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Abstract: Mixed anhydride method with condensation agent isobutyl chloroformate is described for obtaining a series of
p-nitroanilides of FMOC-Pro-, FMOC-Ala-, FMOC-Leu-, FMOC-Ile-, FMOC-Trp-, FMOC-Asp(OtBu)-, FMOC-GIn(Trt)-,
FMOC-Hyp- and FMOC-Hyp(OtBu)- in good yields and in an optical pure form. The use of other activating agents for obtaining
p-nitroanilides is discussed.

It is known that amino acid p-nitroanilides (-pNA) are used as chromogenic substrates for the
determination of the activity of proteolytic enzymes2. The synthesis of p-nitroanilides is relatively difficult
because of the low nucleophilicity of p-nitroaniline. The published reports concemning the use of mixed
anhydride method for obtaining of the amino acid p-nitroanilides are often contradictory. On the one hand
Erlanger et. al.3 reported that the attempts to synthesize Z-Lys(Z)-p-nitroanilide via isobutyl chloroformate
were unsuccessful. Okada et al.4 described that the mixed anhydride method does not yield the the desired
reaction product Z-Val-pNA. On the other hand the successful synthesis of different BOC-protected amino acid
p-nitroanilides by the mixed anhydride method using isobutyl chloroformate’ or pivaloyl chlorideS, have been
recently reported. The use of isobutyl chloroformate, however, as activating agent for the synthesis of FMOC-
protected amino acid p-nitroanilides has not been examined until now. In this study we have applied the mixed
anhydride method’ for synthesis of the p-nitroanilides of FMOC-Pro-, FMOC-Ala, FMOC-Leu-, FMOC-lle-,
FMOC-Trp-, FMOC-Asp(OtBu)-, FMOC-GIn(T1t)-, FMOC-Hyp-, FMOC-Hyp(OtBu)-. The yields vary
usually between 50 and 86% after recrystallization from the appropriate solvents.

4201



4202

The obtaining of the abovementioned p-nitroanilides was achieved by the following scheme:

~ NMM NHy-CeHa-NO2(p)
Fmoc-AA-OH +i-BuOCOCl — g Fmoc-AA-OCOi-Bu —. g Fmoc-AA- NH-CgHy-NOs(p)
-15°C

AA =Pro-, Ala-, Leu-, lle-, Trp-, Asp(OtBu)-, Gin(Trt)-, Hyp-, Hyp(OtBu)-

After suitable deprotection they can be used as synthons for the synthesis of more complicated
chromogenic substrates.

The synthesis of the synthon FMOC-Pro-pNA by the POCl3 method, recently described by Rijkers et al.8

gave, after recrystallisation, 53% of the model compound versus 63%, when the mixed anhydride method was
used.
In order to make an other model synthon - FMOC-Val-pNA, we have tried to use other coupling methods
employing different activating agents such as l-isobutyloxycarbonyl-2-isobutyloxy-1,2-dihydroquinoline
(IIDQ), diphenylphosphoryl azide and carbonyl diimidazole. When the last two activating agents were used,
the desired reaction product could not be isolated in pure form, nor in sufficient amount. The IIDQ method
gave better results, but significant racemization took place in this case. The yields and optical purity of FMOC-
Val-pNA were almost identical when POCIj or isobutyl chloroformate were used as condensation agents. The
properties of FMOC-amino acid p-nitroanilides prepared by the mixed anhydride method arc summarized in
Table 1.

TABLE 1. Yields and Physical Constants of the FMOC-Amino Acid p-Nitroanilides Obtained by Mixed
Anhydride Method:

Compound Yield%  M.P.(°C) Re [adp Mass spectra
a) b) ©  DMFc=05 [MM+NH4"*
calc./found
FMOC-Pro-pNAd) 53 186-187  0.86 0.77 0.75 61 -
FMOC-Pro-pNA 63 185-187 0386 0.77 075 -58 475.5/475
FMOC-Ala-pNA 66 183-185 079 061 059 -40 450.4/449
FMOC-Leu-pNA 58 187-190 089 081 0386 -28 491.5/491
FMOC-Ile-pNA 57 214218 090 083 088 -16 491.5/491
FMOC-Trp-pNA 61 188-190 081 061 0.66 +24 564.6/564
FMOC-Asp(OtBu)-pNA 70 amorph. 091 084 088 32 549.5/549
FMOC-GIn(Trt):pNA 86 131-136 094 0.79 081 -20 748.8/748
FMOC-Hyp-pNA 50 208-209 077 052 031 -61 491.5/491
FMOC-Hyp(OtBu)-pNA 52 122-126 095 080 0.74 -41 547.6/547

a) chloroform/methanol/water = 65/25/4; ) chloroform/methanol/acetic acid =85/10/5; €) chloroform/methanol = 9/1;
d) obtained by the POCl3 method.
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EXPERIMENTAL:

All melting points were determinated with a Reichert melting point apparatus and are uncorrected.
FMOC- amino acids were obtained from Applied Biosystems. Thin-layer chromatography was performed on
Merck Kieselgel 60 F254 plates in three different systems. Spots were visualized under UV light, or after
exposure to iodine vapours. Optical rotations were measured on polarimeter Optical Activity, model AA-10
with 2.0 dm cell in DMF at ambient temperature. The structures were confirmed by mass spectra, recorded by
the chemical ionization mode (ammeonia used as reagent gas) on NERMAG R10 - 10 C mass spectrometer.
General Procedure for Preparation of N® Fluorenylmethyloxycarbonyl Protected Amino Acid
p-Nitroanilides:

1.12 mmol of the respective N@-fluorenylmethyloxycarbonyl protected amino acid was dissolved in
1 ml tetrahydrofurane. After addition of N-methylmorpholine (124 pl, 1.12 mmol) and cooling to -15° C,
isobuty] chloroformate (150 pl, 1.12 mmol) was added. Subsequently the solution was stirred 5 min at 0° C
and cooled again to -15° C, afterwards p-nitroaniline? (155 mg, 1.12 mmol) dissolved in 1 ml tetrahydrofurane
was added dropvise. The reaction mixture was stirred during 1 h at 0° C, and after stirring at room temperature
overnight the solvent was evaporated. The product was dissolved in ethyl acetate and washed 5 fold with 2 M
hydrochloric acid!0, 0.5 M sodium hydrogen carbonate and saline. The organic layer was dried over anhydrous
magnesium sulphate and the respective FMOC-amino acid p-nitroanilides were recrystallized from appropriate
solvents!!. In some cases, if necessary, column chromatography was performed prior to recrystallization!2 .
In summary, the successful use of the mixed anhydride method with isobutyt chloroformate as activating agent
is described for the synthesis of FMOC-amino acid p-nitroanilides. The above method is comparable with the
POCI3 method8:!3, used for obtaining of BOC- and some FMOC-protected amino acid p-nitroanilides. The
presented method affords the desired chromogenic amino acid derivatives conveniently, in good yields and has
the advantage of using milder activation agent - isobutyl chloroformate.
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Recrystallized twice from methanol.

2 M hydrochloric acid solution was used for removing the unreacted p-nitroaniline from the ethy!
acetate solution, except for FMOC-Asp(OtBu)-pNA and FMOC-GIn(Trt)-pNA, where molar
hydrochloric acid was repeatedly used.

The p-nitroanilides of FMOC-Pro-, FMOC-Ala-, FMOC-Leu-, FMOC-Hyp- and FMOC-
Hyp(OtBu)- were recrystallized from ethyl acetate/hexane; FMOC-Trp-pNA from
chloroform/hexane (3/1). FMOC-Asp(OtBu)-pNA and FMOC-GIn(Trt)-pNA were precipitated twice
with ethyl acetate/hexane.

FMOC-Ile-pNA was purified by flash chromatography on Silicagel Type 60 - Aldrich; 2x30 cm
column using 100 ml chloroform and 200 ml 2% methanol in chloroform as eluents. After removal
of the solvent under reduced pressure, the pure product was recrystallized from ethy! acetate.
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