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(S)-9-Fluorenylmethyl-L-cysteine, a Useful HF-stable Derivative for Peptide Synthesis 
Mariano Ruiz-Gayo, Fernando Albericio, Enrique Pedroso, and Ernest Giralt" 
Departament de Quimica Organica, Facultat de Quimica, Universitat de Barcelona, Marti i Franques, I ,  
E-08028 Barcelona, Spain 

The reliability of the (S)-9-fluorenylmethyI-L-cysteine, a completely HF-stable cysteine derivative, has been tested on 
a solid phase synthesis of oxytocin. 

The solid phase synthesis of disulphide bridge containing 
peptides is complicated by the fact that most common 
benzyl-type cysteine protecting groups are not stable to HF 
cleavage conditions, which leads to the formation of substan- 
tial amounts of polymeric materials'-3 of difficult reduc- 
tion. F 

One possible alternative to this problem is the use of the 
(.$)-acetamidomethyl protecting group,5 which is stable to HF 
deprotection conditions. However, Van Rietschoten et aL6 
have estimated 30% deprotection during the synthesis and H F  
cleavage of tetra-(5)-acetamidomethylapamin. 

In this communication, we propose the use of the recently 
described 9-fluorenylmethyl group for cysteine side-chain 
protection7 in solid phase peptide synthesis. The synthesis of 
(S)-9-fluorenylmethyl-L-cysteine was described by Bodanszky 
et al. in 1982 and, to the best of our knowledge, its use in solid 
phase peptide synthesis has never been reported. As shown 
below, this group is completely stable to solid phase reaction 
conditions, including the HF cleavage step. This allows the 
purification of the (S)-9-fluorenylmethyl-~-cysteine peptides, 
without the complications arising from the presence of free 
thiol groups, and its further conversion into disulphide at the 
end of the synthesis. 

We have tested the stability of the (S)-9-fluorenylmethyl-~- 
cysteine under several conditions representative of solid phase 

+ Recently, a good recovery yield of cysteine from 4-methylbenzyl 
protection when treated with 90°/0 HF-5% p-cresol-5% thiocresol has 
been reported (R.  B. Merrifield, personal communication). 

