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Abstract: The synthesis 1s descnbcd of three aryl substituted valinomycins. m which the aryl groups are placed 

around the poles of the cyclodepsqxptide. In one synthesis a valinomycln IS prepared carrying a pendant 
hydroxyphenyl residue In this synthesis the use of the acetate funchonahty to protect the phenolic site in tyrosine is 
developed The spectroscopic and electrcchermcai evidence mdlcatq the potentA importance of such modified 

valinomycins in the deslgu of improved ion selective electrodes IS discussed 

Valinomycin (l), cycle-(-L-Val-nHylv-lrVal-L-Lac-)3, an lonophore antIbiotIc, first isolated’ in 1955, has 

attracted considerable attention because It displays the best potassium to sodium selectivity2 of all known 

potassium complexones. This favorable selectivity offers important advantages in the use of valinomycin in the 

analysis of potassium Ion concentrations m bioflulds. Such analyses3 are required rapidly in intensive care- and 

dialysis- units, and In the course of surgical operations such as open-heart surgery. The incorporation of 

valinomycin into an Inert poly(vmylchlorlde) matnx has permitted4 the development of a potassium ion selective 

electrode. Similarly ton selective field effect transistors have been developed5 based on valinomycin PVC 

membranes. The posslblhty of the use of ion selective optodes based on valinomycin6 has been investigated. In 

all these potential applications a severe IimItation is the leachmg cf valinomycin away from the membrane. This 

leaching in the case of ion selective electrodes provokes an undesired drift in measured potentials. This leaching 

would be prevented if the vahnomycm were covalentlq bound to the membrane. The problem has been 

recognise& for sometime, but has recently been addressed m two different ways. In the development of ion 

selective CHEMFETS potassium selective hemispherands carrying remote functionality have been attached 

covalently to membranes. This study@ was based on the recogmtion that vahnomycin has limited possibilities for 

attachment to a membrane. However the resulting device IS lImited by the lower potassium selectivity of the 

hemispherands. In a patent’0 there IS a report of the use of modifted valinomycins carrying side-chain 
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functlonahty. By mcorporation of a lysme residue attachment of a valinomycm to a membrane is possible. Since 

early Russian synthetic studles’t, which produced a range of modified valinomycins, there has been little 

investlgatlon of the possible synthesis of srdecham modified vahnomycins. Their successful synthesis could 

lead to marked Improvement In the clinical analysis of potassium ion by electrochemical methods. The great 

potential in the alternative of analysis of potassium eon by usmg optode& adds to the interest in the synthesis of 

modified vahnomycms. The sldechains might carry chromophores sensitive to the presence of potassium in the 

central cavity. Hence there IS a need to study efficient routes to modified valinomycins. In an earlier 

commumcationt we have reported the use of the pentafluorophenyl ester method of coupling to permit the key 

cycllsatlon affording the 36.membered nng ol modjfled valinomyclns, and we describe m the preceeding 

paper’” the background leading to this synthetic strategy. In this paper we describe the application of this 

methodology to the synthesis of a senes of a51 substltuled valmomycms, the successful synthesis of a modified 

vahnomycm carrying a remote phenollc functlonallty, and the electrochemical evidence that the sidechain 

modified valmomycms retam an exceptional selecti\ It> for potassium Ion. 

Valmomycm (1). cycle-(-I -Val-D-Hyiv-DVal-t.-~c-)3, adopts the shape of a hollow cylmder inside which 

cations can fit. The side chain residues of the Indl\ Idual amino- and hydroxy-acids are situated either at the 

entrances to the ~3% 10 or around the cquatonal belt. With a deslrc to synthesise modified valinomycins carrying 

a sensing group, appropriate to either electrical OI opmd sensmg, or functlonalised to permit covalent binding to 

electrode matenals, there arc LM o sltcs for these modIf> Ing groups They may be placed close to the apertures, or 

around the belt, away from the cavity entrances. Introduction ot the aryl groups close to the entrances requires 

their mcorporztlon Into ammo-acid residues, and con\ erselq the} are placed around the belt by incorporation into 

hydrox>-acid res1dues.A key questlon In the design 01 modItled valmomycms is the possibility that situation of 

the modifying groups close to the apertures may modify cation binding characteristics relative to situating the 

groups around the equatorial belt. The synthetic chemistry described in this paper leads to a senes of substituted 

~al~nomyclns ~llth the aryl residues. for example a.\ in (21, situated close to the ca\‘lty entrances. In the 

folIowIng paper the synthesis IS described of the \ccond series 5% here the aryl residues, as in (3), are located 

around the belt. Another target (4) IS a ~allnom!~~ln curl-ying a t)‘roslne residue, which can be used as a site of 

possible attachment to electrodes or solrd supp~ts. The synthcsls of the tyrosinc (4) and the acetyl protected 

tyrosmc (5) are also reported In this paper. Phen!,lalanlnc or tyrosine were chosen for the situation of aryl 

groups at the entrances and tx-hydrox~h~,drt~lnn~lnil~ acid v.as Incorporated to place phenyl groups around the 

belt. The targets (~~cltr(-I>-Phe-I~-Hyiv-L.-Phe-trL;lc-,3 (2) and c~clo-(-D-Ala-L-Hyhc-I,-Val-t>-Hyhc-)j (3) are 

related to valinombcm ( 1). by in the first case, the replacement of ! alme residues by phcnylalanine residues and, 

m the second case, by replacement of hydroxjJso\ alenc and lachc acid residues by u-hydroxyhydrocinnamic 

acid residues, and replacement of a valine residue b) :Ilanlnc. The latter replacement was made to lessen possible 
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/ I) Phe-tfyi\-OtBu (6) /-Phe-D-lac-OtBu (7) 

/-I)-l’he 11511 -0lI (8) . ~1.t’he-l)~la~-OtUu (9) 

/. (-Wt’he 1141~.Phe-I)-Lac-),-OtBu (15) 

e 

Reagents a)‘L‘FA, ~T12(:12. rt , b) 11,, Pd I(: (IWi,), .\lcOtl, rl , c) IXY:. DkIAP. NMlvl, CH,CI,, O’C, 
b) PfpOII. 1X:(‘. CII,CI,. O°C, e) H,, Pd (‘ (5%). DhlAP. l>loxan. Ethanol. 90°C 

adverse stenc Interactions and it has been estabhshed eat-her’ that such a subsutution facilitates cation binding. 

The synthetic strategy required the elaborarlon 01. dldepslpepllde fragments to afford linear 

dodecadepsipeptides, w tnch were then cycllsed through the appropnate pentafluorophenyl esters. The two 

syntheses incorporating phenylalamne and tyrostne are shown tn Schemes 1 and 7, respectively. The 
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Z-Tyr (AC)-OH (18) + tI-t~-Lac-otBu 

d 

t 
%-Tyr(Ac)bl~ la-OIBU (19) 

h 

\ 

%-DPhe-Hylv-OH (8) + It Tyr (Ac)-1.1.iac-OtBu (20) 

%-II-Phe-tlylv-Tyr (..\c) II lac-OtBu (21) 

t t II-Phe-HytrvTyr (AC)-D-Lac-OtBu (22) 

t 
/-(-I)~t’he~ti~~v-Phe~D-Lac-)~-t)-t’t~e-ttyl~-~I’yr (AC)-D-Lac-OtBu (23) 

L 

f 
/.-(-I)-l’he-tt)~v-Phe-I)-Lac-),-I) t’he-tly~v~‘Tyr-D~tac-OtBu (24) 

d 

/. (-I)-Phe tlyl\ -Phe~I)-Lac-),-I)~t’hc-tlyl~-Tyr-D-Iac~OH (25) 

e 

%-(-I~-Phe-Hy~v-Phe-I~-Lac~)Z-I) t’he~Hy]~~Tyr-L)-l;K-OPfp (26) 

g 
Cycto-(~D-Phe-I1y~v-Phe-l~-Lac-)~-l~-Phe-H~~~ ‘l’yr-D-la-) (4) - 4 (Ac) (5) 

