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This paper is part of a series on synthesis of suitably protected peptides covering, 
the 66-1 04 sequence of horse heart cytochrome c. I t  describes the preparation, 
by conventional procedures, o f  a partially protected p-benzyloxycarbonyl- 
undecapeptide hydrazide corresponding to the sequence from 66 to 76 (Frag- 
ment F), which represents a building block for the synthesis o f  the entire 66 
-1 04 sequence. 

Moreover, the preparation is described o f  a partially protected pentadeca- 
peptide corresponding to the sequence region 66 to 80, which represents the key 
peptide for the semisynthesis of the same COOH-terminal sequence utilizing the 
natural 81 - I  04 N'-mjluoroacetylated CNBr fragment. 

A cyanogen bromide-mediated fragmentation 
of horse heart cytochrome c yields primarily 
the heme-peptide corresponding to  the sequence 
1-65 and the COOH-terminal segment 66-104 
(Corradin & Harbury, 1970). The two fragments 
recombine to an almost fully active 1 : 1 comp- 

lex in well-defined experimental conditions 
(Corradin & Harbu 1971). The subsequent 

ated in the recombination proces, by means of 
homoserine lactone-mediated peptide bond for- 
mation (Corradin & Harbury, 1974; Wilgus & 

observation that Hse 22 cytochrome c is regener- 

* The amino acid residues, except glycine, are of the 
L-configuration. For a simpler description the 
customary Ldesignation for individual amino acid 
residues is omitted. Standard abbreviations for amino 
acid derivatives and peptides are used according to the 
suggestion of the IUPAC-IUB Commission on Bio- 
chemical Nomenclature (1972) Biochemisrry 11, 
1726-1732. 

Additional abbreviations used: BuOH, butanol; 
DCC, N,N'-dicyclohexylcarbodiimide; N U ,  N X -  
dicycloexylurea; DCHA, dicyclohexylamine; DMF, 
dimethylformamide; EtOAc, ethyl acetate; EtOH, 
ethanol; HOBt, 1-hydroxybenzotriazole; HOAc, acetic 
acid; Me Morph, N-methyhnorpholine; MeOH, meth- 
anol; OSu, N-hydroxysuccinimide ester; TEA, triethy- 

lamine; Tfa, trifluoroacetyl; THF, tetrahydrofuran; 
t.l.c., thin-layer chromatography. 

Preliminary accounts of this work have been pre- 
sented at  13th European Peptide Symposium [Moro- 
der, L., Borin, G., Filippi, B. & Marchiori, F. (1975) 
in Peptides 1974 (Wolman, Y., ed.) pp. 1-8, J. Wiley 
and Sons, Toronto - Israel Universities press, Jeru- 
salem J , and 14th European Pepride Symposium [Bonn, 
G. Filippi, B., Moroder, L. & Marchiori, F. in Pep 
tides 1976, (Loffet, A., ed.), pp. 233-238, Editions 
de I'Universitd de Bruxelles, Bruxelles] . 

Present Address: Max-Plank-Institut fur Biochemie, 
Abteilung Peptidchemie. Shillerstr. 42 D-8000 - 
Miinchen 2 
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Stellwagen, 1974) at position 65, constitutes an 
attractive finding for a semisynthetic approach 
to the preparation of Hse"-horse heart cyto- 
chrome c and related analogues in view of 
structure-activity studies on this interesting 
family of evolutionarily differentiated haemo- 
proteins. It may be worth noting that, except 
for tryptophan 59, all amino acids which have 
been involved in the proposed electron transfer 
mechanisms (Takano et al., 1972; Salemme et 
d., 1973) are localized on the COOH-terminal 
part of the molecule. Thus with synthetic 
66-104 COOH-terminal peptides and analogues 
which contain amino acid substitutions at 
different positions of the sequence, selectively 
modified semisynthetic cytochrome c should 
become available, providing a means for a 
critical evaluation of the proposed electron 
transfer mechanisms. Moreover, detailed 
investigations on the nature of interactions with 
both partners in the respiratory chain, i.e. 
cytochrome oxidase and reductase, would be 
possible. 

