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(acllzoLcpm-VS-310) e* cdy in the twist fam ” sob$om and the 9-munbtrod lactam 
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mdokmm-v and the lack of aJvlty of the 9-mcmw Lcmm clearly indicated Ihat rlivc 

canlamationfor~-~rctivityofteleaci~iscloaec0thc(wistform. 

Tekxxidins are tumor promaters as potent as 12-&e mukanoylphorbol-l facetate (TPA).l Tekocidins 

and their active congeners (mdokXam-v(1)8)2 are known to exist in an equilibrium between at least two 

confonnational states in solution, the twist (2) and sofa (3) form. 3 It is particularly important to determine the 

active ring conformation of teleocidins in onk to explain the relationships between the structmes and activities 

of several classes of TPA-type tumor promoters with various skeletal shucturcs.4 The conformational 

equilitium is attributed to a cis-truns isomc.rization of the amid8 bond and the stuic effects of substituents on the 

uinc-membcrcd lactams.5 An impartawe of the twist fam for the a ppearance of the activity has been suggested 

by the 8yntksii of indolactam8 having 8ubstitucnts on indok ringp However, the low energy ban&r between 

the two conformers (in case of 1, the observed fm energy of activation was A@ = 19.2 kcal/moI at -WC)3 

make8 it diffiiult to identify the mode of interaction of these promoters with common macnnnolccular target(s). 

Synthesis of molecules in which the lactam ring is restricted to the twist or sofa form might allow us to solve 

the pxoblem and to develop slrategie8 for analyzing the mechanisms of tumor promotion. 

F@NB 1 .Conforrnation of indolactam-V in the twii (lefl) and sota (right) 

Conformational analyses of simple lactams have indicated that S- to 8-membered lactams have the cis 

conformation and lO-membered and lar8er lactams have the zrans conformation, while a 9-membeti lactam, 
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azacyclononanone, exists as an equilibrium mixture of cis and trans conformers.7 Consequently, alteration of 
ring-size of the lactams seems to be effective for the restriction of conformation to the twist or sofa form. In 
connection with the &sign of suitable molecules for our purpose, two structure-activity results attracted our 

attention. 1) The presence of the hydrogen at N-l of indolactam-V is not essential for the activity.8 2) The 

terpenoid side chain on teleocidins can be substituted by a simple alkyl group without loss of activity, as in 7- 

decylindolactam-V.9 Based on the above considerations, benzolactam-V8-310 (4) was designed as a twist- 

restricted analogue and benzolactam-VP310 (5) as a twist-sofa equilibrated analogue. 

NHEoc 

13 R =P+(C&@i - 

18 R = NH&fS 

3 CkS0Nm;H(COCC2H5)2, MI-U DMF b) C9HtspCPh3 Br, RBuLi! THF c) HCU A&H d) SOCV EtOfi 
e) 60~30’ CA-&12 9 LiBl-ld THF 0) H3, W-C/ EtCti h) HCOOH, AcOH i) BI-b/ THF j) trifrate of benzyl M-a- 
hydroxyisovaferate, 2,M~tkline/ CH$& k) Nhydroxysuccinimkle, DCcl CH3CN I) CF$OOH/ CH& 
m) NaHCO@q’ CH3COOE1 n) HOCH&iHg@ti, TsOHI toluene o) PPh3/ toluene p) 14, K$Z03/ DMF 

q) pyridinium ptoluenesulfonatel acetone. Hz0 

The designed benzolactams wen synthesized as follows. Reaction of 4-bromomethyl-3-nitrobenz- 

aldehyde with diethyl acetamidomalonate without protection of the aldehyde group, followed by Wittig reaction 

employing nonyl phosphonium ylide gave 6 (55%). Deprotection and decarboxylation gave the amino acid, 

which was protected with ethyl ester for the carboxylic acid group and Boc for the amine group, and the ester 

group was reduced with LiB& to afford 7 (59%). The nitroalcohol7 was converted into methylamino alcohol 

(8.75 %) by catalytic hydrogenation and formylation, followed by reduction with BH3. Reaction of 8 with the 
triflate of benzyl DL-a-hydroxyisovalerate gave diastereomeric esters 9 (64 %). After hydrogenolysis of the 

benzyl ester, condensation with N-hydroxysuccinimide using DCC gave the activated esters 10 (96%). After 



8121 

removal of the Boc group using CF3COOH, cyclii was carried out un&r dilute conditions to give 4 (48 %) 

andthe epimcr 11(43 %). which were isolated on this stage. 

