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Abstract:

The bicyclo[5.4. Olundecenone 4 was converted through a four step sequence involving activation, gem-

HCP AU

mcthylcyclopropananon and reductive cleavage into 180/B, containing the B/C rings of the taxanes. The A-rmg
has been attached to the B/C ring system by cyclization of the sulfone-ester 23 to give 24. The A-ring was
modified to give 29, which underwent B-elimination of the 3,10-oxido bridge via a dianion, followed by
transannular hydride shift to give the butenolide 30 and 32. Autoxidation of 30 gave 33 which was further
elaborated into the trans-fused B/C adduct 35. The isomeric 3,10-diones trans-39 and cis-45 undergo autoxidation
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Efforts to synthesize the antitumor diterpene
taxol® 1! have produced an wide varicty of

strategies for the construction of the core structure,?
and to-date four total syntheses have been
reported.32-d One of the approaches we have
adopted involves the conversion of 4 into the ABC
skeleton 3, which now requires p-elimination of the
C3,10 oxido bridge, hydroxylation at C, and double
bond isomerization from C3 4 to C4 5 with

establishment of the correct B/C trans-ring fusion to

arrive at the advanced intermediate 2, Scheme 1.4
My Locrn lmasm a mrrmatbase £ 1 1
There have been a number of examples of Cj-

oxygenation of taxane-type substrates that are summarized in Scheme 2. Shea reported that the A/B modet 5,

under kinetic deprotonation conditions followed by quenching the C 2 enolate with the Davis oxaziridine

gave 6.56 MM2 calculations indicated that the Cy-H is appropriately aligned [dihedral angle (¢) ca. 90°] to the

adjacent C=O n-bond to allow direct enolate delocalization without energetically prohibitive conformational

changes.” In Holtons synthesis of taxol the Cj-hydroxyl was introduced into 7 by C-enolate formation in the

presence of the acidic B-ketolactone (C3-H), and the enolate was quenched with (£)-camphorsulfonyl

oxaziridine to give 8.32 Wender employed the classical Barton-Gardner autoxidation conditions®? to convert 9
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In model studies the conversion of 11 into 12 was described.!® Danishefsky's application of the

autoxidation protocol to 13 (partial structure) resulted in elimination to give 14, rather than C;
hydroxylation.!!
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In all of the above cases of successful Cj-hydroxylation the dihedral angle between the C;-H and the
adjacent C=0 rn-bond is approximately 90°, and therefore allows direct enolate resonance. The failure of the
last example parallels our attempt to autoxidize 37 (Scheme 5) which also failed, whereas the Cg-ketone 39
was readily oxidized at Cy. Clearly, there are very subtle conformational effects at play that dramatically

influence the ease of Cy-enolization.

Synthesis of the Taxane ABC Skeleton
AHowin g tha ctratagy and cadianan of transformation we develooe e T _dacyutayanec & the anang 4
Following the strategy and sequence of transformation we developed foi /-aeoxyilaxamnes,” the enone 4

was converted into 15, which on treatment with sodium cyanide under phase transfer conditions gave 16,
Scheme 3. Gem-methylcyclopropanation of 16 using isopropylidene triphenylphosphorane!2 gave 17.
Reductive cleavage of the internal cyclopropane bond of 17 with sodium naphthalenide gave a mixture of 18«
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and 18p (2:1).!3 It was not necessary to separate the C||-epimers untii the ring A precursor 23 was reached.
The a/B-ratio of the Cy;-epimers gradually improved in favor of the desired a-epimer in the sequence of
transformations from 18 to 22, presumably due to base catalyzed enolization.
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Conditions:-(a) Brp/CCl4/CHClp/-40 °C/Et3N/25 °C, 15 (97%). (b) NaCN/n-BugNI/CH2Cl12/H20/25 °C/1h, followed by EtaN/25

°C/18h, 16 (85%). (c) Me2C=PPh3/THF/-78 to 25 °C/3h, 17 (95%). (d) Sodium naphthalenide/THF/-78 °C, 18c/B (2:1), (95%). (e)
KN(TMS)2/25 °C/THF/(CHaO)n/1 h, 1900p (3:1), (82%). () PhASOXCHOL/THF/-78 °C/1 h, 200/ (3:1). (95%). (¢) DIBAL-
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°C/12 h, 23 (82%). (j) LIN(TMS)2/THF/70 °C/1.5 h, 24. (k) Na/NH3/THF/-33 °C, 25 (84% from 23a). (1) NaN(TMS)2/THF/0
°C/15 min, then N-(5-chloro-2- pyridyl)triﬂimide/O °C/3 h, 26 (96%) (m) Cul/MeLi/THF/0 °C/48h, 27 (95%). (n)

Dioxane/AcOH/50 °C/18 h, 28 (92%). (0) i. Dess-Martin reagent/CH»Cl2/1 h. ii. NaCi0»/25 °C/1 h, 29.

unsaturated ketone 190/B gave 280/B (3:1). The Ca-carbonyl group is too hindere
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nitrile in 200/8 proved to be resistant to methanolysis under acidic conditions, but it was readily reduced
(DIBAL-H) to the aldehyde 210/ (3:1), which was oxidized (NaClO,) and esterified to give the methyl ester



22a/p (5:1), (83%, from Z00/B). Treatment of 22a/p with CH(OMe)3/MeOH/PPTS gave the internal ketal
230/B, which was recrystallized to provide 23a (82%) as a single stereoisomer. When a solution of 23¢ in THF
at 70°C was treated with LIN(TMS); (slow addition), it was cleanly converted into 24 (-SO,Ph epimers),
which upon reductive removal (Na/NH3) of the -SO2Ph group gave 25. Direct attempts to cyclize 22« resulted
in a retro-Michael reaction to give phenyl vinyl sulfone and the methyl ester derivative of 18.

Treatment of 25 with NaN(TMS), and quenching with N-(5-chloro-2-pyridyDtriflimide gave 26.14

Coupling of 26 with (CH3),CuLi was slow, and reguired careful control of the temperature, but ventually
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B-Elimination of the 3,10-Oxido bridge

While it is possible to consider the reductive elimination of the C3 j¢-oxido bridge in 29, it is
advantageous to maintain the current oxidation level through p-elimination. The resulting C3 4-double bond in
the product should be capable of isomerization (deconjugation) to the C4 s-position, and now is ideally
situated for the construction of the oxetane functionality. Furthermore, the above isomerization process should
also allow for the correct trans-B/C ring fusion stereochemistry through thermodynamic equilibration.!6 Also,
as a soubrette to this analysis of the various reaction pathways, it was anticipated that the possibility of

transannular hydride from Cjg to Cp might play a role in the above transformations.
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since the aldehyde or methyl ester derivatives of 29 resulted in C4-epimerization in both cases. The ketoacid
29, on treatment with LDA (0-25 °C) underwent B-elimination (via the dianion), foliowed by transannuiar
hydride migration, to give the ketolactone 30, Scheme 4.7 This series of events serves to exchange oxidation
levels between Cjg and Cp, and provide the correct Cyy-configuration. Presumably, after B-elimination the
alkoxide 29a undergoes reversible hydride migration to give 29¢, which on protonation leads to 30.18 It was
found that conducting the above reaction for an extended period (4 days) gave 30 (50%) along with 32 (16%),
and 31 (12%) (X-ray), which presumably arises from oxygen leakage and autoxidation of the Cjg dienolate.!®

The formation of 32 during the extended reaction period (it was not present after 1 day) suggests that
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equilibration of 29a and 2%c¢ can slowly lead to the extended enolate 2%b, which on protonation result in 32. In

particular, it should be noted that the B/C rings in 32 are cis-fused.

Cji-Autoxidation, C3/C4-Double Bond Isomerization and C3-Epimerization

Since the Cjg to Cy transannular hydride shift could not be prevented, it was decided to examine the
oxidation of 30 with the expectation that C; could be selectively functionalized. The butenolide 30 was treated
with (PhSeQ),02%/+-BuOK/P(OEt)3/THF at 0°C and resulted in conversion into the ketal 33 (72%), (X-ray),

BuOK/r-BuOH/THF at 65°C cleanly gave the C4 isomer 35, which was converted into the methyl ester 35a
(47% overall) (X-ray). it appears that the base-induced deconjugation reactions (at 0-25 °C) leads to cis-B/C
ring fused compounds, whereas at higher temperatures (>25 °C) the correct trans-B/C ring fused

stereochemistry is produced.
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Conditions:-(a) (PhSeQ)20/t-BuQK/P(OLED3/THF/0 °C 33 (72%). (b) r-BuOK/THF/O2/P(OEt)3/-78 °C (33, 41% and 34, 47%). (c)
i. --BuOK/THF at 65 °C. ii. K2CO3/THF/Mel 35a (47% from 30). (d). i. DIBAL-H (92%). ii. TBSCVEt3N/DMAP/0 °C, 38 (98%),
whereas TBSOTI/Et3N/0 °C gave 37 (R = TBS) (100%). () Dess-Martin on 38, 39 (100%). (f) -BuOK/THF/O/P(OEt)3/52 °C, 2
(31%, 39% based on recovered 39).
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as e conditions of +~-BuOK/THF/O7/P(OEt)3 it was
41%) and 34 (47%) (X-ra ) The formation of 34 must have arisen from the open form of
the autoxidation reaction conditions from - y

and 39 (see also Scheme 6), there was no Cj oxidation observed. In contrast, oxidation of 38 to the 2,10-dione
39, followed by autoxidation at 52°C gave 2 (31%, 39% based on recovered 39). The X-ray structure of 32
(B/C cis-fused) shows that the C; hydrogen atom is 93° to the adjacent C=0 bond, and therefore suitably
aligned for enolization. The C3 hydrogen atom is not aligned for enolization (¢ 174°), although upward

movement of the Cy carbonyl group (ca. 20-30°) allows overlap of the C3(y) o-bond with the Cy C=0 n-bond.
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Figure 1, shows the C;-C3 portion of 32 taken from the X-ray coordinates. Figure 2 is the same portion but o
35a (B/C trans-fused), and shows that the C;(H) has a dihedral angle of 40° to the C=0 bond, and the Ca(H
is 167° to C=0 bond (from X-ray coordinates).

Figure 1 (32) Figure 2 (35a)

C1(H)-C2 dihedral angle 93° CI(H)-C2 dihedral angle 40°
C3(H)-C2 dihedral angle 174° C3(H)-C2 dihedral angle 167°

It appears that the trans-B/C compounds are not well aligned for Cy enolization compared to the cis-
B/C fused isomers, but nevertheless they do autoxidize at Cj, and more cleanly than the cis- compounds.
Furthermore, in both the cis- and trans- compounds the C3(H) is badly aligned for enolization but in fact they

conformation, and is well aligned {

Scheme 6

Conditions:- (a) BH3.THF, 40 (70%) followed by TBSC]/E[3N/DMAP 41 (84%). (b) +-BuOK/THF/O2/P(OE)3/-78 © C (85% of 42
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41 to the standard autoxidation conditions (#-BuOK/THF/O2/P(OEt)3/-78 © to 0 °C) cleanly gave 42 (85%) and
43 (10%). When 42 was further treated with --BuOK/THF/0°-25 °C it was converted into 43 (95%). The
structure of 43 was deduced from the derived p-nitrobenzoate (PNB) 44 (X-ray). Transannular 2,10-

ketalization is only possible when the B/C rings are cis-fused (Cp, C=0 pointing downwards). Consequently,
the only logical structure that can be written for 42 is the trans-fused B/C stereoisomer. It appears that B/C
cis-trans isomerization has taken place during the autoxidation reaction.

