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Abrtrrct : ltrt rynlbtsts of s strier of snslo#uts Of tbt C-ttrminsl htpts- snd ocrs-pcptide 
of cbol~~kinin srt dtscribtd in dttsil. Tbtst ptptidt *ad ~do~ptidt sntioguts WYCIC 

obtained by modifyins the NI&Q@~ @on, dlhcr by rtplrcing the Oly29 residue by D- 
Ala&t, Strcorine, or by tepitcing tbt ptptidt bond between N&S tad Oly 29 by I 

~ketomtrhylent bond” (COCH2). by 8’ ‘cub8 bond’ (CHpCH2) or by 8 ‘rttro-invtrso 
modificstion’ (NHCO). 

Cholccystokinin (CCK) is a pcptidc hormone of 33 8mino8cid residues iirst isolrttd ftom hog intulincf . 
which stimulstts prncnatic smylue rclerse. gait bi8dder contraction, 8nd g8strointtstialI motility2. CCK 

WVUI 8tso found in the brain3 where it functions as I ncuromodulrtor and a oturotmosmitttP. It has been 

shown thrt the C-terminrl heptapeptide TyrfS03H)-Met-G1y-Trp-Met-Asp-Phe-NH2 reproduced the whole 

rrage of biological activities of CCKS. Addition of the next rsprrtic acid N-terminal residue slightly 

modulates the potency of the hormone. In the course of our structure-activity reirtioosbips studies on CCK, 

we recently dtvclopped 8 series of tn81ogues6 in which each peptide bond ~8s replaced by a ‘reduced bond” 

(CH2-NH), in order to increase stability towards cnqm8tic degmdrtioo. We thus obtained a set of molecufes 

ihat 811 behaved as CCK fui1 rgonisw’ with various potencies. Among them, Z-~r(S~Wf-NIe-Y(CH2_NH)-G~y~ 

Trp-Nle-Asp-Pht-NH2 WIW the most potent in inhibiting the binding of hbtltd 1251.BH-CCK-9 to rat 

ptncrtatic rcini (IQ0 = 0.01 mM), in inhibiting the binding of labeled ~~SI-BH-CCK-9 to guinea pig brrin 

membt8nes (IQ0 = 0.01 mM) and in stimulating 8myIasc nltrst fmm mt pancre8tic acini (maximum 

stimulrtioo WPS obt8ined at a concentration of approximately 3 nM). Moreover. it hw been sbown jhrt 

tnzymrtic clesvagt between residues Me128 snd Gly29 wss the msjor dtgradrtion prctem of CCK in rat 

hypotxlrmic synaptosomts?. From these nsu&. we decided to investigate more in d&l the region ~~28. 

Gly29 in order to prevent its tozymatic clttvtgc, by synthesizing compounds 2 to 6. We also synthesized the 

potent CCK qooistg Boc-[Nle=, Nle3I1-CCK-8 (i) . 

In compounds 2 snd 3, the gtycine residut ww rcpfsccd by a srrcosine (N-rne~yl-glycinc) snd s D- 

&nine respcctively9; in compounds 4, S snd 5, the peptide bond between positions 28 snd 29 was rcplltccd 

by a kttomtthylenc. rctro-invtrso, and carba bond respectively. For euier syntheses. ooritucincs wtm 

used in pltct of rht two metbionioe r&dues, because &is cbulgc has been shown not to infiuence the 

bioiogic81 rctiviticr of tbt InrlogueslO*l*. The N-terminal end of tic dtrivstivcs was &her a tymsiae 

&fate or an ispartyl-tyrosine sulfste moiety and ~8s protected ysinst smioopcptidssc degrsdtion by a 

bcnzyloxycrrbonyl (2) or 8 ten-butyloxycrrbonyl (Boc) group, btcrusc it bu been rlnsdy demonstrued 

thr$ snslogucs of the C-terminal pan of CCK btaring m Na-protecting group wtn somewbrt more stibfe 

and mofc potent thsn the tnalogucs with t frtt &no gmupl2. 
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Boc-Asp-Tyr(S03H)-Nle-Gly-Trp-Nle-Asp-Phe-NH2 1 

Z-Asp-Tyr(SOJH)-Nlc-Sar-Trp-Nle-Asp-Phc-NH2 2 

Boc-Asp-Tyr(SOfH)-Nlc-D-Ala-Trp-Nle-Asp-Phe-NH2 3 

Boc-Tyr(S03H)-Nlc-Y(CO-CH2)-Gly-Trp-Nle-Asp-Phe-NH2 4 

Boc-Asp-Ty~S03H)-Nle-\P(NH-CO)-Gly-Trp-Nle-Asp-We-NH~ 5 

Boc-Tyr(S03H)-NIe-~(CA2-CH~)-G~-Trp-NIc-Asp-Phe-NH2 6 

Synthesis of compound 1 was carried out according IO the classical pmccdurcs of solution peptide 

synthesis (Scheme I). We t&k dvanmge of tho presence of I noh-rrcemizrble residue (glycine) IO build 

separately fragments Boc-Trp-Nlc-Asp(OBzl)-Phc-NH213 (7) and Boc-Tyr-Nle-Gly-OH (10). Compound 10 was 

converted into its N-hydroxysuccinimide ester 14 (11) which was allowed to react with the TFA salt of the 

partially deprotcctcd peptide H-TrpNlo*Asp(OBzl)-Pho-NH2 to lead to tbc. prot&~cd unsulfucd CCK analoguc 

Boc-Tyr-Nle-Gly-Trp-Nle-Asp(OBtl)-Phe-NH2 (12). Pinirl depmtoction. adding of rspartic acid, subsequent 

dcprotcction and sulfxtion of tyrosine afforded Boc-Asp-Tyr(SOsH)-Nle-Gly-Trp-Nle-Asp-PheNH2 (1). 

