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Ah&m& Antitumor cyclic hexape 
firstsnalogneofRAsinwhichthe1 $ 

ide RA-III (2) has been converted to a lactone analogue 3 which is the 

antitumor activity, and its solution 
memberedmacroriqwssmodificd. 3wasfoundtopossesspmmisiq 

co&mnation was estabhshed by NMR spectn#lcopy. 

The RAs are a family of cyclic hexapeptides isolated from the roots of&b&r ukuue and R cordi$Ga 

(Rubiaceae).l They exhiit promising antitumor activity against solid tumor cells, and RA-VII (l), one of the 

most potent congeners, is now under clinical trial in Japan as an anticancer agent.2 

Because of chemically less accessble highly strained 14-membered ring structure incorporating 

isodityrosine unit and lack of suitable foothold for manipulation in 1, its structure-activity relationship study 

has been restricted to the aromatic ring substitue~~ts,~ 2nd amino acid side chain, or rather simple isodityrosme 

mhnict~~ Natural RAs adopt two or three conformational states in soluti~n,~ which also hampered the 

determination of the bioactive conform&on. In our way to clarify the relationship between the conformation 

and activity, we envisaged to modify the 18-membered macro ring structure of RAs without changing the 

configuration of the constituting amino acid residues. 

We chose RA-III (2), a minor congener of RAs, as a possible pmcumor for these modifications since 2 

incorporates serinc residue at position 2. Open chaii peptides containing a g-hydroxy amino acid r&due 

such as serinc or threonine are readily susceptible to N+O acyl rearrangement under acidic conditions.6 

However, attempting this rear-ran gement for 2 using various acids (e.g. B&O&, HCl or HSO4) was 

ineffective or caused decomposition, and only refluxing trifluoroacctic acid treatment for 96 h afforded 

desired RA-JR lactose (3) in low yield (14%). The reluctance of the rearmngement could be attributed to the 

rigid framework of 2, which restricted adoption of a suitable conformation for the Se3 hydroxyl at&king to 

the D-Ala1 carbonyl.’ This conversion was ameliorated by the following proccdurts. under the Mitsunobu 

conditions8 (PhsP, DEAD, C&C&, R.T., 48 h), 2 was converted to oxazoline 49 in 98% yield. Trifluou.+ 

acetic acid treatment of 4 at R.T. for 2 h smoothly opened the oxaxolme ring, and successive neutralization 

with aq. NaHCoj afforded 3 as an amorphous solid in 89% yield. Structures of 3 and 4 were confirmed by 

JR, RR-FAB mass spectra and unambiguous assignments of their all proton and carbon resonances using a 

com~tion (H-H CDSY, NOESYPH, HMBC and HMQC) of 2D NhfR techniques.1o 
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Fig.1. Weaed NOESY tzamMam, cbemicplshiffs and 
amplingcxIw5m8of3illcDcI3ti3o3K 

Tablel. cybtoxicityofcompLmnda 1, Table2 AntitomorActiviiyoft3mpods 1aed3AgahtP388Labmia 
2,3md6 Againdp388mdKBCslk. ill Mice. 

GOb&UW TK: (‘W 
# P388 KB #/ dme’ 0.2 0.8 3.13 6.25 12.5 25.0 

1 0.0013 o.w23 
2 0.011 0.0% 1 142 144 163 toxic 
3 0.019 0.027 3 129 133 158 176 170 

6 .lO .lO 

aoae admill- ip. on day# l-5 (m@g/&y). 
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Internal hydrown bond in peptides is important fa&~ on charact- the tmckbcme conformation 

and its rigidity+12 The tempcr&ure cocffi&nts of the amide protons in DMSO-d6 mlution indicate the 

pnsence of two inted hydrogen tnmds, between D-Ala1 NH and Ala4 CO @,‘AT=4.45~10-~ ppm/IC); and 

Ala4 NH and IMU CO (~.O~XIO-~ ppm/K) in 3. The latter strong bonding is also supported by small 

solvent induccd &ift of Ala4 NH (A - ~=-O.oS ppm) and calculated torsion angle of 1370 for 

I@ C%Ala4 NH (I = 6.3 Hz) using modified Karplus cquati~ns,~~ indicative of suitable orientition of NH 

bmdfmlM&ing. 