Reagents. a) DCC, DMAP, CH,CI,. O’C. b) H,, Pd :C (10%). EtOAc. O’C; c ) Imidazole, 
MeCN, H,O, O’C, d) TFA. CH,Cl,. r 1.; e) PfpOH, DCC. DMAP, CH,CI,, O’C; 
D Hz. Pd :C (5%). DMAP. dioxan, EtOH, !#C. g) AqO, DMAP, EtOAc, r.t. 
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construction of the linear fragments was achteved vta protectron of carboxylate and amino groups by t-butyl 

ester and benzyloxycarbonyl groups respecttvely. Fragments were coupled either using 

dicyclohexylcarbodiimide or vta pentafluorophenyl esters. Thus m Scheme 1 from the dipcptide fragments (6) 

and (7) via intermediates (8 - 16) the dodecadepsrpepttde (17) was readrly obtained In Scheme 2 O-acetyl-N- 

benzyloxycarbonyl L tyrosine (18) was coupled wtth Wacttc acrd t-butyl ester, and the dipcptide (19), via 

mtcrmediatcs (20 - 25). was extended to afford the dodecapepude (26). A number of points concerning the build 

up of the linear dodecapepudes deserve mention. The mtroductton of a tyrosme residue (Scheme 2) necessitated 

a strategy for the protectton of the phenoltc hydroxyl group. Previous synthetm studies 14 have been based on 

silyl, methyl and benzyl ethers and benzyloxycarbonyl esters. Many of these protecting groups are incompatible 

with our use of benzyloxycarbonyl protectton at nrtrogen and protectron of the carboxyl functron as a t-butyl 

ester. As the removal of a protecting group from the phenoltc site demanded very mild conditions to avoid ester 

hydrolysis at other sites, we were Interested in the de\ elopment of the simple acetate group as a potential 

method of protection of the phenolic site. It has previously been established 15 that there is a substantial rate 

difference in the imtdazole promoted hydrolyses of phenyl acetate relattve to ethyl acetate. The potential of the 

acetate protection was checked by study of the hydrolysis of ester (18). The acetate group could be readily 

removed without cleavage of the t-butyl or pepttde esters. Following this and other successful model studies, the 

value of the acetate protecting group Has demonstrated by the ablhty to carry forward the dipeptide intermediate 

(19) having protection of the phenoho site as an acetyl group, via the dtpeptide (20). and the tetrapcptide 

intermediates (21) and (22) to give the dodecapepttde (23). The acetate protecting group was successfully 

selectively removed from the pepttde (23) with tmtdazole m aqueous acetonitrile to give the phenol (24). The 

free phenolic functronalrty did not Interfere In the subsequent conversion of the linear dodecapeptide via 

intermediate (25) to the cyclisation precursor (26). 

The efficient method of cycltsatton of pentalluorophenyl esters was applied to the linear precursors (17), and 

(26). By continuous mjectton over 24 hours the 36.membered ring was readily constructed to afford the target 

cyclododecapeptide (2) m 84% yield. Injectton over 6 hours gave the target (2) in 48% yield. The phenolic 

target (4) was obtained m a satrsfactory 58% 11cld by Injectton over 10 hours. In order to study the effect of the 

phenohc group on the behaviour of the valmomyctns the ester (5) was prepared from the phenol (4) by 

conventional acetylation. 

The syntheses described m thts and the follow~np paper provide the first access to aryl substituted 

vahnomycins. It IS particularly tmportant that both targets (2) and (3) have been prepared, as this has enabled us 

to study the electrochemtcal properttes of both series, and m part, by comparison with valinomycin (1). to 

conclude that the posttroning of the phenyl residues about etthcr the equator or the poles of valinomycin (1) does 

not greatly affect metal ion complexatmn. Stmilarly the hynthesrs of the phenol (4) and the acetate (5) has 

enabled us to study both the properties of remotely functtonahsed I almomycins and their attachment directly to 

electrodes. Here it may be noted that the abtltty of the cyclic pepttdes (2-S) to complex with metal ions is 
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scarcely dlmmlshed relative to vahnomycm (I). The stabtllty constants of the cation complexes of the peptides 

(2-5) are very similar to those of vahnomycln both In their order and approximate magmtude. The ease of 

bindmg metal Ions for (2-5) increases m the series Rb+ = K+ > Cs+ > Na+ > Li+. The stability constant KM, 

of (4) and (5) with potassium Ion IS about a factor of 10 lower than with valmomycin (1). Neither the position of 

the aryl residues nor the presence of a phenohc site greatly Interfere with metal ion complexatlon. Clearly these 

results facilitate the design of new efficient potassium Ion sensors. 

Experimental 
General expenmenlal detads are described c‘Ix’\\ hcl-cl’ 

Benzyloxycarbonyl D-phenylalanyl L-cr-hydroxyisovaleric acid t-butyl ester (6). 
Benzyloxycarbonyl D-phenylalanine (4.509: 15.Ommol). L-u-hydroxyisovaleric acid t-butyl ester 

(2.4Og,, 13.8mmol) and dlmethylaminopyrldlne (O.lc)p; I .hmmol) were dissolved in dichloromethane (9Oml) 
and cooled to -40°C. A solution of dicyclohesylcarbodilmlde (3. I(&, 150mmol) in dichloromethane (IOml) was 
added, and the resulting mixture was stlrrcd for ‘Oh. The prcclpltate of urea was filtered off, solvent was 
removed under reduced pressure and the reslduc MU purlfled by chromatography on silica gel (light petroleum 
ether:.dlethyl ether, 3-1) to yield benzyloxycarbonyl [I-phenylalanyl L-a-hydroxylsovalenc acid t-butyl ester 

(6) (5.27g;84%) as an oil. [a]D -24 (c I&) chlcIrol’orm). IR (CHC13) (cm-‘) 3450 \v (N-H stretch) 1745, 
1740 & 1735 s (C=O stretch) 1515 s (N-H bend). KH (27OMHr., solvent CDCl3, standard Me4Si) 0.93 (3H, 
d, J 7Hz, CH3 Hyiv) 0.94 (3H, d. J 7Hz, CH3 H!I\ ) I .44 (9H, s, (CH3)3 t-butyl) 2.18 (lH,m, CH i-propyl) 
3.09 (lH, ABX, J 6 & 14H2, CH2 Phe) 3.22 (Ill, ABX. J 6.5 & 14Hz, CH2 Phe) 4.67 (IH, d, 4.5Hz, O- 
CH) 4.76 (IH, m, N-CH) 5.08 (2H, s, 0-CH2) 5.14 (IH, d, J 8Hz, NH) 7.1-7.35 (lOH, c, C6H5). 6C 
(68MHz, solvent CDC13, standard Me4SI) 17.24 18.8s (CH3 Hy~v) 28.05 (CH3 t-butyl) 30.10 (CH i-propyl) 
38.26 (CH2 Phe) 54.98 (N-CH) 66.99 (0-CH,) 78.74 (0-CH) 82.33 (C t-butyl) 127.17 - 128.18 - 128.24 - 
128.60 - 128.70 - 129.40 (CH phenyl) 135.85~ 1.1637 (C phenjl) 155.63 (C=O carbamate) 168.13 - 171.34 
cC=O). 

Benzyloxycarbonyl L-phenylalanyl D-lactic acid t-butyl ester (7). 
To a solutron of benzyloxycarbonyl I..-phen>lalamnc (6.3Og;Z I.Ommol), Dlactic acid t-butyl ester (256g. 

17.5mmol) and dlmethylaminopyridine (0.3g. 2.5mmoI) m dichloromethane (5Oml) at -40°C. was added 
dicyclohexylcarbodiimIde (4.34g;21.0mmol) m drchloromethanc (5ml). The mixture was stirred for 14h, and 
the precipitate of urea was filtered off. The solbent was removed and the residue was purified by 
chromatography on sihca gel (hght petroleum ether --drclhyl ether, 3-1) to yield as a solid bcnzyloxycarbonyl L- 
phenylalanyl D-lack acid t-butyl ester (7) (7.39g;WX ). mp 60-61°C (hexane/diethylether). [ a]D +32 (c 1.70 
chloroform). IR (CHC13) (cm-l) 3450 m (N-H stretch) 1740 & 1730 s (C=O stretch) 1510 s (N-H bend). 
6H (270MHz, solvent CDCl3, standard Me4Si) 1 ..$o (3H, d. J 7Hz, CH3 L.ac) 1.44 (9H, s, (CH3)3 t-butyl) 

3.11 (lH, ABX, J 7 & 14Hz, CH2 Phe) 3.16 (IH, ABX. J 7 & 14Hz, CH2 Phe) 4.73 (IH, m, N-CH) 4.91 
(IH, q. 7Hz, 0-CH) 5.08 (2H, s, 0-CH2) 5.35 (IH, d, J XHz, NH) 7.1-7.35 (lOH, c, C6H5). 6C (68MHz. 
solvent CDCl3, standard Me4Si) 16.79 (CH3 L,ac) 27.89 (CH3 t-butyl) 38.17 (CH2 Phe) 54.85 (N-CH) 67.87 
(0-CH2) 70.01 (0-CH) 82.28 (C t-butyl) 127.08 128.&i I38 13 - 128.51 - 128.55 - 129.36 (CH phenyi) 
135.84 136.36 (C phenyl) 155.54 (C=O carbamatr) I69 21 - 170.88 (C=O). C24H~9N06 requires C 67.4; H 
6.8; N 3.3%. Found C 67.5; H 6.8; N 3.3’7r 



Benzyloxycarbonyl o-phenylalanyl L-cr-hydroxyisovaleric acid (8). 