Boc-Nlc-OH 

1 

l- NMM/lBCP/DMP 
2. .HCI.H-Oly~Me/DIBA 

Boc-Nlc$3ly-OMe 8 

I 
NaOHJMcOH 

Boc-N&y-OH 9 

I 

I- TFA 
2- Boc-Tyr-OSu 

Boc-Tyr-Nlc-Gly-OH 10 

1 
HOSu/TXQDMB 

Boc-Tyr-Nle.Gly-OSu 11 

I 
TFA.H-Trp-Nle-Asp(OBrl)-Phe-NHZ/DIEAIDMP 

Boc-Tyr-Nlc-Gly-Trp-Nle-Asp(OBrl)-Phe-NH2 12 

I 

I- TPA 
2- Boc-Asp(OBrl)-OSu/LUEA/DMP 

Boc-Asp(OBtl)-Tyr-Nle-Gly-Trp-Nlo-Asp(OBzl)-Phe-NH2 13 

I 
H2-Pd/C 

Boc-Asp-Tyr-Nlc-Gly-Trp-Nle-Asp-Phe-NH2 14 

I 

SOj-PyridiaelDMFlpytidina 

Boc-Asp-Tyr(S03H)-Nlc-Gly-Trp-Nle-Asp-Phe-NH2 1 

A similar strategy was used in le synthesis of Z-Asp-Tyr(SOjH)-Nle-Srr-Trp-Nle-Asp-Phe-NH2 2 

(Scheme II). ‘Prrgmcats Z-Asp(Okut)-Tyr-Nle-Sar-OSu 19 and TPA . H-Trp-Nle-Asp-Phe-NH2 were assembled 

scprnrely and coupled. Deprotcction and sulfatioo of tyrosine afforded Z-Asp-Tyr(SOsH)-Nlc-Sar-Trp-Nlc- 

Asp-Pbc-NH2 (2). 1H NMR study of lhis compound showed a set of two dgnrls (in a ratio of rpproximatly l:l) 

for each residue, due to the cisltnns isomerism of Nlc-Sar amide bond. 

Scheme 1 

Synthesis of compoid 3 was carried out step by step according IO !&&me 111. starting from Boc-Nlc- 

Asp(OBzl)-Phe-NH215. Classical peptide synthesis led to the final peptide B&-Asp-T&S03H)-Nlc-D-Alr-Trp- 

Nle-Asp(OBzl)-Phc-NH2 (3). 
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Boc-Nle-OH 

I 
IiCI.H-Sar-OMe/BOP/DIBA/DMP 

Bac~Nksu-0h4e IS 

I 

1 --CPA 

2-Eoc-Tyr-O+/DIBMMP 

Boc-Tyr-Nk-k-Oh& 16 

1 
NaOlUMeOH 

Boc-Tyr-NleSar-OH 17 

I 

I- TFA 

2- Z-Asp(OBut)-OSu/DMI’ 

Z-Asp(OBut>Tyr-NkSu-OH 18 

I 
Dcc/HoswDME 

Z-AspcOBut)-Qr-Nlc-Sar-OSu 19 

1 
TPA.H-Trp-Nlc-Asp-Phe-NHZIDIEA/DMF 

Z-Asp(OButtTyr-Nlc-S~-T~~e-AspPhe-NH2 28 

1 
TPA 

Z-Asp-Tyr-Nle-Sar-T1p-Nle-AspPk-NH2 21 

1 
S03-Pyridine/DMF/pyridiae 

Z-AspT~SOjH)-Nls-Su~~e-krpPhe-NH2 2 

Scheme II 

Boc-Nle-Asp(OBtl>FkNH2 

I 1. TFA 
2- Z-Trp-OH/lBCF/DIEA/DMP 

Z-Trp-Nlc-Asp(OBzl)-Phe-NH2 22 

I 1- H2-PdlC 
2- 2.D-Ala-OSu/DIEA/DMP 

Z-DALTrgNle-Asp-Phe-NH2 23 

I 

I- H2-PI/C 

2. Z-NIc-OSu/TXEA/DMF 

Z-Nlc-DAlr-TrpNle-A-~-NH2 24 

I 

I- H2-PdIC 

2- Z-Tyr-ONplDIEAfDMF 

Z-TyMlc-D-Ala-Tq+NbAa@br+NH2 25 

I 

I- HZ-PI/C 

2- Boc-Asp(OBrl)-OSulDlEA/DMP 

Boc-Asp(~zltTyr-Nle-DAlr-Trp-Nk-AsgPhc-2 26 

I 

H2-PI/C 

Boc-rupl)r-Mc-DAlr-Trp-Mc-AspPhc-NH2 27 

I 

S03-Pyridine/DMF/pyridine 

Boc-~TyrW3H~Nle-IWa=Ibp-NbAspPbNH2 3 

sck.me III 
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The key step ID the synthesis of compound 4 was the obtention of the N-protected dipeptide isostcre Z- 

Nlc-Y(CO-CH2)-Gly-OH (29). It was prepared through the reaction of the Grignrrd reagent generated from 

2-(2-bromoethyl)-1.3-dioxsne and magnesium, as described by Johnson and Mitlert6, and Z-Nle-N(Mc)OMc6 

sccording to Dufour et sl.17 (Scheme IV). snd subsequent oxydation by the Jones rergcntt6. The next steps 

of the synthesis are described in Scheme V. Formation of the N-hydroxysuccinimidc ester (30) of Z-Nlc- 

Y(CO-CH2)-Gly-OH (29), coupling to the C-terminal tctrapcptidc. dcprotection and sulfstion of the tyrosinc 

msidue afforded Boc-Tyr(S03H)-Nle-Y (CO-CH2)-Gly-Trp-Nle-Asp-Phe-NH2 (4). 

