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Commencing with the protected hexatriacontapeptide, corresponding to the sequence of bovine pancreatic RNase 
A, Z(0Me)- (RNase 89-1 24) -OBzl, chain elongation was carried out to the hexapentacontapeptide stage, 
Z(0Me)-(  RNase 69-1 24)-OBzl, by six successive azide condensations of the peptide fragments Z(0Me)-Asp- 
(0Bzl)-Cys( M Bzl) -Arg( M BS) -Glu (OBzl) -Thr-Gly- NH NH -Troc (1 O ) ,  Z(0Me) -Ser-Ile-Thr- NH NH, (1 1 ), 
Z(0Me) -Ser-Thr-Met(0)-NHNH, (1 2), Z(0Me) -Gln-Ser-Tyr- NHN H, (1 3), Z(0Me) -Asn-Cys( M BzI) -Tyr- 
NHNH, (14), and Z(0Me)-Gln-Thr-NHNH, (1 5). The Troc group was removed from fragment (10) by treatment 
with Zn prior to condensation. With N-methylpyrrolidone-5% H,O as eluant, gel-filtration on Sephacryl S-200 was 
employed for purification of Z(0Me)-( RNase 69-1 24)-OBzl which was contaminated with the acyl component 
used in excess during the coupling. 

-~ 

THE synthesis of the protected liexatriacontapeptide The protected licxapeptide hydrazide derivative 
ester corresponding to positions 89-124 of bovine %(OMe)-Asy(OBzl)-Cys(MBzl)-Arg(MBS)-Glu(OBzl)-~~hr- 
pancreatic RNase A was described in the first two papers Gly-NHNH-Troc (10) (positions 83-88) was syn- 
of this series; The glycine residue a t  we now report further chain elongation thesized according to Scheme 2. 

Position 

Z ( OMe)-( RNase 89 - 124 ) - O B t l  1 

0 Protected amino-ac ids : t l u  ( O B z l  1 , C y s  ( M B z l  1 ,  A r g  ( M B S ) ,  L y s  (Z 1, 
Asp(OBzGl), M e t ( 0 ) .  

I Pos i t ions  of f r a g m e n t  condensation. 
SCHEME 1 Synthetic route to the protected hexapentacontapeptide ester, Z(OMe)-(RNase 69--124)-OBzl 

to the protected liexapentacontapeytide ester, Z(0Me)- 
(RNase 69---124)-OBzl, which was performed by suc- 
cessive condensations of six peptide fragments, from (lo) 
to (15) (Scheme 1) .  

posit ion 88 can be chosen as the racemization-free 
condensation point. Therefore, we initially planned to 
prepare the protected hexapeptide without protection of 
the carboxy-group and couple this unit by DCC in the . , .  

t This paper is regarded as Part  90 in the series ' Studies on presence Of HoBT to the large 
Yeptides ' [Part 89, ref. l b  (preceding paper)]. component, H- (89-1 24)-OBzl. However, consider- 
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Z (OMe)-Cys( MBtLj-ONP 
Z (OMcI-Arg ( MBS I-ODNP - 

ation of the various preferable features of the Rudinger 
azide-coupling procedure for our present synthesis led 
us to adopt a substituted hydrazine in the preparation of 
this hydrazide containing Asp(OBz1) and Glu(OBzl), 
since the usual hydrazinolysis of esters could not be 
applied. Troc-NHNH,, introduced in our laboratory in 
1971: met our requirements, since the Troc group can be 
removed by treatment with Zn5 without affecting the 
side-chain protecting groups; Z(OMe), 2, Bzl, MBzl, and 
MBS.s The known substituted hydrazines, Z-NHNH,,7 
BOC-NHNH,,~ Tri-NHNH,,g and Picoc-NHNH,,1° did 
not fulfil this requirement. 

Thus, Z(0Me)-Glu(OBz1)-Thr-Gly-OH, prepared in a 
stepwise manner, was converted quantitatively, by the 
DCC-plus-HOBT condensation with Troc-NHNH,, into 
the crystalline hydrazide derivative, Z( 0Me)-Glu( 0Bzl)- 
Thr-Gly-NHNH-Troc. This fragment, after Na-depro- 
tection with TFA,ll was condensed with Z(0Me)- 
Arg(MBS)-OH,6 a new arginine derivative bearing a 
protecting group removable by MSA,12 by means of 
the DNP rnethod.l3*l4 The reaction gave a yield of 81% 

- 
Z IOMeI-Glu I O B z l  I - ONP 

Z (0Me)-Thr-OPCP 

H2 NN H-Tr oc 
H-G I y -OH 

amino-acid residues, serne and threonine, Met (0) 
derivatives are usually very water-soluble compounds. 
Therefore, we decided to oxidize methionine at  the final 
stage of the synthesis, instead of starting with Z(0Me)- 

Z ( OMe 1 -Ser-OPCP 

H-Thr-OMe 
Z-lle -OH 

Z ( OMe I -Ser -I le -T hr-NHNHZ 
Synthetic scheme for the protected tripeptide 

hydrazide, Z(QMe)-(RNase 80-82)-NHNH2 (11)  
SCHEME 3 

0 3 Z ( OMe-I - Ser - OPCP 
Z (OMe) -1hr -0PCP 

H -Met -0Me 

Z ( 0 M e I  -Ser -Thr-Me&-NHNHZ 

hydrazide, Z(QMe)-(RNase 77- 79)-NHNH, (12) 
SCHEME 4 Synthetic scheme for the protected tripeptide 

Met (0)-OMe. The tripeptide ester Z(0Me)-Ser-Thr- 
Met-OMe, prepared using available active esters, 
Z(0Me)-Thr-OPCP and Z(0Me)-Ser-OPCP, as shown in 
Scheme 4, was exposed to the action of tetrachloro- 
auric(ir1) acid according to the method of Bordignon 
et uZ.l8 Oxidation with hydrogen peroxide l7 is known 
to yield Met(0) slightly contaminated with sulphone; 
the superior oxidant sodium perborate la was not avail- 
able a t  this time. We were interested in this reagent, 
which stereospecifically oxidizes the sulphur atom of 
methionhe. T.1.c. showed the reaction to be seemingly 
complete within 3 h at  40 "C. However, because of its 
high solubility in water, we were not able to isolate the 
desired compound in an analytically pure form. The 
crude product contaminated with some inorganic salt 
was converted into the corresponding analytically pure 
hydrazide (1 2). 

