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Abstract-The synthesis of the fully protected octadecapeptide fragment (50-67) was achieved by 
combinationofthesubfragments50-54,55-60and61-67.Singleroutestotwoofthesefragmentsaredescribed 
but the fragment (55-60) was prepared by two different approaches. In this case salt-coupling techniques 
alleviated serious solubility problems. Fragment couplings were achieved using DCCI/HONSu. 

In continuance of our general aim of synthesis of a 
Lysozyme analogue we wish to describe the synthesis of 
the (50-67) portion of the (38-75) fragment of the tar- 
get molecule employing the general tactics and strategy 
developed in earlier papers of this series..‘-’ Two 
independent routes have been used for the preparation 
of the (50-75) fragment, and one of these uses the 
(50-67) subfragment as a major component whilst the 
second route utilises coupling of the (50-60) and 
(61-75) fragments which will be described in a 
subsequent paper. 

The amino acid sequence of the (50-67)subfragment 
is 

ser. Thr. Asp. Tyr. Gly. Leu. LW. Gin. Il.2 
so 54 

Am. Ser. Orll. Trp. Trp. cys. Ala. Asp. GIN. 
60 67 

This subfragment may be dissected into 3 major 
portions in order to facilitate synthesis by maximising 
the use of stepwise procedures and also making use of 

Gly-54 in a subsequent fragment condensation step. 
The (50-54) pentapeptide was synthesised using the 
route shown in Scheme 1. All the coupling reactions 
were achieved using the pivalic mixed anhydride 
method; benzyloxycarbonyl groups being removed 
prior to amide formation by catalytic hydrogenolysis in 
the presence of p-toluene-sulphonic acid. It was found 
however, that prolonged hydrogenolysis of the 
protected tripeptide 63 or tetrapeptide 64 led to the 
formation of troublesome by-products although 
purification of both of these compounds could be 
achieved readily by gel filtration on LH20 Sephadex 
eluting with DMF.6 The compound numbering 
sequence follows that established in certain papers in 
this series.’ -5 During optimisation of the synthesis of 
66 Bates reagent’ wasevaluated as thecouplingreagent 
but was found to be less convenient. The products 
obtained from both synthetic routes were shown to be 
identical by a variety of techniques including gel 
filtration, NMR at 220 MHz and by electrophoresis of 
the fully deprotected pentapeptide. Hydrolysis of the 
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Scheme 1. Synthesis of the protected (M-54) pentapeptide (66). 
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fully protected pentapeptide phenyl ester 65 was readily 
achieved under our standard conditions* employing 
hydrogen peroxide at pH 10.5, the cleavage being 
rapidly achieved using acetone as a solvent to give the 
protected pentapeptide acid 66 which was then 
subsequently used in the preparation of the larger 
fragment. 

Two alternative schemes were tested for the 
preparation of the (5540) hexapeptide. In the first of 
these, being shown in Scheme 2, the required aspara- 
gine and isoleucine derivatives were added to O-tert- 
butyl-serine phenyl ester-p-toluene-sulphonate giving 
the dipeptide 67 and tripeptide 68 respectively. After 
hydrogenolysis of the tripeptide 68 in the usual way 
Bpoc.Gln.OCp was coupled to yield the sparingly 
soluble tetrapeptide 70. This lack of solubility was 
manifested during the coupling reaction by precipi- 
tation ofthe product from the DMF solution and led to 
problems during hydrogenolysis of 70 which had to be 
performed in a mixture of HMPA and DMF (1.6:1) 
using a Vibromixer for 3 days in order to achieve 

completeremoval oftheN-protectinggroup.Acylation 
of the p-toluene-sulphonate derived from the tetra- 
peptide 70 gave the even more insoluble pentapeptide 
71 which required seven days for complete hydro- 
genolysis using an HMPA/DMF mixture, again using 
the Vibromixer. Acylation of this pentapeptide 
derivative with Bpoc.Leu.OCp 72 gave the slightly 
more soluble product 73 which could be purified by gel 
filtrationon Sephadex LH20elutingwith DMF. Due to 
the difficulties encountered using this approach, the 
alternative synthetic procedure shown in Scheme 3 was 
explored in which the protected tripeptide fragment 75 
was then coupled to the ptoluene-sulphonate derived 
from the tripeptide 68 which was available by the route 
shown in Scheme 2. In this approach both tripeptide 
fragments and the resulting hexapeptide 73 could be 
purified by gel filtration on Sephadex LH20 in the usual 
way. The identity of the product 73 obtained from both 
routes wasdemonstrated by TLC in a variety ofsystems 
and by electrophoretic examination of the free peptide 
at pH 6.5. 
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Scheme 2. Synthesis of the protected (55-60) hexapeptide (73). 
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Scheme 3. Salt coupling route to the protected (55-60) hexapeptide (73). 
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The remaining (61-67) heptapeptide fragment was 
assembled by the 3 f 4 fragment coupling approach 
which is shown in Scheme 4. The dipeptide 76 was 
synthesised using the isobutyl chloroformate mixed 
anhydride method and then hydrogenolysed in the 
presence of ~-toluene~ulphonic acid to give the 
corresponding p-toluene-sulphonate which was sub- 
sequently coupled with Z.Ala.OH using the same mixed 
anhydride method to afford the tripeptide 77 as a 
crystalline solid. After hydrogenolysis, Bpoc.Cys- 
(Acm).OH 41 wascondensed using the DCCI/HONSu 
method to give the tetrapeptide 78 which was purified 
by chromatography on Sephadex LH20. The tetra- 
peptide 78 has also been prepared using Bates reagent 
employing a step-wise approach. Again, the product 
isolated from bothsyntheticrouteswasidentical. When 
theaddition ofthecysteinederivative4I wasattempted 
using N-hydroxybenzotriazole (HOBt) as the additive 
in place of HONSu it was noted that substantially more 
impurities were produced suggesting that the HOBt 
was responsible for the partial removal oftheacid-labile 
N-protectinggroupinaccordancewiththeobservation 
by Rudinger’ who observed partial cleavage of the acid 
labile ONps group in the presence of HOBt employed 
as an additive in coupling reactions. The tripeptide acid 
80 corresponding to the (61-63) sequence was most 
effectively synthesised using successive salt couplings 
employing hydroxysuc’cinimide active esters for 
activation. This approach was employed as it gave rise 
to a purer productthanwas obtained when C-terminal 
protection was used. The Bpoc protecting group was 