Tentatively, this promising approach has 
been applied to baker's yeast iso-1-cytochrome c 
- the object of our previous synthetic studies 
(Moroder et al., 1973~)  - , but so far it has 
failed because of the difficult CNBr selective 
cleavage at Met 69 of latter haemoprotein in 
the same experimental conditions elaborated 
for the fragmentation of horse cytochrome c. 
These negative preliminary results prompted us 
to conduct simultaneously some semisynthetic 
studies on horse heart cytochrome c. Therefore 
two routes were designed for the synthesis of 
the COOH-terminal fragment corresponding to 
sequence 66-104. The route for total synthesis 
was based on the preparation of three fragments 

F, G and H (Fig. 1) corresponding to the se- 
quence 66-76, 77-87 and 88-104, respec- 
tively. The semisynthetic route was based on 
the preparation of a suitably protected subunit 
corresponding to the sequence 66-80 and its 
condensation via the azide procedure with the 
partially protected fragment 81 -104 obtained 
by CNBr cleavage of NE-trifluoroacetylated 
horse cytochrome c (Fontana, A., unpublished 
results). The last strategy may be particularly 
useful for studying the functional and structural 
importance of the invariant sequence 70 to 80 
in eukariotic cytochromes c. 

The synthetic routes for both approaches 
were elaborated in view of the optimal utiliz- 
ation of intermediate products identical with 
those used in our previous studies on baker's 
yeast iso-1-cytochrome c (Moroder et al., 1973 
b-d, 1974). Thus the strategy of minimum side 
chain protection using a proven combination of, 
protecting groups (Moroder et al., 1975) was 
applied. 

Synthesis of the partially protected fragments 
66-76 and 66-80 
Fig. 2 shows a scheme of the synthesis elabor- 
ated for the preparation of the partially protec- 
ted P-benzyloxycarbonyl-NE-trifluoroacetyl- 
undecapeptide hydrazide (Sequence 66-76), 
fragment F for the synthesis of the horse heart 
cytochrome c sequence 66-104. Stepwise acy- 
lation of methyl y-tert-butylglutamate (obtai- 
ned from methyl N-benzyloxycarbonyl-y-tert- 
butylglutamate (Klieger & Gibian, 1962)) via 
mixed anhydride procedure (Anderson et aZ.. 
1967) with benzyloxycarbonylleucine (Losse 
& Demuth, 1961), N, O-dibenzyloxycarbonyl- 
tyrosine (Katchalski & Sela, 1953; Panneman 

0B"t 0"t 00"l T la  113 But 
I 1  I I 

Z G l u  T y r  L w G l u  Asn Pro L y s  L y s  T y r  ILe Pro NHNH-Boc 

63 0 @ 

FIGURE 1 
Scheme of synthesis of the 
COOH-terminal portion of 
horse heart cytochrorne c. 
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66 67 68 69 
GLu Tyr Leu Glu 

70 71 7 2  73 ?4 75 76 
&sn Pro Lys Lyr Tyr I\* Pro 

IU' 

NHNH-Boc 

NHNH-Boc 

N2H3 

? ?  70 19 80 
GIy Thr Lyt  Met 

IGURE 2 l cheme for the synthesis of the protected peptide derivative corresponding to sequence 66 to 76 (fragment F) 
and 66 to 80 of horse heart cytochrome c. 

et ul., 1959), and finally via the N-hydroxysucc- 
inimido N-benzyloxycarbonyl-y-tert-butylglut- 
amate ( B e a c h  et ul., 1971; Zabel & Zahn, 
1965) led to the homogeneous tetrapeptide 
F-I11 in a good overall yield. Treatment of this 
sompound with hydrazine hydrate and success- 
ive conversion of the resulting tetrapeptide 
hydrazide (F-IV) to the corresponding azide 
by the Rudinger method (Honzl & Rudinger, 
1961) yielded the activated acylation reagent 
,for the heptapeptide 70-76 free amine (Zabel 
& Zahn, 1965). The resulting homogeneous 
hndecapeptide tert-butoxycarbonylhydrazide 
(F-VI) was partially deprotected by treatment 
with trifluoroacetic acid to produce fragment F 

