
Tctrahcdron Letters, Vol 34. No 49. PP. 7829-7832.1993 
Printed III Great Brltam 

OMO-4039/93 $6.00 + ( 
Pcr8amon Rcss Lid 

The 2,2,4,6,7-Pentamethyldihydrobenzofuran-5-sulfonyl Group (Pbf) as 
Arginine Side Chain Protectant’ 

Louis A. Carpino,*a Hitesh Shroff, 0 Salvatore A. Triolo,aJ) El-Sayed M. E. Mansour,a 

Holger Wenschuh,a and Fernando A1bericiob 

BDepartment of Chemistry, Unrverslty of Massachusetts, Amherst, MA 01003; 

bMilhpore Corporallon, Core R and D, 75A Wlggms Avenue, Bedford, MA 01730 

Abstract: The 2,2,4,6,7-pentamethyIdlhydrobenzofuran-5-sulfonyl residue (Pbf) IS more easrly deblocked by 
trifhtoroacehc acid (TFA) than the correspondmg Pmc analog and can be used effiuently m the synthesis of arglmne- 
con&rung peptides. 

With the recent development of the TFA-sensitive 2,2,5,7,8-pentamethylchroman-6-sulfonyl group (Pmc) 

m which the key structural element is the chroman umt pictured in 1, Ramage and coworkers2 made a defininve 

contribution to the problem of handling arginine in 9-fluorenylmethyloxycarbonyl (FMOC)-based solid phase 

peptide synthesis by recasting the alkoxy residue of the widely used 4-methoxy-2,3,6-trimethylbenzenesulfonyl 

(Mtr) group3 (see structure 2) in the form of a cyclic ether. No rationale for choosing the 6-nng chroman over 

1 2 

the more rigid 5-ring analog was presented, although a subsequent paper, 3 which appeared after the present 

study was begun, described extensive X-ray crystallographic compansons on model compounds as the deciding 

factor. A more recent reports from another laboratory described an unsuccessful search for additional acid 

lability by further manipulation of the 6-ring motif. In the middle fifties Baddeley6 established experimentally 

that benzannelated Sing cyclic ethers are more electron-donating than the 6-ring analogs, and on this basis we 

uutlated a study of the di.hydrobenzofuran counterparts of the Pmc system in order to compare TFA cleavage 

rates. 

At the time this work was begun, it was not related to arginine side chain protection but was rather part of 

a search for a TFA-sensitive arenesulfonyl amino acid protectant which would make possible the synthesis of 

stable protected amino acid chlorides. 7.8 Although a selection of such acid chlorides derived from the Pmc 

residue was readily synthesized, it was surprising to find that the Pmc function could not be removed from the 

a-posinon by mean8 of neat TFA at room temperature over a period of several hours. While deblocking could 

be achieved in the presence of 10% dimethyl sulfide or thioanisole, these conditions do not leave benzyi-based 
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protectants unaffected.*s4 In order to explore the implications of Baddeley’s work, the 5-nng analogs were next 

mvesttgated. Synthesis of the precursor cyclic ether 4 was easily carried out by modification of the method of 

5 6 

Martmi, Franke and Singerman. Chlorosulfonation of 4 gave Pbf-Cl 5 in 51% yield and the a-protected 

amino acid derivatives 6 were obtained normally. The new sulfonyl function was again found not to be 

deblocked by TFA. Since the related tosyl function is stable to liquid HF when situated at tbe a-position but 

readily deblocked by the same reagent when found on the side chain of argmine,to the corresponding guamdino 

denvattves bearing Pmc and Pbf groups were compared. The synthesis of FMOC-Arg(Pbf)-OH was sin&r to 

that described for the Pmc analog.2,4 Removal of the Pbf function was faster than that of the correspondmg 

Pmc system at temperatures between ambient and 370C by factors of 1.2 - 1.4 for TFA/H20 (95/5; 80/20). 

Rough kinetic studiesll made use of HPLC techniques to follow the disappearance of Z-Arg(Pmc)-OH or Z- 

Arg(Pb~-0~ into Z-Arg-OH. 

Similar reacttvity enhancements were observed in the case of solid phase syntheses of a&nine-containing 

pepttdes. For example, assembly of model hexapeptide 712 via FMOC-Arg(Pbf)-OH or FMOC-Arg(Pmc)-OH 

Ac-frp-Arg-Arg-Arg-Arg-Val-OH H-Gly-Arg-Ala-Asp-Ser-Pro-Lys-NH2 

7 8 

hg. 1 Comparison of crude pepttdc 7 released horn 
the tesm durmg deblockmg of X = Pmc ot Pbf m dte. 
cdse of Ac-TrpfBoC)-Arg(X)-A)-~g~)-~g~~ 
Val.PAC-PEG-PS by Reagent R 
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Rg. Il. HPLC chromatogmm of crude peptrde 13 after 2-h cleavage wttb 
Reagent R Reversed phase C-18 column Elmton wtth a Imeat gradient 
over 30 mm of 0.1% TFA m CH&N and 0 1% TFA m H@ from 19 tn 
1:l. flow rate 1.0 mL/mm 
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showed that if the deblocking reaction using Reagent R13 is quenched after 20 and 30 mitt, significantly more 

undeblocked and/or partially deblocked material remained in the latter case. This is illustrated in Fig. I for 

syntheses carried out with tryptophan introduced via FMOC-Trp(BOC)-OH. l4 For the 7-mer 8 half-lives for 

deblocking of the Pbf and Pmc runs were 8 and 13 mitt respectively. 

Other peptides which were assembled in good yield and purity by automated solid phase techniques using 

Pbf protection for arginine include 9-13. A typical example of the quality of the crude peptide is shown in Fig. 

II for the 17-mer 13.18 

H-Arg-Lys-Asp-Val-Tyr-NH2 H-Tyr-Arg-Gin-Arg-Tyr-NH2 

915 10’6 

H-Tyr-Gly-Lys-Arg-NH2 

11’6 

H-Gly-Asn-Arg-VaI-Arg-Arg-Ser-Val-Gly-Sor-Ser-Leu-Lys-Cys-NH2 

1217 

H-Tyr-Pro-Ser-Lys-Aca-Arg-Hls-Tyr-lle-Asn-Leu-lle-Thr-Arg-Gln-Arg-Tyr-NH~ 

13’6 
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