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Abstract The synthesis of two peptide mimetics of RGD, «-Tfm-Arg-Gly-Asp-Phe-NH; 9 and o-Tfin-Arg-Gly-Asp-

NH—(CH:);-C{,Hs 13, is dﬁcnbed The precursor of a-Tfm-ormthmc was obtamed in two synthetic steps from 2-N-
Cbz-2-Tfm-hexanediacid-1-alkyl ester and introduced into the peptide chain by o-carboxy-group activation via
oxazoione. The iniroduction of the guanidine residue ied fo the finai peptides as mixtures of ihe two diasiercomers.
Configurationally pure peptides were obtained in good yields by RP-HPLC. © 1998 Elsevier Science Ltd. All rights reserved.

The binding of fibrinogen to its platelet receptors GP ITb/ITIa is mediated by the sequence RGD (Arg-Gly-
Asp), and represents a contributing factor in the platelet-mediated thrombus formation.  Antagonists of this
natural sequence constitute an attractive goal for an antithrombotic therapy. Thus, extensive efforts have been
directed toward the discovery and synthesis of such agents '*. Many classes of RGD peptide mimetics have
been developed from systematic conformational search of constrained fibrinogen receptor antagonists with
increased potency.

We pursued the aim to find a new approach leading to molecules with improved affinity and selectivity to
the fibrinogen receptor by applying a strategy already suggested by other authors ®. It is known that the
incorporation of a,a-disubstituted amino acids into key positions of pentides is an useful approach to stabilize
e {TFfm_Yaa)
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special class of peptide mimetics which could profoundly improve the pharmacodynamic and pharmacokinetic

characteristics of the natural peptides. This type of substitution can influence, beside the three-dimensional

conformation of the peptide, lipophilicity and proteolytic stability as well '*!!.
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To verify this assumption, we started to synthesize two peptides containing o-Tfm-arginine at the
N-terminal position, namely a-Tfm-Arg-Gly-Asp-Phe-NH, 9 and o-Tfm-Arg-Gly-Asp-NH-CH,),-C¢H;s 13, as
described in the present article.

RESULTS AND DISCUSSION

In order to obtain the precursor of a-Tfm-arginine, we synthesized the 2-N-Cbz-2-Tfm-hexanediacid-1-
alkyl ester 1, following the method of the trifluoromethyl-containing building blocks already described by Burger
31.7’12_ Amidation of m—carhnw-ofgnn and hvdrolvsis of the ester 2 gave 2-N-Chz-2-Tfm-hexanediacid-6-
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To obtain the final peptides 9 and 13, two alternative synthetic pathways were followed, as illustrated in
Scheme 1 and 2.

Synthesis of a-Tfm-Arg-Gly-Asp-Phe-NH, 9 (Scheme 1).

asnida T wras tranefnecoaad &

Tha intn tha rncracnandins amiea A by LY nflnnner beren
j § 1. auuuC o WGD LIAGIDIUVIIIRAS LILY L1

ic corresponding amine 4 by Hoffman-type degradation with 1,1-bis-

(trifluoroacetoxy)-iodobenzene (TIB) (78%). The amino group of Tfm-Orn 4 was then protected with 2 equiv.
of (Boc);0, providing the N(Boc), derivative 5§ (81%).

At this stage, it is useful to recall that common solution phase strategies are not generally applicable to the
introduction of Tfm-amino acids into peptides. In fact, the presence of a trifluoromethyl group in the ¢-position
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carboxylic group of § could be achieved via intramolecular formation of the corresponding intermediate
2-benzyloxy-4-trifluoromethyl-5-oxazolone, with DCC . In situ addition of the tripeptide H-Gly-Asp(OfBu)-
Phe-NH; 5a afforded the totally protected diastereomeric tetrapeptides 6 in 60% yield.

