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Abstract: N-Benzhydryl-glycolamice asters (OBg esters) of vatious N-protecied amind acikis have been
synthesized. In order to demonsirate their usefuiness in peptide chemistry, the syntheses of For-Met-Leu-Phe-
OH (chemiotactic peptide) and Pro-Leu-Gly-NH2 (MIF) have been casmied out. OBg esters are compatibie with
commonly used protecting Qroups and are cleanty and selectively d in mild alkaline conditions without any
side reaction, except for B-benzyl aspartyl containing sequences.

We demonsirated a few years ago the usefuiness of carboxamidomethy! esters (CAM esters) in peptide symm&s‘-z. CAM
esters showed good stability during rémoval of usua! N-protecting groups and were cleandy and selectively removed in mild akaline
media (I.e. aqueous sodium carbonate). However, CAM esters of some N-protected amino acids or shont peplide sequences showed
a high water solublity, 2 property which has been used In erzymatic peptide syntheses3, but which sometimes led 10 poor yields
aunng workup of reaction mixtures. We therefore decided 10 investigate a CAM ester analogue bearing a large hydrophobic group
on the amide, i.6. the benzhydryt group, in order to increase the iposokubiity of the synthetic fragments. in this work, we describe a
series of N-benzhydryl-glycolamide esters (OBg esters) of N-protected amino acids and investigate thelr use In peptide synthesis.

RESULTS AND DISCUSSION

N-Benzhydryl-glycolamide esters (OBg esters) are easlly obtained by esterffication of N-protected amino ackis by a N-
benzhydryl-haloacetamide in refluxing benzene or acetondirile in the presence of 1,8-diazabicyclof5,4,0]-undec-7-ene (DBU). This
esterification method, described by Ono et al.4 proved 1o be very efficlent and racemization free, since & J0es Not woive activation
of the carboxyl molety. N-Benzhydryl-chioroacetamide 1 and N-benziydryl-bromoacetamice 2 were obtained in good yiekts by OCC
coupling 01 chioro- or bromoacetic acid with benzhydrytamine in the presence of N-frydroxysuccinimide. Esterification was complete

in less than 1 hour trom the bromo derivative, and in about 3 hours from the chioro analogue (Scheme 1).
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DCCHOSu
X-CH2COOH + NH2-CH(CgHe)2 X-CH2-CO-NH-CH(CaHE)?
0. :1¥]
Y-NH-CH(R)-COOH + X-CH2-CO-NH-CH(CgHs)2 > Y-NH-CH(R)-COO-CH2-CO-NH-CH({CgHs)2
Y=Boc,Z X=CiBr
Scheme 1

Most of the N-protected amino acid derivatives were obtained as solids. Physical data of N-benzhydryt-glycolamide esters (O8g
esters) of some Boc- and Z-amino acids are isted in table 1 (compounds 3 0 22). Their structure was ascertained by TH NMR
$pOCtroscopy (some exampies are isted In the experimental part). Fmoc-amino acid N-benzhydryl-glycolamide esters could not be
obtained by this method since DBU rapidly tisaved the Fmoc group. However, Fmoo-amino acid N-benzhydryl-glycolamide esters

can be obtained from their cesium sait derivative, in the presence of N-benzhydryl bromoacetamide (or N-benzhydryl

chloroacetamide), according to the method described by Gisin!4. Alternatively, they can be prepared by a NN
dicyciohexyicarbodimice / 4-(N,N-dimethylamino)pyridine (DCC/DMAP) mediated estertfication with N-benzhydryl glycolamide, as

described by Gilon and Klausner1S. As an exampie, the synthesis of Fmoc-Nie-OBg 23, Is described.

