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provides a new possibility for the preparation of protected peptide fragments. A Choc/OcHex protectxon
scheme allows also the assembly of cyclic lactam peptides linked to the resin lhrough the C-terminus.
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removable by anhydrous HF. We have utilized cyclohexyloxycarbonyl as an orthogonal protecting group
for the synthesis of a i) bicyclic epitope peptide of glycoprotein D of HSV | on BHA resin and ii) fully
protected hexapeptide involved in protein transport on Merrifield resin.
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INTRODUCTION

There is an increasing interest in the application of orthogonal protecting groups in solid phase peptide
synthesis. Preparation of protected peptide fragments for convergent solid phase peptide synthesis as well as
cyclization of resin bound peptides needs selectively removable new orthogonal protection schemes. A number
of methods have been described for the synthesis of protected? or cyclic lactam3 peptides on solid phase, but
generally these procedures require special resins or combination of special protecting groups that result in rather

expensive synth . For the most common cycuzanon with Boc! strategy, OFm ester protectlon is used with
OBzl or OcHex e‘te‘s as orthogonal blocking groups.* However, during the removal of fluorenyimethyl group
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We found earlier that w—cyclohexyl esters of aspartic acid and glutamic acid are stable at 0°C in IM

ea

TMSOTf{-thioanisole/TFA mixture introduced hv lema et al ¢ This observation was utilized for the qvnthesls of

partially protected peptide fragments of glvconrotem D from Herpes simplex virus (H-SALLE(OcHex)NPVG-
NH2 and Fmoc-SALLQD(OcHex)PVG-OH). These semiprotected peptides were used succesfully for fragment
condensation in solution as well as on solid phase.” We have also realized that in 1M TMSOTf-thioanisole/TFA
mixture the cleavage of peptide-BHA resin bond did not occur. Based on this finding we have introduced a new
cyclization method for peptides linked to the resin through their C-terminus using benzyl and cyclohexyl to form
ester of the side chain carboxyl groups.’ In this experiment we applied an Fmoc/CIZ protecting scheme for N%-
and N€-amino groups. Prior to the HF-cleavage, the Fmoc protecting group has to be removed. In order to avoid
this step, Fmoc was replaced by a cyclohexyloxycarbonyl (Choc) group that is stable under the 1M TMSOT{-
thioanisol/TFA cleavage condition but removable with anhydrous HF.

The Choc group was first described by McKay and Albertson® and used as acid labile N¥-amino protection
for Gly, DL-Ala, DL-Phe and DL-Met. Comparison with other acid sensitive amino protecting groups (Boc, Z,
e -t 1 ’
1

[PV S Ay Vv rnnsle Ay Aaunlanantylavuerarhanol) indicatad na advantacae nnder tha etnidied canditinne fHRr
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in nitramathane ar in acetic acid)  Theraefare the utilication of cvelohexviaxvearhonvl oroun has hee
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discontinued. Recently the use of Choc group has been proposed as N"-protecting moiety for the synthesis of

Trp containing peptides by the Boc-strategy.?
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We report here the improved synthesis of cyclohexyloxycarbonyl chloride, and of N-Choc-amino acid
derivatives. Choc-based orthogonal solid phase strategy has been used for the preparation of a bicyclo epitope
peptide of glycoprotein D of HSV 1 on BHA resin and of a fully protected hexapeptide involved in protein
transport on Merrifield resin.

RESULTS AND DISCUSSION

Synthesis of Cyclohexyloxycarbonyi Amino Acid Derivatives

Cyclohexyloxycarbonyi chioride (i) prepared from cyciohexanoi and phosgene!? reacts with - or g-amino
group of free or semiprotected amino acids (2) in alkaline solution as depicted in Scheme 1

{ N—0—C—Cl + NH,—CH-COOH NaOH _ /' \ 4 &

\___/ I HC O \__/

Scheme 1. Synthesis of Choc-amino acid derivatives

Yield and characteristics are presented in Table 1. Some of the cyclohexyloxycarbonyl amino acid
derivatives (3) like Choc-Leu, Choc-Pro, Choc-Val, Choc-Met and Choc-Thr have iow meiting point vaiue, and
can be best cryStaulzea as DCHA salt. The Boc- Lysu,noc )-OH was prepared from the Cu-complex of lysine that

was treated with Choc-Cl in dioxane-2M NaOH mixture aaopting tn€ syninesis condition of Lys(Z).1! The

PR | AA AT~ 0Y Anantion~ tlan

LYS\4L).®° 1608 &
cyclohexyloxycarbonyl lysine was first liberated from its copper complex by treatment with thioacetamide!2 then
the Boc protecting group was introduced to the o-amino group of the purified lysine derivative using
(R_C"‘O

E 74

The N and/or N°-cyclohexyloxycarbonyl amino acids prepared were characterized by melting point,
retention factor of tlc, optical rotation and elemental composition (Table 1). The purity of the compounds was
greater than 99% based on the RP-HPLC chromatogram (A=220nm).