ZNk-N(Mc)OMc 

I ~~g-t=2-c312-cM~CH~3-tX 

ZNlc-CH2-CH2-CH[-O-(CH~3-G] 28 

I 

Cro3/30% H2S0, 

Z-Nk-Y (CO-CH2)-Gly-OH 29 

Scheme IV 

Z-TI~NIU-A~~(OB~J>P~~-NH~ 22 

I 

I- H2-PI/C 

2- Z-Nle-P(CO-CHZ)-Gly-OSu 30 

Z-Nle-P(CO-CH2)-Gly-Trp-Nlc-Asp(OBzl)-Phe-NH2 31 

I 

l- H2-PdIC 

2- Boc-Tyr-OSu 

Boc-Tyr-Nlc-Y(CO-CH2)-Gly-Trp-Nle-Asp-Phe-NH2 32 

I 
S03-Pyridine/DMF/pyridinc 

Boc-Tyr(S03H)-Nlc-Y(CO-CH2)-Gly-Trp-NIe-Asp-Phc-NH2 4 

Scheme V 

Partial retro-inverso modification, first introduced by Shemyskin et ~1.18. involves the reversal of the 

direction of a single pcptidc bond. It was shown to lead to peptidc isomers retaining. in some cases. 

biological sctivityt9. On the contrary, we have demonstrated that retro-inverso modification could produce 

antagonists in the gastrin scries28. This modification can be accomplished by inclusion of a 1.1- 

diaminoalkane (gem-dismino residue) followed by a mslonyl residue. The gem-diamino residue is easily 

obtained from an amide by reaction with [bis(trifiuoroscetoxy)-iodolbenzcne with retention of the spatial 

orientation of the side cbain2t. The synthesis of compound 5 was carried out as described in Scheme VI. 

The use of a side chain protection of tyrosine was mandatory, in order to prevent side reactions during 

gem-diaminorlksnc formation 21. This reaction was carried out from the dipeptide amide Boc-Tyr(BzI)-Nlc- 

NH2 (34) to facilitate monitoring (LJV absorption) and handling of the desired product 

Coupling of the modified glycinc was easily performed from the potassium salt of monomethyl malonrtc 

using BOP22. Pseudo-peptidc Boc-Asp-Tyr(S0~H)-N1e-Y(NH-CO)-Gly-Trp-Nle-Asp-Phe-NH2* 5 was then 

obtained from Boc-Tyr(Bzl)-Nle-Y (NH-CO)-Gly-OMc (36) according to the classical methods of solution 

peptidc synthesis. 

The key step in the synthesis of Boc-Tyr(SO3H)-Nle-Y (CH2CH2)-Gly-Trp-Nlc-Asp-Phe-NH2 (6) was the 

obtcntion of Boc-Nle-Y(CH2-CH2)-Gly-OH (44). The first synthetic pathway was the condensation of BOC-L- 

norlcucinal23 snd the Wittig reagent 0 3P=CH2-CH2-COOMe, but WC would hsve had to face two important 

problems: instability of the Wittig resgcnt and possible raccmixation of the aldehyde. 
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Boc-Nle-OH 

I 

l- NMM/IBCF/DhE 
2- CH2-N2 
3- N~OH/McOH 

Boc-jbhomo-Nit-OH 4 1 

I 

HCI.~(Me)oMc~I~cc~M~~2~2 

Boc-8-homo-Nle-N(Me)OMe 42 

I 

LiAlHq/Et2O 

[Boc-fi-homo-Nlc-COH] 

l- ~F’=CH-COOMe 
2- NrOHJMeOH 

+ 
Boc-NH_CH[(CHi)3CIQ]-CH=CH-COOH 

I 

H2-PM: 

Boc-Nlc-Y (CH2-CH2)-Gly-OH 44 

I I- TFA 

43 

1 2- Boc-Tyr-OSu/L)IEA/Dhil’ 

Boc-Tyr-Nle-P (CH2-CH2)Uly-OH 45 

I 

H-Trp-Nlc-Asp(OBzl)-Phc-NH2/BOPDIEA 

Boc-Tyr-Nlc-Y(CH2-CH2)-Gly-Trp-Nle-Asp(OBzl)-Phe-NH2 46 

I 
H2 - WEC 

Boc-Tyr-Nlc-Y(CH2-CH2)-Gly-Trp-NIe-Asp-Phc-NH2 47 

I 
S03-Pyridinc/DMF/pyridine 

Boc-Ty~S03H)-Nle-I(CH2-CH~)-Gly-Trp-Nle-Asp-Phe-NH2 6 

Scheme VII 
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___________________--____________________-____-_____~~~~~~~-~-___-____-__-__-_-_^____ 
NH lk HP 01herr 

Mppm) ‘Wzl MPPm) 3JOw Mwm) 3JWr) WPPm) 3J(Hr) 

_______-_-_____---_________-_-______I -_________-__-____-____ 

ASP 6.65 6.2 4.2s 

TY~ 6.47 bd 4.27 

Nle 6.20 6.6 4.16 

3.3-9.6 

2.44 

3.03 

2.69 

21 13.9 

1.52 

OlY 6.37 6.0-4.9 3.62 

3.51 

TOP 6.73 6.0 4.44 

NlC 6.60 bd 3.96 I 56 

ASP 1.12 6.7 4.33 

Phe 7.66 6.6 4.25 

3.20 

3.03 

21 15.0 

2.40 

3.06 

2.60 

21 13.7 

o 7.02 

m 7.09 

6.7 1.4 IO 1.1 

Me 0.64 (0.6; 

NHin d 10.60 

s 7.10 

d 7J9 

d 7.29 

t 6.90 

I 7.02 

‘5.1 1.4 to 1.1 

Me 0.62(0.64) 

Ar 7.25 IO 7.0 

6.9 

2.0 

6.9 

Table I: NMR dau of Boc-ArpT~SOjH)-Nlc-Gly-Trp-Nle-Alp-Phe-NH2 (1) in DMSOQ. 