Ester Derivatives React. sovent  X** Cryst. soivent Yield% mp°C lalp (¢, DMF) R AnalCHN
Boc-Ala-08¢ 3 benzens Q1 Et20/hexane 78 75-77 -17.4(1,07) A:0.13;B: 059 C23H28N20s5
Boc-Arg(NO2)-08g 4 acetonitrie Br  Et2O/hexane 75 103 -10.2(1.09) C:031:0:0680 C26H34N6O7
Boc-Asn-0Bg 8 acetonitrie Br  Eto0/hexane 68 65 -15.1(1.25) C:0.47,D:0.62 C24H29N30g
Boc-Asp(0B21)-0Bg 8 benzene Br  foam 88 42-45 -13.5(1.18) B:0.62:C: 094 C31H34N207
Boc-Gin-OBg 7 acetondriie Br  EtaOhexane 82 163-167 -11.8(1.02) C:0.439;:0:0685 C25H31N30g
Boc-Gly-08¢g 8 benzene Br  Et2Ovhexane 97 91-94 B:059;C:0.77 C22H2¢N20s
Boc-Leu-OBg 9 benzene Br Et20/hexane 81 110 -19.7 (1.10) B:0.77:C: 0.94 C2gH34N20s
Boc-Lys{Z)-O8Bg 10 benzens Br AcOEvVhexane 85 117 -11.9(1.09) B:047.C:082 CaqHqa1N307
Boc-Met-08g 11 benzene 8¢ CH2Clx/hexane 85 74-78 -17.9(1.03) B:0.67:C: 091 C25H32N20sS
Boc-Phe-OBg 12 benzene Qa Et20/pentane 82 98-99 -18.9 (1.03) A:0.13;8:0.69 C29H32N205
Boc-Phe-OBg 12 acetonitrbe Br  Etp0/pentane 93 97-98 -16.7(1.20) A:0.13:8:0.69 C2g9H32N20s
Boc-Pro-OBg 13 benzens Br  AcOEvVhexane 75 114-116 -39.4 (1.09) B8:0.60;C:0.88 C25H30N20s
Boc-Ser-OBg 14 benzene 8r foam 88 58-80 -18.5(1.01) B:0.39;C: 072 C2gH28N20g
Boc-Trp-OBg 18 benzens Br foam 78 63-65 -148 (0.94) B:0.37.C:0.77 C31Ha3N30s5
Boc-Val-OBg 18 benzene Br  Et20/pentane 85 107-110  -10.7 (1.15) A:0.22:B:0.75 C25MH312N205
Z2-Ala-08g 17 benzene Br  Et2O/hexane 75 94-96 -11.5(1.01) B:0.43,C:085 C2gH26N20s
Z-Asp(OBut)-OBg 18 benzene Br foam 89 44-46 -12.8(1.11) B:057:C: 091 C31H34N207
Z-Gh{OBur)-OBg 19  benzene Br ol 85 B:058; C: 0.92

Z-Gly-OBg 20 benzene Br EigO/hexane 84 140-142 B:0.31;C: 085 C25H24N205
Z-The-OBg 21 benzene Be  foam 79 45-48 -10.1 (1.08) B:0.66:C: 094 C27H28N20g
Z-Val-O8g 22 benzene Br CH2Ch/hexane 94 121-122 - 4.4(1.11) B:065:C:092 C28H30N20s
Fmoc-Nig-OBg 23 DMF Br Etp20/Mexane 80 107-108 -155(1.03) A:0.28;8:0.75 CagHagN20s

Tabile 1: Physical and analytical data of N-protected amino acid OBg esters. Experimental vaiues of slemental analyses are within 0.4%
of the caicutated values. * TLC solvent systems: A: ACOEUhexane 3:7; B: AcOEVhexane 55; C: AcOEVhexane 73; D: AcOEL ** CH

CH2-CO-NH-CH-{CgH$)2 , Br-CH2-CO-NH-CH{CgHs)2.
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N-benztwdryl-glycolamide esters (OBg esters) are also oasily and Cleanly synthesized from polyfunctionnal N-protected amino
acids such as Boc-Ser, Z-Thr, Boc-Arg(NO2), eic. They are not affected under conditions of removal of usual protecting groups (2,
Boc, Fmoc, 1-buty! esters,...) and are rapidly Cleaved without affecting other protecting groups, by potassium carbonate hydrolysis in
a mixture of DMF and water. The reaction by-product, identified a3 N-benziwdryt-glyooinide, ls diecarded by ether or ethyl acetate
washings.

The stabiity of OBg esters Jerivatives has been demonsirated : Boc-Ala-OBg remained unaffected in the hydrogenolysis
conditions usually used for the removal of benzyloxycarbony! (Z) or benzyl (Bzf) protecting groups ( 6.9. H2, 10% Pd/C as catalyst,
EtOH 95%).

In order to prove the usetuiness of this protecting group In peptide syrthasis, we report syntheses of some model peptides.
TFA deprotection of Boc-Ala-OBg 3 and coupiling 10 Z-Ala-OH in the presence of BOPS afforded Z-Ala-Ala-OBg 24. This compound
was also obtained with a similar yieid from Z-Ala-OBg. Potassium carbonate mediated hydrolysis led 10 the N-protecied dipeptide Z-
Ala-Ala-OH 28 whose analytical and physical data are in good agrement with those reporied In the IteratureS.

mm«mmr»mw-momsomammsmmbmz Intermediate
compound For-Met-Leu-Phe-0Bg 29 was allernatively synthesized Fom Fmoc-Met-Leu-Phe-OBg 28, obtained by BOPS mediated
coupling of Fmoc-Met-OH with the partially deprotecied dipeptide H-Leu-Phe-OBg. Again, OBg esters showed ther stebilty during '
various reaction conditions of peptide synthesis: acidolytic clesvage of Boc or § -elimination of Fmoc by dlethylamine. The formyl
group was introduced by the means of 2,4,5-trichioropheny! formate as described earfetd. Removal of the OBg ester was compiete
in less than 30 min.

