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General remarks

Methyl iodide (Nacalai) was distilled over phosphine oxide (P2O5) before used.  Tributyl-(2-phenylethynyl)stannane (Acros), 2-heptyne (Wako), 1-phenyl-1-propyne (Acros), n-nonane (Nacalai), n-tridecane (TCI), tris(dibenzylideneacetone)dipalladium(0) (Aldrich), bis(tri-t-butylphosphine)palladium(0) (Strem), tetrakis(triphenylphosphine)palladium(0) (Aldrich), triphenylphosphine (Nacalai), tri-2-furylphosphine (Aldrich), tri-o-tolylphosphine (Kanto), tricyclohexylphosphine (Aldrich), tri-t-butylphosphine (Kanto), triphenylarsine (Acros), di-t-butylmethylphosphine (Strem), copper chloride (Nacalai), potassium carbonate (Nacalai), lithium chloride (Nacalai), tetrabutylammonium fluoride (TBAF, Aldrich), cesium fluoride (Aldrich), potassium fluoride (Kanto), and dehydrate N,N-dimethylformamide (DMF, Kanto) were commercial grade.

All reactions were performed under Ar with Schlenk techniques. Yields of the reaction were determined by GLC or HPLC analysis. GLC analysis was performed on a Shimadzu GC-14B instrument equipped with a flame ionization detector; capillary column, TC-5, 60 m  0.25 mm i.d., df = 0.25 m, GL Science Inc.; carrier gas: He, flow rate: 0.9 mL/min; injector temp: 280 °C; detector temp: 280 °C, on a Shimadzu GC-17A instrument equipped with a flame ionization detector; capillary column, TC-1701, 60 m  0.25 mm i.d., df = 0.25 m, GL Science Inc.; carrier gas: He, flow rate: 0.5 mL/min; injector temp: 280 °C; detector temp: 280 °C, or on a Shimadzu GCMS-QP5050A; capillary column, TC-1 or TC-5, 60 m  0.25 mm i.d., df = 0.25 m, GL Science Inc.; carrier gas: He, flow rate: 0.7 mL/min; injector temp: 280 °C; detector temp: 250 °C. HPLC analysis was performed on JASCO GULLIVER instrument equipped with MD-910 multiwave-length detector; reverse phase 18C Mightysil (Kanto) 150  4.6 mm, flow rate: 1 mL/min, column oven temperature: 40 °C.

1H- and 13C-NMR spectra were obtained with JEOL AL-400 spectrometer. CDCl3 (Acros) was used as solvent for obtaining NMR spectra. Chemical shifts () are given in parts per million (ppm) downfield from (CH3)4Si (for 1H NMR) or solvent (13C-NMR) as internal references with coupling constants (J) in Hz. The abbreviations s, d, t, q, and m signify singlet, doublet, triplet, quartet, and multiplet, respectively.
Alkynylstannanes were prepared by the reaction of the appropriate alkynyllithium on tributyltin chloride1 or the reaction of the appropriate alkyne with tributyltin methoxide2 unless otherwise noted.

2-Heptyne (3), 1-phenyl-3-pentyne (9), 1-phenyl-1-propyne (10), 1-phenoxy-2-butyne (11), 1-(tetrahydropyranyl-2-oxy)-2-buyne (12), 5-heptyn-1-ol (13), and methyl 5-heptynoate (14) were used as authentic samples.

Tributyl-1-hexynylstannane (2): Registry Number: 35864-20-1; 1H-NMR (400 MHz, CDCl3)  2.25 (2H, t, J = 6.8 Hz), 1.61–1.31 (16H, m) 1.04–0.88 (18H, m); 13C-NMR (100 MHz, CDCl3) 111.85, 81.21, 31.34, 28.10 (t, JSn-C = 11.5 Hz), 27.10 (t, JSn(119)-C = 30.4 Hz, JSn(117)-C = 28.8 Hz), 21.97, 19.97, 13.81, 13.75, 11.11 (t, JSn(119)-C = 191.7 Hz, JSn(117)-C = 182.6 Hz).