A solution (11 bcn/! ICI\!C~I bon\1 I)-phen\ Ialan) I ~.-c~-h~clrc~~~~so\alcrlc acid t-but11 esler (6) 

(1.29g;1.75mmol) In Jlchlor~~mclhanc ( IOml) \\;I\ ircukxl \vrth trilluortrucctic aad (1OmI) lor Sh at room 

temperature. The sol\ enI u LLI; 1cn101 cd LO at ~OI-d bcw! I~r\)za~ bon\,1 I)-phcn)-lalanyl I.-tx-hldrox> wxalcr~c ad 

(8) (l.l3p, loC)%) ah a11 011 [tr]~ -14 (c I 30 chloroform) IR (CHCI?) (cm-‘) 3450 m (N-H stretch) 3000 

br (0-H stretch) 1735 \ cc‘=0 >lreLch) 1510 x IN-H bend). tiH (270Mk. v~l~cnt CDCl3. skmdard Me4Si) 

0.95 (6H.d. J 7H/, CH3 t+)l\) 3 25 (IH. m. c‘t1 ~-p~op\It 3.09 (IH. ABX. J h & l4H/, CH? Phc) 3.19 (IH, 

ABX, .I 7 & 14Hl, CH, Phc~ 4.75 ( IH. dd. J h & 7H/. N-(‘H) 4.W (IH, d. J 4H/, 0-CH) 505 & 5.08 (2H. 

m, 0-CH?) 2~32 (IH, ;. .I XH/, NH) 7. l-7.3 (IOH. I.. C,H5’ hC (hXMHz. sol\cnt CDC13, standard Mc4.9) 

17.07 - Iii.84 (CH3 H>l\) 30.05 ((‘11 i-prop>11 37 W ((‘ti, Phe) 5.5.07 (N-CH) 67.42 (O-CH?) 77.45 (O- 

CH) 13_7.34- 12x25 12X3% 17X6& 12XSl !YU(;‘klphcn!lr 135.51 135,97(Cphen)I) l.%.Il 

(C=Ocarbam,w) 171.52 173.X1 I(‘=<)) 





1.37 (3H, d. J 7Hr, CH3 LL) I 42 (YH, s, (CH3)3 r-bull]) 7.0% (?H, m, CH i-propyl) 3.0-3.25 (8H, m, 

Cf12 Phe) 4.4-4.55 (3H. c, N-CH) 4.75-4.9 (4H, c, N-CH, 0-CH H~I\ & 0-CH Lx) 4.94 & 5.12 (2H, AB, 

J 12H7., O-CH2) 5.24 (I H, q. J 7fH/, 0-CH Lx) 5.87 (IH, d. J SSHz, NH carbamate) 7.15-7.35 (25H, c, 

C6H$ 7.71 (IH, d, J X.5Hl. NH amide) 7.74 (I H. d. J X.SH/, NH amide) 7.80 (IH, d, J 6Hz, NH amide). 

hC (68MH/, solvent CDC13. standard Me4%) 15 87 - lh.59 - 16.76 17.05 - 1X.27 - 18.32 (CH3 Hyiv & 

Lx) 27.87 (CH3 I-bulyl) 39.81 3Y.87 (CH 1.prop!I) 36. IO - 36ho - 36.89 - 37. I1 (CH2 Phe) 53.77 - 55.11 
- 55.41 - 56.27 (N-CH) 67.46 (0-CH2j hY.84 70.43 (0-W Lx) 78.43 - 78.62 (0-CH Hyiv) 81.84 (C t- 

butyl) 126.59 - 127.(x) - 127.43 - IXOZ 13X.1 I IX.32 128.58 - 128.62 128.87 - 129.17 - 129.23 (CH 
phenyl) 135. IS 135.83 136.24 - 136.40 137.13 (C phcn>l) 156.74 (GO carbamate) 169.56 169.63 

lhY.98 170.3x 170.74 17O.XI 171.36 171 96 (C‘=O) 

Benzyloxycarbonyl D-phenylalanyi L-u-hydroxgisovaleryl L-phenylalanyl D-lactyl D- 
phenylalanyl L-a-hydroxyisovaleryl L-pheoylalanyl D-lactic acid (14). 

A solutron ot fxn/>I~~\) carixm~ I I)-phcn>lalan! I I -(r-h! dr-o\~~w~~alcr~l I.-phcnylalan) I I)-lactyl II 

phen\lalan>l I -cl-hq’drc,\)Ixo\aicr! I I -phcn>lalan!l ~~.iacuc acid l-but11 ester (13) (23Omg O.lYmmo1) in 

dlchtoromcthanc (5ml) dnd trtlluoloacctlc nzld (5mi) )\a!. Lep~ a[ loom remperature for 7.5h. Removal of 

sol\ ent afforded bcn/> I~l\gcarbon! I I )-phcn! Ialan! I I -Ir-hqdro\! Iso\aleryl kphenylalanyl D-lactyf D 

phenylalanql I.-cl-h~dro\~iso\alcr!l I.-phenylalan!I I)-~LLII~ acid ( 1-i) (3oOmg;Y7%) as an 011. [(x]~ -32 (c 

L.76 chlorotormj. IR (c‘HCl3) (cm f ) 3350 m (h-Ii slrclchi 2950 w (C-H stretch) 1760, 1720 81 1670 s 
rC=O) 1540 & 1530 s (K-f1 bend, hH (77(&1H/. sol~cn~ CDCI 3, slandard Me4Si) 0.38 (3H, d, J 6.5Hz, 

CH3 H>I\ ) 0.43 (311. J, .I 6.W/, (‘tt3 l-111\ ) fi 19 ;.ibl cl. J h %-I/. CH3 H~Iv) 0.56 (3H. d> J 6.5H.z, CH3 

H~I\) I.25 (3fl. d, J 7fH/, CH3 Lx.) 1.41 (3f-1, d. J -I I/. (‘H3 LI~J ?.(I4 (ZH, c, CH I-prop)l) 3.0-3.3 (8H, c, 

CH1 Phe) 4.45 (III, m. N-Cf-Il 4.55 (ZH, c. N-(‘tli 17i) i Iti. ITI. N-CH) 4.9-5.2 (6H. c. 0-CH2, 0-CH 

tI>,i & 0-CH Ix) 5.W) (IH. d, J r,H/, Kt_( u&xmat~i I._-,._ _ -, ’ 7 3 5 (‘%I. c. C6Hs) 7.65 ( 1 H, d, J h.SHz, NH 

amide) 7.73 (2~I. d, J hH/, NH am~dc). K’ (hx.Clt t/. \()I\ cnt C1XI 3. standard Me4SI) IS.74 16.(lY 16.78 - 

17.34 18.30 _ IX.38 ((‘l-13 H!I\ & Laz) 70.77 2%X5 ((‘ti I-prop!l) 3S.Y4 - 36.39 36.81 37.17 (CH2 

Phc) S3.55 - U.63 SS.‘T7 5h.33 ,\j-C‘Hj 67.65 cO-C’t&) (TY.?? 71.113 (O-CH Lx) 78.56 79.04 (0-CH 

H)I\,) 126.74 127.13 127 24 127.50 lY702 I_%-lv 12x.44 ‘- 12x.48 - 12X.86 - 12x.71 128.80 - 

138.8h - 12Y.23 - 12Y.110 12Y.34 (C‘H phcn!,l) 135 I 5 1‘15.8 7 135.03 136.24 - 137.06 (C phenyl) 156.97 

(C=O carbamatc\ IiWW 170.07 170.41 170,XIl l7lr’,l 171.x2 172.35 - 172.90 (C=O). 

Benzyloxycarbonyl D-phenylalanyl L-tr-h*droxyisovaleryl L-phenylalanyl D-lactyi D 
phenylalanyl L-cr-hydroxyisovaleryl I.-phenylalanyl D-lactyl D-phenylalanyl L-U 
hydroxyisovaleryl L-phenylalanyl D-lactic acid t-butyl ester (15). 

DI~~~tohex~lcarbcKllimlcic IYI mg. !I 33mmol) !\:I, &dcd LO a ic)lullc~n (11 bcnrylox)carbonyl D-phcnylafanyf 

l,-c~-hq.dr(~~~~s~)~alCr~I I -phcn>lalan! I ~)-laci! I ~~-phcn!~t.k~n! I I -c~-hqdrc~\~~1s(~valer~~f I,-phcnylafanyl D-tack 

acrd ( 14) (3hlmp, 0.33mmol), and I)-phcnylalan! I I -c~-h~cl~~~~)rso\dlerql I.-phenylalanyl I)-lactic acid t-butyl 
eskr ( 12) (738mg. i).Umm~~l) and dilnerh!,lalnlnc)p!rldlr~c [8mp, h7yrn~~l) In dlchforomethane ( IOmf) at 0°C. 

