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Abstrnct: Aspartimide and its piperidine adduct formed between -AspAsn- has been found during an F’mochsed 
synthesis of an EGF-like domain in a blood coagulation factor. Model studies with seven susceptible -Asp-X- 
pentapeptides show that -AsplOt-Bu)-Asn(Trt)- and -Asp@t-Eiuf-GGly- are dw; most prublcmatic sequences. 

Tk ovation of upside is a side reaction often observed in the synthesis of aspartic ~id~~t~n~g 

pptides either in solution or in solid phase with t-Boc (tert-butyloxycarbonyl) chemistry(l). It is W& known to 

be sequence dependent and occurs under either strongly acidic or basic conditions. Aspartimide formation is 

known to occur readily with Asp-G& or Asp-Ser in strong acids such as HF QT CH-$X&H. Similarly these 

sequences are also susceptible to b~~~y~ ~p~m~de fusion during synthesis using benzyl Otis 

group~@,~). 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 heen recommended as a practical 

app~~h to ~irc~rn~e~t upside fo~~io~{ 4.5). Neither of these b~ch~~h~~ esters are thought to be 

subject to appreciable base-catalyzed aspartimide formation. Thus, the common belief@) is that aspartimide 

formation does not pose any problem in the base-driven Fmoc (9-fluorenylmethoxycarbonylf chemistry since 

the very hindered t-butyl group is used for side-chain protection. Contrary to this conventionally held view, we 

have found abode fo~ti~ to he a sig~~~~t side reaction during the syn~sis~~ of the C-terminal EGF- 

like domain from human blood caaguiation factor X(s) with the following sequence: 

~CSL~~G~~QNSWCSCARG~ADN~~C~GPY 

I 48 

The kst attempt at synthesis of this peptide on a synthesize using Fmoc chemistry failed. The resulting 

cleavage product ~18s found to be a mixture containing no detectable amount of the desired peptide. An attempt 

to manually synthesize the peptide alx, failed. To determine where the problematic sequence was, a stepwise 

dekction method was then employed while petiorming manual synthesis. 



b 

Fig. 1. Two possible pathways for pip&dine addition to the aspartimide 

formed between -Asp(CHEu)-Asn(Trt)- or -Asp@tBu)-G~y-. 

Resin samples were~ takea after each coupling step, and the peptide fragments generated by TFA 

ckeavage@J were examin 

! 

by HPLC and m8ss spectrometry (MS) for identification of products. HPLC 

profilesclo) indicated that t G synthesis from the C-terminal procee&d well up to the L ltb residue. However, 

after the 13th residue a n w peak appeared in the HPLC profile. The new peak grew with each additional 

Coupling, so that after the +d residue had been coupled it exhibited the same area as the peak from the desired 

peptide. The mass of tb ptide corresponding to this new peak was 6711 larger than that of tie expected 

peptide. This mass diffe e suggested that the unknown peak was caused by aspartimide formation (-lgu) 

and subsequent ring open by piperidine addition (+85u). For the crude peptide containing 12 residues, a 

smallpeakwitbmassl than that of the target peptide indicated aspartimide formation. This finding 

supports the possibility a piperidine adduct was created from the nucleophilic attack at the aspartimide 

formed between Asp and , the 12th and 1 lth residues from the C-terminus (Fig. I). An alternative pathway 

for the formation of the pi e addact by a direct substitution reaction can not be excluded (Fig+ 1). 

Proton NMR studie re consistent with the presence of a piperidine adduct in the peptide. Two NMR 

samples were prepared 17 mer peptides corresponding to the desired peptide and the unknown peptide 

with a 677~ larger mass. T roton NMR spectrum of the unknown peptide showed increased peak intensity at 

1.6 and 3.6 ppm relative to spectrum of t&z desired peptide. Since the spectrum of acetylpipcridine displays 

peak3 of similar chemic s suggested the difference between the two peptides was a piperidine adduct. 

To investigate which no acids in the sequence -Asp(Ot-Bu)-X- arc susceptible to the as~artimide side 

reaction, seven model s were synthesized: Lys(Boc)-Ala-Asp(Ot-Bu)-X-Ala, where X was Ala. 

Asn(Trt), Gly, Gln (Trt), (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 EQ_h, 12th. and 1 lth amino acids from theC-terminal 
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Table 1. Oocmnces of Aspartimik Formation in Fmoe- and Bee- Chemistry 

Suqxiblo 
m&&us 

. . kpwuarrndel 

Fmoc chemistry2 
-&@tBuI- 

Boc chemistry3 
-Asp@BZQ- 

Ala +4 + WW 

Asn +++5 ++ (4) 

GtY -k-k+5 +++ (5,12,14,15.16) 

Gbl +4 ” 

His ++ (17) 

ser +++ (12,18) 

Thr ++ (18) 

1. Arbitrary mk 2.lXs wak. 3. Ddut fnnn references In parentheses. 

4.Nopipaidiae~twasobgerved.5.~addnctwssobsetved. 