Optical Purity of Choc-Amino Acids

The optical purity of amino acid derivatives was demonstrated on four samples. Choc-Ala-OH, Choc-D-
Ala-OH, Choc-Ser-OH and Choc-D-Ser-OH were used for this study. Amino acid derivatives were hydrolyzed
in 6M HCI at 110°C for 24h, like in the case of amino acid analysis. After evaporation and neutralization, the
samples were derivatized by Marfey's reagent!413 and run on RP-HPLC using a Hypersyl ODS C,; column
(150x4.6 mm). Under isocratic conditions with 0.1M sodium acetate buffer (pH4)-methanol-acetonitrile 82:6:12
(v/v/v) as eluent, a single peak corresponding to the ammo a<:1d derlvatlve was detected (Figure 1.). These

s that +
results suggest that the Choc-amino acids were p

Racemizat frpp Cgunllm:r nf Choc-Amino Acid Derivatives

In order to study racemization of Choc-amino acids during coupling in the SPPS, Choc-Ala-OH was
attached to Ser(Bzl)-PAM resin and Choc-Ser(Bzl)-OH was coupled to Leu-Merrifield resin by DCC/HOBt
method. The protected dipeptide-resins were hydrolyzed as described above and the samples were derivatized
with Marfey's reagent. The results of RP-HPLC analysis performed under optimized isocratic conditions!® [0.1M
sodium acetate buffer-methanol-acetonitrile 82:12:6 (v/v/v)] are summarized in Figure 2. The absence of D-Ala
(at 65 min) (a) or D-Ser (at 17 min) (b) derivatives in the chromatograms suggests that there was no

racemization of Choc-Ala-OH or Choc-Ser(Bzl)-OH during the coupling reaction studied.



Table 1. Characteristics of Cyclohexyloxycarbonyl-Amino Acid Derivatives
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Elemental analysis
Amino acid Mol. formula  Yield Mp [a]a68 tic calc.[%]; found{%]
derivatives (Mw.) [%] [°C} [Rf] C H N
Choc-Ala-OH CioH;7NO4 60 78-79 268 072° 5580 796 651
(215.25) 030° 5569 792 645
Choc-D-Ala-OH CioH17NOg 58 80-81  +269° 072° 5580 796 651
(215.25) 030° 5572 799 647
Choc-Asn-OH CyjHigNoOs 88  172-174 +45°  0.12° 5112 703 1085
(258.27) 025 5119 697 1081
Choc-Gly-OH? CgH5NO4 83 97-98 0.60° 5372 751  6.96
(201.22) ~021° 5376 746 687
Choc-Tle-OH-DCHA ~ CpsHygN204 72 110-112 -07°  080° 6845 1057 639
(438.66) 041 6816 1041 639
Choc-Leu-OH-DCHA ~ CpsHagNpO4 83 102-104 -148"  077° 6845 1057 639
(438.66) 0.38" 03.42 10.57 6.60
Boc-Lys(Choc)-OH CigH3oNOg 76  76-78 7.4 079° 58.04 866  7.52
(372.47) 0419 5796 860 747
Choc-Lys(Choc)-OH  CpgH34NoOg 80  89-90  -7.6° 064° 6028 860  7.03
(398.52) 040° 6019 862  7.00
H-Lys(Choc)-OH Ci3H4N2O4 56 171-173  +206° 054° 5733 888 1028
(272.35) 059" 5727 881 1024
Choc-Met-OH - DCHA  CjoHpiNO4S 74 119-120  -134®  0.69° 5234 768  5.08
(265.37) 031¢ 5238 779 504
Choc-Phe-OH CigHpNOg 40  68-70 28" 074° 6591 727 481
(291.35) 034° 6560 723 482
Choc-Pro-OH - DCHA  Co4HgpN2O4 62 151-152  -359"  059° 6821 1002 663
(422.62) 031 6821 1010 6.63
Choc-Ser-OH CioH17NOs 64 78-80  +1.7° 0.192 5185 740  6.05
(231.66) 025 5173 736 606
Choc-Ser(Bzl)-OH Cy7H3NOs 90 7678 +73° 075° 6353 721 436
(321.39) 037° 6354 723 421
Choc-D-Ser-OH CjoH;7NOs 68 79-81  -1.8° 019° 5185 740 6.5
(231.66) 025% 5170 744 598
Choc-Thr-OH-DCHA  Cp3HaoNpOs 72 146-147  -45°  026° 6476 992  6.57
(426.60) 028° 6478 1017 661
Choc-Trp-OH DCHA  CigHpoNpO4 81 6971 -80°  064° 6544 671 848
(330.38) 040° 6516 674  8.17
Choc-Val-OH-DCHA  CpqHg4N2O4 56  134-136  -7.4° 075 6788 1044  6.60
(424.63) 034° 6742 1045 6.68