Met Leu Phe

Boc —— OBg 12
Boc ——— OH (BOP)H ——— 0Bg
Boc 0Bg 26
Boc——4——ONp H 089
Boc 0By 27
089
For o8y 29
For oH 30

Scheme 2

Ancther exampie of the usetuiness of OBg esters in peptide chemistry is given with the synthesis of MIF9 of sequence Pro-
Leu-Gly-NH2, that was carried out accoriing 10 scheme 3.

This synthesis demonetrates the interesting possibity of generating a C-terminal amide In very mild conditions by reaction with
NH4OH. Physical deta of the N-protected peptide amide 33, obtained from Boc-Gly-OBg 12 through TFA deprotections, coupings
with BOPS and ammonolysis, are in excslient agreement with those reported in the iterature10. After final hydrogendlysis, the
tripeptide Pro-Leu-Gly-NH2 34, isolated as s hemihydrate, was identical 10 an susthentic commercial sample (Bachem, Switzerand).
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Pro Leu Gy

Boc —— 08¢ 12
Boc ——— OH (BOPYH ——— OBg

Boc 0Bg 31
Z ——— OH (BOP H o8y
oBg 32
NH2 33
H NHy 34
Scheme-3

N-benzhydryl-glycolamide ssters (OBg esters) undergo rapid hydrarinolysis in very miks conditions, as demonsirates by the
synthesis of Boc-Ala-NH-NH2 35 from Boc-Ala-OBg 3. This property could lead 10 & new improvement in the development of
segment assembiing through azide couplings.

We finaly ievestigated the possbilty of removing OBg esters in the presencs of other aster profections in & pepticic $eqUNce.
& is wel known that asparty! peptides undergo rapid succinimide formation from thewr §-carboxyl esters when exposed 10 akaine
conditions11, This side reaction was stiectively observed during an atismpt of OBg ester cieavage from the ssquence Boc-
Asp(OBzi)-Phe-OBg 37. However, hydrolysis of the OBg ester of Boc-Glu(OBz1)-Phe-OBg 37 and Z-Asp{OBurt)-Phe-OBg 39 led to
the expected compounds Boc-Glu(OBzl)-Phe-OH 38 and Z-Asp(OBut)-Phe-OH 40 respeciively. it is worth mentioning here that
compound 38 was contaminated with traces only of Boc-Glu-Phe-OH. All those compounds were identitied by comparison wikth
aghentic sampies uneqQuivocally synthasized by other means.

CONCLUSION

This study on the use of N-benzfwdryl-glycolamice ssters (OBg esters) in peptise synthesis led us 10 the lollowing conclusions:
- OBg esters are inen in the conditions usad 1or the removal of Z, Boc and Fmoc groups (H2-PA/C, neat TFA, disthylamine/OMF).
Therstore, they can be used in peptide synthesis in combination with these protecting groups. They are stabie during coupling with
BOP and active esters. - OBg esters are removed in miks akaline concitions, typically by potassium carbonate in a madure of DMF and
waler; no side reaction was encountered in these conditions except for B-benzy! aspartyl containing sequences. - OBg esters can be
cleanly and rapidly converied into their amide or hydrazide derivatives. - OBg esters provide an interesting improvement of their CAM
analogues by increasing their solubility in onganic solvents.

Wae intend 1o apply this new methodology in the syntheses of larger peptides, such as cholecystokinin and gastrin.

Melting points were taken on a BOchi apparaius in open capiary tubes. Optical rotations were determined at 20°C with a Perkin-
Eimer 141 polarimeter. Elemental analysos were performedd by “Le Service de Microsnalyses de FENSCM® (Montpeilier, France).
experimental values are within 0.4% of the theorstical vaiues. Ascending TLC was pertormed on precoated piates of siica get 80 F
254 {Marck) using the following solvert systems (by volume): A, AcCOEUhexane, 3:7; B, AcOEVhexane, 5:5; C, AcOEthexane, 7:3.
D. ACOEL, E, chioroformvmethanovacetic acid 120:10:5, F, chiorotormvmethanoVacetic acid 85:10:5. Peplide derivatives were
located with UV light (254 nm), chaming reagent o ninhydrin. 1H NMR were run on a Brocker 360 instrumernt at 20°C. Amino acids and
derivatives were purchasad from Bachem (Switzerand). A reagents and soivents were of analytical grade. BOP was recrystalized
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from acetons and sther. The following abbreviations were used: DMF, dimethyllormemide; DME, 1,2-dimethoxyethane. HOSu, N-
hydroxysuccinimide; DIEA, N,N-diisopropylethylamine; HOBt, 1-hydroxybenzotriazole: NMM, N-methyimorpholine; BOP,
benzotriszolyloxytris{dimeshylamino}phosphonium hexafiuorophosphale; DCC, dicyciohexyicarbodimide. Other abbreviations used
were those recorymendsd by the 1UPAC-1UB Commission (Ewr. J. Blochem. 1984, 138, 8-37).