---___--____________~____~~_____~~____~~_____~~_____~~~___~~~~~~_~~~~___~-~__~~~~___~~~____~~~ 
NH Ha w OllkS 

mvm) 3J(Hz) Wppm) 3J(Hr) 6Cppm) 3J(Hr) Mppm) 

ALP 7.23 

TY~ 6.63-6.57 6.2-6.2 

Nle 6.39-6.46 6.7 

SW 

TOP 6.16-6.79 6.72-bd 

4.20 2.34 

4.32-4.33 3.04 

2.76 

4.64-4.41 1.53-1.50 

3.72-3.67 

4.34-4.14 

2J 16-16 

4.52-4.60 4.1 3.17-3.17 

2.99-2.99 

21 

NlC 6.11-6.42 7.6 4.15-4.16 1.46 

ASP 6.11-6.16 7.6-7.6 4.33-4.34 

Phe 6.43-6.46 6.6 4.27-4.21 

2.26 

3.09 

2.62 

0 7.03 

m 7.10 

6.y 1.4 to 1.1 

Me 0.67-0.75 

NMe 2.57-2.66 

NHin 11.24-11.10 

s 7.12-7.14 

14.6 d 7.56-7.61 

d 7.31 

t 6.96 

t 7.03 

6.y 14 IO 1.1 

Me 0.67-0.75 

Cv 1.4 to 6.9 

Table IJz NMR drtr of Z-A8p-Tyr(SO3H)-Nle-Sar-Trp-Nle-Asp-Pbe-NH2 (2) in D~m_da. M: w, I: ringLet; d: 

doublet; 1: triplet. 
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NH Ha w OllWS 

WPP@ 3J(Hz) wppm) 3J(Hr) #ppm) 3JWt) yppm) 3J(W 

ASP 7.1 

TYI 7.69 

Nle 8.01 

D-Ala 1.85 

TIP 8.07 

NIC 8.05 8.2 4.18 

ASP 8.17 7.7 4.51 

Phc 7.71 8.3 4.36 

4.20 

7.7 4.47 

7.7 4.18 

7.4 4.25 
8.4 4.59 

4.4-8.9 2.54 
2.38 

21 
4.7-8.8 2.96 

2.74 

2J 
1.58 
1.49 
0.95 

4.0-9.8 3.17 
2.94 

2J 

1.58 
1.49 

6.5-7.2 2.67 
2.49 

2J 
5.1-8.S 3.04 

2.85 

2J 

16.5 

13.5 

6.9 

14.7 

16.8 

13.9 

0 7.03 
m 7.10 

de 0.82(0.81) 

NHin 10.71 
s 7.08 

d 758 
d 7.29 
t 7.03 
t 6.93 

Me 0.8 l(O.82) 

Ar 7.3 la 7.0 

6.8 

2.0 

7.7 
8.1 

6.8 

Table 111: NMR dam of Boc-Asp-T~S03H)-Nle-D-Alr_7rp-Nle-Asp-Pbe-NH2 (3) in DMSOd6. 

mi Ha Jv Others 

a(ppm) 3J(Hz) Wppm) 3J(Hr) Wppm) 3J(Hz) 8(ppm) 3J(Ht) 

_____________________________________________-________-____________________________-__________ 

TY~ 7.02 4.12 

NIC 8.38 7.3 4.21 

r(CO-CHz) 

GlY 3.82 
3.51 

21 
8.06 1.4 4.48 

NlC 1.84 7.2 4.10 

ASP 8.02 7.4 4.43 

Phe 7.84 8.6 4.32 

3.5-10 2.90 
2.71 

21 
1.68 

I .44 

4.5 
8.8 

15.8 
3.12 
2.95 

2J 

1.56 

1.47 
7.0 2.40 

21 

4.7-8.8 3.06 
2.85 

21 

13.7 

0 7.14 
m 7.05 

6,7 1.4 to 1.1 

Me OM(O.82) 
2.63 and 2.51 

15.0 

NHin d 10.78 
s 7.15 

d 7.~4 
d 7.30 
t 7.03 
t 6.93 

8.y 1.4 10 1.2 

Me O.SYO.84) 

16.3 
Ar 7.3 to 7.0 

13.9 

8.7 

7.2 

2.1 

7.9 
8.1 

7.2 

Table IV: NMR dur of Boc-Tyr(SO3H)-Nle-~(CO-CHa)-Oly-Trp-Nle-Asp-Phe-NH2 (4) in DMSO+. 
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6.89 

7.95 

8.53 
8.25 

a.72 

t-8: 8.16 7.2 4.07 

ASP 7.90 7.4 4.43 

Phe 7.76 8.0 4.32 

7.0 

bd 

6.7 
a.0 

2.5 1 
2.37 

21 
4.2-9.2 2.95 

2.79 

21 
1.5 1 

4.6-9.2 3.19 
3.00 

2J 

7.0-6.3 

4.7-9.2 

1.57 
1.48 
2.42 
2.f4 

21 
3.07 
2.83 

2J 

15.6 

14.0 

14.8 

16.6 

t4.0 

o 7.02 
In 7.oQ 

6.7 1.4 b 1.1 
Me 0.82 

NHii d 10.62 
1 7.22 

d 7.52 
d 7.31 
I 7.03 
t 6.92 

6.y 1.4 10 1.t 
Me OS2 

Ax 7.3 10 7.0 

8.6 

6.8 

2.2 

7.8 
8.1 

6A 

Tab& v:, NMR deu of B~-Asp?~S03H)-~(NH-CO)-Ttp-Nfr-Alp-Pbe-N~2 (5) in DMSo_d6. *$tW-matY t an Otber 

urti aoutkm for Nk-*(NH-CO)-Ctly. 

Nle 7.43 3.61 
V(CHZ-CHZ) 
OtY 2.02 
TSP 7.89 8.1 4.55 

Nit 7.92 7.8 4.19 

ASP 8.10 7.7 4.45 

Pht 8.05 8.3 4.32 

4.0-10.0 2.82 
2.70 

23 13.8 
1.22 

4.1-9.4 3.12 
2.93 

21 14.9 

t .57 
1.43 

6.2-7.2 2.39 
2.53 

21 16.2 
4.5-9.1 3.06 

2.84 

2J 13.9 

0 7.03 
m 7.12 

Me 0.83ma2) 
1.20 and 1.33 

NHii d 10.79 
I 7.11. 

d 7.38 
d 7.30 
t 7.02 
I 6.94 

Me 0.8x0.83) 

A? 7.3 to 7.0 

6.8 

2.2 

7.8 
8.0 

6.3 

T8bk YI: NMR dur of B~~-T~~~W)-~(CH~-C~~-T~N~C-AS~-W~-NH~ (6) in DMSOQ. 
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l&Ring points were taken on a Bttchi apparatus in open capillary tubes. Optical rotations were 

determined with a Perkin-Elmer I41 polarime~sr. Elemental analyses were pcrforrned by ‘Le. Service de 
Ml~roanalysca de I’ENSCM’ (Moatpellier. France). Ascending TLC was performed on pmcoatd pl81e.a of silica 

gel 60 F 254 (Merck) using the foltowing solvent systems (by volume): A. AcOEt/bexane. S:S; B. 

