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Absbuck lkf2 synthesis of dike&me 14 possash the lficy&(9.3.l.d*+aweume (AFKJ taxane ring system is described. 
This cwcise appmecb employs a Wackcs oxidation_ b~mmolecular aldol condensstion-dehydration. and a highly em 
tJtemse~vein~m*Alderrredlarrrskcyscepe. 

There is currently considerable interest in the syntbesisl of the potent antitumor agent Taxol@ (11, 2 

as well as related, therapeutically promising analogues3 which contain varied arrays of functionality on the 

basic carbocycRc nucleus. We report here a short synthesis of the tetracyclic compound 14 in which the 

tricyc10[9.3.1.03J$entadecaue ring system 2 is present. The key synthetic steps include a stereoselective 

intramolecular aldol condensation4 and a highly au-selective intermolecular Diels-Alder reaction. 
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In our synthetic strategy we envisaged that an unprecedented aldol condensation of systems of type 
3 (R&l) could be used for the construction of the bicyclo[5.3.l]undecaue (AB) ring system. At the outset 

it was appreciated that the 8ucczss of the cyclixation step would be strongly dependent on the presence of 
the appropriate a,a’cyclohexsnone substituents R (see conformational formulas 4 and 5, Equation I). We 

considered that this shucmml feature would shift the conformational equilibrium in the desired direction by 

virtue of the 1,3-diaxial interaction present in conformer 4. so that the proximity of the donor(d)- 

acceptor(a) centres in the side chains would be enhanced in order to form 6. 
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These ideas have been successfully put into practice by the transformation of 11 to the key 

intermedii 12 (Scheme l). Alkylation of the LDA-generated anion of cyclohexanone dimethylhydrazone 

7s with ally1 bromide gives the monoallylated derivative 8 in 93% yield. A single pot alkylation-acidic 

hydrolysis procedure provides the 2,6diallylcyclohexanone 9 as a mixture of epimem in 51% yield. This 

mixture. when subjected to exhaustive methylation (KH, excess MeI. THP) affords 10 in 67% yield as a 

2.2:1 mixture of epimers. Based on the experiments described below it was concluded that the major 

isomer bears the two ally1 substituents in a syn arrangement, Wacker oxidation6 (02. PdClz, CuCl& DMP- 

H20, 48 h) of 10 leads to a chromatographically separable mixture of two isomeric triketones in a 

combined yield of 48%. Treatment of the major isomer 11 with 30% ICOH in MeOH (reflux, high dilution) 

gives the ketol12 in 66% yield. The corresponding a-OH epimer was not detected by either lH-NMR of 

the crude reaction mixture, or during the course of the reaction. 

7 8 9 10 

1 d 

14 13 12 11 

Reqentsz 3 IDA, THF, BICH~CH=CH~, 78 to 25% (93%); b) LDA, THF, BrCH2CH=CH2,78 to 25-C; HCI 4N, O-C 
(51%); c) NaH, THE MeI, 0 to 2SC (67%. 2.2~1 synxmti); d) 02. PdC32 (0.6 
cbmm@r@s e) 10% KOH I MeOH (O.OlM ll), I&IX (66%); f) p-T&H, QjH6.80 T 

J, CuC12. DhWH20. 48h (4$&t 
(quaut.); g) cyclw . 

ClQCl2-Et@, 78 to -10-C (77%). 

The relative configuration of the tertiary alcohol moiety in 12 was established as follows. 

Reduction of 12 with sodium borohydride in methanol at -1o’C leads to the hemiketal 15 in which the 

tertiary alcohol moiety has closed onto the remaining ketone carbonyl group. This was conflied by the 

observation that w exchange in the 1H-NMR spectnun of 15 simplifies the methine hydrogen resonance 
at MS5 ppm. Simplification of thii signal is not possible if the secondary alcohol participates in the 

cyclixation to form the corresponding hemiketsl. The relative contlguration of the secondary alcohol in 15 

was not established unambiguously, but the assignment shown is consistent with the results reported by 

PaqueUe on nucleophilic additions to related systems. Thus, hydride attack likely occurrs with high 

chemoselectivity and z-facial diaatereoselectivity from the less hindered face of the carbonyl group on the 

more stable ring B “boat-chair” conformer of 12 (see conformational formula 16). 

As anticipated, the presence of the rs, a’-cyclohexanone methyl groups is crucial to the success and 

high stereoselectivity of the cyclixation reaction leading to llf Treatment of the trlketone 17 under the 
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same. rmction conditions that produced 12 fhxu 11 gave only an inrnrctabltt tnixm. The rationale for the 

sternoselectivity of the Ado1 cyclixation is consistent with either kinetic or thermodynamic arguments. 
OH 

18 

38 19 20 

h a kin&&ally controlled X&XI&XI the @erred ma&on pathway should occur v2a tuition structom 18 

as opposed to 19, iu which a destabilizing ~UMC&@ steric iuteraction is present. Moreover, theoretical 

c~culation$ predict that 2O is 3 kcal mot-1 less stable than the ketol 16, the product formed under 

themtodinamic control. 

