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SUMMARY 

Reductive cleavage of the C13 side chain of Taxola (1, paclitaxel) followed by regioselective silylation 
gave 7-triethylsilylbaccatin 111 ( 4 ) .  3- 0-Triethylsilylation of 5 and subsequent reaction with benzoyl 
chloride-C7-W gave azetidinone 7. Coupling of 4 and 7 followed by deprotection gave 1.26 g of 
Taxol@-N3’-W (11) having a specific activity of 26.5 mCilmmol and a radiochemical purity of 95%. 
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INTRODUCTION 

The diterpenoid TaxoP (1, paclitaxel)z continues to show promise as an effective anticancer agent.3-8 A 

number of researchers have reported preparations of various tritium-labeled taxols9-)1 which were used for 

a variety of pharmacological studies. Other reports have described the de novo synthesis of sub-milligram 

amounts of radiolabeled TaxoP (3H, ‘4C or dual labeled) from ~81112.13 or fungus14 cultures using 

appropriately labeled precursors. However, the preparation of a specifically labeled carbon-I4 TaxoP in 

synthetically useful quantities remains unreported. We required such a labeled TaxoP to support 

ongoing pharmacokinetic investigations and for use as a starting material for carbon-14-labeled prodrugs 

of Taxol@.ls In this paper we report the synthesis of gram quantities of Taxol@-N3’-’4C (1 1). 
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RESULTS AND DISCUSSION 

The requisite taxane component 4 was derived from TaxolB (1)2 by modified literature procedures 

(Scheme 1). Reductive cleavage of the C13 side chain16 was accomplished on reacting 1 with sodium 

borohydride in tetrahydrofuran (THF) / pH 7 phosphate buffer. Yields of baccatin 111 (2)16 were generally 

75-80% after chromatographic purification, which removed minor amounts of 7-epi-baccatin 111 (3) 

produced under these conditions. Regioselective 7- Otriethylsilylation of 217 by reaction with excess 

triethylchlorosilane and imidazole in dichloromethane afforded gram quantities of 7-triethylsilylbaccatin 111 

(4)17 after chromatographic purification. 

Scheme 1 
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The C13 side chain synthon 718-21 was assembled as shown in Scheme 2. 3- 0-Triethylsilylation of 522 

proceeded smoothly in near quantitative yieM to afford 6, which was sufficiently pure for conversion to 

azetidinone 7. Thus, N-benzoylation of 6 was observed on reaction with benzoyl chloride -C7-74C,23 N,N- 

diisopropylethylamine and a catalytic amount of 4-dimethylaminopyridine in dichloromethane. Care must 

be taken not Iff store crude 7 in vacuo at ambient temperature, since rapid conversion to a mixture of 8 

and unidentifiable decomposition product(s) occurs. Yields consistently in the range of 80-85% (5 -> 7)  

were observed when the process stream containing 7 was concentrated to near dryness, redissolved in 

minimal dichloromethane and immediately purified by flash chromatography over silica gel. Under these 

conditions, formation of 8 and decomposition were suppressed. 

C0upling18~19 of the lithium alkoxide of 4 with 7 (1.35 equiv) in THF gave 2'.7-bis(triethylsilyl)taxol-N3'-~4C 

(9) in good yield after chromatographic purification (Scheme 3). Hydrolysis of the triethylsilyl protecting 
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Scheme 2 
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groups resulted on exposure of 9 to 6 M  aqueous HCI (4.5 equiv) in acetonitrile (MeCN) at -5°C for 3-4h. 

This conversion proceeded through the intermediacy of 7-triethylsilyltaxol-N3’-14C (lo), to which 9 was 

completely converted within 5 min (TLC. NMR). Slow conversion of 1 0  to 1 1  was monitored by TLC. 

After chromatographic purification, 1.26 g of Taxol@-N3’-~4C (11) was isolated. The NMR spectrum, TLC 

Fit and chromatographic behavior of 11 were consistent with a sample of natural Taxoln (1).2 This material 

had a specific activity of 26.5 mCi/mmol and a radiochemical purity of 95%. which were sufficient for our 

studies.15 

The overall chemical yield for the conversion of 5 to 11 was 57% while the radiochemical yield of the 

process was 36%. 