Dess-Martin oxidation of 41 gave 45 (C3 stereoisomer of 39, Scheme 5) which upon autoxidation at
-78 °C gavc 46, 47 and 48. Under these conditions we did not observe any equilibration of 45 into 39, nor 46
t the autoxidation of 45 to give the aldchyde 48 must result from reversible C4 double

bond isomerization to C3, followed by autoxidation of the extended enolate.

It is clear from the autoxidation results that the ability to introduce the Ci hydroxyl group into
advanced taxane ABC-ring systems is very structure sensitive, with distant stereochemistry (Cyq) influencing
the reaction outcome at Cy. These results show that taxanes of the type 49 (A12.13) should be capable of
isomerization to give 50 which on autoxidation will give 51, Scheme 7. It is not a forgone conclusion that the
isomeric A!1:12 substrates will behave in the same fashion, but given the literature results outlined in Scheme

2, a favorable nrognosis might not be too optimistic. Current research in these laboratories is directed towards

N N

syringe, to a stirred solution of 4 (10:1 diastereomeric mixiure) (22.6 g, 48.4 mmol) in dichloro

mL) at -40°C. After the addition was complete, a persistent yellow coloration was observed. Triethylamine
(7.40 mL, 53.1 mmol) was added, via syringe, and the resulting solution maintaincd at -40°C for
approximately 15 min. The reaction mixture was warmed to room temperature, concentrated in vacuo and the
residue partitioned between EtOAc and water. The organic phasc was separated and the aqueous phase re-
extracted with EtOAc (x 2). The combined extracts were washed with brine, dried (MgSQy4) and evaporated in
vacuo. Purification of the residue by flash chromatography over silica gel eluting with 5-10% EtOAc/hexanes
gave 15 (25.6 g, 97%) as pale yellow solid (10:1 diastereomeric mixture). For pure 15. IR (NaC.l) 2954, 2859,

1700, 1604 cm™!; 'H NMR (300 MHz, CDCl3) § 7.74 (1H, d, J = 5.3 Hz), 4.68 (1H, {, J = 6.4 Hz), 3.44 (3H,
m), 2.75 (1H, m), 2.34 (1H, dd, J = 8.0, 12.8 Hz), 1.92 (1H, m), 1.40-1.66 (31, m), 0.90 (3H, 5), 0.87 (9, 5),
0.86 (9H, s), 0.06 (6H, 5), 0.02 (3H, ), 0.01 (3H, 5); '3C NMR (75 MHz, CDCl3) § 189.2, 155.3,121.9, 947,
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8.4, 18.0, 15.0, -3.6, -5.0, -5.3, -5.5;
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30, 10c-oxidobicycio[5.4.038]undec-1-ene-2 one 16. A solution of 15 (10:1 diastereomeric mixture) (25.6 g,
46.9 mmol) in dichloromethane (235 mL) was added dropwisc over approximately 25 min, via a pressure
equalizing addition funnel to a vigorously stirred solution of sodium cyanide (2.41 g, 49.2 mmol) and tetra-n-
butylammonium iodide (1.73 g, 4.68 mmol) in water (117 mL). After 1 h, the organic phase was separated and
the aqueous phase re-extracted with dichloromethane (2x50 mL). The combined extracts were treated with
triethylamine (13.1 mL, 94.0 mmol), and the resulting solution maintained at room temperature overnight. The

reaction mixture was concentrated in vacuo and the residue partitioned
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silica gel eluting with 4% EtOAc/hexanes gave in order of elution, minor diastereomer of 16

(NaCl) 2954, 2859, 1697 cm™!'; 'H NMR (300 MHz, CDCl3) § 6.42 (1H, s), 4.66 (1H, d, J = 7.6 Hz), 3.56
(2H, m), 3.38 (1H, t, / = 8.8 Hz), 2.81 (1H, dd, J = 7.9, 13.1 Hz), 2.54 (1H, m), 1.44-1.76 (5H, m), 0.94 (3H,
s), 0.89 (9H, s), 0.85 (9H, s), 0.06 (6H, s), 0.00 (6H, s); 13C NMR (75 MHz, CDCl3) & 194.1, 137.2, 135.9,
114.7,93.0, 75.0, 73.3, 64.7, 45.5, 39.0, 35.4, 27.0, 26.0 (3C), 25.8 (30), 23.3, 19.2, 184, 18.1, -4.0, -5.0,
-5.3, -5.5; HRMS (CI) caled for CpgHg6NO4Si (MHY) 492.2965, found 492.2961.

Major diastereomer 16 (19.7 g, 85%) as a viscous bright yellow oil. IR (NaCl) 2952, 2859, 1696 cm-!;
TH NMR (300 MHz, CDCl3) 8 6.45 (1H, 5), 4.72 (1H, d, J = 7.3 Hz), 3.40-3.51 (3H, m), 2.66 (1H, m), 2.51

AN iz JEL 11 L, 1i1),

(TH dd 7T =80 122 Hs) 1 { mY 1SA1TAAMH mY TA7(IH m 115 /1TH m) 00N (3 ) N KR
Vara, G, v = G0, 15.4 114.)y 1.00 (101, 1ij, 1.7 0.00 (401, Kijy, 1.577 (104, Ihij, 1.1J {101, Hij, U.ZU {J11, 3), U.OO
OLT Y NRAMQH ) NNT(EH Vv ) 0ONT (AT ) 130 NMDR (78 ME, CDCILYS 1028 1277 1260 114 4
\711, 5}, V.OF {711, d), U.U/J {ULL, £ A D), "UV.UL {ULL O), INIVUN (7 UVRLLL, UL U 150,90, 111, 10J.7, 1179,
94.1,77.8,72.5,64.4,45.7,45.2,37.7, 29.4, 26.0 (3C), 25.8 (3C), 23.3, 18.4, 18.1, 14.7, -3.5, -4.9, -54, -5.5;

HRMS (CT) caled for CogHaNO4Siy (MHY) 492.2965, found 492.2958.

118-Cyano-4o-(tert-butyldimethylsilyl)oxymethyl-73-(tert-butyldimethylsilyl)oxy-1c,11c-
dimethylcyclopropano-88-methyl-3c,10a-0xido-bicyclo[5.4.0383]Jundec-2-one 17. A solution of n-
butyllithium (29.6 mL of a 2.5 M solution in hexanes, 74.0 mmol) was added dropwise, via syringe, to a
suspension of anhydrous isopropyltriphenylphosphonium iodide (33.6 g, 77.7 mmol) in THF (300 mL)
m temperature. After 30 min, the resulting dark red mixture was cooled to -78°C and a solution of 16

i TILIE /TN T N xxrme addaAd demmirrica 115 AT 1a smaaintaimino tha 1m - tam er i

e Pt ) .

<70°C. After a further 30 min, the reaction mixture was warmed to room temperature and stirred for
approximately 3 h. The reaction was quenched by the addition of saturated aqueous NH4Cl (40 mL) and the
resulting mixture concentrated in vacuo. The residue was partitioned between dichloromethane and Water, the
organic layer separated and the aqueous phase extracted with dichloromethane (x 2). The combined extracts
were washed with brine, dried (MgSOy4) and the solvent evaporated in vacuo. Purification of the residue by
flash chromatography over silica gel eluting with hexanes—4% EtOAc/hexanes gave 17 (18.8 g, 95%) as a
colorless solid. IR (NaCl) 2953, 2861, 2236, 1703 cm!l; TH NMR (300 MHz, CDCI3) 6 4.78 (1H, d, J = 6.6
Hz), 3.39 (2H, m), 3.24 (1H, t, J = 9.4 Hz), 2.54 (1H, dd, / = 7.6, 13.6 Hz), 2.41 (1H, m), 2.02 (1H, s), 1.91

Ly, 2.27 (&1, e W 111 114
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11p-Cyano-4a-(tert-butyldimethylsilyl) oxymethyl-7p-(tert-butyldimethylsilyl)oxy-3a,10c-oxido-
88,12,12-trimethyl-bicyclo[6.4.03-8]dodecan-2-one 18a and 18B. A solution of freshly prepared sodium
naphthalenide (180 mL of a 0.4 M solution in THF, 72.2 mmol) was added dropwise, via cannula, to a
mechanically stirred solution of 17 (18.8 g, 35.2 mmol) in THF (1.4 L) at -78°C. After the addition was

complete, a persistent green/blue coloration was observed. The reaction was quenched by the addition of

NP PR SRS Tt TP PSR [ SRPTR - water. The ©

was separaied and the aqueous phase exiracted with dichloromethane (x 2).
washed with brine, dried (MgSO4) and the solvent evaporated in vacuo. Purification of the residue by flash
chromatography over silica gel eluting with hexanes—5% EtOAc/hexanes afforded a colorless solid (17.9 g,
95%) which was a 2:1 mixture of 18« and 188. An analytical sample was rechromatographed to give pure 18a
and 18p.

For isomer 18c. IR (NaCl) 2952, 2859, 2238, 1711 cm’!; 1H NMR (300 MHz, CDCl3) § 4.65 (1H, m),
3.52 (IH, dd, J =7.4, 10.2 Hz), 3.37 (2H, m), 3.25 (1H, d, /= 11.8 Hz), 3.14 (1H, d, 7 = 4.5 Hz), 2.31 (1H,

11L)s 2. 19 (11 L11%,

4

(3C), 25.1, 23.2, 18.4, 18.1, 12.5, -3.6, -4.9, -3.5 (2C); HRMS (CI) calcd for C29H54NO4S1
found 536.3575.

For isomer 18p. IR (NaCl) 2953, 2859, 2238, 1704 cm!; 'H NMR (300 MHz, CDCl3) 8 4.76 (1H, m),

3.58 (1H, dd, J = 6.5, 10.1 Hz), 3.39 (2H, m), 3.26 (1H, d, J = 13.7 Hz), 2.70 (1H, s) 2.37 (1H, dd, J = 9.3,

13.9 Hz), 2.12 (2H, m), 1.40-1.80 (4H, m), 1.34 (3H, s), 1.27 (1H, m), 1.20 (3H, s), 1.00 (3H, s), 0.88 (9H, s),

0.86 (9H, s), 0.05 (6H, 2 x s), 0.01 (6H, s); 13C NMR (75 MHz, CDCl3) & 213.3, 120.6, 94.5, 77.2, 73.9, 64.3,

55.5,50.8,46.8,42.3,39.7,34.5, 32.1, 30.6, 29.48, 26.0 (3C), 25.9 (3C), 23.2, 18.4, 18.1, 12.7,-3.6, -5.0, -5.4

7
52
-

iiowp-Cyano-da-(tert-butyidimethyisilyi)oxymethyi-7j-(feri-butyidimethyisiiyl)oxy-1i-yiidene-
3a,10c-0xido-8p,12,12-trimethyl-bicyclo-[6.4.03:8]dodecan-2-one 190 and 198. Potassium
bis(trimethylsilyl)amide (40.9 g, 205 mmol) was added portion wise, over approximately 5 min, to a stirred
solution of 18« and 18p (2:1) (11.0 g, 20.5 mmol) in THF (820 mL) at room temperature. After 30 min,
paraformaldehyde (41.0 g) was added portion wise, over approximately 5 min.; CAUTION - an exothermic
reaction was observed. After 1h, the reaction was quenched by the addition of saturated aqueous NH4Cl (200

mL) and the resulting mixture concentrated in vacuo. The residue was partitioned between Et,O and water,

!
O

anﬂ the recultine hinhasic mixture filtered throuech a short pad of Celite®. The oreanic phase was separated
d the resulting biphasic mixture filtered through a short pad of C g p D
and thae aanenne nhace aviractad with Ftal) (% ?2) The combined extracts were washed with brine. dried
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(Mg 1) and the solvent evan ion of the recidne hy flach chraomat anhvu nver hacis
VA G/ B wiiv SV Vs L WY Ry ~ ¥ “r “ i AAFLE Uk LIV rvJluUGY UJ A1QA0IL Vil ViAWY l“l}ll) wywl uvasiv
alhiming eliiting with 1N0, EtNA~/havaneg ouve a2 colarlecs foaam (02 o 290 which wac a 21 mivtiire F 10
QLULLLEIG CIULHEE Wil 1V 70 LUUALHCAAILY EdaVe a CUTUTICSS 10dHI \ 7.4 g, 0470 WiIiCI1 Was a 311 IMIXWic 01 170
and 198. A sample was rechromatographed to give pure 19a and 198.