in the ECF-like peptide mentioned pnviously. The formation of aspmtimide and its pipmidine adduct in time 

model poptides was monitored using HPLtYo) and MS analysis of the crude peptides. Aspartimide formation 

was also found to increa% with piperidine conmntion. To reduce the amount of aspartimide in a lengthy 

synthesis, the ~~~ptide resins wem treated for 4 hours with 10% p$eridine in am rather than 20% 

piporidine to obtain milder dqxoteotion conditions. The amount of aqartimide and pip&dine addnct formed 

after four hours incubation with 10% piperidine, as determined by HPLC, was between 15 to 25 % for 

-Asp@-Bu)-Asn(Trt)- and -Asp(Ot-Bu)-Gly-(lr). A smnller amount of aspartimiie formation, without 

p$eridine adduct form&ion, wns observed for the -Asp(Gt-Bu)-Ala- and Asp@&Bu)-GlnfFrt)- seqnonoos. 

A comparison of aqzmkkk fo~tion in base-drivm Fmoc and in acid-driven Bee chemistry is shown in 

Table 1. The nature of the amino acid following aspartie acid influences not only the rate of aspartimide 

formation, but also the formation of piperidine adducts. In Bee chemistry Ser is a susceptible residue. However 

in Fmoc chemistry, when Ser is protecuxi by t-butyl, them is no significant side reaction, Asp-Asn and AspGly 

am suseeptiblo to aspartimide fo~~on in borh Finoe and Boc appmaehes. 
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There is oniy one prejvious mention of this side reaction in Fmoc chemistry. See reference 15. 

Side-chain protectink groups were as follows: Asp and Glu by Ot-Su. Ser, Thr and Tyr by t-Bu, Asn, 

Gln and His by Trt, Lys by Boc, Arg by Pmc, and Cys by either Trt or Acm. A 4- 

(hydroxymethyl)ph oxymethyl-Copoly 

0.88 mmol/g was u s”6 

styrene resin (HMP resi&Wang resin) with a substitution of 

d. Stepwise c~pling of Fmoc amino acids using DCUH0Bt was petformed fmt, 

followed by TBTU/ as a second coupling when necessary, Deblocking the NH2-terminal Fmoc 

protecting group wit4 20% piperidine in DMF (v/v) was typically carried out for 20 min. 

Leytus, S.P.; Foster,i DC.; Kurachi, K; Davie, E.W. Biochem. 1986, 25,5098-5 102. 

A micro-scale TFA $Ieavnge method was used. The cleavage mixture used for peptides containing Trt 

protecting groups w& 0.25 ml 1,2~~~e~~ol, 0.25 ml Hz0 and 9.5 ml TFA. 

Cl8 reverse phase H L,C was performed. (1) For EGF-like peptides: Buffer A contained 5% acetonitrile 

in O.OU% TFA. Bu er B contained 40% acetonitrile in 0.037% TFA. Peptides were eluted with a lo- 

40% buffer I? linear 

~ 

radient over 30 rnin at 1.5 rnl/rnIn, monitored at 220 nm. [2) For model peptides: 

Buffer A contained 20 in Q.CWi% TFA. Buffer B contained 60% acetonitile in 0.037% TFA. the 

model peptides were &ted with loocB, buffer A for 3 ~nutes and O-22% buffer B linear gradient over 

22 min at 1.5 ml/n& monitored 

i 

at 220 nm. 

The extent of formati n of aspartimide and piperidine adduct between Asp and Asn (or hetwcen Asp and 

Gly) is less pronoun&I in the model peptide studies than in the synthesis of EGF-iike peptide containing 

-Asp-Asn-. 

Yang, CC.; Merrifi 
“i 

Id, RB. J, Org. Gkr~ 1976,41, 1032-1041. 

Marshall, G.R.; Me ifleld, R.B. B&hem. 1%5,4,2394-2401. 

Wang, S.S.; Yang, 1 .C.; Kulesha, ID.; Sonenberg, M.; Merrifield, R.B. ht. J. Pepfide Protein 

&x,1974, 6, 105lb. 

Nicoliis. E.; Pedrosod E.; Giralt, E. ~e#~~~~~~~~ Z&r.. 1989,30.497-500. 

Ondetti, M.A.; Deer,! A.; Sheehan, J.T.; Pluscec, J.; Kocy, 0. Biockm. f%8, 7, 4069-4O75. 

Baba, T.: Sugiyarna, iH.; Seto, S. C!zern. Phurrn. EM. Japan 1973, 21, 207-209. 

Suzuki, K.; Endo, N-1 Chem. Pharrn. Bull. Japan 1978,26, 2269-22-X 

Yang, Y; Sweeney, .V.; Thiirnqvist, S.; Schneider, K; Chait, B.T.; Tam, J.P. In Techniques in 

Protein Chemistry , Crabb, J. Eds,; Academic Press: New York, In press. 

(Received in USA 22 Aug& 1994; revised 25 t&o&r 1994; accepted 27 October 1994) 


