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Summarg: Rmctionofa1WynaahRbyda16with~ 
o& 

leada to intramolecular acatylida cyclization to 
the qimaric carbinola 17 comprising a deoxyaglycone m e for the calichaamicina. NOE studier Permit 
atemochemical amignmenta for thaaa qimera, which in turn auggeat that G8 ate.mochamiatry (calicheamicin 
numbering) amigned for tba aliehamidnr nWralulre_ 

lnvutigatom at Bristol-hiyea and at Ledarle have raptly aaaigned the atructurua of two aeriea of 

potent antitumor agents. the qmramicii (l)l and the calich&ina (2?, reqactively. Theaa structurally 

remarkable natural producta are glycoaidic derivativea attached to a common aglycone framework, the 

bicycld7.3.lltrideca+Mien~2,6-diyna ayatem. The aglycona core ~omasma an allylic triaulfide, a methyl 

carbamate group, aud the charactariatic bridging ‘I-carbon enediyna chain balieved rcaponaibla for the DNA- 

damaging ~roPartiea of them aubatancoa. The me&a&m of DNA atrand aciaaion by these agents haa been 

proposed 
12 which involvea tha bioreductive convaraion of tha triaulfida to a thiol, triggaring intramolecular 

kWlaeadditionofthethioltotheeQor&andaubaquentaMlucy& mamqament3 of the anadiyna unit to 

apphcnylcnediradi&whichcanalntractHatoma 
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With the minimum requirements of an emxhyne bridge and a suitable nucleophilic trigger thus defined, 

We selected ss a target the deoxyaglycone structure 3 in which P is an appmpriate protecting group. Schreiber 

and KLxshng have recently employed the intramalecuLar Di*Alder reaction to construct the ketoester 4. thus 

providing the first synthesis of the bicyclic framework of this seriea4 Our strategy on the other hand 

cnvisionsthekey~tiontooaUrbyanintmn&&ar addition of an ace@& anion to an aldehyde, 

ss elaborated below. The pmcurmr for this approsch would be a cyclohexane-1,3dione such as 5 in which R 

is a pndccecpor of an enediyne chain The symmetry of 5, in principle, permits the incorporation of the 

carbamate substituent by nitrosation at C-2,’ the allylic thioether unit by Torii aldol condensation6 with 

PSCH2CH0 at C-4, and introduction of the aldehyde carbon at C-3 as discussed below. This paper 

demomtrata~ the f6Yadbuty of the key nwzwoqaation step wlthh hi.9 over& strategy. 

Hydrolysisoftheknown3SdmMxwy- 14-dihydrobensyl alcohol’ with Dowex 5OW-X8 resin gave the 

fl-methoxsenone 6 in 63% yield @theme lx* Swern oxidation transformed 6 to the aldehyde 7, which with 

CRr4 and Ph3P produced the mys~Ume dibromoolefii 8, mp 84-85 OC, in 51% overall yield. Reaction of 8 

with 1 @V of LDA prote&d the ketone as its enolate, and subeequent addition of 2 quiv n-BuLi formed 

on workup the acetylene 9, mp 72-73 *C, in 76% yield. Addition of 2.5 quiv. GL+HMgBr at O* followed 

by quenching with dilute HCl gave in 91% yield the conjugated dienone la9 

TO 8tdlim NtnquEnt Mumaliam dieacme 10 was converted in 61% yield to the dionolane 11 with 

HOCH2CH20H and pyridinium p-toluenesulfonate catalysti use of pTSA as catalyst produced significant 

amountsoftheisome& A 3@iena Catalytic osmylation followed by periodate cleavage produced ahiehyde 

which wss reduced by NaBH4 to carbinol 13 in 61% overall yield. At this point, Castro-Stephans coupling 

:; 

of the acetylene with UM-cMoro+ tr&hylsilyl-l-buten-3-yneen-3-ynell using Pd’PPh3>4/CuI/n-BuNH2 gave 59% of 

the silyl enediyne 14, which was oxidized under Swern conditions to the aldehyde IS. Desilylation with 

n-Bu4Np gave in 60% overall yield the key cyclirntion pmcumor, enediy~ aldehyde 16. The structure 16 was 

confirmed by detailed analysis and decoupling of its 300 MHz ‘H-NMR spectrum, and by IR and high 

resohltiml mam spectr&l2 
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II THP for 6 hm at 2O’C. 

followed by aq. NH4Q workup, kd on Si02 gel chromatography to the ieolation of a pmmtly imepamble 3:1 

mixtum of epimcrk cyclked carbinoln 17s and 17b in 42% yield (based on 30% recovered 16). Structure 17 

reetsuponIR,Ms,HBMs 
13 

a8 well as 300 MHZ lH-NMR 
14 and 13 C-NMR15 compari8on with data for the 

S&miter ester 19. ‘~‘ha ~reochemistry of the major epdmsr 17a ham been dcmonntrated by irradiation of H-8 

at 6 5.12 knmne, degamed) leading to a 25% NOE enhancemmt of the H-13fl signal of 6 2.90 but no effect 

on the H-10 signal. Reaction of the mixture llab with p-WC6H4COCl ‘Et3N. DEAF’, CH2C12, 2OOC, 3 h) 

resulttd in a?kctivc acylaticnl of 17a to give pMnniMntly eater 18q 
16 

in which the H-10 ia shifted 6 0.21 

downfield from 174 and for which NOE maul@ cloxly paraU&d thas cited for 17a. It ia noteworthy that 

neither 17a nor 18a exhibited long-raagu coupling al.0 Hz for J5 g wbereaa in both the caperamicina and 
0 \ 

