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Abstmct The trameat of keto aldehydes 4 and 5 with low-valent Ti results in stexoselective in- 
traamkcutaf pimcol coqaings that lead to optically ache oxyg&maed taxane skkta 2 and 3. 

Despite succumbing recently to the impressive total synthesis programs of the Holton’ and Nicolaou2 

groups, tax013 is likely to remain an important total synthesis objective .4 It is noteworthy that much of the on- 

going effort directed at the synthesis of tax01 involves convergent strategies that focus on closure of the eight- 

membered B-ring. For example, a pinacol closure of the tax01 C-9-C-10 bond formed one of the key steps in 

the total synthesis by Nicolaou, et a1..2s5 and model studies disclosed by Kern@ and Kuwajima’ have ex- 

ploited bond connection at C-9-C-10 to form tricyclic taxane skeleta, as well. Likewise, installations of the 

adjacent C-10-C 11 bond in sequences reported by Kishis and Danishefsky9 have produced tricyclic taxane 

models. We recently reported10 a conceptually related strategy focused on C-l-C-2 bond formation that led to 

1 through a stereoselective pinacol cyclization of the appropriate bicyclic 12-seco-keto aldehyde. Herein we 

summarize the tesu1t.s of additional investigations that indicate more elaborate pinacol coupling substrates 

bearing oxygen substituents at C-9 and C-10 required by the natural taxane targets to undergo efficient cy- 

clizations at C-1-C-2, as well. The configurations of the oxygen substituents at C-9 and, to a much lesser de- 

gree, at C-10 induce the newly created steteogenic C-l and C-2 sites in 2 and 3 to which these processes lead. 
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Scheme 1 

The preliminary phase of the present work was directed at the construction of optically active l,Zsecro- 

keto aldehydes 4 and 5 from chiral, enantiomerically enriched C-ring fragment 7 and achiral A-ring fragment 

13 (scheme 1). Aldehyde 7 arose from a sequence that began with commercially available o-iodobenxyl alco- 

hol. Its Pd-induced coupling with commercially available 1.1 -dimethylpropargyl alcohol and subsequent pro- 

tection of the primary hydroxyl gave 9. Hydroxide ion-mediated deprotection of the terminal acetylene fol- 

lowed, which led to complex mixtures when the benxyllc hydroxyl was not mashed. Subsequent Lindlar re- 

duction produced 10. Stytene 10 was process into 7 through a five-step sequence initiated by Sharpless 

asymmetric dihydroxylation.tt which gave 11 in 82% ee. Manipulation of protecting groups then afforded 12, 

and then 7 after a final Swem oxidation. The vinyl iodide precursor to 13 was readily prepsred from the cor- 

responding dioxolane vinyl iodU2 by treatment with ethanedithiol and BF3-OEt2 in methylene chloride at 

ambient temperamre (quantitative). Its subjection to lithium-iodine exchange (t-B&i, THF. -78 “C) led to 13, 

and subsequent addition of 7 created (formally) chelation-controlled product 14 and (formally) Cram-Fe&in 
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product 15. The predominant formation of either stereoisomer (or related substances) should be amenable to 

optimization. Whereas some flexibility existed in converting 14 and 15 into 4 and 5. respectively, the optimal 

procedum involved &protection-oxidation at the primary benzylic site before unmasking the A-ring carbonyl. 

Thus were 14 and 15 separately taken forward in overall yields of 50-60%6. 

Subjection of 4 to modified Mukaiyama pinacol coupling conditionsts converted it (Scheme 2) in 69% 

total yield into 16 (75% of the product mixture) and two minor ditereomers (25% of the product mixture), 

which were not further characterized. Benzoylation of 16 and cleavage of the acetonide then delivered 2. 

Likewise, pinacol coupling carried out on 5 led in 91% yield to 17 as the sole stereoisomer detectable. 