Difficulties arising in the synthesis of the 
tetrapeptide glycyla-tert-butylthreonyl-NE-tri- 
Quoroacetyllsyl-methionine tert-butoxycarbon- 
ylhydrazide (F-XIa) were overcome following 
the synthetic route shown in the scheme of 
fig. 2. The tripeptide tritylglycyla-tert-butyl- 
threonyl-N€-trifluoroacetyllysine [F-IX, pre- 
Fared by stepwise acylation of NE-trifluoroace- 
tyllysine (Anfinsen et  ul., 1967) with N-hydro- 
Yysuccinimido P+nitrophenylsulfenyl~-tert- 
Putylthreoninate (Wiinsch & Fontana, 1968) 
and, after removal of the oaitrophenylsulfenyl 

w-VII). 

group by thioacetamide treatment (Kessler & 
Iselin, 1966) with N-hydroxysuccinimido trityl- 
glycinate (Anderson et ul., 1964)] was coupled 
with methionine tert-butoxycarbonylhydrazide 
(F-X) via DCC/N-hydroxybenzotriazole (Konig 
& Geiger, 1970, 1971) to yield the fully pro- 
tected tetrapeptide F-XI. The use of the trityl 
(Helferich et ul., 1925) group at this stage of 
the synthesis allowed the selective removal, by 
50% aqueous acetic acid treatment, of the 
NQ-protecting group in the presence of both 
the methionine residue and the acid labile tert- 
butoxycarbonyl at protection of the hydrazide. 
A final azide coupling step of fragment F (F- 
VII) with the tetrapeptide glycy1-O-tert-butyl- 
threonyl - NF - trifluoroacetyllysyl - methionine 
tert-butoxycarbonylhydrazide (F-XII), as 
necessary intermediate for the semisynthetic 
approach, in satisfactory yield and homogeneous 
form, within the limits of the analytical methods. 

EXPERIMENTAL 'PROCEDURES 

In this series of papers concerning the synth- 
esis of peptide derivatives, related to  the amino 
acid sequence of the COOH-terminal portion of 
horse heart cytochrome c ,  the following mat- 
erials, preparative and analytical methods are 
used. 
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Melting points were determined by the 
Tottoli's apparatus and are uncorrected. Optical 
rotations were determined with a Perkin-Elmer 
141 polarimeter. Samples for elemental analysis 
were dried in vumo over P205 at 60'. Acid 
hydrolyses were performed in constant boiling 
HCl for 22h at 110' in evacuated vials. Thr and 
Tyr values are corrected for amino acid decom- 
position. Ap-M digests were obtained as des- 
cribed by Hofmann et al. (1966). The amino 
acid analyses of the acid and enzymic hydroly- 
sates were performed on a Carlo Erba 3A 27 or 
on a Jeol JLCdAH amino acid analyser. Solvent 
systems for ascending t.1.c. on silica gel plates 
F-254 and DC cellulose F plates (from Merck 
A. G., Darmstadt, West Germany) were num- 
bered as: I) I-B~OH-HOAC-H~O (3:l:l); 11) 
1-BuOH-pyridine-HOAc-H2 0 (60:40: 1 2:48); 
In) CHC13-HOAc-benzene (85-10-5); IV) 
H2 0-MeOH-pyridine (80:20:4); V) MeOH- 
benzene (2:8); WI) MeOH-CHC13 (15:85). 

Amino acid derivatives and peptides were lo- 
cated by spraying the chromatograms with nin- 
hydrin (Connel e t  al., 1955) for free amino 
groups, with Sakaguchi reagent (Hamilton, 
1960) for the guanido groups, with hydrazide 
reagent (Ertel & Homer, 1962) for the C-ter- 
mind hydrazide or protected hydrazide group 
and with a modified chlorine reagent (Barrolier, 
1961) for all peptide derivatives. 

