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Abstract:  Starting from taxanes available in multigram amounts from widespread ornamental yews (10-
deacetylbaccatin III (4) and 2’-deacetoxyaustrospicatine (5)), two dimeric taxoids*(3a, 3b) with potential
duai target specificity (f-tubulin and P-gp) were synthes1sed Both compounds lacked significant

cviotoxicity. thouoh 3b retained a strone activity in the tu
cytotoxiCity, tnougn 2D retamed a strong aclivity in tne tu
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-resistance 1S a mqim‘ obstacle in the treatment of cancer with chemotheranv. and
the emergence of cancerous cells resistant to both the original annneoplastlc agent and to structurally and
mechanistically unrelated agents has been named multidrug resistance (MDR).2 MDR has been related to the
increased expression of two proteins belonging to the ABC superfamily of transport proteins (P-gp® and MRP*),
which extrude hydrophobic anticancer compounds and maintain their intracellular concentration below a
cytotoxic level. Though several “chemosensitisers” are known, no specific agent effective in reversing this
resistance is currently available for clinical use.’

The taxoids paclitaxel (Taxol®, 1a)° and docetaxel (Taxotere®, lb)7 have proved successful anticancer
drugs for the treatment of a variety of malignancies. Both compounds are substrates for P-gp, and increased
expression of this protein is one of the major factors underiying resistance to taxoids. Interestingly, certain
natural and semisynthetic taxoids devoid of cytotoxwlty and tubulin afﬁmty are powerful inhibitors of P-g];

p S

verapamil.”® Unlike other cinnamates related to taxine, 2 does not show cardiac
rve as an important starting material for the synthesis of new reversal agents. Twin
drugs combining two struc.turdl components into a single molecule have been reported in numerous domains of
medicinal chemistry,'” and we explored the possibility of circumventing P-gp-mediated resistance with dual
acting dimeric compounds, carrying recognition sites for both the target of taxoid anticancer activity (B-tubulin)
and the protein transporter responsible for resistance to their activity (P-gp). The outstanding anticancer activity
of the etherodimeric alkaloids vincristine and vinblastine provided additional motivation to the synthesis of
paclitaxel-taxinine binary taxoids.
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Pivotal to our design of dimeric taxanes were the observations that binding to tubulin is generally
msensmve to c.ndnges in me Northern nemlspnere 1 that substltuent at C-i0 can dramaticaily increase the
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synthesis of the dimeric compound 3a where the acetate at C-10 of paclitaxel (1a) and the one at C-13 of 2-
deacetoxytaxinine J (2) are merged into a succinate tether that holds the two taxoid moieties together. This

operation is formally equivalent to an 0x1dative dimerisation, and a similar line of thinking would generate 3b
from 10-acetyldocetaxel and 2-deacetoxytaxinine J.

10-Deacetylbaccatin III (4) and 2'-deacetoxyaustrospicatin (5) are available in multigram amounts from
widespread ornamental yews,'> and were employed as starting materials.'® Compound 4 has been extensively
used for the synthesis of analogues of paclitaxel,' and the Winterstein ester § can be readily converted into 2’-
deacetoxytaxinine J (2)."*® Our synthetic plan to the dimeric taxoids capitalises on the esterification of the 13-
deacetylderivative of 2 with a 7,13-diprotected 10-hemisuccinate of 4. The alternative coupling requires the
succinylation of the 13-deacetyl derivative of 2, and did not seem a good strategy. The hindered nature of the
13-hydroxyl of taxoids requires forced conditions of acylation, feasible with acids but unattainable with succinic
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The synthesis of the 7,13-diTES (= triethylsilyl)-10-hemisuccinate 7 from 4 was plagued by the formation
of several by-products in the silylation step. The silylation of tetraol 4 required three equivalents of TES-Cl to
proceed beyond the monosilylation stage. In addition to the 7,13-diTES derivative 6a (49%), the silylated semi-

orthoesters 6b 6d (3, 5, and 5%, respectively), the 7,10-diTES-derivative 6f (14%), and the 7,10,13-triTES-
derivative 6e'® (8%) were aiso obtained (Scheme 1). The smooth formation of a silylated orthoester from the

monoester of a vicinal diol is, to the best of our knowledge unprecedented. Even more surprising was,
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however, the isolation of { silylated orthoesters



showing that formation of the silylated orthoester was competing with the silylation of these hydroxyls. The
most pre-eminent spectroscopic feature of 6b-6d was the replacement of the benzoate carbonyl resonance at 8
ca 168 with an orthoester signal at 8 ca 116. A corresponding upfield shift of the aromatic protons in the 'H
NMR spectrum was also observed Compounds 6b and 6¢ wcte obtamed as smgle dmstereomers, while 6d was
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diastereoselectivity was observed .in the reaction of taxine B-related compounds with benzaldehyde
dimethylacetal. ' In our case, however, the presence of a free hydroxyl at C-13 seems necessary to obtain the
silylated orthoester in a diastereomerically pure form, suggesting the involvement of subtle factors in orthoester
formation and/or silylation. The orthoesters 6b-d could withstand column chromatography, but were turned into
their corresponding benzoates by overnight stirring with wet silica gel.