N-Benatrydryl-chioroscetamide 1: To & cold (0°C) soksion of chioroscetic acid (8.45 g, 0.1 mof) and N-hydroxysuccinimide (12.6
9. 0.11 mo) in 1,2-Emethoxysthans (DME) (100mi), was added DCC (20.6 g, 0.1 mof). After 3 h stiring st 0°C, the precipitated DCU
was ftered off, and the fiRrase treated at 0°C with beratvydrytamine (19 mi, 0,11 mo), and the mixture was stired for 1 h at room
tempersture. The expected compound precipliiated upon addition of the reaction mixture IMo a well stimed 0.1 M aqueous sokution of
potassium hydrogencsuliate. R was cofiected by filiration, washed with 1 M agqueous potassium hydrogenosuliate, water, saturated
agqueous sodium bicarbonate, water 10 neutrality and dried In vacuo over phosphorous pentoxide. t was recrysialized from a mixture
of ethyl acetate and hexane. Yiekd 20.5 g (79%); mp 121-122°C; TH NMR(DMSO-d6): 8 ppm 9.10 (d, 1 H, 3J = 8.1 Hz, NH), 7.410 7.2
(M, 10 H, arom.), 6.10 (d, 1 H, 3J = 8.1 Hz, CH), 4.17 (s, 2 H, CH2); Anal C15H14CINO (259.74); Caic. C, 69.36; H, 5.43; N, 5.39:
Found, C, 69.12; H, 5.38; N, 5.12.

N-Benzhydryl-bromoacetamide 2: Synthesized as described above from bromoacetic acid. Yield 70%; mp 140-141°C; 1H
NMR(DMSO-d8): 8 ppm 9.17 (d, 1 H, 3J = 8.6 Hz, NH), 7.4 10 7.2 (m, 10 H, arom.), 6.08 (d, 1 H, 3J = 8.6 Hz, CH), 3.96 (3, 2 H, CHp);
Anal C15H14BMNO (304.19); Cakc. C, 59.23; H, 4.84; N, 4.60; Found, C, 58.94; H, 4.56; N, 4.39.

General procedurs for the preparstion of Boc- or Z-prosected amino scid N-bDenzhydrylkglycolamide esters: To a
solstiorvsuspension of a N-protecied amino acid (10 mmol) in benzens or acetonirile (10 mi) was added DBU (1.49 mi, 10 mmol),
fofiowed by the appropriate N-benzhydryl-haloacetamide (9 mmol), and the mixture was stimed under refiux (typicatty 1h with N-
berahydryl-tromoacetamice, 3h with N-benzhyyl-chioroacetamics). Ettyle scetate (100 mi) was then added, and the resutting
solution was washed with 1 M aqueous potassium hydrogenosultate (3 x 100 mi), water, saturaled agueous sodium bicarbonate (3 x
100 mi), brine, dried over magnesium sullate and concentrated under reduced pressure 10 afford the expected sster that was
crystalized (or recrystalized) in the appropriate soivent. Phiysical and snalytical data of the amino acid dervatives are lsted in Table 1.

1+ NMR dista of 90me Boo- of Z-protected amino acid OBg esters. (DMSO-d8):

B0c-Al-08g 3.8 ppm 8.76 (0, 1 H, 3J = 8.3 Hz, NH), 7.4 10 7.2 (m, 10 H, arom.), 7.32 (m, 1 H, NH-B0c), 6.13 (0, 1H,3J = 85
Hz,CH-02), 4.67, 4.59 (AB, 2 H, 2J = 14.7 Hz, CHg), 4.09 (m, 1 H, 3J = 7.6 Hz, CHa), 1.34 (3, 9 H, Boc), 1.27 (0, 3H, 30 = 7.3 Hz,
CHa).

Boc-Arp{NO2-0Bg 4:8 ppm 8.74 (d, 1 H, 3J = 8.3 Hz, NH), 7.4 10 7.2 (m, 11 H, asom. and NH-Boc), 813 (0, 1 H,3J = 85
Hz, CH-$7), 4.68, 4.61 (AB, 2 H, 2J = 14.7 Hz, CHp), 4.04 (M, 1 H, CHa), 1.810 1.5 (m, 4 H, CH2 B and ), 1.35 (3, 9 M, Boc).

Boc-An-0895: 8 ppm 8.77 (d, 1 H, 3J = 8.7 Hz, NH), 7.410 7.2 (m, 11 H, arom. and 1 CO-NMR), 7.12 (m, 1 H, NH-Boc), 6.94 (s,
1H, 1 CONHp), 815 (0, 1 H, A = 8.7 H2,CH-®2), 4.60, 4.59 (AB, 2 H, 2) = 14.8 Hz, CH2), 4.49 (m, 1 H, 3J = 7.6 Hz, CHa), 2.62 and
252 (ABX. 2H, N = 5.4 Hz and AJ = 7.8 Hz, 2J = 15.7 Hz, CH2B), 1.35 (8, 9 H, Boc).