AcOEt/bcxatte. 7:3; C, AcOEt ; D. chloroform/rnctbanol/acctic acid, 85:lO:S; E. AcOEt/pyridine/acetic 
acid/water, 803O:S:lO; F, AcOEt/pyridine/acctic acid/water, 60:20:5:10; 0. AcOEt/bcxane/acetic acid 20~80~1: H. 

AcOEt/bexw/acctic acid 4Oz64kl. Peptide derivatives were located with UV light (254 nm). charring reagent 

or ninhydrin. Column cbromatograpbies were performed witb silica gel 60. 60-229 mesh, ASTM (Merck). 
HPLC purifications were run on a Merck/Hitachi inatrutnent on a Beckman Ulttaspben ODS (0.5 urn) lgx250 

mm column, with an UV detection at 279 nm. at a flow rate of 3 mUmin of a mixture of A: ammonium acetate 

0.01 M. pH 6.5. and B: metbaool. IH NMR spectra were recorded on a BrUcker WM 360 WB spectrometer 
quipped with an aspect 2000 computer operating in the Fourier Transfonn mode with quadrature detection 

at 360 MHz. Spectra were recorded at 293OK. Amino acids and derivatives were purchased from Bachcm 

(Switxerland). All reagents and solventa were of analytical grade. BOP was recrystallized from acetone and 
ether. Tbe following abbreviations were used: DMF, dimethylfohamidc; DME. 1.2-dimcthoxyethane; HOBT. l- 
bydroxybcnzotriazole; HOSu. N-hydroxysuccinimide; DIEA. N.N-diisopropylethylamine; DMAP. 4-(N.N- 
dimethyl)-amino-pyridinc; BOP. benxotriatolyloxytris(dimethylamino)pbosphonium hexafluorophosphatc; 
NMM. N-metbylmorpboline: IBCF. isobutyl-cbloroformiate; DCC. N.N’-dicyclohcxylcarbodiimide. Other 
abbreviations used were those recommmded by the IUPAC-IUB Commission (Eur. J. B&hem. 1984. 138, 9-37). 

Boc-Trp-Nlc-Asp(OBxl)-Phe-NHg (7) : Boc-Nle-Asp(OBzl)-Phe-NH2 I5 (5.03 g. 8.62 mmol) was 

treated witb TFA (15 ml) for 30 min at room tcmperalun. The partially deprotected pcptidc precipitated upon 

addition of ether as its trifluoroaccto salt. It was collected by filtration, wasbe& with etbcr. and dried in 

vacw over KOH pellets. It was added to a soluticin of Boc-Trp-OSuI4 (3.01 g, 7.49 mmol) in DMF (IS ml), 

followed by DIEA (1.48 ml. 8.62 mmol). After 2h stirring at room temperature the reaction product 

precipitated as 8 white solid upon addition of IM aqueous KHS04 (200 ml). It was collected. washed with 

water, saturated aqueous NaHC03, water, ether. dried in vacw (5.66 g. 98%): mp l65-168°C; Rf(C) = 0.50: [aID 

= -31.00 (c 1; DMF). 

Boc-Nle-Cly-OMe (8) : To a cold (-2QC) solution of Boc-Nle-OH (2.84 g, 12.3 mmol) in DMF (IO ml) 

wax successively added NMM (1.38 ml. 12.3 mmol) and IBCF (1.67 ml, 12.3 nund). After 5 min, HCLH-Gly-OMe 

was then added. followed by DIEA (2.4 ml. 14.6 mmol). and the mixture stirred for lh at room temperature. 
The solvcnl was concentrated in vacua IO leave a residue which was dissolved in AcOEt (200 ml). The solution 

was washed with IM aqueous KHS04 (3x100 ml). water. saturated aqueous NaHC03 (3x100 ml). brine, dried 

over MgS04 and concentrated in vacua. The residue was purified by silica gel column chromatography 

(eluent: A~OEt/bexane 7:3) to afford 8 as a white solid which was recrystallized in a mixture of AcOEt and 

hexane (2.57 g, 69%); mp 98-IOOOC; Rf(B) = 0.68; [a]D20 = -1l.Y (c 1: DMF). 

BOC-NH-Cly-OH (9): To a solution of 8 (2.42 g, 8.02 mmol) in methanol (IO ml), was added IN aqueous 

NaOH (9.6 ml. 9.6 mmol). After 10 min no more starting material could he detected by TLC. The methanol was 
concentrated in vacua. and the residue dissolved in water (40 ml). This solution was acidified with IN 

aqueous KHS04 and extracted with AcOEt (3x40 ml). The organic extracta were washed with IN aqueous KHSO4 

(2x40 ml). brine, dried over MgSO4 and concentrated in vacua IO leave 9 as an oil 2.35 g. 99%: Rf(D) = 0.64. 
Boc-Tyr-Nle-Cly-OH (10) : Compound 9 (2.21 g, 8 mmol) was dcprotccted in TFA as already described 

for compound 7. The deptutectcd pcptide was added IO a solution of Boc-Tyr-OSuI4 (2.56 g, 6.75 mmol) in DMF 

(IS ml), followed by DIEA (1.38 ml. 8 mmol). After 2h stirring at room temperature the reaction product 
precipitated as a white solid upon addition of IM aqueous KHS04 (50 ml). It was collected, washed with water, 
dried in vacua (2.98 g, 85%); mp 9ooC (deck Rf(D) = 0.39; [a]D26 = -9.70 (c I; DMF). 

