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Abstract. A series of tripeptides, potential chromophoric substrates for various proteases,
FA—L—Phe—L—X—L—Ala—OH, where FA is 3-(2-furyl)acryloyl, and X is Ala, Val,
Leu, Ile, Phe, Thr, a-aminobutyryl, norvalyl, norleucyl, or a-aminocapryl, was syn-
thesized through pentafluorophenyl esters. The synthesis was performed according to the
following scheme:

‘ Ha/Pd
Z—X—OPfp4+H—Ala—OBut + Z—X—Ala—OBut* ——— 5.
Boc—Phe—OPip TFA
— H—X—Ala—OBut > Boc—Phe—X—Ala—OBut ———»-
FA—OPip
-+ H—Phe—X—Ala—OH ————» FA—Phe—X—Ala—OH.

The obtained tripeptides were purified by HPLC and column chromatography on silica
gel. Their structure and purity were confirmed by elemental analysis and in some
cases by amino acid analysis and *3C NMR spectra. The peptides have characteristic
UV spectra.

Peptides and derivatives of amino acids containing the N-3-(2-furyl)-

acryloyl group, [_B—CH-=CH—C0—, can be used as chromophoric
R °

substrates for various proteolytic enzymes. The presence of this group
with its characteristic UV spectrum adjacent to the bond to be cleaved
enables to follow the course of the reaction by means of a convenient
and precise spectrophotometric method.

These substrates have been suggested for chymotrypsin, subtilisin
[*-3], and carboxypeptidase A [%]. N-3-(2-furyl)acryloyl-glycyl-L-leucin-
amide proposed by Feder [5] has become a standard substrate for
thermolysin and other neutral metalloproteases. Dipeptide substrates
containing the FA¢ group have been successfully used in the studies of
substrate specificity of neutral metalloproteases [¢-%].
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EE-0026 Tallinn, Estonia.

Uncrutyr Geaka Poccuiickoit Akagemuu nayk (Institute of Protein Research, Rus-
sian Academy of Sciences). Poccusi. 142292 Ilymnno MockoBckoii 061

ok
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@ Abbreviations used: Abu — a-aminobutyryl; Acp — a-aminocapryl
(—NHCH(C¢H,35) CO—); DCC — dicyclohexyl carbodiimide; DCHA — dicyclohexyl-
amine; DMF — dimethylformamide; FA — 3-(2-furyl)acryloyl; Nle — norleucyl;
Nva — norvalyl; Pip — pentafluorophenyl; TEA — triethylamine; TFA — tri-
fluoroacetic acid. Abbreviated designations of other amino acids and their derivatives
obey the tenfative rules of IUPAC—IUB Commission on Biochemical Nomenclature.
Except where specified, the constituent }nﬁﬂu'acids were all of the L-configuration.
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The use of tri- and longer peptide substrates would probably enable
to gain a better insight into the mechanism of peptidases. However,
only a few examples of the synthesis of longer peptides containing the
FA group can be found. The synthesis of a series of FA-tripeptides,
substrates of thermolysin, has been described in [?]. Single FA-tri-
peptides have been synthesized in [1°] (a substrate of thermolysin) and
[1t12] (substrates of elastase from Pseudomonas aeruginosa). These
peptides contained the residues of glycine, alanine, leucine, and phenyl-
alanine in various combinations.

The aim of the present work was to synthesize a number of new tri-
peptides, containing the FA group, with the formula FA—Phe—X—
Ala—OH, where X is Ala, Abu, Val, Nva, Leu, Ile, Nle, Acp, Phe, or Thr.
These peptides can be used as a systematic series of chromophoric
substrates for studying the substrate specificity and the mechanism of
action of neutral metalloproteinases, chymotrypsin, and other proteolytic
enzymes.

In [%10.12] the synthesis of FA-tripeptides was performed using
activated N-hydroxysuccinimide esters. The FA group was introduced
using 3-(2-furyl)acrylic acid N-hydroxysuccinimide ester with 40—609%
yields. The use of p-nitrophenyl ester of 3-(2-furyl)acrylic acid has also
been described [!], the yields were about 60%.