Boc-Ser-089 14: 8 ppm 8.74 (0, 1 H, 3J = 9.0 Hz, NH), 7.4 10 7.2 (m, 10 H, arom.), 7.06 (m, 1 H.3J = 7.4 Hz. NH-8oc), 6.15 (d,
1H, 3 =88 H2,CH-®2), 503 (1, 1 H, 3J « 6.3 Hz, OH), 4.70, 4.64 (AB, 2 H, 2J = 14.9 Hz, CHp), 4.18 {m, 1 H, 3J = 7.6 Hz, CHa),
3.67 (m, 2 H, CH2B),1.37 (s, 9 H, Boc).

Z-Alo-08g17:8 ppm 8.79 (d, 1 H,3J = 8.5 Hz, NH), 7410 7.2 (M, 10 M, arom.), 6.14 (d, t H,3J = 8.5 Hz, CH-@3), 4.97 (M, 2 K,
CH2-2),4.60, 4.61 (AB, 2H, ) = 14.7 Rr, CH2), 4.19 (M, 1 H, J = 7.3 Hz, CHa), 1.32(d, I H, N » 7.3 Mz, CHa).

Z-Thr-OBg 21: 3 pprm8.80 (d, 1 H, 3) = 8.5 Hz, NH), 7.410 7.2 (m, 10 H, arom), 6.18 (d, 1 N, 3J = 8.5 Hz, CH-@2), 5. 05 (m, 2 H,
CH2-2),5.01 (0, 1 H, 3 = 8.5 Hz, OH), 4.89 (m, 2 H, CH2), 432(m, 1 H, CHa), 4. 12(m, 1 4, CHB), 1.12 (. 3 H, V = 6.4 Hz, CHy).

Fmoc-Nie-OBg 23 : To a solution of Fmoc-Nie (0.5 g. 1.41 mmol) in DMF (5 mi) was added cesium carbonate (0.23 g, 0.66
mmod) followed by N-benatwdryl bromoacetamide (0.395 g, 1.30 n¥nod).- After siving for 2 h. at F00m temperature, the preciplate was
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fitered, and the solvent was concentraied in vacuo &t t < 40°C. The resulting residus was dissoived in ethyl acetate (100 mf) snd
washed with & 1% sodium bicarbonate ecksion (3 x 70 mi), water (80 mi), tN potassium hydrogenosultale (80 mi), and water (80 n),
The organic layer was dried over sodium sullate, and concontrated in vecuo. The resulting residue Crystalitzed upon Filuration with &
mbxiure of ether and hexane. h was recrystalitzed In a mixture of ether and hexane. Yield 0.38g. (80%). Physical and analytical data are
reported In table 1.

Clsavage of 8 N-benziydryt-glycolamide seter (OBg ester). Typicel cleavage is Musirsted with the following experiment: to &
solution of Boc-Ala-OBg (825 mg, 2 mmol) in DMF (10 m) was axided a sokusion of potassium cartionate (552 mg, 4-mMmof) in water (10
mi) and the mixiure sirmed for 30 Min at FOOM teMpPerature. Water (50 mi) was added, and $he sokslon was exiracted with ether (3 x 50
mi). Upon acidification of the aqueous layer with 1 M aqueous potassium hydrogenosuliste, a white sold precipitated. it was
cobected, washed with water and dried in vacuo. Yield 337 mg (89%), identical 10 an suthentic sample of Boc-slanine. Drying over
magnosium suliate and concentration of $he ether extracts afforded a white solid which was recrystalized in a mbxture of ethyle
acetate and hexane and identified as N-berzhydryl-gycolamide. Yield 420 mg (87 %); mp 88-90°C; NMR(DMSO-d6): 5 ppm 8.34 (d,
1H,30B88Hz NH), 7410 7.2(m, 10 H, arom.), 6.37 (d. 1 H, A 8.8 Hz, CH), 54001, 1H, VU = 6.0 Hz, OH), 3.92 (0,24, = 8.0
Hz, CH2); Anal. C15H15NO2 (241.29); Calc. C, 74.67; H, 6.27; N, 5.80; Found, C, 74.49; H, 6.22; N, 5. 59.

Z-Ala-Alg-0Bg 24: method A: Boc-Ala-0Bg 3 (412 mg, 1 mmol) was reated with TFA (2 mi) for 30 min at room temperature.
Evaporation of TFA and trituzation In ether afforded the TFA ssit of alenine N-benzhydryl-glycolamide ester. Yield 390 mg (92%). X
was added 10 2 solution In DMF (S mi) of Z-Ala-OH (223 mg, 1 mmo) and BOPS (442 mg, 1 mmol), followed by NIMM (021 mi, 1.91
mmol). After 30 min stirring at room temperature, the expected compound precipitsted upon addiion of a 5% aqueous solution of
sodium bicarbonate (100 mi). k was collected, washed with water, t M aqueous polassium hydrogenosuliate, water 10 neutrally,
ether, and dried in vacuo. Yield 395 mg (84%); mp 178-181°C; RI(C) 0.63; RN(D) 0.73; [ajp = -10.6 (c 1, DMF); Anai. C29H31N308.
(517.58); Cak. C, 67.30; H, 6.04; N, 8.12; Found, C, 67.01; H, 6.02; N, 7.95.

method 8: Compound 24 was obtained as described above, from Z-Ala-OBg 17, by hydrogenciysis of the 2 group and
subsequent coupling. Physical and analytical data of this compound were Identical 10 those of the product obtained by method A.

