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Synthesis of Phenyl Substituted Valinomycins 

In the two preccdtng pilpcrs’~’ \re have dcscnbcd the dc\elopmcnt of an efftctent protocol for the key 
cycltsatton step leading to cycI(rdepsrpepttdcs and the use of this protocol m the synthesis of modified 
valinomyctns. In thts earltct- paper by tncorporatton of aryl restdues tnto the aminoacrd buildtng blocks, 
valinomycms have been synthest/cJ car~-y~ng an I rcstducs close to the apertures of the valinomyctn cavity. The 
alternatt\e of mcorporatton of the ary I residues Into the hydroxyactd moiety is likely to lead to modified 
valmomycms vrhere the aryl restducs at-e located anay Iron1 the apertures. If the normal conformation3 of the 
potassium complex of naturally txzcurnng \ahnomycm (I) wcrc to be adopted the ary4 residues should be placed 
around the equator rathet- than the poles. As the conformatron of natural valinomycin (1) in the form of the 
potasstum complex IS largely determined by the ligand metal ton interaction, and the network of hydrogen 
bonds4 around the equator. I.C the regton where the aryl restdues mtght be placed, it IS important to establish 
whether such aryl substttutton dtsrupts this network of hydrogen bonds. or alters the charactertstics of metal ion 
binding. In the potassium I~XI complex of naturally occurrtng valmomycrn the isopropyl residues of the valine 
residues screen the entrances 01 the cavrty SIX amtde hydrogen atoms and the six correspondmg carbonyl 
oxygens form a belt of hydrogen bonds around the equator. The rtgtdtty and stabrlity of the potasstum ion 
valinomyctn cornpIe\; derrves tn substantial part from this network of hydrogen bonds. In thus paper the 
synthesis IS descrtbed 01 ,I modtfred valtnomycin (2) where the phenyl residues are incorporated in the 
hydroxyactd fragments. By nmr and electrochemical studies It IS clearly established that such phenyl substitution 
does not interfere with the hndmg (~4 metal ions or senously modify the stability of the complexes. Hence in this 
and the preceding pper2 the basis IS laid for the synthesis of two series of modified valinomycins, which might 
act as potassium ion sensors by attachment to resms via a functionality located in the aryl residues. 



The synthesis of the mtdltled valmornyxn (2) IS shou n III Scheme 1. The dipeptlde fragments (3) and (4) 

were advanced through Intermedrates (5 14) In order to prepare the linear dodccapeptide (1.5). The coupling of 

the acid (5) pith the amlne (6) using dqcloheq Icarbodrlmlde proceeded m a satisfactory 92% yield. The later 

couphngs to afford the dodecadcpsipcptlde \rere however not carried out using the dllmide methodology. 

Instead the pentafluorophenyl ester (9) was coupled with the appropriate fragments (10) and ( 12). A difficulty 

was observed in the attempted dicyclohexylcarbodi~m~de couphng of the amine salt (IO) with acids. The origin 

of the problem was traced to the instability of the free amine of the trlfluoroacetate salt ( 10). Under conditions of 

attempted couphng of the free amine decomposrtton products were obser\,ed. Clcavagc of the ester bond lo 

afford D-ulanrne and a trldepslpcphde fragment easily occur. This process IS clearly rmtiatcd by the terminal 

amino group a2d we attribute the unusual faclht> 01. this process to the relatibc lack of sterlc hindrance at this 

site. However the trlfluoroacctare salt (l(J) IS stable. The salts ( IO) and (12) were obtained by reductive cleavage 

of the benqloxycarbonyl derl\ atl\‘es (7) and (1 I) In ethyl acetate containing 10% tnfluoroacctlc acid. These 

conditions avoided the dcstrucllon of the t-butyl ester group but permitted the isolation in near quantrtative yield 

of the trlfluoroacetate salts ( IO) and ( 12). Thcsc \+erc then cfllciently coupled w Ith the pentafluoroester (9) under 

condltlons \\.hlch did not lead to cleavage to afford I)-alanine. The coupled products, the octadepsipeptide (11) 
and the dodecadepslpeptlde ( 13) \s’ere obtamcd in 64 and 59% yield respcctlvcly. The cycllsation of the linear 

dodecadepslpeptlde was achie\ cd via the pentanuorcrphcn\lestct protocol. Thus the ester ( 14) was cychzed to 

afford the target cyclic dodecadepslpeptldc (2) In 24% >IcIJ. This yield IS substantially lower than the 84% 

yield2 achleled in the preparation of the related modll.led vahnompcln carrymg the phenyl groups at the entrance 

to the aperture rather than rclund the equator. T\r o lactors arc IrkI> to ha\,e lowered the yield of cyclisation. One 

IS the possible clearage of the terminal L)-alanine rcsrdue JS dlscussed above. However m \ ic~f, of the better 

yields (64 and SC)%) obtained In coupling hncur fragments under similar conditions, 11 is likely that a second 

factor is leading to reduced y~clds. The location of the aryl residues ma! profoundly affect the rransltion slates 

for cycllsation and we suspect that ad\,erse conformatlonal factors contribute to the lowerlng of the observed 

yield. 

The posslbllity that the phcql rcsldues, pluccd around the equator in the modified \allnomycin (2) might 

modify the characterlstlcs of Ion brnding was studied by nmr and by measurement of tbc stability constants 

assocclated with the binding 01 alkali metal Ions. The ‘H and 13C spectra of both the depsipeptide (2) and the 

potassltur ion complex were slmpllfled by an ellectl\e threefold symmetry. The observed HN-uCH vicinal 

couplmg constants f-or D-Val (7 KHI.) and L-Val (6.4H~) are similar to those observed for the I>-Ala (6.5Hz) and 

L-Val (7.OH1) residues In the modified valinomycln (2). Slmllar results were observed In the potassium ion 

complex of the modified vahnomycln (2). Further spectroscopic evidence for the similar behavlour of the 

\almomycins (1) and (2) on complexation n?th potassium ion IS seen from the 13C nmr data. In both 

valinomycln ( 1) and the moditled valinomycm (2) the resonances of [he metal free Ii&and at 171-173ppm are 

displaced to 173-178ppm. Hence nmr evidence suggests that the conformatlon of the modified valtnomycin (3) 

IS not affected by phenyl substitution, and it may be assumed that phenyl substitution does not affect the 

network of hydrogen bonds u hlch stablhze the conformations of \almomycins. These results are confirmed by 

electrochemical measurements across a membrane Incorporating either calinomycin (1) or the modified 

vahnomycm (2). The charactcrlstlcs of metal Ion transport sho&n by the two llgands IS very similar. The 

selectivity order for both is Rb+zK+>Cs+>Na+ and both dcpsipeptldes very efftcrently bind potassium ions. 