In the present work peptide bonds were mostly synthesized using
activated pentafluorophenyl esters [**]. The synthesis was performed ac-
cording to the following scheme:

H,/Pd
Z—X—O0Pfp + H—Ala—OBu! —+ Z—X—Ala—OBu! ———
Boc—Phe—OPip TFA
— H—X—Ala—OBut > Boc—Phe—X—Ala—OBut ——
FA—OPip
— H—Phe—X—Ala—OH —————=> FA—Phe—X—Ala—OH.

The synthesis of the substrate with X=Thr was started from Boc—
Thr—OPip.

The synthesis of pentafluorophenyl esters of N-acylamino acids was
performed from N-acylamino acids and pentafluorophenol with the aid
of DCC [*]. The esters synthesized for the first time are characterized
in Table 1 (compounds III—VII).

All dipeptides of the type Z—X—Ala—OBut, as well as Boc—Thr—
Ala—OBu?, were prepared using pentafluorophenyl esters with the
exception of the derivative of Ile, which was synthesized via N-hydroxy-
succinimide ester. Most dipeptides were synthesized and described for
the first time (Table 1, compounds VIII—XV).

In the synthesis of the protected tripeptides (Table 1, XVI—XXV)
Boc—Phe—OPfp was used as the carboxylic component, and the
protecting groups were removed from the resulting tripeptides by treat-
ment with TFA.

At the last stage of the synthesis the chromophoric FA group was
introduced into the substrates using pentafluorophenyl ester of 3-(2-
furyl) acrylic acid (Table 1, XXVI). All the obtained FA-tripeptides
crystallized easily, but as they contained impurities that could not be
removed by recrystallization, they were further purified by HPLC
technique and column chromatography on silica gel. The obtained
products were homogeneous according to HPLC and TLC data, and they
are characterized in Table 1 (compounds XXVII—XXXVI). Low yields
in some cases were probably caused by the lability of the FA group
leading to great losses during purification, especially in HPLC.
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Table 2
Carbon-13 chemical shifts for the peptides FA—Phe—X—Ala—OH

2 88 Y 8 16 17 18 19 21
1Q—CH=CH—ﬁ—NH—(liH—ﬁ—NH—?H—(&—NH—(IIH—COOH
0 SCH, 0 R O CH3
10 s =20
1 15
12 14
13
X
Leu Nle l Thr
R
24
22 23 }/*CHa 221 23 24 - 25 22 .93
—CHz—CHx —CH,;—CH,—CH,—CHjs —CH—CH;
*CHs H
25
Carbon Chemical shifts, ppm from internal TMS
atom ;
(S | 145.7 145.7 145.5
<2 115.0 115.0 115.2
53 113.2 113.2 113:2
64 152.6 152.5 152.3
.5 129.1 129.1 1295
C6 118.9 118.8 1185
/7 168.3 168.3 168.3
C8 56.1 56.1 56.3
co9 38.7 38.7 38.6
C 10 138.3 138.3 138.9
11,18 129.4 129.3 129.5
T Ll e 130.3 130.2 130.2
€13 127.7 127.6 127.8
C 16 173.5 173.5 173.5
G\ 53.0 54.6 59.4
C 18 174.0 173.5 171.3
C 19 50.0 50.0 50.0
C 20 17.8 18.1 18.1
C 21 176.0 176.8 176.1
G 22 41.9 32.8 68.3
C 23 25.6 28.7 19.6
C 24 23.4* 23.3
C2 22.1% 14,2

* assignments can be interchanged



The structure and purity of all FA-tripeptides were confirmed by
elemental analysis. Amino acid analysis was performed for the com-
pounds with X=Val (XXIX), Leu (XXXI), and Phe (XXXV). $3C NMR
spectra of some peptides (with X=Leu (XXXI), Nle (XXXIII), and
Thr (XXXVI)) were obtained. The spectra confirmed their suggested
structures (Table 2). All products displayed a characteristic UV spectrum
with the absorbance maximum at 305 nm.