The next fragment, Z(0Me)-Gln-Ser-Tyr-NHNH, (13) 
(positions 74-76), was prepared starting from the known 
dipeptide ester Z-Ser-Tyr-OMe ,,O which after hydro- 
genolysis was condensed, in an ice-bath, with Z(0Me)- 
Gln-OH by DCC in the presence of HOBT. The purified 
tripeptide, Z(0Me)-Gln-Ser-Tyr-OMe, free from any 
dehydro-derivative,21 was converted into (13) in the usual 
manner (Scheme 5). 

Next, we attempted to introduce as one unit the 

Z(OMeI-Gln - O H  
Z-Ser - OPCP 
H-Tyr - OMe 

Z ( 0 M e I -  Gln - Ser-Tyr -NHNH* 

hydrazide, Z(0Me)-(RNase 74-76)-NHNH2 (1 3) 
SCHEME 6 Synthetic scheme for the protected tripeptide 

sequence 69-73 by condensation of Z( 0Me)-Gln-Thr- 
NHNH, (15) (positions 69-70) with H-Asn-Cys( MBz1)- 
Tyr-OMe. However the dipeptide hydrazide (15) was 
found to have low solubility in DMF. Thus, we de- 
cided to use two building blocks in a stepwise manner. 
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Z(0Me)-Asn-Cys(MBz1)-Tyr-N HNH, (14) (positions 71- 
73) was prepared according to Scheme 6. Z(0Me)- 
Cys(MBz1)-Tyr-OMe, prepared by the DCC condensation 
procedure as usual, was, after treatment with TFA, 
allowed to react with Z(0Me)-Asn-ONP. The resulting 
tripeptide ester was converted into (14) as usual. 

I 

Z ( 0 M e ) - C y s  ( MBzl )-OH 
Z ( OMc 1- Asn -0NP 

H - Tyr -0Me 
MBzl ?J 
I 

Z(OMe1 -Asn-Cys -Tyr  - NHNHz 
SCHEME 6 Synthetic scheme for the protected tripeptide 

hydrazide, Z(0Me)-(RNase 71-73)-NHNH2 (14) 

In order to synthesize Z(0Me)-(RNase 69-124)- 
OBzl, the six fragments thus obtained were assembled 
according to Scheme 1. Each azide condensation was 
performed with a 2.5-3.5-fold excess of the azide 
component in, most instances, the solvent system 
DMSO-DMF. Compared with the condensations des- 
cribed in the preceding paper,l the amount of the azide 
was increased to bring every condensation to completion. 
After repeated precipitation from DMSO with methanol, 
the desired pure (t.1.c.) products were isolated; their 
homogeneities were assessed at  each step by amino-acid 
analysis, using the recovery of phenylalanine as standard 
(Table 1). 

TABLE 1 
Amino-acid ratios of 7,(0Me)-( RNase 69--124)-OBzl 

and intermediates 
Position 83-124 80-124 77-124 74-124 71-124 69--124 
Residue (42) * (45) (48) (51) (54) (56) 

5.21(5) 5.18(5) 5.14(5) 5.09(5) 6.11(6) 6.14(6) $:: 2.76(3) 3.90(4) 4.87(5) 4.86(5) 4.83(5) 5.76(6) 
Ser 2.47(3) 3.01(4) 3.92(5) 4.50(6) 4.48(6) 4.51(6) 
Glu 3.12(3) 3.01(3) 3.06(3) 4.10(4) 4.09(4) 5.13(5) 
Pro 2.90(3) 2.79(3) 2.81(3) 2.77(3) 2.79(3) 2.76(3) 
Gly 2.22(2) 2.14(2) 2.16(2) 2.11(2) 2.13(2) 2.17(2) 
Ala 4.14(4) 3.99(4) 3.94(4) 3.91(4) 3.96(4) 3.98(4) 
Val 3.94(4) 3.88(4) 3.88(4) 3.89(4) 3.90(4) 3.91(4) 
Mett 0.67(1) 0.64(1) 0.69(1) 0.67(1) 
Ile 2.08(2) 2.41(3) 2.39(3) 2.47(3) 2.42(3) 2.44(3) 

2.72(3) 3.21(3) 3.25(3) 4.34(4) 5.31(5) 5.33(5) 

Lys 2.93(3) 3.18(3) 3.20(3) 3.19(3) 3.22(3) 3.24(3) 
His 2.12(2) 1.71(2) 1.69(2) 1.73(2) 1.72(2) 1.74(2) 
Arg 1.01(1) 0.90(1) 0.92(1) 0.91(1) 0.90(1) 0.89(1) 

2: l .OO(1)  l . O O ( 1 )  l . O O ( 1 )  l . O O ( 1 )  l . O O ( 1 )  l . O O ( 1 )  

CYS (3) (3) (3) (3) (4) (4) 

(%) 

We must mention that some problems were 
encountered in removing the excess of unchanged azide 
component. Estimation of purity by amino-acid analy- 
sis is often difficult, as was found in the case of fragments 
(11) and (12). Serine and threonine decomposed to 
some extent during the acid hydrolysis and Met(0) was 
mostly converted into methionine. Isoleucine (3 mol) 
gave a low recovery, because of the presence of the Ile-Ile 
bond (position 106-107), which resisted even hydrolysis 
for 72 h.22s23 Thus, after these two coupling steps, the 
ratios of these newly incorporated amino-acids to 

Recovery 89 91 87 87 89 88 

* Hydrolysis for 72 h. f Met(0) was not calculated. 