Z-Ale-Aln-OH 25: Compound 24 (300 mg, 0.58 mmol) was hydrolyzed as already described in a mixiure of DMF and waler in the
presence of potassium carbonate. The N-protected dipeptide was recrystaliized in a mixture of chioroform and hexane. Yield 150 mg
(88%); mp 147-148°C (mp K18 150°C); [a]p = -33.0 (c 0.96, methanol); (x}oM1.8 = -35 (c 1, methanol); RI(E) 0.29: RYF) 0.40;
NMR{DMSO-5) (Z-Ata +-Ala 2OH): § ppm 8.08 (0, 1 H, 3J = 7.3 Hz, NH Al2), 7.37 {d, 1 H, 3) = 7.3 Hz, NH Alag), 7.35 (m, S H,
arom.), 5.01 (M, 2H, CHg), 4.18 (M, 1 H, CHa Ala), 407 (m, 1 H, CHa Alay), 1.27 (d, 3 H, 3J = 7.3 Hz, CH3 Ala), 1.20 (d, 3 H, 3J
= 7.3 Hz, CHg Ala ); Anal. C14H1gN20s (294.31); Caic. C, 57.13; H, 8.16; N, 9.52; Found, C, 56.88; H, 6.09; N, 9.23.

Boc-Leu-Phe-08g 28: Boc-Phe-0Bg 12 (2.0 g, 4.09 mmof) was partially deprotected with TFA as already described. The TFA
sak was added 10 & sokstion in DMF (15 mi) of Boc-Leu-OH, H20 (1.1 g, 4.4 mmol) and BOPS (1.95 g, 4.4 mmo), followed by DIEA
(1.48 mi, 8.49 mmoi). After 30 min stirring at room temperature, ethyl acetate (200 mi) was added, and the resulting solution was
washed with 1 M aqueous potassium hydrogenosulfate (3 x 100 mi), water, saturated aqueous sodium bicarbonate (3 x 100 mi),
brine, dried over magnesium suliate and concentraled under reduced pressure (o afford 26 which was crystaliized in a mixiure of
ether and hexane. Yieid 2.82 g (90%); mp 97-99°C; R1(B) 0.83; RI(C) 0.88; [aD = -15.7 (C 1.14, DMF); Anal. CasH43N3Og (601.74);
Caic. C, 69.86; H, 7.20; N, 6.98; Found, C, 89.75; H, 7.11; N, 6.84.

Boc-Met-Leu-Phe-0Bg 27: Boc-Leu-Phe-0Bg 26 (2.1 g, 3.49 mmol) was partially deprotecied with TFA as aready descrbed
in a quantitative yleid. The TFA sakt was added 10 a solution in DMF (15 mi) of Boo-Met-ONp12 (1.11 g, 3.0 mmol) and HOBR (0.405g,
3.0 mmof), followed by DIEA (0.80 mi, 3.49 mmod). After 30 min stiring at rooM tamperature, ethylo acetate (200 M) was added, and
the resulting solution was washed with 1 M aqueous polassium hydrogenosuliate (3 x 100 mf), water, saturated aqueous sodium
bicarbonate (3 x 100 mi), brine, dried over magnesium sullate and concentrated under reduced pressure 1o atiord 27 which was
crystalized upon trituration-with ether. Yieid 2.05 ¢ (83%); mp 91-93°C; RI(B) 0.52; RXC) 0.79; {alp = -19.1 (¢ 1.02, DMF); Anal.
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CaoHE2N4078 (T32.04); Caic. C, 85.55; H, 7.15; N, 7.64; Found, C, 85.28; H, 7.09; N, 7.47.

Fmoc-000t-Lou-Phe-OBg 28 Boc-Leu-Phe-OBg 26 (600 mg, 1.0 mmol) was partially depvolected with TFA as already
descrived In & Quanitative yield. The TFA sall was added 10 & sohtion in DMF (8 mi) of Frnoo-Met-OH (361 mQ, 095 mmo) and BOPS
{440 mg. 0.95 mmol), followed by NMM (0.21mi, 1.95 mmof). ARer 30 min stiring at oM fempenaiure, eltyle acetate (100 M was
added, and the resulting soltion was washed with 1 M aqueous potassiumn rydrogenosuiate (3 x 100 mi), water, saturated aqueous
sodium bicarbonate (3 x 100 mi), brine, dried over magnesium sullsle and concentraied under reduoed pressure 10 alford 28 which
was crystalized in a mixiure of ether and hexane. Yield 740 mg (91%); mp 170-172°C; Ri(B) 0.55; R(C) 0.79; [a]p = -14.7 (¢ 1.09.
DMF); Anel. C5oHS4NeO7S (855.08); Caic. C, 70.23; H, 6.37; N, 8.55; Found, C, 69.98; H, 6.20; N, 6.39.

