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Abstract: The importance of N-benzoyl-@R,3S)-phenylisoserine (3), also known as the “tax01 

side chain”, for the strong antitumor activity of tax01 (l), a potent anticancer drug, has prompted 

numerous efforts towards the development of a practical tax01 side chain synthesis. Here we 

describe a highly practical and inexpensive synthesis of the tax01 side chain methyl ester 4 and 

resolution via entrainment based on the observation that compound 4 exhibits conglomerate 

crystal structure. 

INTRODUCTION 

The clinical utility of tax01 (l), a natural product isolated in extremely low yield from Tuxzu hvfoh,’ 

in advanced cancer chemotherapy 2.3 has prompted a prodigious effort to obtain this complex molecule 

synthetically.4 The chemical complexity of taxol%ictates that its commercial production by total synthesis is not 

1 

likely to be economical. The naturally derived IOdeacetylbaccatin III (2) is readily available in relatively higher 

yield (1g/kg).6 Preparation of quantities of tax01 economically by a semisynthetic approach which involves the 

condensation of 2 with N-benzoyl-(2R,3S)-3-phenylisoserine (3), provides an alternative source of this 

important natural pmduct. 

While several methods,7a-” have been reported for the synthesis of compound 3 in optically active form, 

ahnost all of them involve the use of either a chiral auxiliary or resolving agents which increase the cost of 
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production of commercial quantities of taxol. The observation’ that the tax01 side chain methyl ester (4) exhibits 

conglomerate behavior, prompted us to develop a new, facile and inexpensive synthetic route to compound 4. 

The present report describes a highly practical and efficient synthesis of 4 in terms of production cost and 

handling of the reaction process. 

RESULTS AND DISCUSSION 

Our strategy begins with benzaldehyde as starting material and has the following salient features: (a) One 

pot synthesis of trans-methyl3-phenylglycidate from benzaldehyde via Darzen’s procedure, (b) conversion of 

the trans-epoxide to the cis-isomer, (c) ammonolysis of the cis-epoxide to introduce the taxol sidechain skeleton, 

(d) resolution of the racemic tax01 side chain methyl ester via the entrainment procedure. 

Benzaldehyde was subjected to a Darzen’s reaction with methyl chloroacetate to provide trans-epoxide 5 

(Scheme I). Reaction of trans-epoxide 5 with HCI gas in benzene9 furnished the highly stereoselective ring 

opened product 6 which upon treatment with inexpensive Amberlite @ 400 (OK) resin gave cis-epoxide 7 

(Scheme I). The use of resin was advantageous over other alkaline reagents because of high stereoselectivity in 

Scheme I 

PhCHO + CCH&X&h4e 
NaOMe 

MeOH 

Amberlite@ 400(OH -) Cl OH 

lHF 
7 6 

the formation of the reaction product, good reagent recovery and relatively higher yield in comparison to other 

bases used so far. Ammonolysis of 7 by methanolic ammonia under high pressure provided threo- 

isoserineamide 8 as the major product (Scheme II). Any serine byproduct was easily removed by washing with 
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methanol. However, no formation of ery&ro-isoserine isomer was observed which allowed US to omit several 

mcrystauization steps as compared to earlier reports. 7* The amide 8 was then N-benzoylated using the Schotten- 

Baumann procedtne to produce the new intermediate 9 which was converted into methyl ester 10 in one step by 

treating with easily recoverable Amberlit@ IR-120 (II+) resin in the presence of methanol (Scheme II). This 

reaction was of great utility as it not only saved one step in the well known method of methyl ester preparation7f 

but also would be compatible with large scale reactions. The racemic tax01 side chain methyl ester 10, thus 

obtained, was then resolved into pure (2&,3S) isomer 4 using the entrainment procedure. The enantiomeric 

purity of 4 was determined to be >95% by 1~ NMR analysis with Eu(hfc)g as chiral shift reagent. 

8cheme II 

NH2 

MeOH, A 
NH2 

i?H 

8 

Resolution Ambefiite@l M(H+) - 
4 (2M - 

dH MeOH 

19 @) 9 

In summary, the route outlined in Schemes I-II, provides a practical, inexpensive synthesis of the taxol 

side chain methyl ester which does not employ any chiral auxiliary or resolving agent or any chromatographic 

separations. 

EXPERIMENTAL SECTION 

General: Melting points were obtained in open capillary tubes and are uncorrected. The 1~ and 1% 

NMR speck3 were 1~20~Ied at 300 MHz on a Varian VXR 300 instrument and the chemical shifts am reported as 

6 units (ppm) relative to tetramethylsilane as an internal standard. lR spectra were obtained with a Perkin Elmer 

281 B spectrophotometer, while the optical rotations observed at the Na-D line were determined at 25 “C with a 

Perkin Elmer 141 polarimeter. Elemental analyses were performed by Oneida Research Services, Inc. New 

York. Thin layer chromatography (TLC) was performed on Merck 0.25 mm glass plates of silica gel 60 F254 

and visualization was achieved with UV light. 