1 

plienylalanine were uncertain. When our preliminary 
run was carried out, we noticed that after the two 
successive condensations of (13) and (14), the recoveries 
of aspartic acid, tyrosine, and glutamic acid were higher 
than those predicted by theory, as was that of threonine 
after condensation of (IS). Each product exhibited some 
tailing on t .l.c. Simple precipitation procedures seemed 
hopeless for yielding pure compounds. Gel-filtration 
on Sephadex LH-20 or 60 had been previously shown to 
be a useful tool for purification of protected peptides, but, 
as the molecular weight of our peptides increased, as was 
the case for Z(0Me)-(RNase 69--124)-OBzl, LH-20 or 
60 proved ineffective. Galpin et aLM have recommended 
the use of Enzacryl K-2 (DMF or NhlP) and Sephadex 
G-50 (HMPA-5% H,O) for larger peptides. In the 

2.0 

1-0 

( b )  

4 
Tube no. Tube no. 

FIGURE Gel-filtration of the crude sample of Z(0Me)-(RNase 
69--124)-0BzI on (a) Sepharose C.L-6B arid (b) Sephacryl 
s-200 

present studies, we found that partial resolution of a 
contaminant could be achieved by the use of Sepharose 
CL-6B (DMSO-5% H,O), or, even better, Sephacryl 
S-200 (NMP-5% H,O) (Figure). Acid hydrolysis of 
the main product obtained, using the latter system, gave 
amino-acid ratios identical to those predicted by theory; 
the material obtained from the side-peak revealed the 
presence of amino-acids consisting predominantly of 
positions 69 to 82 (Table 2). 

The result indicated that such contamination was 
initiated by successive chain elongation of the Ser-Ile-Thr 
unit (ll), which was not removed completely during 
the purification of Z(0Me)-(RNase 80--124)-0Bzl. I t  
showed that even a small azide can occasionally give a 
rearrangement product which is difficult to remove by a 
single precipitation procedure. 

Because of these observations in our preliminary run, 
the next preparative runs were performed with particular 
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TABLE 2 

Aniino-acid anaIysis of Z(0Me)-(RNase 69--124)-0Bzl purified by gel-filtration and crude intermediates 
Position 80-124 77-124 74-124 71-124 69-124 Sepharose CL-6B Sephacryl 73-200 
Residue 

'rhr 
Ser 
Glu 
Pro 

Ala 
Val 
Met 
I le 
Tyr 
Phc 

His 

ASP 

G'Y 

Lys 

Arg 
cys 

Hccovery (7;)) 

(45) 

3.55 (4) 

3 .3  1 (3) 

2.32 (2) 

5 .20 (5) 

3.12(4) 

2.96 ( 3) 

4.26(4) 
4.02(4) 

2.85(3) 
2.90( 3) 
1 .OO( 1) 
2.86( 3) 
1.85(2) 
1.03( 1 )  

83 
(3) 

(48) 
5.10(5) 
5.02(5) 
4.69( 5) 
3.26( 3) 
2.98(3) 
2.22( 2) 

1.08( 1) 

2.73(3) 
1 .OO( 1) 

4.07(4) 
3.69 (4) 

2.68( 3) 

3.21(3) 
1.89(2) 
1.06( 1) 

85 
(3) 

(51) 
4.89(5) 
5.00( 5) 
5.76( 6) 
4.96( 4) 
2.80(3) 
2.17(2) 
3.97( 4) 
3.49( 4) 
0.94( 1) 
2.62 (3) 
4.04(4) 

2.75 (3) 
1.62(2) 
1.07(1) 

89 

1 .00( 1 )  

(3) 

(54) 
6.24( 6) 
5.00(5) 
5.27(6) 

2.86(3) 
2.16(2) 
3.90(4) 

0.94( 1) 
2.68(3) 
5.17(5) 

2.85 (3) 
1.70(2) 
1.07( 1 )  

88 

4.77 (4) 

3.47 (4) 

l . O O ( 1 )  

( 4) 

care being taken when purifying Z(0Me)-(RNase 80- 
124)-OBzl, as well as Z(0Me)-(RNase 77---124)-OBzl, 
taking the isoleucine recovery of the purified sample of 
Z(0Me)-(RNase 69--124)-OBzl (Ile/Phe = 2.4, after 
hydrolysis for 48 h) as a marker. Although a sharp 
single spot on t.1.c. in the solvent system BullOH- 
AcOH-AcOEt--Ii,O (1 : 1 : 1 : 1, v/v) is still one of the 
guides for routine assessment of the purity of protected 
intermediates, we decided to examine the purity by, 
in addit ion to amino-acid analysis, column chromato- 
graphy on Sephacryl S-200 a t  the stage of Z(0Me)- 
(RNase 69--124)-OBzl. This is a good check-point for 
establishment of the purity of the synthetic peptides 
being used in successive condensations at  the C-terminal 
end. A tool for tlie purification of relatively large 
protected peptides was thus now available, for use when 
discrepancies between tlic observed and theoretical 
values of amino-acid compositions were noted. Thus, 
we were able with confidence to prepare 19 g of Z(0Me)- 
(KNasc 69- 124)-OBzl having a high degree of homo- 
geneity. 

EXPEKIMENTAI, 

General exper-lnicntal procedures \\ere described i n  
l'art 1 . l t '  1 he Na-protectiiig group, Z(OMe), was cleaved by  
1t 'A in the presence of anisole ( 2 2  in01 equiv.) in an ice- 
bath for 45-60 niin. The 1)CC and the active ester 
condensations were performed a t  room temperature ( 17- 
25 "C). l h e  a i d e  condensation was performed by the 
inethod of Honzl and R ~ d i n g e r . ~  

%(O~e)-Thr-GZy-OH.-Z(OMe)-Tlir-(~PCP (53.16 g, 0.1 
iiiol) dissolved i n  THL: (250 nil) was adde(l to a stirred 
solution of Gly (22.52 g ,  0.3  niol) in H,O (150 nil) containing 
Et,N (48  ml, 0.35 niol). After 24 h,  the solvent was 
evaporated off and the product was isolated by procedure 
C. Hecrystallization from AcOEt-ether gave the /wotected 
dipeptide (14.91 g,  44O&), m.p. 113---113 "C, -17.6'' 
( G ,  0 .8  in I)Ml;), R l r l  0.29  (l;ouiid: C, 5 2 . 6 5 ;  H, 5 . 9 ;  N 
8.1. C,,H,,N,O, requires C, 52.93; H, 5.92; N, 8.23O4) .  
i! ( OMe) -GZu ( OBzZ) - Th Y- G Z_V- OH.  -2 (Ohle) -'I h r - GI y -OH 

(28.80 g, 85 mmol) in MeOH (100 nil) containing a few drops 
of AcOH was hydrogenated over Yd for 8 h. The filtered 
solution w7as concentrated and the residue was recrystallized 
from H,O-MeOH to give H-Thr-Gly-OH (14.02 g, 94%) 

