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SYNTHESIS OF MODIFIED ANALOGUES OF TAXOL C,D
SUBUNITS FROM FURAN
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Abstract-The synthesis of two modified analogues of the C,D subunits of taxol, using a furan
derivative as precursor, is reported.

Dedicated to Professor James P. Kutney on occasion of his 7o0th birthday.

INTRODUCTION

Taxol, a potent antitumor agent isolated from the bark of Taxus brevifolia 1 has become one of the most
important members in anew class of chemotherapeutic agents which inhibits cell growth by interacting with
microtubules (Scheme 1).? Dueto its novel mode of action and complex structure as well as its low natura
availability, taxol remains of great synthetic interest for organic chemists. At this time, six tota syntheses of
taxol and some synthetic approaches have been reported.®

In order to obtain simpler anadogues with better therapeutic profiles, extensive studies have been made on
structure-activity reationship to find out the minima structurd requirements to maintain microtubule
binding.#4 These studies have established that the C-13 side chain, the oxygenated groups a C-2 and C-4
and the oxetane ring are essentid for biologica activity.® The importance of this last functiondity has
promoted the synthesis and study of D-secotaxol analogues® and recently, Dubois has prepared the first
taxol analogue with amodified D-ring which is active on microtubules.”

Taxol

Scheme 1

In this paper we wish to report our synthetic efforts focused on the preparation of modified anaogues of
taxol C,D-subunits. In this way, compounds (1) and (2) will be prepared via 7-oxanorbornene derivatives
easily obtained from furan through Diels-Alder cycloadditions (Scheme 2).8



Scheme 2

In a previous study, the synthesis of diene (4) was accomplished in five steps from 2,4-dimethylfuran in
58% overdl yield.9 The key step of this process consisted of an LDA-mediated ring opening of 7-
oxanorbornene derivative (3) to afford 4 (Scheme 3).10
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Protection of the hydroxyl group in 4 and cataytic bishydroxylation of the exocyclic double bond in the
resulting compound (5), afforded 6. Treatment with TsCl followed by hydrolysis of the benzoyl
functiondity, using K,COzs, gaverise to diol (8). Finad transformation of 8 into the oxabicyclic derivative

(9), employing NaH, permitted the formation of this modified subunit of taxol C,D rings (Scheme 4).
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Key. a) BzCl, EtzN, DMAP, CHCly, rt; b) OsO4, Me3NO, acetone/H,0 8/1, rt; c) TsCl, Py, rt;
d) K,CO3, MeOH/H,0 5/1, 0°C; e) NaH, THF, t.
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On the other hand, the synthesis of compound (14) was achieved in five steps from diene (4) according to
the sequence displayed in Scheme 5. Cataytic bishydroxylation of benzyl derivative (10), followed by
protection of the primary hydroxyl group in theresulting 11, afforded compound (12). Deprotection of the
silyl ether derivative (12), using TBAF, and further oxidation of the dlylic dcohol (13) under the Swern's
conditions,11 gave rise to the desired compound (14).

OR OBn PMBO OBn
H»o b c
. 80% 83%
OTIPS (R: Bn) OTIPS

CHj CH3
a 4. R:H 11 12
83%

—10.R: Bn oB
n
OBn PMBO
d e

13 14
Key. a) BnBr, TBAI, NaH, THF, rt; b) OsO4, Me3NO, acetone/H,0 8/1, rt; c) PMBCI, TBAI, NaH,
THF, rt; d) TBAF, THF, rt; e) (COCI),, DMSO, EtzN, CH,Cly, -78°C to 0°C.

Scheme 5

In summary, astereodivergent synthesis of two modified analogues, compounds (9) and (14), of the C,D
subunits of taxol has been described using afuran derivative as precursor.

EXPERIMENTAL

General Methods. Reagents and solvents were handled by using standard syringe techniques.
Tetrahydrofuran and ether were distilled over sodium and benzophenone; benzene over sodium; toluene,
dichloromethane and triethylamine over calcium hydride; pyridine over KOH, acetone over KMnO4. The
remaining solvents and chemicas were comercia and used as received. *H NMR and 3C NMR were
recorded at 300 and 75 MHz, respectively. Flash chromatography was performed using 230-400 mesh
silicage. Anaytical TLC was carried out on silica gd plates. Mdting points are uncorrected. Elementa
analyses were performed at the Universidad Complutense de Madrid.