Preliminary attempts to cleave the protecting groups of 6 gave rise to an undesired side reaction. In fact,
treament with TFA nroduced along with the desired cleavage of both N(Roc), and rerr-butvl ester functions the
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resulting product 7 was unequivocally determined by mass spectrometry and 'H-NMR. To overcome this
problem, compound 6 was first submitted to hydrogenolysis of the Cbz function with 1,4-cyclohexadiene and
Pd/C, then treated with TFA, producing the desired unprotected tetrapeptide 8 in 88% yield.  The final
guanylation step’* was carried out upon treatment of 8 with 1-H-pyrazole-1-carboxamidine hydrochloride, which
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ic a- Luu-mg-my-mp-ruc-nnz % {91%). Separatian anid PUriLCation of
diastereomers I and II were performed by RP-HPLC under the conditions described in the experimental section.
The elemental analysis did not give satisfactory results due to the difficulty of removing quantitatively the

trifluoroacetic acid.
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Scheme 1

Synthesis of a-Tfm-Arg-Gly-Asp-NH-(CH3)~CsH s 13 (Scheme 2).
The amide 3 was directly introduced into the peptide chain upon treatment with DCC and subsequent

coupung with the ancpuuc n—my-nbp\utuurwn-\\ “H,)-CeHs 3a, affuxumg the tetrapeptide 18 (51%).

Transformation of the primary. amide function of 10 into the corresponding amine was chemoselectively achieved
by treatment with TIB providing N-Cbz-o-Tfm-Om-Gly-Asp(O/Bu)-NH-(CH;),-CeHs 11 in 82% yield.
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yielding the unprotected tetrapeptide 12. The crude 12 was directly treated with O-methyi-isourea suiphate
which allowed for the guanylation of the terminal amino group. The final tetrapeptides a-Tfm-Arg-Gly-Asp-
NH-(CH;),-C¢Hs 13, I and I were isolated in optical pure form after RP-HPLC separation as TFA salts (75%
from 11). In order to avoid the inconvenience encountered with the previous peptide, TFA salts were converted
into hydrobromide salts, obtaining better fitting elemental analyses.

In conciusion, we have presented the synthesis of two tetrapeptide mimics of RGD, incorporating
Tfm-Arg, which are potential fibrinogen receptor antagonists. Evaluation of their biological activity as well as
the synthesis of other Tfm-amino acid-containing peptides are presently underway.
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ADbreviations
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11 = UNUorometilyi, Loz = DENLZYyIOXyCaroonyl, pocC = Ieri-outyioxycdrooiyt, Uibu = (€eri-putyi osici,

TFA = trifluoroacetic acid, Fmoc = 9-fluorenylmethyloxycarbonyl, OPfp = pentafluorophenyl ester, TEA =
triethylamine, DCM = dichloromethane, TIB = 1,1-bis-(trifluoroacetoxy)-iodobenzene, DMF = NN-
dimethylformamide, DCC = N,N'-dicyclohexylcarbodiimide.
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Amino acids were purchased from Bachem Chem. Co. Switzerland; methyl or ethyl trifluoropyruvate were
purchased from Fluorochem, Derbyshire, UK and from Apollo Scientific, Stockport, UK, respectively. Other
reagents were purchased from Sigma Aldrich. N-Cbz-triphenyl-phosphimine was prepared in our laboratories
accordmn to the method described by Kricheldorf 15 Ag necessary, solvents and bases were either dried over

3A molecular sieves or freshly distilled. Thin layer chromatography (TLC) was routinely carried out to monitor
reactions using Silica gel 60 piates Fzs4, Merck; precursor intermediates and peptide derivatives were located
with UV light (254 nm), ninhydrin, Pancaldi reagent or I, vapours, according to their structure.  Flash
chromatography columns were filled with Silica gel 60, 230-400 mesh, Merck. Analytical and preparative liquid
chromatography were carried out on a Waters 600E gradient HPLC system, UV detector at p= 220 nm, with the
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¥, "C-NMR specira were recorded on P.Eimer R 32 90 and Bruker spectrometiers AC 3UU

mm) Waters. H,
or ARX 400. Chemical shift values (8) are reported in ppm of the applied field. Me,Si was used as internal
standard for 'H and “C nuclei, while CsF¢ was used as external standard (5 = -162.90) for °F nucleus.