Tlcatlnat of 3 with AC243 and pyxidlint at RT. pve acctamide 5t4 in 88% yielc& which was subjected 

to armnonolysis (28% acl. lW$dioxane, 8ooc, 12 h, scaled tube) to afEd scco dc~Ivativc 615 in 50% yield. 

The Lactone 3 rctaincd cytotfixicity against P388 and KB cells and expressed more promising in viva 

anti-P388 activity than that of 1 or 2 in terms of T/C values, while sect derivative 6 showed no activity 

(Tables 1 and 2). The lam of actMy in 6 can be interpreted 8s its no or little, if any, ability to adopt the 

bioadvt cod-m&. Rmtiy B~gcr et ai suwtti that in RAs 14-memttcsd cycloisodityrursinc moiety 

is a pharmacophore to express the activity.16 However these results and recent OUT observations that 

substitution of the Ty# mcthoxyl group of RAs with hydrogen (-H) or hydroxyl group (-OH) profoundly 

reduced (-11100) or abolish activity in spite of no conformational change among those molecules3b 

demonstrate that 18- or WmeWed macro ring stnmues imwpumiag wurdijtd O-~~~~J@J~CW~JE unit 

with prrrticulur coa#kza~i~~(s) WC ukss impar~rm~fbr tk ~cfivity, Further studies OII the backbone 

mo&fications of RAs to determine the stmctural requirements for the activity and elucidate the bioactive 

c&&nation arecurrently un*ingin ouriaboratoty. 
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Ptiuticai CO., Ltd. fia the Mologid evaluations. 
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4: A colo~lcss powder. mp. 220-221°C; (a]D -106.00 (c, 0.15, CHC13); HR-FABMS C&d. for 
~1~eG$M+H3@ :7693?6f. Fmmd:769.3655; W-NMR (100 MHz, CDCh, major confkmer, a): 
66.08,69_53,169.47 Q#xhomc 
3~~1~~~~~~~. H~D~~~~~~3atl~Cf~2~~ 
IIO d&stable change in *H-NMR spectrum. Physical and spectral data for 3: [Qlr, -207.90 (c 0.17, 
CKCl$; HR-FABMS C&d. for Ca1Hs1N601~+H]+:787.3667, FOUJ& 787.3651; IR ti @Ha): 

3402,1685,1641 cm-1; ‘II-NMR (400 MHz, CDCb, a): 1.33 (3H, d, 7.0 Hz, D-Ah@, 137 (3H, d, 7.0 
Hz, Al&), 2.59 (3W, 8, LQ$NMe), 2.67 (lH, dd. 11*5,3.4 Hz, Ty&), 286(1H, dd, 14.7,6.8 Hz, 
m w b), 2% (3H, s, Ty&Me), 3.02-3.12 (2H, m, Ty@@,b), 3.19 (3H, s, ‘Q&M@, 3.32 (lH, dd, 
14.7,g.O Hz, Q&b or a& 3.57 
Hz, Se&, 3.94 ( 3H, s, 

lH, f 11.5 Hz, Tyrsebx 3.76 (3H, s, 1)13ohffcx 3.81 (lH, dd, 11.3,4.2 
Me), 

A&), 435-4.40 (lH, m, 
3.99 (lH, dd, 11.3,4.2 Hz, Se&x), 4.14 (lH, qd, 7.44.9 Hz, 