Given the smooth formation of the 7-TES derivative of 4 with near stoichiometric amounts of TES-CL,2°
the formation of the 7,13-diTES derivative 6a as the major reaction product when four equivalents are
employed shows that the reactivity order of the three secondary hydroxyls toward silylation is 7>>13>10. No
parallel exists therefore with acylation reactions, where the reactivity order is instead 7>10>>13. ! These
seemingly contradictory results are presumably the result of the higher acidity of the 10-hydroxyl, which might
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by deacetylation of 7,13-diTES-baccatin III failed. No reaction occurred with the three published protocols to
deacetylate baccatin IIT at C-10 (ZnBry;>* hydrazine;*® NaHCO;-H,0,>*), while basic conditions (K2COs,
LiOH, NHj, NaOH) gave mixtures of products. Despite the modest yield (49%) and the chromatographic
purification required to remove the by-products, no alternative synthesis of 6a could be achieved. The
succinylation step was however uneventful, affording the stable succinate 7 as the only reaction product.
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Scheme 1. Synthesis of the diprotected hemisuccinate 7. a: TES-CI (3 mol. equlv) imidazole (3 mol. eqmv),
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The synthesis of the taxinine partner complementary to 7 requires the selective hydrolysis of the allylic
13-acetate of 2'-deacetoxyaustrospicatine (5) or its corresponding cinnamate 2, a reaction which gave complex
mixtures of products under a variety of reaction conditions. An alternative strategy to obtain the 13-
deacetylderivative of 2 by stepwise esterification of the known pentaol 8%* also failed, but provided a hint which
eventually paved the way to the synthesis of the target (Scheme 2). Thus, treatment of 8 with a moderate excess
(7 molar equivalents) of Ac,O in pyridine afforded, in modest yield (40%), a 4:1 mixture of the penta-acetate
9a%%and the tetra-acetate 9b.%> The latter was partly deacetylated during column chromatography to the diol 9¢%,
a reaction which could be achieved in practically quantitative yield with a variety of bases (see infra).
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Hydrolysis of the 13-hydroxyl was thus dramatically accelerated by the presence of a free 5-hydroxyl, which
presumably helps the delivery of nucleophiles to the carbonyl of the 13-acetate. Owing to the convex shape of
the taxane skeleton, the oxygens at C-5a and C-13a are spatially close, and proximity effects of this type are
well documented in the chemistry of these compounds.?’ Capitalising on this observation, an efficient synthesis
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o th hydroxylamine,” affording the tetraacetate 9b, then deacetylated at C-13 with LiOH.

In this way, the 5,13-diol 9¢ was eventually obtained in an overall 54% yield from 5. An example related to this
sequence is the direct formation of 9¢ from the Zemplén methanolysis of 2'-deacetylaustrospicatine.*® Owing to
the high hydrolytic reactivity of a-hydroxyesters, the order of events is presumably the same observed in the
conversion of § to 9c.
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Scheme 2. Synthesis of the diol 9¢c. a: Ac;O (7 mol. equiv.), TEA (7 mol. equiv.), CH;Cl,, RT; 5: MCPBA,
THF; ¢: NH,OH, EtOH, A; d: LiOH, water-methanol 1:1 (54% from §).

Protecting manoeuvres were not required for the sequential esterification of the two secondary allylic
hydroxyls of 9¢, since treatment of this diol with the diprotected baccatin hemisuccinate 7 afforded the dimeric
13-succinate 10 as the only reaction product (Scheme 3). The selective esterification of the 13-hydroxyl of the
taxinine domain is in accordance with the results obtained in the acetylation of the pentaol 8, and was indicated
by the marked downfield shift for H-13 of the this moiety (A3 + 1.43), and by the detec’uon of a HMBC
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correianon between one of the succinate carbonyls (6 171.2) and H-13 of the taxinine i
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TBAF.? Selectively resilylation at C-7 was then required to direct coupling with the side cham synthon
112%3%3 a1 the 13-hydroxyl. This coupling and the removal of the protecting groups were uneventful, eventually
affording 3a as a crystalline powder. Esterification with the protected synthon of the docetaxel side chain
116> afforded, after deprotection, 3b in similar yield. Despite their complexity, the 'H NMR spectra of 3a
and 3b could be completely assigned by a combination of 1D- and 2D techniques (COSY, NOE-difference
spectroscopy).