EXPERIMENTAL 

1 H NMR spectra were recorded on a Bruker AM360 spectrometer. Chemical shifts are expressed on the 3 

scale downfield of tetramethylsilane internal standard. Thin layer chromatography plates (silica gel GF, 

catalog no. 21521) were purchased from Analtech, Inc. (Newark, DE). Developed TLC plates were viewed 

under short wavelength UV light (254 nm) unless otherwise noted. Flash chromatography silica gel (32- 

63 pn, 60A) was purchased from ICN (Costa Mesa, CA). Radiochemical measurements were taken on a 

Beckman LS9000 liquid scintillation counter. The specific activity was determined using an INNS 

Systems Model 2 &RAM system. Benzoyl chloride-C7-14C was purchased as a solution in 

dichloromethane from Moravek Biochemicals, Inc. (Brea, CA) and was used as received. Anhydrous 

tetrahydrofuran (THF), dichloromethane (CH&) and acetonitrile (MeCN). imidazole, triethylchlorosilane. 

sodium borohydride, N,N-diispropylethylamine, 4-dimethylaminopyridine, n-BuLiIhexanes solution and 

benzoyl chloride were purchased from Aldrich Chernicai Co. (Milwaukee, WI) in the highest purity available 

and were used as received. Anhydrous MgS04, HPLC grade ethyl acetate (EtOAc), hexanes, acetone 

and chloroform (CHC13) and pH 7 phosphate buffer were purchased from Fisher Scientific Co. (Rochester, 

NY) and were used as received. All other reagents were purchased from Fisher Scientific Co. in the 

highest purity grade available. 

Baccatin 111 (2)16 

A 250 mL 3-neck flask equipped with a thermometer and overhead stirrer was charged with 5 g (5.9 mmol) 

TaxoP (1) and THF (58 mL) at ambient temperature. Next, pH 7 phosphate buffer (29 mL) was added, 

resulting in an opaque solution. A total of 875 mg (23.1 mmol, 3.95 mol equiv) sodium borohydride was 

added in one portion (vigorous gas evolution noted). The progress of the reaction was monitored by TLC 

(65:35 CHC13-MeCN, v/v). After 70 min. acetone (5.8 mL) was added dropwise and stirring continued 5 
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min. A second portion of acetone (5.8 mL) was added dropwise, stirring continued an additional 5 rnin 

then EtOAc (58 mL) and deionized water (58 mL) were added. After stirring vigorously for 10 min, the 

layers were separated, the aqueous phase extracted with EtOAc (4 X 75 mL) and discarded. The 

combined organic phases were dried 15 rnin over anhydrous MgSOI, filtered and concentrated in vacuo 

to constant weight to yield crude 2. Flash chromatographic purification over silica gel using 65:35 CH2CI2- 

MeCN (v/v) as eluant returned 2.70 g (78.8%) baccatin 111 (2) as a colorless powder: R f  = 0.50 (65:35 

CH2CI2-MeCN, viv). The 1H NMR spectrum (CD2C12) was consistent for 2. 

7-Triethylsilylbaccatin 111 (4)17 

An oven-dried 50 mL %neck flask and stir bar were cooled to ambient temperature under a stream of dry 

nitrogen. The flask was charged with 2.68 g (4.6 mmol) 2 and CH2C12 (29 mL). The resulting clear, 

colorless solution was stirred 15 rnin in an ice water bath. Next, 1.25 g (1 8.3 mmol, 4.0 equiv) imidazole 

was added in one portion, followed by dropwise addition (neat) of 3.07 mL (18.3 mmol, 4.0 equiv) 

triethylchlorosilane (t-zero). The heterogeneous mixture was allowed to warm to ambient temperature. 

After a reaction time of 55 min, the mixture was diluted with CH2C12 (400 mL) , washed with deionized water 

(40 mL), saturated aqueous NaHC03 solution (40 mL), deionized water (40 mL) and saturated aqueous 

NaCl solution (40 mL). Drying 15 min over anhydrous MgS04, filtration and concentration in vacuo to 

constant weight gave 3.26 g (>loo%) crude 4. Flash chromatographic purification over silica gel using 

40:60 EtOAc-hexanes (vlv) returned 2.73 g (85.2%) 4 as a colorless powder: R f  = 0.41 (40:60 EtOAc- 

hexanes, v/v). The 1H NMR spectrum (CD2C12) was consistent for 4. 

