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A Concise Syntbesia of EnantiomericaIly Pure Tuw C-Bing 
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Ab8tmctz An effit, +icwdective synthesis of an enantiomerkally pme C&g precursor 
14-s of o-ciMamoyltzucms-I and -II has been achieved from 3-methyl-2cyclohexen-1-01. using 
a [2,3] Wittig rearrangement as the key step. 

We have recently demonstrated the utility of thq Nio/Cc@)-mediated coupling nxstion for constr&on 

of the taxane ring system.1 In this communication, we would like to report the efficient syntksis of an 

enantiometically pure C-ring p~~ucsor 14-S of Gchmamoyhaxicins-I and -II.2 

The utility of the [2,3] Wittig rearrangement in the stereocontrolled con&&ion of carbon-carbon bonds 

has been well documented.3 We were hopell that such a reamugement, cf. 3-& could be used to: a) genemte 

the desk! C.9 alcohol stereochemistry, b) stereosel~~ly install the C.8 quaternary carbon, and c) provide a 

suitable handle for timctionalization at C.3, C.4 and CA4 Two possible transition states for the proposed [2,3] 

Wittig rearrangement anz depicted in Scheme 1. Transition state B, leading to the u&sired alcohol 6, contains 

an unfavorable steric interaction beluxxn the csbocycle and the methyl group of the oxaz41linc. Conversely, 
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transition state A lacks such a destabilixing steric inter&on, msulting in the deshed stemochemistry at C.9.5 

Obviously, optically active (s)-3-methyl-2-cyclohexen-l-01 should yield a precursor of the C-ring with the 

d&ted absolute contlguration at C.8 and C.9. 

Thus, racemic 3-methyl-2-cyclohexeul-ol (l) was kinetically resolved according to Noyori’s procedure 

to provide a mixture of (A’)-3-methyl-2-cyclohexen-l-ol(1-S) and (ZR.3Z+3-methylcyclohexan-l-ol(2-R).6~7 

This mixture was slightly conmmlnakd with (Z&3-methyl-2-cyclobexen-l-01 and (Zg,3s)-3-methylcyclohexan- 

l-01 (Scheme 2).8 Tteatment of this mixtum with potassium hydrlde and 2-chloromethyloxaxoline9 afforded a 

mixture of the methyloxaxoline-ethers 3-S and CR, along wlth tnu!e amounts of tbelr nqective enantiomers. 

The [23] wittig marrangement of cyclic allylic e&l?3 has been mported to be accompanied with 

substantial amounts of products arising from [ 1,2] matrangemenk cf. 3-Sd7.3 Indeed, when the maction 

temperauue was elevated to 0 Oc during the fast hour of reaction time, this side-reaction was observed to the 

extent of a 41 ratio of [2,3]:[ 1.21 rearrangement products. However, an 8-10: 1 ratio of [2,3]:[ 1,2] 

rearrangement products was w when the maction temperatum was maintained at -78 o~.loJ 1 Abe 

diastemoselectivity, i.e. 5&6-S, for the [2.3] Wittig rearrangement was 12:1, as determined by *H NMR. It 

is worthwhile to note that after this rearrangement 4-R (recovered largely unchangedl2) and 7, as well as a 

minor amount of their respective enantiomers. wem mmoved by silica gel chromatography. Unformnately, we 

were unable to separate 6-S from 5-S at this point. Conversion of the oxaxolii 5-S and 6-S to their iminium 

salts, followed by base hydrolysis,13 funds&d the cormsponding a-hydroxy s&is. The yields associated with 

hydride-reduction of these acids under a variety of conditions were uniformly poor, themfote the a-hydroxy acids 

were fti converted into the umesponding a-hydroxy methyl esters, which wete then cleanly reduced to the 