The commercially available resin was rinsed with methanol until the washes were neutral. Unless 

otherwise noted, all reagents and solvents were purchased from Aldrich Chemical Co. and Fisher Scientific and 

were used as received. 

tram-Methyl 3-phenylgtycidate (5). To an ice cooled solution of sodium metal (12.7 g, 0.55 g 

atom) in methanol (165 mL) was added a mixture of benzaklehyde (38.92 g, 0.37 mol) and methyl chloroacetate 
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(59.78 g, 0.55 mol) dropwise. The resulting mixture was stirred at room tempemture overnight. The solution 

was concentrated to approximately 15 mL and poured into water (250 mL). The aqueous solution was extracted 

with diethylether (4x50 mL) and the organic phases were combined, dtied over anhyd. MgS04 and evaporated. 

The crude residue thus obtained was vacuum distilled (108-l 11 OC, 0.6 mm Hg) to yield pure tram-epoxide” 5 

(24 g, 73%) : 1H NMR (CDC13) 6 3.50 (d, J = 1.7 Hz, lH), 3.79 (s, 3H), 4.08 (d. J = 1.7 Hz, lH), 7.25- 

7.36 (m, 5H). 

tbreo-3-Choloro-2-hydroxy-3-phenyl-methylpropanoate (6). Dry HCl gas was bubbled 

into a solution of 5 (44.6 g. 0.25 mol) in dry benzene (500 mLJ for 3 h and the excess HCl was removed under 

partial vacua. The solvent was evaporated and the residue was friturated with petroleum ether (12 mL) to 

provide a white solid which was recrystallized from benzene-pet. ether (20:80) to furnish pure crystalline 

product 6 (37.5 g, 70%) : mp 77-79 “C ; IR (KBr) 3500, 1740 cm-l ; 1H NMR (CDC13) 6 3.29 (d, J = 7.5 

Hz, 1H). 3.87 (s, 3H), 4.55 (dd, J = 2.3 Hz, U-l), 5.33 (d, J = 2.3 Hz, lH), 7.36-7.52 (m, 5H). 

c&Methyl 3-phenylglycidate (7). A suspension of chlorohydrin 6 (32 g, 149.1 mmol) and 

Amberlit=@ 400 (OH-) resin (240 g) in dry THF (510 mL) was stirred at room temperature for 3 h under N2 

atmosphere. The resin was filtered and washed with THF (3x950 mL). The solvent was evaporated and the 

oily residue was dried under high vacua to give the cis epoxide 7f 7 (16 g, 60%) which was pure enough for the 

subsequent step. 1H NMR (CDC13) 6 3.51 (s, 3I-I), 3.81 (d,J = 4.6 Hz, lH), 4.23 (d, J = 4.6 Hz, lH), 

7.27-7.41 (m, 5H). 

threo-3-Phenylisoserineamide (8). A solution of cis-epoxide 7 (15 g, 82.5 mmol) in methanol 

saturated with ammonia (prepared by passing anhydrous NH3 through methanol at -20 “C) was sealed in a steel 

bomb and heated at 100 “C with constant stirring for 3 h. The solution was cooled to room temperature and 

further stirred for 12 h. A white solid preciptated out which was filtered and washed with minimal amounts of 

methanol to yield 10.5 g (69%) of three-amide 8 : mp 208-210 ‘C (lit.7d mp 192-193 “C); IR (KBr) 3400, 

3360,3306, 1660 cm-l; FABHRMS calcd for CgHl3N202 181.0977, obsvd. 181.0976; 1~ NMR (DMSO- 

dg/D20) 6 3.91 (d, J = 3.3 Hz, lH), 4.10 (d, J = 3.3 Hz, lH), 7.15-7.37 (m, SH); 13C NMR (DMSO- 

d6/ D20) 6 57.46, 75.85, 126.94, 127.41, 128.24, 144.16, 175.73; Anal. Calcd for CgHl2N202: C, 59.98; 

H, 6.71; N, 15.55. Found: C, 59.92; H, 6.65; N, 15.44. 