Mass spectra were registered on a Hitachi-Perkin Elmer system ZAB 2F instrument. In the case of the
Seudeﬁmﬂ- ida 13 anlv TIC HPI C and TH_NMR arae docrry d smilar
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with pepiide 9, intermediates and finai products can be easily characterized by analogy.

Peptide synthesis.
The two peptides 5a and 3a were prepared in solution b, stepwise coupling of Fmoc-amino acid

H-Phe-NH»-HCI (peptide Sa) or phenylethylamine (peptide 3a) in the presence of TEA. The obtained

intermediates were deblocked with piperidine, purified by flash chromatography (CHCly/MeOH 93:7) and

derivatives under standard conditions First step was the coupling of Fmoc-Asp(O7Bu)-OPfp with either

coupled with Fmoc-Gly-OPfp. After the final deprotection, the peptides were purified by flash chromatography
with MeOH/EtOAc 50:50. Overall yield 35%.

i was synthesized by methods aiready described in the literature’. The synthetic route proceeds through
the addition of N-Cbz-triphenyl-phosphimine to the alkyl trifluoropyruvate (aza-Wittig reaction)'®, and
subsequent introduction of the side chain with pentenemagnesium bromide'>. Oxidation of the side chain'’ gave

product 1. For a representative example of the aza-Wittig reaction, N-Cbz-triphenyl-phosphimine (3.86 g,

9.4 mmol) was added under stirring to a solution of methyl! trifluoropyruvate (1.467 g, 9.4 mmol) in 7 ml of
anhadeniia hanrana at NOMM saen N atmmasnliaca ABar £ i +ha ronanti;n ras Jafd e « 4 £ae ahAarie 1 h MNin
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was possibie to foliow the disappearance of the phosphimine and appearance of
the product (Rf 0.7).
and "’F-NMR data of this intermediate as well as of the product 1 were consistent with those reported in the

he end, the reaction mixture was directly added to the Grignard reagent. 'H-NMR

[ s

literature.
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2-N-Cbz-2-T] jm—neanazacm—l -etnyl esler-6-amide 2.

Compound 1 (2.624 g, 6.705 mmol), pyridine (541 ml, 6.705 mmol) and pentafluorophenol (1.355 g,
7.362 mmol) were dissolved in 50 ml of DCM and cooled to 0°C. DCC (1.660 g, 8.049 mmol) was added and,

after 10 min, the reaction mixture was kept at r. t. under st'nring for additional 2 h. Finally, the suspension was
kent for 1 h at -20°C and filtered thrmmh a fritted- glass funne he filtrate was taken to drvness at reduced
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pressure. The residue was redissolved with 100 ml of dioxane and diluted with 30 ml of 25% ammonium
hydroxide. The formation of the amide was followed on TLC with CHCl;/MeOH 95:5 (Rf 0.25). After 30 min
the reaction mixture was taken to dryness and the residue redissolved with 300 ml of DCM and washed with
water (1 x 50 ml), 5% Na,CO; (2 x 70 ml) and water until neutrality. After dehydration and evaporation of the

solvent, 2.288 g of pure amide as a slightly vellow oil were obtained (vield 87.4%).
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r'=INIVIR \buuly O ~/0.7, -iNVIRN (Lriavu) O 71.30-7.40 (ﬁ"‘x, 5& arcm}, 5.10-5.06 (2d, QHZ‘=C51"{3,
J = 8.4 Hz), 4.23 (q, CH;-CH;), 2.26-1.40 (m, 6H, (CH,)s CO ), 1.23 (t, CH,-CH, J = 7.1 Hz); "C-NMR
(CDCl;) & 17925, 166.4, 154.1, 136.0, 128.6, 1283, 128.1, 123.95 (q, J = 288 Hz), 67.1, 65.95 (q,

J =288 Hz), 63.6, 34.9, 28.05, 19.0, 13.8; MS (EL, 70 eV) m/z (%) 391 (M + 1, 33), 283 (28), 166 (21), 107
(35), 91 (100)
2-N-Cbz-2-Tfm-Hexanediacid-6-amide 3.