Ty AT, IV AN AOCH N0 10X

For isomer 19¢a. IR (NdLl) 29235, L8DY, 2238, 108D cm”

"
y
]
v
y

. - pvw -~

: 'H NMR (300 MHz, CDCl3) § 5.76 (1H, s),
5.43 (1H, s), 4.81 (1H, m), 3.52 (1H, dd, J = 3.8, 9.3 Hz), 3.43 (1H, dd, J = 3.8, 11.7 Hz), 3.31 2H, m), 2.39
(2H, m), 2.01 (1H, m), 1.89 (1H, dd, J = 7.5, 13.9 Hz), 1.64 (1H, m), 1.44 (3H, s), 1.40 (3H, s), 1.35 (3H, s),
1.24 (3H, s), 0.87 (9H, s), 0.86 (3H, s), 0.84 (3H, s), 0.06 (6H, s), 0.02 (3H, s), 0.00 (3H, s); 13C NMR (75
MHz, CDCl3) § 205.9, 156.5, 123.6, 118.1, 95.6, 75.0, 74.1, 64.8, 49.9, 45.5, 39.9, 39.3, 37.9, 30.8, 29.6,
28.7,26.0 (3C), 25.9 (30), 23.2, 18.4, 18.1, 12.2, -3.6, -4.9, -5.2, -5.4; HRMS (CI) calcd for C39gHs54NO4Si;
(MH*) 548.3591, found 548.3583.

..-D.

For isomer 198. IR (NaCl) 2954, 2859, 2238, 1685 cm-!; IH NMR (300 MHz, CDCl3) & 5.76 (1H, s),
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49.6, 47.6, 42.3, 39.5, 38.7, 29.5, 26.7, 26.0 (3C), 258(3C) 230, 184, 18.1, 12,3, -3.6, -5.0
carbons not found; HRMS (CI) caled for C3gHs54NO4S1o (MH*) 548.3591, found 548.3597.

110/8-Cyano-4o-(tert-butyldimethylsilyl)oxymethyl-7p-(fert-butyldimethylsilyl)oxy-3u,10c-oxido-
1o-(2'-phenylsulfonylethyl)-85,12,12-trimethylbicyclo[6.4. .0381dodecan-2-one 200 and 208. A solution of

il visuliuilvicill L P19 ¥ Ll yit

r-butyllithium (8.70 mL of a 2.5 M solution in hexanes, 21.8 mmol) was added dropwise to a stirred solution
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resulting turbid mixture was transferred, via cannula, to a stirred solution of the enones 1%« and 198 (3:1)

(10.8 g, 19.7 mmol) in THF (150 mL.) at -78°C. After 1 h, the reaction was quenched by the addition of
saturated aqueous NH4Cl (20 mL) and the resulting mixture warmed to room temperature. The volatiles were
evaporated and the residue partitioned between dichloromethane and water. The organic phase was separated
and the aqueous phasc extracted with dichloromethane (x 2). The extracts were washed with brine, dried
(MgSOy4) and evaporated in vacuo. Purification of the residue by flash chromatography over silica gel eluting

with 15-20% EtOAc/hexanes gave 20 (13.2 g, 95%) as a colorless solid which was a 3:1 mixture of separable

diastereoisomers.

For isomer 20« IR (NaCl) 2953, 2858, 1692 cm-l; TH NMR (300 MHz, CDCl3) 8 7.87-7.97 (2H, m),
7.55-7.69 (3H, m), 4.88 (1H, dd, J = 6.4, 9.5 Hz), 3.38 (2H, m), 3.25 (1H, t, J/ = 9.4 Hz), 3.01 (2H, m), 2.81
(1M, s), 2.65 (1H, dd, J =9.5, 4.1 Hz), 2.36 (1H, m), 2.15 (2H, m), 2.00 (1H, m), 1.75 (iH, dd, / = 6.4, 1

Hz), 1.60 (1H, m), 1.36 (1H, m), 1.26 (3H, s), 1.19 (1H, m), 1.14 (4H, s), 0.88 (9H, s), 0.85 (9H, s), 0.81 (3H,
s), 0.07 (3H, s), 0.06 (3H, s), -0.01 (3H, s), -0.02 (3H, s); 13C NMR (75 MHz, CDCl3) & 209.0, 139.4, 134.0,
129.5, 127.9, 120.9, 96.2, 77.0, 75.1, 65.2, 58.5, 55.4, 49.8, 49.4, 44.6, 44.0, 39.6, 39.0, 31.1, 29.5, 26.0 (3C),
25.9 (3C), 23.4, 22.0, 20.4, 18.4, 18.1, 12.5, -3.6, -4.9, -5.2, -5.3. 1 carbon not found; HRMS (CI) calcd for
C37Hg2NOgSSia (MH*) 704.3836, found 704.3837.
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11o/B-Formvl-dg-(tert-hutvldimethvlsilvloxvmethvl-78-(fert-hutvlidimeothvlcilvhavv. 2y 10~ nvidn.

™~ J A ROSSSJ ANSIARAS ARy ASARy AN ‘J lllwl-llJl M Ovrs IJ“'J lullll\r'rll.y lﬂllJ IIUI\J J\L, AVUATUAIULF

T2 nhanvicnlfonuvlathol .12 1Y 1) _¢mimathul _hisun IATE AN3IRTAAT e een DT el IO A liilaan A
AT & TP Y ISUIIURI Y IC LR Y 1)T0 Py L &g LA~ULLIKICULY ITUIL Y CHU U U™ ’jabdecan-4-0iie 41 U S1p. A SOIULON O1
DIBAL-H (21.0 mL of a 1.0M solution in dichloromethane, 21.0 mmol) was added dropwise over

approximateiy 10 min, via syringe, to a stirred solution of 20c and 20p (3:1) (9.86 g, 14.0 mmol) in
dichloromethane (140 mL) at -78°C. After 1 h, the reaction was quenched by the addition of | N HCI (14 mL),
warmed (o room temperature and partitioned between EtoO and 1 N HCI. The organic phase was separated
and the aqueous phase extracted with EtpO/dichloromethane (3:2; x 2). The combined extracts were washed
with water, brine, dried (MgSQOy4) and evaporated in vacuo. The crude residue was composed of a 3:1 mixture

of 21c and 21B. A sample was rechromatographed to give pure 21o and 218.

For isomer 21o. IR (NaCl) 2953, 2858, 1723, 1690 cm-!; TH NMR (300 MHz, CDCl3) 8 9.92 (1H, d, J
=20H7zY 7091 (2 m)Y 7585-7690(3H mY 40921 Ad T=64 O 7T HZY T 28N ) 29 (11T ¢ T
Lol ARbify § 0/ d \bwkdy ML)y [a//T 10U 7 \(WLdy Mh1Jy Ted 7 L 1LEy UMy J = USTy 7./ 114 )y JIT™I.JU \(JLL, 1), J.LL (111, L J —
O 2 1Yy 2 NN LY NS N YAYWE R & G Ph | FT—(0O7 1ANTITNA Y2 71TIT -y A N0 /11T 1 ¥ AN TIT N A 15 FATT N
J.2 114), O.UV L 2Xd, 1), «.UVU LI, U, J = 7./, 14U I1L), £.00 (1IN, 1I1), £.L40 (1N, 4, J = IO.UI1L), £.10 (LK1, I1),
1.78 (1H, dd, J = 6.5, 14.0 Hz), 1.35 (iH, m), 1.26 (5H, m), 1.00 (3H, s), 0.88 (9H, s), 0.84 (9H, s), 0.80 (3H,
s), 0.06 (6H, s), -0.01 (3H, s), -0.03 (3H, s); 13C NMR (75 MHz, CDCl3) § 209.8, 203.3, 139.4, 133.9, 129.5,

128.0, 95.7, 75.2, 73.5, 65.8, 65.3, 60.1, 55.7, 49.3, 43.1, 39.6, 39.1, 30.3, 29.6, 26.0 (3C), 25.9 (3C), 23.5,
21.0, 195, 184, 18.1, 12.7, -3.6, -4.9, -5.2, -5.3. 2 carbons not found; HRMS (CI) calcd for C37Hg307SSis
(MHT) 707.3833, found 707.3841.

For isomer 21B. IR (NaCl) 2932, 2858, 1694 cm™!; lH NMR (300 MHz, CDCl3) §9.87 (1H,d, J=2.8
Hz), 7.91 (2H, m), 7.56-7.67 (3H, m), 4.80 (1H, m), 3.23-3.41 (5H, m), 2.92-3.03 (2H, m), 2.15-2.34 (4H, m),

2.01 (1H, m), 1.61 (1H, m), 1.40 (1H, m), 1.26 (2H, m), 1.14 (3H, s), 0.87 (12H, s), 0.85 (12H, s), 0.05 (6H,

\/ILT-J—\ TNT 2Q22? £~

non —~ i f e |
uU. ,'o i7 vir1™ ) /U/7.3655, 104G

$)
11wp-Carbomethoxy-4o-(fert-butyidimethyisilyl)oxymethyl-73-(tert-butyldimethylsiiyl)oxy-
30,10c-0xido-10-(2'-phenylsulfonylethyl)-83,12,12-trimethyl-bicyclo[6.4.03:8] dodecan-2-one 22a and
22B. A solution of sodium chlorite (15.8 g, 140 mmol; 80%) and sodium phosphate monobasic monohydrate
(19.3 g, 140 mmol) in water (35 mL) was added dropwise over approximately 10 min. via pressure equalizing
addition funnel, to a vigorously stirred solution of the crude 21a and 21p in a mixture of 2-methyl-2-butene
and +-BuOH (1:2; 105 ml.) at room temperature. After 1 h, the reaction mixture was poured into Et;O and the

organic phase separated. The aqueous phase was extracted with EtpO/dichloromethane (3:2; x 2), the extracts

ine. dried MeSQO4) and

1
1K1

1) 2950, 2859, Lﬁm, -1. 1H NMR (300

h 4 AYVAaTHITO r T nl
9LV Y i1 U - AU LAV S \AY‘E\UVL’I “ilg vvuy\.uu Y4 ALN PO 4 3 et S 7/ o/ Wwlli . A NAYAAN \.va
MlHz, CDCl3) & 7.91 ( H, m), 7.56-7.67 (3H, m), 4.86 (1H, dd, J = 6.5, 9.4 Hz), 3.37-3.47 (3H, m), 3.28 (1H,
t, J = 9.0 Hz), 3.00 (2H, m), 2.64 (1H, s), 2.61 (1H, dd, J = 10.0, 14.4 Hz), 2.34 (i", m), 2.17 (2H, m), 1.99
(1H, m), 1.40-1.80 (3H, bm), 1.26 (5H, m), 0.99 (3H, s), 0.88 (9H, s), 0.84 (9H, s), 0.80 (3H, s), 0.05 (6H, s),