(56) 
6.47 ( 6) 
6. 42( 6) 
5.3 6 (6) 
6.09(5) 
2.69 ( 3) 

3.76(4) 
2.11(2) 

3.57 (4) 
0.92( 1) 

1.00( 1) 

2.53 ( 3) 
5.41(5) 

2.82 ( 3) 
1.68(2) 
0.97( 1 )  

88 
(4) 

Peak 1 
6.18 
5.62 
4.42 
5.06 
2.69 
2.13 
4.05 
3.91 
0.72 
2.51 
5.23 
1 .00 
2.99 
1.72 
0.97 

89 

Peak 2 
11.52 
18.31 
10.76 
17.38 

2.37 
1.78 
3.65 
3.49 
4.79 
2.52 

17.09 
1 .oo 
2.76 
1.49 
1.07 

Peak 1 
6.21 
5.79 
4.46 
5.02 
2.71 
2.11 
4.06 
3.88 
0.69 
2.49 
5.21 
1 .oo 
3.17 
1.69 
0.91 

89 

Peak 2 
12.64 
19.25 
13.93 
19.30 
2.47 
1.96 
3.76 
3.74 
4.98 
2.32 

18.00 
1 .oo 
2.97 
1.54 
1.02 
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,. 1 his tlipeytide (6.34 g, 36 mniol) l vas  dissolved in H,O (50 
nil) containing Et,N (!j.9 nil, 72 mmol), and a solution of 
Z(0Me)-Glu(OBz1)-ONP (18.81 g,  36 nimol) in THE; ( I60  
ml) was added. After stirring for 48 h, the mixture was 
concentrated and tlie residue was washed with 5%, citric 
acid and H,O and then recrystallized from MeOH-AcOEt to 
yield the protected tripeptide (17.91 g, 89y0), m.p. 122-124 
O C ,  [aID2, 1.5" (c, 0.7 in DMF), Rpl 0.25 (Found: C', 
57.9; H, 5.9; N, 7.65. C,,H,,N,O,, requires C, 57.95; H, 
5.94; N, 7.51y0). 

Z(On/le)-Glu(OBzZ) -?'kr-GZy-NHNH-Troc.-I>(:C (2.47 g,  
12 mmol) was added to a stirred mixture of Z(0Me)- 
Glu(OBz1)-Thr-Gly-OH (5.60 g, 10 niniol), Troc-NHNH, 
(2.49 g, 12 niniol), and HOB'T (1.62 g,  12 mmol) in D M F  
(50 ml). After 48 11, the solution was filtered, the filtrate 
was concentrated, and the residue was purified by procedure 
A. Trituration with ether followed by recrystallization 
from AcOEt-ether gave tlie substituted hydvazide (7.30 g, 
!)7%), m.p. 87-89 "C, [a]D23 -2.4" ( G ,  0 .4  in DMF), R y ,  0.62 
(Found: C, 48 16; H, 5.0;  N, 9.3. C,,H,,Cl,N,O,, 
requires C, 48.10; H .  4.84; N ,  9.35"!,). 

Z (  O M e )  - A  vg( MBS)-Glu(  OBz2)- Thr-Gly-NHh'H- TvoG.-- 
Z(0Me)-Glu(OBz1)-l'hr-Gly-NHNH-Troc (10.74 g, 14 rnmol) 
was treated with a mixture of TFA (21 nil) and anisole (5.2 
nil) as usual, then dry ether was added. The resulting 
powdei was dissolved in 4.2~-HC'l-dioxan (3 .3  ml, 14 
mmol), the solvent was evaporated off, and the residue was 
again treated with ether to afford HCl*H-Glu(OBzl)-Tlir- 
Cly-NHNH-Trot: as i i  powder, which was dissolved in 
1)iI"F (40 1111) ColitiLi1li1lg F:t,3N (3 .9  nil, 28 nimol). DCC 
(3.17 g,  15 niniol) was added to a stirred solution of Z(0Me)- 
-4rg(lUM)-OH (7.83 .g, 15 niniol) and DNP-OH (2.84 g ,  
15 minol), in AcOEt (20 nil). After 5 h ,  the solution was 
filtered, the filtrate MYIS added to the above solution con- 
taining the tripeptide, ant1 the mixture, after stirring for 
48 11, was concentrated. The product was isolated by 
procedure €3. t~ecrystalliz~ttiori froin MeOH-ether afforded 
the ProteLted tetrapeptide (12.14 g ,  810/) ,  m.p. 108-110 'C, 
[ x ] , ~ ~ ~  - - 2 . 2 "  ( G ,  0 .5  in DME;), Rlr, 0 61 (Found: C ,  47.!1; 
H, 4 .9 ;  N, 11.7.  C43H54C13N9015S requires C, 48.02; H, 
5 . 0 6 ;  N,  11.72%). 

Z ( O M e  ) - Cys (NlBzZ) - A  rg ( M S S )  -Glu ( OBzl) - Thv-GZy - 
.VHNH- Troc.-Z (OMe) -Arg( M13S) -Glu( ORzl) -Tlir-Gly- 
NHNH-l'roc (5.38 g, 5 mmol) w-as treated with a mixture of 
TFA (1 1 ml) and anisole (2.7 nil) as usual and dry ether was 
added. The resulting powder was collected by filtration 
and dissolved in DMF (50 ml) together with Et,N (1.4 ml, 
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10 iiimol) and Z(0Me)-Cys(MBz1)-ONP (2.63 g, 5 mniol). 
After stirring for 48 h, the solution was concentrated and the 
product was isolated by procedure B. Recrystallization 
from MeOH-ether afforded the protected penlapeptide (5.76 
g ,  8904,), m.p. 103-105 "C, [,ID2, -9.2" (c, 0.4 in DMF), 
Rbl1 0.60 (Found: C, 49.9; H ,  5.1; N, 10.85. C54H,,C1,N,o- 
O,,S, requires C, 49.94; H ,  5.20; N, 10.79%). 