Compared to paclitaxel, the dimeric taxane 3a showed a marked decrease of tubulin affinity, whereas 3b
retained one third of the activity of the natural product (Table 1). The higher potency of 3b in tubulin binding is
in accordance with the observation that in this assay paclitaxel anaiogues of the N-BOC series are generally
more actlve than those of the N—benzoyl series.”® Both 3a and 3b, however, lacked sxgmﬁcant cytotoxxcxty
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moieties. a: EDC, CH,Cl; (66%); b: cinnamic acid, DCC, DMAP, toluene, 90°C (70%); c: TBAF, THF (50%);

d: TES-CI, imidazole, DMF (54%); e: 14a (for 3a) or 14b (for 3b), DCC, DMAP, toluene; f: 0.1 N HCl, MeOH
FEN O/ Lo Funana 19 £ PLN
{2V 7o rom lJ lUl Jd UU/O 1T0In 1o 1071 L)

In conclusion, the AIQ(‘(\\FPI‘"I that non-cvtotoxic taxoids can interfere with the de\/glgpmcnt of resistance to
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paclitaxel provided a strong ranonale for the preparation of the dimeric taxoids 3a and 3b. The synthesis of
these compounds afforded additional information on the reactivity of the biologically important systems of
baccatin III and taxinine J, highlighting subtle differences in the reactivity of their hydroxy groups and
disclosing a protocol to incorporate taxinine and baccatin moieties into hybrid compounds. Finally, the
biological evaluation of 3a and 3b showed that a definite limit exists regarding the size of the ester groups
which can be accommodated in the northern hemisphere of the taxane core without a detrimental effect on
tubulin affinity and/or cellular penetration and cytotoxicity.

I\J

Table 1. Tubulin binding (EDso pM) and cytotoxicity (EDso nM) of the twin taxoids 3a an, d 3b°
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Paclitaxel 0.3 2 3,300
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EXPERIMENTAL
General Methods. Anhydrous conditions were achieved by flame-drying flasks and equipments. Reactions
were monitored by TLC on Merck 60 Fs4 (0.25 mm) plates, which were visualized by UV inspection and/or

Y v

staining with 5% H,S0O; in methanoi and heating. Merck silica gel was used for column chromatography (CC)
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Melting points were obtained on a Blichi SMP-20 apparatus and are uncorrected. 'H-NMR (400 MHz) and Be-

wanmedad Am oo Deslas PR 1 A 13
NMR (100 MHz) spectra were | ccmdcd on a Bruker AC-400 spectrometer at 25°C. 'H and °C NMR chemical

shifts refer to CHCl; at 8 7.26 and CDCl; at § 77.0, respectively. HREIMS Spectra were taken on a MAT 95ST

megan MAT apparatus (70 eV, EI mode). Commercially available reagents and solvents were used without
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further nurlﬁcatlon unless otherwise noted. CH,Cl, was dried by distillation from P40,q, THF by distillation
from Na-benzophenone, and DMF by distillation from CaH,. MgSO,4 was used for drying organic solutions in
all work up procedures.

Silylation of 10-deacetylbaccatin III (4). To a solution of 4 (5.0 g, 9.2 mmol) in dry DMF (50 mL), imidazole
(1.87 g, 27.6 mmol, 3.0 mol. equiv.) and TES-CI (4.61 mL, 4.14 g, 27.6 mmol, 3.0 mol. equiv.) were added.
After stirring for 4 days at room temp., the reaction was worked up by pouring into a sturry of Celite (5 g) in
water (300 mL) and filtration. The cake was washed with water to remove DMF, and then with EtOAc to
recover the reaction products. After drying and evaporation of the solvent, the residue was purified by CC
(nexane -EtOAc gradient), to give 6d (460 mg, 5%), 6e (652 mg, 8%) (hexane-EtOAc 99:1), 6¢ (407 mg, 5%)
(hexane-EtOAc 95:5), éb (213 mg, 3%), 6a (3.56 g, 49%), and of (1.02 g, 14%) (hexane-EtOAc 9:1).

Compounds 6b-6d were quantitatively turned into their corresponding benzoates by overnight stirring with a

10-fold weight of silica gel and water (ca 5 ml/g of silica gel).

7.13- dzTES—_/O Deggelylbag catin II1 (6a). White powder, mp 198-200°C; frﬂn25 =35 (¢ 0.7, CHCI3); IR (KBr)
3459, 1724, 1713, 1698, 1267, 1244, 1106, 1095, 741 cm ', 'H-NMR (CDCl): & 8.09 (AA’-Bz), 7.59 (C-Bz),
7.47 (BB’-Bz), 5.61 (d, J= 7.2 Hz, H-2), 5.17 (br d, J = 1 Hz, H-10), 4.96 (m, H-5 + H-13) 4.40 (dd, J = 9.0,
4.5 Hz, H-7), 4.31 (d, J = 8.3 Hz, H-20a), 4.27 (d, /= 1 Hz, 10-OH), 4.17 (d, J = 8.3 Hz, H-20b), 3.89 (d, J =
7.4 Hz, H-3), 2.30 (s, Ac), 2.05 (s, H-18), 1.73 (s, H-19), 1.09, 1.04 (s, H-16 and H-17), 1.00 (t, J = 9.0 Hz,
TES), 0.90 (t, J= 9.0 Hz, TES), 0.67 (m, TES), 0.54 (m, TES). HRMS (EI): M", found 772.4042. C4;Hg4010Si>
requires 772.4038.