Hence the posltion of the phenyl residues around the belt does not interfere with the process of metal Ion 

complexation. A senes of such aryl substituted valmomycms can be developed as sensors without concerns for 

the possible adverse Influence of the aryl reslducs on either the conformation of the metal free hgands, or the 

process of metal ion canplexatlon. 
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%-(-D-Ala-Hyllc-Val 11~1 Iyhc-),-wfp (I 5) - C!clo-(-D-Ala-Hyhc-Val-D-Hyhc-)3 (2) 

ka&?ents a) ‘fF.4. CI 1$‘12. r I , h) 11:. Pd!C (10%). MeOll. r I c) DCC, DMAP. NMM, CH,Cl,, O’C; 

d) Hz, I’d/C (10%). ‘TFA, EtOAc, r.t ; e) PfPOH. WC. CHQ,, 0°C. f) DAMP, dioxan, 90°C. 
.@ H,, PdK‘ (9%). DMAP, duxan. EtOH, ‘Xl’<: 



Experimental 

General expenmental details are descnixd clsewhcrc’ 

Benzyloxycarbonyl D-aianyl L-u-hydroxyhydrocinnamic acid t-butyl ester (3) 

To a solution of benzyloxycarbonyl kkunne (532g. 23.9mmol). L-a-hydroxyhydrocmnamic acid t-butyl 

ester (4.823. 227mmol) and dimethylamtnopyndmc (0.26g 2.2mmol) in dichloromethane (8Oml) at O°C was 
added dicyclohesylcarbodumide (4.92g, 33.9mmol). The mixture was kept at room temperature for 24h., the 
precipitate of dtcyclohexylurea was filtered off, the solvent removed and the residue purifted by suction 
chromatography (light petroleum : ether, 4-I) to gi\‘c the title compound (3) (8.16g, 84%) as an oil, [aD] -7 (c 
1.2, chloroform) IR (CHCl3) (cm-‘) 1520 s 1 1735 s. 3450 m; 6H (270MHz, solvent CDCl3, standard Me4Si) 
1.29 (3H, d, J 7, Me). 1.40 (9H, s, Me, t-Bu). 3.09 and 3.15 (2H, ABX, J 4.5, 9, and 14.5, CH2 Hyhc), 
4.45 (IH, m, NCH), 5.09 (2H. s, OCH7), 512 (1H. ABX, J 4.5 and 9, OCH), 5.30 (lH, d, J 7.5, NH) and 
7.2-7.4 (IOH, c, C6H5) 6C (68MHz, solvent CDCl3, standard Me4St) 18.60 (Me, Ala), 27.91 (Me, t-butyl), 
37.27 (CH? Hyhc) 49.64 (N-CH), 66.90 (OCH2), 74.00 (OCH), 82.68 (C t-butyl), 127.05 - 128.11 - 128.18 

- 128.44 - i29.39 (CH phenyl) 135.86 13030 (C phcnyl) 15543 (C=O carbamate) and 168.00 and 172.08 
(C=O1. 

Benzyloxycarbonyl L-valyl D-a-hydroxyhydrocinnamic acid t-butyl ester (4). 

To a solutton of benzylosycarbonyl I.-saline ( I .74g, 4.96mmol), r>u-hydroxyhydrocinnamic acid t-butyl 
ester ( l.OOg, 4.5Ommol) and dimethylammopy,ndine (55mg, 0.4Smmol) in dichloromethane (30ml) at 0°C was 
added dicyclohcxylcarbodnmtde ( I .02g, 4.96mmol). The mi\turc was stirred at room temperature for 24h, the 
prectpitate of dtcyclohexylurea was filtered oft, the solvent rcmovcd and the restdue punfied by chromatography 
on silica gel (Itght petroleum : ether. 3-l) to give as a sohd the trtle compound (4) (l&g, 72%‘). m.p. 77-79°C 
(hexane). [ u]D +6 (c 1 .2 chlorol’orm). IR (CHc‘13~ (cm-l) 1510 s (N-H bend) 1735 s (C=O stretch) 3450 m 
(N-H stretch). hH (37OMhz., solvent CDCI3, sktndard Me4St) 0.66 (3H, d, J 7Hz, Me Val) 0.87 (3H, d, J 
7Hz, Me Val) 1.40 (C)H, s, Me t-butyl) 2.06 (1H. m. CH t-propyl) 3.07 & 3.15 (2H, ABX, J 4.5, 9 & 14Hz, 
CH2 Hyhc) 4.36 (IH, dd, J 4.5 & 9Hz, N-CH) 5.08 (2H, s, O-CH2) 5.14 (lH, ABX, J 4.5 & 9H2, 0-CH) 
5.23 (IH, d, J 9Hz, NH) 7.2-7.35 (IOH, c. C6H5). bC (68Mhz, solvent CDCl3, standard Me4Si) 17.00 - 
18.84 (Me Val) 27.81 (Me t-butyl) 31. I4 (CH t-propyl) 37.23 (CH2 Hyhc) 58.90 (N-CH) 66.92 (0-CH2) 
74.02 (0-CH) 82.50 (C t-butyl) 126.95 - 128.07 - 138.1 I 128.40 - 128.47 129.24 (CH phenyl) 135.86 - 

136.38 (C phenyl) I56 03 (C=O carbamatc) 168.00 - I71 15 (C=O) Found C, 68.8: H, 7.3; N, 
3.1 .C+,H33N06 requires C. 68.55; H, 7.3: N, 3 05 ‘/: & _ 

Benzyloxycarbonyl D-alanyl L-u-hydroxyhydrocinnamic acid (5). 