8¢=0.5 in acetic acid,;

b¢=2 in acetic acid

“fiic eluents: ethyl acetate—pyridine—acetic acid—water = 333:20:6:11 (v/v/v/v) (c); n-butanol—ammonium
hydroxide (25%) = 7:3 (v/v) (d); n-butanol—acetic acid—water = 4:1:1 (v/viv) (e); chloroform—methanol = 1:9
(viv) (.
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Figure 2. HPLC profile of hydrolyzed and derivatized Choc-dipeptides from (a)Choc-Ala-Ser(Bzl)-PAM and
(b) Choc-Ser(Bzl)-Leu-Merrifield resin (*Hydrolyzed reagent).
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Stability of Cyclohexyloxycarbonyl Group in Choc-Amino Acid Attached to BHA Resin

Choc-Ala-OH and Choc-Lys(Choc)-OH were coupled to benzhydryl amine resin by the DCC/HOBt
method using three-fold molar excess of compounds calculated for the capacity of the resin. After this reaction
all amino groups were blocked as demonstrated by the quantitative ninhydrin assay''. The Choc-amino acid
attached to the resin was first treated with 40% TFA in DCM at RT for 3 h. After this period of time no free
amino group was detected and there was no change in nitrogen content of the samples investigated (Table 2).
This indicates the lack of fission of the amide bonds. In the next experiment 0.5M or 1M TMSOT{-thioanisole in
TFA was added at different concentrations to the Choc-amino acid-resins in the presence of m-cresol at 0°C. The
reaction was proceeded for 30 or 60 min. The resin was filiered out and neutralized with 10% DIEA in DCM.

Prior to the quantitative ninhydrin assay the samples w re washed several times with DCM and methanol. Data
summarized in Table 2. show no significant changes in the N content of the samples before or after the treatment
with TMSOT{. This suggests that no significant sp!zt occurs under these conditions between the resin and the
Choc-amino acid rg_,(_ll_;g The clgav oe b etween the C hoc group and the amino acid was also investigatcd. The

30 min of treatment, which represents only 0.23% of the resin capacny‘ This figure increases by time and
TMSOTT concentration, but even after 60 min it is 0.51% in the case of Choc-Ala-BHA sample. These data
suggest that the CO-NH bond between the Choc group and the amino acid residue is quite stable.

Table 2. Stability of Choc Protecting Group and Amino Acid-Benzhydrylamine Resin Bond Under Different
Cleavage Conditions

Conditions
40%TFA/DCM  0.5M TMSOTf ~ 1.OMTMSOTf  1.0M TMSOTY
3h 0.5h 0.5h 1h
N,cale. NH; N NH, N NH, N NH; N
(6] fumoligl’ [%] [umoligl’ [%] [umolig]’ [%)] (umolig]’ %)
Choc-Ala-BHA 205 0 1.92 1.98 2.00 2.56 1.93 436 1.83
Choc-Lys(Choc)-BHA ~ 2.79 0 2.70 n.t n.t. n.t n.t 10.2 2.65

*As determined by the nitrogen content according to Kjeldahl
. Lo ) 17
®As determined by quantitative ninhydrin assay