Compound 2 (2.288 g, 5.8604 mmol) was suspended in a solution of 0.5 N KOH (1.683 g of potassium
hydroxide in 60 ml of MeOH/H,O 7:3) and left at r. t. under stirring overnight. The disappearance of the ester
was followed on TLC, CHCl;/MeOH 90:10. At the end of the hydrolysis, the solution was passed through a
column of resin (Dowex 50-X8, cationic exchanger) and evaporated to dryness. The residue obtained consisted
of 1.722 g of a colorless thick oil (yield 81.8%).
®E.NMR (CDCl3) 6 -75 . 'H-NMR (CD;0D) & 7.35-7.28 (m, SH arom), 5.09 (s, CH,-C¢Hs), 2.48-2.10 (m,
2 CHy, 1.64 (m, CH,-Q_;—CH:); BC-NMR (CDCl;) 5 178.2, 169.0, 154.4, 135.8, 128.6, 128.4, 128.1, 124.0 (q,
J =286.6 Hz), 67.2, 65.6 (q, J = 29.6 Hz), 34.5, 27.8, 19.2; MS (EI, 70 eV) m/z (%) 363 M' + 1, 9), 319 (6),
255 (50), 212 (68), 166 (100), 121 (52), 108 (82), 91 (91).

Cbz-a-Tfm-Orn-OH HCl 4.

The amide 3 (1.16 g, 3.2 mmol) was dissolved in 10 ml of acetonitrile and diluted with 4 ml of water.
Freshly crystallized TIB (4 g, 9.3 mmol) was added and the solution left overnight at r. t. with stirring and in a
subdued light. The reaction mixture was concentrated to remove the acetonitrile, diluted with 150 ml of 0.1 N
HC! and washed with diethyl ether (3 x 70 ml). The organic layer was washed back with 0.1 N HC] (2 x 20 ml).

T aye (2
The collected agueous phase was evaporated under reduced pressure to give 928 mg of the amine hydrochloride
(vield 78%).

9 NMR (DMSO-D) & -68.23; 'H-NMR (DMSO-D) & 8.03 (br signal, NH;"), 7.37 (m, SH arom), 5.05 (s,
CH»-CeHs), 2.76 (m, CH,-N), 2.00 (m, CH,-C-CF;), 1.75-1.62 (m, CH,-CH,-N); MS (EL 70 eV) m/z (%) 316
(M’ - H70, 6), 209 (8), 182 (30), 166 (39), 138 (41), 137 (77), 91 (100).
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The amine 4 (928 mg, 2.5 mmol) was dissolved with 4 ml of dioxane and 5.5 ml of 0.5 N NaOH in an ice
bath. Boc-anhydride (1.091 g, 5 mmol) was added dropwise and the pH adjusted to about 8. The reaction
mixture was kept under stirring at r. t. for 1.5 h, adjusting the pH with 0.5 N NaOH when necessary. The
disappearance of the amine was followed on TLC, CHCl:»/MeOH 70:30 + 1% AcOH. The reaction mixture was

concentrated to about 1 ml and diluted with 5 ml water, cooled in an ice bath and acidified to pH 2 with KHSOy,

then immediately extracied with ethyl acetate (4 x 5 ml). The collecied organic phase was washed back with 2
ml of brine and dried with Na,SO,. After evaporation 1.083 g of product 5 was obtained as an oil, with 81%

yield.

®F-NMR (CDCl;) § -76.1; 'H-NMR (CDCl;) 6 7.33 (m, 5H arom), 6.1 (s, NH-CO), 5.1 (s, CH,-CsHs), 3.18-