A solution of benzylowycarbonyl nalanyl I,-tz-hydroxyhydrocmnamtc acid t-butyl ester (3) (9.54g, 
22.34mmol) In dtchloromethane (40ml) was treated with trtfluoroacetic actd (4Qml) for 6h. The solvent was 
removed and the restdue dissolved m aqueous sodtum carbonate solution. It was then washed with ether. The 
aqueous solutton was actdtfied wtth dilute hydrochloric actd and extracted wtth ether. The latter ethereal extract 
was dned (Na2S04) and the solvent removed under reduced pressure to yield the title compound (5) (7.91g, 
95%) as an 011. [U]D -6 (c 3.3 chlorotorm). IR (CHCl3) (cm-l) 1515 s (N-H bend) 1730 s (C=O stretch) 
3GCKl br (O-H stretch) 3440 m (N-H stretch) 6H (27OMhz. solvent CDCl3, standard Me4St) 1.23 (3H, d, J 
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7.5Hz. Me) 3.13 & 3.24 (2H. ABX. J 3.5, Y & 14Hz, CH2 Hyhc) 4.43 (lH, m, N-CH) 5.06 & 5.08 (2H, 

AB, J 125H2, 0CH2) 5.31 (IH, ABX, J 3.5 & YHL. 0-CH) 5,38(1H, d, J 7.5Hz, NH)7.15-7.35 (lOH, c. 
C6H5).6C (68Mhz, solvent CDC13, standard Mc4Sl) 1X.25 (Me) 37.W (CH2 Hyhc) 49.59 (N-CH) 67.18 (O- 
CH2) 73.24 (0-CH) 127.20 - 128.19 138.30 - 1X.58 12Y.32 (CH phenyl) 135.59 - 136.07 (C phenyl) 
155.79 (C=O carbamate) 172.22 173.12 (C=O). 

L*Vaiyl D-or-hydroxyhydrocinnamic acid t-butyl ester (6). 
To a solution of ben~yloaycarbonyl I.-valyl I>-tx-hydroxyhydroclnnamlc actd t-butyl ester (4) (6.93g, 

15.2mmol) tn absolute ethanol (Wml) was added palladtum on charcoal (10%) (700mg). The mixture was 

hydrogenated for 13h, then filtered and solvent was removed to afford the tttle compound (6) (489g, 100%) as 
an oil. [a]D+h (c 1.2 chloroform). IR (CHCI3) (cm-1) IS15 s (N-H bend) 1605 w (N-H bend) 1740 s (C=O 
stretch) 3410 w (N-H stretch) 3520 w (N-H stretch). 6H (27OMhr, solvent CDC13. standard Me4Si) 0.74 (3H, 
d, J 7Hz, Me Val) 0.92 (3H. d, J 7Hz, Me Val) I.41 (C)H, s, MC t-butyl) 2.05 (IH, m, CH t-propyl) 3.23 & 
3.51 (?H, ABX, J 4.5, Y & 14Hz, CH2 Hyhc) 3.51 (IH, d, J 4.5Hz, N-CH) 5.16 (lH, ABX, J 4.5 & 9Hz, 
0-CH) 7.2-7.35 (IOH, c, C6H5). BC (68Mhz, solvent CDCl3.. standard Me4Si) 17.15 - 18.83 (Me Val) 27.86 

(Me t-butyl) 30.85 (CH t-propyl) 37.30 tCH2 Hyhc) SY. I6 (N-CH) 74.08 (0-CH) 82.59 (C t-butyl) 126.98 - 
128.43 - 129.32 (CH phenyl) 135.87 (C phcnyl) 168. I I 172.07 (C=O). 

Benzyloxycarbonyl D-alanyl L-u-hydroxyhydrocinnamyl L-valyl D-a-hydroxy hydrocinnamic 
acid t-butyl ester (7). 

A solution of dlc),clohcxqlcarbodllmldc ( l._%g, 7.5Ymmol) tn dtchloromethane (5ml) at 0°C was added to a 
solution of benzyloxycarbonyl II-alanyl I,-a-hydroxy hydrt~tnnamtc actd (5) (2.81g, 7.59mmol), Lvalyl D-a- 
hydroxyhydroctnnamtc actd t-butyl ester (6) (2.03g, 632mmol). dimethylaminopyridine (77mg, 0.63mmol) 
and N-methylmorpholme (083m1, 7.5Ymmol) tn dtchloromethane (55ml) at 0°C. The mixture was starred for 
l2h and the prectpttate of urea was t’tltered o!‘f. The restdue was punl’ted by chromatography on s~hca gel (light 
petroleum : ether, I- I) to afford the tttle compound (7) (3.959, Y2%) as a solid. m.p. 9799°C (ether! hexane) 
[a]D +lO (c 1.2 chlorolorm). IR (CHCl3) (cm ‘1) 151.5 s (N-H bend) 1690 m (C=O stretch) 1745 s (C=O 