Thr-Gly-NHNH-Troc (10) .-The above protected penta- 
peptide (6.49 g, 5 mmol) was treated with a mixture of 
TFA (13 ml) and anisole (3.2 ml) as usual, then dry ether 
was added. The resulting powder was dissolved in DMF 
(35 ml) together with Et,N (1.4 ml, 10 mmol) and Z(0Me)- 
Xsp(OBz1)-ONP (2.80 g, 5.5 nimol). After stirring for 48 
h, the solution was concentrated, and the product was 
isolated by procedure B. Recrystallization from MeOH- 
ether afforded the protected hexnpeptide (6.25 g, 830&), m,p. 
140-142 "C, - 10.4" (c, 0.5 in DMF), Rbl1 0.64 (Found: 
C, 51.65; H ,  5.3; N, 10.05. CG5H78C13N,1020S, rcqnires C, 
51.91; H, 5.23; N, 10.25%). 

Z(0Me) -A sp(0BzZ) -Cys(MBzZ) -A rg(MBS) -GZu( OBzZ) - T h y -  
GZy- NHNH,, Z( OMe) - (RNase 83-88) - NHNH,.-Tlie 
above protected hexapeptide (9.02 g, 6 mmol) in AcOH 
(90 ml) was treated with Zn powder (4.8 g, 12 mol equiv.) 
for 48 h. The filtered solution was concentrated and the 
residue was treated with a saturated solution of EDTA and 
5% Na,CO,. The resulting gelatinous mass was washed 
with H,O and recrystallized from MeOH to give the pro- 
tected hexapeptide hydrazide (5.40 g, 68%), m.p. 130-133 'C, 

-8.0" (c, 0.4 in DMSO), RI,, 0.55. Amino-acid 
analysis: Asp 1.04, ,4rg 1.09;Glu 1.05, Thr 1.01, Gly 1.00 
(average recovery 90";) (Found: C, 55.55; H, 5 . 8 5 ;  N, 
11.35. C,,H,,N,,O,,S,*H,O requires C, 55.30; H, 5.91 ; N, 
11.44%). 
Z(OMe)-Sev-lZe-?'hr-OniIe.-2-Ile-'Tlir-OMe l6 (30.40 g, 

80 mmol) in THF (200 ml) was hydrogenated over Pd in the 
presence of ~N-HCL (80 ml, 1 rnol equiv.) for 8 h. The 
catalyst was removed by filtration, the filtrate was concen- 
trated and the residue was dissolved in DMF (300 ml) 
together with Et,N (22.1 nil, 0.16 niol) and Z(0Me)-Ser- 
OPCP (45.55 g ,  88 mmol). After stirring for 48 11, the 
solution was concentrated and the product was isolated 
by procedure €3. Recrystallieation from MeOH-AcOEt 
afforded the protected tripeptide estev (28.76 g, 72%), m.p. 
189-191 "C, \alD2, + 3.6" ( c ,  0.8 in DMF),  RF, 0.43 (Found: 
C, 55.55; H,  7.15; N, 8.45. C,,H,,N,O, requires C, 55.52; 
H,  7.09; N, 8.45'%). 

8 0- - 8 2) - 
NHNH, (1 1) .-The above protected tripeptide ester (10.40 
g, 21 mmol) in 13MF-MeOH (100 ml; 4 : 1 v/v) was treated 
with 800/, hydrazine hydrate (11 ml, 13 mol equiv.) over- 
night. Precipitation of the resulting mass from DMF with 
MeOH afforded the hydrazide (8.11 g, 78%), n1.p. 240- 
242 "C, [aJD22 - 1.3" (c, 0.8 in DMSO), RFL, 0.52. Amino-acid 
analysis: Ser 0.74, lle 1.00, Thr 0.91 (average recovery 
77%) (Found: C, 52.9; H ,  6.9; N, 13.8. C,,H,,N,O, 
requires C, 53.1 1 ; H ,  7.09; N, 14.08%). 

( 79.65 g ,  
0.15 mol) was added to a stirred solution of H-Met-OMe 
[from the hydrochloride (30.0 g, 0.15 niol) with Et," (20.7 
ml, 0.15 mol)] in DMF (300 ml). After 48 h, the solution 
was concentrated and the residue mas purified by procedure 
B followed by recrystallization from MeOH-AcOEt to 
give the protected dieptide ester (37.23 g, 58y0) ,  m.p. 11 1- 
112 "C, -5.2" (c, 1.0 in DMF), R P ~  0.77 (Found: C, 

Z(0Me) -A sp(0BzZ) -Cys (MBzZ) - A  rg(MB.5) -GZu(OBzZ) - 

Z (0 Me ) - Se v- I Ze- Tit r- N HNH , , Z ( O M  e 1 - ( R N u  S E  

Z (  OMe) - Thv-Met-OMe .-2 (OMe) -'r hr-OPC P 

53.0; H, 6.3; N, 6.3. CIBH,,N,O,S requires C, 53.25; H, 
6.59; N, 6.54%). 

(38.02 g, 89 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 zlacuo for 3 h, and dis- 
solved in DMF (300 ml) containing Et,N (24.8 ml, 0.18 mol) 
and Z(0Me)-Ser-OPCP (46.03 g, 89 mmol). After stirring 
for 48 h the solution was concentrated and the residue was 
purified by procedure B followed by recrystallization from 
MeOH-AcOEt to give the protected tripeptide estev (37.71 g, 
My0), m.p. 148-150 OC, -6.6" (G, 1.1 in DMF), RBTl 
0.77 (Found: C, 49.3; H, 6.5; N, 7.7. C,,H,,N,09S*H,0 
requires C, 49.52; H, 8.61; N, 7.88%). 