4.37 (l& d, 1.7 Hz, Ty&t$4.69 (lH, qd, 7.0,6.3 Hz, Aiah), 4.78 
(1% t, 11.3 Hz, S&b)# 5.29 (la dd$ll.5,3.4 He, Ty&$ 5.s (18 dd, 9.0,6.8 Hz# T+clh 6.18 (lI-& 
d, 4.9 Hz, AialNH), 6.60 (lH, dd, 8.4,1.7 Hz, Tyxk), 6.80(2H, d, 85 Hz, ws), 6.82 (lH, d, 84 Hz, 
‘I@$+), 6.92 (lH, dd, S-4,24 Hz, ‘Q&), 7.05 (lH, d, 6.3 Hz, Aia4NH), 7.14 (2H, d, 8.5 Hz, ‘I@@, 
7.23 (lH, dd, 8.3,2.4 Hz, web), 7.2g (lH, dd, 8.4,2*1 I& Tyha), 7.42 (lH, dd, 8.3,2-l Hz, Ty&b)z 
13C-NMR (100 MHz, CDCi3,g): D-Ala1 (19.278,49&a, 172.52co), S& (48-e 67.408,174.20@, 
I@ (30.41e, 32.46& 55*2701e, 57.14~ 113.82~, 129.16y, 130.151), 158.39t 168.49&, Ala4 
(185%3,46.744 171334, Ty$ (30.5&r&,, 36.768,53.24a, 124_56g, 126.11ah 130.94&, 132.90&, 
134,6&r, 158.303; l70.47u$, Tyr6 (28.7O~e, 34.288,56.270~~, 5803a, 112.52~, 113*68&, 120.66h 
127.9&r, l46.54& l53.32rb, 170.4700). 
H. Kes&r,hgew. clkm. Znt Ed, 1Jba2,21,512* 
M. Iqbai and P. Baiamm, Biopoiymcm, lYdQ 22,1427. 
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5: k anborpl;oo~s solid. a D -264.3* (c, 0.03, CHCi3); FABMS: 828 @I+); 
CDCl3,$1*88 (3K 6, C&L h5.83 W, d, 8.4Hz, N&W. 

‘H-NMR (400 MHz, 

6: An amorp&~~ soiid. [Q]D -176.6* (c, 0.13, CHCl3); HR-FABMS Calcd. for ChsEhN7011fM+HJ+ 
:846.403% Fomxk 846.4066 lH-NMR (400 MHz, CDsGD, major umformcr, $1: 1.23 (3H, d, 7.1 Hz, 
Ai&, 1.27 (3H, d, D-Aia$), 1.94 (3ii, s, CGCH@, 2.62 (3H, 8, Tyrke), 284 (IH, dd, lW3.2 Hz, 
Ty&), 2.96 (1, dd, 15.0,10.8 Hz, Ty&a), 3.06 (lH, dd, lOA5.7 Hz, Tyr$), 3.12 (3H, s, Ty&&, 
3.15 (lH, dd, 10.0,3.1 Hz, TypBb), 3.23 (3H, s, Ty&&, 3.43 (lH, dd, 15.0,5.2 Hz, web), 3.59 
(lH, t, 11.5 Hz, -@&), 3.74-3.81(2H, m, Se+, 3.78 (3H, 8, Qr30t&), 3.93 (3H, 8, Tyr60@, 4.44 
(U-I, q, 7.0 Hz, Ah&), 4.57-4.66 (2H, m, Aia4cr and Tyr6&), 5.07 (lH, t, 7.8 Hz, S&X), 5.46&52 (W, 
m, Ty& and Ty&.), 6.70-6.72 (lH, m, Ah&, 6.71 (lH, dd, 8.3,1.8 Hz, Ty&), 6.82 (lH, dd, 8.3, 
2.4 Hz, T&x), 6.85 (2H, d, 8.7 Hz, Tyr%), 6.94 (lH, d, 8.3 Hz, Tyh), 7.16 (2H, d, 8.7 Hz, ‘Q&Q, 
727 (lH, dd, 8.4,24 Hz, Ty&), 7.28 (lH, dd, 83,2.2 Mz, Ty&), 753 lHE, dd, a4,2.2 Hz, Tyrsab). 
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