stretch) 3340 w (N-H stretch) 34.50 m (N-H stretch). bH t27OMhz, solvent CDC13, standard Me4Si) 0.58 (3H, 
d, J 7Hz, Me Val) 0.70 (3H, d, J 7Hz. Me Val) I.22 i3tl, d, J 7.5Hz, Me Ala) 1.37 (9H, s, Me t-butyl) 2.03 
(IH, m. CH t-propyl) 3.0-3.3 (4H, c, CH2 Hyhc) 4 34 ( I H, m, N-CH Ala) 4.53 (lH, dd, J 5 & 9Hz, N-CH- 
Val) 5.01 & 5.06 (2H, AB, J 12.5Hz. 0-CH2) 5.1 I (IH. ABX, J 5 & 9Hz, 0-CH) 5.46 (1H. ABX, J 4 & 
8Hz, 0-CH) 5.49 ( IH. d. J 7H/., NH carbamate) 0.70 I IH, d. J YHz. NH amide) 7.1-7.4 (15H, c, C6H5). 
8C (68Mhz, solvent CDCl3, standard 1Me4S1) 17.27 17.46 - 1X 70 (Me Ala & Val) 27.79 (Me t-butyl) 30.69 
(CH i-propyl) 37.21 - 37 51 (CH2 Hyhc) 46.73 (N-CH Ala) 56.YO (N-CH Val) 67.02 (0-CH2) 74.11 - 74.74 
(0-CH) 82.60 (C t-butyl) 126 Y6 - 128.08 - 128. I6 - 12X.27 - 128.39 128.47 - 129.27 - 129.65 ( CH phenyl 
) 135.63 - 135.80 - 136. I I (C phenyl) 155.78 (C=O carbamate) 168.1 2 168.39 - 170.65 - 171.63 (C=O). 

Found C, 67.65; H. 6.8. N, 4.15.C38H46N20Y rcqulres C, 67.65; H, 6.85; N, 4.15 % 

Benzyloxycarbonyl D-alanyl L-u-hydroxyhydrorinnamyl L-valyl D-a-hydroxy hydrocinnamic 
acid (8). 

A solution of benzyloxycarbonyl t>alanyl L-cl-hSdro\~hydroclnnamyl L-valyl D-a-hydroxyhydrocinnamic 
acid t-butyl ester (7) ( 1 .Xp, 185mmol) m dtchloromethane ( IOmI) and trifluoroacetic acid (10ml) was left at 
room temperature fw 5h. Remwal of solvent afforded the title product (8) (l.l4g, 100%) as an oil. [a]D -3 (c 



1.5 chloroform). IR (CHC13) (cm-l) 1515 s(N-H bend) 16Wm(C=O stretch) 1740 s (C=O stretch) 334.0 w (N- 
H stretch) 3450 m (N-H stretch).bH (27OMhr. solvent CDCI 3, standard Me4SI) 0.59 (3H, d, J 7Hz, Me Val) 
0.66 (3H, d, J 7Hz. Me Val) 1.19 (3H, d. J 7.SH/, MC Ala) 2.00 (IH, m, CH i-propyl) 3.0-3.3 (4H, c, CH2 
Hyhc) 4.25 (IH, m, N-CH Ala) 4.42 (IH, dd, J 6 & XH/., N-CH-Val) 4.99 & 5.05 (2H, AB, J 12H2, 0-CH2) 
5.29 (lH, ABX, J 3.5 & 9.SHz. 0-CH) 5.38 ( IH, d, J 7H/. NH carbamate) 5.45 (IH, ABX, J 4 & 8Hz, O- 
CH) 6.83 (lH, d, J 8Hz, NH amide) 7.1-7.4 (15H. c, ChH5). bC (68Mhz, solvent CDC13, standard Me4Si) 
17.43 - 17.57 - 18.75 (Me Ala & Val) 30.26 (CH I-propyl; 37.06 - 37.65 (CH2 Hyhc) 49.81 (N-CH Ala) 
57.50 (N-CH Val) 67.43 (0-CH2) 73.69 - 74.82 (0CH) 137.12 128.20 - 128.38 - 128.49 - 128.57 - 128.62 

- 129.28 - 129.66 (CH phenyl) 135.53 - 135.W - 135.89 (C phenyl) 156.25 (C=O carbamatc) 169.39 - 170.90 
- 171.72 - 171.80 (C=O). found M+v 618 (FAB) C34H3$+oC, requires M +, 618. 

Benzyloxycarbonyl D-alanyl L-a-hydroxyhydrocinnamyl L-valyl D-a-hydroxy hydrocinnamic 
acid pentafluorophenyl ester (9). 

A solution of d~cyclohexylcarbod~imide (0.54g. 2.62mmol) In ethyl acetate ( IOml) was added to a solution of 
pentafluorophenol (l&Q, 7.86mmol) m ethyl acct2lte (1Oml) at O’C. After reactlon for 1Omln the mixture was 
added to a solution of benzyloxycarbonql u-alanql I -tx-hydroxyhydrocinnamyl I_-valyl D-a-hydroxy- 
hydrocinnamlc acid (8) (1.62g, 2.62mmol) m ethyl acetate (2Oml) at 0°C. The mlsture was stlrred for 4h, the 
precipitate was filtered off. The solvent remwed and the reslduc chromatographcd on silica gel (light petroleum : 
ether, 2-l) to give as an 011 the tttle compound (9) ( 1.57g 76%). [tx]D +9 (c 2.8 chloroform). IR (CHC13) 
(cm-l) 1525 s (N-H bend) 1690 m (C=O stretch) i710 s IC=O wctch) 1760 s (C=O stretch) I%0 m (C=O 
stretch) 3350 w (N-H stretch) 3450 m (N-H stretch) hH (27OMhL, solvent CDC13, standard Me4Si) 0.65 (3H, 
d, J 7Hz, Me Val) 0.73 (3H, d, J 7Hz, Me Vat) I.21 (3H. d, J 7Hz. Me Ala) 2.05 (lH, m, CH i-prop;.l) 3.05- 
3.4 (4H, c, CH2 Hyhc) 4.28 (IH, m, N-CH Ala) 4.51 (IH. dd, J 5.5 & 8.5Wz, N-CH.Val) 4.97 & 5.05 (2H, 
AB, J 12Hz, 0-CH2) 5.24 (IH, d, J 6.5Hz. NH carbamak) 5.45-5.5 (2H, c, 0-CH) 6.83 (IH, d, J 8.5Hz, 
NH amide) 7.15-7.35 (15H, c, C6H5) bC (68Mhl. sol\cnt CDCl3. standard Me4Si) 17.35 - 17.67 - 18.78 
(Me Ala & Val) 30.70 (CH I-propyl) 37.19 37.57 ((‘HZ Hyhc) 49.98 (N-CH Ala) 57.34 (N-CH Val) 67.26 (O- 
CH?) 73.15 - 74.70 (0-CH) 127.10 - 127.60 - 12X 1X 17X.35 - 128.51- 128.61 129.83 - 129.36 - 129.69 
(Ccphenyl) 134.64 - 135.78 136.07 (C phcnyll 155.97 iC=O carbamatc) 165.63 168.X1 - 170.77 - 171.92 
(C=O). 

