  ( I ~ o m ~ o ~ i ) ,  1 9 0 ,  
1268; R. Paul, G. W. Anderson, and I;. M. Callahan, J .  Ovg. 
Chem., 1961, 26, : W 7 .  

lo J .  C. Sheehan and G. P. kIess, J .  rIw. Chrm.  Soc., 195.5, 77, 
1067. 

l1 N. Fuj i i ,  T. Sasaki, S. Funakoshi, 1-1. Iric, niicl H. Yajinia, 
Chenr. Pharm. Bzdl., 1978, 26, 650. 

l2 B. lselin, Hedv. Clzim. Actcz, 1961, 44, 61. 
l 3  E. Bordignon, L. Cattalini, G. Natile, and A .  Scatturin, ./. 

Chem. SOC. Chem. Coinmun.., 1973, 878. 
14 R. Hirschmann, K.  F. Nutt ,  D. 1;. l'eber, R. A .  Vitali ,  S. L. 

Varga, T. A.  Jacob, F. W .  Holly, and K. G. Uenkewalter, J .  Anr. 
Chewi. Soc., 1969, 91, 507. 

lG F. M. Richards. Pi .0~ .  Natl .  . Icad .  Sci.,  US.4, 1958, 44, 162; 
F. M. Richards and P. J .  Vithayathil, J .  H i d .  Chem.,  1959, 234, 
1459. 

l6 K. Hofmann, M. J .  Sniithers, and 1:. M .  lTinn2 J .  . 4 ? ~ i .  Chem. 
Soc., 1966, 88, 4107;  K. Hofmann, J .  €'. Visser, and F. 31. Finn, 
ibid. ,  1969, 91, 4883. 

l7 F. M. Finn and K. Hofmann, .I. A m .  Chem. SOC., 1965, 87, 
645;  K.  Hofmann, R. Xndreatta, F. M. Finn, J .  NIontibeller, G. 
Porcelli, and A. J .  Quattrone. Bioovg. Chcm., 1971, 1, 67;  F. &I. 
Finn and K. Hofmann, Acc. Chew.  J I ' P S . ,  1973, 6, 169; and other 
references cited therein. 

81, 5888. 

1568. 



J.C.S. Perkin I 
1* G .  Borin, F. Marchiori, L. Moroder, and E. Scoffone, Gazz. 

Chim.  Ital., 1975, 105, 137; B. Filippi, L. Moroder, G Borin, &l. 
Samartsev, and F. Marchiori, Eur. J .  Biochem., 1975, 52, 65; M. 
Pandin, E. A. Padlan, C .  Dibello, and I. M. Chaiken, Proc. Na t l .  
Acad.  Sci .  U S A ,  1976,73, 1844; I. V. Holtkamp and C .  Schatten- 
kerk, f n t .  J .  Pept .  Protein Res., 1979, 13, 185; and other refer- 
ences cited therein. 

lS M. Bodanszky and S. Natarajan, J .  Ovg. Chetn., 1975, 40, 
2495; J. Martinez and M. Bodanszky, Int. J .  Pep t .  Protein He.?., 
1978, 12, 277. 

20 F. Taniura, H. Ogawa, N. Fujii, H. Yajima, KMiyata, . RI. 
Nakamura, and A .  Tanaka, Chern. Pharm. Bull.. 1977, 25, 767. 

*l ( a )  Th. Wieland and H. Bernhard, Justus Liebigs Ann. 
Chem., 1951, 572, 190; (b )  J. R. Vaughan, jun., and R. L. Osato, 
J .  A m .  Chem. Soc., 1951, 73, 5553; (c) R. A .  Boissonnas, Helzt. 
Chim. Acta,  1951, 84, 874. 

22 H. Kappeler and R .  Schwyzer, Helv.  Chinr. Acta,  1961, 44, 
1136; R. Schwyzer and H .  Kappeler, ibid. ,  p. 1991. 

23 H .  Ogawa, M.  Kubota, and H. Yajiina, Chem. Pharm. Rzilf., 
1976, 24, 2428. 

24 H. Ogawa and F I .  Yajima, C h w .  P h a r w .  Bid!., 1978, 26. 
1640. 