(2) 

21 14 
Upon treatment of 12 withp_TsOH in warm benzene, the enone 13 was obtained iu quantitative 

yield. The AlCl3-catalyzed DieWIlder reaction of 13 with cyclopentadiene in CH$I2 at 78°C gave the 

desired tetiacyclic ~~~u~d 14 in 77% yield {no other isomeric products were detected by 1H-NMR), 
The rehtive stereochemistry of the exe-adduct 14 was ~biguo~iy established on the basis of IH-lH 
nOe experiments (summariu3d in Equation 2). The reaction proceeds by addition to the diene from the less 
sterically hindered a-face of the emonformer of the dienophile (see transition structure 21). The diene 

approaches the emne in the mscwientati~ thus avoiding the noa bonded interaction between the enone 
bmethyl group and the ~yc~n~i~ metbyleue ~y~gen.9 The assignment of relevaut N?&R signals 

in the spectra of 14 was established by COW, DEFT, r&e, and lH-%Z l3FZTCOR experiments, however, it 

was not possible to unambiguously establish the conformation of ring B_ It is suggested that 34 exists 
primarily iu the conformatiou shown in Eqation 2 based ou the examination of models and on theoretical 

eafcuhtions.“e 
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In summary, a 6-s&p construction of an intennediite. bearing the txicyclo[9.3.l.O~+entadecane 
(ABC) ring system present in the taxane diterpenes from the known hydrazone 8 has been accomplished. 
The remarkable stereo- and facialselectivity of the Diels-Alder reaction to produce 14 and the high 
stereoselectivity of the intramolecular aldol condensation leading to 11 are worthy of note. Further work 

on this general strategy for the construction of taxanes and [n.S.l]bicyclic ring systems will be pursued. 

Achowledgeme~~. We thank G. Facey and R. Capoor (University of Ottawa) for the 500 MHz NMR 
experiments done on compound 14, E. Lund for conducting theoretical calculations, and A.G. Fallis for 

helpful comments regarding the manuscript. 

Referems and Notes: 

(1) 

(2) 
(3) 

(4) 

Q 

(6) 

Q 

(8) 

(9) 

(10) 

Forfecmt~nrcviewsmsyntbetkeppoPcbes to mxaae.s see: Kingstoo, D.G.I; Molloero. A.A.; 
RimoldL J.M. In Pmwess In the Chmbtrv of Ormanic Natuml Pmdncts: Herz W.. K&bx G.W.. Moox RE.. 
Stci8U&, W., Taau& Cb.. Eds.; Sprin&~c&,gz New Yak, 1993; +ol. 6i, & 1-lti; Paq&tc, L.-A. Id 
St&es in Natural Products Chemisrtv; A. U. Rlhmnn. Fd.; ELsevier: Amsterdam. 1992; vol. 11; Du 369; 
swindeu c. s. Org. Prep. pmced Int. itil, 23,465~545. 

-_ 

Waai, M. C.;Taylor, H.L.;WaU, ME.; Cq@, P.; McPbail, A.TJ. Ant. Chew& Sot. 1971,93,2325-2327. 

(Ihnlulhsrv. A. G.; Kio8stm. D. G. I. Tetrahedron Lea. 1993.34.49214924 and l@xmcescitcdmaeia 

~~tilt~aldolcoadencatloa approeches to taxlmes see: Ch& K-B.; Sampson, P. 1. Org. 
Chea 1993.58.6807-6813; Morihh Ic; Seto, M.; T-w& HorQucl& Y.; Kowajima, I. Tetrahedron 
Lea. 1993.34.345-34s. 
Corey, E J.; Eadas. D. Clrcm. Ber. 1978, Ill, 1337-1361; Cony, E. I.; Knapp. S. Tetmhedmn Len. 1976.51, 
468746!xI. 
Tsuji, J.; Sbim&u, I; Yams~~oto, K. TetraMron L#t. 19X,34,2975-2976. 
Tbe~thattheLetdlSriagBexisEs~UyinaboatchPircoafarmationandtbattbesodium 
borobydrkle mJu&n is x-fpcinl dlacteraoarelective is supported by Paqueue’s elegaut work m addition 

#muuml analys& of &[n.f. l]bicyclic Letoneq stc: Paquem, L. A; Unddmr. T. L.; Gallucci, 

A TIcape-Ingold effect exested by the a and a’ metbyl groups may also play a role in briogiq the acetonyl 
ai~offlcloserto@bcr,tbusfacilitatiugtberingcksurcrextiat. Forarclatcdcascsct:Forbes,M. 
D. E.; Patton, J. T.; Myas, T. L.; MayaarQ H. D.; Jr., D. W. S.; Schultz, G. R.; Wagener, K. B. I. Am. Chenr 
sue. 1992,114,10978-10980. 

Tiu eubmcul exe diestaeoselectivity far the AlCl3- catalyzd fmztions of cyclopentadiene with a-metbyl- 
&maUur&d latonfs k kuow0 aad has been tenned tbe “a-methyl effect”. We&e&3 a-&male of a -one- 
stcpnectioawitblm~~wa-s~traosit*nstateinwhicbu-boodfamatioawifhtbe~- 
arbmoftbech~ tetoaebilladvanceoflbatatpbe a-c&onsitc...“isiuaaxxdwilbtbchtghuo 
-8&!&I&y obsaved in our case. Thee, a similar “B-methyl cffea” might be cpexa&Ig such thst the s&c, 
na&x&fl~ovarldetoagrestaextmttbePmadiveseco&fyorbitrl wprcsmtinthe 
altc?Mttvcen& tlami&m atate, =: A@& E. C.; Frin@& F.; Guo, M.; Minuti, L.; Tatkxhi, k; Wenkext, 
E. 1. Org. Che#a 1s. 53.43254328. See alsx Rousb, W. R.; Brown. B. B. J. Org. C&m 1992.57,3380- 
3387. 

# Address for v Dr. Miguel A. Romeso, Investi@6n Apkada, S.A.. 7 Notte. #356, T&u&n. Puebla, 
75700. Mexico. Fax (238)30214 

(Received in USA 3 February 1994, revised 9 March 1994, accepted 14 March 1994) 