Z(0lVe) -Ser- Thr-Met (0) - NHNH,, Z (  OMe) - (RNase 77- 
7U)-NHNH, (12) .-Z(OMe)-Ser-Thr-Met-OMe (15.04 g, 29 
mmol) in DMF-MeOH (72 nil; 1 : 5 v/v) was treated with 
HAuCI,*4H20 (13.22 g, 32 mmol) in H,O in the presence of 
NaHCO, (7.36 g ,  3 mol equiv.) a t  40 "C for 3 h. After 
filtration, the filtrate was concentrated and the residue was 
treated with AcOEt. liecrystallization of the resulting 
powder from NIeOH-EtOH ( x 3) afforded the sulphoxide 
contaminated with a small amount of inorganic salts (11.49 
g ,  740/,), m.p. 161-163 "C, RB1 0.57. This sulphoxide (22 
mmol) in MeOH (110 nil) was treated with 80% hydrazine 
hydrate (6.9 nil, 5 mol equiv.) overnight. Precipitation of 
the resulting mass from DMF with MeOH ( x  2) gave the 
firotected tripeptide hydvazide (10.89 g, 95%), m.p. 183- 
189 "C, [a]D23 -13.5" (c ,  0.9 in DMSO), RFl 0.47. Amino-acid 
analysis: Ser 0.91, Thr 1.00, Met 0.80 (average recovery 
800/,) (Found: C, 46.9; H ,  6.5; N, 13.05. C,,H,,N50BS* 
1/2H,O requires C, 46.65; H ,  6.34; N, 12.96%). 

Z(O&/le) -GZn-Ser- Tyr-OMe . -2-Ser-Tyr-OMe ,* (29.24 g, 
70 mmol) in THF (240 nil) was hydrogenated over Pd in the 
presence of ~ N - H C ~  (70 ml, 1 mol equiv.) for 8 h. The 
catalyst was filtered off, the filtrate was concentrated, and 
the residue was dissolved in DMF (200 ml). To this ice- 
chilled solution, Et,N (9.7 ml, 70 mmol), Z(0Me)-Gln-OH 
(21.72 g, 70 mmol), HOBT (9.45 g, 70 mmol), and DCC 
(15.86 g, 77 mmol) were successively added. The mixture 
was stirred in an ice-bath for 48 h and the filtered solution 
kvas concentrated. Treatment of the residue with AcOEt 
afforded a powder, which was purified by procedure B 
followed by recrystallization from MeOH to afford the 
protected tripeptide ester (27.44 g, 680&), m.p. 206-209 "C, 
[a;I1,23 +8.8" (c, 0.9 in DMF), RF, 0.64. No CN bond 
vibration was observed in the i.r. spectrum (Found: C, 
56.5; H,  5.95; N,  9.7. C,,H,4N,0,0 requires C, 56.44; H ,  
5.96; N, 9.750/). 

Z(0Me) -GZn-Ser- Tyr-NIINH,, Z(O&!e) - (RNase 74-76) - 
NHNH, (13) .-Z(0Me)-Gln-Ser-Tyr-OMe (20.20 g, 35 mmol) 
in DMF-MeOH (120 nil; 1 : 2 v/v) was treated with 80% 
hvdrazine hydrate (14 ml, 6.4 niol equiv.) overnight. 
The resulting mass was precipitated from DMF with MeOH 
to yield the hydrazide (17.72 g, 88%),  m.p. 231-234 "C, 
[a],)22 f5.5" (G, 0.9 in .DMSO), RE', 0.21. Amino-acid 
analysis: Glu 1.00, Ser 0.86, Tyr 0.95 (average recovery 
99%) (Found: C, 54.35; H, 5 . 8 ;  N, 14.4. C,,H,4N,0, 
requiresc, 54.35; H, 5.96; N, 14.63%). 
Z(0Me)-Cys(MBz2)-Tyr-0Me.-DCC (22.66 g, 0.11 mol) 

was added to a mixture of Z(0Me)-Cys(MBz1)-OH (40.54 g, 
0.1 niol) and H-Tyr-OMe [from the hydrochloride (23.17 g ,  
0.1 mol) with Et,N (13.8 ml, 0.1 mol)] in DMF (400 ml) and 
the mixture was stirred for 48 h. The solution was filtered, 

Z(0Me)  -Ser-Thr-Met-OMe .-2(OMe) -Thr-Met-OMe 



the filtrate was concentrated, and the residue was purified by 
procedure A followed by recrystallization from MeOH to 
afford the protected tripeptide ester (45.51 g, 78%), m.p. 
141-143 "C, [,ID2, -26.8" (c, 1.0 in DMF), R F ,  0.80 (Found: 
C, 61.8; H ,  6.05; N, 4.75. C,OH,~N,O,S requires C, 61.84; 
H ,  5.88; N, 4.80%). 

Z(0Me) - A  sn-Cys (MBzl) -Tyr-OMe. -Z( 0Me)-Cys(MBz1)- 
Tyr-OMe (58.26 g, 0.1 mol) was treated with TFA-anisole 
(1 10 ml ; 8 : 3 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 (400 ml) together with Et,N (13.8 ml, 
0.1 mol) and Z(OMe)-Asn-ONP (41.73 g, 0.1 mol). After 
stirring for 48 h, the solution was concentrated. Treat- 
ment of the residue with AcOEt afforded a fine powder, 
which was purified by procedure B followed by recrystalliz- 
ation from dioxan-MeOH to give the protected tripeptide 
ester (45.79 g, 66%), m.p. 178-181 "C, raIoi2, -27.5" (c, 0.7 
in DMF), 0.65 (Found: C, 57.95; H ,  5.85; N, 7.9. 
C,4H40N,0,0S*1/2H,0 requires C, 57.86; H ,  5.86; N. 

Z( O M e )  - (RNase 
7 1-7 3) -NHNH, (  14) .-2 (OMe) - Asn-Cys (MBzl) -Tyr-OMe 
(6.97 g, 10 mmol) dissolved in DMF (60 ml) was treated 
with 80% hydrazine hydrate (3.2 ml, 5 mol equiv.) over- 
night. The resulting gelatinous mass was precipitated 
from DMF with MeOH to yield the hydrazide (5.77 g, 83%), 
m.p. 243-247 "C, [aID2, - 19.8" (c, 1 . 1  in DMSO), RF1 0.42. 
Amino-acid analysis: Asp 1 .OO, Tyr 0.98 (average recovery 
81%) (Found: C, 56.65; H ,  6.05;  N, 11.95. C,,H.,,- 
N,O,S requires C, 56.88; H ,  5.70; N, 12.0S0/0). 