Boc-Tyr-Nle-Gly-OSu (11) : To a cold (0 “C) solution of 10 (2.92 g, 6.5 mmol) in DME (20 ml). were 
successively added HOSu (I.12 g, 9.75 mmol). DCC (1.34 g, 6.5 mmol). After 4b stirring at room temperature. 

the precipitated DCU was filtered off, the solvent was concentrated in vacua to leave a residue which ~8s 

dissolved in AcOEt (50 ml). The solution was washed with cold 2% qucous NaHC03 (3x40 ml). wller. IM 
queous KHS04 (3x40 ml), brine, dried over MgSO4 and concentrated in vacua. Tbe residue gave a white solid 

upon trituntion with ctber (2.47 g, 70%); mp 110-l IYC; Rf(C) = 0.62; [a]~28 = -7.1’ (c I; DMF). 
Boc-Tyr-Nle-Gly-Trp-Nle-Asp(OBzl)-Phe-NH2 (12) : Compound 7 (1.5 g. 1.95 mmol) was 

dcprotected in TFA as alnady described. The deprotectcd peptidc was added IO a solution of 11 (0.952 g. I.74 

mmol) in DMF (IO ml). followed by DIEA (0.34 ml, I .95 mmol). After 2h stirring at room tcmpcntun the 

reaction product precipitated as a white solid upon addition of IM aqueous KHSOq (100 ml). It was colIccled. 
washed with water, saturated aqueous NaHC03, water. ether. dried in vacua (1.9 g, 98%); mp 190°C (dec): 
RRD) = 0.50; [aID = -17.00 (c 1: DMF). 
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ether. 11 was collected by fi11rstio11. washed with ether, md dried in v4cuo over KOH pclia~s. II was purified 

by silica gel column chrorustogrsphy (eiucn~ AcOEt/pyridinc/aceIic scid/wster 8Oz20:5:10)(0. I9 g. 38%); mp 

177oC @cc.); Rf(E) = 0.4% [a]Da = -36.3O (c 1; DMF). 

Z-Asp-Tyr(S03H)-Nlc-Sir-Trp-Nlc-Alp-Phc-NH2 (2) : Synlhesizcd 48 previously ducribcd for 

compound 1 from compound 21 (610 mg. 0.54 mmoi). HPLC purification (RI= 5.06 min. A/B 3565). cod 

iyophiiisstion sfforded compound 2 (SO mg. 31%); mp 2tO”C (dcc.): Rfo = 0.17: [a]DU) = -17.2O (c 0.18; DMF). 

NMR dsts UC given in table II. 

Z-Trp-Nit-Asp(OBti)-Phc-NH2 (22) : Boc-Nit-Asp(OBzi)-Pbc-NH2 15 (2.3 g, 4.02 mmoi) was psrtisiiy 

dcprotcctcd in TFA as described sbove. To a cold (-20°C) solution of Z-Trp-OH (1.13 g. 3.35 nunoi) in DMF (15 

ml) were successively added NMM (0.37 ml. 3.35 mmol) and 1BCF (0.45 ml, 3.35 mmoi). After 5 min. the 

psnislly dcprotected pcptidc was Ihen added as iu Irifiuomscctstc ssit. followed by DIEA (0.69 ml. 4.02 

mmoi). and the mixture stirred for ih at room tcmpcmturc. The reaction product prccipitstcd as s white 

solid upon addition of IM aqueous KHS04 (200 ml). 11 was coiiec~ed, washed with wsmr, sstunIcd aqueous 

NsHC03. water. dried in vscw (2.80 g, 99%); mp 234°C. Rf(C )= 0.34; [aD20 = -28.3” (c I; DMF). 

Z-P-All-Trp-Nit-Asp-Phr-NH2 (23) : Compound 22 (1.72 g. 2.41 mmoi) wss hydrogenated 

overnight in s mixture of DMF/AcOlUH20 60:10:5 (75 ml) in the presence of a 10% Pd/C cs~rlys~ II room 

temperstun and atmospheric pressure. The cs~siys~ was filtered off, the filtrate concentrated in vscuo, and 

the residue ~riturstd in eIhcr IO afford rhc scets~c of the dcpmmcted peptide. II was added IO a mixture of Z- 

D-Ais-OSui4 (0.736 g. 2.30 mmoi) in DMF (IO ml). followed by DlEA (0.42 ml. 2.41 mmoi). and the mixture was 

stirred for 3h 11 room temperature. The rcacIion product prccipiIsIed as s white solid upon sddirion of IM 

aqueous KHS04 (50 ml). 11 was coiicc~cd, washed with wster. ether, dried in vscuo (1.69 g. 94%): mp 215OC; 

Rf(D) = 0.301 RIE) = 0.61; [aID = -16.Y (c 1; DMF). 

Z-Nie-L-Ala-Trp-Nle-Asp-Phe-NH2 (24) : Compound 23 (1.59 g. 2.03 mmoi) was deprotectcd by 

hydrogenation as described sbove. The dcprotcctcd peptide was added to s mixture of Z-Nie-OSui4 (0.669 g. 

1.85 mmol) in DMF (IO ml). followed by DlEA (0.35 ml. 2.03 mmoi). and the mixture. was stirred for 3h aI rocm 

tempcrsIurc. The reaction pnxiuc~ precipiuud as s white solid upon addition of IM aqueous KHS04 (200 ml). 

II was coiiecIed. washed with WSICI. ether. dried in vacua (1.38 g, 83%); mp 225V (dcc); Rf(D) = 0.36; Rf(E) = 

0.62; [a]D20 = -19.6O (c 1: DMF). 

Z-Tyr-Nie-&-Air-Trp-Nlc-Asp-Phe-NH2 (25) : Compound 24 (1.18 g, 1.31 mmoi) was depmIccccd 

by hydrogenation as described above. The &proIecIed peptide was sddcd IO a mixture of Z-Tyr-ONp25 (0.494 

g. 1.13 mmoi) in DMF (IO ml). followed by DlEA (I$35 ml. 2.03 mmol), sod the mixturn was stirred overnight II 

room IempcrsIurc. The reaction product precipimted as a white solid upon addition of IM aqueous KHS04 

(200 ml). II WY coiicc~cd. washed with wster. ctha. dried in vscuo (I.04 g. 95%); mp 225’C (dcc); Rf(D) - 0.26; 

(aID = -14Y (c 1; DMF). 