conesponding diols. 
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Scheme 2. Reagents and Reaction condltlona. a. H2, Noyori’s catalysis, MeOH. b. KH, DME, 
2-chloromethyloxazoline. c. n-BuLi, THF, followed by silica gel column chtomamgraphy. d. 1. MeI, DMSO. 
2. KOH. Hfl. 3. MeOH.pTsOH. 4. LAH, I&O. 5.3$-(NO&C,5H3COCl, pyr, DMAP, followed by 
fractional mcrystallixation. 6. MeOH, NaOH, HgO. 7. TBSOTf, 2.6~lutidii, CH2C12. 
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In order to obtain enantiomerically pure&S. it was w to temove approximately 8% of the 

undesimd C.9-diastereomeric diol and its enantiomer as well as to incmesetheenantiomericexcessof&Sfrom 

its current value of 90%. Derivati&on of impure II-S to the bii3&Iini~ followed by two fractional 

tecrysmlli&ions, afforded ensn&me&ally pute 9s (mp 159-160 “C). Basehydrolysis of this bis-benzoate, 

gave enantiomerically pure diol MI ([a]D -45O (c 1.3. CHCl3)) in 66% overall yield Born impure 8-S. 1H and 

19F NMK analysis of the C.10 Masher ester of fI-S confii it to be pure. Conversion of t?-S to the biirerr- 

butyldimethylsilyl)ether 10-S was sik%ieved under the gaadrrd conditiom3. 

With enantiomerically pure mat&al in hand we continued functionah&on of the C-ring (Scheme 3).14 

Allylic oxidation of 10-S by PDC/reti-butyl hydropetoxide 15 furnished the enone 11-S in 78% yield (90% yield 

based on mcoveted starting material). Addition of 11-S to a THF solution of higher order vinyl cuprate. 

followed by TMSCl quench, afforded 12-S in a 16: 1 diasmreoselectivity. Incorporation of the C.16 carbon was 

otiginally planned via trapping of formaldeltyde or its synthetic equivalent with the enolate tesulting from the 

conjugate addition. However, several attempts provided irmproducible results. This difficulty was overcome by 

using the ene-type chemistry tecently developed by Yamamoto. Addition of 1zS to a solution of 1.3.5ttioxane 

in the pmsence of the Yamamoto MAPH magent, followed by acid hydrolysis, cleanly gave the g-hydroxy 

ketone 13-S in 60% yield from 11-S. Selectride reduction of 13-S, followed by acetonide formation, 

furnished the C-ring precutsor 14-S ([a&.) -6.4’ (c 1.3, ~11~13))18 in 60% yield. The sttuctme of 14-S was 

established on comparison with a racemic sample ptepated via a different route.14 

_ - 
12-s la-s 

Scheme 3. Reagents and Reaclion conditions. a. PDC, Celite, t-B&OH, PhH. 
b. (CH#XI)~u(CN)Li~, THF. followed by TMSCl/Et$I. c. 1. MAPH, 1,3J-trioxane, CH$l2. 2. HCl. 
H20. d. 1. LS-Selectride, Et20, followed by H202& NaOH work-up. 2.2,2-(CH30)2CH(CH&, pTsOH. 

In summary, the enantiomerically pute C-ring precursor 14-S of taxicins-I and -II was syn&sized in 14 

steps from Q-3-methyl-2-cyclohexen-l-01(90% ee). This synthesis was routinely carried out on a scale of 25 

50 grams of 1-S. Efforts for conversion of 14-S to O-cinnamoyltaxicins-I and -II am in progress in this 

laboratory. 

Acknowkdgments. Financial support from the National Institutes of Health (CA-222 15 and CA 55 148) is 

gratefully acknowledged. We thank the National Institutes of Health (Institutional National I&search Service 

Award Training Grant !iT32GMO7598; 1991-1992) and Eli Lilly for a pmdoctoml fellowships to M.H.K., 

Natural Sciences and Enghxering Beseamh Council of Canada for a postdoctoral fellowship to B.F.K. (1992- 

1994). 



REFERENCES AND NOTES 

1. 

2. 

Krea M. H.; Ruel. R.; Milk, W. H.; Kishi, Y. Tcbohrdon Lczt. 1993.34.5999 and 6003. 