71" dzTF S 2-Debenzoyl-10-deacetylbaccatin 111-1,2-semiorthobenzoate (6b). White powder, m.p. 132-35 °C;

[(IJD " ~12 (¢ 1.2, CHCly); IR (KBr) 3517, 1741, 1696, 1115, 1055, 1003, 980, 746 cm”™ 'H-NMR (CDClI3): 8

7.61 (m, Ph), ca 7.35 (m, Ph), 5.13 (d, J = 2 Hz, H-10), 5.04 (d, J = 8 Hz, H-3), 4.76 (d, J = 8.5 Hz, H-20a),
4.72(d, J= 8.5 Hz, H-20b), 4.68 (m, H-13), 4.47 (dd, /=9.0, 7.5 Hz, H-7), 4.31 (d, /=2 Hz, CH-10), 4.23 (d,
J=5.0Hz, H-2), 3.45 (d, J = 5.0 Hz, H-3), 2.56 (m, H-14a), 2.13 (s, Ac), 2.03 (s, H-18), 1.95 (m, H-6b), 1.82
(s. H-19). 1.15. 1.12 (s. H-16. H-17). 092 (t J=7.5Hz. TES). 0.79 (t. J=7.5 Hz. TES). 0.55 (m. TES). 0.4]
(s, H-19), 1.15, 1.12 (s, H-16, H-17), 092 (t, /= 7.5 Hz, TES), 0.79 (t, J= 7.5 Hz, TES), 0.55 (m, TES), 0.41
(m? TES). HRMS (EI): M", found 772.4043. C4;Hgs01Sis requires 772.4038.

V

0,1'-triTES 2-Debenzoyl-10-deacetylbaccatin I1I-1,2-semiorthobenzoate (6¢). White powder, m.p. 78-80 °C;
[a] 2 15 (¢ 0.90, CHCl;); IR (KBr disk) 3498, 1740, 1719, 1055, 1013, 968, 746, 731 cm™; 'H-NMR
(CDCl): 8 7.61 (m, Ph), ca 7.35 (m, Ph), 5.16 (s, H-10), 5.08 (d, J = 8 Hz, H-5), 4.73 (s, H-20a + H-20b), 4.67
(m, H-13), 4.41 (dd, J=9.0, 7.5 Hz, H-7), 4.27 (d, J = 5.0 Hz, H-2), 3.40 (d, J = 5.0 Hz, H-3), 2.60 (m, H-14a),
2.11 (s, Ac), 1.98 (s, H-18), 1.87 (m, H-6b), 1.76 (s, H-19), 1.25 (s, H-16), 1.11 (s, H-17), 0.99 (t, J = 7.5 Hz,
TES), 0.96 (t, J = 7.5 Hz, TES), 0.77 (t, J = 7.5 Hz, TES), ca 0.60 (m, 2 x TES), 0.40 (m, TES). "C-NMR
(CDCI3): 8 206.9 (s, C-1), 171.3 (s, OAc), 142.8 (s, C-12), 139.0 (s, Ph), 136.4 (s, C-11), 128.0 (d, Ph), 127.5
(d, Ph), 125.6 (d, Ph), 116.9 (s, C-1°), 87.1 (s, C-1), 84.4 (d, C-5), 80.7 (s, C-4), 78.2 (d, C-2), 77.5 (1, C-20),
77.2 (d, C-10), 72.5 d, C-7), 67.7 (d, C-13), 60.0 (s, C-8), 44.1 (d, C-3), 41.0 (s, C-15), 38.2 (¢, C-6), 38.1 (t, C-
14), 26.0 (q, C- 17 22.6 (g, Ac), 19.7 (g, C-16), 15.1 (q, C-18), 10.5 (g, C-19), 6.9, .8, 6.6 (q, 3 x TES), 5.8,

2 AQ Ay

3 1)

M* found 886.4910. C4-H-20::Si & QRA 4007
o VLI 4 LUULIU O0OUTT 71V, \./4711/5\J|()-_713 Lu\.luuua oou.r7ud.

, 1:=!e!raTEu 2-Debenzoyl-10-deacetylbaccatin I1l-1,2-semiorthobenzoate (6d). White powder, m.p. 41
°C: [a]p? =19 (¢ 1.0, CHCLy); IR (KBr) 1738, 1717, 1242, 1078, 1005, 978, 745 cm™'; 'H-NMR (CDCl3): major
epimer: & 7.60 (m, Ph), ca 7.37 (m, Ph), 5.13 (s, H-10), 5.01 (d, ] = 8 Hz, H-5), 474(m,H- 3), 4.71 (s, H-20a
+ H-20b), 4.38 (dd, J =9.0, 7.5 Hz, H-7), 4.28 (d, J = 5.0 Hz, H-2), 3.32 (d, ] = 5.0 Hz, H-3), 260(m H-14a),



2.10 (s, Ac), 1.90 (s, H-18), 1.73 (s, H-19), 1.25 (s, H-16), 1.16 (s, H-17), 0.95 — 0.90 (TES), 0.77 (m, TES), ca
0.60 (m, 2 x TES), 0.40 (m, TES); minor epimer: 7.37 (m, Ph), 5.11 (s, H-10), 3.78 (d, J = 5.0 Hz, H-2), 3.40
(d, J = 5.0 Hz, H-3), 2.19 (s, Ac), 1.95 (s, H-18), 1.58 (s, H-19), 1.21 (s, H-17). HRMS (El): M", found