Tributyl-(4-phenyl-1-butynyl)stannane: 1H-NMR (400 MHz, CDCl3)  7.27–7.18 (5H, m), 2.83 (2H, t, J = 7.50 Hz), 2.53 (2H, t, J = 7.50 Hz), 1.57–1.49 (6H, m), 1.38–1.27 (6H, m) 1.00–0.86 (15H, m); 13C-NMR (100 MHz, CDCl3) 140.69, 128.29, 128.03, 125.93, 110.73, 82.35, 35.71, 28.94 (t, JSn-C = 11.5 Hz), 27.09 (t, JSn-C = 30.4 Hz), 22.52, 13.79, 11.07 (t, JSn(119)-C = 190.8 Hz, JSn(117)-C = 182.6 Hz).

Tributyl-(2-phenylethynyl)stannane (purchased from Aldrich).

Tributyl-[3-(tetrahydropyranyl-2-oxy)-1-butynyl]stannane: Registry Number: 109669-44-5; 1H-NMR (400 MHz, CDCl3)  4.87 (1H, t, J = 3.4 Hz), 4.28 (1H, d, J = 15.7 Hz), 4.27 (1H, d, J = 15.7 Hz), 3.89–3.82 (1H, m), 3.55–3.48 (1H, m), 1.87–1.69 (1H, m), 1.65–1.46 (10H, m) 1.38–1.25 (6H, m), 1.13–0.88 (15H, m); 13C-NMR (100 MHz, CDCl3) 105.60, 96.16, 89.10, 61.92, 54.88, 30.36, 28.88 (t, JSn-C = 11.5 Hz), 27.01 (t, JSn-C = 31.3 Hz, JSn(119)-C = 29.6 Hz), 25.49, 19.22, 13.71, 11.15 (t, JSn(119)-C = 190.8 Hz, JSn(117)-C = 182.6 Hz).

Tributyl-(3-phenoxy-1-proynyl)stannane: 1H-NMR (400 MHz, CDCl3)  7.30–7.25 (2H, m), 7.01–6.93 (3H, m), 4.69 (2H, s), 1.60–1.48 (6H, m), 1.36–1.26 (6H, m), 1.07–0.86 (15H, m); 13C-NMR (100 MHz, CDCl3) 157.57, 129.03, 120.94, 114.90, 104.44, 56.79, 28.87 (t, JSn-C = 11.5 Hz), 27.02 (t, JSn-C = 30.4 Hz), 13.74, 11.15 (t, JSn(119)-C = 190.0 Hz, JSn(117)-C = 181.8 Hz).

Tributyl-(6-hydroxy-1-hexynyl)stannane: 1H-NMR (400 MHz, CDCl3)  3.67 (2H, dt, J = 6.3 and 5.7 Hz), 2.29 (2H, t, J = 5.8 Hz), 1.73–1.44 (11H, m), 1.40–1.22 (6H, m), 1.08–0.86 (15H, m); 13C-NMR (100 MHz, CDCl3) 111.29, 81.71, 62.04, 31.73, 28.87 (t, JSn-C = 11.5 Hz), 26.96 (t, JSn(119)-C = 30.4 Hz, JSn(117)-C = 28.8 Hz), 25.40, 19.88 (t, JSn-C = 4.9 Hz), 13.68, 10.98 (t, JSn(119)-C = 190.8 Hz, JSn(117)-C = 182.6 Hz).

Methyl 6-(tributylstannyl)-5-hexynoate: 1H-NMR (400 MHz, CDCl3)  3.67 (3H, s), 2.47 (2H, t, J = 7.5 Hz), 2.32 (2H, t, J = 6.8 Hz), 1.83 (2H, tt, J = 7.5 and 6.8 Hz), 1.62–1.50 (6H, m), 1.39–1.30 (6H, m), 0.98–0.88 (15H, m); 13C-NMR (100 MHz, CDCl3) 173.35, 109.99, 82.56, 51.40, 32.72, 28.92 (t, JSn-C = 11.5 Hz), 27.00 (t, JSn(119)-C = 30.4 Hz, JSn(117)-C = 28.8 Hz), 24.26, 19.63 (t, JSn-C = 4.1 Hz), 13.70, 11.03 (t, JSn(119)-C = 191.7 Hz, JSn(117)-C = 182.6 Hz).
2-Heptyne (3): Registry Number: 1119-65-9; Shimadzu GC-14B, column TC-5, initial column temperature 70 °C, final 100 °C, temperature rate 5 °C/min from 10 to 16 min, retention time 12.6 min (n-nonane: 17.9 min).