-0.01 (3H, s), -0.03 (3H, s); HRMS (CI) calcd for C37H308SSi; (MH*) 723.3782, found 723.3767.
Anhydrous potassium carbonate (9.67 g, 70.0 mmol) was added, in one portion, to a vigorously stirred

solution of the crude acid in dry acetone (140 mL) at room temperature. After approximately 10 min,

iodomethane (8.72 mL, 140 mmol; pre-filtered through basic alumina) was added, via syringe, and the

resulting yellow suspension stirred at ambient temperature for 1 h. The volatiles were evaporated and the

residue partitioned between Et;O and water. The organic phase was separated and the aqueous phase extracted
with Et»O/dichloromethane (3:2: x 2). The extracts were washed with brine, dried (MgSQ4) and evaporated in
with Et2O/dichloromethane (3:2; X 2). The extracts were washed with brine, d (MgS04) T



3080 P. Magnus et ul. / Tetrahedron 54 (1998) 3069-3092

vacun Puarification of the recidne hy ag rhromatnoranhy nver cilira oal alnting ith 17 &_727N07,
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mixture of inseparable diastereoisomers. IR (NaCl) 2952, 2859, 1733, 1690 c
CDCl3) 6 7.91 (2H, m), 7.55-7.66 (3H, m), 4.76 (1H, dd, J = 6.4, 9.6 Hz), 3.74 (3H s), 3.35-3.74 (3H, m),
328 (1H,t,J =94 Hz), 2.91-3.02 (2H. m), 2.59 (2H, m), 2.32 (1H, m), 2.14 (2H, m), 1.99 (1H, m), 1.69 (1H,
dd, J = 6.5, 14.1 Hz), 1.54 (1H, m), 1.29 (2H, m), 1.18 (3H, s), 0.93 (3H, s), 0.87 (9H, s), 0.86 (3H, s), 0.84
(9H, s), 0.04 (6H, s), -0.02 (3H, s), -0.03 (3H, s); 13C NMR (75 MHz, CDCl3) § 210.5, 174.8, 139.9, 134.2,
129.9, 128.4, 95.8, 78.0, 75.6, 65.8, 62.0, 60.5, 56.2, 52.3, 49.6, 44.7, 40.1, 39.8, 30.8, 30.0, 26.5 (3C), 26.3
(3C), 23.8, 22.1, 20.6, 18.8, 18.5, 13.2, -3.2, -4.5, -4.7, -4.9. 2 carbons not found; HRMS (CI) calcd for

CigHg508SSis (MH*) 37.3939, found 737.3930.

AA_ AL _.1 1 et LR __ B ___ B _ 4L _I\ M o _ AL _ __.__ MM (2 4 L __4&__0 _N¥_ AN W TH_ W\ . ___ >

Methyl 1a-(2'-phenyisuifonyiethyl)-23-methoxy-7§-(tert-butyidimethyisilyl)oxy-3o,10c-oxido-
20,190-0xido-8p,12,12-trimethyibicycio{6.4.0%:8]dodec-11a/B-oate 230 and 233. Pyridinium p-
toluenesulfonate (0.15 g, 0.60 mmol) was added, to a stirred solution of 22a and 228 (8.51 g, 11.5 mmol) in a

mixture of trimethylorthoformate and MeOH (1:1; 116 mL) at room temperature. The resulting solution was
heated at 70°C for approximately 12 h. After cooling to ambient temperature, the reaction was quenched by
the addition of saturated aqueous NaHCO3 (12 mL) and the volatiles evaporated in vacuo. The residue was
partitioned between dichloromethane and walter, the organic phase separated and the agueous phase extracted
with dichloromethane (x 2). The combined extracts were washed with brine, dried (MgSO4) and evaporated in
vacuo. Recrystallization of the crude residue from dichloromethane/hexanes afforded 23a as a single
diastereoisommer (5.79 g, 76%).

For isomer 23a. IR (Na(li) 29 b
(3H, m), 442 (1H, t, /= 8.1 Hz), 3.83 (1H, t, J = 7.7 Hz), 3.68 (3H, s), 3.60 (1H, dd, J = 7.4, 11.3 Hz), 3.49
(1H, dd, J=3.9, 11.1 Hz), 3.09-3.34 (2H, m), 2.94 (3H, s), 1.70-2.08 (5H, m), 1.35-1.61 (6H, m), 1.02 (3H, s),
0.97 (6H, s), 0.86 (9H, s), 0.01 (6H, s); 13C NMR (75 MHz, CDCl3) 8 175.3, 139.0, 133.6, 129.3, 128.4,
111.5,93.5, 74.7, 74.0, 69.5, 62.8, 59.2, 55.2, 51.6, 50.3, 48.4, 45.0, 40.4, 38.6, 30.7, 29.7, 25.9 (3C), 21.3,
20.8, 19.3, 12.6, -3.8, -4.9. 3 carbons not found; HRMS (CI) calcd for C33H5205SSi (MH*) 636.3152, found
636.3146. The mother liquors were concentrated and purified by flash chromatography over silica gel eluting

v

with 17% EtOAc/hexanes to afford 238 (1.12 g, 15%), and a second batch of 23 (0.56 g, 8%).

For isomer 23p. IR (NaCl) 2951, 1735 cm'!; 'TH NMR (300 MHz, CDCl3) 8 7.92 (2H, m), 7.55-7.63
(3H, m), 447 (1H, q, J = 8.3 Hz), 3.87 (lH, t,J = 7.8 Hz), 3.59 (3H, s), 3.52 (2H, m), 3.26 (2H, m), 3.00 (3H,
s), 2.95 (1H, d, J = 8.7 Hz), 2.26 (1H, m), 2.10 (1H, m), 1.73-1.99 (4H, m), 1.38-1 H 0 (3H

,m
1.03 (3H, s), 0.87 (3H, s), 0.86 (9H, s), 0.00 (3H, s), -0.02 (3H, s); 13C
139.2, 1334, 129.2, 128.3, 112.0, 94.1, 73.9, 73.5, 69.2, 58.8, 58.5, 51.1,
28.3, 28.0, 25.9 (3C), 20.5, 19.6, 18.1, 12.2, -3.9, -5.0. 3 carbons not found; HRMS (CI) calcd for
C33Hs5208SSiy (MH*) 636.3152, found 636.3146.
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to a vigorously stirred solution of the 23 (5.76 g, 9.04 mmol) in THF (90 mL) at reflux. After a further 1.5 h,
the reaction mixture was cooled to room temperature and the reaction quenched by the addition of saturated

aqueous NH4Cl (20 mL). The resulting mixture was partitioned between dichloromethane and water, the
organic phase separated and the aqueous phase exiracted with dichloromethanc (x 2). The combined extracts
were washed with brine, dried (MgSOy) and evaporated in vacuo. IR (NaCl) 2934, 2859, 1717 cm-!; TH NMR
(300 MHz, CDCI3) 6 8.02 (2H, m), 7.52-7.63 (3H, m), 4.58 (1H, m), 4.23 (1H, m), 3.92 (1H, t, J = 7.5 Hz),
342 (1H,dd, J=17.7, 12.2 Hz), 3.32 (1H, dd, J = 4.2, 10.9 Hz), 3.16 (3H, s), 2.76 (1H, dd, J = 8.8, 13.8 Hz),
2.04-2.35 (6H, m), 1.15-1.65 (10H, m), 0.86 (9H, s), 0.82 (3H, s), -0.01 (6H, s); 13C NMR (75 MHz, CDCl3)
02044, 1394, 133.6, 129.5, 128.8, 1 15.4, 94.9,77.6,71.1,69.9, 69.6, 64.9, 54.3, 53.4, 48.0, 46.3, 41.7, 36.7,
32.7, 30.6, 28.8, 25.9 (3C), 24.5, 18.5, 18.1, 12.1, -3.6, -5.1. 2 carbons not found; HRMS (CI) calcd for
und 605.2960.

i¥aD VGG UV

" <

-7p-(tert-butyidimethyisilylyoxy-3a,10a-oxido-20,20-0xido-23-methoxy-1i2-

nortaxane-12-one 25. A solution of crude 24 in THF (15 mL) was added dropwise, via syringe, to a
vigarously stirred solution of dry ammonia (75 mL, distilled from sodium metal) over excess sodium metal at
-78°C. After approximately 30 min, the reaction mixture was warmed to -33°C and stirred for a further 30
min, adding more sodium if necessary. The reaction mixture was recooled to -78°C and quenched by the
successive addition of isoprene (10 mL) followed by saturated aqueous NH4Cl (10 mL). After warming to
room temperature, the volatiles were allowed to evaporate at atmospheric pressure and the residue partitioned
between EtpO/dichloromethane (3:2) and water. The organic phase was separated, the aqueous phase extracted

with Et;O/dichloromethane (3:2; % 2}, and the combined extracts wa

A

P » T
1

evaporated in vacuo. Purification of t by fiash chromatography over silica gei eluiing with 15%
EtOAc/hexanes gave 25 (3.51 g, 84%), and 24 (0.87 g, 16%). For 25. IR (NaCl) 2938, 2859, 1707 cm!;
'H NMR (300 MHz, CDCl3) 8 4.26 (1H, ddd, J = 2.3, 5.4, 9.5 Hz), 3.94 (1H, t, J =7.1Hz),3.52 (1H,dd, J =

7.3, 12.4 Hz), 3.39 (IH, dd, J = 4.1, 10.9 Hz), 3.19 (3H, s), 2.68 (1H, dt, J = 17.4, 10.0 Hz), 2.21-2.39 (4H,
m), 1.96-2.14 (4H, m), 1.61 (IH, m), 1.35-1.51 (6H, m), 1.22 (3H, s), 0.95 (3H, s), 0.88 (9H, s), 0.02 (6H, s);
13C NMR (75 MHz, CDCl3) § 215.9, 116.2, 94.4, 78.4, 76.6, 69.7, 64.3, 53.3, 47.7, 45.9, 41.8, 38.1, 37.1,
37.0, 33.7, 30.6, 28.9, 25.9 (3C), 22.0, 18.4, 18.1, 12.1, -3.7, -5.1; HRMS (CI) calcd for Co6Ha50551 (MHY)
465.3036, found 465.3024.

43,11p-Dihydro-7p-(tert-butyldimethylsilyl)oxy-23-methoxy-20,20-oxido-30,10c-0xido-12-
trifiluoromethyisuifonyi-i2-nortaxane-i2-ene 26. A solution of sodium bis(trimethyisiiyi)amide (8.96 mL of
a 1M solution in THF, 8.96 mmol) was added dropwise over approximately 15 min, via syringe, to a stirred
solution of 25 (3.47 g, 7.47 mmol) in THF (60 mL) at 0°C. After 30 min., a solution of N-(5-chloro-2-
pyridyl)triflimide (4.10 g, 10.4 mmol) in THF (15 mL) was added, via syringe, and the resulting mixture
maintained at 0°C for 3 h. The mixture was quenched with saturated aqueous NH4ClI (7.5 mL) and warmed to
room temperature. After evaporation of the volatiles in vacuo, the residue was partitioned between

dichloromethane and water, the organic phase separated and the aqueous phase extracted with

dichloromethane (x 2) and EtOAc (x 1). The combined extracts were washed with brine, dried (MgSO4) and
svannrataed in varnn Purification of the recidne by flach chromatooeranhv aver bhasic alumina elutine with
\zVﬂPUlaL\/u tre vut uu I UHIITIVALIVLL UL LIV LV OIdULY VY LI30M VIMVILIGRIVUAI WPy UV Wl UR0LY Riiaiis c
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2.5% EtOAc/hexanes) gave 26 (4.29 g, 96%) as a colorless foam. IR (NaCl) 2938, 1697 cml; TH NMR (300
MHz, CDCI3) 8 5.72 (1H, t,J =38 Hz),4.38 (1H, ddd, J = 2.2, 5.0,9.7 Hz), 3.91 (1H,t, J = 7.3 Hz), 3.42-

1
2.07-2.15 (2H, m), 1.40-1.64 (8H, m), 1.22 (3 s) 0.04 (3H, s); 13C
NMR (75 MHz, CDCl3) & 148.8, 118.9, 116.1, 94.8, 78.0, 77.9, 70.0, 54.6, 52.7, 47.9, 44.7,41.8, 38.0, 36.9,
33.5, 30.7, 28.6, 26.0 (3C), 25.6, 18.3, 12.4, -3.5, -5.0. 2 carbons not found; HRMS (CI) caled for
Ca7H44F307SSi (MH*) 597.2529 , found 597.2521.