3. 

4. 

5. 

EJ/~.;&~ J. W.; !+h oe, B. J. Ckm. Sot. (C) lW7.452. Kurono. M.; Nhdaira, y.; 
. . Nakamdu kTeirak&w&a~,2153. Lythgoe,B.TheTaxusAlkalotda 

in Zk AZ&Z&, +oi’X; Man&R H. F. Ed., Acadenw Rtxs. New York, l%& 597. 

Forareview,see:NPlui,T.;MiLemi.K.Chem.RNfcwr.1986.Bb.885. Forwmeexam lesrelatedto 
the present wo4 see: Rossano, L. T.; Plats, D. J.; Kallmerten. J. J. Org. Chum 1988.5 P ,5189. 

TheMlmberingindrispapa~~~otbptadoptedintbeEpxpaeclrssof~proctucts.2 

g [331 marrangz; of 
A 

ycolate e&e!8 derived f&ml 3-methyl-2syclohexen-l-01 was also studied. 
yl-2syclohe=yl(2-balzylo%ywhanoa@ a&dal the umkskd c.9 

~-oH$uH=l:5). For the 13.9 wrmn@wat ofglycow esters, see: cywin. c. L.; 
Kallmerten, J. Tetrahedron Left 19!l3.3~, 1103 and refemnces cited therein. 

6. 

7. 

Kitamura, M.; Kasrharp, I.; Manabe, K.; Noyori, R; Takaya, H. J. Org. Chcrn 198B. 53,708. 

9. We gratefully thank Rofessor Kallmerten at Syracuse University for details of the preparation of 
2-chloromethyloxaz4Gw 

10. The temperamle dependence of [23] versils [1,2] 
previously noted.3 

rearrangement for cyclic allylic ethers has been 

11. 

12. 

13. 

14. 

The [ 1.21 marrangement product 7 obtained at -78 Oc was a single dia&xom er. 

A very minor product, probably derived from 4-R was isolated. 

Meyers, A. I.; Slade, J. J. Org. Chem 1980.45, 2785. 

The transformation of 10 to 14 was originaUy studied in this laboratory by using racemic 10 obtained by 
an alternative route. The structure of 14 in the racemic series was established by an X-my analysis of C. 10 
p-bromobenzoate: W. H. Miller, M. H. Kress, R. Ruel, and Y. Kishi. unpublished nsults. 

15. 

16. 

17. 

Chidambaram, N.; Chandrasekaran, S. J. Org. Chcrn 1%7,52,5048. 

Lipshutz, B. H.; Wilhelm,. R. S.; Kozlowski, I. A. J. Org. Chem 1984.49.3938. 

Maxuoka, K.; Conception, A. B.; Murase, N.; Oishi, M.; Hiiyama, N.; Yamamoto, H. J. Am Chem 
Sot. 1993,225,3943. We gratefully thank Pmfessor Yamamoto at Nagoya University for a gift of 2.6 
diphenylphcnol and ? praprhu of the related work. 

18. 1H NMR of 14-S (CDC13; 500 MHz): 6 5.47 ppm (lH, dt, J=17.0, 10.0 Hz). 5.19 (lH, dd, J=l 1.0. 
2.0). 5.10 (lH, dd, J=17.0. 2.0), 4.13 (H-I, d, J*2.0), 3.98 (lH, dd, J=lS.O. 8.0). 3.87 (lH, dd. 
J=12.0, 3.0). 3.79 (lH, d. J=12.0), 3.51 (2H, m). 2.86 (lH, dd, J= 10.5. 10.0). 1.63 (3H, m). 1.44 
(3H, s). 1.39 (3H, s). 1.31 (lH, m), 1.24 (lH, d. J=12.0). 0.92 (3H, s), 0.90 (9H, s), 0.89 (9H. s). 
0.08 (3H. s), 0.06 (3H. s), 0.05 (3H, s), 0.03 (3H, s). 

(Received in USA 23 September 1993; accepted 8 October 1993) 