Thus the method of pentafluorophenyl esters can be used not only
for the synthesis of peptide bonds, but also for the introduction of the
chromophoric FA group into the peptides.

Experimental

Materials

Amino acids and their derivatives were obtained from Reanal and
Serva, benzyloxycarbonylchloride was purchased from Serva, penta-
fluorophenol from Reakhim, and DCC from Fluka. Z—Abu—OH, Z—
Nva—(EH], Z—Nle—OH, and Z—D, L—Acp—OH were synthesized using
Z—Cl [%].

Methods

TLC analyses were performed on Silufol UV-254 (Czechoslovakia)
and Merck 60 F 254 (Germany) silica gel plates in the following solvent
systems (v/v): chloroform:methanol:hexane:glacial acetic acid, 9:0.5:5:
:0.1 (designated by A); chloroform:methanol:hexane, 9:1:10 (B);
hexane:ethyl acetate, 2:1 (C); chloroform:methanol:hexane, 9:1:5 (D);
chloroform:methanol, 95:5 (E); benzene:1,4-dioxane:glacial acetic acid,
9:3:0.4 (Fy; chloroform:methanol, 9:1 (G); n-butanol:glacial acetic
acid:pyridine:water, 15:3:10:12 (H); chloroform:methanol, 3:1 (/).
Ultraviolet light, ninhydrin, and iodide-hypochlorite-o-tolidine were used
to detect the chromatographic components.

The melting points were determined on a Boetius melting point
apparatus (GDR) and are reported uncorrected. Elemental analyses
were performed on a Perkin-Elmer 240 B elemental analyser (USA).
Optical rotation was determined on a Polamat A polarimeter (GDR)
at room temperature; amino acid analyses were carried out on a Bio-
tronik LC 2000 analyser (FRG). High-voltage paper electrophoresis was
performed on a OE-201 apparatus (Hungary) in 30% acetic acid.
Preparative column chromatography was carried out on Silica gel
L40/100 and on Al,Os L5/40 (Chemapol, Czechoslovakia) with the same
solvent systems as TLC.

Analytical HPLC was performed on a DuPont liquid chromatograph
(USA) using an ODS reverse-phase column. Preparative HPLC was
carried out on a Silasorb C-18 (Czechoslovakia) reverse-phase column
(3X50 cm) with the flow-rate of 20 ml/min using a DuPont 880 high-
pressure pump and a 2138 Uvicord S detector at 276 nm. Linear
gradient of 10—509% (v/v) aqueous ethanol was used in chromato-
graphing the FA—Phe—X—Ala—OH peptides.

The UV spectra were recorded on a Beckman UV 5260 spectrophoto-
meter (USA). The $3C NMR spectra were recorded at 125.76 MHz on
an AM-500 Bruker spectrometer (FRG) at room temperature using
CDsOD as solvent and tetramethylsilane as internal standard. The
assignment of $3C chemical shifts, based on the chemical shift data
for amino acids and model compounds and carbon-13 signal multi-
plicities as determined from J-modulated spectra, is straightforward,
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Synthesis

Z—L—Acp—OH. Z—D,L—Acp—OCH; was synthesized from Z—
D, L—Acp—OH as described in [*]. Z—L—Acp—OH was obtained from
Z—D, L—Acp—OCHS; by papain hydrolysis. 3.5 g of Z—D, L—Acp—OCHg;
(oily product) was dissolved in 4 ml of methanol and added to 20 ml
of 0.1 M phosphate buffer, pH 7.0. 50 mg of papain and 100 mg of
cysteine for the activation of papain were added. pH was maintained
at 7 with 0.1 M NaOH. After the end of titration the reaction mixture
was extracted with ethyl acetate, and the organic layer was evaporated
in vacuo. 6 M HCI was added to the residue, the mixture was vigorously
shaken, extracted again with ethyl acetate, and the organic layer was
evaporated in vacuo. 1.5 ml of DCHA and a small amount of hexane
were then added to the oily product, and 2.3 g of crystalline Z—L—
Acp—OH-DCHA was obtained. The latter was dissolved in ethyl acetate,
washed with 109 NaHSO,, and twice with water. The solvent was evap-
orated in wvacuo and the remaining oil crystallized after it was kept
under hexane at 4°C for a week. 1.3 g of Z—L—Acp—OH was obtained.

