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Solid Phase Synthesis of Peptide para -Nitroanilides 

Daniel J. Bun-lick*, Martin E. Struble aad John P. Bumier 

Peptide puru -nitroanilide (PNA) chromogenic substrates have been used for many years to study the 

kinetics and specificity of proteolytic enzymes. Howevex, these highly useful compounds are difficult to 

synthesize by classical solution methods.l-8 We have devised a simple way to syntheaiz PNAs (Scheme 1) 

bssed upon an unique urethane linkedpara -aminoanilide (UPAA) resin 3 that is compatible with standard 

Merrifield solid phase peptide synthesis (SPPS) procedures.9 Upon completion of the synthesii of the 

peptide, treatment with anhydrous HP yields the fully &protected peptide pura -aminoanilide (PM) 4. 

Oxidationof IhePMwithsodium pfhofate tetzahydrate inglacii aceticacid gene-the desired 

PNA 5.10 

SPPS_ HP + 
F Anisole 

N& NaB03 l 4H2o(16eq’L 
AcOH, 18h 

The speed and ease of SPPS allows a wide variety of N-terminal modifications of peptides but limits 

C-terminal moditications to t?ee acids and amides. In the past, post synthetic modification or complete solution 

2589 



2590 

synthesis of the peptide was necessary to generate the desired derivative. ‘Ihe simple synthesis and stability of 

the UPM msin and the vemadlity of SPPS has allowed us to produce hundreds of PNAs for our collaborative 

research (11.12). UPAA tesin is compatible with all types of SPPS, and both Boc and Fmoc chemistries have 

been employed in our laboratory.This versatijity allows novel amino acids and mixed chemistries to be used. 

Cleavage of the peptide from the resin produces the PAA, which is convieniently oxidized to the PNA with 

sodium perborate tetrahydrate. 

Hydroxymethyl resin 1 with substitution levels of 1 mmol/g and lower can be purchased from a 

number of sources. However, to generate UPAA msin with > 1 mmoVg substitution, it is necessary to make 

hydroxymethyl resin from highly substituted chloromethyl resin. To 50 g of chlotomethyl resin (1 mmol/g) 

was added 17.5 g (100 mmol) of N-Boc-glycine and 8.71 g (150 mmol) of potassium fluoride in 500 ml of 

N,N- dhnethylformami& (DMF).l3 The mixture was heated to 80°C and stirted 12 hours to generate N-Boc- 

glycine resin. The msin was fdtexed and tinsed with DMF, water and MeOH. After drying the resin in vucuc, 

the substitution level of the resin was determined after deprotection by picrate titration.14 The N-Boc-glycine 

resin was suspended in 50 ml of DMF and treated with 62.7 ml (2140 mmol) of hydrazine for 12 hours to 

yield hydroxymethyl resin. A small amount of ret&~ was washed for 20 minutes with 50% trifktoro acetic acid 

(TFA) in dichloromethane @CM), washed several times with DCM and then checked by the standard Kaiser 

test .I5 If the test was positive, the hydrazine procedure was repeated until the test was negative. The resin 

was then rinsed several times with tohtene. Phosgene in toluene (40 ml, 160 mmol) was added to the resin 2 

times for 20 minutes to genemte the chloroformate interme&& 2. After rinsing several times with toluene and 

dioxane, a saturated solution of 1.4phenylenediamine in dioxane (100 ml) was added to the resin and stirred 

for 1 hour. After draining and rinsing with DMF. DCM and MeOH. the UPAA resin 3 was dried in vucuo, 

and the fmal substitution of 0.65 mmol/g was determined by picrate titration. Conversion to the TFA salt by 

washing with 50% trifluoro acetic acid (TPA) in dichloromethane (DCM) allows storage of the UPAA msin 

for up to 1 year at -2OoC. 

Synthesis of the peptide succhtyl-Ala-Ala-Pro-Arg-PNA 7 was carried out using standard Boc SPPS 

protocols. Boc groups were cleaved for 28 minutes with a solution of consisting of 45% TFA. 45% DCM, 

5% 1,2-ethanedithiol and 5% anisole, and the resin neutralized with a solution of 10% triethylamine in DCM. 

Boc amino acids were coupled with benzotriazol-l-ylosytris(dimethylamino)phosphonium 

hexafluorophosphate (BOP, 1.15 g, 2.6 mmol), l- hydroxybenzottiazole (HOBf 0.088 g, 0.65 mmol) and 4- 

methyhnorpholine (NMM, 0.43 ml, 3.9 mmol). All couplings and deprotections wete monitored using the 

Kaiser test. N-a-Boc-N-y-p-tosyl-Larginine (1.11 g, 2.6 mmol) was coupled to UPAA resin (1 g, 0.65 

mmol) for 12 hours. The residues N-Boc-Gproline (0.55 g, 2.6 mmol), N-Boc-Galanine (0.49 g, 2.6 mmol) 

and N-Boc-L&mine (0.49 g, 2.6 mmol) were coupled sequentially using the same protocol except that the 

coupling time was 1 hour. Final succinylation was p&fotmed using succinic anhydride (0.26 g, 2.6 mmol) in 

DCM for I5 minutes. 

The peptide resin was dried in vucuo, and the peptide cleaved from the resin with 20 ml anhydrous 

hydrofluoric acid containing 2 ml of anisole at OOC for 1 hour. After removal of the HF, the resin was washed 

extensively with diethyl ether. The fully deprotected peptide was extracted away from the msin with glacial 

acetic acid and diluted to a theoretical concentration of 5 mg/ml. The PM 6 was then converted to the PNA 7 
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in the presence of 16 eq of sodium perborate tetrahydrate for 18 hours at room temperaturn. The acetic acid 

was removed in vacua resulting in an orangelbrown solid. 

Sue-Ak+Ah-PlrrAR-;GNIL, (6) gut-AL-&Pro-&-NONO, (7) 
H 

1 
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Figure 1: Comparison of the crude PAA (6) and PNA (7). Analytical HPLC conditions were 0.5 % 

acetonitrile/minute gradient, UV at 214 nm. flow rate of 2 ml/minute, 4.6 mm x 250 mm 5p 30oA Vydac Cl8 

column. 

The PNA salt was then purifted by mverse phase HPLC using a gradient of 0.175 percent per minute 

acetoniuile 0.1% TFA/water 0.1% TFA over a 2.5 cm x 25 cm, 15-u) p 300 A Vydac Cl8 column at a flow 

rate of 18 ml per minute yielding 128 mg of pure peptide. Figure 1 shows a comparison of the crude peptides 

succinyl-Ala-Ala-Pro-Arg-PAA and succinyl-Ala-Ala-Pro-Arg-PNA. The PAA elutes at 13 minutes or 6.5% 

acetonitrile/water while the PNA elutes much later at 40 minutes or 20% acetonitrile/water. This longer 

retention aided the purification because the salts and excess acetic acid associated with the peptide elute well 

before the PNA does. In a preparative run, the salts and acetic acid create a large flow through peak in the 

profile. When producing large quantities of PNA (al gm). we have found it highly advantageous to perform a 

desalting step on the crude peptide before introducing it to our pur&ation column16 

We have found that our method of synthesizing peptide para-nitroanilide substrates works for most 

amino acid sequences except except those containing easily oxidizable amino acids such as methionine, 

tryptophan or cysteine. In the past years we have produced hundreds of tri- and tetrapeptide PNAs. often in 

gram quantities, for use in our collaborative research. 
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