The mlaturc \\as erred 1or 1 fh. the uwd prcc~prt~te \I.L% tllkrcd oil ,md Ihe solrenl rcmo\.ed under reduced 

pressure. The rcsldue \I~S pur~l~cd b\ chr~)mart)~rapii! on \111ca gel (Ilghl petroleum : ether, 1 :.2) 10 give the 
title compound (IS) (2-54mg. 53’2) a< an 011. [(LID IX II’ 2.4 chlorolorm). fR (CHC13) (cm-l) 1540 s (N-H 

bend) I670 s (C=O stretch) 1710 m ((I=0 strctchl 1755 ‘r ((‘=I) slrrkhi 3340 m (N-H stretch) 3440 w (N-H 

stretch). bH (?70MH/. sdxcnt (‘IIC:lj. stmdar-d .X1( $1 I r!.?Y i3H. d. J 7Hz, MC Hylv) 0.45-0.5 (9H, c, 





mixture was stIrred for a f-urther 17h The solvent was removed and the residue was purified by chromatography 
on silica gel (light petroleum : ether, I :.2) to yield the title compound (17) (16Omg, 65%) as an 011. [a]D -21 
(c 1.8 chloroform). IR (CHC13) (cm-l) 1540 s (N-H bend) 1670 s (C=O stretch) 1720 m (C=O stretch) 175.5 s 
(C=O stretch) 1800 w (C=O stretch) 3340 m (N-H stretch) 3440 u’ (N-H stretch). 6H (270MHz, solvent 
CDC13, standard Me4.G) 0.37 (3H. d, J 7Hz, Me Hy11) 0.4-0.5 (9H. c, Me Hy~v) 0.57 (3H, d, J 7Hz, Me 
Hyw) 0.65 (3H, d, J 7Hz. Me Hy~v) 1.07 (3H. d, J 7Hz. Me LX) 1. I6 (3H, d, J 7Hz. Me L.ac) 1.62 (3H, d, J 
7Hz, Me Lac) 1.952. I (3H, c, CH I-propyl) 3.0-3.3 (133, c, CH2 Phe) 4.21 (lH, m. N-CH) 4.35-4.5 (4H, 
c, N-CH) 4.74 (IH. m, N-CH) 4.83 (IH. d, J 3.SH1, 0-CH H~I\) 4.91 (IH, d, J 3.5Hz, 0-CH Hy~v) 4.95- 
5.2 (5H, c, 0-CH Hy~v, 0-CH LX & 0-CH?) 5.26 t IH. q, J 7Hz. 0-CH Lac) 5.67 (lH, d, J 6Hz, NH 
carbamate) 7.1-7.4 (35H, c, C6H5) 7.71 (1H. d, J 6H/, KH amide) 7.X5-7.95 (?H, c, NH amide) 8.05 (lH, 
d, J 5Hz, NH amide) 8. I5 (I H, d, J 6.5H1., NH amIdei hC (68MHr. solvent CDC13, standard Me4Si) 

15.90 - 16.03 - 16.55 - 16.88 - 17.08 - 18.35 - IX.38 IX -II (Me Hy11 & Me Lac) 29.78 - 29.88 - 30.04 (CH 
I-propyl) 36.04 - 36.29 - 36.60 - 36.68 36.72 37.2 1 cC‘H2 Phc) 54.03 - 55.05 - 55.54 - 55.83 - 55.98 - 
56.37 (N-CH) 67.68 (0-CH?) 6877 - 70 17 70.51 (O-(‘tt Lac) 78.10 - 78.63 (0-CH Hyw) 126.74 - 127.03 

127.14 - 127.21 - 137._56 - l?Y.lh 12X.45 llX.4.X lX.M! - 12X.70 - 138.80 129.01 129.24 - 129.33 
( CH phenyl ) 135.15 - 13581 13h.17 136.33 ISf3.41 136.74 137.15 (C phcnyl) 156.83 (C=O 
carbamate) 366.88 - 169.xX 170.06 I70 IX 1705x I’W.85 17093 171.00- l71.78- 171.80- 172.09 

(C=O). 

Cyelo D-phenylalanyl L-u-hydroxyisovaleryl L-phenylalanyl D.-lactyl D-phenylalanyl L-a 
hydroxyisovaleryl L-phenylalanyl D-lactyt D-phenylalanyl L-a-hydroxyisovaleryl L- 
phenylalanyl D-lactyl (2). 

A solution of benzyloxycarbon!~l I>-phcn>lalan>l I -(l-h~dr(1T).I~(1valerql I_-phenylalanyl D-lactyi D 
phcnylalanyl I~-cl-hydro~)Iso\.alcr) I I -phen) Ialan! I 11 act!1 I,-phcnylalanyl I_-tx-hydroxytsovaleryl L- 
phenylalanyl Dlactlc acid pentallu~wophen)l cstcr ( I71 iW mg, 53pmol I in 1,4-dloxan (Wml) was injected 
continuously over a period 01 24h Into a well stlrred ml\ture of dlmethylaminopyridine (6.5mg, S353ymol), 
palladium on charcoal (5%) I I .Og). absolute ethanol (5ml b and I ,4-dlown (35OmI) at 90°C. whilst passing 
hydrogen through the solution. The mluturc uas f~ltcred. the sol\‘ent was removed and the residue 
chromatographed on sihca gel (light pctrolcum : ether. 3 71 to g~\e the title compound (2) (62mg, 84%) as an 
Oil. [alD -79 (C 2.4 chloroform). hH (27OMH/, sol\cnt (IDCI3. stltndard Me4S1) 0.37 (9H, d, J 7Hz. Me 
Hyiv) 0.47 (9H. d, J 7H;r, Me Hy11 J I 38 (9H. d, J 7H/. hlc LX) 1.97 (3H, c, CH i-propyl) 3.1-3.3 (13H, c, 
CH2) 4.53 (3H. m, N-CHI 4.09 I 1H. m, N-CH) 4.73 (_%H. d. J :3.SH[, 0CH Hyiv) 5.24 (3H, q. J 7Hz, O- 
CH Lac) 7.15-7.3 1:30H, c, C,Hg, 7 ‘28 t3H. d, J 7H/. ht-Ii X.00 (3H. d, J C).SHz, NH). 6C (68MHz. 
solvent CDCl3, standard Me4Sir Ih 2S - 16.94 18.Ztt (hle HyI\ & Me LX) 30.05 (CH I-propyl) 35.84 36.35 
(CH2 Phe) 53.91 55.72 t N-CH) 70.X3 (O-CH Lx) 79 L’S (0C’H Hy\) 116.91 - 127.21 - 128.61 - 138.85 - 
129.30 - 129.39 (CH phcnvl) 136 OS I3670 (C phcn\l) 170 OX 170.70 - 171.79 - 172.19 (C=O). Found 
M+, 1398 FAB.C7XH90NhO,~requ’rr, M’. IWX 

0-Acetyl-N-benzyloxycarbonyl I.-tyrosine (181. 
A solution of N-benzylouycarbc)n)l I.-t!.roslnc I I .Op. 3 3mmol). acct~c anhydride (0.4?g, 4. lmmol) and 

dimethylamrnopyndme (0.50g, 4. I mmol) In eth!-I acetate uas stirred at room temperature for 5h then washed 

with dilute hydrochloric acid (2xlGOml). brine (2xlWml). drlcd (anhydrous Na+0,3 and the solvent removed 
lo yield O-acetyl-N-ben7~l(~x~carlx~n~I I.-tyrosme (18) I I l9g, IOWZ). [tx]-D +46 (c 1.73 chloroform) IR 
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(CHC13) (cm-l) 3450 w (N-k! stretch) 1760 & 1735 s (GO) 1510 m (N-H bend).bH (270MHz. solvent 
CDCl3, standard Me4St) 2.26 (3H, s, COCH3) 3.05 ( 1 H, ABX, J 5 & 14Hz, CH2 Tyr) 3.18 (lH, ABX, J 6 
& 14Hz, CH2Tyr) 4.66 (IH, m, N-CH) 5.08 (21~. s, 0-CH2) 5.40 (lH, d, J 8Hz, NH) 6.97 (2H, d, J SHz, 
C6H40) 7.13 (2H. d, J 8Hz, C6H40) 7.31 (51-1, c, C 6H5). hC (68MHz, solvent CDCl3, standard Me4Sij 
21.17 (CH3 COCH3) 37.09 (CH2 Tyr) 54.63 (N-CH) 67.27 (O-CH2) 121.76 - 130.47 (CH Tyr) 128.21 - 
128.31 - 128.60 (CH phenvl) 133.37 - 149.83 (C Tyr) 136.13 (C phenyl) 156.04 (C=O carbamate) 
169.77(C=O COCH3) 175.72V(C=O).C ,9H t9NO6 requrrcs M+ 357, Cl (ammonia) (M & NH# 375; 1000/o. 

0-Acetyl-hi-benzyloxycarbonyl L-tyrosyl D-lactic acid t-butyl ester (19). 

