
Tetrahedron Letters Vol. 71, pi 539 - 592 
@PerSamon Press Lt3. 1980. printed in Great Britain 

SYNTHESIS OF AN OPEN-CHAIN CYSTINE PEPTIDE CORRESPONDING TO THE ASYMMETRICAL INSULIN 

INTERMEDIATE A’-21-B18-26 

W.Kullmann 

Max-Planck-Instrtut fur biophysikalische Chemle 
Am FaBberg, D-3400 Gottingen-Nikolausberg 

The synthesis via fragment condensation on a solid support of an insulin intermediate 
containing the A-chain linked by the drsulfide bond A20-B19 to the B-chain segment B18-B26 
is reported. 

To evaluate the accessrbrllty of complex asymmetrical cystine peptrdes via solid phase frag- 

ment condensation, studies toward an unambiguous synthesis of rnsulrn analogues were performed. 

The solid phase fragment approach combines the advantages of both conventional and solid phase 

methods. Protected fragments of a peptide charn are prepared in solution, thoroughly purified, 

characterized and frnally coupled to the peptide resin. Although the fragment condensations do 

not proceed wrth a 100% yield, purification of the product synthetized by this approach seems 

easier than purification of a peptide assembled stepwlse solely on the resin(l) due to the pro- 

nounced difference in molecular werght of the by-products and the target-sequence. On the other 

hand, solubillty problems encountered during several conventional syntheses of the insulin 

chains(2) may be overcome by the solid phase fragment procedure provided the salvation of the 

carrier-bound protected peptrdes is not prevented by sterical hindrance ( for details see(3)). 

To prevent the difficulties inherent in the correct combination of the separately prepared 

A- and B-chains each disulfrde bridge was formed selectively at different stages of the synthe- 

SLS following the strategy reported by Sleber et a1.(4). Since this required the assembly of one 

chain in the presence of the partial or total sequence of the other chain, protecting groups of 

different reactivlties were needed. To meet this requirement, the synthetic pathway outlined rn 

scheme 1 was chosen. A different approach was recently described by Birr and Plpkorn(5) who 

reported the synthesis of insulin via stepwise formation of the dlsulflde bonds between a redu- 

ced natural B-chain and a synthetic A-chain the sulfur protecting groups of which were selec- 

tively cleavable. 

Selective formation of the asymmetrical dlsulfrde A 
18-21_B19-20 

was achieved by a procedure 

described by Brows et a1.(6) via a sulfenylthlocarbonate derivative of the A 
18-21 

fragment which 

was subsequently cleaved by the free thiol group of the dipeptide B 
19-20 

to grve the protected 

asymmetrrc tetrapeptide-dipeptide-dlsulflde(7)(Scheme 2). The second dlsulfrde bond (A6-A”) was 

part of the protected intermediate A ‘-12 (Scheme 3). This octapeptide represented a cyclic cys- 

tine peptrde contarning an additional cysteine residue(A7) which was to remarn unaffected by the 

ring closure between residues A 
6 

and A”. This strategy would enable the formation of the third 

disulfide bond(A7-B7) in a separate step. Owing to this requrrement the throl moieties of resi- 

dues A6 and A” were tritylated whereas the residue A7 was acetamidomethylated. As described by 

Sreber et a1.(8), the S-trityl groups were oxidized by iodine in trlfluoroethanol/water(4:1)(8a) 

leaving the S-Acm protection largely intact. 
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Scheme 1 ________ 

Th; ;l;otected fragments A13-14and 

were prepared by reacting the 

respective free amino components with 

the N-hydroxysuccinimide esters of 

the carboxyl components.(Yrelds: 69% 

and 66%, respectrvely).Glutamrne A 
15 

was coupled as Bpoc-Gln-ONp. 

The protected fragment A’-4 was 

prepared stepwrse rn solution star- 

ting from the carboxyl terminus. The 

couplrngs were performed using the 

N-hydroxysuccinimrde esters of the 

carboxyl components and the TFA-salts 

of the correspondrng amino components 

( Yreld: 18.5%). 

During the syntheses rn solutron 

peptrdes containing S-trityl groups 

were deacylated using boron trr- 

fluoride etherate( otherwise TFA 

was used to remove Boc and Bpoc pro- 

tecting groups. Neutralization was 

achieved with 4lnethylmorpholrne. 

Adsorption chromatography on silica 

gel and gel filtration on Sephadex LH-20 were employed to obtain the protected fragments in 

homogeneous form. 