(3R,4S)-cis-3-0-(Triethylsilyl)-4-phenylazetidin-2-one (6)”3-21 

An oven-dried 50 mL 2-neck flask and stir bar were cooled to ambient temperature under a stream of dry 

nitrogen. The flask was charged with 571 mg (3.5 mmol) 522 and dry THF (18 mL) at ambient temperature. 

Stirring for 10 rnin produced a clear, colorless solution. After cooling in an ice water bath for 15 min, 238 

mg (3.5 mmol, 1 .O equiv) imidazole was added in one portion, followed by dropwise addition (neat) of 0.59 

mL (3.5 mmol, 1.0 equiv) triethylchlorosilane (1-zero). The reaction was allowed to warm to ambient 

temperature. Reaction progress was monitored by TLC (50:50 EtOAc-hexanes, vlv; iodine chamber 

development). After 45 min, an additional 24 mg (0.35 mmol, 0.1 equiv) imidazole and 59 FL (0.35 mrnol, 

0.1 equiv) triethylchlorosilane were added. Afier 2.3 h, solids were removed by suction filtration, washed 

with EtOAc (3 X 24 mL) and discarded. The combined organic phases were washed with saturated 

aqueous NaHC03 solution (2 X 10 mL) and deionized water (2 X 10 ml), dried 15 min over anhydrous 
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MgS04, filtered and concentrated in vacuo to constant weight to give 965 mg (99.4%) 6 as a colorless 

solid: Rf = 0.71 (5050 EtOAc-hexanes, vh); 1H NMR (CD2C12) a 0.43 (m, 6H, -SiC&CH3), 0.76 (t, 9H, J = 

7.9 Hz, -SiCH2CH3), 4.79 (d, lH ,  J = 4.8 Hz, C3-H), 5.06 (dd, lH,  J = 2.7, 4.8 Hz, C4-H), 6.26 (br s, IH,  

NH), 7.28-7.38 (rn, 5H, aromatic) 

(3R,4S)-cis-l-BenzoyI-3-O-(triethylsilyl)-4-phenylazetidin-2-one-N~-~~C (7)lef19 

Crude 6 (965 rng, 3.5 rnrnol) was dissolved in CH2CI2 (8 mL) under an inert atmosphere of nitrogen. The 

resulting clear, colorless solution was cooled 15 rnin in an ice water bath with good stirring. Next, 0.67 mL 

(3.85 mrnol, 1.1 equiv) N,N-diisopropylethylamine was added dropwise by microsyringe, followed by 

addition of a solution composed of benzoyl chloride-C7-W (2.12 mmol, 0.61 equiv)23 and 0.20 rnL (1.74 

rnrnol, 0.50 equiv) benzoyl chloride in CH2C12 (10 mL). The ampule which contained the benzoyl chloride- 

7-74C was rinsed forward with CH2Cl2 (3 X 2 mL). Next, 85 mg (0.7 mmol, 0.2 equiv) 

4-dimethylaminopyridine was added, and the solution was warmed to ambient temperature (t-zero). The 

progress of the reaction was monitored by TLC (30:70 EtOAc-hexanes, vh). After 2.3 h, the clear, light 

yellow solution was diluted with CH2C12 (95 mL), washed with saturated aqueous NaHC03 solution (2 X 10 

mL), deionized water (2 X 10 mL) and saturated aqueous NaCl solution (10 mL). The organic phase was 

dried 15 rnin over anhydrous MgS04 and filtered to afford a clear, light yellow solution of 7 in CH2C12 

(volume ca. 225 mL). This solution was concentrated in vacuo at 30°C (bath temperature) to a residue 

which was immediafely redissolved in CH2C12 (15 mL) and applied to a flash chromatography column 