Z(OMe)-GZn-Thr-OMe.--L>CC (20.60 g, 0.1 mol) was 
added to an ice-chilled solution of Z(0Me)-Gln-OH (31.03 
g ,  0.1 molj, HOBT (13.40 g, 0.1 mol), and H-Tlir-OMe [from 
the hydrochloride (16.81 g, 0.1 mol) with Et,N (13.8 ml, 
0.1 mol)] in DMF (300 ml). After stirring in an ice-bath 
for 48 h, the solution was filtered, the filtrate was concen- 
trated, and the residue was treated with ether. The 
resulting powder was purified by procedure B followed by 
recrystallization from MeOH to yield the dipeptide ester 
(17.44 g, 41%), m.p. 175-177 "C, [a]=,, $4.0" (c, 0.5 in 
DMF), REl, 0.76 (Found: C, 53.7; H ,  6.35; N, 10.0. 
C,,H,,N,O, requires C, 53.64; H ,  6.40; N, 9.88%). 

Z(0Me)  -Gln- Thr -NHNH, ,  Z(0Me) - (RNase  69-70) - N H -  
N H ,  (15).-Z(OlkIe)-Gln-Thr-OMe (16.0 g, 38 mmol) in 
DMF-MeOH (200 ml; 1 : I v/v) was treated with 800/0 
hydrazine hydrate (12.2 ml, 5 mol equiv.) . The gelatinous 
mass formed on standing overnight was precipitated from 
DMF with MeOH to yield the hydrazide (13.20 g, 83%), 
m.p. 234-237 "C [ajD2, +5.2' (c, 0.6 in DMSO), Rp,  0.44. 
Amino-acid analysis : Glu 1 .OO,  Thr 0.86 (average recovery 
82%) (Found: C, 50.7; H ,  6.3;  K, 16.55. C,,H,,N507 
requires C, 50.81; H ,  6.40; N,  16.46%). 

Z(0Me)  - A sp(  OBzZ) -Cys (iUBzl) - A  rg(MB.5) -GZu (OBzl) - 
Thr-Gly-Ser-Su-Lys (2) - Tyr-Pro-A sn-Cys (MBzl) - A  la- Tyr -  
L y s  (2) -Thy- Thr-Gln-A la-A sn-Lys (2) -His- Ile- Ile- Val-A la- 
Cys( MBzl) -Glu (OBzZ) -Gly-A sn-Pro- Tyr- Vat-Pro- Val-His- 
Phe-Asp(0Bzl)-Ala-Ser- Val-OBzl [Abbreviated as Z (0Me) -  
(RNase  83-1 24) -0Bz2 or Z( O M e )  -Asp  (0BzZ)-Cys (MBal) - 
A rg(MBS) -GZu( OBzZ) -Thr-Gly- (89-1 24) -OBz2] .-2 (0Me)- 
(RNase 89--124)-0Bzl (14.38 g, 2.79 mmol) was treated 
with TFA-anisole (75 ml; 4 :  1 v/v) as usual, then dry 
ether was added. The resulting powder was collected by 
filtration, dried over KOH pellets in vacuo for 3 h, and dis- 
solved in DMSO-DMF (100 ml; 1 : 1 v/v) containing Et,N 

7.94%). 
Z(0Me)- Asn- Cys (MBzl) - T y r - N H N H , ,  

(1.16 ml, 8.37 mmol). To this ice-chilled solution were 
added the azide [from Z(0Me)-Asp(OBz1)-Cys(MBz1)- 
Arg(MBS)-Glu(OBz1)-Thr-Gly-NHNH, (9.37 g, 6.98 mmol)] 
in DMF (50 ml) and Et,N (0.96 ml, 6.96 mmol) and the 
mixture was stirred a t  4 "C for 48 h. The solvent was 
evaporated off and the product was purified by procedure 
B followed by precipitation from DMSO with MeOH 
( x 4) to give the Protected dotetracontapeptide ester (14.35 g ,  
81y0), m.p. 273 "C (decomp.), -29.5" ( c ,  1.0 in DMSO), 
R F ,  0.69 (Found: C, 56.6; H, 6.4;  N, 12.65. C300H3e4- 
N5,07,S,*9H20 requires C, 56.84; H ,  6.55; N, 12.37%). 

Z ( 0 N e ) - ( R N a s e  8&124)-OBzl [Z(OMe)-Ser-lle-Thr- 
(83--124)-OBzG].-Z(OMe)-(RNase 83--124)-OBzl (11.16 g, 
1.76 mmol) was treated with TFA-anisole (60 ml; 5 : 1 
v/v) and the Na-deprotected peptide isolated as mentioned 
above was dissolved in DMSO-DMF (1  : 1 v/v; 100 ml) 
containing Et,N (0.73 ml, 5.28 mmol). To this ice-chilled 
solution were added the azide [from Z(0Me)-Ser-Ile-Thr- 
NHNH, (2.19 g, 4.40 mmol)] in DMF (20 ml) and Et,N 
(0.61 ml, 4.40 mmol). After 48 h, the solvent was evapo- 
rated off and the product was purified by procedure B 
followed by precipitation from DMSO with MeOH ( x  3) to 
yield the protected pentatetracondapeptide ester ( 10.23 g, 
87%), m.p. 252 "C (decomp.), [a]D23 - 32.6" (c, - 0.9 in 
DMSO),RF,0.84 (Found: C, 55.8;  H ,  6.55; N, 12.7. C,,,- 
H41,N590R4S4*13H20 requires C, 56.00; H, 6.55;  N, 12.31%). 

Z( OMe)  - (RNase 77-1 24) -0BzZ [Z( OMe) -Ser-Thr-Met( 0) - 
(80-124)-OBzZ-J .-Z(0Me)-( RNase 80-1 24)-OBzl (9.41 g, 
1.40 mmol) was treated with TFA-anisole (60 ml ; 5 : 1 v/v) 
and the NQ-deprotected peptide, isolated as above, was 
dissolved in DMSO-DMF ( 2 :  1 v/v; 100 ml) containing 
Et,N (0.58 ml, 4.20 mmol). To this ice-chilled solution 
were added the azide [from Z(0Me)-Ser-Thr-Met(0)- 
NHNH, (1.89 g, 3.50 mmol)] in DMF (15 ml) and Et,N 
(0.48 ml, 3.50 mmol). After 48 h, the solvent was evapo- 
rated off and the residue was purified by procedure B 
followed by precipitation from DMSO with MeOH ( x  2) to 
yield the protected ociatetracontapeptide ester (9.44 g, 96y0), 
m.p. 257 "C (decomp.), [,ID2, -23.8" (c, 0.7 in DMSO), Rp3 
0.86 (Found: C, 55.0; H,  6.45; N, 12.9. C,,,H,,,N,,O,,- 
S5*13H,O requires C, 55.38; H ,  6.45; N, 12.32%). 

