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Alnbmct: Synthds qf the title compounds WIU achiemtd by empbytng condensation 4 the 2-metkoxy-l-pydne witA 
ethyl l#itmacm old caMetion qf 1-Qz&~013.1.0~~ $ymms front sm a9 key 
steps. Some qf these con#eners which carry a C&II unit involving the naphthalene part. were found to cxbibit 
pr~~cytoroldcity Md~c~~~rucclropMIcscu~~ tkaziridineandepoxidemoieties. 

Cmzinophilin (1) is an antitumor antibiotic isolamcd from Snepromyces adachimi by Hata et d. in 1954.’ 

WhilethestNctme oflhasbeenrevisedsevaalQmsova30years.2Armstrongad.reparcedin1991that 

‘H- and 13C-NMR spectra of 1 watt supaimposabk on those of azinomycin B.3 l’he lama compound is also 

an antitumor antibiotic having a -tic 2-me$hylidenc-1-azabiiclo[3.l.O]hexane sys&m.” since 1 is 

disclosed to be one of the strand cross-linking compounds for DNA,5 it is anticipated that, as shown bebw, 1 

couldallrylatetwomoleculwofnucbophilesatboththeazjridineand~~ moie&s (the Cl0 and Cl1 

positions) expnssing its prominent cytotoxicity. These unkpe history, novel suuctme, and ex&ent cyto- 

toxicitydtlimabdabovemake1anditsrelaotdcompoundsasamactive~~fortotalsynthtsis.~~~ 

We wish to nport here a novel synthesis of the carzbmphiIin congrncrs (2,3,4, and ew.4) carrying a 

charact&& 2-(l-acylamino.l-alkoxycarbonyl)rnethyIiden~l+zabicyclo[3. l.O]hexane sysacm. The exploted 

synthetic route featums condensation of the 2-tioxy-1-pyrroline with ethyl nim andcOlUtructionof1- 

azabicy~[3.l.O]hcxane syssnns from 5-mcsyloxymuhyIpyn&dh~~ as key steps., It was aloo dis&sed that 

some of these amgeners (2 and 3) which carry a Q-C21 unit involving ihe aaphthakne patt, exhibit pmminent 

cytotoxicity against P388 murine kx&emia and effectively alkylate nucleophiks at bodr the aziridine and epoxkie 

moie#ies. 

Firss development of a novel synthe& route to 4 and enr-4 was studied using (R)- and (S>pyxoghmtmk 

acid as chiral templates. For conveniuq only the synthetic schqne to 4 is shown ia Scheme 1. Ibuj, the 

2-py&kione (5) readily acctlrsible from (R)-pyrogIutamic ackl &o&ing to the qormd p~~ed~qai was 
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dexivcd to methyl imida~ (6).7 Aftex ba9 ~cwork-up.6wasdinxtlytr~dwithancxccss amount of ethyl 

nitroaataaetoeff#nthecondarsationEwction,givingni~y~C1).* Mhough7wasobtaincdssa 

taulonK&mixtlJle mnoerningthedefinicbondandtberatioofEautomess~withsolvene[l:l(C6q6)r6:4 

(cDcl$, and 1zO (CDjclD)], the x-ray dafraccione obviously Bthat7exists8sa(Z)-Win 

aaystallincstate. Thenitrogtoupof7 wasselaxivclytedt~xdloptovidc1msmblceaaminc(8), whichwas 

immediately acylatcd to affd 2-(l-acylamin~l&ox~yl)muhylkkncpyrroUi~ (9a.b) as mixams of 

tawmwm [Q:(z) = both 7:1].9 The mum of 9 might oaxr thtDugb the NMation of enamine (12). 

After removal of the TBDPS group, the primary akhols (10a.b) pmduccd wae amva'kd m mcsyhk (llr) 

[(~-isomaonlylanda~mixdPeafmesyhre(lib)[(~:(Z)=7:1],respsctively. Itwasfoundthat 

aeatmentsof9a,bwitbKHin’IHFatroom~ smoothly unduwalt construcdon of the aGdinc rings, 

furnishing 4a,b in goodyidds. Since4a.bwavayunsmblcagainstsilica gelorFkxisil, cutsidaable 

amountsofthcproductsdccompcscdduringpmifiMon. Forcxamp~while4awasobb&cdin56%yiM 

a&r why, the IH-NMR spccuum of the $a~& product obviously suggested the form&m of 4a in 

more than 8096 yield. hating with enr-g obtahabk from (S)-pyqltdamic add. enMa,b wmc timilarly 

prepared by way of eti-g. 

a) (MeQ2S02, benzene, WC, 87% b) Q,$CH$O& @PC. 6796 c) H2 (5 atm). 1096-w/c, toklene d) 
w, kO&, 78% (OI from 7) or PIVCI, Nam, A&Et, 84% (ob from 7) e) TBAF. THF, 96% (101). 95% 
(lab) 9 MSCI, E&N, CHfi, -7VC, 91% (lla), 74% (lib) g) KH, THF 56% (rr), 94% (4q 