The nine-membered lactam was also synthesized from 4-bromomethyl-3-nitrobenxaldehyde. After 

protection of the aldehyde group with acetal. the benzylbromide 12 was converted into the phosphonium salt 

13. The aldehyde 141° derived from DL-scrinc was reacted with the ylide generated from W to give 15 (57 

%, cis:nanr 23). After deprote&m of the acetal, the alkyl chaii was inttoduced by the same procedute 

described above to give a mixture of four stereoisomers 16 (38 %I). Catalytic hydrogenation of 16 gave a 

single amine 17, which was converted to 18 (84 %), and 18 was further converted into 5 and the epimer 19 in 

the same manner as described for the synthesis of 4 in similar yields except for the cyclixation step (20 96 for 5 

and 17 % for 19). 

Fiiure 1. Cenfonnauins et 4 (Iaft) and 5 (ri@t); the alkyl side chain is omitted for the sake of clarity. 
Top: Views from the face ol the benzens ring. The numerals am chemical shHts @pm from TMS) in CDCb. 
~m:ViewsIrwnthesideofthebemen,rinp.Theanowsind~~characteristicNOEenhancemen18. 

Extensive confotmational analysis of the twist and sofa forms of indolactam-V has been conduced3 by the 

use of tH-NMR, and significant differences of chemical shifts between the two confcrmers have been observed. 

The conformational structures of 4 and 5 were deduced from lH-NMR spectral data and nuclear Overhauser 

effect (NOE) experiments.(Figure 1) The two benxolactams were each proved to exist in a single 

conformational state in solution, even at -4OT. despite the expectation that 5 might be in a twist-sofa 

equilibrium (see above). Although the chemical shifts of 4 could not directly indicate the conformation, in the 

NOE difference spectra, saturation of H-&X resulted in characteristic enhancement of the H-2 signal, as was 

found for the twist form of indolactam-V. No other conformation could explain the experimental results. 

Therefore, the &membered lactam 4 exists only in twist foon in sohnion. 

On the other hand, the spectral data of 5 were close to those of the sofa form of indolactam-V.5 In 

particular, H-4 (NH) and H-2 were subject to high-field shielding by aromatic current anisotropy, while the 



ltllgecouplingconscantbetwecnH_4MdH_5iadicPtedthptthe~mdebetw*sntbcseprotonsirnerrrto 

180”. ~charac~sticfeaturesartthesameasthoseoftherofPfonndindolactPm_V. NOEarhsncement 

of the H-2 signals by satumtion of H-4 (NH) confirmed the sofa form of 5. Thus. the Pmembered lactam 5 

exists only in the sofa form in solution. 

The ‘PA-type tumor pnnnoters induce @ inhibition, cell adhesia~l* and diffet~tiation to monoqtea 

of human promyelocytic leukemia cells @L-60). 12 The twist-restricted benaolactam-V8-310 (4) caused 

growth inhibition and differentiation of HL-60 cells at the concentration of 10-s M. On the contrary, the sofa- 

restricted benzolactam-W-310 (5) proved to be inactive below the concentration of 10-a lu. llle potency 

estimated from ICa of the g-membered lactam 4 was only one order weaker than that of teleocidin B-4 but 30 

times smmger than that of indolactam-V. On the other hand, the g-membered lactam 5 proved to be inactlve. 

The benzolactams 4 and 5 were also evaluated in a standard [SHITPA competitive binding assay to protein 

kinase C @ICC) regulatory domain.‘3 [SHITPA binding was inhit@ed by 45 % in the presence of 4 (1000 

fold excess).~4 The big was not inhibited in the presence of 5 (1000 fold excess). 

It is difficult to rule out the possibility of conversion from the twist form to another putative conforme& 

(e.g. the fold form) through relatively low energy barrier (conversion being not due to cis-trm isomerizatioo of 

amide bond) when the molecule interact with target. However, the above biological results indicate that the 

active conformation of teleocidins should not be the sofa form15 but the twist form or another conformation 

converted from the twist form thtough low energy barrier. 
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