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Abstract: Aspartimide and its piperidine adduct formed between -Asp-Asn- has been found during an Fmoc-based
synthesis of an EGF-like domain in a blood coagulation factor. Model studies with seven susceptible -Asp-X-
pentapeptides show that -Asp(Ot-Bu)-Asn(Trt)- and -Asp(Ot-Bu}-Gly- are the most problematic sequences.

The formation of aspartimide is a side reaction often observed in the synthesis of aspartic acid-containing
peptides either in solution or in solid phase with t-Boc (tert-butyloxycarbonyl) chemistry(). It is well known to
be sequence dependent and occurs under either strongly acidic or basic conditions. Aspartimide formation is
known to occer readily with Asp-Gly or Asp-Ser in strong acids such as HF or CH3S03H. Similarly these
sequences are also susceptible to base-catalyzed aspartimide formation during synthesis using benzyl protecting
groups(Z3), Use of electron donating or sterically hindered side chain protecting groups for aspartic acid, for
example cyclohexyl ester or t-butyl ester in solid phase peptide synthesis, has been recommended as a practical
approach to circumvent aspartimide formationt®3), Neither of these branched-chain esters are thought to be
subject to appreciable base-catalyzed aspartimide formation. Thus, the common belief(6) is that aspartimide
formation does not pose any problem in the base-driven Fmoc (9-fluorenylmethoxycarbonyl) chemistry since
the very hindered t-butyl group is used for side-chain protection. Contrary to this conventionally held view, we
bave found aspartimide formation to be 2 significant side reaction during the synthesis®™ of the C-terminal EGE-
like domain from human blood coagulation factor X® with the following sequence:

LFTRKLCSLDNGDCDQFCHEEQNSVVCSCARGYTLADNGKACIPTGPY

i 48

The first attempt at synthesis of this peptide on a synthesizer using Fmoc chemistry failed. The resulting
cleavage product was found to be a mixture containing no detectable amount of the desired peptide. An attempt
to manually synthesize the peptide also failed. To determine where the problematic sequence was, a stepwise

detection method was then employed while performing manual synthesis.
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Fig. ‘1. Two possible pathways for piperidine addition to the aspartimide
formed between -Asp(OiBu)-Asn(Trt)- or -Asp(OtBu)-Gly-.

Resin samples were} taken after each coupling step, and the peptide fragments generated by TFA
cleavage® wers examined by HPLC and mass spectrometry (MS) for identification of products. HPLC
profiles(!0 indicated that the synthesis from the C-terminal proceeded well up to the 11th residue. However,
after the 13th residue a new peak appeared in the HPLC profile. The new peak grew with each additional
coupling, so that after the $rd residue had been coupled it exhibited the same area as the peak from the desired
peptide. The mass of the peptide corresponding to this new peak was 67u larger than that of the expected
peptide. This mass difference suggested that the unknown peak was caused by aspartimide formation (-18u)
and subsequent ring opening by piperidine addition (+85u). For the crude peptide containing 12 residues, a
small peak with mass 18u Jower than that of the target peptide indicated aspartimide formation. This finding
supports the possibility that a piperidine adduct was created from the nucleophilic attack at the aspartimide
formed between Asp and Asn, the 12th and 11th residues from the C-terminus (Fig. 1). An alternative pathway
for the formation of the piperidine adduct by a direct substitution reaction can not be excluded (Fig. 1).

Proton NMR studies were consistent with the presence of a piperidine adduct in the peptide. Two NMR
samples were prepared from 17 mer peptides corresponding to the desired peptide and the unknown peptide
with a 67u larger mass. The proton NMR spectrum of the unknown peptide showed increased peak intensity at

1.6 and 3.6 ppm relative to/the spectrum of the desired peptide. Since the spectrum of acetylpiperidine displays
peaks of similar chemical shift, this suggested the difference between the two peptides was a piperidine adduct.

To investigate which|amino acids in the sequence -Asp(Ot-Bu)-X- are susceptible to the aspartimide side
reaction, seven model pentapeptides were synthesized: Lys(Boc)-Ala-Asp(Ot-Bu)-X-Ala, where X was Ala,
Asn(Trt), Gly, Gin (Trt), His (Trt), Ser(t-Bu), Thr (t-Bu). The -Ala-Asp(Ot-Bu)-X- portion of pentapeptides
was designed to mimic the uence -Ala-Asp-Asn-, the 13th, 12th, and 11th amino acids from the C-terminal
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Table 1. Occurrences of Aspartimide Formation in Fmoc- and Boo- Chemistry

! imide §i .
Susceptible Fmoc chemisiry? Boc cherristry’
residue -Asp(OtBu}- -Asp(OBzl)-

Al +4 + (12,13)

Asn ++45 ++ )]

Gly ++45 +4++ (5,12,14,15,16)

Gin +4 - -

His - +4 Q7

Ser - RN (12,18)

Thr . ++ (18)

1. Arbitrary scale. 2. This work. 3. Data from references in parentheses.
4, No piperidine adduct was observed. 5. Piperidine adduct was observed.

in the EGF-like peptide mentioned previously. The formation of aspartimide and its piperidine adduct in these
model peptides was monitored using HPLC(10) and MS analysis of the crude peptides. Aspartimide formation
was also found to increase with piperidine concentration. To reduce the amount of aspartimide in a lengthy
synthesis, the pentapeptide resins were treated for 4 hours with 10% piperidine in DMF(v/v) rather than 20%
piperidine to ebtain milder deprotection conditions. The amount of aspartimide and piperidine adduct formed
after four hours incubation with 10% piperidine, as determined by HPLC, was between 15 to 25 % for
-Asp(O1-Bu)-Asn(Trt)- and -Asp(Ot-Bu)-Gly-(11). A smaller amount of aspartimide formation, without
piperidine adduct formation, was observed for the -Asp(Ot-Bu)-Alz- and Asp{Ot-Bu)-Gln(Trt)- sequences.

A comparison of aspartimide formation in base-driven Fmoc and in acid-driven Boc chemistry is shown in
Table 1. The nature of the amino acid following aspartic acid influences not only the rate of aspartimide
formation, but also the formation of piperidine adducts. In Boc chemistry Ser is a susceptible residue. However
in Fmoc chemistry, when Ser is protected by t-butyl, there is no significant side reaction. Asp-Asn and Asp-Gly
are susceptible to aspartimide formation in both Fmoc and Boc approaches.
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