48,118-Dihydro-73-(tert-butyldimethylsilyl)oxy-23-methoxy-20,20-o0xido-30,10c-oxido-taxane-12-
ene 27. A solution of MeLi (91.6 mL of a 1.4M solution in Et20, 128 mmol) was added dropwise, via syrmgc

PP LU U g S R SR S, /

internai reaction €mperature = -57C. AILLET JSU MM, a SOIUtion 01 40 (4.240 g, /.14 MITNOL) I 1 0r {2V IL) wWds
added dropwise, via cannula, bl.lb[dlﬂing the internal reaciion temperature
control), the mixture was quenched by the addition of saturated aqueous NH4Cl (50 mL) and the resulting
mixture filtered through a short pad of Celite® eluting with dichloromethane and water. The organic phase
was separated from the filtrate and the aqueous phase extracted with dichloromethane (x 2). The combined
extracts were washed with brine, dried (MgSQOy4) and evaporated in vacuo. Purification of the residue by flash

chromatography over basic alumina eluting with 2.5% EtOAc/hexanes gave 27 (3.13 g, 95%) as a colorless
solid. IR (NaCl) 2933, 2859, 1466 cm~!; 'H NMR (300 MHz, CDCl3) & 5.39 (1H, m), 4.27 (1H, ddd, J = 2.0,
5.2,9.8 Hz), 3.90 (1H, t, J = 7.3 Hz)

AX& ]y JeIVU (2 Ry v = .0 11l

H,dd, J =73, 12.4 Hz), 3.48 (1H, m), 3.18 (3H, s), 2.41 (1H,

3H, m), 1.40-1.61 (8H, m), 1.21 (3H, s), 1.02 (3H, s), 0.89 (9H, s),

NAA £~ 1 ALY 27727
44, 10UNaG 4095.5£53.

48,11p-Dihydro-78-(fert-butyldimethylsilyl)oxy-20-hydroxy-3a,10c-oxido-taxane-12-ene-2-one 28.
A solution of 27 (3.07 g, 6.63 mmol) in dioxane/glacial AcOH/water (2:1:1; 64 mL) was heated at 50°C for 18
h. After cooling the solution to room temperature, the reaction was quenched by addition of saturated aqueous
NaHCOj3 (50 mL) and the resulting solution concentrated in vacuo. The residue was partitioned between
dichloromethane and water, the organic phase separated and the aqueous phase extracted with
dichloromethane (x 2). The combined organic extracts were washed with brine, dried (MgSQOy4) and

~ S =4

74
(1H, m), 4.47 (1H, ddd, J = 2.9, 5.3, 9.5 Hz), 3.69 (1H, dd, J = 1.9, 12.0 Hz), 3.45 (1H, dd, J = 2.8, 11.0 Hz),
3.38 (1H, m), 2.72 (1H, d, J = 10.5 Hz), 2.51-2.58 (2H, m), 2.33 (1H, m), 1.99-2.15 (3H, m), 1.88 (1H, m),
1.77 (3H, d, J = 1.4 Hz), 1.71 (1H, m), 1.47-1.64 (2H, m), 1.24 (3H, s), 1.07 (3H, s), 1.06 (3H, s), 0.88 (9H, s),
0.05 (6H, s); 13C NMR (75 MHz, CDCl3) 8 219.2, 136.0, 120.8, 96.0, 78.6, 65.6, 61.6, 61.6, 53.0, 42.3, 42.3,
36.1, 35.1, 35.1, 31.7, 30.1, 30.0, 25.9, 25.2, 24.0, 22.9, 18.1, 12.5, -3.5, -4.9. One carbon not found; HRMS
(CI) caled for Co6Hg504Si (MH*) 3087, found 3083.
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4B8.118-Dihvdro-4-formvl-78-(tert-butvidimethvlcilvDovv-3o 10q.nvido-tavana.1?_ana.Vana IRa

P 11D Y 0 Y PrReC e m Rty AR AT AR YRR Y R JOA Y =20, a VH~OXIGO-1aXalc- 1 4=CNiC-4-00iC L64a.

1 1 1-Triacatnvv-1 I_dihvdra_1 2 hanzindnval U 1IN_Ana () &7 & £ DL = . Jt PSR RN TP
sda AT A MIAVCIUA Y = 1,1 ~ULNH Y UTU= 1, £~0CHZI0G0A01-34 111 )-011€ 1 £.0/ g, U.UU Il } was auu&.u t0O 4 Surrea soiuuon

of 28 (2 47 g, 5.50 mmol) in dichloromethane (5 ( mL) at room temperature After 1 h, the mixture was diluted
After 15 min. of vigorous agitation, the organic phase was separated and the aqueous phase extracted with
Et;0/dichloromethane (3:2; x 2). The combined extracts were washed with water, brine, dried (MgSQy) and
the solvent evaporated in vacuo to give 28a which was used directly in the next step. IR (NaCl) 2933, 1724,
1691 cm!; TH NMR (300 MHz, CDCl3) 8 9.63 (1H, d, J = 3.3 Hz), 5.38 (1H, m), 4.48 (1H, ddd, 7 = 2.9, 5.2
9.6 Hz), 3.46 (1H, dd, /= 3.7, 11.7 Hz), 2.93 (1H, m), 2.51 (1H, dm, J = 8.5 Hz), 2.04-2.22 (4H, m), 1.78 (3H,

d,J=15Hz), 1.44-1.75 (5H, m), 1.25 (3H, s), 1.09 (3H, s), 1.06 (3H, s), 0.89 (9H, s), 0.06 (6H, s); 13C NMR
(75 MHz, CDCl3) § 217.7, 203.0, 135.3, 120.8, 92.7, 78.4, 76.0, 60.6, 54.6, 53.2, 53.1, 36.6, 35.0, 31.8, 30.0

LU0, L. L, DV, Yy Ay ULy JU, Uy JVU.U,

g__mq

mnN 129
P4 vy 0.4

it

A YA 2K A Q. LY [T ANV P | e AV MOl /\1 r f\n
S, 1 “.F, T, LT, TIRNIVLID (U1) CdlCd 10 U2RIM43U401 IV ) 4 LI01,

48,11p-Dihydro-4-carboxy-73-(tert-butyldimethylsilyl)oxy-3o,100-0xido-taxane-12-ene-2-one 29.
A solution of NaClO7 (6.22 g, 55.0 mmol; 80%) and NaH;PQ4 (7.60 g, 55.0 mmol) in water (14 mL) was
added dropwise over approximately 10 min., via syringe, to a vigorously stirred solution of the crude 28a in a
mixture of 2-methyl-2-butene and ~-BuOH (1:2; 42 mL) at room temperature. After 1 h, the mixture was
poured into Etp;O and the organic phase separated. The aqueous phase was extracted with
Ety0/dichloromethane (3:2; x 2), the combined extracts were washed with brine, dried (MgSQj4) and the

solvent evanorated in vacuo. to give 29 IR (NaCH 2953 1708 cm-1: 1 MR (3 AH, CDCIAY 3 53R (1

SULYLLL LV GPUILGITU o vhl il W £ V0 &7, AN UNGQRi ) L2000, 1/V0 Vil xR ANIVANN \JVUVU IYIa4, varna3 ) U 0.00 (11,

) 7 /7117 13141 T _ 70 £&£N O & 1Ty 2 AQ /71TY 3.4 Yy _ 20 11 £ 2Y¥_\ 3 aNNT 31 Y 13 ) 4 LN TN NTYI_\N N LN
s /{in, dadq, J = 2.9, 5.U,9.5 0z), 340 (10, ada,J = 3.9, 11.6 nz), 53.07 (i, dad, s = 6.0, 12.0 Hz), 2.50

(iH,d, J = Hz), 2.06-2.34 (4H, m), i.43-1.86 (8H, m), 1.23 (3H, s), 1.08 (3H, s), 1.06 (3H, s), 0.88 (9H,
s), 0.05 (6H, s), I3C NMR (75 MHz, CDCl3) 6 215.9, 176.7, 135.0, 121.3, 92.2, 78.8, 75.8, 60.4, 53.2, 53.0,
48.0, 36.6, 34.9, 31.7, 30.0, 28.9, 25.9 (3C), 25.3, 24.1, 23.1, 18.1, 12.5, -3.5, -5.0; HRMS (CI) caled for
Cs6H4305Si (MH*) 463.2880, found 463.2876.

48,118-Dihydro-7p-(tert-butyldimethylsilyl)oxy-20,20-oxido-20-0xo-taxane-3,12-diene-10-one 30,

e-
vdroxy-4-carboxy-taxane-4,12-diene-2-one

31 and 38,118-Dihydro-73-(tert-butyldimethylsilyl)oxy-10c-h xane-4,12-dien
32 A solution of n-Ruli (1 SR mlI af a 2 SM colution in hevanec 3 95 mmanl) wac added vig curinoe tn a
(1.8 ML Of a 2.0V soiution 1n nexanes, 2.%70 mmoil) was adged, vig syringe, (o a

stirred solution of diisopropylamine (0.52 mL, 3.97 mmol) in THF (2.4 mL) at -78°C. After approx1mate1y 10
min., the resulting suspension was warmed o §°C and siirred for a further 15 min. The solution was
transferred dropwise, via cannula, to a stirred solution of the crude 29 (from 0.395 mmol of 28 without
purification) in THF (4 mL) at -10°C, maintaining the internal reaction temperature <0°C. The resulting
mixture was allowed to warm to room temperature and stirred for approximately 4 days. The mixture was
quenched with 1 N HCI (2 mL) and partitioned between Et0 and water. The organic phase was separated and
the aqueous phase re-extracted with dichloromethane (x 2) and EtOAc (x 2). The combined extracts were
washed with brine, dried (MgSOy4) and the solvent evaporated in vacuo. Purification of the residue by flash
i i 10-50% EtOAc/hexane furnished in order of elution, 30 (88 mg,
12932, 1759, 1694 cm-!; IH NMR (300 MHz, CDCl3) 8 5.50 (1H,
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ha) SO7(1H hd T=233H7) 38411 Al T—=4AA 7TS5SH2Y 2041 A T—= 10K Hzl 2429 ) 2 1Q_
VS Jy weV T\ LAiy UNky v bvrs) ARLJy T L1y Wy U TTNy et RALJy L 77T\ BREy WUy J = LU 1AL ), &5 \ L1, 11 ), & 1O
N A ALY Y T L0 1 TEL ALY Y T £ /2T 1 T AT Y 1 10 /ITT Y 1 1 /T Y 1 11 77317 .\ N QO /OTT  _\
Lodde \FLL, 1), 1.0T71,70 (01, HL), 1.V0 (011, U, J = 1.4 114}, 1.17 (020N, 8), 1.14(5I1,8), 1.11 {211, §), V.00 (¥, §),
0.07 (6H, s); 13C NMR (75 MHz, CDCl3) 8 213.5, 172.3, 165.1, 133.2, 129.6, 122.0, 82.1, 76.3, 64.1, 46.7