(1S*, 5S*)-5-Benzoyloxy- 1-triisopropylsilyloxy-2-methyl-4-methylenecycl ohex-2-ene
(5). Toasolution of 4 (490 mg, 1.60 mmol) in CH2Cl, (10 mL) at rt, EtzN (0.92 mL, 6.4 mmol), BzClI
(0.77 mL, 6.4 mmol) and acatalytic anount of DMAP were added consecutively. After stirring for 4 h the
reaction was quenched with saturated agqueous solution of NaCl and extracted with AcOEt. Theorganic
layers were dried over MgSO,4 and concentrated under reduced pressure. Purification by silica gel



chromatography euting with hexanes/ ethyl acetate (10:1) afforded 5 (563 mg, 85%) as acolorless ail. IR
(CCly4) v 2880, 1720, 1650, 1370. 1H NMR (CDCl3, 300 MHZ) 6 1.02 (s, 21H), 1.92 (s, 3H), 2.04
(ddd, 1H, J=11.4, 7.2, 3.3 Hz), 2.22 (ddd, 1H, J= 11.7, 7.2, 4.2 Hz), 4.61 (t, 1H, J=5.7 Hz), 4.96 (s,
1H), 5.07 (s, 1H), 5.90 (br s, 2H), 7.38-8.12 (m, 5H). 13C NMR (CDCl3, 75 MHz) 6 12.8, 18.1, 20.6,
38.1, 68.4, 70.7, 113.0, 124.5, 128. 3, 129.0, 130.6, 131.4, 132.9, 135.3, 140.7, 144.2, 165.7. And.
Cacd for Co4H3603Si: C, 71.95; H, 9.06. Found: C, 72.23; H, 8.88.

(1R*, 4S*, 6S*)-6-Benzoyloxy-1-hydroxymethyl-4-trii sopropylsilyloxy-3-methylcyclo-
hex-2-en-1-ol (6). Toasolution of 5 (105 mg, 0.26 mmol) in amixture of acetone/water 8/1 (3 mL) at
rt, MesNO (58 mg, 0.52 mmol) and OsO4 (2.5 % solution in t-BuOH, 0.065 mL, 0.005 mmol) were
added. Thereaction was stirred for 12 h, quenched with asaturated aqueous solution of NaH SO3, and
concentrated under reduced pressure. Further purification using flash chromatography (hexanes/ ethyl
acetate, 4:1) afforded 6 as acolorless ail (72 mg, 65%). IR (CClg) v 3500, 2980, 1720, 1610. IH NMR
(CDCl3, 300 MHz) 6 1.10 (s, 21H), 1.88(s, 3H), 2.28-2.36 (m, 2H), 2.97 (dd, 1H, J=9.6, 4.4 H2),
3.19(d, 1H, J= 1.5H2z), 3.40 (dd, 1H, J=11.9, 9.6 Hz), 3.57 (dd, 1H, J=12.0, 4.4 Hz), 4.62 (dd, 1H,
J=7.3,6.6Hz), 5.24 (d, 1H, J= 1.5 H2), 5.29 (br s, 1H), 7.45-7.96 (m, 5H). 13C NMR (CDCl3, 75
MHz) 6 12.8, 18.2, 20.4, 33.9, 65.3, 68.1, 70.7, 73.8, 122.1, 128.5, 129.7, 133.6, 137.0, 144.5,

167.3. Anal. Cdcd for Co4H3805Si: C, 66.32; H, 8.81. Found: C, 66.21; H, 8.95.

(1R*,4S*,6S*)-6-Benzoyloxy-4-triisopropylsilyloxy-3-methyl-1-(p-toluenesulfonyloxy) -
methylcyclohex-2-en-1-ol (7). Diol (6) (34 mg, 0.08 mmol) was dissolved in pyridine(1 mL) at rt
and TsCl (48 mg, 0.25 mmol) was added. After stirring for 5 h the reaction mixture was hydrol yzed with
water and 0.5 N aqueous solution of HCI. The organic layers were extracted with CH,ClI, and dried over
MgSO;. Purification by silica gd column chromatography (hexanes/ ethyl acetate, 2:1) and concentration
under reduced pressure afforded 44 mg (94%) of 7 as acolorless oil. IR (CCl4) v 3500, 1720, 1580,
1370. 1H NMR (CDCl3, 300 MH2) 6 1.13 (br s, 21H), 1.98 (s, 3H), 2.20-2.30 (m, 1H), 2.39 (s, 3H),
2.42-2.50 (m, 1H), 3.19 (br s, 1H), 4.17 (syst. AB, 2 H, Jag= 9.6 HZ), 4.46 (dd, 1H, J=6.0, 5.6 HZ),
5.37(d, 1H, J=1.2H2), 5.45(dd, 1H, J= 7.5, 2.4 Hz), 7.24-7.56 (m, 4H), 7.65-7.79 (m, 3H), 7.92-
7.99 (m, 2H). 13C NMR (CDCl3, 75 MHz) & 12.6, 18.1, 20.6, 21.6, 33.7, 67.9, 70.5, 72.0, 73.6,
121.5, 127.9, 128.4, 129.6, 129.7, 132.2, 133.2, 137.2, 143.9, 144.8, 165.8. And. Cdcd for
C31H440;SSi: C, 63.23; H, 7.53. Found: C, 63.14; H, 7.49.