Synthesis of Cyclic Lactam HSV Epitope Peptides

The nonapeptide SALLEDPVG (276-284) from glycoprotein D of Herpes simplex virus was found to
function as epitope that can induce antibody production with virus neutralizing capacity.!® Cyclic variants of the
epitope were designed and prepared for stabilization of the secondary structure. For this reason, lysine residue
was incorporated at the C-terminal of the peptide (SALLEDPVGK) and its g-amino group was utilized for
lactam bridge formation with the y-carboxyl group of glutamic acid at position 280 (Scheme 2).
chain was built up on benzhydryl amine resin by Boc-chemistry considering tha i
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uring 30 min. After the neutralization with IE A the

)P/DIEA. Since the B-COOH of aspartic acid was

< cyclohexyl ester and the N-t U 1 cyclohexyloxycarbonyl group, these moieties remained

intact under the cleavage ondmons used The monocvchc lactam peptide was cleaved from the resin
simultaneously with the removal of the cyclohexyl type protecting groups by anhydrous HF.

The bicyclo(1-6, 5-10)SALLEDPVGK peptide was prepared by formation of the second lactam bridge

between the N-terminal amino group and the B-carboxyl group of Asp (Scheme 2). This was carried out in DMF

with PyBOP reagent in the presence of DIEA. Both the monocyclo(5-10)SALLEDPVGK and bicyclic lactam
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peptides were characterized by amino acid analysis, RP-HPLC and FAB-MS. The HPLC chromatograms of the
starting monocyclic peptide and the resulting crude mixture of the bicyclo variant are demonstrated on Figure 3.

These results demonstrate the feasibility of the application of cyclohexyloxycarbony!l group as orthogonal
protecting group in Boc strategy.

Synthesis of Fully Protected AVKDEL Signal Peptide

The KDEL sequence in various proteins plays an important role in intramolecular transport processes.

Among others, this motif is responsible for retention of heatshock proteins in the endoplasmatic reticulum
lumen.1?

For biological investigation our aim was to synthesise a hexapeptide that represents the B termlnauy
alaamantad Eaman ~F HET Tha mranaman ~f trxrm At and thean anstiaver] Armitnmn t0m thio mameida evems
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studies. Therefore the

unambiguous conjugation of the unprotected molecule to carriers to er
r_‘.ha"enmnﬂ task. To fulfil this, we have annhed

qvnt_hegs of ﬁ_l_l_lv nrnfe('fed denivative of AVKDEL-QH is quite

otected derivati EL-OH is quite a g task. To fulf
the cyclohexyl type protecting groups on Merrifield resin using Boc chemistry. The o-carboxyl groups of Asp
and Glu were protected as cyclohexyl ester, while the g-amino group of Lys and the o-amino group of Ala were
blocked by Choc group. The peptide was built up by the DCC/HOBt coupling method. The fully protected
peptide was detached from the resin with 1M TMSOTf{-thioanisole/TFA cleavage mixture at 0°C for 1h. The
poorly soluble compound was purified by recrystallization and it was characterized by FAB-MS, elemental

analysis, melting point determination and thin-layer chromatography.
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Scheme 2. Synthesis of bicycio(1-6, 5-10) Figure 3. Analytical HPLC chromatograms of
SALLEDPVG-NH, peptide (a) purified monocyclo( 5-10) and (b) crude
bicyclo(1-6. 5-10) SALLEDPVG-NH,
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CONCLUSION

We have demonstrated that Choc-amino acids can be synthesized using Choc-Cl with high yield and
optical purity. The racemization free coupling of Choc-amino acids in solid phase synthesis was also verified.
Choc group at both on N®- and N¢-amino positions was stable in 1M TMSOTf{-thioanisole/TFA at 0°C for 1h.
Based on these findings a new synthesis strategy was developed in which Choc group as an orthogonal
protecting group with Bzl or CIZ protecting groups was applied. The usefulness of this scheme was documented
by the synthesis of bicycio lactam peptide of HSV glycoprotein D epitope on benzhydrylamine resin. The
Choc/OcHex protection scheme also enabled the preparation of fully protected hexapeptide with muitipie amino-
and carboxyl groups. The Choc-Ala-Val-Lys(Choc)-Asp(OcHex)-Glu(OcHex)-Leu-OH hexapeptide derivative

was prepared in good yield.

Amino acids were purchased from Reanal (Budapest, Hungary). Cyclohexanol was Aldrich (Budapest,
Hungary) product, while phosgene was obtained from Merck (Darmstadt, Germany).