D-Alanyl L-a-hydroxyhydrocinnamyl L-valyl D-a-hydroxyhydrocinnamir acid t-butyl ester 
trifluoroacetate (10). 

TO a solution of benzylosycarbonyl I>alan)I ~.-cl-h~dros~hqdr(~lnllilmyl I>-valyl t>-tr-h!,dro~yhydroclnnamic 
acid t-butyl ester (7) (820mg, 1.22mmol) in ethyl acctatc (3hml) and tnfluoroacetlc as~d (4ml) was added 
palladium on charcoal (10%) (25Omg). The mixture was hqdrogcnatcd for 4h The catalyst was filtered off and 
the solvent removed to yield the title compound (10) (795mp, l(X)4 ) as an 011. IaID -4 (c 2.3 chloroform). IR 
(CHCl3) (cm-l) 1530 m (N-H bend) 1680 m (C=O stretch) 1730 s (C=O stretch) 1745 s (C=O stretch) 1760 s 
(C=O stretch) 3000 br (N-H & O-H stretch). hH (37OMhz, solvent CDCl3, standard Me4SI) 0.60 (3H, d, J 
6.5Hz. Me Val) 0.70 (3H, d, J 6.5Hz, Me Val) 1.33 (3H. d, J 7H7, Me Ala) 1.39 (91-I, s, Me t-butyl) 1.98 
(IH, m, CH i-propyl) 2.95-3.25 (4H, c, CH2 HyhcI 4.1.5 (IH, br. N-CH Ala) 4.4 (lH, br, N-CH.Val) 5.12 
(lH, ABX, 34.5 & 9Hz, 0-CH) 5.36 (lH, br, 0-CH) 7.06 (IH. d. J8Hz, NH) 7.1-7.3 (15H. c, C6H5) 6C 
(68Mhz, solvent CDC13, standard Me4Si) 15.48 - 17.48 18.65 (Me Ala & Val) 27.82 (Me t-butyl) 30.50 (CH 
i-propyl) 37.28 - 37.60 (CH2) 49.14 (N-CH Ala) 57.67 (N-CH Val) 74.36 - 76.04 (0-CH) 83.25 (C t-butyl) 
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127.17 - 127.33 - 128.58 128.65 129.29 11-9.50 (CH phenyl) 135.00 135.66 (C phenyl) 168.65 - 168.20 

- 169.50 - 170.97 (C=O). 

Benzyloxycarbonyl D-alanyl L-u-hydroxyhydrocinnamyl L-valyl D-a-hydroxy hydrocinnamyl 
D-alanyl L-a-hydroxyhydrocinnamyl L-valyl D-a-hydroxyhydrocinnamic acid t-butyl ester 

(11). 
To a solutton ot benzyloxycarbonyl I>-alanyl L.-u-hydro~yhqdn~lnnamyl L-valyl D-a-hydroxyhydrocinnamic 

acid pentafluorophenyl ester (9) (198mg. 0.25mmol) and I>-alanyl t--a-hydroxyhydrocinnamyl L.-valyl Da- 
hydroxyhydrocmnamtc actd t-butyl ester tnlluoroacctate ( IO) ( 194mg. 0.30mmol) in 1,4-dioxane (10ml) at 95°C 
was added dtmethylamtnopyndtne (36mg, 0.3Ommol). The mtxture Mas strrred for lh and filtered. The solvent 
was removed and the restdue purtlted by chromatograph! on stltca gel (Itght petroleum : ether, l-2) to afford 
the title compound (11) (186mg, 64%) a$ an 011.l tr]D +4 1,~‘ I 2 chlorot’orm). IR (CHC13) (cm-‘) 1540 s (N-H 
bend) 1670 m (C=O stretch) 1715 s (C=O stretch) 175.5 \ (C=O stretch) 3340 m (N-H stretch) 3450 w (N-H 
stretch). 6H (270Mhz. solvent CDCI 3, standard Mc$) !).a9 (3H. d, J 7Hz. Me Val) 0.66 (3H, d, J 7Hz, Me 
Val) 0.69 (3H, d, J 7I-17, Me Val) 0.73 (3H, d, J 7H/, Mc Lal) I. IS (3H, d, J ~HL, Me Ala) 1.28 (3H, d, J 
7Hz., Me Ala) 1.35 (9H, s, Me t-butyl) 1.92 (1 H. m. CH ~-p~-opy I) 2.09 ( lH, m, CH i-propyl) 2.9-3.35 (8H, c, 
CH2 Hyhc) 3.90 (IH, dd, J 7 & XHI, N-CH,Val) 3.14 ( Ii-t, m, N-CH Ala) 4.34 (lH, m, N-CH Ala) 4.48 
(IH, dd, J 5.5 & 8.5H~, N-CH.Val) 4.94 & 5.01 (LH. ALL J 17.5H~., 0-CH2) 5.08 (lH, ABX, J 5 St 8.5Hz, 
0-CH) 5.4-5.6 ( 4H, c, 0-CH & NH carbamatc) 7.1-7 3 (17H, c, C6H5 & NH amide) 7.62 (lH, d, J 6Hz, 
NH amtde). hC (68Mhz, solvent CDC13, standard Mc~SI) i&.3_ 3 - 16.63 - 17.79 - 18.59 - 18.66 - 18.78 (Me 