initially removed from the amino-terminus of the 
tetrapeptide 78 using 0.05 molar HCI in dichloro- 
methane. However, the method developed by Ciba- 
Geigy’* employing 0.05 molar HCl in 90% trifluoro- 
ethanol was subsequently found to be more satis- 
factory. Coupling of the resulting tetrapeptide hydro- 
chloride to the tripeptide acid 88 by the DCCI/HONSu 
method gave the crystalline heptapeptide 81 which was 
isolated by gel filtration on Sephadex LH20. 

The synthesis of the @O-54), (55-60) and (61-67) 
fragments thus provided thecomponents ofthe (50-67) 
fragment which were to be assembled according to the 
sequence shown in Scheme 5. In our earlier synthesis a 
mixture of acetic acid, formic acid and water (7: 1: 21, in 
the presence of dimethylsulphide was used to remove 
the amino-protecting group from the fully protected 
fragment 81. However, this was later superceded by0.05 
molar HCI in trifluoroethanol (90:/,) to remove the 
protecting group. Attempts at the cleavage using 0.05 
molar HCI in DMF were unsu~ssful as the cleavage 
was incomplete even after 4 hours. The phenyl ester 
group was removed from the Bpoc.(55560).OPh frag- 
ment 73 by hydrolysis under the standard conditions 
using 20:?: aqueous HMPA as solvent leading to 
complete hydrolysis after 15 minutes. Interestingly the 
protected hexapeptide acid was found to have much 
better solubility properties than the corresponding 
phenyl ester. The (55-60) and (61-67) fragments were 
then combined using the DCCI/HONSu method and 
the resulting tridecapeptide 82 was isolated by gel 
filtration on Sephadex LH20. Cleavage of the amino 
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Scheme 4. Synthesis of the protected (61-67) heptapeptide (81) 
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Scheme 5. Synthesis of the protected (50-67) octadecapeptide (83). 









Peptides- -XXXIX 2253 

acknowledgements-We thank Mrs B. Robinson. Mrs K. 
Cheetham, Mr D. Harrison, Mr T. Vollemere and Mr F. 
Doran for their efficient and careful technical support. Also we 
are greatly indebted to the Science Research Council, The 
University of Liverpool, imperial Chemical Industries and 

Roche Products for providing considerable funds without 
which such work would be impossible. 

REFERENCES 

‘G. W. Kcnncr. R. 
35. 2767 (lY79). 

Ramage and R. C. Sheppard. 

‘1. J. Galpin, F. E. Hancock, B. K. Handa, A. G. Jackson, G. 
W. Kenner. R. Ramage and B. Singh, Ihid 35-2771 (1979). 

3J. J. Galpin, F. E. Hancock, B. K. Handa, A. G. Jackson, G. 
W. Kenner, R. Ramage, 6. Singh and R. G. Tyson, Ihid. 35, 
2779 (1979). 

‘I. J. Galpin, G. W. Kenner, S. R. Ohlsen, R. Ramage, R. C. 
Sheppard and R. G. Tyson, Ihid. 35, 2785 (1979). 

‘1. J. Galpin, F. E. Hancock. B. K. Handa, A. G. Jackson, G. 
W. Kenner. R. Ramaae and B. Sinah. Ibid. 3s. 2791 (1979). 

*I. J. Galpin, G. W. Kcnner, S. R. OIhlsen and R. Ramage, ;, 
~b~~rn~r~g. 106, 125 (1975). 

‘A. J. Bates, I. J.Galpin, A. Hallett, D. Hudson,G. W. Kenner. 
R. Ramage and R. C. Sheppard. Heir. Chim. Acta 58,688 
(1975). 

“I. J.Galpin, P. M. Hardy,G. W. Kenner,J. R. McDermott, R. 
Ramage. J. H. Seely and R. G. Tyson. ~~~~a~~dr~Jn 35.2577 
(1979). 

‘W. Konig and R. Geiger (personal communication from J. 
Rudinger), Proceedings of the 3rd American Peptide 
Symposium, Ann Arbor. Michigan 1972 p. 343. . 

‘*B. Riniker. 8. Kamber and P. Sievcr. ffelc. f’ltim. Arta 58. 
1086 (1975). 

’ ‘R. D. Cowell and J. H. Jones. J. C/rem. Sot. frrkirt I. I8 14 
(1972). 