Unless stated otherwise solvents were evap- 
orated at a bath temperature of 3040' under 
reduced pressure. The hydrogenations were per- 
formed at room temperature and atmospheric 
pressure in presence of 10% palladized charcoal. 
Routinely, the catalyst was removed by filter- 
ing the hydrogenation mixture through a bed of 
Filter Cel. In some cases spongy palladium was 
used as the catalyst. 

Except when noted otherwise, after each 
condensation step the bulk of the solvent was 
evaporated and the residue distributed between 
EtOAc and H20. The organic layer was washed 
with 0.5 M citric acid, 0.5 M Na2C03 and H 2 0  
and dried (Na2 SO4). 

Yields are based on weight of vacuum dried 
(over P 2 0 s )  substance. 

For column-chromatography, silica gel 0.05 
-0.2mm (70-325 mesh ASTM, Merck A. G., 
Darmstadt, West Germany) was used. The ion 
exchange resin AG 1-X2 was purchased from 
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Bio-Rad Laboratories, Richmond, California; 
U.S.A. The silica gel as well as ion exchange 
resins were preequilibrated with the appropriate 
solvents or solvent systems before use. 

The analytical and physical data for new 
compounds which were characterized are listed 
in Table 1. 

Synthesis of Fragment F 
(Position 6 7-69) Z-5r(2)-Leu-Clu(OBut)- 
OMe (F-ZZ). The dipeptide Z-Leu-Glu(OBu')- 
OMe (Konig & Geiger, 1970) (F-I) was synthe- 
sized by the condensation of the mixed anhy- 
dride prepared fromZ-Leu-OH(Losse &Demuth: 
1961) (4.1 1 g, 15.49 mmol) and isobutyl chloro; 
formate (1.96ml, 15.01 mmol) in THF (70ml) 
in presence of Me Morph (1.68 ml, 1 5.49 mm01)l 
with H-Glu (0Bu')-OMe [obtained by hydro- 
genolysis of Z-Glu (0Bu')-OMe (Kbeger & 
Gibian, 1962); 5.17g, 14.71mmol]. The '4; 
action mixture was worked up in the usual 
fashion and the oily product [5.50g (80.5%)r 
11.83mmol; R: 0.95, RF 0.9, R Y  0.61 was 
hydrogenated in MeOH (100ml) over spond 
palladium. The catalyst was removed by filtra- 
tion and the solution was evaporated to an oil 
at room temperature. To the ice-cold solution 
of the residue (R: 0.8) in THF (50ml) was 
added under stirring, a mixed anhydride pr8 
pared from Z-Tyr(Z)-OH (Katchalski & Sela 
1953; Panneman et al., 1959) (5.85g, 13.01 
mmol) in THF (70 ml) with Me Morph (1.43 ml 
13.01 mmol) and isobutyl chloroformate (1.57 
ml, 12.00mmol) at -15' in 2min. The re-' 
action mixture was stirred for 2 h  at ice ba& 
temp. Standard work-up produced an oil which 
crystallized from ether; yield 5.30g (58.8%). 

(Positions 66-69) 2-Glu (0Bu')-Tyr-Leu-Clu 
(0Bu')-OMe (F-IZZ). Compound F-I1 (5.00 g# 
6.56 mmol) was hydrogenated in MeOH (1 00 
ml) and HOAc (50ml). The catalyst was filf- 
ered off and the filtrate evaporated to dryness 
To the, solution of the NQ-deprotected tripe- 
peptide (R: 0.8)inTHF (1OOml) Z-Glu (OBu'), 
OSu (Zabel & Zahn, 1965; Beacham et ul., 
1971) (2.85g, 6.56mmol) and TEA (0.92ml: 
6.56mmol) were added. The reaction mixturf; 
was kept overnight at room temp. The solvent 
was then evaporated and the residue dissolvel 
in EtOAc. The solution was washed in the usual 
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fashion, dried and then concentrated to a small 
volume. The product precipitated on standing 
in the cold; yield 4.40 g (82.6%). 