A solution of 0-acetyl-N-benzylo~ycarbonyl I.-tyrosme ( 18) ( 1.99g;5.6mmol), D-lactic acid t-butyl ester 
(l.OOg;6.8mmol) and dtmethylamrnopyrrdrnc (O.OXg, 0.6mmol) m dtchloromethane (30ml) was cooled to - 
4U’C and dtcyclohexylcarbodtimtde (I. 15g, 56mmol) rn dtchloromethane (3ml) was added. The mixture was 
sttrred for 18h, and the prectpitate 01 urea \\dlr Itltcrcd ott The solvent was removed and the residue was 
purtfted by chromatography on s111ca gel (II&[ petrc~lcum cther:.drethyl ether, 2-l) to yield O-acetyl-N- 

benryloxycarbonyl I.-tyrosyl t>lacttc actd t-butyl ester ( 14) (?.Olg, 74%) as an OII. IR (CHCl3) (cm-‘) 3450 w 
(N-H stretch) 30(X) w (C-H stretch) 1740 s ((:=O) 1510 nr (N-H bend). SH (270MHz, solvent CDC13, 
standard Me4S1) 1.40 (31-1, d, J ~HL, CH3 t;c~) 1.44 (9H. s, (CH3)3 t-butyl) 2.27 (3H, s, COCH3) 3.0-3.1 
(?H, m, CH2 Tyr) 4.71 (IH, m, N-W) 4.91 (111. q, J 7H/. 0-CH) 5.08 (?H, m, 0-CH2) 5.34 (lH, d, J 
XfIr., NH) 6.99 (3H, d. J 8.5Hz, C6H40) 7 I-1 (71-1, d. .I X.SH/. C6H40) 7.33 (5H, c, C6H5). fiC (68MHz, 

solvent CDC13, standard Me4Si) 16.82 (CH3 L.LK) 21. IX (CH3 COCH3) 27.94 (CH3 t-butyl) 37.61 (CH2 Tyr) 
41.83 (N-CH) 66.99 (0-(:H?) 70.11 (O-CH) X2.38 I(: t-butyi) 131.67 -130.40 (CH Tyr) 138.15 - 128.21 - 
128.55 (CH phcnyl) 133.48: 149.80 (C Tyr) !363X IC phenyl) 155.56 (GO carbamate) 169.20 - 169.44 - 

170.80 (c’=O). Cl6H3 I NO8 requrrcs f& 485 (‘It !;ul~monra) tM & NH4)+ 503; 100% - - 

0-Acetyl L-tyrosyl D-lactic acid t-butyl ester 120). 

A mrrture of palladtum on charcoal (10%) (0.5~) and 0acety I-N-benzyloxycarbonyl I.-tyrosyl lactic acid t- 
butyl ester (19) ( 1.7Og, 3.5mmol) III ethyl ace~dte ( ISml) was hydrogenated for 4.5h. The catalyst was filtered 
off and the solvent was removed to afford a\ an WI 0-azctyl I.-tyrosyl D-lactic actd t-butyl ester (20) 
( 1.12g;99%~). 6fI (27OMHz, solvent CDC13, standard Me4St) 1.41 (3H, d, J 7Hz, CH3 Lac) 1.46 (9H, s, 

tCH3)3 t.butyl) 2.29 (3H. s, COCH3) 2.57 (3H. br, NH?) 2.94 (IH, ABX, J 6 & 13.5Hz, CH2 Tyr) 3.11 
tlH, ABX, J 7.5 JL 13.W~. CH? Tyr) 3.81 (lt4. dd, J 6 & 7.5H1, N-CH) 4.93 (lH, q, J 7Hz, 0-CH) 7.02 
(2H, d, J 8.5H1. C6H40) 7.24;2H, cl, J K.SHL C,H40) hC (68MHz, solvent CDCl3, standard Me4Si) 

16.89 (CH3 Lacr 21.21 (CH3 COCH3j 28.01 (CtH3 l-bulyl) 39.92 (CH2 Tyr) 55.57 (N-CH) 69.56 (0-CH) 
X2.33 (C t-bulql) 131.73 - 130.45 (CH Tyr) 134.73 - 149.63 (C Tyr) 169.64 - 169.72 173.89 (C=O). 

Benzyloxycarbonyl D-phenylalanyl L-cx-hydroxyisovaleryl-0-Acetyl L-tyrosyl D-lactic acid t- 
butyl ester (21). 

Dicyclohexylcarbodttmtde (l.OXp,~5.3mm~~l I in drzhloromethanc (5ml) was added to a solution of 
benzyloxycarbonyl I~phcny~lalany~l I.-tr-hydroxy ~~vdlertc actd (8) (3.(38g;5.3mmol), 0-acetyl L-tyrosyl 
lacttc actd t-butyl ester (20) (1.3 lg;37mmol) and dtmethylaminopyridtne (0.06g,,0.5mmol) tn 
dtchloromethane (2Oml) at -40°C. The mt\ture has sturcd for l7h, the dicyclohexylurea was filtered off, the 
solvent removed and the rcstdue was chromutographed on s111ca gel (light petroleum ether-diethyl ether, l-2) to 
~IVC benzyloxycarbonyl I>-phenylalanyl t.-tx-h~dro\!Iscl\,afc~l 0-acetyl L-tyrosyl lactic acid t-butyl ester (21) 
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(2.08g:76%) as an 011. [aID -4 CC 7.60 chloroform) IR (CHCl3) (cm-l) 3450 & 3340 w (N-H stretch) 

2990 & 2975 w (C-H stretch) 1745, 1725 & 1690 s (C=O stretch) 1510 s (N-H bend). 6H (270MHz, solvent 

CDC13, standard Me4Si) 0.49 (3H, d. J 6.51-11, CH3 Hy~v) 0.51 (3H. d, J h.SHz, CH3 Hyiv) 1.39 (3H, d, J 

7Hz, CH3 LX) 1.41 (9H. s, (CH3)3 t-butll) 2.08 (IH. m. (‘11 I-propyll _.__ ’ ?’ (3H. s, COCH3) 3.0-3.25 (4H, 

c, CH2 Phe & Tyr) 4.49 (IH. m, N-CH Phe) 4.75-5.0 (3H, c, N-CH Tyr. 0-CH Hyiv & 0-CH LX) 5.03 & 

5.18 (2H, AB, J 12Hz, 0-CH2) 5.76 (IH, m, NH carbamatc! 6 96 (2H, J, J 8SHz, C6H40) 7.16 (lH, d, J 

6.5Hz. NH atmde) 7.18 (2H. d, J 8.5H7, C6H40) 7.2-7 4 ( IOH, c, C6Hs). 6C (68MHz, solvent CDC13, 

standard Me4SI) 15.87 16.58 18.25 (CH3 H~I\ & LX) 21.00 (CHJ COCH3) 27.79 (CH3 t-butyl) 39.84 

(CH I-propyl) 36.20 37.19 (CH2 Phe & Tyr) 53.47 - 55.98 (N-CH) 67.30 (0-CH2) 69.86 (O-CH Lac) 78.57 

(0-CH Hyiv) 82.03 (C t-butyl) 121.4.8 130.18 (CH T>r) 12X.05 13X.i6 - 138.39 - 128.45 - 128.68 - 

129.10 (CH phenll) 134.11 - 14Y.4Y (C Tyr) 13535 - 135.Y5 (C phenyl) 156.37 (C=O carbamate) 169.31 - 

169.42 170.38 171.40 ((‘=O). CajH4~N20ll requrrc$ tvl+ 731, FAB (M & H)+733; 3%. 

D-Phenylalanyl L-a-hydroxyisovalery1 0-Acetyl L-tyrosyl D-lactic acid t-butyl ester (22). 
To a solution of benz~lo\ycarbonyl I)-phenylakql i.-((-h)dro\!.Iw)\aler~l 0-acetyl-I,-tyrosyI Wactic acid t- 

butyl ester (21) (210mg, 029mmol) III eth1.l acetate t?Oml) \vrlc added palladium on charcoal (1W;) ( IOOmg) 

and acetic acid (O.O4g, 0.66mmol). The mlxture was h!dropcnatcd for 13h. Filtration and evaporation ol 

solvent under reduced pressure ),~clded t>phenylalanqI I.-tr-h\dn,\~tsovalel~l 0-acetyl t.-tyrosyl I,-IacUc acid t- 

butyl ester (22) (16Omg;Y34) as an 011. Traces of I,-phcnylalanyl 1..tx-h~droxylso\.aler?;l I.-tyrosyl D-lactic 

acid t-butyl ester m which the acct!,l protecting group \\a.+ no longer In place were also observed. 8H (3_70MHr, 

solvent CDC13, standard Me4Si) 0.80 (3H. d, J 7111, (‘H, H)I\) (1.82 (311. d, J 7Hz, CH3 H~Ix) 1.42 (3H, d, 

J 7Hz, CH3 LX) 1.46 (YH, s, tCIH3)3 t-but>11 2.14 I IH. m. (‘H t-p~op>I) 2.25 (3H, s, COCH3) 2.85-3.2 

(4H, c, CH2 Phe & Tyr) 3.32 (ZH, br, NH?, 3.74 (I H, m. N-C‘H) 4.Y-5.0 (3H, c, N-CH, 0-CH Hyi\. & O- 

CH LX) 6.72 (3H, d. J XHz, C6H40) 6.YYj3H, d. J XH/.. C6H30) 7.0s (It-I, d, J 8Hz, NH amide) 7.15-7.3 

(5H, c, C6H5). hC (6XMHz, solvent CDCI 3, standard Mc~SI) 16.74 16.85 - 18.51 (CH3 Hyiv & LX) 

21.01 (CH3 COCH3) 27.81 (Cti3 t-but?]) 30. I5 (CH I-propq’l) 3h.W - 40.35 (CH? Phe & Tqr) 52.47 55.58 

(N-CH) 69.98 (0-CH I_XJ 78.33 (O-CH H>I\,) X2.4Y (C t-but)-I, 121.55 - 130.35 (CH Tyr) 126.84 - 128.58 - 
129.19 (CH phenyl) 133.59 - 14’4 62 (C Tyr) 13h.K1 (<‘ phcn!ll IhY. Ih 16Y.33 - 16956 - 170.48 173.79 

(C=O). 