Ala & Val) 27.82 (Me t-butyl) 39.05 - 30.63 (CH I-propyl) 37.15 37 35 - 37.53 (CH2 Hyhc) 48.84 - 49.97 
(N-CH Ala) 57.47 - 59.48 (N-CH Val) 67.24 (OCH3) 73 14 74.30 74.44 - 74.63 (0-CH) 82.35 (C t-butyl) 
126.79 - 126.87 137.00 128.1 I 12X.26 12X.34 17X.3-‘. 128.41 128.52 - 129.40- 129.50 - 129.69 - 
129.71 (CH phenyl) 135.71 - 13597 136.01 1% 11 1%~ 37 (C phcnyl) l-56.33 (C=O carbamate) 168.25 - 
168.82 - 169.47 170 12 - 170.62 17(~.h5 i71.31 177.0o ((:=(I) 

D-Alanyl L-cx-hydroxyhydrocinnamyl L-valyl D-cr-hydroxyhydrocinnamyl D-alanyl L-a- 
hydroxy hydrocinnamyl L-valyl D-tr-hydroxyhydrocinnamic acid t-butyl ester trifluoroacetate 

(12). 
A mtxture 01. bcnzyloxycarbonyl I)-alany I t.-tr-hydro\y h! drtwmnamyl I.-calyl u-a-hydroxyhydrocmnamyl D- 
alanyl L-tr-hydroxyhydrocmnamyl I>-\alyI I>-tr-hydro\y hydroctnnamtc actd t-butyl ester (11) (186mg, 
O.l6mmol), ethyl acetate (9ml), trtlluoroaccttc acid ( I ml) and palladium on charcoal (10%) (1OOmg) was 
hydrogenated for 5h. The catalyst was liltercd 00 and the solvent removed to yield the title compound (12) 
(181mg. 99%) as an oil. [a]D -I (c 1.2 chloroform). IR (CHCl3) (cm-l) 1530 s (N-H bend) 1680 s (C=O 
stretch) 1715 m (C=O stretch) 1755 s (C=O stretch) 3oW br (N-H & O-H stretch) 3340 m (N-H stretch).K 
(68Mhr. sol\,ent CDC13. standard Me4Sr) 15.68 15 71 I? 73 - 18.40 - 18.75 - 19.18 (Me Ala & Val) 27.81 
(Me t-butyl) 29.75 - 30.31 (CH I-propyl) 37.29 37.55 37 73 (0~:) 48.99 - 49.38 (N-CH Ala) 57.89 - 
60.39 (N-01. Val) 74.34 75.05 7.5.39 75.97 (O-c‘lt, 82 X7 (C t-butyl) 127.04 - 127.30 - 128.48 - 128.55 
- 129.29 - 129.36 - 12S.42 - 129 h2 tCH phcnvl I 135(111 - 135.02 135.87 136.10 (C phenyl) 168.45 - 
169.93 - 170.29 - 170.35 - 170.94 170.47 - l-Q.Xh ((‘=O, 
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Bcnzyloxycarbonyl D-alanyl L-a-hydroxyhydrocinnamyl L-valyl D-a-hydroxyhydro cinnamyl 
D-alanyl L-a-hydroxyhydrocinnamyl L-valyl D-a-hydroxyhydrocinnamyl D-alanyl L-a- 

hydroxyhydrocinnamyl L-valyl D-a-hydroxyhydrocinnamic acid t-butyl ester (13). 
To a solution of benzyloxycarbonyl Dalanyl I,-tr-hydroxyhydrocmnamyl L-valyl II--a-hydroxyhydrocinnamic 

actd pentafluorophenyl ester (9) (139mg 0.17mmol) and ~kkuryl L-a-hydroxyhydrocinnamyl L-vafyl D-a- 
hydroxyhydrocmnamyl Dafanyl I,-a-hydroxyhydrtrrnnamyl I.-valyl Da-hydroxyhydrocinnamic acid t-butyl 
ester trtfluoroacetate (12) ( 186mg 0.17mmol) m 1.4dioxane ( IOml) was added dimethylaminopyridine (36mg, 
0.30mmol) at 93°C. The mixture vvas stirred for 1 h, the prectpttate was filtered off and solvent removed. The 
residue was purified by chromatography on srhca gel (Irght petroleum : ether, 1-2) to gave the title compound 
(13) (14Omg, 59%) as an 011. [a]D +I 1 (c 2.8 chloroform). IR (CHC13) (cm‘]) 1540 s (N-H bend) 1670 m 
(C=O stretch) 1715 m (C=O stretch) 1755 s (C=O stretch) 3340 m (N-H stretch) 3450 w (N-H stretch) 6H 

(270Mhz. solvent CDC13, standard Me4Si) 0 4S 13H. d, J 6.5H7., Me Val) 0.56 (3H, d, J 6.5Hz, Me Val) 0.66 
(3H, d, J 65Hz, Me Val) 0.69 (3H, d, J 6.SH/, MC Vale 0.7 13.75 (6H, c, Me Val) I.15 (3H, d, J 7Hz, Me 
Ala) 1.29 (3H, d, J 7H2, MeAla) 1.31 (3H, d. J 7iI/. Me Ala) 1.35 (9H, s, Me t-butyl) 1.8-2.15 (3H, c, CH i- 
propyi) 2.85-3.3 (12H, c, CH2 Hyhc) 3.83 (IH. dd. J 7 & XHz. N-CH.Val) 3.93 (IH, dd, J 7 & 8Hz, N- 
CH.Val) 4.1-4.35 (3H, m, N-CH Ala) 4.46 ( 11-I. dd, J 5 5 & 8.5Hz. N-CH.Val) 4.91 & 5.00 (2H, AB, J 
12Hz, 0-CH?) 5.08 (lH, ABX, J 5 & 8.5Hz. 0-(‘HI S 3-5.6 (7H. c, 0-CH & NH carbamate) 7.1-7.3 (37H, 
c, C6H5 & NH amtde) 7.60 (IH, d, J 6Hz, NH amide) 7 81 (IH, d, J 6Hz, NH amide) 7.86 (IH, d, J 6Hz, 
NH amide). 6C (68Mhz, solvent CDCl3, standard Me4Si) 15 83 16.43 16.52 - 17.93 - 18.53 - 18.66 - 
18.79 - 18.87 - 18.92 (Me Ala & Val) 27.82 (MC t-hutyl) 28.77 - 29.20 - 30.53 (CH i-propyl) 37.27 - 37.41 - 
37.47 (CH2 Hyhc) 49.06 - 49. I6 50.01 (N-CH Ala) 57.60 - 59.56 - 59.73 (N-CH Val) 67.23 (OCH2) 74.11 