(Positions 66-69) Z-Clu (Oh t)-Tyr-Leu-Clu 
(OBut)-NHNH2 (F-IV). To a solution of F-111 
(4.1 1 g, 5.06mmol)inMeOH(80ml)NzH4.Hz0 
(5.06ml) was added. The reaction mixture was 
kept for 3 days at room temp. The tetrapeptide 
hydrazide, which precipitated in the cold, was 
filtered off, washed with ice-cold MeOH and 
ether, and dried (HZSO4); yield 3.68g (89.5%); 
amino acid ratios in acid hydrolysate: Glul. *, 
I-w.09, Tyr0.93. 

(Positions 66- 76) Z-Glu (0Bu')-Tyr-Leu-Glu 
(0Bu')-Asn-Pro-Lys (Tfa)-Lys(Tfa)-Tyr(But)-lle- 
Pro-NHNH-Boc (F-VI). 10% tertButy1 nitrite 
(1.26ml, 1.06mmol) was added to a stirred 
solution, at - 15', of F-IV (0.78 g, 0.96mmol) 
in DMF (25 ml) containing 4.27 N HCl in diox- 
ane (0.90ml, 3.84mmol). The solution was 
stirred for 1Omin at - 15' and then cooled to 
- 60" and neutralized with TEA (0.54ml,3.84 
mmol). To this solution of the azide the ice- 
cold solution of H-Asn-Pro-Lys (Tfa)-Lys(Tfa)- 
Tyr(Bu')-Ile-Pro-NHNH-Boc acetate (Moroder 
et al., 19733) (0.99g, 0.77mmol) and TEA 
(O.llm1, 0.77mmol) in DMF (10ml) was 
added. The reaction mixture was kept under 
stirring at 5' for 2 days and then evaporated to 
a small volume. The solution was diluted with 
MeOH and the crude product obtained on add- 
ition of H 2 0  was reprecipitated from MeOH 
with HzO and from MeOHlEtOAc (1:l) with 
ether; yield 1.09 g (71.2%); amino acid ratios 
in acid hydrolysate: Aspo.96, G1u1.q5, Pro,.%, 
fleo.96 9 hu1.03, TYrz.os, LYS2.m. 

(Positions 66- 76) Z-Glu-Tyr-Leu-Glu-Asn-Pro- 
L y s ( Tfa)-L y s ( Tfa)-Tyr -Ile -Pro -NHNH2 acetate 
(F-VII). A solution of F-VI (0.68 g, 0.34mmol) 
in trifluoroacetic acid (2 ml) was kept for 1 h at 
room temp. The bulk of the solvent was then 
evaporated, the residue dissolved in MeOH (20 
ml) and precipitated with ether. The crude pro- 
duct was dissolved in t.1.c. solvent system I and 
chromatographed on a silica gel column (2.5 x 
50) using the same solvent as an eluent. Frac- 
tions of 10 ml each were collected and analysed 
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by t.1.c. Tubes containing single-spot material 
were pooled, concentrated and precipitated 
with ether; yield 0.31 g (50.8%); amino acid 
ratios in acid hydrolysate: Asp,.,, GlUz.03 
P ~ o z . I I , I ~ ~ o . ~ ~ ,  L ~ ~ I . o I , T Y ~ I . % , L Y ~ z . ~ .  

Synthesis of the Sequence 66-80 
(Positions 78- 79) Nps-Thr (Bu')-LYs (Tfa)- 
OH (F-VIII). To a solution of H-Lys (Tfa)-OH 
(Anfinsen e t  al., 1967) (2.56g, 10.57mmol) 
and TEA (1.49 ml, 10.57mmol) in DMF (50ml) 
Nps-Thr (But)-OSu (Wunsch & Fontana, 1968) 
(3.00g, 7.05mmol) was added. The reaction 
mixture was kept overnight at room temp. and' 
then evaporated to dryness. The residue was, 
distributed between ice-cold Hz 0, acidified with 
precooled 0.5 M citric acid, and icecold EtOAc.4 
The aqueous layer was extracted two more 
times with EtOAc, then the combined organic 
layers were washed with 0.5M citric acid an( 
HzO, and dried (NazSO4). The solution was 
evaporated to dryness and the oil was dissolved 
in ether. The pure product was isolated by 
addition of petroleum ether; 3.85 g (98.8%). 
The dipeptide was also characterized as dicy- 
clohexylamine salt. 