1-Phenylpent-3-yne (9): Registry Number: 16487-62-0; 1H-NMR (400 MHz, CDCl3)  7.30–7.16 (5H, m), 2.79 (2H, t, J = 7.5 Hz), 2.41 (2H, tq, J = 7.5 and 2.4 Hz), 1.76 (3H, t, J = 2.4 Hz); Shimadzu GCMS-QP5050A, column TC-1, initial column temperature 100 °C, final 250 °C, temperature rate 10 °C/min from 10 to 25 min, retention time 12.8 min (n-tridecane: 14.6 min).
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1- Phenyl-1-propyne (10): Registry Number: 673-32-5; Shimadzu GCMS-QP5050A, column TC-1, initial column temperature 80 °C, final 200 °C, temperature rate 10 °C/min from 10 to 22 min, retention time 13.2 min (n-nonane: 8.4 min).

1-Phenoxy-2-butyne (11): Registry Number: 13610-09-8; 1H-NMR (400 MHz, CDCl3)  7.34 (2H, m), 7.13 (1H, m), 7.03 (1H, m), 2.28 (3H, s); Shimadzu GCMS-QP5050A, column TC-5, initial column temperature 80 °C, final 200 °C, temperature rate 10 °C/min from 10 to 22 min, retention time 22.7 min (n-nonane: 11.6 min).
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1-(Tetrahydropyranyl-2-oxy)-2-butyne (12): Registry Number: 39637-48-4; 1H-NMR (400 MHz, CDCl3)  4.81 (1H, t, J = 6.5 Hz), 4.27 (1H, dq, J = 15.0 and 2.4 Hz), 4.16 (1H, dq, J = 15.0 and 2.4 Hz), 1.86 (3H, t, J = 2.4 Hz), 1.84–1.51 (6H, m); Shimadzu GCMS-QP5050A, column TC-5, initial column temperature 100 °C, final 200 °C, temperature rate 10 °C/min from 10 to 20 min, retention time 18.9 min (n-tridecane: 9.2 min).
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5-Heptyn-1-ol (13): Registry Number: 58944-42-6; 1H-NMR (400 MHz, CDCl3)  3.59 (2H, t, J = 6.5 Hz), 2.10 (2H, tq, J = 4.6 and 2.4 Hz), 1.71 (3H, t, J = 2.4 Hz), 1.63–1.54 (2H, m), 1.53–1.46 (2H, m); Shimadzu GC-17A, column TC-1701, initial column temperature 80 °C, final 200 °C, temperature rate 10 °C/min from 10 to 22 min, retention time 24.7 min (n-nonane: 15.3 min).
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Methyl 5-heptynoate (14): Registry Number: 11340-05-4; 1H-NMR (400 MHz, CDCl3)  3.69 (3H, s) 2.44 (2H, t, J = 7.5 Hz), 2.20 (2H, tq, J = 4.8 and 2.4 Hz), 1.84–1.76 (2H, m), 1.77 (3H, t, J = 2.4 Hz); Shimadzu GCMS-QP5050A, column TC-1, initial column temperature 80 °C, final 200 °C, temperature rate 10 °C/min from 10 to 22 min, retention time 18.3 min (n-nonane: 11.6 min).
[image: image5.wmf]M

e

O

O

H

O

P

D

C

i

n

 

D

M

F

T

M

S

C

H

N

2

i

n

 

