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Summary: Tetrabutylammonium fluoride in N, N-dimethylformamide (DMF) is an effective alterna- 
tive to the piperidine reagent for the removal of 9-fluorenylmethyloxycarbonyl (Fmoc) group in 
the solid phase peptide synthesis. 

Since the introduction by R. B. Merrifield' a set of acid-labile protecting groups have 

been used in the solid phase peptide synthesis.* But, the problem of some side reactions dur- 

ing the acidolytic deprotection has not so far been fully overcome. From this reason the base- 

labile 9-fluorenylmethyloxycarbonyl (Fmoc) group3 has recently attracted special interest as a 

temporary amino protecting group. However, there are some problems also in the Fmoc strategy. 

Especially, the loss of a peptide chain from the resin support at the dipeptide level by the 

diketopiperadine formation4 is one of the important problems. Since the piperidine which has 

been exclusively used for the removal of the Fmoc group 5*6 is at the same time a good catalyst 

for this side reaction,4 development of a better reagent is needed. 

Unsolvated fluoride ion has been used as a base in organic synthesis.7 Z-(trimethylsil- 

yl)ethyl ester group8 for the carboxyl protection and 2-(trimethylsilyl)ethoxycarbonyl' and 

2-(trimethylsilyl)ethanesulfony110 groups for the amine protection are known as protecting 

groups removable with the fluoride ion. Recently a new handle for anchoring a protected amino 

acid to a solid support which is cleaved by attack of fluoride ion has also been reported." 

Fluoride ion is also useful for removal of organophosphorus protecting groups for thio112'13 

and phenolic hydroxyl14 groups. In this communication we would like to report the first ap- 

plication of tetrabutylammonium fluoride to the cleavage of the base-labile Fmoc group. 

In the first trial Fmoc-L-phenylalanine was deprotected with 0.05-2.OM tetrabutylammonium 

fluoride (TBAF) trihydrate in DMF and an amount of phenylalanine liberated was determined on 

an amino acid analyzer. Contrary to the usual fluoride ion promoted reactions in which the 

presence of water should carefully be avoided, removal of the Fmoc group with TBAF proceeded 

smoothly in presence of water of crystallization of TBAF. As shown in Fig. 1 when 0.05-O.lM 

solutions of the reagent were used complete recovery of Phe was obtained in a few minutes. De- 

0.05-O.lM (n-Bu)kN+.F- 
CH2-0-C-Phe-OH =CH2 + H-Phe-OH 

bl DMF 

(Fmoc-Phe-OH) (RT, Zmin) 
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Fig. 1. Effects of Concentration of TBAF and an Additive on Removal of Fmoc Group 

crease in the recovery after longer periods would probably be attributed to the secondary re- 

action of the free amino group with dibenzofulvene, a cleavage product from the Fmoc group. 

Such lowering of the recovery of the amino acid could be avoided by the addition of a large 

excess of methanol (100 eq.) to the reagent. 

The new removal conditions of the Fmoc group were tested through solid phase synthesis of 

a model peptide, L-Leu-L-Ala-Gly-L-Val. Starting from Fmoc-L-Val-OCH2C6HqOCH2-resin a peptide 

chain was elongated according to the standard protocol15 except for the deprotection step in 

which piperidine was replaced by TBAF. The Fmoc group was removed by treating twice with O.lM 

TBAF in DMF (2 min). Couplings of Fmoc-amino acids were carried out using preformed symmetric 
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Fig. 2. Ion-exchange Chromatograms of LAGV Synthesized Using Various Removal Conditions: 

(A)double deprotection with O.lM TBAF in DMF for 2 min, (B)single deprotection with O.lM 

TBAF in DMF for 2 min, and methanol was added before filtration, (C)deprotection with 

0.02M TBAF in DMF for 20 min in the Continuous Flow System 
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anhydrides. Amino acid ratios of an acid hydrolyzate of the protected tetrapeptide resin were 

Leu, 1.01; Ala, 1.03; Gly, 1.00; Val, 1.08. A portion of the resin was treated with 90% aque- 

ous trifluoroacetic acid to afford Fmoc-L-Leu-L-Ala-Gly-L-Val-OH, mp 197-200"C(dec), blp 
-25.5"(cl, EtOH); lit.16 mp 198-200"C(dec), [a]~"-25.7"(c1, EtOH), in 73% yield. 

From the rest of the protected peptide resin the Fmoc group was removed and then the free 

peptide was cleaved from the resin support. An ion-exchange chromatogram of the crude tetra- 

peptide (Fig. 2a) did not show the presence of any deficient peptides except for Va1(1.5%) and 

Leu-Ala-Val(0.9%) arising from incomplete cleavage of the Fmoc group on the C-terminal Val. 

Next, the loss of a peptide chain during the removal of Fmoc group with TBAF was studied. 

Since D-Val-L-Pro sequence is known to be very prone to cyclize17 Fmoc-D-Val-L-Pro-OCH2C8H40- 

CH2CO-L-Leu-NH-resin containing Leu as an internal reference18 was used for this study. When 

the resin was deprotected by treating with O.lM TBAF in DMF (10 eq.) for 2 min and washed in 

the usual manner 75% of the peptide chain was liberated from the resin. When the reaction time 

for deprotection was extended to 4 min 92% of the chain was lost. But, when the TBAF solution 

was diluted by methanol before filtration, loss of the peptide chain was appreciably suppress- 

ed. However, the amounts of deficient peptides. Leu-Ala-Val (1.4%) and Ala-Gly-Val(2.5%), are 

greater (Fig. 2b) than those in the former synthesis. Therefore, these revised conditions are 

recommended only for the deprotection step in the dipeptide level. Dichloromethane and water 

were not effective for this purpose. 

Table 1. Loss of the Peptide Chain from Fmoc-D-Val-L-Pro-resin during Deprotection 

Reagent Quenching* Time(min) 
Peptide Chains 

Retained(%) 

O.lM TBAF in DMF 2 25 

O.lM TBAF in DMF 4 8 

O.lM TBAF in DMF CH2C12 2 24 

O.lM TBAF in DMF H20 2 24 

O.lM TBAF in DMF CH30H 2 59 

O.lM TBAF in DMF CH30H 3 49 

50% piperidine in DMF 5 4 

*)The cleaving solution was diluted with the solvent indicated before filtration. 

As the most effective application of the new removal reaction, its use in peptide synthe- 

sis by continuous flow system 19,20 was investigated, since dibenzofulvene, the reactive cleav- 

age product from the Fmoc group, would not be accumulated in this system. The synthesis was 

performed on a Pepsyn KA resin, which was specially designed for use in solid phase synthesis 

by the continuous flow system.1gg20 Deprotection and, at the same time, washing were performed 

by one-way flow of 0.02M TBAF in DMF for 20 min. Couplings with Fmoc-amino acid symmetric an- 

hydrides were carried out, in this case, as in the usual synthesis using a swelling gel resin 

without recirculating. As expected, deficient peptides except for those arising from incom- 

plete deprotection in the C-terminal valine were not detected in an ion-exchange chromatogram 

of the LAGV obtained (Fig. 2~). 
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As limitation of the new removal method using the TBAF in DMF, instability of benzyl es- 

ter group8*' and aspartyl peptide bonds8 toward this reagent has already been noted. Solution 

of this problem and applications of the new removal conditions to the synthesis of biological- 

ly active peptides are now in progress. 
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