2.72 (m, 2 CHy), 2.18 (m, CH,-CH,-CH;),1.5 (2s, CH3, Boc); MS (EI, 70 eV) nvz (%) 335 (M +3 -2 Boc
A S RELT \F2% AR RL IR AL ERL) AT NSy WALy ASNVV )y ATEAM \Avay V) s AvR il g
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Cbz-a-Tfm-Orn(Boc) ~Gly-Asp(OtBu)-Phe-NH; 6.
The protected amine 5 (812 mg, 1.52 mmol) was dissolved with 13 ml of a mixture of DMF/DCM 4:9 and
DCC (380 mg, 1.82 mmol) was added with stirring. The disappearance of the substrate and the formation of

f‘\a cvnwn‘nnn wae fnllawad an TT O with CHOL /AN 7020 + 104 A~NET Afrar 2 h tha ranctinn

xazolone was followed on TLC with CHCL/MeQH 70:30 + 1% AcOH.  Afer 2 h the reaction was
compiete and the suspension was cooled to -20°C and fiitered. The tripeptide 5a (596.6 mg, 1.52 mmoi) was
directly added into the filtrate and kept at r. t. for 3 h with stirring. The consumption of the oxazolone (Rf 0.75)
and formation of the peptide (Rf 0.25) were monitored by TLC with CHCl;/MeOH 93:7. The reaction mixture
was evaporated to dryness under vacuo and the residue was purified by flash-chromatography with

CHCI3/MeOH 93:7. The collected fractions after evaporation gave the pure peptide 6, 822 mg, yield 60%.

Irx nrv D Mo D) & 8.4-7.13 (5. M amide) 7.29 (m. 2 C<Hq). 5.19 (m. CH r
I-NIVIR \LJMIDU-Jj 0 0.4-/.13 (U1, Or1 amiag), 7.£LY (M, £ Lells), 3,17 (M, Ly, \_,UZ) 4.63 \q, CH, Abp), 4.46
(q, CH, Phe), 3.64 (d, CH,, Gly), 3.10 (m, CHz, Phe) 2.98 (m, CH;-N), 2.79 (m, CH;, Asp), 2.48 (m,

CH,-C-CF;), 1.50 (m, CHz-LJ-CHZ), 1.46 (2s, CHs, Boc); MS (FAB 70 eV) m/z 809 (M - Boc + 2).

S-Aminopropyl-3-Tfm-hydantoin, 3-methylcarbonyl-Asp-Phe-NH, 7.
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disappearance of the substrate was monitored by RP-HPLC with CH3;CN 40% in H,O + 0.1% TFA, Rt 36.5 min;
while the formation of product 7 with CH;CN 16% in HyO + 0.1% TFA, Rt 16 and 20 min (I and II isomers).
The two diastereomers were collected together with 100% vyield.

PE.NMR (D20) 6 -71.96 (s, CFzCOOH), -73.20 and -73.23 (2s, CFs, hydantoin); 'H-NMR (D,0) § 7.40 (m,
SH arom) 468 lm CH Aqn + P hp\ 4 QA( H, Flu\ 310(m. C N\ 3.28-3.00 (m CH-, Phe) 2 86-2 80
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a-Tfm-Orn-Gly-Asp-Phe-NH» 2 TFA 8.
To a solution of compound 6 (800 mg, 0.88 mmol) in 4 mi MeOH, 1,4-cyclohexadiene (824 ul, 8.8 mmol)
and 800 mg of 10% Pd/C were added under N, atmosphere with vigorous stirring. After 1h at r.t. the reaction
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mixture was diluted with MeOH up to 2 mi and centrifuged. Afier separation of the supernatant, ihe residue was
washed with additional 2 ml of MeOH and the operation repeated several times. The collected supernatant
fractions were taken to dryness and the residue was redissolved with 20 ml of TFA and left at r.t. for 1h with
stirring.  After removing TFA, the residue consisted of 583 mg of crude deprotected peptide. Yield 88%. A
emall amount of the latter residue was dissolved in MeOH and mmﬁed on semiprenarative HPLC (16% CH.CN

2RA2RL 22 LAA% 18R 1R AL ax L2230 VAR VAL & preswiy g 9id Sl allvy 1T w221

in HyO + 0.1 % TFA,; Rt from 19.09 to 24.41 min) for spectrometric characterization.
**F-NMR (DMSO-D) & -69.58 (s, CF;COOH), -71.20 (2s, CF;, Omn); 'H-NMR (DMSO-D + D70) 8 7.21 (m,
SH arom), 4.51 (q, CH, Asp ), 4.38 (q, CH, Phe), 3.75 (m, CH,, Gly), 3.05 (m, CH;, Phe), 2.75 (m, CH2>-N),

2.61-2.41 (m, CH,, Asp), 1.95-1.48 (m, CH,-CH,); MS (FAB, 70 eV) m/z 519 (M" + 1).

a-Tfm-Arg-Gly-Asp-Phe-NHrn TFA 9.