For-Met-Leu-Phe-OBg 29: method A: Compound 27 (1.9 g, 2.59 mmol) was partiaily deprotected wih TFA as atready
descrbed In a quantiiative yisid. The TFA sall was added 10 8 solstion in DMF (10 mi) of 2,4,5-trichsiorophenyl formase8 (0.63 g, 2.6
mmod), tollowed by DIEA (0.46 mi, 2.59 mmol). After 15 min stirring at room tempernaiure, the soivent was concentated 1o 2 mi, and
compound 29 precipitated upon addition of ether (100 mi). it was colected, washed with small portions of ethy! acetate (3 x 3 mi),
ether, and dried in vacuo. Yield 1.58 g (92%). mp 172-174; RI(C) 0.28; RI(D) 0.84; [a]D = -19.0 (c 1.10, DMF); Anal. C3gH44N4OgS
(660.83); Caic. C, 65.43; M, 6.71; N, 8.48; Found, C, 65.19; H, 8.32; N, 8.48.

method B: Compound 28 (500 mg, 0.58 mmof) was treated with a solution of disthytamine (0.6 mi) in DMF (6 mi) 1or 30 min st
room temperature. The reaction mixture was then conoentrated 10 dryness and the residue trilurated in a mixture of ether and hexane
{viv; 80 mi) 10 afford the partially deprotected peptide. R was collecied, washed with a mixture of ether and hexane (vA) and dried in
vacuo. Yield 350 mg (85%). R was acdded 10 a sokution in DMF (4 mi) of 2,4,5-trichrioropheny! formate8 (135 mg, 0.6 mmol). Alter 15
min stirring at room temperature, the reaction mixture was treated as described above. Yield 330 mg (86%). Physical and analytical
data of this compound were identical to those of the product obtained by method A.

For-Met-Leu-Phe-OH 30: Compound 29 (1.40 g, 2.11 mmol) in DMF (10 mi) was treated by a solution of potassium carbonate
In water (10 mi), and the mixture was stirred for 30 min at room temperature. The solvent was then evaporated under recsced
pressure, the residus dissoived in water (80 mi) and the solution extracted with ethy! acetate (3 x SO mi). Upon acidification of the
aQUeOUS iayer with 1 M potassium hydrogenouitate, compound 30 precipiaied. & was collected, washed with water and a mixture of
ether and hexane and dried in vacuo. Yield 843 mg (81%): mp 212-214°C (1.2 218-219°C): [ajp = 8.9 (¢ 1.05, acetic acid); (a]pMt.2
= -9.2 {c 0.95, ncwtic acid); RH(E) 0.26; RI(F) 0.28; Anal. C21H31N3OsS {437 56). Cake. C, 57.65; H, 7.14; N, 9.60; Found, C, 57.32;
H,7.08; N, 9.33.

Boc-Leu-Gly-0Bg 31: Boc-Gly-OBg 8 (2.7 ¢, 6.78 mmol) was partially deprotected with TFA as already described in a
quantitative yield. The TFA sak was added 10 & solution in DMF (25 mf) of Boc-Leu-OH, H20 (1.8 g, 7.2 mmol) and BOPS (3.18 g, 7.2
mmod), followed by NMM (1.51 mi, 13.75 mmoi). After 30 min stiring at room temperature, ethy! acetate (200 mi) was added, and the
resulting solution was washed with 1 M aqueous potassium hydrogenosullate (3 x 100 mi), water, saturated aqueous sodium
bicarbonate (3 x 100 mi), brine, dried over magnesium suliate and concentrated under reduced pressure 1o afiord 31 which was
crystalized in a mixkire of sther and hexane. Yield 2.80 g (84%); mp 89-91°C; RKB) 0.41; RI{C) 0.64: [a]D = -15.1 (c 0.93, DMF);
Anal. CogHa7N3gOg (511.62); Calc. C, 85.73; M, 7.29; N, 8.21; Found, C, 65.86; H, 7.23; N, 7.89.