M

e

O

H

/

b

e

n

z

e

n

e

7

7

%

1

4


The stannane 15 was prepared from commercially available 17-ethynylestradiol (A): Bu3SnOCH3 (10 eq) and A were mixed and the mixture was stirred for 48 h at 80 °C. After removing the volatiles in vacuo, the residue was purified by neutral silica-gel (Kanto, Silica Gel 60 N, spherical, 40–100 m) column chromatography with hexane and ethyl acetate (6:1) as eluents to give 15 in 71% yield. 1H-NMR (400 MHz, CDCl3) 7.171H, d, J = 8.5 Hz, 6.631H, dd, J = 8.5 and 2.7 Hz, 6.56 1H, d, J = 2.7 Hz, 4.67 (1H, s), 2.90–2.75 (2H, m), 2.38–2.26 (2H, m), 2.17 (1H, dt, J = 4.1 and 11.4 Hz), 2.06–1.92 (2H, m), 1.91–1.82 (1H, m), 1.81–1.73 (1H, m), 1.73–1.65 (1H, m), 1.65–1.53 (7H, m), 1.51–1.43 (1H, m), 1.43–1.26 (9H, m), 0.99 (6H, t, J = 8.2 Hz), 0.89 (12H, t, J = 7.50 Hz), 0.86 (3H, s); 13C-NMR (100 MHz, CDCl3) 153.39, 137.90, 132.09, 126.27, 115.16, 112.64, 88.11, 80.50, 65.32, 49.47, 47.08, 43.76, 39.52, 39.23, 32.90, 29.75, 29.04 (t, JSn-C = 10.7 Hz), 27.35, 26.97 (t, JSn-C = 29.6 Hz), 26.61, 22.86, 13.82, 12.90, 11.25 (t, JSn(119)-C = 190.0 Hz, JSn(117)-C = 181.8 Hz).
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17--(1-Propynyl)estradiol (17):3 Registry Number: 101915-79-1; HPLC analysis: Mightysil RP-18 GP column, Kanto Chemical, 150  4.6 mm i.d., eluted with CH3CN/H2O = 35/65, flow rate 1.0 mL/min, column oven temperature 40 °C; detected by UV at 205 nm, retention time 28.1 min (anisole, 12.8 min).

The stannane 16 was prepared from known (+)-5-ethynyl-2’-deoxyuridine (B):4 Bu3SnOCH3 (5.0 eq) and (B) were mixed and the mixture was stirred for 48 h at 80 °C. After removing the volatiles in vacuo, the residue was purified by neutral silica-gel (Kanto, Silica Gel 60 N, spherical, 40–100 m) column chromatography with dichloromethane and ethyl acetate (10:1) as eluents to give 16 in 61% yield. 1H-NMR (400 MHz, CD3OD/CDCl3 = 1/1) 1H, d, J = 1.2 Hz, 7.571H, s, 6.241H, d, J = 6.8 Hz, 4.401H, dt, J = 6.3 and 3.6 Hz, 3.961H, dd, J = 7.0 and 3.4 Hz, 3.821H, dd, J = 11.9 and 3.4 Hz, 3.751H, dd, J = 11.9 and 3.6 Hz, 2.341H, ddd, J = 13.5, 6.1, and 3.4 Hz, 2.221H, dq, J = 13.5 and 6.8 Hz, 1.70–1.486H, m, 1.41–1.316H, m, 1.15–0.986H, m, 0.926H, t, J = 6.1 Hz; 13C-NMR (100 MHz, CD3OD/CDCl3 = 1/1) 162.08, 149.11, 142.56, 100.10, 99.29, 97.98, 86.92, 85.18, 70.21, 61.03, 39.99, 28.28 (t, JSn-C = 10.7 Hz), 26.43 (t, JSn-C = 29.6 Hz), 12.88, 10.60 (t, JSn(119)-C = 190.8 Hz, JSn(117)-C = 182.6 Hz).
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5-(1-propynyl)-2’-deoxyuridine (18):5 Registry Number: 84558-94-1; HPLC analysis: Mightysil RP-18 GP column, Kanto Chemical, 150  4.6 mm i.d., eluted with CH3CN/H2O = 4/96, flow rate 1.0 mL/min, column oven temperature 40 °C; detected by UV at 220 nm, retention time 16.4 min (5-methyl-uridine, 4.5 min).

The stannane 19 was prepared from known aldehyde C6 in 3 steps: i) AcOH–H2O (9:1), room temperature, 17.5 h; ii) NaH, DME, 0 °C to room temperature; then phosphonate E,7 1.5 h, 84% (2 steps); iii) diisobutylaluminium (2,6-di-t-butyl-4-methyl)phenoxide,8 toluene, –78 to –40 °C, 4 h; then chromatographic separation of the C(15)-epimers, more polar 15S-isomer, 45% (less polar 15R-isomer, 18%).
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