N-Benzoyl-three3-phenylisoserineamide (9). To a cooled solution of amide 8 (7.5 g, 41.62 
mmol) in 10% aqueous NaHC03 (1 L) was added benzoyl chloride (15 mL, 125 mmol) and the mixture stirred 

at 4 “C for 6 h. The solution was acidified by 5N HCl to pH = 1 and then extracted with CH2Cl2-THF (1:4, 

3x1.25 L). The organic phases were combined and dried over anhyd. Na2S04. Evaporation of the solvent 

gave the crude residue which was crystallized by acetone-hexane (5:95) to furnish 8.7 g (74%) of the desired 

product as white solid : mp 184-186 “C; IR (KBr) 3400,3360, 3200, 1665, 1625 cm-l; MS, m/e 285 (M+ + 
1);lH NMR (DMSO-d6) 6 4.21 (dd, J = 6.9, 3.4 Hz, lH), 5.42 (dd, J = 8.5, 3.2 Hz, lH), 5.78 (d, J = 

6.9 Hz, lH), 7.24-7.58 (m, lOH), 7.83-7.86 (m, 2H), 8.45 (d, J = 8.8 Hz, 1H); 13C NMR (DMSO-d6) 6 

55.83, 73.78, 126.83, 127.31, 127.96, 128.41, 131.42, 134.42, 140.81,165.89, 174.13; Anal. Calcd for 

Cl6Hl6N203.1/2 H20 : C, 65.52; H, 5.84; N, 9.55. Found: C, 65.50; H, 5.45; N, 9.45. 

N-Benzoyl-three3-phenylisoserine methyl ester (10). N-Benzoyl-3-phenylisoserineamide 

9 (5 g, 17.59 mmol) and Amberlite @ IR-120 H.C.P. resinlo (H+, 75 g) were combined with methanol (200 
mL) and the mixture was heated at reflux for 24 h. The mixture was transferred to a small column and the 
product eluted with a solution of methanolic ammonia (prepared by diluting a saturated NH3 in methanol 
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solution with six volumes of methanol). The solvent was evaporated and CHC13 (200 mL) was added to 

precipitate the resin impmities. After filtration, the filtrate was concentrated to apptoximately 20 mL volume and 

trimrated with hexane (80 mL) to yield the methyl ester 10 (3.7 g, 70%) : mp 156-158 ‘C (lit.ll 157-158 “C!); 

1H NMR (CDC13) 6 3.40 (b, H-J), 3.84 (s, 3H), 464(d, J = 2Hz. lH), 5.75 (dd, J = 9.3, 2.0 Hz, H-J), 

7.02 (d, J = 9.2 Hz, H-0,7.30-7.54 (m, 8H). 7.75-7.78 (m. 2H); l3C NMR (CDC13) 6 53.25,54.82,73.21, 

126.88, 127.04, 127.92, 128.62, 128.72, 131.75, 134.03, 138.66, 166.87, 173.66. 

N-Benzoyl-(2R,3S)-3-phenylisoserine methyl ester (4). Racemic threo-methyl ester 10 (2 

g) and the (2R,3S) enantiomerl2 (0.08 g) were dissolved in 95% dimethylsulfoxide (1.5 mL) at an elevated 

temperature (90 “C) to prepare a super saturated solution. The solution was cooled slowly to 16-20 OC, seeded 

with fine crystals of (2R,3S) enantiomer (0.007 g) and stirred for lo-20 min at the same temperature. The 

precipitated crystals were collected by filtration and dried under high vacua to yield 0.16 g of the (2R,3S) 

enantiomer. Additional racemic methyl ester (0.16 g) was added to the filtrate and heated at an elevated 

temperature (90 “C). A small amount of 95% dimethylsulfoxide (0.1-0.2 mL) was added. The solution thus 

obtained was cooled to 16-20 “C and seeded with (2S,3R) enantiomer (0.007 g) and stirred at the same 

temperature. After lo-20 min, precipitated crystals were filtered and dried to furnish 0.15 g of (2s,3R) 

enantiomer. By repeating this cycle 9 times, 1.15 g of (2R,3S) enantiomer (optical purity 60-95%) and 0.6 g of 

(2S,3R) enantiomer (optical purity 5060%) were obtained. The optically impure (2R,3S) enantiomer (1.15 g) 

was further dissolved in 95% dimethylsulfoxide(O.75 mL) at an elevated temperature (90 “C) and cooled to 16 

20 “C. After stirring for 30 min at the same temperature, the precipitated crystals were collected by filtration and 

dried under high vacua to furnish optically pure tax01 side chain methyl ester 4 [(2R,3S), 0.7 g, 19.5% overall 
yield] : mp 184-186 “C (lit.7f mp 184-185 “C); [a]25D -49.1 (c 0.92. CH3OH) (lit.7f [o]26D 48.0 (c 0.92, 

CH3OH)). The lH NMR spectrum was identical to that of the racemic methyl ester 10. The ec of the (2R,3s) 

enantiomer was determined to be >95% by 1H NMR analysis with Eu(hfc)3 as chiral shift reagent. 

Acknowledgment. This work was supported by Bristol-Myers Squibb Company, The National 

Cancer Institute (Grant # CA 55127-01) and the Research Institute of Pharmaceutical Sciences. 