For the peptide synthesis Boc-amino acid derivatives were purchased from Chem-Impex International
(Wood Dale, IL, USA), while TFA, TMSOT{, DIEA, DCC, HOBt, PyBOP, HF, thioanisole, m- and p-cresol
were from Fluka (Buchs, Switzerland). BHA and Boc-Leu-Merrifield resins were from Bachem (Bubendorf,
Switzerland). Solvents used for syntheses were Chemolab (Budapest,Hungary) or Reanal products, while HPLC
grade acetonitrile was purchased from Romil Ltd (Cambrige, UK).

Amino acid derivatives and the fully protected peptide were checked for purity by elemental analysis

(Heraeus CHN-O Rapid, Heraeus Gmbh., Germany).
Melting points were determmed by VED (GDR) NAGEMA-type hot-stage apparatus. Optical rotation was

Analytical HPLC was performed using Delta Pak C)g (3.9x300 mm, 15um, 300A) reverse phase column
on Knauer apparatus (Knauer, Bad Homburg, Germany). The instrument consisted of two pumps, a Variable
Wavelength Monitor, which were functionalized by HPLC Software/Hardware Package Version 2.21 A. Eluent
A was 0.1% TFA in d.i. water and eluent B was 0.1% TFA in AcN-water (80:20 v/v). Linear gradient of eluents
(0 min 15%B; 5 min 15%B; 35 min 75%B) with 2 ml/min flow rate was used as the mobile phase. Detection was
carried out at A=220nm.

Purification of cyclopeptides was carried out on a Phenomenex, Jupiter Cys (10x250 mm, 10pm, 300A)
semipreparative column using the same eluents and gradients with 4 ml/min flow rate.

Fast atom bombardment mass spectometry (FAB-MS) was carried out on a Fisons (UK) VG-ZA-2SE

ard o e es Gaaetimiatar aninng Al o - 1 i
tandem mass bpu,uumcwl equipped with a Cs' ion gun (30 keV). The peptide samples were dissolved in DMS
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and mixed with 51)«’\;01\.11 matrix.

Modified Preparation of Cyclohexyloxycarbonyl Chloride. 1 litre round bottom flask equipped with a gas
inlet tube, pressure-equalising dropping funnel and a dry-ice-acetone cooled jacketed Vigreaux condenser was
placed in an ice-bath. The exit tube of the condenser was connected to a CaCl, drying tube and suitable traps for
phosgene and HCl. 99g (1 mol) phosgene was washed with linseed oil, concentrated H,SO, and was condensed
into the reaction vessel. While stirring, 95 ml (90g, 0.9 mol) cyclohexanol was added from the dropping funnel at
such a rate that the mixture was kept in gentle reflux for approx. 2 h. Stirring was continued for one additional
hour. The condenser was removed and dry N, was bubbled through the mixture for 6 h to drive off the HCI and
the excess phosgene. The escaping fumes were treated properly. The resulting oil was used without further

purification and stored at 4°C. The Choc-Ci content of the product was determined as foliows: a 0.1 mi aliquot
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of Choc-Cl is pipetted into 10 ml of 10% NH; solution. Cyclohexyl-urethane crystals were filtered off, dried and
analysed (Mw:129.23, Mp:111.3-112.3°C?%%),

Yield: 134.5g (92%) Purity: 99% (determined with HPLC analysis of the corresponding urethane)
Bpjym: 38-44°C21, np20:1.458721 d,,:1.12221,

General Procedure for the Synthesis of Cyclohexyloxycarbony! Amino Acid Derivatives. A solution of
free amino acid or the copper complex of Lys (100 mmol) in 2M NaOH (50 ml) was cooled in an ice-water bath.
Under vigorous stirring 110 mmol (17 g, 15.2 ml) cyclohexyloxycarbonyl chloride and 2M NaOH (55 ml) were
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Stability of Cyclohexyloxycarbonyl Group in Choc-Amino Acid Attached to BHA Resin. Three equivalent
(2.58 mmol) of Choc-Ala-OH or Choc-Lys(Choc)-OH were used for coupling to 100 mg benzhydryl amine resin
(0.86 mmol/g capacity) by the DCC/HOBt method. 20 mg Choc-Ala- or Choc-Lys(Choc)-resin was treated with
a) 2 ml of 40% TFA in DCM at RT for 3 h, &) 2 ml of IM TMSOTf-thicanisole/TFA mixture in the presence of
40 pl m-cresol for 60 min or for ¢) 30 min.