44.4, 43.7, 35.0, 33.6, 26.4, 26.2, 25.9 (30), 24.3, 21.2, 20.2, 18.8, 18.1, -4.0, -4.8; HRMS (CI) calcd for
Co6H4104Si (MH*) 445.2774, found 445.2779. 31, (22 mg, 12%). m.p. 148-149° C (from EtpO/hexane); IR
(NaCl) 3487, 2931, 1761, 1691 cm™!; 'H NMR (300 MHz) & 5.63 (1H, br s), 5.10 (1H, d, J = 8.5 Hz), 3.93
(1H, s), 3.56 (1H, dd, J = 10.0, 4.5 Hz), 3.14 (1H, d, J = 11.0 Hz), 2.60 (1H, dd, J = 7.5, 2.5 Hz), 2.46-2.19
(4H, m), 1.79-1.63 (3H, m), 1.62 (3H, br s), 1.19 (3H, s), 1.14 (3H, s), 1.04 (3H, s), 0.91 (9H, s), 0.09 (3H, s),
0.05 (3H, s); HRMS (CI) caled for CogHyg105Si (MH*) 461.2723, found 461.2738. 32 (30 mg, 16% from 28)

as a colorless solid. IR (NaCl) 2929, 2857, 1694 cm!; 'H NMR (300 MHz, CDCl3) § 7.10 (1H, dd, J = 2.4,
5.1 Hz),551 (1H,bd, J=39Hz),448 (1H, 4,/=6.0Hz),4.13 (1H,s),3.75 (1H, dd, / = 6.1, 9.0 Hz), 2.97
(iH, d, /= 17.3 Hz), 2.52 (1H, dt, J = 20.0, 5.6 Hz), 2.10-2.26 (3H, m), 1.75 (3H, s), 1.68 (3H, s), 1.60 (3H,
s), 1.19 (3H, s), 1.00 (3H, s), 0.87-0.88 (9H, 2 x s), 0.03 (3H, s), -0.03 (3H, s); HRMS (CI) calcd for
CogHa205Si (M) 462.2802, found 462.2785

118H-7p-(tert-butyldimethylsilyl)oxy-23-hydroxy-20,20-0xido-20-0xo-taxane-3,12-diene-10-one
33, 33a and 33b. r-BuOK (103 mg, 0.918 mmol) was added to a stirred solution of 30 (82.0 mg, 0.184 mmol)
in THF (1.8 mL) at -78°C. After 20 min., the mixture was warmed to 0° C and stirred for a further 20 min.

The resul[inu solution was then transferred drnnwne viag cannula, to a vu‘mrmlslv stirred snﬁnensmn of

22 LS wh 1 ut ulg, 1 I

benzene seleninic anhydride (332 mg, 0.992 mmol) in THF (1.8 mL) at 0° C. After 40 min., the resulting
0

. Ry PRS- S SN 71N
mmuu, was LUUILU to 'IO \./ CU.IU a bCLUllU pUlLlUll UL i~ DUUI\ Livo
1
i

TYY

min., the mixture was quenched with saturated aqueous NH4C1 (1 mL), warmed to room temperature and
partitioned between Et20O and water. The organic phase was separated and the aqueous phase extracted with
dichloromethane (x 3). The combined extracts were washed with brine, dried (MgSOy4) and the solvent
evaporated in vacuo. Purification of the residue by flash chromatography over silica gel eluting with 10-50%
EtOAc/hexanes provided 33 (61 mg, 72%) as a colorless solid. IR (NaCl) 3362, 2956, 2858, 1742, 1676 cm™!;
IH NMR (300 MHz, CDCl3) 8 5.46 (1H, bs), 3.47 (1H, dd, J = 1.6, 6.3 Hz), 3.02 (2H, dm, J = 10.5 Hz), 2.38-
2.31 (2H, m), 2.02 (1H, d, J = 10.4 Hz), 1.61-1.83 (6H, m), 1.32 (3H, s), 1.26 (3H, s), 1.12
4105S1 (MH*) 4622802, found

) o ' ‘H NMR (300 MHz) 8 7.61-7.59 (2H, m), 7.42-7.30 (3H,

m), 5.58 (1H, br s), 3.07 (1H, dd, J = 11.5, 4.0 Hz), 2.96 (1H, d, J = 11.5 Hz), 2.59 (1H, d, J = 10.0 Hz), 2.50
(1H, s), 2.41-2.25 (4H, m), 2.01-1.96 (1H, m),i 75-1.66 (2H, m), 1.62 (3H, br s), 1.49 (3H, s), 1.00 (3H, s),
0.92 (9H, s), 0.74 (3H, s), 0.08 (3H, s), 0.00 (3H, s). 33b, TR (NaCl) 2935, 1782, 1688 cm-i; 'H NMR (300
MHz) & 5.64 (1H, br s), 3.20 (1H, dd, J = 13.0, 6.0 Hz), 3.13-3.09 (2H, m), 2.70 (1H, d, J = 10.5 Hz), 2.54
(1H, s), 2.40 (1H, br d, J = 21.0 Hz), 2.27-2.21 (2H, m), 1.76-1.72 (2H, m), 1.67 (3H, br s), 1.42-1.25 (2H, m),
1.12 (3H, s), 1.07 (3H, s), 1.04 (3H, s), 0.88 (9H, s), 0.04 (3H, s), -0.01 (3H, s); HRMS (CI) calcd for

Ca6Hq104S1 (MHY) 445.2774, found 445.2772.
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BIQYT M ra-_a B _a N B2 ___ 4L 1 2B .I\__._. 10 Wn _FSL ___F______. PR W, 7 + Y . > 4 ue an
LIpOi-/p=\leri-DULY1GIMELNnYISIY1 JOXY-1D,zPp-aINyaroxy- G,LU- X140-4U-0X0 -taxane-a,u-mene-w
one 34. +-BuOK (18.0 mg, 160 pimol) was added to a stirred solution of 30 (7.0 m 7 umoi) in THF (0.6

mL) at -78°C. After 30 min., triethylphosphite (27.0 uL, 157 pmol) was added, via syringe, and then a gentle
stream of dry air was bubbled through the mixture. After 1 h, the resulting mixture was warmed to room
temperature, quenched by the addition of saturated aqueous NH4Cl (0.1 mL) and partitioned between Et;0
and water. The organic phase was separated and the aqueous phase extracted with dichloromethane. The
combined extracts were washed with brine, dried (MgSQO4) and the solvent evaporated in vacuo. Purification

of the residue by thin layer chromatography on silica gel eluting with 30% EtOAc/hexanes (double elution)
gave in order of elution, 33 (3.0 mg, 41%) and 34 (3.5 mg, 47%) as a colorless solid. IR {NaCl 3461, 2933,
1755, 1679 cm-!; 1H NMR (300 MHz, CDCI13) & 5.37 (1H, bs), 3.48 (1H, dd, J = 2.1 Hz, 5.7 Hz), 2.97 (1H, d,
J =10.9 Hz), 2.68 (1H, bs), 2.48 (1H, m), 2.15-2.35 (4H, m), 1.63-1.88 (6H, m), 1.30 (3H, s), 1.25 (3H, s),
1.22 (3H, s), 0.86 (9H, s), 0.06 (6H, s); HRMS (CI) calecd for CogHyq106S1 MH™) 477.2672, found 477.2667.

3a,118-Dihydro-78-(tert-butyldimethylsilyl)oxy-4-carboxy-taxane-4,12-diene-2,10-dione 35.
t-BuOK (81.0 mg, 0.811 mmol) was added to a stirred solution of 33 (75.0 mg, 0.163 mmol) in a mixture of
THF and #-BuOH (5:1; 1.6 mL) at room temperature and the resulting mixture heated at reflux for

Y 1IC auuitiull U1 1IN I

approximately 12 h. After cooling to room temperature, the reaction was quenched by the addition of 1N HCI

solvent evaporated in vacuo, and the crude
1

10

101 cm‘ 5

roduct used directly in the next
H NMR (300 MHz, CDCI3) 6 6.97 (1H, bs), 5.78 (1H, bs), 4.01
9.5 Hz), 3.11 (1H, bd, J = 19.3 Hz), 2.73 (1H, d, J = 10.7 Hz), 2.49 (1H, d, / = 10.8 Hz), 2.
1.73 (3H, s), 1.07 (3H, s), 0.97 (12H, s), 0.73 (3H, ), 0.05 (3H, s), 0.01 (3H, s); 13C NMR (75 MHz, CDCl3)
6214.3,213.2,171.6, 1409, 135.3, 131.4, 122.1,73.4,64.2, 56.3, 51.6, 48.9, 43.5, 36.8, 32.3, 32.1, 26.7, 25.9

(3C), 25.7,24.6, 18.1, 11.0, -4.1, -4.7; HRMS (CI) calcd for CpgH4105Si (MH*) 461.2723, found 461.2707.

N
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pproximately 10 min., iodomethane (0.510

mL, 8.19 mmol; pre-fiitered through basic alumina) was added, via syringe, and the resuiting pale yellow
suspension stirred at ambient temperature for 3 h. The volatiles were evaporated and the residue partitioned
between EtpO and water. The organic phase was separated and the aqueous phase extracted with
EtyO/dichloromethane (3:2; x 3). The combined extracts were washed with brine, dried (MgSQOy4) and
evaporated in vacuo. Purification of the residue by flash chromatography over silica gel eluting with 10%
EtOAc/hexanes gave 35a (50 mg, 65%). m.p. 180-181° C (EtOAc/hexanes). IR (NaCl) 2931, 2858, 1693 cm
1. ITH NMR (300 MHz, CDCl3) 6 6.91 (1H, m), 5.81 {1H, bs), 4.04 (1H m), 3.64 (3H, s), 3.42 (1H,dd, J =

3
1NQ Ty 7227 41 (M mY 27179720 (M mY 178 (2 Y 100 MH o 090 (3 <) O{R (OH <Y 077
LYU.O I14), L. D00 L. \Lld, 1l1)y L. 074 L7 \&Lhy 111), el \DJEEy Dy LUZ \JIky Ofy Vel 7 \J1iy 5)y V.UU \(Fh2y 5), V.
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2. 11 T . A .. M0 i 4 b __a_ .1 B8 _ _JL .1 °20_.IN\_._._. 1NN L .. R .L-,,A,, _ A 1~
D1 lp'ulllyul U=/p={eri=-puLyiul llelllylhllyl}"xy'l“l =1 ly uxy-‘l-nyuruxymeuly Xane“l,ll'
diene-2-one 36. A solution of DIBAL-H (0.290 mi. of a 1.0M solution in dichioromethane, 0.290 mmol) was

added dropwisc over approximately 5 min, via syringe, to a stirred solution of 35a (34.0 mg, 0.716 mmol) in
dichloromethane (0.7 mL) at -78°C. After I h the reaction was quenched by the addition of 1N HCI (0.2 mL),
warmed to room temperature and partitioned between EtoO and 1IN HCI. The organic phase was separated and
the aqueous phase extracted with Et;O/dichloromethane (3:2; x 3). The combined extracts were washed with
water, brine, dried (MgSO4) and the solvent cvaporated in vacuo. Purification of the residue by flash
silica gel eluting with 25% EtOAc/hexane a

40.6, 35.4, 34.6, 34.1, 25.8 (3C), 254, 249, 23.2,
(M) 448.3009, found 448.3004.