Z—X—Ala—OBut (X=Ala, Abu, Val, Nva, Leu, Nle, Acp, or Phe).
1 eq. of Z—X—OPpf and 1.2 eq. of H—Ala—OBut-HCl (Reanal) were
dissolved in DMF, 1.25 eq. of TEA was added, and the reaction mixture
was stirred at room temperature for 2 hours. Ethyl acetate was then
added and the resulting mixture was washed successively with 109%
NaHSO,, water, saturated solution of NaHCO; and twice with water.
The organic layer was evaporated with dioxane in vacuo. Mostly oily
products were obtained and were further treated with hexane for
crystallization. In cases when the compounds did not crystallize entirely,
the oily products were purified by column chromatography on Al,Os.

Boc—Thr—Ala—OBu! was obtained similarly from Boc—Thr—OPip
and H—Ala—OBu?-HCl and used without purification as an oily
product.

Z—Ile—Ala—OBu! was prepared in a similar manner from Z—Ile—
ONSu (Serva) and HCl-H—Ala—OBut.

Boc—Phe—X—Ala—OBu* (X=Ala, Abu, Val, Nva, Leu, Ile, Nle, Acp,
or Phe). Z—X—Ala—OBut* was subjected to catalytic hydrogenolysis
with palladium black in dioxane for 1.5—3 hours; the completeness of
the reaction was checked by TLC. The purity of the product was verified
by electrophoresis. The solvent was evaporated, the remaining oil was
dissolved in DMF and coupled with Boc—Phe—OPip as described above
for Z—X—Ala—OBu’. pH of the reaction mixture was adjusted to 8
with TEA.

Boc—Phe—Thr—Ala—OH. Boc—Thr—Ala—OBu* was kept in TFA
at room temperature for 1 hour, then the reaction mixture was evaporated,
and the oily product was crystallized by rubbing it with a glass stick
in absolute ether. The purity of the product was checked by electrophoresis.
The obtained H—Thr—Ala—OH - TFA was coupled with Boc—Phe—OPf{p
as described above for the synthesis of Z—X—Ala—OBut.

FA—OPfp. 2.76 g (20 mmol) of 3-(2-furyl)acrylic acid and 4.05 g
(22 mmol) of pentafluorophenol were dissolved in 30 ml of the 1:1
(v/v) mixture of ethyl acetate and dioxane, the solution was cooled to
+2°C and, upon stirring, 4.53 g (22 mmol) of DCC was added. After
stirring the mixture for 2 hours at 2°C, precipitate of dicyclohexyl urea
was filtered off and washed with ethyl acetate and dioxane. The filtrate
was evaporated, the residue was dissolved in ethyl acetate, and an
additional amount of urea was filtered off. The solution was evaporated
again, the remaining brown oily product was treated with the hexane—
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ether mixture (4:1, v/v), the forming light beige crystals were filtered
off and washed with the same cooled mixture. The filtrate was evaporated
and an additional crystallization was carried out in the same manner.
Total yield was 4.41 g (72.5%).

FA—Phe—X—Ala—OH. In order to remove Boc— and —OBu* groups,

compounds XVI—XXV were treated with TFA. The obtained products,
except for the Thr derivative, crystallized after having been washed or
rubbed with absolute ether. The purity of the products was checked by
electrophoresis. Then the products were coupled with FA—OPip.