The resin samples were filtered out, neutralized with 10% DIEA in DCM and prior to the quantitative

nmnydrm assay they were washed several times with DCM and methanol. The standard quanmauve mnnyarme
assay was used for the determination of free amino groups.* 7

Study of the Optical Purity and Racemization-free Coupling of Choc-Amino Acid Derivatives. 100mg of
Boc-Leu-Merrifield resin (0.71 mmol/g) and 100mg of Boc-Ser(Bzl)-PAM resin were deprotected with 35%
TFA/DCM solution (1+20 m!_n) then washed with DCM (5x0.5 min) and neutralized with 10% DIEA/DCM (3x1
min). After washing the resins with DCM (4x0.5 min), 3 eq of Choc-Ser(Bzl)-OH was added to the Leu
containing resin and 3 eq of Choc-Ala-OH to the Ser-PAM resin in the presence of 3 eq of DCC and HOBt
calculated for the resin capacity in each cases. The coupling was performed in DCM-DMF 4:1 (v/v) mixture.
The reaction was continued for 1h, then the resin was washed with DMF and DCM twice for 0.5 min,
respectively.

The dried resins were hydrolyzed in 6M HCI in sealed and evacuated tubes at 110°C for 24h.
Derivatization of amino acids from acid-free hydrolyzates was performed with 1-fluoro-2,4-dinitrophenyl-5-L-
alanine amid (Pierce, Rockford, IL, USA) (Marfey's reagent)!4. The hydrolyzates prepared from 2.5 pmol of

peptide were dissolved in 100 pl of 0.5M sodium bicarbonate solution and mixed with 200 ui of a 1% Marfey's
reagent in aceton. After incubation at 40°C for $0 min the cold mixture was neutralized with 25 ul of 2M HCJ,

and dlluted with 20 fold methanol. 20 pl of samples were injected into the HPLC.

rsis of the optical purity of Choc-amino acids (Choc-Ser-OH,
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Synthesis of Bicyclic Lactam Peptide of HSV gD-1 Epitope. The linear ALLEDPVGK peptide was built
up on BHA resin (0.86 mmol/g). First 0.5 mmol Boc-Lys(CIZ)-OH was attached to 1 g resin by DCC/HOBt
coupling method. The remaining free amino groups of the resin were blocked by acetylation using 5 equivalent
acetic anhydride (calculated for the resin capacity) in the presence of DIEA. The capacity of the resin used for
further steps was 0.28 mmol/g. One mmol amino acid derivatives were utilized for the couplings using
DCC/HOBt in DCM-DMF 4:1 (v/v). The B-carboxyl group of aspartic acid was blocked by cyclohexyl ester
while the side chain of glutamic acid was protected by benzyl ester. Boc group was removed with 35% TFA in



DCM and 10% DIEA in DCM was used for neutralization, The N-terminal Choc-Ser-OH was attached to the
peptide chain with one eq PyBOP in the presence of 2 equiv. DIEA in DMF.

CIZ and benzyl groups were removed from the peptide-resin by the treatment with 10 ml 1M TMSOTf-
thioanisole/TFA mixture containing 200pl m-cresol as scavanger at 0°C for 30 min. Then the resin was filtered
out, it was washed twice with TFA, then five times with DCM. The semiprotected peptide bound resin was
treated with 10% DIEA/DCM (3x1 min) followed by washing with DCM several times. Lactam bridge
formation between the 'y-carboxyl group of glutamxc acid and the g-amino group of the C—temnnal lysme resxdue

dry ether washed several times w1th ether, then dlssolved dlluted acetic acid. The resin was filtered out and
the product was isolated by liophylization. The crude preparation was ounﬁed by HPLC using semipreparative
column. C4sH7N 1,04, Yield: 34 mg (12.5%); FAB-MS m/z 1009.3[M+1] ; calculated 1009.6; Rt (HPLC): 15.1
min; amino acid analysis; found(calculated): Asp 1.04 (1), Ser 0.95 (1), Glu 1.07 (1), Pro 1.11 (1), Gly 0.96 (1),
Ala 1.04 (1), Val 0.96 (1), Leu 1.93 (2), Lys 0.99 (1).