Conventional acidcatalyzed acetonide hydrolysis applied in the conversion of 17 into 3 caused decomposition 

of starting material and/or product, thus leading to the use of BC13 for efficient cleavage. Tricycle 2 exhibited 

spectral parameters consistent with those reported for this substance by Nicolaousb In particular, the tH 

NMR signal for the Me-18 group (0.64 8) that is highly shielded by the aromatic C-ring is a characteristic sig- 

nature of the endo conformation of 2,14 and the NOE relationships connecting Me-16, H-2, and H-9, and 

Me-18 and H-10 detected for its ptecursor 16 are characteristic of the indicated B-ring stereochemistry (see 

conformational snuctum A below). 15 pinacol product 3 also exhibited a highly shielded Me- 18 tH NMR sig- 

nal (0.81 6). NOE relationships between Me-16, H-2, H-9, and H-10, and the absence of an observable NOE 

involving Me-18 and H-10.16 These spectral features are consistent with its endo conformation and B-ring 
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stereochemistry (see conformational structure B). 

We speculated that, in the least energetic endo, boat-chair transition structure conformations anticipated 

for these pinacol cyclizations, the (maximally equatorial) C-9 and C-10 oxygen groups would control stereo- 

chemistry at the newly created C-l and C-2 sites, the latter beimg expected to form with equatorially disposed 

oxygen groups (cf. A and B).17 The above results indicate the C-9 oxygen group to exert a much higher de- 

gree of control, consistent with the pseudo A-values for substituents at these boat-chair conformer positionsts 

Whether other processes that establish the taxane framework through B-ring closure exhibit this type of transi- 

tion structure conformational preference and stereoselectivity will depend on their mechanistic and stereo- 

chemical details.t9 However, the pinacol couplings investigated herein show considerable promise for deliv- 

ering tricyclic taxane synthesis intermediates stereoselectively functionalized at the problematic B-ring sites. 

Achowledgme~t. Partial support through USPHS Grant No. 41349 awarded by the National Cancer 
Institute, DHHS is gratefully acknowledged. We appreciate the helpful comment of a reviewer. 

References and Notes. 

1. (a) Holton, R. A.; Somoza, C.; Kim. H.-B.; Liang, F.; Biediger, R. J.; Boatman, P. D.; Shindo, M.; 
Smith, C. C.; Kim, S.; Nadizadeh, H.; Suzuki, Y.; Tao, C.; Vu. P.; Tang, S.; Zhang, P.; Mu&i, K. K.; 
Gentile, L. N.; Liu. J. H. J. Am Chem Sot. 1994,226, 1597. (b) Holton, R. A.; Kim, H.-B.: Soxnoza, 
C.; Liang, F.; Biediger, R. J.; Boatman, P. D.; Shindo, M.; Smith, C. C.; Kim. S.; Nadizadeh, H.; 
Suzuki, Y.; Tao, C.; Vu, P.; Tang, S.; Zhang, P.; Murthi, K. K.; Gentile, L. N.; Liu, J. H. .Z. Am Chem 
Sot. 1994,116. 1599. 

2. Nicolaou, K. C.; Yang, Z.; Liu, J. J.; Ueno, H.; Nantermet, P. G.; Guy, R. K.; Claibome, C. F.; Renaud, 
I.; Couladouros, E. A.; Paulvannsn. K.; Sotensen. E. J. Nature &&ox) 1994,367,630. 

3. Wani. M. C.; Taylor, H. L.; Wall, M. E.; Coggon, P.; McPhail. A. T. .Z. Am Chem Sot. 1971.93,2325. 
4. For recent reviews, see: (a) Swindell, C. S. Org. Prep. Proced Znt. 1991,23,465. (b) Nicolaou. K. C.; 

Dai, W.-M.; Guy, R. K. Angew. Chem, Zntl. Ed Eng. 1994.33, 15. 
5. See also: (a) Nicolaou, K. C.; Yang, Z.; Sorensen, E. J.; Nakada, M. .Z. Chem SOL, Chem Commun. 