(Aldrich, 50 mm i.d.; 6” silica). Elution with CH2C12 was monitored by TLC (CH2C12). The appropriate 

fractions were pooled, concentrated and dried in vacuo for 1 h to yield 1.13 g (84.8%) 7 as a light yellow 

oil: R f  = 0.74 (30:70 EtOAc-hexanes, v/v); NMR (CD2CI2) a 0.48 (m, 6H, -SiC&CH3), 0.79 (t, 9H, J = 7.9 

Hz, -SiCHZC&), 5.16 (d, 1 H, J = 6.1 Hz, C3-H), 5.39 (d, 1 H. J = 6.1 Hz, C4-H), 7.32-7.39 (m, 5H, aromatic), 

7.50 (m, 2H, aromatic), 7.62 (m, lH, aromatic), 7.97 (m, 2H, aromatic). 

2’,7-Bis(triethylsilyI)taxol-NS’-~~C (9)18.19 

An oven-dried 50 rnL 2-neck flask and stir bar were cooled to ambient temperature under a stream of dry 

nitrogen. The flask was charged with 1.53 g (2.18 mmol) 4 and dry THF (12 rnL). Stirring for 10 min 

produced a clear, colorless solution which was then cooled 15 min in a dry ice - isopropanol bath 

maintained at -40 to -50°C. Next, 1.44 mL (2.29 mrnol, 1.05 equiv) 1.59M n-BuLlhexanes (freshly 

titrated) was added dropwise over ca. 2.5 min. The resulting clear, light yellow solution was stirred at -40 to 
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-45°C (bath temperature) for an additional 30 min. A solution of 1.1 3 g (2.95 mrnol, 1.35 equiv) 7 in THF (2 

mL) was added dropwise. The flask which contained 7 was rinsed forward with THF (2 X 2 mL). Following 

the addition, the flask was plunged into an ice water bath (t-zero). Reaction progress was monitored by 

TLC (30:70 EtOAc-hexanes, vh). After 75 min, the clear yellow solution was quenched into saturated 

aqueous NH4CI solution (35 mL). The reaction flask was rinsed forward with EtOAc (4 X 50 mL). The 

phases were separated, the aqueous phase extracted with EtOAc (2 X 100 mL) and discarded. The 

combined organic phases were dried 15 min over anhydrous MgS04, filtered and concentrated in vacuo 

to constant weight to afford 2.57 g (>loo%) crude 9. Flash chromatographic purification over silica gel 

using 2575 EtOAc-hexanes (v/v) as eluant returned 1.91 g (80.8% ) 9 as a colorless foam: Rf = 0.65 

(30:70 EtOAc-hexanes, v/v). The 1H NMR spectrum (CD2C12) was consistent for 9. 

Taxol@-N3’-14C (11) 

To the flask containing 1.91 g (1.76 mrnol) 9 was added MeCN (1 00 mL). The resulting solution was 

stirred 15 min in a dry ice - isopropanol bath maintained at -5 to -10°C. Next, 1.32 mL (7.92 mmol, 4.5 

equiv) 6 M  aqueous HCI was added dropwise. The progress of the reaction was monitored by TLC (40:60 

EtOAc-hexanes. vh). Within 5 min, complete conversion to 7-triethylsilyltaxol-N3’-f~C (10, R f  = 0.36) was 

noted. After 3.25 h, the mixture was diluted with EtOAc (975 mL) and washed with deionized water (95 

mL), saturated aqueous NaHC03 solution (95 mL), deionized water (95 mL) and saturated aqueous NaCl 

solution (95 rnL). Drying 15 min over anhydrous MgS04, filtration and drying to constant weight in vacuo 

gave 1.79 g (>loo%) crude 11. Flash chromatographic purification over silica gel using 40:60 acetone- 

hexanes (v/v) as eluant returned 1.26 g (83.6%) Taxol@-NS’-f.?C (11) as a colorless powder: Rf = 0.15 

(5050 EtOAc-hexanes, v/v). The specific activity was found to be 26.5 mCVmmol while the radiochemical 

purity was measured at 95%. The 1H NMR spectrum (CD2C12), TLC Rf and chromatographic behavior were 

consistent with that of natural TaxoP (1).2 
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