500 mg (0.67 mmol) of the peptide 8 were dissoived in 2.5 mli of MeOH under N, atmosphere.
Diisopropylethylamine (686 mi, 4.02 mmol) and 1-H-pyrazole-1-carboxamidine-HCI (295 mg, 2.01 mmol) were
added and the solution kept under stirring at r. t. for 2 h. The guanylation reaction was monitored by RP-HPLC
(Ultrasphere column; flow rate 2 ml/min; mobile phase 16% CH;CN in HO + 0.1% TFA). The two initial
peaks at Rt 19.1 and 24.4 min disappeared gradually to give way to the two new twin peaks at Rt 20.3 and 25.5

A ta tha diactaranmarms facme A€ +th t:da O Th - o
min, cofresponaing to tne diastereomeric forms of the peptiae >. The two diastereomers were scyaratu_y

coliected and lyophilized with a yield of 91%,; according to their Rt, they were indicated as I (fast-moving) and
II (slow-moving).

Isomer I *F-NMR (DMSO-D) & -69.6 (s, CF;COOH), -71.0 (s, CFs, Arg); "H-NMR (DMSO-D) 6 8.29 (t, NH,
Gly, J= 53 Hz), 827 (d, NH, Asp, J= 8.0 Hz), 7.83 (d, NH, Phe, J= 8.7 Hz), 7.44 (t, NH, Arg, J= 6.0 Hz),
7.28-7.15 (m, 5H arom), 7.09 (s, CO-NH;, Phe), 6.99 (br, NH;", Arg), 4.54 (td, CH, Asp, J= 6.0 and 7.9 Hz)
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4.37 (td, CH, Phe, J= 4.8 and 8.7 Hz), 3.78 and 3.72 (2dd, CH;, Gly, J= 5.3 and 16.8 Hz), 3.09 (t, CHZ, Arg,
J=6.0 Hz), 3.04 and 2.82 (2 dd, CH,, Phe, J= 4.8, 8.7 and 13.6 Hz), 2.65 and 2.41 (2 dd, CH,, Asp, J= 6.0, 7.9
and 16.6 Hz), 1.94-1.45 (m, CH,-CH,); MS (FAB, 70 eV) m/z 561 (M" +1).

Isomer II: F-NMR (DMSO-D) 6 -69.4 (br, CF;COOH), -71.1 (s, CFs, Arg); '"H-NMR (DMSO-D) 3 8.33 (,

NH, Gly, J= 5.5 Hz), 8.31 (d, NH, Asp, J=7.8 Hz), 7.85 (d, NH, Phe, J= 8.8 Hz), 7.43 (br, NH, Arg), 7.28-7.15
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H,, Phe, J= 4.6, 8.8 and 13.
1.95-1.45 (m, CH,-CH;);, MS (FAB, 70 eV) m/z 561 (M + 1); ElemAnal: for
CH;1F3NsOs-3 CF;COOH-2 H,O, MW 938.6, Calc%: C 358, H 4.05, F 24.30, N 11.90, Found %: C 36.2,
H4.03, F2365 N11.64.
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Chz-a-Tfm-Homo-Gin-Gly-Asp(OtBu)-NH-(CH ) -CsH s 10.