30,11p-Dihydro-7p,108-di(fert-butyldimethylsilyl)oxy-4-(tert-butyldimethylsilyl)oxymethyl-
taxane-4,12-diene-2-one 37. tert-Butyldimethylsilyl trifluoromethanesulfonate (15.0 pL, 65.5 umol) w
added, via syringe, to a stirred solution of 36 (14.0 mg, 31.2 umol) and triethylamine (18.3
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the reaction was quenched by the addition of water (0.1 mL), warmed to room temperature and partitioned
between EtpO and water. The organic phase was separated and the aqueous phase extracted with
dichloromethane (x 4). The combined extracts were washed with brine, dried (MgSO4) and the solvent
evaporated in vacuo. Purification of the residue by flash chromatography over silica gel eluting with 2.5%
EtOAc/hexane furnished 37 (21.0 mg, 100%) as a colorless oil.

nArtinn tn a ctirrad caliitin n o 27 umalY AV AAdimeat viaminanuridine M0 A mao

PLULLULL, U a sulitu SULuUULG U g, O0.4 MIKIULJ, £V, IV UTICU Y :ai T UNU P Y TIGILU (ULT 1Hg, PAALIS aiiu
PRI, T D P Vatis) ¥ TN pa e Y D A2 LT sl N Y T Y e NOM A€o oo v bnle; 1
rict lyldH ine (1v.£ ML, 73.U LLINOL} I AiChioromctinane (U.o 1L dat U w. Allcl dpplUAl lldlCJy 1 11,

triethylamine (10.2 pl., 73.0 pumol) and tert-butyldimethylsilyl chloride (5.5 mg, 36.5 wmol) were added. After
a further 1 h, the reaction was quenched by the addition of water (0.1 mL), warmed to room temperature and
then partitioned between EtpO and water. The organic phase was separated and the aqueous phase extracted
with dichloromethane (x 4). The combined extracts were washed with brine, dried (MgSQO4) and the solvent
evaporated in vacuo. Purification of the residue by flash chromatography over silica gel eluting with 7.5%
EtOAc/hexanes provided 38 (18.3 mg, 98%) as a colorless oil. IR (NaCl) 3488, 2927, 2856, 1693 cm-l; H
NMR (300 MHz, CDCl3) 8 5.59 (1H, d, J = 1.9 Hz), 5.54 (1H, bs), 4.09 (1H, m), 3.92 (3H, bs), 3.67 (1H, m),
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,29.8,29.7, 26.1 (3C), 25.
. 1 carbon not found; HRMS (EI) caled for C32Hs3048S19

(30), 25.4, 25.0, 23.2, 18.1, 1
(M*) 562.3874, found 562.3860.

L

30,11B-Dihydro-7g-(tert-butyldimethylsilyl)oxy-4-(tert-butyldimethylsilyl)oxymethyl-taxane-4,12-
diene-2,10-dione 39. 1,1,1-Triacetoxy-1,1-dihydro-1,2-benziodoxol-3(1H)-one (12.8 mg, 30.2 umol) was
added to a stirred solution of 38 (8.5 m g, 15.1 umol) in dichloromethane (0.3 mL) at room temperature. After

approximately 1 h, the reaction was diluted with Et,0 (1.7 mL) and quenched with a mixture of saturated

aqueous NaHCO3/1M NajS;03 (1:1; 1.0 mL). After 15 min. of vigorous agitation, the organic phase was
separated and the aqueous phase extracted with EtyO/dichloromethane (3:2; X 4). The combined extracts were

washed with water, brine, dried (MgSOy) and the solvent evaporated in vacuo. Purification of the residue by
flash chromatography over silica gel eluting with 5% EtOAc/hexanes gave 39 (8.5 mg, 100%) as a colorless
oil. IR (NaCl) 2931, 2858, 1691 cm'!; 'H NMR (300 MHz, CDCI3) & 5.76 (1H, bs), 5.63 (1H, m), 3.99 (1H,
bs), 3.81-3.89 (2H, m), 3.43 (1H, dd, J/ = 5.9, 9.8 Hz), 3.00 (IH, bd, J = 19.7 Hz), 2.69 (1H, d, J = 10.5 Hz),
2.53 (1H, dd, J = 1.2,9.8 Hz), 2.43 (1H, m), 2.37 (1H, bs), 2.25 (1H, d, J = 6.7 Hz), 1.94-2.20 (2H, m), 1.75
(3H, s), 1.07 (3H, s), 1.00 (3H, s), 0.89 (9H, s), 0.87 (9H, s), 0.75 (3H, s), 0.03-0.04 (9H, 2 x s), 0.00 (3H, s);
I3C NMR (75 MHz, CDCl3) & 214.1, 213.4, 136.1, 1357, 122.2, 121.5, 74.3, 66.7, 64.1, 56.6, 52.8, 49.7

3 ]
-
7

43.8,36.7,32.2,31.5, 26.6, 26.2 (3C), 25.9 (3C), 25.3,24.7, 187, 18.1, 11.2, 40, -4.7, -5.0, -5.2; HRMS (ED)
calcd for C3oH5704S12 (M) 61.3795, found 561.3783

30,11p-Dihydro-1p3-hydroxy-7p-(tert-butyldimethylsilyl)oxy-4-(tert-butyldimethylsilyl)oxy methyl-
taxane-4,12-diene-2,10-dione 2. --BuOK (1.0 M soln. in THF, 143 pL, 0.143 mmol, 11 eq) and P(OEt)3 (48
uL, 0.30 mmol, 24 eq) were added to a stirred solution of 39 (7 mg, 12.5 umol) in dry THF (1 mL) at room

temperature under argon. A stream of dried Oy was passed through the bright yellow reaction mixture at 52° C
for 7 h. Further portions of -BuOK solution (5x143 puL), P(OEt)3 (4x48 pL) and THF (total reaction volume

kept at approx. 1.5 mL) were added during this period. The reaction was cooled to room temperature and
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Purification by flash column chromatography over silica gel eluting with 5% EtOAc/hexane gave 2 (2.2 mg,
31%; 39% based on recovered 39) as an oil which solidified on standing; m.p. 90-91° C; [a]p?! +72.5 (¢ 0.26
in CHCl3); IR (NaCl) 3502, 2930, 1690 cm-i. IH NMR (300 MHz, CDCl3) 8 5.86 (1H, br s), 5.62 (1H, br s),
3.97 (1H, br s), 3.93, 3.83 (2H, ABq, Ja4p = 11.5 Hz), 3.63 (1H, s), 3.46 (1H, dd, J = 10.0, 6.0 Hz), 2.95, 2.55
(2H, ABq, Jag = 19.5 Hz), 2.93, 2.76 (2H, ABq, Jag = 10.5 Hz), 2.50 (1H, s), 2.22-2.04 (2H, m), 1.73 (3H, s),
1.16 (3H, s), 0.90 (9H, s), 0.89 (9H, s), 0.88 (3H, s), 0.77 (3H, s), 0.053, 0.048, 0.01 (12H, br s and 2 x s);
HRMS (CT) caled. for C3pH570581; (MH*) 577.3744, found 577.3727.



3088 P. Magnus et al. / Tetrahedron 54 (1998) 3069-3092

A _haséy ntholoiloNave 10 [ T P
FPTUCTTUULY IUTICUR Y IDILY 1 JUAY = AUU~ILYUL VA y -4-11yUroxymewunyi- uxane-q,lz.-
diene-2-one 40. A solution of BH3. THF complex (169 L of a 1M solution in THF, 169 pmol) was added

dropwise, via syringe, to a stirred solution of 32 (26.0 mg, 56.2 pmol) in THF (0.6 mL) at room temperature.
After approximately 1 h, the mixture was quenched by the addition of water (0.2 mL) and then partitioned

between EtpO and water. The organic phase was separated and the aqueous phase extracted with
EtO/dichloromethane (x 3). The combined extracts were washed with brine, dried (MgSQ4) and the solvent

evaporated in vacuo. Purification of the residue by flash chromatography over silica gel eluting with 30%

EtOAc/hexanes provided 40 (19.0 mg, 75%) as a colorless solid. IR (NaCl) 3453, 2930, 2857, 1681 ¢cm-!; 1H
NMR (300 MHz, CDCl3) 6 5.68 (1H, m), 5.51 (1H, m), 4.45 (1H, d, J = 5.9 Hz), 3.85 (2H, d, / = 5.4 Hz)

111 11%5 1317 Vix3, 114}, 2.00

3.78 (1H, dd, J = 6.2,9.2 Hz), 2.99 (IH, dd, J = 4.9, 18.2 Hz), 2.33 (1H, dt, J = 18.2, 5.5 Hz), 2.20 (1H, m),
1.90-2.05 (3H, m), 1.75 (3H, s), 1.67 (3H, 5), 1.49-1.63 (3H, m), 1.09-1.28 (ZH, m), 1.18 (3H, s), 1.02 (3H, s),
0.86 (9H, s), 0.02 (3H. s), -0.03 (3H, s); 13C NMR (75 MHz, CDCl3) & 215.3, 135.4, 133.6, 125.3, 123.5,
69.8, 68.6, 67.9, 57.3, 56.4, 55.0, 41.9, 39.8, 34.8, 34.8, 32.2, 28.7, 26.6, 26.0 (3C), 25.1, 18.1, 17.0, -4.2, -4 .8;

HRMS (CI) calcd for CpgH4404Si (M*) 448.3009, found 48.2992.

38,11p-Dihydro-7p-(tert-butyldimethylsilyl)oxy-10ca-hydroxy-4-(tert-butyldimethylsilyl )oxy
methyl-taxane-4,12-diene-2-one 41. rert-Butyldimethylsilyl chloride (6.7 mg, 44.5 pmol) was added to

stirred solution of the 40 (19.0 mg, 42.3 mmol), 4-N, N-dimethylaminopyridine (0.5 mg, 4.1 mmol) and E.tg,N
(12.0 uL, 86.1 umol) in dichloromethane (0.4 mL) at 0°C. After 1 h, Et3N (12.0 ul,, 86.1 umol) and ters-
k8 = ’ A 7 £ 3 8 opraiy O pradivi) sl ol

butyldimethylsily! chloride (6.7 mg, 44.5 tmol) were added. After a further 30 min, the mixture was quenched

with water (0.2 mL) and partitioned between Et;O and water. The organic phase was separated and the
aqueous phase exiracted with dichloromethane (x 3). The combined extracts were washed with brine, dried
(MgS04), and the solvent evaporated in vacuo. Purification of the residue by flash chromatography over silica
gel eluting with 5% EtOAc/hexanes gave 41 (20.0 mg, 84%) as a colorless solid. IR (NaCl) 3508, 2938, 2856,
1670 cm-!; TH NMR (300 MHz, CDCl3) 8 5.59 (1H, m), 5.51 (1H, m), 4.45 (1H, m), 3.73-3.90 (4H, m), 3.00
(1H, dd, J = 4.6, 18.3 Hz), 2.31 (1H, dt, J = 5.4, 18.0 Hz), 2.17 (1H, m), 2.04 (1H, s), 1.90-1.99 (2H, m), 1.75
(3H, s), 1.66 (3H, s), 1.56 (2H, m), 1.18 (3H, s), 1.01 (3H, s), 0.89 (9H, s), 0.85 (9H, s), 0.01 (6H, s), 0.00
(3H, s), -0.03 (3H, s); 13C NMR (75 MHz, CDCl3) § 214.1, 135.1, 133.6, 123.7, 123.6, 70.0, 68.7, 67.3, 57.4,

55.5,42.1,39.8,3490 321 288, 26.5, 26.0 (6C), 25.1, 18.1, 17.0, -4.1, 4.8, -5.1, -5.2. 3 carbons not found;
o o, M < Y
HRMS (CI) calcd for C3oHs904S512 (MH*) 563.3952, found 563.3944

30,118-Dihydro-78-(tert-butyldimethylsilyl)oxy-18,10c-dihydroxy-4-(tert-butyldimethylsilyl)
oxymethyl-taxane-4,12-diene-2-one 42. ~-BuOK (12.0 mg, 107 pmol) was added to a stirred solution of the
41 (6.0 mg, 10.7 pumol) in THF (0.5 mL) at 0°C. After 30 min, the mixture was cooled to -78°C, triethyl
phosphite (18.3 plL., 107 pmol) added, via syringe, and a gentle stream of dry air was bubbled through the
mixture. After 1 h, the mixture was quenched by the addition of saturated aqueous NH4ClI (0.2 mL) and

warmed to room temperature. The resulting mixture was partitioned between EtoO and water, the organic

phase separated and the aqueous phase extracted with dichloromethane (x 3). The combined organic extract

allil il vUUS AGILIVEY Jigdli

- b £6 -~ P |
C lllg WlLll J.U /O DlUI‘\LIUL)&dlle alioraca a4



P. Magnus et al. / Tetrahedron 54 (1998) 3069-3092 3089

~7

P

. . aa]_ao'w/rIZ),
m), 1.98-2.07 (2H m), 1.74 (3H g) 1.41-1.66 (SH, m), 1.24 (3H, s), 1.19 (1H, m), 1.04 (3H,
s), 0.88 (9H, s), 0.87 (9H, s), 0.08 (6H, s), 0.04 (3H, s), 0.00 (3H, s); HRMS (EI) caled for C3;Hsg05Si> (M+)
578.3823, found 578.3807.