74.33 - 74.49 - 74.56 (0-CH) 82.33 (C t-butyl) 126.74 - 126.78 - 126.85 - 126.90 - 126.93 - 127.04 - 
128.06 - 128.31 - 128.35 - 138.38 - 128.42 lX4S - 12X.52 129.30 - 129.42 - 129.47 - 129.59 - 129.75 
(CH phenyl) 135.66 - 135.97 136.04 - 136.07 I.3610 136.20 - 136.49 (C phenyl) 156.44 (C=O 
carbamate) 168.26 168.95 169.69 170.21 170 29 170.51 - 170.57 - 170.85 171.03 - 171.20 - 171.29 

172.24 (GO). 

Benzyloxycarbonyl D-alanyl L-a-hydroxyhydrocinnamyl L-valyl D-a-hydroxy hydrocinnamyl 
D-alanyl L-a-hydroxyhydrocinnamyl L.valyl D-a-hydroxyhydrocinnamyl D-alanyl L-a- 
hydroxyhydrocinnamyl L-valyl D-a-hydroxyhydrocinnamic acid (14). 

A solutkon of benzyloxycarbonyl D-alany i.-(x-hydroxyh~droclnnamyl I_-valyl D-a-hydroxyhydrocinnamyl 
D-alanyl I<-a-hydroxyhydrccmnamyl I.-valyl I>-tr-h~droxyhydrocinnamyl D-alanyl L-a-hydroxyhydro cmnamyl 
I>-valyl D-a-hydroxyhydrocmnamic acid t-butyl ester ( 13) (24Omg. 0.14mmol) tn dichloromethane (Sml) and 
trtfluoroacetic acid (5ml) was kept at room temperature for 5h. Removal of solvent under reduced pressure 
afforded the title compound (14) (230mg. 99%) as an oil [a]D +7 (c 2.6 chloroform). IR (CHC13) (cm-l) 
1540 s (N-H bend) 1670 m (C=O stretch) 1715 m (C=O stretch) 1755 s (C=O stretch) 3340 m (N-H stretch) 
3450 w (N-H stretch). 6H (27OMhz, solvent CDCI3, standard Me4Si) 0.45 (3H, d, J 65Hz, Me Val) 0.55 

(3H. d, J 6.5Hz, Me Val) 0.65-0.7 (9H, c. Me Val) 0 71 (3H, d, J 6.5Hz, Me Val) 1.16 (3H, d, J 7Hz. Me 
Ala) 1.25-1.3 (6H, c, Me Ala) 1.8-2. I ( 3H, c, CH t-propyl) 2.X5-3.3 (12H, c, CH2 Hyhc) 3.8-4.45 (6H, c, 
N-CH) 4.91 & 5.01 (ZH, AB, J 12Hz, 0-CH2r 5.25-5 5 (htl, c, 0-CH) 5.80 (lH, d, J 7Hz, NH carbamate) 
7.05-7.4 (37H, c, C6H5 8~ NH amide) 7.57 (1 t-1. d, J 7.SHz. NH amtde) 7.83 (IH, d, J 6Hz, NH amide) 7.86 
(IH, d, J 7Hz, NH amide) 8C (68Mhz, solv,ent CI:)c‘I 3 . standard Me&) 15.90 - 16.27 - 16.63 - 17.72 - 
18.53 - 18.74 - 18.82 (Me Ala & Val) 28.87 19 19 30.24 (CH t-propyl) 37.17 - 37.22 - 37.50 (CH2 Hyhc) 
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48.84 - 49.08 -50.00 (N-CH Ala) 57.50 - 59.45 59.66 (N-CH Val) 67.23 (0-CH2) 73.75 - 74.41 - 74.49 - 
74.62 - 74.85 (O-CH) 126.97 - 128.05 - 128.47 - 129.33 - 129.40 - 129.43 - 129.50 - 129.60 (CH phenyl) 
135.58 - 135.81 - 135.91 - 135.95 - 136.01 - 136.10 - 136.15 (C phenyl) 156.51 (C=O carbamate) 169.47 - 
170.19 - 170.44 - 170.49 - 170.57 - 170.63 37O.Yl - 171.04 171.17 171.35 (C=O). found M+, 1550 
(FAB) C&H98N6& l requtres M +, 1550. L 

Benzyloxycarbonyl D-alanyi L-u-hydroxyhydrocinnamyl L-vatyl D-a-hydroxy hydrocinnamyl 
D-alanyl L-a-hydroxyhydrocinnamyl L-valyl D-a-hydroxyhydrocinnamyl D-alanyl L-a- 
hydroxyhydrocinnamyl L-valyl D-u-hydroxyhydrocinnamic acid penta-fluorophenyl ester 
(1% 