(1S*, 2R*, 5S*)-5-Triisopropylsilyloxy-2-(p-toluensulfonyloxymethyl)-4-methylcyclo-
hex-3-ene-1,2-diol (8). A solution of 7 (36 mg, 0.06 mmol) in a mixture of MeOH/H,O 5/1 (1 mL )
was cooled to 0 9C. K,CO3 (89.8 mg, 0.65 mmol) was added and the mixture was stirred for 30 min.
After quenching using water and extraction with CH,Cl,, the organic layers were dried over MgSQOs;.
Concentration under reduced pressure and purification via flash chromatography (hexanes/ ethyl acetate,
4:1), afforded 8 (19 mg, 62%) as acolorless ail. IR (CCl4) v 3500, 1740, 1600, 1470. 1H NMR (CDCls,
300 MH2z) 6 1.10 (br s, 21H), 1.59 (br s, 1H), 1.80 (s, 3H), 2.00-2.05 (m, 1H), 2.29-2.32 (m, 1H),
2.45 (s, 3H), 4.06-4.10 (m, 1H), 4.11 (syst. AB, 2H, Jag=10.3 HZ), 4.41 (t, 1H, J=5.9 H2), 5.16 (s,
1H), 7.58 (m, 4H). 13C NMR (CDCl3, 75 MHz) 6 12.7, 18.1, 20.6, 21.7, 36.2, 68.1, 70.4, 71.9, 73.2,



121.6, 128.0, 129.9, 137.1, 143.9, 145.2. And. Cdcd for Cy4H400SSi: C, 59.47; H, 8.32. Found: C,
59.63; H, 8.14.