Benzyloxycarbonyl D-phenylalanyl L-tr-hydroxyisovaleryl L-phenylalanyl D-dactyl D- 

phenylalanyl L-cr-hydroxyisovaleryl L -phenylalanyl D-dactyl D-phenylalanyl L Q- 

hydroxyisovaleryl 0-acetyl-L-tyrosyl D-lactic acid t-butyl ester (23). 

DicyclohexylcarbodlmiIde ( I-Wmg. 0.6Xmmol I \s a< a&M to a solution of benzylosycarbonyl D 

phenylalanyl L.-a-hydroxllsovaler)l I.-phenylalan) I I?-Iact> I I)-phcn>lalanyl L-cl-hq’droxyisovaleryl L- 

phenylalanyl D-lactic acid (14) [7lOmg,~O.h5mmol). and Irphenylalanyl r.-rr-hydroxylso~alervl 0-acetyl-L- 

tyrosyl Wactlc acid t-but’1 ester (22) (3oOmg. 0.5OmmoI‘~ and dimethylamlnopyrldine (80mg, O.Gmmol) 

m dichloromethane (10ml) at -40°C. The mlrture \q’as stlncd lor 3,days. the urea precipitate was fIltered off 

and the solvent removed under rcduccd pl-cssurc. The reslduc was purlfled by chromatography on silica gel 

(light petroleum ether- diethyl ether, l-2) to g11 e bcw) lo\! carbonyl II-phcnylalanyl I.-cx-hydrox~iso\,aleryl L- 

phenylalanyl Glactyl I>-phenylalanyl I.-tx-h>droh) ISO\ alcr\l I.-phenylalanyl D-la@ Dphenylalanyl I.- 

a-hydroxylsovaleryl 0-acctyl- 1 .-t!,ros! I I>-lack a& t-butyl csler (23) (65omg;78%) as an oil. la]D -12 

(c 1.79 chloroform). IR I(CHU 7) (cm-l) 3.540 & 3340 111 (N-H stretch) 2Y90 & 2975 w (C-H stretch) 1760 
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& 1670 s (C=O) 1550 & 1525 m (N-H bend). hH (270MHz, solvent CDCl3, standard Me4Si) 0.40 (3H, d, J 
7H2, CH3 Hy~v) (X45-0.5 (9H, c, CH3 Hy~c) 0.55 (6H. c, CH3 Hy~v) 1.09 (3H, d, J 7H2, CH3 Lac) 1.18 
(3H. d, J 7H2, CH3 L.ac) 1.39 (3H, d, J 7H/, CH3 Lac) 1.43 (YH, s, (CH3)3 t-butyl) 2.05 (3H, c, CH i- 
propyl) 2.23 (3H, s, COCH3) 3.0-3.4 (12H, c. CH2 Phe & Tyr) 4.3-5.2 (14H. c, N-CH, 0-CH Hyiv, 0-CH 
Lac & 0-CH2) 5.94 (IH, d, J 7Hz, NH carbamatr) 6.72 (2H, d. J KHz. C6H40) 6.98 (2H, d, J 8Hz, C6H40) 
7.0-7.4 (3OH, c, C6H5) 7.73 (2H, c, NH amide) 7.82 (IH. d, J 6Hz, NH amide) 7.88 (lH, d, J 6Hz, NH 
amide) 8.03 (1 H, d, J 6Hz, NH amide). bC (68MHl. solvent CDCl3, standard Mc4Si) 15.Y3 - 16.02 - 16.62 

16.75 - 16.82 - 16.89 - 17.07 18.30 - 18.35 (CH3 H~I\ & LX) 21.13 (CH3 COCH3) 27.89 (CH3 t-butyl) 
29.71 - 29.85 - 29.98 (CH I-propyl) 35.97 36.07 36.39 36.62 - 36.71 - 37.OY (CH2 Phc & Tyr) 53.72 - 
55.02 - 55.32 - 55.50 - 55.83 - 56.33 (N-CH) 67.52 (O-CH2) 6Y.92 - 70.34 - 70.50 (0-CH Lac) 78.07 - 
78.52 78.66 (O-CH Hylv) 82.18 (C t-butyl) 121.40 130.27 (CH Tyr) 136.97 - 127.06 - 127.13 - 127.44 - 
128.09 - 128.18 - 128.39 128.42 - 12X.55 - 12X.61 178.81 128.90 - 129.19 (CH phenyl) 134.87 - 149.40 
(C Tyr) 135.19 135.82 136.10 - 136.30 136 47 - 136.70 ((Z phcnyl) 15h.81 (C=O carbamate) 169.52 - 
169.57 169.65 - 169.74 - 169.83 - 16Y.93 170 5, 170.7J 170.X7- 171.10 - 171.73 171.89 (C=O). 

Benzyloxycarbonyl D-phenylalanyl L-u-hydroxyisovaleryl L-phenylalanyl D-lactyl D- 
phenylalanyl L-a-hydroxyisovaleryl L-phenylalanyl D -lactyl D -phenylalanyl L-a- 
hydroxyisovaleryl L-tyrosyl D-lactic acid t-butyl ester (24). 

Benzylouycarbonyl Dphenylalanyl L-c~-h!dro\~~ao~alcr)l I ..phcnylalanyl I,-lactyl I>-phenylalanyl L-a- 

hydroxyisovaleryl I>-phenylalanyl I>lactyl I!-phcn)lalanqI I.-rx-hydroaylsovaleryl 0-acct$I_-tyrosyl D-lactic 
actd t-butyl ester (23) ( IOOmg, 6Opmol) and Imldn/ole (0 Sg;7,34mmol) were dissolved In a solution of 
acetomtrlle (4ml) and water (lml) and stirred for :! I h at r(x)m temperature. Distilled water (15ml) was added 
and the solution estracted with dleth>l ether :3\;2OmI). The organic Iaver was then washed with dilute 
hqdrochlorlc acid (2xlOml) and brine (IOmi), and the solkent removed under reduced pressure. The 
residue was punfled by chromatography on SIII~ gel (light petroleum ether-dtethyl ether, 1-2) to yield 
benzyloxycarbonyl Dphenylalanyl I.-rr-hydra\)-lsc,\aler) I I.-phenylalanyl D-lactyl I,-phenylalanyl ~.-a- 
hqdroxyisovaleryl Ia-phcnylalanyl D-lactyl I)-phcnylalanyl t>-u-hydroxyisovaleryl L-tyrosyl D-lactic acid 
t-butyl ester (24) (68mg704’). [u]D -1 I (c I .c)? chloroform). IR (CHC13) (cm-‘) 3340 m (N-H stretch) 
2990 & 2975 w (C-H stretch) 1760 & 1670 \ (C=CX 15_50 & 1525 m (N-H bcnd).ijH (27OMHz, solvent 
CDC13, standard Mc4S1) 0.45-0.50 (c)H, c, CH3 H~Iv) 0 SS (hH. d, J ~HL, CH3 Hy~v) 0.60 (3H, d, J 7Wz, 
CH3 Hy~v) 1.08 (3H, d, J 7Hz, CH3 kc) I.18 (3H. J, J 7H/, CH3 Lac) I.40 (3H, d, J 7Hz. CH3 Lac) 1.43 
(YH, s, (CH3)3 t-butyl) 3.06 (3H. c, CH I-prop>l) 3.0-3.2 (17H. c, CH2 Phe & Tyr) 4.3-4.X (6H, c, N-CH) 
4.85-5.2 (8H, c, 0-CH Hyiv, 0-CH l_ac & 0-W:) 5 X9 ( IH, d, NH carbamate) 6.70 (?H, d, J 8Hz, C6H40) 
7.04 (2H, d, J 8Hz. C6H40) 7.15-7.35 (3OH, c. C6Hg 7.62 (IH, d, J 7SHz NH amide) 7.79 (IH, d, J 
5.5Hz NH amide) 7.86 (lH, d, J 55Hz NH am&) 7 82 ( IH, d, J 5H/. NH amide) 8.09 (lH, d, J 5SHz NH 
amide). 6C (68MHz. solvent CDC13, standard Me4SI) 15.Y4 - 16.79 - 16.75 - 16.92 - 17.07 - 18.32 - 18.39 
(CH3 Hyiv & Lac) 27.91 (CH3 t-butyl) 2’1, 72 - 3C).K_ 3 2Y.Y7 (CH I-propyl) 36.00 - 36.W - 36.30 - 36.63 - 
36.85 - 37.11 (CH2 Phe & Tyr) 53.98 54.92 5S.Ob - 55.34, -. 55.46 - 56.34 (N-CH) 67.56 (0-CH2) 69.95 - 
70.60 (0-CH Lac) 78.27 78.60 - 78.71 (0-CH H>I\) X2.W (C t-butyl) 115.44 - 130.31 (CH Tyr) 126.97 - 
127.08 - 127.17 127.46 - 128.12 - 128.42 12X.60 - 138.64 - 128.74 - 128.91 - 129.20 - 129.29 (CH 