15 mg (14.9 pmol) monocyclic product was dissolved in 150 ml DMF and 6 eq PyBOP and 12 eq DIEA
were added to the solution. The cyclization reaction continued at RT overnight. The solution was concentrated
in vacuo and the remaining oil was diluted to 2 ml with eluent A and B (1:1, v/v) and punﬁed on semipreparative
HPLC column. C4sH74Ny,043, Yield: 3.8 mg (25.7%); FAB-MS m/z 991.4 [M+1] calculated 991.5; Rt
(HPLC): 16.3 min; amino acid analysis; found(calculated): Asp 1.03 (1), Ser 0.95 (1), Glu 1.06 (1), Pro 1.07

NN 1IN AL 1 AN FIN O YI 1IN O nn ran

(1), Gly 0.97 (1), Ala 1.00 (1), Val 0.96 (1), Leu 1.93 (2), Lys 0.98 (1).
mthocic nf (Chor Al VAl ’\uvl’f-"nnnl_ﬁ(v"/n, Hov )l 2 hi/DrHov) T o1 ()YH Tha nratastad nantida wae kails
u‘yuun:an) UJ TEUICTIIRAT T LEE L/)f [ASTLLE V) ﬂ)ll{ /erica) Ulll[\/bl‘c&/ LJC" /i4L. 11V IUI i }J\.«puuc wao Uil
up on Boc-Leu-Merrifield resin (500 mg, 0.71 mmol/g) by Boc strategy. Side chain carboxyl groups of Asp and

Glu were nrntected as cvclnhexvl esters while the amino eroups ( F-ammn group of L ys and a-amino group of
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Ala) were blocked by cyclohexyloxycarbonyl group. The Boc groups were removed with 35% TFA/DCM (1+20
min) followed by washing with DCM (5x0.5 min) and neutralization with 10% DIEA/DCM (3x1 min) of the
resin. Three equivalent of protected amino acid derivatives, DCC and HOBt calculated to the capacity of solid
support were applied for the coupling. In all cases a single coupling (1h) was effective according to the ninhydrin
assay. From the dried resin (730 mg) the protected peptide was cleaved by 1M TMSOTf-thioanisole/TFA
(1.94:1.20:6.89, v/v/v) mixture at 0°C for 1h. The resin was filtered out, washed with 5 ml cold TFA and twice
with DCM. The collected cold filtrate was evaporated in vacuo under 10°C. 50 ml d.i. water was added to the
remaining oil and the solution was adjusted to pH 6 with ammonia. The precipitated material was collected on a

/1;;

glass filter, washed several times with d.i. water and ether—»-hexan (1:2, v/v) mixture. The crude product was

PR 1 Lo cnn sl arantad P t 11 A"oNn ... 07

. -
recrystallized from ethy! acetate—r-hexan. Yield: 280 mg (87.5%); M.p. 1

/
wratar — 2222INA- V1l ivu/x an Marsls
WaLUl = 35J.4U. 0.1 1\w Vivi v; Ull 1IVITI VA

P_yl ldlllv—'—a\dctlh a\/ld
FAB-MS m/z 1090.4 [M+ ] 1107.5 [M+H,0], 1112 5[M+Na]+, M
lated for 3% mnr(mm( salt content) found(calc): (‘ 58.68%(58.77%), H:

281 CoaqQir OV w2ty Y 11

ul
8.19%(8.16%), N: 8.78%(8.72%)).
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1089.7; elemental analysis(calc

REFERENCES AND NOTES

1.  Abbreviations used in this paper for amino acids and for the designations of peptides follow the rules of the
TUPAC-TUB Comission of Biochemical Nomenclature in European .J. Biochem., 1984, 138, 9-37 and J.
Biol. Chem., 1989, 264, 633-673. The following additional abbreviations are used: Boc, fert-butyl-
oxycarbonyl, BHA, benzhydrylamine resin; Bzl, benzyl, cHex, cyclohexyl; Choc, cyclohexyloxycarbonyl,
ClZ, 2-chloro-benzyloxycarbonyl, DCC, N,N'’-dicyclohexyl-carbodiimide; DCM, dichioromethane; DIEA,

N,N'-diisopropylethylamine; DMF, N N- almetnylrormamlae FAB-MS, fast atom bombardment mass
spectrometry; Fm, S-fluorenylmethyl; Fmoc, 9-fluorenylmethoxycarbonyl; HF, hydrogen-fluoride; HOBt,