. . calichsamrcmq as well M in the model 19. J5g no 1.4-2.7 Hz These data suggest that the stumoch8mistrks 

at C-g for the lart 3 systems w Wntkai, but drf fsr from that of our IIW jar carbhd qdmer 17a 
17 

&ally, WC report that deketa~izatioa d mixture 17 (02 M HCl, aq. acetone, 20°C, 90 min> gave 90% yield 

oftheepim&chydroxyenoned 2Q fully characterized by R NMR, MS and HRMFg 
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17a R’ =OH,R2=H 

17b R’ =H,R2=OH 

18a Rl = O&X!,&-p-C&, R2 = H 

19 20a RI =OH,@=H 

20b R’ =H,R2=OH 
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~~Icompoundr~ve3ooMHz’H-~IR,MS~dHBhdSotcomb~anal~inaccord 
withthamportod#tNotM& Data fq al&ted coynmd# am given below. 
Diulona lor IR (film) 1660,lSso cm ; 300 hfHz H-NMR (Qxa )r 6 &TO (1 I-I, dd, J - lo& 17.5 Hz) 
5.97 (1 H, r), 5.62 (1 H, d, J - 17.5 Hz), 551 (1 H, d, J - 10.8%& 3.08 (1 H, m), 2.83 (1 H. dd, J ,’ 
4.60, 17.52 Hz). 2.70 (1 H, dd, J - 4.60, 17.52 Hz), 2.60-2.46 (2 H, m). 2.16 (1 H, d, J - 2.28 Hz). 
HRMSzCalodforC 146.0732; Pound 146.0730. 
a) Stephanh R.D; 

loo: 
ro, C.E., J. Gra. Chem. 1963, 2& 3313; b) Ratov&manana. V; Linntrumelle, G., 

Tetrahedron Lett. 1981, 3 315; c) Guilkm, a; Lhxrmm& G. Tetrahednw Lat. 1985, s 3811. 
The ohloroanyns 14 wan prepared by coupling of Ma SiCECH and Z-ClCH=CHCl according to the 
pmcedum of refem 1Oc. &lcd for c7H11SiCk C 5298; H, 6.99; c, 22.34. Found: C, 53x)9; H. 7.07; 
cx 22.08. 

Ey 16: w (film): 1685 om-‘; 300 ri4J-I~ ‘H-NMR (CDCl >: 6 6.42 (1 H, I), 9.51 (1 H, 3. 5.90 (1 
- 11.1 Hz), 5.77 (1 H, dd, J - 2.0, 11.1 Hz), 415-3.92 (4 H, d 3.33 (1 H, d, J - 2.0 Hz), 3.01 

(1 H, m), 277 (1 H, dd. J - 48. 18.1 Hz), 2.21 (1 H, dt, J - 1.3, 13.2 Hz), 2.13 (1 H, ddd, J - 2.3. 
11.4, 13.7 Hz), 1.92 (1 H, t, J - 13.2 H& HQh4s Calcd for <&I 0 : 242.0943. Pound 242.0917. 
Mixture of 17a and 17b: IR (CHC13): 3400, 1260, 1100 cm . 
242.0943; Found 242.0920. 

%&S We>: Calcd for CI#I1403, 

Mapr~17r300MHz1H-~(CZ]CI~6186(H464~ - 9.6, 1.0 Hz); 5.76 (H-5, d, J - 9.6); 
5.62 (H-10, d. J - 2.6); 5.12 (H-8, I); 4.07-3.91 (4H. m): 337(H-1. m); 2.90 (H-13@, d, J - 14.8); 
2s2.05(4IE,mI. Ka . for Schmitmr wtar 19: 6 5.83 CH-S). dd, J - 9.9, 2.4 Hz); 6 5.74 (H-47, 
dd, J - 9.9, 121 5.+% t$ 5.22 (I--8, ix 
Major epimar 17~ C-NMR (m3, pa& 6 143.3 (GlO), 122.4 and 1215 (C-4/C-5). 67.7 (C-8). 
Schiber cuter 19: 6 142.5 @lOI, 121.9 and 121.6 &-4/C-5). 69.2 (G8). 
Biter 18~ HRMSz Cak$ for C 8H2204: 422.1518; Found: 4221527. 
Althoughmcatofthc H-~~ofepimerllbwsreniriblain~af17,thagweretooweak 
~ov~r~~with~ofl7atointsrpretfoap-rangeJ~NoE~tr~thir~compoaent. 

m 2Oi IR (CHCI 22041675 om-. =M-h H-NMR(=):~~M(~H, 
H, r), 3.60 (1 H, m>, 3.17 (1 H, d, J - lh Hz). 2.80-2.50 4 4JII’ ii 

HRMS (m/e) Calcd. for c1 
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