REFERENCES AND NOTES 

Wani, M. C.; Taylor, H. L.; Wall, M. E.; Caggon, P.; MC Phail A. T. J. AmChem. Sot. 1971,93, 

2325. 

(a) Rowinsky, E. K.; Cazenav, L. A.; Donehower, R. C. J. Nurl. Cancer Inst. 1990,82 , 1247. (b) 

McGuire, W. P.; Rowinsky, E. K.; Rosenchein, N. B.; Grumbine, N. B.; Ettinger, D. S.; Armstrong, 

D. K.; Donehower, R. C. Ann. ht. Med. 1989,111, 273. 

For reviews see: Semin. Oncol. Suppl3 1993,20, 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.; Murthi, K. 

K.; Gentile, L. N.; Liu, J. H. J. Am. Chem. Sot. 1994,116. 1597. (b) Holton, R. A.; Kim, H.-B.; 

Somoza, 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. ibid. 1994,116, 1599. (c) Nicolaou, K. C.; Yang, Z.; Liu, J. J.; Ueno, H.; Namer-met, P. G.; Guy, 



1688 R. P. SRIVASTAVA et& 

R. K.; Claibome, C. F.; Renaud, J.; Couladouros, E. A.; Paulyannan, K.; Sorensen; E. J. Nature 

1994,367, 630. 

5. (a) Kingston, D. 0. I. Pharmac. Ther. 1991.52. 1. (b) Kingston, D. G. I.; Molinero, A. A.; Rimolidi, 

I. M. In Progress in the Chemistq of Organic Natural Products; Herz, W.; Kirby, G. W.; Moore, R. E.; 

Steglich, W.; Tamm, C., Eds.; Springer New York, 1993; Vol. 61; pp l.(c) Nicolaou. K. C.; Dai, W. 

M.; Guy, R. K. Angew. Chem. Int. Ed. Engl. 1994,33, 15. 

6. (a) Denis, J. N.; Green, A. E.; Guenard. D.; Guerltte-Voegelein, F.; Mangatal, L.; Potier, P. J. Am. 

Chem. Sot. 1988,110, 5917. (b) Chauviere. G.; Guenard, D.; Picot, F.; Senilh, V.; Potier, P. C. R. 

Acad. Sci. Paris 1981,293, 501. 

7. (a) Ojima, I.; Habus. I.; Zhao, M.; Zucco, M.; Park, Y. IL; Sun, C. M.; Briguad, T. Tetrahedron 

1992.48, 6985. (b) Farina, V.; Hauck, S. I.; Walker, D. G. Synlea 1992,9, 761. (c) Gou, Da-Ming; 

Liu, Y. C.; Chen, C. S. J. Org. Chem. 1993.58. 1287. (d) Deng, L.; Jacobson, E. N. J. Org. Chem. 

1992, 57, 4320. (e) Holton, R. A. U. S. Patent 5,015,744, Chem Abst. 1991, ZZ5, 159485. (f) 

Denis, J. N.; Greene, A. E.; Serra, A. A.; Lauche, M. J. J. Org. Chem. 1986, 51. 46. (g) Denis. J. 

N.; Correa, A. ; Greene, A. E. ibid. 1990.55, 1957. (h) Denis, J. N.; Correa, A.; Greene, A. E. ibid. 

1991,56, 6939.(i) Ojima, I.; Habus, I.; Zhao, M.; Georg, G. I.; Jayasinghe, L. R. ibid. 1991,56, 

1681. (j) Georg, G. I.; Mashava, P. M.; Akgun, E.; Milstead, M. W. Tetrahedron Lett. 1991,32, 

3151. (k) H&rig, H.; Seufer-Wasserthal, P.; Weber, H. Tetrahedron 1990,46, 3841. (1) Hbnig, H.; 

Seufer-Wasserthal, P.; Weber, H. Tetrahedron L&t. 1990,31, 3011. (m) Palomo, C.; Anieta, A.; 

Cossio, F. P.; Aizpurua, J. M.; Mielgo, A.; Aurrekoetxea, N. ibid . 1990,3I, 6429. (n) Kearns, J.; 

Kayser, M. M. Tetrahedron Lett. 1994,35,2845. 

8. Peterson J. R.; Zjawiony J. K.; Rogers, R. D. 2 nd Natl. Cancer Inst. Workshop on Tax01 and Taxus, 

Sept. 23-24, 1992. 

9. Tung. C. C.; Speziale, A. J. Chem. Znd. 1963, 1985. 

10. Amber&e@ IR-120 H.C.P. resin (H+) was purchased from Mallinckrtit Chemical Works 

11. Do, H. D.; Ph.D. Dissertation, Northern Illinois Univ.; Illinois, May 1991. 

12. Seed crystals of (X,35’)-4 was prepared by the method reported in Ref. 7d. 

(Received in USA 20 June 1994) 