(Positions 78- 79) H-Thr (Bu'j-Lys (Tfa)-OH 
monohydrate (F-VIIIa). A solution of F-VIII 
(3.64 g, 6.58 mmol) and tioacetamide (1.48 g, 
19.74 mmol) in MeOH-HOAc (60 ml, 5 : 1 vlv) 
was stirred at room temp. for 45min. The 
yellow precipitate was removed by filtration- 
and the fdtrate was evaporated. The solution 
of the oily residue in 5% acetic acid was extrac- 
ted with EtOAc (2 x lOOml) and the organic( 
layers reextracted with 5% acetic acid. The 
combined aqueous layers were evaporated t b  
dryness at room temp. The crude product ob- 
tained from EtOH on addition of ether was' 
dissolved in 1-BuOH-Hz 0-HOAc (3 : 1 : 1) 
(12ml) and applied to a silica gel column (5.5 x 
60cm). The column was eluted with the same 
solvent at a flow rate of 40ml/h collecting 
fractions of lOml each. The fractions were an- 
alysed by tLc. in solvent system I. The fractions 
containing single-spot material were pooled and 
concentrated to a small volume. The product 
was obtained on addition of ether; yield 1.82 6 
(66.3%). 



STUDIES ON CYTOCHROME C 

(Positions 77-  79)  Trt-Gly-Thr (Bu')-Lys (Tfal- 
OH (F-IX). To a solution of F-VIIIa (1.53 g, 
3.67mmol) and TEA (0.52ml, 3.67mmol) in 
DMF (50ml) Trt-Gly-OSu (Anderson et al., 
1964) (1.82 g, 4.40 mmol) was added. After 12 h 
at room temp. the bulk of the solvent was evap- 
orated and the residue distributed between 
EtOAc and icecold 0.5M citric acid. The or- 
ganic layer was washed with H 2 0  and dried 
(Na2S04). The solution was concentrated and 
the product was obtained on addition of pe- 
troleum ether; yield l .98 g (77.2%). 

Methionine tert-butoxycarbonylhydrazide (F-X). 
A solution of Tfa-Met-NHNH-Boc (Wiinsch et 
ul., 1965) (6.61 g, 18.40mmol)in EtOH (60ml) 
and 2 N NaOH (18.40m1, 36.80mmol) was 
kept at 50" for 45min, then the solution was 
diluted with H 2 0  (200 ml) and extracted with 
EtOAc (4 x 15Oml). The combined organic 
layers were extracted with ice-cold 0.5 M citric 
acid and H20.  The aqueous extracts were 
neutralized with 2N NaOH and the product 
extracted with EtOAc (4 x 150ml). The com- 
bined organic layers were washed with H20,  
dried (Na2S04) and concentrated to a small 
volume. The pure product was precipitated on 
addition of petroleum ether; yield 2.93g 
(60.5%). 

(Positions 77-80)  Trt-Gly-Thr (Bu'J-LYs (Tfa)- 
Met-NHNH-Boc (F-XI). DCC (0.317g, 1.536 
mmol) and HOBt (0.226 g, 1.676 mmol) were 
added to a stirred solution of F-IX (0.98g, 
1.397 mmol) and F-X (0.441 g, 1.676 mmol) in 
THF (50 ml) at - 10'. The reaction mixture 
was stirred for 2 h  at - 10" and overnight at 
5'. The precipitate (DCU) was removed by fil- 
tration and the solution evaporated to dryness. 
The residue was dissolved in EtOAc and the 
solution, washed in the usual fashion, was con- 
centrated. The product, obtained on addition 
of ether, was reprecipitated from EtOAc with 
ether; yield 0.79g (54.6%); amino acid ratios 
in acid hydrolysate: l l ~ ~ . ~ ,  Glyl.m, Metoa9,, 
LYSO. 96 

