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No-Fmoc Removal from Resin-Bound Amino cases, it is advisable to increase the time required for

Acids by 5% Piperidine Solution deprotection or to use a stronger base, such as 1,8-
diazabicyclo[5.4.0]undec-7-ene (DBE).
Nikos Zinieris! Leondios Leondiadis;* and Taking in consideration that piperidine is not only an
Nikolas Ferderigos* expensive reagent but also a controlled substance according
Laboratory of Organic Chemistry, Chemistry Department, to _the 92/109/EC _recomme_ndatlon, we _dgmded to test the
University of Athens, 157 71 Greece, and Mass efficacy of more dilute solutions of piperidine Ma-Fmoc
Spectrometry and Dioxin Ana|ysis Lab, IRRP, removal from amino acids bonded to resin in SPPS. This
National Centre for Scientific Research “Demokritos”, were based on the observation that the time needed for
Athens, 153 10 Greece deprotection in the SPPS was much longer than the time

. measured using amino acids in solution. Obviously, the
Receyed. July 30, 200‘_1 . _ diffusion of the reagents through the solid phase support
In solid-phase peptide synthesis (SPPS), introduced bypjays an important role in the overall time needed.
B. R. Merrifield" in 1.963’ the_growmg peptlde_ chain IS Therefore, we measured the half-lives needed for Fmoc-
assembled by alternating acylation and deprotection reactions.o oval when Fmoe-Lys (Boc), Fmoce-Val, Fmoct-Pro
in a stepwise manner. Itis very important that the repetitive |~ -~ o on’a chlorotri’tyl reéthhé
stepg proceed rapidly, in high yields, and with minimal side capacity of the synthesized resins was measured after
reafxzn;;?hgéivaeg;orﬁ?:g?gr ?gebggr?d:t?ctj\' of the pentide treatment by 20% piperidine in DMF by UV absorbance of
. ; PP © elong PEPIAE the resultant piperidine-dibenzofulvene adducts (301 a1m,
chain on the solid supporChe original Boc/Bz approach  _ 7800 cn* M-1)1 and found to be 0.20, 0.19, 0.20, and
developed by Merrifield utilizes a regime of graduated 0.21 mmol a’ respectivel T e
acidolysis to achieve selectivity in the removal of temporary For the r?alyf-lifepmeasu?lément deprotection solution (1

and permanent protection. The FnmeBl method introduced .
later by Athertodand Meienhofeis based on an orthogonal ML) was added to the resin sample (20 mg) and after 10 s

protecting group strategy, using the base-labile Fmoc group Was filtered out, and the UV absorption at 301 nm was
for protection of theo-amino group and acid labile side- measured. The procedure was repeated until the UV absorp-
chain protecting groups and resin-linkage agents. Fmoc-basedion of the filtrate dropped to 0.05 AU. The percent of the

solid phase peptide synthesis is now firmly established Fmoc removal was expressed as a percentage of the
alongside the Merrifield technique. absorption measured when deprotection solution was added

One of the major steps in SPPS is tha-Neprotection ~ to the same amount of resin sample for 20 Atihen the _
cycle. The deprotection reagent is required in large quantitiesc@lculated percent of the Fmoc removal was plotted against
in peptide chemistry and can be a significant expense, ime. The time needed for 50% Fmoc removal corresponds

especially for high-volume labs and core facilities. In Fmoc/ to the half-life of the deprotection stefhe half-lives
t-Bu SPPS, a 20% v/v solution of piperidine in DMF is ~ measured and the time needed for 99.99% deprotection are
required in common usage conditions. This was establishedshown in Table 1.
by two studies of the lability of Fmoc derivatives to various One can see that the time needed for deprotection
bases. In the first, the rates of cleavage of Fmoc valine in adepended on the amino acid bound to the resin, with the
piperidine/DMF solution were determined by quantitative Lys derivative having the shortest time and the Val derivative
amino acid analysiIn the second, the rate of disappearance having the longest. One can also notice that the longer the
of Fmoc alaninetert-butyl ester in dichloromethane was time needed for deprotection, the less differences observed
followed qualitatively by TLC In both cases, base strength between the 20, 10, or 5% piperidine solutions. This could
and steric factors were found to be important. The cleavagemean that when longer time is needed for deprotection, the
reaction was evidently much faster in DMF than in a less rate of Fmoc removal depends on the diffusion of piperidine
polar medium, such as dichloromethane. It was found that inside the beads rather than on its concentraion.
the approximate half-life of Fmoc cleavage by 20% piperi-  To examine the possibility of using piperidine solu-
dine was 6 s. tions more dilute than 20%, for cost-effectiveness and en-
Experience earned during the synthesis of various peptidesjronmental protection reasons, we applied 20, 10, or

by Fmoc SPPS revealed that in the case of sequences whiclyo, hineridine solutions in the synthesis of-#la10-Lys—
have become aggregated, the standard treatment with 20%y * \which is a known sterically hindered “difficult”

piperidine in DMF may not always be effective. In these sequencé?

* To whom correspondence should be addressed. (Leondiadis) Phone: The synthesis was carrled. QUt on a chlorotrityl réﬂﬂ]OO
+30(210) 6503610. Fax: +30(210) 6536873. E-mail: leondi@ Mg, 0.20 mmol g%). Piperidine/DMF 20, 10, and 5%
rrp.demokritos.gr. (Ferderigos) Phone30 210 7274475. E-mail: nferder@ solution washes (4-min intervals) were used for the removal

C“‘?TJ',;}SZ@{& of Athens. of the Fmoc-protected group until the UV absorption at 301

*National Centre for Scientific Research “Demokritos”. nm dropped to 0.05 AU. We measured the time needed for
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Table 1. Half Lives Measured and the Time Needed for 99.99% Deprotection for Fmoc-GIn, Fmoc-Val, Fmoc-Val, and
Fmoc-Lys-Boc Resin-Bound Amino Acids

20% piperidine 10% piperidine 5% piperidine
solution in DMF solution in DMF solution in DMF
time needed time needed time needed
resin-bound for 99.99% for 99.99% for 99.99%
amino acid t12 (S) deprotection (mirf) t12 (S) deprotection (mirf) t12 (S) deprotection (mirf)
Fmoc-Gin 20.5 45 23.2 5.1 53.1 11.8
Fmoc-Val 41.5 9.2 44.6 9.9 47.1 10.4
Fmoc-Pro 25.4 5.6 27 5.9 32 7.1
Fmoc-Lys (Boc) 10.3 2.3 22.3 4.9 27.4 6.1

aTime needed for 99.99% deprotectien—In 0.0001t,,,/0.693
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Figure 1. Time needed for complete deprotection before every amino acid coupling, using 20, 10 and 5% piperidine/DMF solution washes.

complete deprotection before every amino acid coupling. The peridine is not only an expensive reagent but is also a

results are shown in Figure 1. controlled substance according to the 92/109/EC recom-
During the peptide synthesis, two different behaviors were mendation. Of course, for difficult sequences, Fmoc removal

observed. No difficulty was observed before Ala6. From Alaé completion must always be checked before moving to the

to Alal0, the deprotection time needed was much longer. next coupling.

As one can see in Figure 1, all three different piperidine

solutions tested needed about the same deprotection time, Acknowledgment. This work was supported by funds

without any obvious differences. On the other hand, when a from the Special Account for Research Grants of the National

more dilute piperidine solution was used (2%, data not @nd Kapodistrian University of Athens.
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