3p,113-Dihydro-7p-(tert-butyldimethylsilyl)oxy-18,28-dihydroxy-2o,10c-0xido-4-hydroxymethyl
-taxane-4,12-diene 43. --BuOK (2.4 mg, 21.4 pmol) was added, in one portion, to a stirred solution of 42 (2.3
mg, 4.0 pmol) in THF (0.2 mL) at 0°C. After 30 min the mixture was warmed to room temperature and stirred

a 3
datliu waicl. 1

)O
m), 5.43 (1H, m), 4.35 (1H, dd, J = 6.7, 9.3 Hz), 4.19 (1H, d, J = 12.5 Hz), 3.97 (2H, m), 3.58 (1H, s), 3.01-
3.20 (2H, m), 2.64 (1H, dd, J = 12.3, 15.2 Hz), 2.32 (1H, dt, J = 18.4, 5.3 Hz), 1.86-2.01 (2H, m), 1.74 (1H, d,
J=1.7Hz),1.71 3H, d, J = 1.5 Hz), 1.58 (2H, m), 1.51 (3H, ), 1.25 (1H, dm, J = 1.7 Hz), 1.13 (3H, 5), 0.92
(3H, s), 0.90 (9H, s), 0.05 (3H, s), 0.02 (3H, s); HRMS (EI) caled for CpgH4405Si (M+) 464.2958, found
464.2949.

38,113-Dihydro-7p-(tert-butyldimethylsilyl)oxy-13,23-dihydroxy-2a,100-oxido-4-(4'-nitro

hanmavlaveormand fnwvarnma A1)V Atnmen AA A Nitrahanaaul Allacida 711 A g QA nmal) wae addad ¢t~ o ctivread
UCHIZUYI1)OAY luv:ul_yl taxane-4,1 L~-Uithic 44. 4- nuuuucut,uyl CIOIIAC (1.0 IIig, O.4 uiiill) wads atded o a suiicd

B AY AT A Y - h | 1. 1 rds e =T 10 £ .. N
solution of a3, /v, IV- almemylammopyrlame \1 micro CI‘)’S[EI ) ana [l‘letl’lyldmll‘le (4.2 HL, 10.0 HINOi) 1n

dichloromethane (0.2 mL) at 0°C. After approximately 30 min the mixture was quenched by the addition of
water (0.1 mL), and the resulting mixture partitioned between EtpO and water. The organic phase was
separated and the aqueous phase extracted with dichloromethane (X 4). The combined extracts were washed
with brine, dried (MgSO4), and the solvent evaporated irn vacuo. Purification of the residue by

chromatography over silica gel eluting with 25% EtOAc/hexanes gave 44 (1.9 mg, 79%) as a colorless solid.
IR (NaCl) 3511, 2927, 2857, 1722, 1607, 1530 cm~!; lH NMR (300 MHz, CDCl3) & 8.30 (2H, d, J = 8.8 Hz),

21 (2 d T=88H»\ 602 (1H m) 543 (1H hgy 409371 d IT=12 8 H») d 7=125Hz7) 439
Uide 1 \addy 3y o U0 114 jy UilWde \LL1y LiLJy T \L11y USJy Teld \1iky Uy v 14O Axdjy T 1y Wy v Ldmesd BAL Gy TIT
FIIT A1 T £€ OO LIy 207 71 ) 2 £ 1T o 20NN 1T Y YO0 AT o\ 27 &6A 1L A3 T 179 1589
(11, 4d, v = 0.0, 7.4 nZ), 5.7 \ 111, iil), 3. 111, S), 3.uu (1, My, .7V (111, §j, 2.04 (110, A4, J = 12.4, 1J.4

v
Hz), 2.38 (1H, dt, /= 18.4, 5.2 Hz), 1.85-2. 1 1 GH m), 1
109 (3H, 5),0.94 (3H, 9, 090 OH, ), 0.06 (3H, ), 0.03 (3H, s). HRMS (EN) caed for CasH7NOgS; (Mit?)
613.3071, found 613.3051.

3p,11p-Dihydro-7p-(tert-butyldimethylsilyl)oxy-4-(tert-butyldimethylsilyl)oxymethyl-taxane-4,12-
diene-2,10-dione 45. Dess-Martin reagent (7.8 mg, 18.4 pmol) was added to a stirred solution of 41 (5.2 mg,

9.24 pmol) in dichloromethane (0.2 mL) at room temperature. After approximately 30 min the reaction was
d s NaHCO3/1M Na3S$,0

iluted with EtpO (1.8 mL) and quenched with a mixture of saturated aqueou 3 (11,
10ml Y After 18 min of vicorouc aoitation. the oroanic nhase was senarated and the agueous nhase extracted
1.V M. ALET 10 M. OF VIZOTrous aghudillnl, wiC OIganlec Pilast was sSCpaiaiCl alll WL aquCOls PRIast CALIAICL

stk Tt~ Ai~hlaramathana (227 wv 4AY The camhinad avirarte were wached with water hrine driaed ( oSO
Wil Cwraitiniivnicuiaiic (J.4, A ). 1100 CULMIUVIHVU CALTALLY WRIL WAaoliLl Willl WAL, Uiiub, Blivu U¥igwrgy
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and the solvent evanorated in vacuo. Purification of the recidue bv flach chromatoeranhy aver <ilica gal
Vi LYQpVIGWYW iy Yulns. 1w Lauivii vl uuv 1vdiuuv U LiAol: vilvilatvgliapily Uvol dilu ECI

alnting urith 2 S0, T+«M f oy Py AL N sy 1NN a nedawla ~1 TD AT AN AOCSHY

Ciuulig wiul 3.070 Lvv < HIE, 1UU70} ad d COIULICSS SOLIU. 1IN (INAUL) 2FDZ, L2860/

s), 2.51 (1H, d, J = 12.0 Hz), 2.21-2.34 (3H, m), 2.10 (1H, dd, J = 1.1, IISHZ) 1.95 (1H, m) 154(3H s),
1.20 (3H, s), 1.04 (3H, s), 0.84 (21H, s), 0.02 (3H, s), 0.01 (3H, s), 0.00 (3H, s), -0.07 (3H, s); 13C NMR (75
MHz, CDCl3) 6 215.5, 213.3, 134.9, 132.1, 124.1, 123.3, 70.1, 68.1, 67.5, 56.3, 55.4, 43.8, 41.7, 34.7, 34.6,
31.6, 29.4, 26.0 (3C), 25.9 (3C), 25.5, 23.0, 18.1, 16.4, -4.2, -4.9, -5.1, -5.2. 1 carbon not found; HRMS (CI)
calcd for C33H35704Sip (MH*) 561.3795, found 561.3784.

o-
0-dione 46. +-B

taxane-d 12.diene-2.1 u() 10.0 me. 89.1 umol) was added to a stirred solution of 48 (5.0 me

A ‘l".- CARNARNY “’Av AR’ At uuvl\ PRV AV, 5’ lllull FYQO AUuVL LU 4 JullVvu OUIULIVEL VLl STy \J'V .l‘é’
QO 1Al joo TLIE /N QO nT ) ot N0 A b 20 smien thn svivtzzmn 1100 Aanndad 64 TOOM el lemnabliie. 718 7
0.71 HUL) 1 1110 \V.7 1) dil U L. Al DU I Uic HHALUL wad LOUICU LU -/70 U, lllcllly‘ [Jllprllll,U \lJcD

v on 1 1

ML, 89.1 pmol) added via syringe, and a gentie stream of dry air was bubbled through the mixture. After i35
min the mixture was quenched with saturated aqueous NH4Cl (0.45 mL), warmed to room temperature and
partitioned between EtyO and water. The organic phase was separated and the aqucous phase extracted with
dichloromethane (x 4). The combined extracts were washed with brine, dried (MgS804), and the solvent
evaporated in vacuo. Purification of the residue by flash chromatography over silica gel eluting with 5-20%
EtOAc/hexanes afforded in order of elution, 46 (2.5 mg, 40%) as a colorless solid. IR (NaCl) 3377, 2931,
2857, 1696 cm-!; 'TH NMR (300 MHz, CDCl3) § 5.65 (1H, d, J = 5.5 Hz), 5.58 (1H, d, J = 4.4 Hz), 4.44 (1H,
s), 3.98 (4H, m), 3.05 (1H, dd, J = 5.8, 17.1 Hz), 2.78 (1H, s), 2.38 (1H, d, J

s), 3.98 (4H, m), 3.05 (1H, dd, J 17.1 Hz), 2 i,s),2.38 (1H, 4,
1.55 (3H, s), 1.37 (3H, s), 1.24 (3H, s), 1.05 (3H, s), 0.86 (9H, s), 0.85 (9H, s), 0.08 (6H, s), 0.04 (3H, s), -0.05
(3H, s); HRMS (CI) calcd for C35H5705S810 (MH*) 577.3745, found 577.3728.
48 (1.4 mg, 34%) as a colorless solid. IR (NaCl) 3429, 2930, 1672 cm-1; IH NMR (300 MHz, CDCl3)
69.25 (1H, s), 6.98 (1H, dd, J = 2.3, 5.1 Hz), 5.61 (1H, d, 5.0 Hz), 4.62 (1H, s), 4.12 (1H, 5), 4.01 (1H, dd, J =
5.9,9.0Hz), 3.14 (1H, dd, /= 5.0, 17.1 Hz), 2.83 (1H, ), 2.70 (1H, dt, J = 20.6, 5.5 Hz), 2.51 (1H,d, J = 12.1
Hz), 2.11-2.36 (4H, m), 1.56 (3H, s), 1.47 (3H, s), 1.29 (3H, s), 1.01 (3H, s), 0.87 (9H, s), 0.07 (3H, s), -0.04
(3H, s); HRMS (CI) calcd for Co6Ha105S1 (MH*) 461.2723, found 461.2727.
47 (1.0 mg, 24%) as a colorless solid. IR (NaCl) 3382, 2928, 2857, 1694 cm-!; |H NMR (300 MHz,
‘13)§§7’) 1H,d, /=49 Hz),5.63 (1H,d, J=5.0Hz), 4.14 (1H, bs), 3.97 (4H, m), 3.12 (1H, dd, J = 5.5,

2L, =27 1L VAT, M S = S 124 vaai U 18, 113) 2 131, 4l
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