The protected intermedlates were added to the B 
21-26 

-peptlde resin(7) as illustrated in 

scheme 1. Couplings were performed rn dlmethylformamlde using two equrvalents of HOSu and one 

equivalent of DCC. Bpoc protecting groups were removed with 0.5% TFA m CH2C12. For neutralr- 

zation 10% TEA In CH2C12 was used. To prevent S-acylatlon of the S-Acm of resrdue A7, the de- 

acylatron steps following the rntroductlon of fragment A 
5-12 were performed in the presence of 

10% anrsole. After each couplrng the solvated free cr-amino groups were treated with acetic 

anhydrrde(l0). The coupling steps were monrtored by amino acid analyses of peptlde resin hydro- 

lysates. The coupling yields, calculated with regard to the actually preceding condensatron 

step, were found to be 76% for the solid phase synthesis of B 
21-26 

, 70% for fragment A 
18-21_ 

Bl 9-20 
(1.4), 95% for fragment ~‘~-‘~(4.2), 99% for residue A15(2x4.3), 78% for fragment A13-14 

Abbrevrations: ~~-_----~~--~- 
Bpoc, 2-(4-biphenyl)-2-propyloxycarbonyl; 2-Cl-Z, 2-chloro-benzyloxycarbonyl; 

See, ethoxycarbonylsulfenyl; Acm, acetamldomethyl; Trt, trlphenylmethyl; HOSu, N-hydroxysuccrn- 
rmlde; ONp, p-nitrophenylester; DCC, dicyclohexylcarbodlrmlde; TFA, trifluoroacetlc acrd; 

TEA, trrethylamrne; DMF, dlmethylformamrde. 
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Scheme 2 ___---__ 

Scheme 3 ______-- 
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(2x4.31, 69% for fragment A5-12(2x2.0), 75% for fragment A1-4(2x3.5), and 96% for Boc-Val-OH 

residue B18 (2x3.0). (The molar excess of each carboxyl component is given in brackets.) The 

overall coupling yield was thus 19% as compared with 0.19 sxaol of Boc-Tyr(2,6-C12-Bzl)-OH es- 

terrfled to 1 gram of resin. 

To monitor the progress of the synthesis and to investigate the possibilities of purlfica- 

tion, aliquots (ca. 1OOmg) of the A18-21-B1g-26-(7), A13-21-B1g-26-, and A1-21-B18-26-peptide 

resins were removed and the peptldes were cleaved from the solid support and deprotected by 

liquid HF in the presence of anisole (yield 60%). The fragments A 13-21_B19-26 and Al-21_B18-26 

were purified by fractronatlon on a Brogel P-4 column, by partition chromatography on silica 

gel and by ion exchange chromatography on DEAlI-Sephadex A-25. The yields (by weight) based on 

the total amount of resin bound peptides were 10.5% for A 13-21_B19-26 
and 8.4% for A1-21-B18-26 

The results of amino acid analyses of acid hydrolysates are given in the following table: 

A5-12+ A18-21_B19-26+ A13-21_B19-26+ Al-21_B18-26* Al-21+ 

Cys(03H) 2.83(3) 2.03(Z) 1.86(Z) 4.71(5) 4.07(4) 
Asp 2.07(Z) 1.95(Z) 1.95(Z) 2.03(Z) 
Ser 1.60(Z) 1.71(Z) 
Glu 0.94(l) 

1.84(Z) 
1.04(l) 3.15(3) 4.77(S) 3.95(4) 

GUY 2.00(Z) 2.00(Z) 3.00(3) 1.00(l) 
Ala 1.00(l) 1.03(l) 

1.04(l) 
1.03(l) 

Val 3.06(3) 
Ile 

1.67(Z) 
0.95(l) 0.60(l) 

Leu 1.85(2) 1.89(Z) 1.96(Z) 
‘fyr 1.87(Z) 2.65(3) 2.64(3) 1.85(Z) 
Phe 2.08(Z) 1.90(Z) 1.96(Z) 
Arg 1.06(l) 0.94(l) 1.04(l) 

+ 24-h hydrolysate, * 72-h hydrolysate 

A sample of the A 1-2l_gl8-26 . 
-insulin fragment was treated with iodine followed by performic 

acid to remove the S-Acm group and to oxrdlze the dlsulfrde bonds,respectively. After removal 

of the cysteic acid derivative of the B 18-26 
-fragment, the chromatographic and electrophoretic 
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data of the tetra-cysteic acid derrvatrve of the A-chain as well as a peptrde map of rts peptrc 

hydrolysate(l1) were found to be rn close agreement with those of the oxrdrzed natural A-charn. 

It was the first time that two distinct peptides connected by a disulfide bond were synthe- 

tized side by side on a solid support, and the success of this approach depended largely on the 

stabrlrty of the disulfrde brrdges during the various steps of the solid phase procedure. During 

this synthesis the dlsulfrde bonds were neither affected seriously by TFA and TEA rn methylene 

chloride nor were they found to be unstable rn the presence of liquid HF. These frndings were rn 

agreement with those of Lunkenhermer and Zahn(lZ), Kullmann and Gutte(7) and Katz(l3) for resin- 

bound symmetric cystrne peptides, resin-bound asymmetric cystrne peptides and natural rnsulrn, 

respectrvely. The amount of resin-bound peptrde after HF-treatment is an obvious drawback,which 

may be overcome by HBr/TFA cleavage of the benzylester lank to the solid support and subsequent 

removal of the remaining protecting groups by HF/pyridine, the usefulness of which was recently 

described(5). 

In summary, fragment condensatron on a solrd support proved to be a feasible approach for 

the syntheses of complex cystlne peptides. Due to the drfferences rn molecular size and electro- 

phoretrc and solubilrty properties the desired free peptrdes could be easily separated from 

by-products that originated from rncomplete couplrng of the protected fragments. 
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