1000.5780. Cs3Hg200S14 requires 1000.5768

7,10,13-triTES-10-Deacetylbaccatin 1l (6e). White powder, mp 198-200 °C; [a]p>> —25 (¢ 1.2, CHCL); IR
NN IANND 1728 17172 1740 1344 1107 1NT4 AN A....'l. Ity "NTMAD 70T TN S O NO 7 A A® D\ 7T L£OQ 7 D\
\INDIL) O3V, 174, 1710, 14UTF, 1£53%, 11U/, 1U/D, /53U Ll , T-INIVIRN (LJLI3) O 0.UY LAA ~DZ), /.00 \UL-DZ),
7.47 (BB’-Bz), 5.63 (d, J = 7.2 Hz, H-2), 5.20 (s, H-10), 4.95 (m, H-5 + H-13) 4.43 (dd, /= 9.0, 4.5 Hz, H-7),
429 (d, J =83 Hz, H-20a), 4.15 (d, J = 8.3 Hz, H-20b), 3.86 (d, J = 7.4 Hz, H-3), 2.51 (m, H-14a), 2.29 (s,
Ac), 1.99 (s, H-18), 1.66 (s, H-19), 1.20, 1.14 (s, H-16 and H-17), ca 0.95 (m, TES), ca 0.65 (m, TES). )

HRMS (EI): M+, found 886,4898, C47H73010Si; requires 886.4903.

7,10-diTES-10-Deacetylbaccatin III (6f). White powder, mp 182-83 °C; [a]p>® —42 (¢ 0.95, CHCI;); IR (KBr)
3484, 1723, 1707, 1273, 1244, 1109, 1003, 976 cm™'; 'H-NMR: see ref. 18. HRMS (EL): M", found 772.4029.
C4|H64OmSig requires 772.4038.

Reaction of 7,10-diTES-10-deacetylbaccatin III-with succinic anhydride. To a soln. of 6a (567 mg, 0.73
mmol) in dry DMF (10 mL), succinic anhydride (2.2 g, 22 mmol, 30 mol. equiv.) and DMAP (150 mg) were
added. The solution was heated at 85°C for 48 h, and then worked up by pouring into a slurry of celite (0.6 g) in

s1nn

water (1UU IHL) After IliU‘&UOIl the cake was washed with waier and then wiih EtOAc. The orgamc pnase was

UI lCU dllu LVdeld.lL. auu LHL ILDIUUC was puuucu Uy \.,L, UlCKdIlC-l"l\}AL ) /) i0 glVC 40 ) mg / \/4/0} asa WnlLC

powder, m.p. 120 °C; [o]n>’ —48 (¢ 0.90, CHCLy); IR (KBr) 3496, 1725, 1269, 1242, 1107, 739 cm’™'; 'H-NMR
(CDCl, \.\ROQ(AA _R7\ 750 (C- R-z\ 7.45 (BR’-Bz). 6.45 (s I—-T-10\ 3.60(d. J=70Hz I—T’)\ AOﬂ{m H-5 +

\~aridy U OV LR S e S \Pad TSy, VTS Sy 2k Js &y v ie Lid.y 21 eIV \Riky L1TY

H-13), 445 (dd, J=9.0, 45Hz, H-7), 4.26 (d, J = 8.3 Hz, H-20a), d,J =83 Hz, H-zom 3.82(d,J=17.0
Hz, H-3), 2.44 (br s, succinate), 2.26 (s, Ac), 1.85 (s, H-18), 1.62 (s, H-19), 1.15, 1.09 (s, H-16 + H-17), ca 0.95
(m, 2 x TES), ca 0.65 (m, 2 x TES). HRMS (EI): M", found 872.4153. CasHgsO13S1; requires 872.4198.
Acctylation of pentaol 8. To a suspension of 8 (150 mg) in CH»Cl; (5 mL), Ac,O (284 pL, 307 mg, 3.0 mmol,
7 mol. equiv.) and TEA (420 uL, 303 mg, 3.0 mmol, 7 mol. equiv.) were added. After stirring at room
temperature for 5 h, the reaction was worked up by dilution with water and extraction with EtOAc. After
sequential washing with dil. HCl and brine, the organic phase was dried and evaporated, The residue was
purified by CC (hexane-EtOAc 7:3) to give 94 mg of a ca 4:1 mixture (‘"H NMR analysis) of 9a and 9b (ca
40%). Attempts to further separate this mixture 'by CC gave 50 mg 9a, 2493 mg 9p** and 6 mg 9¢%8,