Z-Pro-Leu-Gly-OBg 32: Compound 31 (2.7 g, 5.27 mmol) was partially deprotected with TFA as akeady described in a
quantitative yield. The TFA sakt was added 10 & solution in DMF (25 mi) of Z-Pro-OH (1.4 g, 5.6 mmol) end BOPS (2.48 g, 5.6 mmol),
followed by NMM (1.18 mi, 10.71 mmol). After 30 min stiring af room temperature, ethyl acetate (200 mi) was added, and the
resulting solution was washed with 1 M aqueous potassium hydrogencsullate (3 x 100 mi), waler, salurated aquoous sodium
bicarbonate (3 x 100 mi), trine, dried over magnesium sullate and concentrated unUer reduCed Pressure 10 aiord 32 which was
crystalitzed in a mixture of ether and hexane. Yield 2.80 g (83%); mp 158°C; ANC) 0.96; R(C) 0.64; fdp = 42.9 (¢ 1.05, DMF); Anal.
CagH42N4O7 (642.75); Caic. C, 67.27. H, 6.59: N, 8.72; Found, C, 66.95: H, 8.51; N, 8.62.
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Z-Pro-Leu-Gly-NH2 33: To a solution of compound 32 (2.759, 3.89 mmoi) in DMF (20 mi) was added concentrated NH4OH (8
mi), and the mixture was stimed for 15 min &t room femperature. The soivent was CONCeNIraled In vacuo and the residus trRursled with
ether 1o afiord & white solid. & was collected, washed with ether and dried In vacuo. Yieid 1.41 g (86%); mp 158-157°C (mp .12 163
163.5°C); RHD) 0.12; RI(F) 0.34; [a]D = -76.0 (c 2.04, $5% ethanoi); ; [a)oi. 10 « -73.3 (c 2, 95% ethenol); Anal. Cp1H30N4Os
(418.49); Caic. C, 60.27; H, 7.23; N, 13.39; Found, C, 59.95; H, 7.18; N, 13.02.

H-Pro-Leu-Gly-Nia, hemilydrate 34: Compound 33 (1.0 g, 2.39 mmoi) was hydrogenated for 3 h In 5% sthanct (80 mi) in the
wumunoxmmnwnmumnmmm.mwvﬁmmnwmmw
expected compound Crystaiized upon trituration in ether in the presence of two drops of water. It was collected, washed with ether
and dried in vacuo. Yield 655 mg (84%); mp 118-122°C; RKF) 0.08; [ojp = 48.9 {C 1.2, DMF); identical 10 & commercial sample.

Boo-Ale-NH-Ni2 35: To & sohtion of Boc-Ale-OBg 3 (412 mg, 1 mmol) In DMF (3 mi) was added hydrazine hydrate (0.2 mi). After
30 min standing at room tempersture, the mixiure was concentrated 10 dryness and the residue triturated in ether 1o atford the
hydrazice 35 as a white s0¥d. Yield 180 mg (88%); mp 110-111°C (mp Hit.3 112-113°C); [olp = 44.4 (¢ 1.0, 1 N HCY); [a)pint. 13 = -
45 (€ 1.0, 1 N HCI).

Boc-Asp(OBzi)-Phe-OBg 38: Symhesized In the usual wary from Boc-Phe-0Bg 12 and Boc-Asp{OBZi) tvough a coupling with
BOPS. Recrysialisation from a mixiure of ethyt acetale and hexane. Yiel 81%; mp 132-133°C; RI(B) 0.62; RI(C) 0.80; [dp = -14.9 (¢
0.94, DMF); Anal. C40H43N30g (633.80); Caic. C, 89.25; M, 6.25; N, 6.08; Found, C, 69.01; H, 8.17; N, 5.82.

Boc-GhyOBzi)-Phe-0Bg 37: Synthesized in the usual way from Boc-Phe-OBg 12 and Bec-G{OB2) through a coupling wih
BOPS. Recrystsiisation from & mixture of sthyl acetate and hexane. Yield 75%; mp 88-91°C; AYB) 0.59; RY(C) 0.81; [a Jp = -7.2(¢
0.97, DMF); Anal. C41H45N30g (707.82); Calc. C, 69.57; M, 8.41; N, 5.94; Found, C, 69.44; H, 6.36; N, 5.86.

Boc-Glu(OBz!)-Phe-OH 38: Obtained through the usual method of OBg esters hydrolysis. Yield 86%; identified by TLC
comparison with an authentic sampie. The reaction mixture was contaminated with about 5% of Boc-Glu-Phe-OH, identifled by TLC
comparison with an authentic sample.

2-Asp(OBut)-Phe-0Bg 39: Synthesized in the usual way from Boc-Phe-OBg 12 and Z-Asp(OBut) through a coupling with
BOPS. Recrystalisation from-a mixture of etityl acetate.and hexane. Yieid 78%; mp 114°C; Ri(B) 0.59; RHC) 0.85; [a lp=-158(c
1.07, DMF); Anal. C40H43N30g (683.80); Caic. C, 69.25; M, 8.25; N, 6.06; Found, C, 68.88; H, 6.15; N, 5.79.

2-Asp(OBut)-Phe-OH 40: Obtained through the usual method of OBg esiers hydrolysis. Yield 78%; identified by TLG
comparison with an authentic sample.
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