66 G. Mezb et al. / Tetrahedron 54 (1998) 675767606

1-hydroxy-benzotriazole, HSV, Herpes simplex virus; ODS, octadecyl silane; PAM, 4-oxymethylphenyl-
acetamidomethyl, PyBOP, (benzotriazolyl)-N-oxypyrrolidinephosphonium hexafluorophosphate, RP-
HPLC, reverse phase high-performance liquid chromatography, TFA, trifluoracetic acid; tlc., thin-layer
chromatography, TMSOTT, trimethylsilyl trifluoromethanesulphonate; Z, benzyloxycarbonyl. Amino acid
symbols denote L-configuration unless indicated otherwise.

2. Lloyd-Williams, P.; Albericio, F.; Giralt, E. Tetrahedron 1993, 49, 11065-11133.

3. Kates, S.A.; Solé, N.A,; Albericio, F.; Barany, G. In Peptides: Design, Synthesis, and Biological Activity,
Ch. Basava and G.M. Anantharamaiah, Eds. Birkhauser,Boston 1994, pp 39-58.

4. Felix, AM.; Wang, C-T.; Heimer, E.P; Fournier, A. /ni. J. Peptide Proiein Res. 1988, 31, 231-238

5. Mez, G xviajer Zs.;, Uray, K, mmala, N.; Valero, M-L.; Andreu, D.; Hollosi, M.; Hudecz, F. Fourth
Forum on Peptides and Proteins (Montpellier) 1997, P35. (submitted for publication)

6. Fujii, N.; Otaka A : Ikemura O.; Akaji K ; Funakoshi, S ; Hayashi, Y.; Kuroda, Y ; Yaiima. H..J. Chem

2 Najriy AT LRnE, Lk, AfLnVRiiwi 5 LANGHa, axosh 1y 2., 2RO YA0

Soc., C,hem, Commzm, 1987, 274-275.

7. Mezd, G.; Mak, M.; Bésze, Sz.; Hudecz, F. Protein and Peptide Letters 1996, 3, 369-376.

8.  McKay, F.C; Albertson, N.F. J. Am. Chem. Soc. 1957, 79, 4686-4690.

9.  Nishiuchi, Y.; Nishio, H.; Inui, T.; Kimura, T.; Sakakibara, S. In Peptide Chemistry 1995, N. Nishi, Ed.
Protein Research Foundation, Osaka 1996, pp 13-16.

10. Nakanishi, S.; Myers, T.; Jensen, E. J. Am. Chem. Soc. 1955, 77, 3099-1300.

11. Neuberger, A.; Sanger, F. Biochem. J. 1943, 37, 515-516.

12. Flosch, G.; Serck-Hanssen, K. Acta Chem. Scand. 1959, 1243,

13. Moroder, L.; Hallet, S.; Wiinsch, E_; Keller, O.; Wersin, G. Hoppe Seyler’s Z. Physiol. Chem. 1976, 357,
i651-1653.

14. Marfey, P. Carisberg Res. Commun. 1984, 49, 591-594.

Re
15. Szodkan, Gy.; Mezd, G.; Hudecz, F.; Majer, Zs.; Schén, 1.; Nyéki, O.; Szirtes, T.; Dolling, R. J. Liquid

A

\_:;

Chromatography 1989, 12, 2855=287S
16. Mezd, G.; Kajtar, J ; Nagy, 1 ; Szekerke, M.; Hudecz, F. Biopolymers 1997, 42, 719-730,

6, G, 1
17. Sarin, V.K.; Kent, S.B.H,; Tam, J.1 Memﬁeld R.B. Anal. Bzochem 1981, 117, 147-157.
18. Hudecz, F.; Hilbert, A.; Mcz6, G, Mucs1 L; Kajtar, J.; Bésze, Sz.; Kurucz, I.; Rajnavolgyi, E. Peptide
Res. 1993, 6, 263- 271.
19. Pelham, HR.B. Annu. Rev. Cell. Biol. 1989, 5, 1-23.
20. Saunders, J.H.; Slocombe, R.J.; Hardy, EE. J Am. Chem. Soc. 1951, 73, 3796-3800.
21. Fourneau, M.E.; Montaigne, M.; Puyal, J. J. Anales Soc. Espanol Fis. Quim. 1920, 18, 323-330.

These studies were supported by grant from
the Ministry of Education, FKFP 0101/97.



