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Abstract: A convergent strategy to construct the B-ring in an AC .-9 ABC cyclization to the taxane framework 
was tested. The bicyclic bromomethyldimethylsilyl ether 2 was efficiently synthesized by a sequence 
proceeding through the alkylation of the C-ring malonate 4 by the hindered A-rin 8 bromide 3. The desired 
tandem 5-exo-trig/8-exo-dig cyclization of 2 to diol 1 was not observed. An alternative pathway was indicated 
by isolation of  crystalline tetracyclic diastereomers 12a and 12b, derived by a diastereoselective sequence of 
three radical cyclizations. Copyright © 1996 Elsevier Science Ltd 

The structurally challenging and clinically important antitumor agent taxol has been the focus of intense 

synthetic interest over the past decade; three total syntheses have recently been reported. I In 1986 we 

described the first construction of the tricycllc taxane framework by a low-yield McMurry cyclization to form 

the C(9)-C(I0) bond. 2 We now report a test of an alternative B-ring closure strategy employing a 5-exo-trig/8- 
exo-dig3 tandem cyclization retrosynthetically outlined in Scheme I. The tricyclic diol 1, an advanced model 
toward taxol, would arise by n-Bu3SnH-initiated tandem radical cyclization 4 of the bromomethylsilane 2 

through a cyclosiloxane easily transformed to the 1,3-diol I by a Tamao oxidation. 5 The C(9)-C(I0) bond in 

2 would be formed by alkylation of the C-ring malonate 4 by the hindered A-ring allyl bromide 3. 
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Scheme 1 

Malonate 4 was prepared by the totally regio- and stereo,selective reaction of dimethyl malonate anion 

and the monoepoxide of 1,3-cyclohexadiene in the presence of 5 tool% of Pd(PPh3)4, 6 Allylic bromide 3 was 

synthesized as in Scheme 2, using a Lewis acid-catalyzed Diels-Alder reaction between diene 7 and acrolein. 7 
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o o o o CO~a~C~HO" 

(; 7 9 ~ SiMe3 

a) 1.5 equiv acetone; 1.35 equiv Ac20; 0.14 equiv Z-,nCl2; 60 oC; 72 h; (42%); b) I.I equiv CH3MgBr; Et20; 
0 oC to rt; I hi c) 0.2 equivp-TsOH; 60 oc; I hi (70%; 2 steps); d) 3.5 equiv acrolein; 3 equiv BF3°Et20; 
CH2CI2; -78 oC; 2 h; (81%); e) 4 equiv PPh3; 2 equiv CBr4; CH2C12; O°C; 5 rain.; j~ 2 equiv n-Bul.i; THF; 
-78 oC; I h then I equiv TMSCI; -78 °C to rt; (98%; 2 steps); g) 2.2 equiv DiBAI-H; hexanes; 0 oC; I0 rain.; 
(77%); h) 0.35 equiv PBr3; pyri~ne cat.; Et20; -30 oC, 2 h to rt (over 3 h) then 40 oc; 30 rain.; (91%). 

S c h e m e  2 

The sodium salt of 4 reacted smoothly with bromide 3 in refluxing THF to give 10 in 83% yield as a 

1:1 mixture of inseparable diastemomers. Double desilylation of 10, followed by the resilylation of the OH in 

11 with BrCH2M~SiCI/DMAP gave the requisite cyclization precursor 2 (Scheme 3). 
"~c x/co,u, "or x.,~u, <o a c 

4 -~ "~01~ 

/ ' 1 0  (1:11= TMS; 1:12= T~) 2 
b ~.11 (R 1= R 2= H) 

a) 1 equiv Nail; THF; rt I h then lequiv 3; rt to reflux; 16 h; (83%); b) 5 equiv n-Bu4NF; THF; rt; 16 hi 
(89%); c) 1.1 equiv Et3N; 0.1 equiv 4-DMAP; I equiv( CH3)2CH2BrSiCl; CH2CI2; OoC; 15 min.; (94%). 

S c h e m e  3 

Radical cycfization was performed by syringe pump addition of n-Bu3SnH to a boiling benzene 

solution of 2 in the presence of AIBN catalyst.8 Careful chromatography of the reaction products after Tamao 

oxidation led to 13% of recovered alcohol 11 and two isomeric crystalline diols 12a (rap 182-184") and 121) 

(rap 156-158"). Proton and t3C-NMR analyses of these new products indicated that cyclizations had occurred, 

but that the tricyclic taxane framework had not been achieved. 9 Single crystal X-ray structure determinations on 

these diols confn'med that they p ~  tetracyclic slructures arising from the process shown in Scheme 4. 
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12b 05%) HO OH 
a) 1.3 equiv Bu3SnH;O.1 equiv AIBN; Phil; 80 °C; 10 h; b) 20 equiv H202 (30%); 5 equiv KHC03; 
THF/MeOH (1/1); 60 oc; 30 rain. 