Fol- B ﬁ[' TIID ZNAMNND A 7020/

byntnesw of dioi 9¢: To asoln. of 5(5.35¢,7. mnlOl) in dry THF, MCPBA (85%, 1.87 g, 9.2 mmol, 1.2 mol.
Lqulv.) was added. After buumg at room temp. for 4 h, the reaction was worked up ufy’ dilution with EtCAc and

washing with water. The organic phase was washed with 3% Na,S8,03, 2% NaOH, and brine. After drying and
removal of the solvent, crude 2 10 (5.06 g) was obtained. The latter was dissolved in EtOH (150 mL), and

wias Lily, viuae LUWGINICA, 1130 1K WAs QIa3LIVEL 11l 1AV 200 1), 4l

NH,OH.HC! (4.94 g, 71.6 mmol, 9.3 mol. equiv.) and a solution of NaOAc (9.98 g, 122 mmol, 15.8 mol.
equiv.) in water (150 mL) were added. The reaction mixture was refluxed for 24 h, and then worked up by
dilution with water (ca 600 mL) and extraction with EtOAc. After washing with brine and drying, evaporation
of the solvent left a semi-solid residue, which was dissolved in HyO-MeOH (1:1, 60 mL). To this solution,
LiOH.I1,0O (2.10 g, 50 mmol, 6.5 mol. equiv.) was added, and the mixture was stirred at rom temp. for 6.5 h.
The reaction was worked up by dilution with water (ca 500 mL) and extraction with EtOAc. The organic phase
was washed with brine, dried, and evaporated. The residue was purified by CC (CH,Cl,-EtOH 98:2) to give
1.99 g 9¢*® (54% from 5).

Coupling of hemisuccinate 7 and diol 9¢: To a solution of 7 (1.6 g, 1.8 mmol) and 9¢ (965 mg, 2.0 mmoli, i.i

mol. equiv.) in dry CH,Cl; (25 mL), EDC (703 mg, 3.6 mmol, 2 mol. equiv.) and DMAP (448 mg, 3.6 mmoli, 2
mol. equiv.) were added. After stirring 4 h at room temp., the reaction was worked up by dilution with CH,Cl,

i--d(
/‘\\<

L""'

nannd waching with watar Aftar drving and removal of the enlvent f"\.a racidua was nurified "\U {‘(‘ (hevana_
dllll wWaonlilil WILL Wdadlll., Miill ULY1lUE aliu 1viiiuvar Ul ulv Juiviein, AN ILS VAR S RN ] ULilivg SRS R Y 22, 2t i
EtOAc 7:3) to give 10 (1.6 g, 66%) as a white powder. m.p. 158 °C; [alp 378 (c 0.90, CHC! ); IR (KRr)
3538, 1740, 7< 1242, 1107, 1026, 988 cm’'; 'H-NMR (CDCls): 8 (taxinine moiety) 6.27 (d, J = 11 Hz, H-

,,,,,

), 5.79 (t, J = 8.0 Hz, H-13), 5.67 (dd, J = 11, 5.0, H-7), 5.18 (s, H-20a), 4.84 (s, H-
20b), 4.30 (s, H-S)_, 2.28 (br s, H-18), 2.09 (s, 2 x Ac), 2.06 (5, Ac), 2.03 (s, Ac), 1.57 (s, H-16), 1.00 (s, H-17),



6574 G. Appendino et al. / Tetrahedron 55 (1999

0.81 (s, H-19); (baccatin moiety): 5 8.08 (AA’-Bz), 7.58 (C-Bz), 7.45 (BB'-Bz), 6.43 (s, H-10), 5.61 (d, J = 7.0
Hz, H-2), 4.95 (d, J = 8 Hz, H-5), 4.82 (m, H-13), 4.41 (dd, J= 9, 4.5 Hz, H-7), 4.28 (d, J = 8 Hz, H-20a), 4.11
(4, = 8 Hz, H-20b), 3.87 (d, /= 7.0 Hz, H-3), 231 (5, Ac), 2.17 (s, H-18), 165 (s, H-19), 1.20, 1.03 (s, H-16 +

7), 0.95 (m, TES ); (succinate): 2.70 (m). *C NMR (CDCl;): § 201.9 (s), 171.2 (s),

ey

C71H104010812 requxres 1332.6660.
Esterification of the dimeric taxoid 10 with cinnamic acid. To a solution of 10 (616 mg, 0.46 mmol) in dry
toluene (20 mL), cinnamic aeid (340 mg, 2.3 mmol, 5 mol. equiv.), DCC (473 mg, 2.3 mmol, 5 mol. equiv.) and
DMAP (280 mg, 2.3 mmol, 5 mol. equiv.) were added. The solution was heated at 90 °C (oil bath) for 5 h, and
then worked up by dilution with EtOAc and washing with water and sat. NaHCO;. The organic phase was dried
and evaporated. The residue was purified by column chromatography ( hexane-EtOAc 2:8 ) to afford 470 mg
(70%) 11 as a colourless powder. m.p. 139-140 °C; [a]p®’ 4.5 (¢ 1.2, CHCI;); IR (KBr) 3400 1738, 1715,
0 ! 'TH-NMR (CDCl3): 8 (taxinine moiety) 7.79
A mm 11

<.

73 — 1

dJ=1

N £ IT- ITON & ON 7
u.b 1z, 1-7), 5.0V (
00 (hr

Uy \Ul

N
®)
g -

w \og

. a), 5 s, I .