1 eq. of a tripeptide as TFA salt (with Thr, 1.1 eq.) and 1 eq. of
FA—OPip were suspended in DMF and, upon stirring, 2—3 egs. of TEA
were added to bring pH up to 8. The reagents dissolved gradually, and
stirring was continued at room temperature for at least 1.5 hours. After
that ethyl acetate was added and the mixture was successively washed
twice with 10% NaHSO, and 2 or 3 times with water. The organic
layer was evaporated with dioxane in vacuo. The product was either
crystalline or an oil that crystallized after it was treated with organic
solvents (ethanol, ethyl acetate, or hexane—ether). With X=1le, Nle, Acp,
Phe, or Thr, the product partly precipitated upon washing the reaction
mixture with aqueous solutions. These precipitates were filtered out,
washed with water, and added to the products obtained after the evap-
oration of organic layers. All the obtained FA-tripeptides were purified
by crystallization, HPLC, and column chromatography on silica gel, as
shown in Table 1. '
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N-3-(2-FURUUL)AKRULOUULTRIPEPTIIDIDE SUNTEES
PENTAFLUOROFENUULESTRITE MEETODIL

Pentafluorofeniiiilestrite meetodi abil siinteesiti tripeptiidide rida {ildvalemiga FA—
L—Phe—L—X—L—Ala—OH, kus FA on 3-(2-furiiiil) akriiloiiiil ja X on Ala, Val, Leu,
Ile, Phe, Thr, a-aminobutiiriiiil, norvaliiiil, norleutsiiiil v6i a-aminokapriiiil. Siinteesitud
peptiidid on kasutatavad proteaaside kromofoorsete substraatidena. Siintees tehti jarg-
mise skeemi kohaselt:

H,/Pd
Z—X—OPip4+H—Ala—OBu!* - Z—X—Ala—OBu! ———»
Boc—Phe—OPip TFA
—+ H—X—Ala—OBu! > Boc—Phe—X—Ala—OBu! ———»

FA—OPip
— H—Phe—X—Ala—OH ————y FA—Phe—X—Ala—OH.

Saadud FA-tripeptiidid puhastati korgsurvevedelikukromatograafia ja kolonnikroma-
tograafiaga silikageelil. Nende struktuur ja puhtus tdestati elementanaliiiisiga, monede
iihendite puhul ka aminohapete analiiiisi ja '3C TMR-spektritega. Siinteesitud peptiididel
on iseloomulik UV-spekter.

Karpur TPYMMAJI, Hadewda MABEPHT, IOpuii MUTHH, Aaso AABHKCAAP,
Toomac BAJIHMA I

CUHTE3 N-3-(2-®YPHJ)AKPHUJIOUJTPUNENTUAOB METOAOM
NMEHTA®TOP®EHUJIOBBIX 3®HPOB

Metogom nentapTopdeHHJIOBHX 3DHPOB CHHTE3HPOBAHA CEPHA TPHNENTHAOB — MO-
TEeHIHAJbHBIX XPOMOGOPHBLIX cyGCTPAaTOB pas3iHYHLIX mnporeas — ¢ obwmeit QopmyJoi
FA—L—Phe—L—X—L—Ala—OH, rge FA — 3-(2-dypun)axpuions, X=Ala, Val, Leu,
Ile, Phe, Thr, a-amMuHOGYTHpPHJ, HOpBaJWJ, HOpJeHUH] HIH «a-aMuHOKanpua. CunTes
NPOBENEH N0 CXeMe:

H,/Pd
Z—X—OPip+H—Ala—OBu! - Z—X—Ala—OBu! ————-
Boc—Phe—OPip TFA
— H—X—Ala—OBu! > Boc—Phe—X—Ala—OBu! ——

FA—OPfp
— H—Phe—X—Ala—OH — 1y FA—Phe—X—Ala—OH.

[Monyuennsle FA-tpunmentuabl ounumesst BI)KX u xonoHounoit xpomarorpadueii Ha
cuiHkaresie. VX CTpoeHHe M YHCTOTA MOATBEPXKAEHHI 3JEMEHTHHIM aHAJH30M, a AJs HEKO-
TOPHIX COEAHHEHHH — €lle AaMHHOKHCJOTHHIM aHaju3oM H cnextpamu '*C-SIMP. Cuure-
3HPOBaHHbIE NenTHAL 06/1aKal0T XapakTepHhiM Y @-cnexTpoM. :
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