Boc-Asp(OBzi)-Tyr-Nle-a-Alr-Trp-Nie-Asp-Phe-NH2 (26) : Compound 25 (0.940 g, 0.89 mmoi) 

was deprotectcd by hydrogenation as previously described. The dcproIc.ctcd peptide was added to s mixture 

of Boc-Asp(OBzi)-OSui4 (0315 g, 0.75 mmoi) in DMF (IO ml). followed by DIW (0.15 ml. 0.89 mmoi). and the 

mixture was sIirrcd for 3h II room tcmpersIurc. The reaction product precipitated as a white solid upon 

addition of IM squeous KHS04 (200 ml). It was coiicc~cd. washed with water, ether, dried in vscuo (0.740 g, 

80%); mp 225OC (dcc); Rf(D) = 0.53; Rf(E) = 0.64; (aID = -18.5’ (c 1; DMF). 

Boc-Asp-Tyr-Nle-Q-Alr-Trp-Nlc-Asp-Phe-NH2 (27) : Compound 26 (0.64 g. 0.52 mmoi) was 

hydrogenated overnight in a mixture of DMF/AcOH/H20 60:10:5 (75 ml) in the presence .of a 10% Pd/C 

cs~siyst al room temperature and atmospheric pressure. The catalyst was fiiIered off. the HiIrate 

concentrated in vscuo, and the residue triturstcd in c&r IO afford the psrIisiiy dcproIccIed peptide. II was 

coiicc~cd. washed with ether. dried in vscuo (0.560 g, 94%): mp 225°C ; Rf(D) = 0.16; Rf(E) = 0.42; [a]D20 = - 

29.5“ (c 1; DMF). 

Boc-Asp-Tyr(SOJH)-Nle-D-Ala-Trp-Nle-Asp-Phe-NH2 (3) : Synthesized as described for 

compound 1 from compound 27 (200 mg. 0.17 mmol). HPLC purificsIion (RI= 7.85 min. A/B 38:62) and 

iyophiiisstion afforded compound 3 (104 mg. 50%): mp 200°C (doz.); Rf(E) = 0.15; Rf(F) = 0.36: iaID = -25.00 

(c I; DMF). NMR data arc given in table III. 

2[3-oxo-4(S)-N-(benryloxyc~rbonyl)-rminoocty~]-l,3-dioxane (28) : A solution of Z-Nie- 

N(Ms)OMcb (1.58 g, 5.13 mmoi) in elhcr (100 ml) was added dropwiu II room tanpcnture under argon to s 

stirred solution of the Grignsrd reagent gencrsIcd from 2-(2-bromoeIhyi)-i.3-dioxsnc (3.49 ml. 25.6 mmol) 

and magnesium (0.66g. 27 mmoi) in 100 ml of ether. After lh stirring Ihe soiutionlxurpcasion wu cooled 

down IO O°C and nested wilh 1M aqueous KHS04 (200 ml). The organic phar YU dccmtcd. washed with IM 

squeous KHS04 (3x100 ml). wstcr. ssIurs~cd aqueous NsHC03 (3x100 ml), brine, dried over MgS04 md 

concentrated in vscuo. The residue wss purified by silica gel coiu~pn chromatography (ciucnt: 

AcOE~/hexsne 1:3) IO leave 28 as a whim solid from a mixture of ether and hcxanc (I,51 g. 81%); mp 63-66’C 

(dec.); Rf(A) = 0.67; [a]~20 = -14.6’ (c I; DMF); NMR (DMSO d6) 6 ppm 7.63 (d. 1H. NH; INH-CH 5’ = 7.6 Hz). 7.35 

(m, SH. Ar). 5.04 (s. 2H. CH2 Z). 4.47 (m. iH. H I). 3.95 (m. IH. H 5’). 3.95 (m, 2H. H 3eq, H Seq). 3.65 (m. 2H. H 
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dried In vruo (1.09 g, 74%); tnp 167-168°C ; Rf(B) = 055; [a]Dm = +8.4. (c 1; DMF). 
BecTyr(Brl)-Nlc-I (NH-CO)-Cly-OH (37) : To a solution of compound 36 (0.985 g, 1.77 mmol) in 

dioxanc (IO ml), was added 2N aqueous NaOH (1.1 ml. 2.2 mmol). Aner lh no more starting material cottlU be 
detected by TLC. The teactIon product pmcipitated as s white solid upon addition of 1M aqueous KHS04 (100 
ml). It was collected, wasbed with water, ether, dried In vacua (0.934 g. 979b)t mp 195.C (dec): Rf(D) = 0.66t 

[aID = +6.8’ (c .I: DMF). 

Boc-Asp(OBzl)-Tyr(BxI)-Nle-Y~NH-CO)-Gly-OH (38) : Compound 37 (0.90 g; 1.66 mmol) was 
partially deprotectcd in TFA as described above. The pattially deprotected peptide was added to a solution of 

Boc-Asp(OBxI)-OSul4 (0.631 g, 1.5 mmol) in DMF (10 ml). followed by DIEA (0.29 ml. 1.66 mmol). After 2h 

stirring at room temperature the reaction product precipitated as a white solid upon addition of 1M aqueous 
KHSO4 (100 ml). It was collaied. wssbui with water, ether, dried in vacno (0,675 g, 60%); mp 190-193°C; Rf(E) 
= 0.74; IaID = -8.2. (c I; DMF). 

Boc-Asp(OBxl)-Tyr(BxI)-Nle-Y(NH-CO)-G~y-Trp-Nle-Asp(OBzl)-Phe-NH2 (39) : Boc-Trp- 
Nle-Asp(OBrI)-Phe-NH2 (7) (0.607 g, 0.79 mmol) wu par(iaIly depmtectui io TFA as previously described. 