(Positions 77-80)  H-Gly-Thr (Bu')-Lys (Tfa)- 
%et-NHNH-Boc acetate (F-XIa), Compound F- 
XI  (1.22g, 1.29mmol) was treated for 3min 
with boiling 50% HOAc; then the resulting sol- 

ution was evaporated at room temp. to dryness 
and the residue was triturated with ether. The 
crude product was dissolved in solvent system I 
(1 0 ml) and applied to a silica gel column (5.5 x 
60 cm), which was eluted with the same solvent 
at a flow rate of 48ml/h. Fractions of 12ml 
were collected and analysed by t.l.c. Fractions 
from 75 to 91 were pooled and evaporated at 
room temp. to a small volume. The pure pro- 
duct was isolated on addition of ether; 0.72g 

(Positions 66-80)  2-Glu-Tyr-Leu-Glu-Asn-Pro- 
Lys  (Tfa)-Lys (Tfa)-Tyr-Ile-Pro-Gly-Thr (But)- 
Lys (Tfa)-Met-NHNH-Boc (F-XII). To a solution 
of F-VII (0.343g, 0.191 mmol) in DMF (10ml) 
at - 15' containing 4.27N HCI in dioxane 
(1.79ml of a 10% solution in DMF; 0.764 
mmol) 0.25ml of a 10% tert-butylnitrite sol- 
ution in DMF (0.2lOmmol) were added with 
stirring. The mixture was stirred for lOmin, 
cooled to -60" and neutralized with TEA 
(1.34ml of a 10% solution in DMF; 0.955 
mmol). To this azide solution an icecold solu- 
tion of F-XIa (0.291 g, 0.382mmol) in DMF 
(3 ml) and TEA (0.54ml of a 10% solution in 
DMF; 0.382mmol) was added. The reaction 
mixture was kept under stirring at 5" for 2 
days and then evaporated to a small volume. 
The solid obtained on additon of H 2 0  was coll- 
ected, dissolved in 1-BuOH equilibrated with 5% 
HOAc and distributed repeatedly with 5% 
acetic acid equilibrated with 1-BuOH. The 
organic layers were combined and evaporated 
to dryness. The residue was dissolved in MeOH 
and the product precipitated with EtOAc. The 
final purification was achieved by chromatog- 
raphy on a silica gel column (3.5 x 50cm) 
eluted with solvent system I (flow rate 40 ml/h; 
fraction l O m l )  and the fractions containing 
pure product were collected and concentrated. 
The product was finally precipitated with ether; 
yield 0.314 (68.4%); amino acid ratios in acid 
hydrolysate: Asp0.97, Thr0.98, G h . 9 4 ,  P r 0 ~ . ~ 8 .  

LYS2.96 * 

(73.3%). 

GlYO.94 Met0.93 9 ne0.99 hul.03 Vr2.09 9 

ACKNOWLEDGEMENTS 

The authors wish to express their appreciation 
to Mr. U. Anselmi, MI. F. Cavaggion and Mr. V. 
Moretto for their skilful technical assistance. 

87 



L. MORODER, G. BORIN, B. FILIPPI, D. STIVANELLO AND F. MARCHIORI 

REFERENCES 

Anderson, G.W., Zimmermann, J.E. & Callahan, F.M. 
(1964) J. Am. Chem. SOC. 86,1839-1842 

Anderson, G.W., Zimmermann, J.E. & Callahan, F.M. 
(1967) J. Am. Chem. SOC. 89,5012-5017 

Anfinsen, C.B., Ontjes, D., Ohno, M., Corley, L. & 
Eastlake, A. (1967) Proc. Natl. Acad. Sci. U.S.A. 
58,1806-181 1 