With completion of a synthetic route to the 2-(l-acylamino-l-akoxycartinmyl)mcthylidene-l-azabikyclo- 

[3.l.O]hcxanc system, the plqamkm of 2 and 3 w&9 next ,w lluls, optically active epoxy acid (13) 

(>98%ee) which bears a C&C21 unit involving the naphthalute patt, was pqm& aaxxding P UE proaDcols 

cxpkaed by Shibuya et d.h and Hirama et d.e with slight modifk&ms. Condensation of 8 in situ produo& 

from7,with13wapcffccoedbymeansofDCC_HOBT~aff~g14aa9aEau~mix~ lIis 

waselaboraredto16abyasimilarIltacrionstqucncttothardescribad~~. Knthiscase,thea&idin~txk4y 

couldbeconstrzrcledmorecleenlywith~thanwithIuI,ftlmishing2.1o Tbecrudcykldof2coukInot 

beestimaredbyi~lH_NMR~,duetospecPal~~g. Although2 wasfoundobcvcryunsmbk 

similarly to 4&b, short preparative ‘ILC pcrfoxmtkd w&hin 10 min made it possible to isolate 2 almost in a purt 

state. In a similar fashion, 3 was prepared by employing ent-8 in situ ptq?med from ent-7. Being Bt 

from their synthcdc MumaWes (7-11 and 14-16). all the cardaphilin antgrners (2. 3. 4, and ent4) 
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a) DCC, HOBT, THF, 51%(14#, 62% (14b) b)lBAF, THF. 78% (1 SI), 88% (1 Sb) c) MsCt, Et9N. -78C. 88% 
(168), 92% (16b) d) KWDS, THF. 34% (2), 21% (9) 

prodwxdhcrcwemfoundtocoilsistofsingksrucaisomas. staeochanistriesofthedefinicmaietitsinthcsc 

compounds wae teatatively assigned as (Qconfiguradons by their tH-NMR spccuatt 

With various auzinophilin con- in hand, their chankal propaty was next ummincd using enr4.6i A 

pure sample of et-4 was found to he stahk in CDCl3 at 0 SC for a week. However, ucatmaltwithAd3Mor 

PhSH/T&N brought about s&ctivc cleavage of the azi&ine ring at the Cl0 position (carzinophilin numhakg) to 

yiekltbcpyx~olklinc(l7). Noformdonofthcpipcdnc(18)wasdeucdundathcscamditions. Thesame 

openingofthca&idincringwasd&ctcdcvcnbytxatingwithMdJH. Inthccascofmarefi~-2, 

two anti of PhSH wue found to attack successively at the Cl0 and Czt positions, pmducing hisadduct 

(20). Sincethereactionpaformcdinash<nttimtaffoxdadmonoaWuct(19)asamaprproduq20is 

an&ipaadtobedcrived by wayof 19. ‘Ikseobsavations might mimic the ankipatcd double alkyhtion ability 

of1 forDNA 

Scheme 3. 
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&OH, THF, r-t., 10 hr, 46% 
PhSH, EbN, THF. r.t., 3hr, 57% 

19 20 
4 hr; 82% 27% 

1Ohr; 0% 78% 

Finally, in virro cytotoxkity assay against P388 murk kukunia was exmnhmi using 2,3,4, and ent4 as 

wellas19aad20. Itwasfounddnat~functionatiaad2and3exhibitpromincnt~~C~ 

@g/n&)): 0.0023 (2), 0.0036 (311 which BFC ahnost equal to that of adciamych~ [ICJO Q@nL): 0.0020] widely 

employed for clinical uses. It is also wo& noting that the compoundslackingthccpo*moiay(4ande#-4), 

the aedk part (19). or both (20). showed the cyowoxicity obviously wcaklx than those carrying both the 

functionalities [Ic50 Q@mL): ~10 (411). 9.6 (ent-sa), 9.3 (4b), 8.7 (ent-4b). 0.035 (19), and 1.9 (20)&t* 
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I 
The signals ofmethylene protons in me ethyr groups of 2,3,4, and au-4 appead at lower fklds than 
those of the corresponding major (&tautomer of synthetic intermediates (9-11 and 14-16). This might 
be construed by the locations of the ethyl groups of 2,3,4, and en;-4 not only syn U, but also coplanar to 
their a&dine rings. Although Armsttong et al. ahj and Coleman et da determined the stereochemistries 
of their model compounds by using NOE technique+no NGE useful for assigning the stereochemistrks of 
our bicyclic compounds was observed in our case. Incidentally, NOES between the amide proton and the 
protons on the pyrrolidine ring were not described by Yokoi et al. in their report concerning the structme 
determination of axinomycinspb 
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