peptide synthesis. Our results show that (i) (S)-9- 
fluorenylmethyl-L-cysteine is completely deprotected by 50% 
piperidine-dimethylformamide (DMF) in 2 h, or 10% piperi- 
dine-DMF overnight ,$ (ii) only traces of deprotected product 

~~~ ~~~ 

5 10 15 20 
Figure 1. Analytical h.p.1.c. of crude protected oxytocin on Spheri- 
sorb CI8 (30 x 0.39 cm) column. A: 90% water, 10% acetonitrile, 
0.45"/" trifluoroacetic acid; B: 20% water, 80% acetonitrile, 0.45% 
trifluoroacetic acid. H.p.1.c. conditions: linear gradient of 10% to 
90% B over 15 min at 1.5 mlirnin. The effluent was monitored at 220 
nrn . 

$ The product of deprotection is cystine. No free cysteine has been 
detected. The deprotection was followed by t.1.c. 
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Figure 2. H.p.1.c. of crude oxytocin. Column and solvents same as in 
Figure 1. Linear gradient of 60% to 80% B over 20 min at 1.5 ml/min. 
The effluent was monitored at 220 nm. 

are detectable after treatment overnight with a 10% solution 
of benzylamine or di-isopropylethylamine in DMF, and (iii) 
this derivative is totally stable to both 95% HF-5% anisole for 
1 h at 0 “C and 0.1 M iodine in DMF. 

The use of N~-t-butoxycarbonyl-(S)-9-fluorenylmethyl-~- 
cysteine in solid phase peptide synthesis is further illustrated 
with the synthesis of oxytocin (l), which contains two residues 
of cysteine in positions 1 and 6. 

H-Cys-Tyr-Ile-Gln-Asn-Cys-Pro-Leu-Gly-NH2 
L S - S I  

(1) 

The synthesis was carried out on a benzhydrylamine resin 
using t-butoxycarbonyl “Y-amino protection and 2,6-dichloro- 
benzyl ether for tyrosine side-chain protection. Single coupl- 
ings were performed with a 2.5-fold excess of amino acid and 
N,N’-dicyclohexylcarbodiimide in dichloromethane for 90 
min. For the incorporation of Asn, Gln, and Ile, l-hydroxy- 
benzotriazole (2.5-fold excess) was added to prevent the 
formation of cyano derivatives and pyroglutamic acid. In all 
cases, the ninhydrin test8 gave negative results after single 
coupling. Deprotection conditions were 30% trifluoroacetic 
acid in dichloromethane (1 x 30 min) followed by washings 
with dichloromethane (3 x 1 min) and neutralisation with 5% 
di-isopropylethylamine in dichloromethane (3 X 1 min). 

The peptide was cleaved from the resin with 90% p-cresol 
for 1 h at 0°C in 62% yield. H.p.1.c. of the crude product 
(Figure 1) showed a major peak (Asp: 0.93, Glu: 0.99, Gly: 

1.07, Ile: 0.92, Pro: 0.86, Leu: 1.08, Tyr: 0.74, Cys: not 
determined§) which had the characteristic absorption of the 
9-fluorenylmethyl group. 

Treatment of the crude product with 50% piperidine-DMF 
(0.5 ymollml) gave, after evaporation, a main product (Asp: 
1.01 , Glu: 1.04, Gly: 0.99, Ile: 0.91, Leu: 0.91, Tyr: 0.87, Cys: 
1.40, Pro: 0.95) whose retention time is identical to that of an 
authentic oxytocin sample (Figure 2). The minor peak in 
Figure 2 did not contain peptide material. For preparative 
purposes, pure oxytocin (20 ymol) was obtained after medium 
pressure reverse phase liquid chromatography on Vydac C-18 
silica with a combined (deprotection-cyclisation and chromat- 
ography), non-optimized yield of 40%. 

These results probe the usefulness of (S)-9-fluorenylmethyl 
sulphide protection of cysteine and suggest that, in conjunc- 
tion with another protecting group stable to piperidine, this 
could constitute an excellent strategy for stepwise disulphide 
formation in molecules with more than one disulphide bridge. 
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and US-Spain Joint Committee for Scientific and Technolog- 
ical Cooperation. 

Received, 9th June 1986; Corn. 788 

References 
G. Barany and R. B. Merrifield, in ‘The Peptides,’ eds. E. Gross 
and J .  Meienhofer, Academic Press, New York, 1980, vol. 2, p. 3. 
V. T .  Ivanov, I. I. Mikhaleva, 0. M. Volpina, M. A .  Myagkova, 
and V. I .  Deignin, in ‘Peptides 1976,’ ed. A .  Loffet, Editions de 
1’Universite de Bruxelles, 1976, p. 219. 
R .  Rocchi, C .  A .  Benassi, R .  Tomatis, R .  Ferroni, a n d  E. 
Menagetti, Int. J .  Pept. Protein Res. ,  1976, 8, 167. 
V. T. Ivanov, V. I. Tsetlin, I. I. Mikhaleva. 0. M. Volpina, A .  R.  
Nuridinov, Y. N. Utkin, A .  S. Arseniev, V. S.  Paskov, E. Karlsson, 
A .  M. Surin, and V.  F. Bystrov, in ‘Peptides 1978,’ eds. I .  Z. 
Siemion and G .  Kupryszewsky, Wroclaw University Press, Wro- 
claw, 1979, p. 41. 
D. F. Veber, J .  D. Milkowski, S. L. Vargas, R. G.  Dankevaiter, 
and R. Hirschmann, J .  Am. Chern. SOC., 1972, 94, 5456. 
J .  Van Rietschoten, E.  Pedroso, and C. Granier. in ‘Peptides: 
Proceedings of the Fifth American Peptide Symposium,’ eds. M. 
Goodman and J .  Meienhofer, Wiley, New York, 1977, p. 522. 
M. Bodanszky and M. Bednarek, Int. J .  Pept. Protein Res., 1982. 
20,434. 
E .  T. Kaiser. R. L. Colescott, C. D. Bossinger, and P. I. Cook. 
Anal. Biochem., 1970, 34. 595. 

$ (S)-9-Fluorenylmethyl-~-cysteine is stable to HCl h y d r ~ l y s i s . ~  
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