The partially tIeprotected peptide was added to a solution of compound 38 in DMF (10 ml). followed by BOP22 

(0.32 g, 0.72 mmol). and DIEA (0.26 ml. 1.51 mmd). After overnight stirring at room temperature the nactioo 
product precipitated as a white solid upon addition of saturated aqueous NaHC03 (100 ml). It was collected, 

washed with saturated aqueous NaHCO3, wstcr, 1M aqueous KHS04. water, ether. dried in vacua (0.970 g. 97%): 

mp 225.C @cc): Rf(E) = 0.44; [aID = -10.4’ (c 1; DMF). 

Boc-Asp-Tyr-Nle-~(NH-CO)-Gly-Trp-Nlc_A (40) : Compound 39 (0.870 g, 0.62 

mmol) was deprotected by hydrogenation as described for compound 27. for 48h at 3O.C. It was purified by 

silica gel column chromatography (cluent AcOEt/pyridinc/AcOH/H20 120:20:5:10) to afford a white solid 
(0.640 g. 72%); mp IWC (de+ Rf(E) = 0.3D. [aID = -13.5. (c 1: DMF). 

Boc-Asp-Tyr(S03H)-Nle-Y(NH-CO)-Gly-Trp-Nle-Asp-Pbe-NH2 (S) : Synthesized as previously 

described for compound 1 from compound 40 (610 mg. 0.54 mmol). HPLC purification (Rt= 7.98 min. A/B 

40:60) snd lyophilisatioo afforded compound !I (370 rag. 57%); mp 1WC (dec.); Rf(E) = 0.27; RI(F) = 0.39: 

ialDZO = -32.5’ (c 1: DMF). NMR drta are given in table V. 

Boc-8-homo-Nle-OH (41) : To I cold (-20°C) solution of Boc-Nlc-OH (9.4 g. 40.6 mmol) in ethylene 
glycol dimethylether (50 ml) were added under vigourous stirring NMM (4.55 ml, 40.6mmol) and IBCF (5.53 

ml. 40.6 mmol). After 5 min , the precipitated salt was filtered off, and the mixture was treated with 

diaxomethanc in ether (70 mmol), and the mixture stirred at .O”C for 20 min. It was then concentrated in 
vlCu0. the residue dissolved in methanol (200 mL), and treated with silver bcnroatc (2 8, 8 mmol) in 

tricthylatnine (20 mL). After 30 min stirring at room temperature, the solvent ww concentated in vacua. the 

tesidue dissolved in AcOEt (300 mL) and the insoluble material was removed by filtration. The filtrate was 

washed with saturated sodium bicarbonate .(3 x 100 mL), water (100 mL). IM aqueoas KHSO4 (3 x 100 mL). 
brine. dried over magnesium sulfate. and concentrted in vacua. The residue was purified by silica gel 

column chromatography (eluent: AcOEt/hexane 1:9) to afford the methyl ester as an oil (7 g, 27 mmol. 66%). 
It was dissolved io methanol (20 mL) and treated with 2 N NaOH (15 ml. 30 mmol) at 2O.C for 30 min. Upon 

acidification with IM aqueous KHSO4, the expected compound precipitated. It was collected by filtration. 
washed thoroughly with water and dried in vacua (4.8 g, 72%): mp 84-87.C ; Rf(D) = 0.86: [aID = -1.2’ (c 0.5: 
DMF). 

Boc-8-homo-Nle-N(Me)OMe (42) : To a cold (0°C) solution of compound 41 (4.55 g, 18.55 mmol) in 

dichloromcthanc (100 ml) were successively added N.O-dimethyhydroxylamine hydrochloride (2.17 g, 22.26 
mmol). DIEA (3.83 ml. 22.36 mmol). DMAP (50 mg) and DCC (3.83 g, 18.55 mmol). After 4h stirring at room 

tempenturc. the precipitated DCU was filtered off, washed with dichloromcthane (2x100 ml). The combined 

organic layers were washed with 1M aqueous KHS04 (3x100 ml), water. ssturattd aqueous NaHCO3 (3x100 ml). 
brine. dried over MgS04 and concmtrstcd in vacua to leave 42 as s colorless oil (5.08 g, 95%); Rf(B) = 0.77. 

S(S)-(N-tert-Butyloxycarbonyl)entino-non-2-enoic acid (43) : To a cold (0.C) solution of 
compound 42 (5.08 8. 17.62 mmol) in anhydrous ether (100 ml), was added under vigourous stirring, in 
portions, over a period of IS min. LiAIIQ (2 g, 54 mmol). After 15 min mom. AcOEt (300 ml) was carefully 

added. followed by IM aqueous KHS04 (500 ml). and the mixture was stirred st loom temperature for 30 min. 

The orgaoic layer was collected. washed with brine, dried over M8S04 and concentrated in vacua lo leave 
the corresponding aMchydc which was quickly used in the ocxt rtep without any further puriBcation. To a 

solution of the aldchydc in benzene (80 ml), was added methyl (ttiphcnylphosphoranylidane)-acetate (S.89 
g. 17.62 mmol). After lh stirring at room temperature, the solvent vu removed in vacua md the residue 

applied. to I silicr gel column (elucnt AcOEt~bexanc 2:8) to afford the corresponding methyl ester as a clean 

oil (4.47 8, 15.66 mmol). .It wu dissolved in mcthrnol and treated with 2N rqueous NIOH (25 ml. 17 mmol). 

After 2h at 30°C. 43 w= ptecipitatcd upon addition of 1M qucous KHS04 (300 ml). wasbed with water and 
dried in vacua (4.04 g, 83%); mp 81-83.C ; Rf(D) = 0.86; [aID = -23.5’ (c 1: DMF): NMR (DMSO d6) 6 ppm 12.01 

(s. IH. CDOH). 6.67 (d. lH, NH, JNH-HS = 8.9 Hz). 6.75(m. 1H. CH 3. JCH-CH~ =7.3 HL JCH-CH =15.4 Hz trim). 5.75 (d. 
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