1993, 1024. (b) Nicolaou, K. C.; Claibome, C. F.; Nantermet, P. G.; Couladouros, E. A.; Sorensen, E. J. 
J. Am Cheer Sot. 19!W, ZZ6.1591. 

6. Kende, A. S.; Johnson, S.; Sanfilippo, P.; Hodges, J. C.; Jungheim, L. N. J. Am. Gem. Sot. 1986,111, 
8277. 

7. (a) Horiguchi, Y.; Furukawa, T.; Kuwajima, I. J. Am Chem. Sot. 1989.111, 8277. (b) Furukawa, T.; 
Morihii, K.; Horiguchi, Y.; Kuwajima, 1. Tetrahedron 1992,48,6975. (cc) Kataoka, Y.; Nakamura, Y.; 
Morihira, K.; Anti. H.; Horiguchi, Y.; Kuwajima, I. Tetrahedron Len. 1992,33,6979. (d) Seto, M.; 
Morihiia, K.; Katagiri, S.; Furukawa, T.; Horiguchi, Y.; Kuwajima, I. Chem Let& 1993,133. 

8. (a) Ktess, M. H.; Ruel, R.; Miller, W. H.; Kishi, Y. Tetrahedron L&t. 1993.34, 5999. (b) Kress, M. H.; 
Ruel, R.; Miller, W. H.; Kishi, Y. Tetrahedron Leti. 19!&3’& 6003. 

9. Masters, J. J.; Jung, D. K.; Bormann, W. G.; Danishefsky, S. J. Tetrahedron L&t. lm, 34,7253. 
10. Swindell. C. S.; Chat&r. M. C.; Heerding. J. M.; Klimko, P. G.; Rahman. L. T.; Raman, J. V.; 

Venkauuaman. H. Tebwhe&on Let& 1993,34,7005. 
11. Sharpleas, K. B.; Amberg, W.; Bennani,Y. L.; Crispho,G. A.; Harhmg, J.; Jeong, K.-S.; Kwong. H.-L.; 

Morikawa, K.; Wang, Z.-M.; Xu, D.; Zhang, X.-L. J. Org. Chem 1992,57,2768. 
12. DiGrandi, M. J.; Jung, D. K.; Krol, W. J.; Danishefsky, S. J. J. Org. Chem. 1993,58,4989. 
13. (a) Mukaiyatna, T.; Sate. T.; Hanna, J. Chem Z&r. 1973.1041. (b) Kate. N.; Takeshita, H.; Kataoka, 

H.; Ohbuchi, S.; Tanaka, S. J. Chem Sot.. Perkin Trans. Z 1989, 165. 
14. Shea, K. J.; Gilman, J. W.; HafIner, C. D.; Dougherty, T. K. J. Am Chem Sot. EM, I&Y, 4953. 
15. Woods. M. C.; Chiang, H.-C.; Nalradaira, Y.; Nakanishi. K. J. Am. Chem Soc.~l96B,W, 522. 
16. Selected additional tHNMR (3OOMHz; CDC13) data for 3: 8 1.14 (s, 3H,Me-17), 1.39 (s, 3H, Me-16). 

4.99 (br OH-coupled s. 1H, H-10). 5.36 (d, J = 4.7 Hz, lH, H-9); 6.09 (s. IH, H-2). 
17. McMuny, J. E.; Siemers, N. 0. Tetrahedron ht. 1993.34,7891. 
18. Still, W. C.; Galynker, I. Tetruhedron 1981,37,3981. 
19. For examples that do, see: (a) ref. 7a. (b) Shea, K. J.; Gilman, J. W. J. Am Chem Sot. 1985,107, 

4791. For examples that do not, see: (c) ref. 7d. (d) Jackson, R. W.; Shea, K. J. Tetrahedron L&t. 
1!394.35.1317. 

(Received in USA 11 April 1994, revised 11 May 1994, accepted 18 May 1994) 