.57 (s, H-16), 1.00 (s, H-17), 0.81 (s, H-19); (baccatin mmety) 5
), 6.37 (s, H-10), 5.61 (d, /= 7.0 Hz, H-2), 495 (d, ] = 8 Hz, H-5),
4.88 (m, H- 13) 4.41 (dd, J 90 4.5 Hz, H-7), 428(d J = 8.3 Hz, H-20a), 4.12 (d, J = 8.3 Hz, H-20b), 3.89
(d, J = 7.0 Hz, H-3), 2.31 (s, -OAc), 2.17 (s, H-18), 1.65 (s, H-19), 1.20, 1.03 (s, H-16 + H-17), ca 0.95 (m,
TES), ca 0.65 (m, TES); (succinate): 2.60 (m). HRMS (EI): M", found 1462.7066. CgoH;10021Si> requires
1462.7078.

Fluoridolysis of the dimeric taxoid 11 and chemoselective resilylation to 13. a) To a cooled (0 °C) solution
of 11 (774 mg, 0.53 mmol) in dry THF (15 mL), TBAF (1.44 mL of a 1.1 M soln. in THF, 1.59 mmol, 3.0 mol.
equiv.) was added dropwise, and the reaction was stirred for 2 h at 0 °C. The cooling bath was then removed,
and stirring was continued for 2.5 h. The reaction was worked up by dilution with water and extraction with

EtOAc. After drying and evaporation s , the residue was purifie 1:1) to give
327 mg (50%) 12 as a colorless powder (mp. 118-120 °C). b) To a solution of 12 (196 mg, 0.16 mmol) in dry
DMF (10 mL), imidazole (57 mg, 0.83 mmol, 5.2 mol. equiv.) and TES-CI (139 pL, 125 mg, 0.83 mmol, 5.2
mol. equiv.) were added. After stirring at room temp. for 48 h, the reaction was worked up by pouring into a

slurry of Celite (500 mg) in water (20 mL) and filtration. The cake was washed with water, and then with
EtOAc to recover the reaction product. After washing with brine, drying, and evaporation, the residue was
purified by CC (hexane-EtOAc 1:1) to give 115 mg 13 (54%) as a colourless powder M.p. 158-160 °C; [a]p®

+ 5.3 (¢ 0.90, CHCl,); IR (KBr) 3470, 1740, 1636, 1246, 1159, 1026, 988 em’'; "TH-NMR (CDCl;): § (taxinine
moiety) 7.79 (d, J = 16 Hz, Cinn), 7.58 (m, Cinn.), 7.36 (m, Cinn.), 6.63 (d, J— 16 Hz, Cinn.), 6.27 (d, J =11
Hz, H-10), 5.90 (d, J = 11 Hz, H-9), 5.82 (br t, J = 7 Hz, H-13), 5.66 (dd, J = 11.0, 6.0 Hz, H-7), 5.44 (s, H-
20a), 5.02 (s, H-20b), 2.08 (s, H-18), 2.08 (s, Ac), 2.20 (s, Ac), 1.95 (s, Ac), 1.57 (s, H-16), 0.97 (H-17), 0.85 (s,

H-19); (baccatin moiety): 8 8.09 (AA’-Bz), 7.55 (C-Bz), 7.45 (BB’-Bz), 6.35 (s, H-10), 5.59 (d, /= 7.0 Hz, H-

2), 5.55 (br t, ] = 8.0 Hz, H-13), 4.97 (d, ] = 8 Hz, H-5), 4.48 (dd, /= 9.0, 4.5 Hz, H-7), 4.27 (d, /= 8.3 Hz, H-
20a), 4.13 (d, J = 8.3 Hz, H-20b), 4.00 (d, J = 7.0 Hz, H-3), 2.29 (s, -OAc), 2.25 (s, H-18), 1.67 (s, H-19), 1.13,
+
H H-17), ca 0.92 (m, TES), ca 0.58 (m, TES); (succinate): 2.7¢ (m). HRMS (EI): M", found
24 - N . Q8 ramitirag
JT T4LI06 S [0k IV UIILD 1
Estenficatlo of 13 with side-chain compact synthons (reaction with 14a as example): to a solution of 13 (80

mg, 0.059 mmol) in dry toluene (5 mL), N-benzoyl (4S,5R)-2-(2,4-dimethoxyphenyl)-4-phenyl-5-

oxazolidinecarboxylic acid (14a) (51 mg, 0.11 mmol, 1.9 mol. equiv.), DCC (14.6 mg, 0.071 mmol, 1.2 mol.
equiv.) and DMAP (5 mg, 0.04 mmol, 0.7 mol. equiv.) were added. After stirring 14 h at room temp., the
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reaction was worked up by filtration on Celite and evaporation. The residue was purified by CC (hexane-EtOAc
1:1) to give 85 mg of residue. The latter was dissolved in a solution of HCl in MeOH (prepared reacting AcCl
(140 pL) and MeOH (20 mL)). After stirring at room temperature for ca lh, the solution was diluted with sat.