S c h e m e  4 
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Here the initial ¢t-silyl radical undergoes three consecutive 5-exo eyclizations to give the separable diols 

12a, 12b in 1:1 ratio (arising from the uncontrolled propargylic center in the precursor 2). The observed 

pathway involves addition of a cyclobexyi radical intermediate to a highly hindered, tmactivated tetrasubstituted 

double bond, reportedly an unfavorable process. 10 This gives a spirt junction, and the resulting tertiary 

radical is trapped by the terminal alkyne. Indeed, one of the chromatographic fraction provided ca. 30% yield 

of the tricyclic structure 13 as a mixture of 4 inseparable diastereomers. These derive from reduction of the 

putative tertiary radical prior to its addition to the alkyne. 

The conversion of bicyclic bromomethylsilane 2 to 12a and 12b represents the one-pot formation of 

three C-C bonds from the stereocontrolled generation of four stereogenic centers with three contiguous 

quaternary carbons. Although this approach did not yield the desired B-ring, the successful alkylation of 

malonate 4 by 3 offers a valuable entry to C(9)-C(10) linked AC bicyclic precursors. We are exploring 

alternative tactics to form the elusive C(2)-C(3) bond in related systems. 
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12b (15%) as white solids. 12a: Rf= 0.20 (80/20 Et20/Hex); mp 182-184 oC; 1H-NMR (300 MHz, 
C6D6) 8 4.53 (s, 1 H), 4.49 (s, 1 H), 4.17-4.22 (m, 1 H), 3.73 (k J =  10.5 Hz, 1 H), 3.58-3.62 (m, 1 
H), 3.32 (s, 3 H), 3.18 (s, 3 H), 2.83 (d, Y = 15.5 Hz, 1 H), 2.74-2.79 (m, 1 H), 2.72 (td, J = 13.6 
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(75 MHz, CDCI3) 6 173.3, 172.8, 160.6, 95.4, 69.9, 66.3, 58.8, 56.5, 55.3, 52.4, 52.2, 50.9, 46.4, 
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c~,P 

12a 

1725, 1440, 1385, 1350, 1270, 1120, 1000, 895 cm'l; MS (HRFAB), m/e calcd for C~H3706 (MH +) 
421.2590, measured, 421.2600. 12b: RI'= 0.15 (80/20 Et20/Hex); m.p 156-158 o(2; H-NMR (300 
MHz, C6D6) 8 4.55 (s, 1 H), 4.47 (s, 1 H), 4.25-4.29 (m, 1 H), 3.65-3.74 (m, 2 H), 3.33 (s, 3 H), 
3.19 (s, 3 H), 3.05 (d, J=  15.5 Hz, 1 H), 2.71 (td, J=  13.9 and 4.0 Hz, 1 H), 2.62-2.70 (m, 1 H), 
2.31-2.45 (m, 1 H), 2.10-2.15 (m, 1 H), 2.06 (d, J=  15.5 Hz, 1 H), 1.59-1.85 (m, 4 H), 1.16-1.41 
(m, 4 H), 1.09 (s, 3 H), 1.07 (s, 3 H), 1.06 (s, 3 H); 13C-NMR (75 MHz, CDCI3) 8 172.7, 172.6, 
161.9, 96.6, 69.9, 66.4, 57.7, 55.6, 54.4, 52.4, 52.1, 51.7, 47.4, 43.5, 43.1, 42.3, 41.7, 31.7, 30.6, 
27.5, 23.9, 23.2, 22.2, 18.4; IR (film) 3350, 3080, 3020, 2980, 1725, 1440, 1385, 1350, 1270, 1120, 
1000, 895 cm-l; MS (HRFAB), m/e calcd for C24H3706 (MH +) 421.2590, measured, 421.2603. 
Relative stereochemistry in 12a and 12b was unambiguously established by X-ray crystallography of 
each diol after having been rexrystallized from nitromethane. Atomic coordinates for 12a and 12b can 
be obtained on request from the Director, Cambridge Crystallographic Data Centre, 12 Union Road, 
Cambridge, CB2 1EZ, UK. 
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