A solutton of pentafluorophenol (82mg, 0.45mmol) tn ethyl acetate (, 1 ml,) was added to a solution of 
dtcyclohexylcarbodtimtde (3 1 mg, (I. 15mmol) tn ethyl acet;ltc ( 1 ml). The solution was kept at 0°C for 1Omin and 

was then added to a solutton of benzyloxycarbonyl I)-alanyl I.-tx-hydroxyhydrocinnamyl L-valyl D-a- 
hydroxyhydrccrnnamyl tr-alanyl I.-tr-hydro~yhydroclnnam~ I I.-valyl )>a-hydroxyhydrocinnamyl D-alanyl L-a- 
hydroxyhydroctnnamyl I.-valyl I>-cx-hydroxyhydroctnnamtc actd (14) (230mg, O.lSmmol) m ethyl acetate 
(3ml) at 0°C. The mixture was stirred [or 4h, sol\enl was removed and the residue was purified by 
chromatography on silrca gel (light petroleum : ether. I-2) to g~\e the tttlc compound (15) (114mg, 45%) as an 
oil. [a]D +5 (c 1.9 chloroform). IR (CHCI3) (cm-' j I.541 s (N-H bend) 1670 s (C=O stretch) 1715 m (C=O 
stretch) 1755 s (C=O stretch) IX(X) M’ (C=b stretch) .~.WI m (N-H stretch) 3450 w (N-H stretch). 6H 
(270Mhz, solvent CDC13. standard Mc4S1) 0.45 (3H. d. J 6.5H~, MC Val) 0.53 (3H, d, J 6.5Hz, Me Val) 0.66 
(3H, d, J 6.5Hz, Me Val) 0.73 (3H, d. J 6.5H1., MC V all 0.7508 (6H. c, Me Val) 1.14 (3H, d, J 7Hz, Me 
Ala) 1.25-1.3 (6H. c, Me Ala) 1.0-2 I (2H. c, CH I-~I-c~I! I j 2.17 ( I H, m, CH i-propyl) 2.85-3.35 (12H. c, 
CH2 Hyhc) 3.8-3.9 (2H, c, N-CH) 4.05-4.25 (3H. c, N-CH) 4.42 ( lH, dd, J 6.5 & 8Hz, N-CH.Val) 4.91 & 
5.01 (2H, AB, J 12Hz. 0-CH2) 5.3-5.6 (7H. c, 0-CH & NH carbamate) 7.1-7.35 (36H, c, C6H5 & NH 
amide) 7.45 (lH, d, J 8Hz. NH amide) 7.61 (IH, d. J 6H/, NH amtde) 7.79 (lH, d, J 6Hz, NH amide) 7.95 
(lH, d, J 5Hz, NH amide). 6C (68Mh/., solvent CDC‘l 3, siundard Me4St) 15.79 - 16.09 - 16.50 - 18.23 - 
18.56 - 18.82 - 18.92 - lY.04 (Me Ala & Val) 28.77 29 16 30.30 (CH r-propyl) 35.15 - 37.24 - 37.28 
37.48 (CH2 Hyhc) 49.20 - 4948 50.05 (N-CH Ala) 57 YY 59.80 (N-CH Val) 67.30 (0-CH2) 73.06 - 74.26 
- 74.30 - 74.34 74.52 (0-0~) l26.7Y 126.X2 136.94 127.10 127.40 - 128.11 - 128.31 - 128.38 - 
128.42 - 128.49 - 128.55 - 128.70 - 139.33 129.3Y 129 41) - 1X.54, 129.67 - 129.75 (CH phenyl) 134.84 

- 135.68 - 135.97 - 136.1 I - 136.21 - 136.27 136.50 (c‘ phenyl) 156.47 (C=O carbamate) 165.71 169.43 - 
170.02 - 170.28 - 170.30- 170.58 170.62 170.84 I71 cw 171.47 - 172.34 (C=O). 

Cycle D-alanyl L-a-hydroxyhydrocinnamyl L-valyl D-u-hydroxyhydrocinnamyl D-alanyl L-a- 
hydroxyhydrocinnamyl L-valyl D-a-hydroxyhydrocinnamyl D-alanyl L-a-hydroxy 
hydrocinnamyl L-valyl D-a-hydroxyhydrocinnamyl (2). 

A solution of benzyloxycarbony~l I>alanyl I.-cr-hydroxy hydroctnnamyl I .-valy I -‘a-hydroxyhydroctnnamyl E- 
alanyl I.-a-hydroxyhydrocmnamyl Lvalyl Ba-hydroxyhydrocmnamyl I>-alanyl ~,a.hydroxy- hydrocinnamyl 
I,-valyl Da-hydroxyhydroctnnamtc actd pentalluoropheny I ester ( 15) ( I 14mg, 66pmol) in 1,4-dioxane (15ml) 
was injected over a period of 48h to a mtsture 01 I ,4-dtoxane (250ml), absolute ethanol (5ml), 
dtmethylaminopyridine (8mg. 66pmol) and palladtum on <harural (5%) (Ig) at 92°C. Throughout this period the 
mixture was hydrogenated. The catalyst was ftltered oft and the solvent removed. The restdue was purified by 
chromatography on s~llca gel (light petroleum : ether. I- I ) tu give as an OII the trtle compond (2) (22mg. 24%). 



1388 Y. L. DOKY er Q/ 

[U]D -12 (c 1.9 chloroform). 6H (270Mhz. solvent CDCl3, standard Me4Sl) 0.49 (9H, d, J 6SHz, Me Val) 
0.74 (9H. d, J 6.5Hz, Me Val) 1.28 (9H, d, J 7Hr, Me Ala) 1.98 (3H, m, CH I-propyl) 2.9-3.35 (12H, c, 
CH2) 3.79 (3H, dd, J 6.5 & lOHz, N-CH yal) 4.32 (3H, m. N-CH Ala) 5.21 (3H,ABX, J 4.5 & 7Hz, 0-CH) 
5.30 (3H, ABX, J 3.5 & 8SHz,O-CH) 7.15-7.3 (30H, c, C6H5) 7.61 (3H, d,J 7Hz, NH) 7.74 (3H, d, J 
6.5Hz, NH). liC (68Mhr, solvent CDCI standard Me4SI) 15.57 (Me Ala) 3, 18.92 - 19.18 (Me Val) 28.44 (CH 
I-propyl) 37.04 - 37.44 (CH?) 48.50 (N-CH Ala) 59.77 (N-CH Val) 74.95 - 75.06 (0-CH) 136.87 - 126.94 - 
128.44 - 129.55 - 129.66 (<H phenyl) 136. IO 136.4) (C phenyl) 170.38 - 170.77 - 170.80 - 171.21 (C=O) 

found M+, 1398 (FAB) C7#90N6018 requires M ‘. 1398. 
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