phenyl) 127.99 155.42 (C Tyr) 135.18 - 13.5.81 136.03 136.27 - 136.37 - 136.63 (C phcnyl) 156.84 
(C=O carbamate) 169.70 - 169.73 - 169.95 - 170.02 1711.~~ 170.77 - 170.80 - 170.87 - 171.33 - 171.81 - 
173.18 (C=O). %H l~N6022 requires hP 1623. l:AB (tvl & H)+ 1624; 1% 
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Benzyloxycarbonyl D-phenylalanyl L-a-hydroxyisovaleryl L-phenylalanyl D-lactyl D- 

phenylalanyl L-a-hydroxyisovaleryl L-phenylalanyl D-lactyl D-phenylalanyl L-a- 

hydroxyisovaleryl L-tyrosyl D-lactic acid (25). 
A solution of benzyloxycarbonyl I)-phenylalanyl I.-c~-hvdro~~lsovaleryl L-phenylalanyl l>lactyl D- 

phenylalanyl I.-a-hydroxyisovalyl I.-phenylalany I I)-iact\ _ t)-pheny-lalanyl L-a-hydroxyisovaleryl L- 

tyrosyl Wactrc actd t-butyl ester (24) (143mg. Khpmol) tn dtchloromethane (3ml) and tnfluoroacetic acid 
(3ml) was kept at room temperature for 7h. Evaporatton of solvent under reduced pressure gave 

benzyloxycarbonyl t>phenylalanyl t_-tx-h~droq~so\alcr)l t.-phenylalanyl D-lactyl D-phenylaianyl L a- 
hydroxyisovaleryl L-phcnylalanyl t>lactyl trphenylalany I t,-cx-hydroxytsovaleryl I.-tyrosyl D-lactic acid 
(25) (134mg 100%) as an oil. JR (CHCI3) (cm-l) 3350 m (N-H stretch) 2990 & 2975 M’ (C-H stretch) 1760 
& 1670 s (C=O) 1550 & 1525 m (N-H bend). hH (270MH1, solvent CDCI3, standard Me4Si) 0.40-0.60 
(l8H, c, CH3 Hyw) 1. I5 (3H. d, J 7Hz, CH3 LX) I 1X (3H, d, J 7Hz., CH3 LX) 1.43 (3H, d, J 7H2, CH3 
Lac) 2.06 (3H. c, CH t-propyl) 3.0-3.25 (12H. c. CH2 Phr & Tyr) 4.4-4.8 (6H, c, N-CH) 4.85-5.2 (8H, c, 
0-CH Hy~v, 0-CH LX & 0-CH2) 5.87 (IH, d, NH carbamatci 6.71 (2H, d, J 8Hz, C6H40) 7.02 (2H, d, J 
8Hz, C6H40) 7.2-7.5 (3OH, c, C6H5) 7.66 ( IH. d. .I 71-11 NH amide) 7.74 (IH, d, J 7Hz NH amide) 7.77 
(lH, d, J 7Hz. NH amide) 7.79 (IH. d. J 6.SHr NH dmtdc) X.00 (IH. d, J 7Hz NH amide). bC (68MHz, 
solvent CDCl3, standard Me4St) 15 97 - 16.07 - 16. I6 ih.78 16.96 17. I I 1X.38 (CH3 Hyv & Lac) 29.82 

- 29.90 - 30.04 (CH t-propyl) 36.(X) 36.09 36.35 - 3fx62 36.91 37..__ 33 (CH? Phc & Tyr) 53.84 54.43 - 
55.06 - 55.34 - 55.50 -56.34 (N-CH) 67.71 (0.CH ,, hc).SX - 70.93 71.13 (&CH LX) 78.59 - 78.69 - 
79.24 (0-CH Hyrv) 115.59 - 130.54 (CH Tyr) 127.13 1 127 21 127.29 - 127.36 - 127.52 - 128.25 128.58 - 
128.70 - 128.74- 128.83 128.88 - 12X.98 129.03 13.30 (CH phcnyl) 127.46 - 155.19 (C Tyr) 135.43 - 
135.85 - 135.91 136.18 136.49 136.99 (C phenyl) 157.04 (C=O carbamate) 170.331 170.39 - 170.47 
170.81 - 170.96 17l.W I71 I3 171.27 171.92 172.05 172.15 - 172.21 (C=O). C86H98N602’ 
requtres M+ 1567, FAB (M & H)+ 1-56x; 1 ‘R (M K! Ndlf ISHI; 297 

Benzyloxycarbonyl D-phenylalanyl L-a-hydroxyisovaleryl L-phenylalanyl D-lactyl D- 

phenylalanyl L-a-hydroxyisovaleryl L-phenylalanyl D-dactyl D-phenylalanyl L-a- 

hydroxyisovaleryl L-tyrosyl D-lactic acid pentafluorophenyl ester (26). 
A solution of benzyloxycarbonyl t>phcnylalanyl I .-cl-hydroaytsovaleryl I.-phenylalanyl D-tactyt 11 

phenylalanyl I.-a-hydr<>xyisovaleryl L-phenylalany~l II-lactyl t>phenylalanyl L-a-hydroxytsovaleryl L- 
tyrosyl D-lactic actd (25) (473mg;302~mol). pcntal~luorophenol (555mg 3.0mmol) and dimethyl- 
amtnopyridine (37mg. 302ymol) m dichloromethane t 5tnl) was treated wtth dicyclohexylcarbodiimide 
(93mg;453~mol) at 0°C. The mixture uas stirred tor- IKSh The solv,cnt was removed and the residue was 
purified by chromatography on stl~ca gel (Itght petroleum ether-diethyl ether, 1-l) to give 
benzyloxycarbonyl I:)-phenylalanyl I.-u-h!,dru\~lso\nlcr!I i -phcnylalany~l I>-lactyl D-phenylalanyl L-a- 
hydroxyisovaleryl L-phenylalanyl II-lactyl I)-phct~ylalanyl I.-tx-hydroxytsovaleryl L-tyrosyl D-lactic acid 
pentafluorophenyl ester (26) (23C)mg,44% ) as an 011 jt~]D -20 (c 0.4 chloroform). IR (CHC13) (cm-‘) 
3430 & 3330 m (N-H stretch) 1760 & 1670 s (C=O) 1525 m (N-H bend) 6H (270MHz, solvent CDCl3, 
standard Me4Si) 0.40-0.50 (9H, c, CH3 HAIL) 0 56 (Cd-l, d. J 7H/. CH3 Hy~v) 0.61 (3H, d, J 7Hz, CH3 
Hyiv) 1.06 (3H, d, J 7Hz, CH3 Lac) 1.18 (3H, d, J 7H/.. CH3 LX) 1.65 (3H, d, J 7Hz, CH3 Lac) 2.06 (3H, 
c, CH i-propyl) 3.0-3.25 (l2H, c, CH2 Phe & Tyr) 4.74 ( I H. m. N-CH) 4.4-4.5 (4H, c, N-CH) 4.55 (lH, m, 
N-CH) 4.85 (IH. d, J 3.5Hz, 0-CH Hy~v) 4.91 (IH. d. J 3.5H/, 0-CH Hyw) 4.95 & 5.03 (2H, AB, J 12Hz. 