(1R*, 4S*, 6S*)-1-Hydroxy-4-triisopropylsilyloxy-3-methyl-7-oxabicyclo[4.2.0]oct-2-
ene (9). To asuspension of NaH (60% minera oil suspension, 5 mg, 0.12 mmol) in THF (1 mL) at rt,
were added 15 mg (0.03 mmol) of 8 and the reaction mixture was stirred for 2 h. The reaction was then
guenched with a 0.5 N agueous solution of HCI and extracted with Et,O. The organic layers were dried
over MgS0O,. Concentration under reduced pressure afforded a crude, which after purification by flash
chromatography (hexanes/ ethyl acetate, 1:1), yidded 7.1 mg (74%) of 9 as a colorless oil. IR (CCly)
v 3580, 2980, 1370, 1040. 1H NMR (CDCl3, 300 MHz) § 1.09 (br s, 21H), 1.82 (s, 3H), 1.87 (m, 1H),
1.97-2.08 (m, 1H), 3.65 (syst. AB, 2H, Jag= 11.4 Hz), 4.14 (dd, 1H, J=10.3, 3.9 H2), 4.33 (t, 1H, J=
4.0Hz), 5.26 (br s, 1H). 13C NMR (CDCl3, 75MHz) § 12.7, 18.2, 21.2, 36.6, 68.6, 68.9, 69.5, 72.3,
128.4, 142.3. And. Calcd for C17H3203Si: C, 65.33; H, 10.32. Found: C, 65.12; H, 10.13.
(1S*,5S*)-5-Benzyloxy-1-triisopropylsilyloxy-2-methyl-4-methylencyclohex-2-ene (10).
To a suspension of NaH (60% minerd oil suspension, 162 mg, 4.05 mmol) in THF (10 mL) at rt, a
solution of 4 (300 mg, 1.01 mmol) in THF (10 mL) was added. After stirring for 10 min, BnBr (0.5 mL,
4.05 mmol) and a catalytic amount of TBAI were added. The reaction mixture was stirred for 5 h,
guenched with a saturated agueous solution of NaCl and extracted with ether. The organic layers were dried
over MgSO, and concentrated under reduced pressure to afford a crude, which after purification by flash
chromatography (hexanes/ ethyl acetate, 10:1), yiedlded 332 mg (83%) of 10 as a colorless oil. IR (CCly)
v 3080, 2980, 1650, 1470. 1H NMR (CDCl3, 300 MHZ) 6 1.10 (br s, 21H), 1.89 (s, 3H), 1.97 (ddd, 1H,
J=12.8, 7.3, 29 H2), 2.23 (ddd, 1H, J=12.8, 6.5, 1.6 HZ), 4.18 (dd, 1H, J = 6.6, 2.9 HZ), 4.57 (syst.
AB, 2H, Jag= 12.0 H2), 4.65 (m, 1H), 4.97 (s, 1H), 4.98 (s, 1H), 5.89 (s, 1H), 7.26-7.36 (m, 5H).
13C NMR (CDCl3, 75 MHz) 6 12.8, 18.2, 20.5, 38.8, 65.1, 68.7, 75.2, 111.6, 124.3, 127.7, 128.2,
129.0, 136.9, 142.1, 144.2. Anal. Cacd for Co4H380,Si: C, 74.55; H, 9.91. Found: C, 74.42; H, 9.76.
(1R*, 4S*, 6S*)-6-Benzyloxy-1-hydroxymethyl-4-triisopropylsilyloxy-3-methylcyclo-
hex-2-en-1-ol (11). Toasolution of 10 (280 mg, 0.72 mmol) in amixture of acetone/water 8/1 (5 mL)
a rt, MesNO (161 mg, 1.45 mmol) and OsOy (2.5 % solution in t-BuOH, 0.18 mL, 0.015 mmol) were
added. The reaction was stirred for 10 h, quenched with a saturated aqueous solution of NaHSO;3, and
concentrated under reduced pressure. Further purification using flash chromatography (hexanes/ ethyl
acetate, 8:1) afforded 11 as a colorless oil (244 mg, 80%). IR (CCl,) v 3500, 3020, 2980, 1650. 1H
NMR (CDCl3, 300 MHz) 6 1.09 (s, 21H), 1.80 (s, 3H), 1.94 (dt, 1H, J=12.4, 4.5 Hz), 2.14 (dt, 1H, J=
12.4, 3.6 HZz), 2.86 (dd, 1H, J=10.1, 3.1 Hz), 3.17 (s, 1H), 3.30 (dd, 1H, J=11.7, 10.2 Hz), 3.84 (dd,
1H, J=11.7, 3.0H2), 4.02 (dd, 1H, J=4.7, 3.6 HZ), 4.32 (dd, 1H, J=4.5, 3.6 Hz), 4.58 (syst. AB, 2H,
Jag= 10.8 Hz), 515 (s, 1H), 7.287.36 (m, 5H). 13C NMR (CDClz, 75 MH2)
0 12.9, 18.3, 20.9, 34.6, 65.7, 69.1, 72.4, 72.5, 81.1, 125.5, 127.9, 128.1, 128.7, 139.0, 141.1. Ana.
Cacd for Co4H4004Si: C, 68.53; H, 9.58. Found: C, 68.44; H, 9.50.

(1R*, 4S*, 6S*)-6-Benzyl oxy-4-triisopropylsilyl oxy-1-(p-methoxybenzyloxymethyl)-3-
methylcyclohex-2-en-1-ol (12). To asuspension of NaH (60% minera oil suspension, 7.6 mg, 0.19



mmol) in THF (1 mL) at rt, 40 mg (0.10 mmol) of 11, 0.02 mL of PMBCI (0. 14 mmol) and 3.3 mg (0.01
mmol) of TBAI wereadded. The reaction mixturewas stirred for 9 h and then quenched with water. The
crude was extracted with AcOEt, dried over MgSO,4 and concentrated under reduced pressure to af ford,
after purification viaflash chromatography (hexanes/ ethyl acetate, 20:1), 42 mg (83%) of 12 as acolorless
oil. IR (CCly) v 3500, 2960, 1620, 1510. 1H NMR (CDCl3, 300 MHz) 6 1.12 (s, 21H), 1.81 (s, 3H),
2.02 (m, 1H), 2.11 (m, 1H), 2.68 (br s, 1H), 3.59 (syst. AB, 2H, Jag= 8.8 HZ), 3.80 (s, 3H), 4.41-4.53
(m, 4H), 4.58 (syst. AB, 2H, Jag= 12 Hz), 5.26 (s, 1H), 6.86 (m, 2H), 7.26-7.33 (m, 7H). 13C NMR
(CDCl3, 75 MH2z) 6 12.8, 18.3, 20.5, 33.3, 55.3, 68.5, 71.9, 73.1, 76.6, 78.1, 81.7, 113.7, 123.5,
126.9, 127.6, 128.5, 129.4, 132.0, 142.7, 144.2, 155.9. Ana. Cdcd for CszpHsg0sSi: C, 71.07; H,
8.95. Found: C, 71.21; H, 9.10.