Compound 3 (958 mg, 2.64 mmol) was dissolved in 20 ml of a mixture of DMF/DCM 1:1.5, DCC
(650 mg, 3.15 mmol) was added and the reaction mixture was left with stirring overnight. The formation of the
oxazolone was monitored by TLC, CHCly/EtOAc 1:1 + 1% AcOH, by spraying with ninhydrin.  After cooling
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and filtering, the solution was taken to dryness under reduced pressure and th
DCM. The peptide H-Gly-Asp(OrBu)-NH-(CH,), -CsHs 3a (898 mg, 2.57 mmol) was added and the solution
left at r. t. for 5 h. The consumption of oxazolone (Rf 0.71) and formation of the peptide (Rf 0.4) were
monitored by TLC, CHCl;/MeOH 8:2.  After evaporation of the solvent, the residue was purified by flash-
chromatography in two elution stages: I CHCl:/MeOH 98:2; II CHCl;/MeOH 90:10.  The collected fractions
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Ve &/6 Mg O1 ine lywyuuu 10. Yield 51%.

'H-NMR (DMSO-D)  8.56, 8.35, 8.07, 7.88, 7.62, 6.77 (NH amides), 7.35 (m, 10 H, arom.), 5.15 (m, CH,-0),
4.65 (t, CH, Asp), 4-3.6 (m, CH,, Gly), 3.25 (m, NH-CH,-CH,), 2.75 (m, NH-CH,-CHy), 2.5 (m, CHy Asp),
2.05 (m, CH,-C-CF; + CH,-CONHy), 1.6 (m, CH,-CH,-CH>), 1.45 (s, 9 H, OtBu).

Chz-a-Thn-Orn-Gly-Asp(OtBu) -NH-(CH.) ~C.H: TFA 11

bz-a-Tfm-Orn-Gly-Asp(OtBu)-NH-(CH ) ~CsH 5 TF

Compound 19 (878 mg, 1.26 mmol) was dissoived in 9.6 mi of aceionitriie and 1.9 mi of water were added
dropwise under stirring. The TIB reagent (1.092 g, 2.54 mmol) was added to the cloudy solution (which
became clear) and left under stirring at r. t. in a subdued light. On TLC (CHCl:/MeOH 80/20) it was possible to
follow the consumption of the amide (Rf 0.55) and the formation of the amine (Rf 0.2). After 4 h the solution
was concentrated to small volume, diluted to 20 ml with water and extracted with ether (5 x 10 ml). After

evaporation of the water, the peptide 11 was recovered in the residue in 82 % yield.

a-TFM-Orn-Gly-Asp-NH-(CH), -CsHs 2 TFA 12.
Compound 11 (800 mg, 1.024 mmol) and thioanisole (6.36 g, 51.2 mmol) were dissolved in 25 ml of TFA,
left 1 h under stirring at r. t. and evaporated to dryness. The peptide 12 was identified by RP-HPLC as the
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a-Tfm-Arg-Gly-Asp-NH-(CH), -CsH s 2 HBr 13.
The unpurified tripeptide 12 (720 mg, 1.024 mmol) was dissolved with 9 ml of water and O-methylisourea
sulphate (1.763 g, 10.24 mmol) was added followed by 11.8 ml of 2N NaOH. PH 10 must be maintained
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disappeared gradually giving way to the new peaks at 25.7 and 27.8 min. After 1 h the reaction was complete.
The two diastereomers were recovered as TFA salts with a purity > 99%, in 75% yield. In order to convert the
TFA salts into HBr salts, 100 mg of both diastereoisomers were dissolved in 2.77 ml of 0.1 N HBr and
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water and taken to dryness. The residue was redissolved with water and taken to dryness again, and the same
operation repeated for several times. At the end, the products were dissolved with 5 mi of water and Iyophilized
to obtain 85 mg of each pure peptide hydrobromide.

'H-NMR 90 MHz (D,0) 8 7.3 (s, 5 H arom.), 4.65 (t, CH, Asp), 4.06 (d, CHy, Gly), 3.5 (t, CH»-NH), 3.3 (t,
CH,-NH-C=NH), 2.82 (t, CH»-C¢H5s), 2.78 (d, CH; Asp), 2.35 (m, CH,-C-CF3), 1.78 (m, CH,-CH,-CH>); Elem.
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Anal: for C;H3oFsN+Os2 HBr 2.5 , M
Found %: C 34.70, H 5.03, Br 22.9, F 8.20, N 13.52.
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