Z ( 0 M e )  - (RNuse 74-124) -0BzZ [Z(OMe)-GZn-Ser-Tyr- 
(77-1 24)-OBzl] .-Z(0Me) - (RNase 7 7-1 24)-OBzl (9.44 g, 
1.34 mmol) was treated with TFA-anisole (60 ml; 5 : 1 v/v) 
and the NQ-deprotected peptide isolated as above was dis- 
solved in DMSO-DMF (1 : 1 v/v; 100 ml) containing Et,N 
(0.55 ml, 4.02 mmol). To this ice-chilled solution the azide 
[from Z(0Me)-Gln-Ser-Tyr-NHNH, (2.31 g, 4.02 mmol)] 
in DMF (20 ml) and Et,N (0.55 ml, 4.02 mmol) were added. 
After 48 h, the solvent was evaporated off and the residue 
was purified by procedure B followed by precipitation from 
DMSO with MeOH ( x  5) to yield the protected Izenpenta- 
contapeptide ester (9.25 g, 92%), m.p. 246 "C (clecomp.), 

-28.5" (c, 0.8 in DMSO), R B ~  0.81, RE., 0.43 (Found: 
C, 54.5; H, 6.35; N, 12.5. C325H438NB8096S5*18H20 
requires C, 54.64; H, 6.41; N, 12.30%). 

Z(0Me)  - (RNase 7 1-1 24)-OBzl [Z(OMe)  - A  sn-Cys- 
(MBzl) -Tyr- (74-1 24) -OBzl] .-Z (OMe) - (RNase 74-1 24) - 
OBzl (9.25 g, 1.23 mmol) was treated with TFA-anisole 
(60 ml; 5 : 1 v/v) and the Na-deprotectecl peptide, isolated 
as  above, was dissolved in DMF-NMP (1 : 2 v/v 100 1111) 

containing Et,N (0.41 nil, 3.69 mniol). To this ice-chilled 
solution were added the azide [from Z(0Me)-Asn-Cys- 
(MBz1)-Tyr-NHNH, (2.15 g, 3.08 mmol)] in DMF (15 ml) 
and Et,N (0.43 nil, 3.08 mmol). After stirring for 48 h ,  
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the solution was concentrated and the residue was purified 
by procedure B followed by precipitation from DMSO- 
MeOH ( x  3) to yield the protected tetrapentacontapeptide 
ester (9.04 g, 92%), m.p. 253 "C (decomp.), -26.8" 
(6, 0 .9  in DMSO), Rpa 0.78 (Found: C, 54.7;  H, 6.35; N, 
12.65. C,,,H,,,N,0010zS,*17H,0 requires C, 54.95 ; H, 
6.36;  N, 12.26%). 

Z (  0 M e ) - ( R N a s e  69-1 24) -0BzZ [ Z (  0Me)-Gln-  Thr- (7 1- 
124)-OBzE].--Z(OMe)-(RNase 71--124)-OBzl (9 .04 g, 1.18 
mmol) was treated with TFA-anisole (54 ml; 9 : 1 v/v) 
and the Na-deprotected peptide, isolated as above, was 
dissolved in DMSO-DMF (2 : 1 v/v, 90 ml) containing 
Et,N (0.49 ml, 3.54 mmol). To this ice-chilled solution 
were added the azide [from Z(OhIe)-Gln-Thr-NHNH, 
(1.26 g, 2.95 mmol)] in DMF (10 ml) and Et,N (0.41 ml, 
2.95 mmol). After 48 h, the solvent was removed by 
evaporation and the residue was purified by procedure B 
followed by precipitation from DMSO-MeOH ( x 3 )  to 
yield the protected hexapentacontapepdide ester (8.74 g, 
94y0), m.p. 238 "C (decomp.), -28.4" (c ,  1 . 1  in D3!ISO), 
RP, 0.72 (Found: C, 52.75; H, 6.25; N, 12.2.  C,,,H,,,- 
N,,010,S,*32H,0 requires C, 53.00: H, 6.73;  PIT, 
12.0370). 

Puri$cataon of the Crude Sample of Z ( 0 M e ) - ( R N a s e  
69--124)-OBzl by Gel-filtration on Seplzacryl S-200.--The 
first batch of Z(0Me)-(RNase 69--124)-OBzI prepared as 
above, gave somewhat higher recoveries of Asp, Thr, and 
Glu than those predicted by theory (Table 2). Such a 
tendency was also noted in the intermediates Z(0Me)- 
(RNase 71--124)-OBzl and Z(0Me)-(RNase 74-124)- 
OBzl, where newly incorporated amino-acid ratios were 
somewhat higher than expected. The impure samples of 
Z(0Me)-(RNase 69--124)-OBzl (100 nig each) were sub- 
mitted to gel-filtration on various supports (2 .8  x 130 
cm) with DMSO, 5% H,O-DMSO, or NMP as eluants. 
The supports used were 1,  LH-20 (DMSO); 2, Sephadex 
G-50 (6% H,O-DMSO); 3, Sephadex G-100 (5% H,O- 
DMSO) ; 4, Sepharose CL-6B (5% H,O-DMSO) ; 5,  Sepha- 
cry1 S-200 (5% H,O-NMP); 6, Biogel P-2 (for the W- 
deprotected peptide with 66% AcOH as eluant). Indivi- 
dual fractions (9.5 ml each) were collected and absorptions 
a t  275 nm were measured. No separation was obtained in 
experiments 1, 2, 3, and 6. Gel-filtration on Sepharose CL- 
6 B  gave some separation (peak 1, tube nos. 35-50, 46 
mg; peak 2, tube nos. 56-70, 14 mg) and on Sephacryl 
S-200 a better separation was achieved (peak 1 ,  tube nos. 
24-31, 58 mg; peak 2, tube nos. 36-45, 7 mg) as shown 
in the Figure. The purity of other batches of Z(0Me)- 
(RNase 69--124)-OBzl was confirmed by gel-filtration on 
Sephacryl S-200. 
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