Barrolier, J. (1961) Naturwissenschaffen 48,554 
Beacham, J., Dupuis, G., Finn, F.M., Storey, H.T., 

Yanaihara, C., Yanaihara, N. & Hofmann, K. 
(1971) J. Am. Chem. SOC. 93,5526-5539 

Connel, G.E., Dixon,G.H. &Hanes,C.S. (1955)Canad. 
J. Biochem 33,416-427 

Corradin, G .  & Harbury, H.A. (1970) Biochem. 
Biophys. Acta 221,489 -496 

Corradin, G. & Harbury, H.A. (1971) Roc.  Natl. A d .  
Sci. U S A .  68,3036-3039 

Corradin, G. & Harbury, H.A. (1974) Biochem. 
Biophys. Res. Commun. 61,1400-1406 

Ertel, H. & Homer, L. (1962) J. Chromatog. 7,268- 
269 

Hamilton, L.D.G. (1960) in A Labomtory Manual of 
Analytical Methods in Protein Chemistry (Includ- 
ing Polypeptides) (Alexander, P. & Block, R.J., 
eds.), vol. 2, p. 57, Pergamon Press, New York 

Helferich, B., Moog, L. & Junger, A. (1925) Chem. Ber. 

Hofmann, K., Finn, F.M., Limetti, M., Montibeller, J .  
& Zanetti, G.  (1966)J. Am. Chem. Soc. 88,3633- 
3639 

Honzl, J. & Rudinger, J. (1961) CON. Czech. Chem. 
Comm. 26,2333-2344 

Katchalski, E. & Sela. M. (1953) J. Am. Chem. SOC. 
75,5284-5289 

Kessler, W. & Iselin, B. (1966) Helv. Chim. Acta 49, 

Klieger, E. & Gibian, H. (1962) Justus Liebigs Ann. 

Konig, W. & Geiger, R. (1970) Chem. Ber. 103,788- 

58,872-886 

1330-1344 

Chem. 655,195-210 

798 

Konig, W. &Geiger, R. (1971) in Peptides 1969 (Scof- 
fone, E., ed.), pp. 17-22, North-Holland Publ. Co., 
Amsterdam 

Losse, G .  & Demuth, E. (1961) Chem. Ber. 94,1762- 
1766 

Moroder, L., Borin, G., Marchiori, F. & Scoffone, E. 
(1973~) Biopobmers 12,477-492 

Moroder, L., Marchiori, F., Bonn, G. & Scoffone, E. 
(19736) Biopolymers 12,701-720 

Moroder, L., Borin, G., Marchiori, F. & Scoffone, E. 
(1973~) Biopolyrners 12,721-728 

Moroder, L., Marchiori, F., Borin, G .  & Scoffone, E. 
(1973d) Biopobmers 12,729-750 

Moroder, L., Borin, G., Marchiori, F. & Scoffone, E. 
(1974) Justus Liebigs Ann. Chem. 213-224 

Moroder, L., Filippi, B., Borin, G & Marchiori, F. 
(1975) Biopolymers 14,2061-2074 

Pannemann, H.J., Marx, A.F. & Arens, J.F. (1959) 
Rec. Trav. Chim. 78,487-511 

Salemme, F.R., Kraut, J. & Kamen, M.D. (1973) J. 
Biol. Chem. 248,7701-7716 

Takano, T., Kallai, O.B., Swanson. R. & Dickerson R. 
E. (1972) J. Biol. Chem. 248,5234-5255 

Wilgus, H. & Stellwagen, E. (1974) Roc. Natl. Amd. 
Sci. U S A .  71,2892-2894 

Wunsch, E., Dress, F. & Jentsch, J. (1965) Chem. Ber. 

Wllnsch, E. & Fontana, A. (1968) Chem. Ber. 101, 

Zabel, R. & Zahn, H. (1965) Z. Nafurforsch. 2OB, 

98,803-811 

323-325 

650-653 

Address: 
F. Marchiori 
Institute of Organic Chemistry 
University of Padova 
Via Marzolo, 1 
35100 - Padova 
IMY 

88 