0-CH2) 5.05-5.7 (3H, c, 0-CH Hyl\ & 0-CH Lac) 5.28 (IH. q, _I 7Hz. 0-CH Lac) 5.69 (lH, d, J 5.5Hz, 
NH carbamate) 6.71 (2H. d. J ~HL, C6H40) 7.04 (3H. d, J XHz, C6H40) 7.15-7.4 (30H. c, C6H5) 7.70 
(IH, d. J 6.5H1 NH amide) 7.74 (IH. d, J 6Hl NH amide) 7.87 (IH, d. J 5SHz NH amide) 7.92 (IH, d, J 
5SHz NH anude) 8.1 I (1H. d. J 5Hz NH amide). bC (68MH/, solvent CDCI3, standard Me4Si) 15.97 - 
16.12 - 16.65 - 16.86 17.05 - 18.34 (CH3 Hy~v & LX) 29.78 - 29.87 - 29.97 (CH i-propyl) 35.69 - 36.01 - 
36.24 - 36.62 - 36.75 37.15 (CH2 Phe & Tyr) 54.29 - 55.03 - 55.48 55.60 - 55.70 - 56.37 (N-CH) 67.62 
(O-CH2) 68.73 - 70.43 - 70.51 (0-CH Lac) 78.28 - 78.63 (0-C‘H Hyv) 115.45 - 130.34 (CH Tyr) 127.01 - 
127.13 - 127.23 127.51 - 128.12 - 128.44 IX -58 128.67 - I28.80 118.W - 128.97 - 129.09 - 129.23 - 

129.30 (CH phenyl) 155.48 (C Tyr) 135.18 135.85 136.07 136.30 - 136.66 (C phenyl) 156.86 (C=O 
carbamate) 166.87 169.75 - 169.89 - 170.06 170.14 - 170.85 170.97 171.50 - 171.89 - 172.17 (C=O). 
CY2H~N6022F5requtrcs M+ 1733, FAB (M 6i t~i)+ 1734; 1% (M & Na)+ 1756; 1% 

Cycle D-phenylalanyl L-a-hydroxyisovaleryi L-phenylalanyl D-lactyl D-phenylalanyl L-a 
hydroxyisovaleryl L-phenylalanyl D-lactyl D-phenylalanyl L-a-hydroxyisovaleryl L-tyrosyl 
D-lactyl (4). 

A solution of benLyloxycarbony1 U-phcnylalanqi I.-cl-hydro\ylso\.atcryl I_-phcnylalanyl Wactyl D- 
phenylalanyl r.-tx-h~dri~x4lsovalcn.l I.-phenl Ialan) I I)-luclyl I)-phenylalanyl I~-tx-hydroxvisovaleryl I>-tyrosyl 
I,-lactic acid pen&f1 uorophcq I ester (361 (XOmp:43pmol), in 1,4-dloxan (25ml) was Injected 
continuously over a period 01 IOh InkI a \icll wrrcd ml\ture 01. dlmcthylaminopyndlne (hmg;49pmol), 
palladium on charcoal (5% ),( I .Og), absolute ethanol (3ml) and 1,4-dloxane ( 1(X)ml) at 9VC, whilst passing 
hydrogen through the solution. The reacllon mI\lurc \\a\ then ctlrred overmght under nllrogen, filtered, the 
wlvent removed and the residue chromatogmphcd on s111ca gel (light petroleum ether.: &ethyl ether, 1-l). 
Cycle [D-phenylalaq I I.-tr-hydroxylso\aleryl I.-phenyl&m>l IXlac1yl &phenylalan> I r-a-hydroxy- 
Iso\aleryl r.-phenylalanyl I>lactyl 1 )-phenylalan> I I .-cl-hqdro\yIsovaler!,l L-tyrosyl Wactyl] (4) (39mg, 
58%) w)as isolated as an 011. (tx]D -67” cc (I.6 chlorotclrrn). IR tCHCl3) (cm-‘) 3600 u (fret O-H stretch) 

3420 & 3325 m (N-H stretch) 1740 & 1655 s (GO) I535 & I515 s (N-H bend). 8H (27OMHz, solvent 
CDCl3, standard Mc4S1) 0.37 (YH, c, CH3 H>I\) 0.47 (YH, c, CH3 Hy~v) 1.37 (9H, d. J 7Hz, CH3 Lac) 
I 95 (3H, c, CH I-propyI) 3.0-3.3 (12H, c, CH? Phe & T>r) 4.53 (3H, c, N-CH) 4.67 (3H. c. N-CH) 4.73 
(3H, d, J 3.5Hz, OCH Hy~v) 5. 22 (3H, q, J 7&, OCH LX) h 74 (2H, d, J XHz, C6H40) 7.12 (2H, d, J 
KHz, C6H40) 7.2-7.4 (2_5H, c, C6H5) 7.95 (3H, d, J 7SHz NH amide) 7.97 (3H, d, J 9.5Hz NH amide). 
hC (68MHz, solvent CDCl3, standard Me4.%) 16.26 - 16.9X 1X.26 (CH3 H~LV & LX) 30.06 (CH i-propyl) 
35.84 - 36.40 (CH-, Phe & Tyr) 53.97 - 55.68 (k\;-0-I) 70.87 (0-W Lac) 79.27 (0-CH Hylv) 115.49 - 
130.52 (CH Tyr) 1G.92 - 127.23 - 128.62 - 12X.85 129.79 - 129.37 I.CH phenyl) 127.10 - 155.13 (C Tyr) 

136.00 - 136.65 (C phenyl) 170.08 - 170.78 - 171.85 172. 15 (c‘=O). C7sHggN6019requlres M4 1414, 
FAB (M & H)+ 1415 WL% .- . (M & H20)+ 1432; 20’7/,. (.LI Sr Na)+ 1437; 15%. 

Cycle D-phenylalanyl L-a-hydroxyisovalcryI L-phenylalanyl D-lactyl D-phenylalanyl L-a 
hydroxyisovaleryl L-phenylalanyl D-lactyl D-phenylalanyl L-a-hydroxyisovaleryl 0-acetyl L- 
tyrosyl D-lactyl (5). 

A solution of cycle [ E-phenylalanyl r_-n-h4droxylso\aleryl I.-phenylalanyl Dactyl lrphenylalanyl 
r_-tr-hydroxylsovaleryl L-phenylalanyl Dlactyl &phenylalanyl I.-a-hydroxyisovaleryl 1..tyrosyl D-dactyl] 
(4) (25mg 18ymol). acetic anhydride (2mg , 2 Iprnol) and dlmelhylammopyridine (3mg.2 lpmol) in ethyl 
acetate (5ml) was stlrred at room temperature Ior 2h then v.aashed ~lth dilute hydrochlortc acid (2x2ml), 



bnne (2x3ml), dried (bcwcne). The sollent remobeci and the restduc chromatographed on sihca gel (light 

petroleum ether-dlethyl ether, l- I ) LO j~eld c.~cl(~_li,-phrnqlalanyl I.-tx-hydroxylsovaleryl L-phenylalanyl D- 

lactyl D-phenylalanyl I,-tx-hydrux~lsovaler~i I.-phenylalanyl II-lactyl D-phenylalanyl L-a- 

hydroxyisovaleryl 0-acetyl I.-tyrosql I>-lxtyl] (-5) ( I hp. 59%). bH (?7OMHz, solvent CDCl3, standard 
Me4Si) 0.37 (9H, d, J 7H/., CH3 H!Iv) 0.48 (YH, d, .I 7H1. Cki3 Hy\,) I.40 (9H, d, J 7H2, CH3 Lx) 1.97 
(3H, c, CH I-prop),l) 2 77 (3H, s. COCH+ 3 1-3 3 ( 131. c, CH2 Phc & Tlr) 4.54 (3H, c, N-CH) 4.68 (3H, 
c, N-CH) 4.73 (3H, d, J 3.SH/, 0-CH H&t) 5.23 (311. c, 0-CH Lx) 7.00 (3H, d, J 8H7, C6H40) 7.2-7.4 

(27H, c, C6H40 & C6H.g 7 Y8 (3H. d, J Xi{/ NH am&z) X.02 (3H, d, J 9Hz NH amide). 6C (68MHz, 

solbent CDCl3, standard Me4S1) Ih 27 I~~.K! lk95 I6.08 IX.26 (CH3 Hylc- & Lx) 21.37 (CH3 

COCH3) 30.07 (CH I-propll) 35.86 - 36.35 (CH? Phc li: T>rj 53.YS . 55.71 (N-CH) 70.82 70.99 (0-CH 
Lac) 79.31 (0-0~ Hyt\) 121 76 1311.41 (CH Tyr; 120 ~4 137 14 17X.64 17X.87 - 129.30 - 119.39 (CH 
phenyl) 134.33 149.69 (C Tyr) 136.03 - 136.w (C phcnyl) 169.M) (C=O acetoxy) 170.09 170.75 - 170.80 

- 171.80 - 171.82 - 171.86 - 172. IX 172 1-4 171.27 (‘&) C7~H~$Q,O19 reqmres M+ 1457, FAB (M 

&H)+ 1458; 2% (M & f-110)+ 147s. (M & %a)+ I&o. 2’: 
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