(1S*, 4R*, 6S*)-6-Benzyloxy-1-(p-methoxybenzyloxymethyl)-3-methylcyclohex-2-ene-
1,4-diol (13). To asolution of 12 (51 mg, 0.09 mmol) in THF (1 mL) at rt, TBAF (0.47 mL, 0.45
mmol ) was added and the mixture was stirred over 24 h. After quenching thereaction with asaturated
aqueous solution of NaCl and extraction with ether, the organic layers were dried over MgSQOy.
Concentration under reduced pressure and purification via flash chromatogr aphy (hexanes/ ethyl acetate,
2:1) afforded 13 (34 mg, 93%) as awhite solid. mp 107-108 °C. IR (CCls) v 3650, 1640, 1580, 1370.
IH NMR (CDCl3, 300 MHZz) 6 1.82 (s, 3H), 1.89-2.02 (m, 1H), 2.22-2.30 (m, 1H), 2.80 (br s, 1H),
3.56 (syst. AB, 2H, Jag=8.8HZz), 3.80 (s, 3H), 4.10-4.25 (m, 2H), 4.49 (s, 2H), 4.58 (syst. AB, 2H,
Jag=11.8 Hz), 5.32 (d, 1H, J= 1.1 Hz), 6.86 (m, 2H), 7.26-7.36 (m, 7H). 13C NMR (CDCl3, 75 MHz)
029.0, 32.7, 55.3, 67.9, 69.2, 71.8, 71.9, 72.2, 72.9, 113.7, 124.7, 127.2, 127.9, 128.3, 129.4,
138.4, 141.2, 159.3. Ana. Cdcd for Co3H2g0s: C, 71.85; H, 7.34. Found: C, 71.79; H, 7.28.

(4R*, 5S*)-5-Benzyloxy-4-hydroxy-2-methyl-4-(p-methoxybenzyloxymethyl)-cyclohex-
2-en-1-one (14). Toasolution of (COCI), (0.035 mL, 0.39 mmol) in CH»Cl, (2 mL) a -78 °C, DMSO
(0.025 mL, 0.48 mmol) was added and the mixture was stirref for 30 min. A solution of 13 (34 mg, 0.09
mmol) in 1 mL of CH»Cl, was added and stirring was maintained for an additiona hour. Findly, 0.1 mL
of EtzN (0.7 mmol) was added a -78°C and the reaction mixture was allowed to warm to 0°C. After
stirring for 3 h at this temperature, it was quenched with a saturated agueous solution of NaCl and extracted
with CH»Cl,. The organic layers were dried over MgSO,4. Concentration under reduced pressure and
purification viaflash chromatography (hexanes/ ethyl acetate, 2:1) afforded 14 (19 mg, 55%) as a colorless
oil. IR (CCly) v 3650, 1680, 1610, 1060. 1H NMR (CDCl3, 300 MHZz) § 1.79 (s, 3H), 2.67 (dd, 1H, J=
16.6, 7.4 Hz), 2.90 (dd, 1H, J= 16.6, 3.9 Hz), 2.95 (s, 1H), 3.68 (syst. AB, 2H, Jag= 9.3 Hz), 3.80 (s,
3H), 3.95(m, 1 H), 4.50 (s, 2H), 4.58 (syst. AB, 2H, Jag =12.5 Hz), 6.43 (s, 1H), 6.87 (m, 2H),
7.24-7.32 (m, 7H). 133C NMR (CDCl3, 75MH2) § 15.6, 39.5, 55.3, 66.8, 71.9, 73.5, 76.6, 78.6,
113.9, 127.5, 127.7, 127.9, 128.4, 129.6, 137.9, 144.3, 145.5, 159.5, 197.4. And. Cdcd for
Co3H260s: C, 72.23; H, 6.85. Found: C, 72.19; H, 6.81.
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