LY YV

Narnt s and extracted with Ll‘llez After arymg and removal of the solvent, the residue was punned CC
Y

_______________ P Py aY))

(hexane-EtOAc 4:6) to ngc 44 mg 3a (50%)

Dierrnzin trrvnid o whita newrdar o 1EI_ 168 00 Tl 25 14 /2o N 0N OO TD /RPDL 21419 1740 1££48
LAIricric lu.&uul Ju Wlll&c WWUCL, i1, p 10UL-1VY oy [u,JD 14 \L V.7V, W} 3} N \!\Dl) )WJ‘, 1 I"o, I.UU.),
1450, 1329, 1246, 1069, 712 cm™ ; 'H-N MR (CDCl;): & (taxinine moiety): 7.79 (d, J = 16.0 Hz, Cinn); 7.55
(m, Cinn.), 7.42 (m, Cinn.}, 6.57 (d, J=16.0 Hz, Cinn.), 6,30 (d, 7= 11.0 Hz, H-10), 5.92 (d,J=11.0Hz, H-9),

). 5
5.82 br dd, J = 10.0, 7.5 Hz, H-13), 5.68 (dd, J = 10.5, 5.0 Hz, H-7), 5.57 (dd, J = 4.0, 2.0 Hz, H-5), 5.39 (br s,
H-20a), 5.00 (br s, H-20b), 2.95 (br d, J = 6.0 Hz, H-3), 2.64 (ddd, J = 14.5, 10.0, 10.0 Hz, H-14a), 2.31 (br s,
H-18), 2.07 (s, Ac), 2.04 (s, Ac), 1.98 (s, Ac), 2.0-1.70 (m, H-1 + H-2a + H-2b + H-6a + H-6b), 1.61 (s, H-16),
1.08 (s, H-17), 0.94 (dd, J = 14.5, 7.0, H-14b), 0.86 (s, H-19); (paclitaxel moiety): 8.13 (AA’, 2-Bz), 7.74 (AA’,
NHBz), 7.61 (C, 2-Bz), 7.55 (C, NHBz), 7.50 (BB, 2-Bz), 7.55-7.32 (m, 3°-Ph), 7.32 (BB’, NHBz), 7.03 (d, J
=9.0 Hz, NH), 6.19 (br t, J = 8.0 Hz, H-13), 6.16 (s, H-10), 5.78 (dd, J = 9.0, 3.5 Hz, H-3), 5.65 (d, J=7.0 Hz,
H-2), 4.95 (br dd, J = 9.5, 2.5 Hz, H-5), 4.79 (d, J= 3.5 Hz, H-2"), 4.38 (br dd, J = 11.0, 6.5 Hz, H-7), 4.30 (d, J
= 8.5 Hz, H-20a), 4.19 (dd, J = 8.5 Hz, H-20b), 3.76 (d, J = 7.0 Hz, H-3), 2.55 (ddd, J = 14.0, 9.5, 6.5 Hz, H-

6a), 2.47 (br s, 7-OH), 2.38 (s, Ac), 2.35-2.15 (m, H-14a + H-14b), ca 1.85 (m, H-6b), 1.77 (br s, H-18), 1.69 (s,

IT10Y 114 fo .17 109 o IT_16). Qiinelingtar 7 18 D18 fn ALY LIDAAQ LTy, A sad 1801 £99€Q

rn=17), L.10 (o, Ik~1/7), 1. VO \5, II-1V), SQULLHIAIC, 4,00 — &.10 Ull, 4I1), F1IINVIO (LD1). vl , 10OULU 10V1.0220

CgaHosNOy4 requires 1501.6244.

Dimeric taxoid 3b: white nowder, m.n. 125-127 °C: 1125 14 (¢ 1.3. CHCL): IR (KB 3453. 1740, 1718
BARSENS SRS P TT R “‘]" Ao Aed e MU \" Aol ARy AAX \AWELL ) STy A A AV

1635, 1372, 1248, 1163, 988, 770 cm’! ]__-NMR_ (C 12): ¢ moiety): ,.JJ =16 Hz, Cinn); 7.54

(m, Cinn.), 7.44 (m, Cinn.), 6.57 (d,.J= 16 Hz, Cin 630(d /'— 11 Hz, H-10), 593 (d J=11Hz, H-9), 5.83
(dd, J =10, 7.5 Hz, H-13), 5.69 (dd, J = 10, SOHz H -7), 5.58 (dd, J = 4.0, 2.0 Hz, H-5), 5.41 (s, H-20a), 5.02
(s, H-20b), 2.96 (br d, J = 6.0 Hz, H-3), 2.65 (m, H-14a), 2.32 (br s, H-18), 2.07 (s, Ac), 2.04 (s, Ac), 1.98 (s,
Ac), 1.96 (ddd, ] = 14.0, 5.0, 2.2 Hz, H-6a), 1.90 (m, H-6b), 1.86 (m, H-1 + H-2a), 1.76 (m, H-2b), 1.62 (s, H-
16), 1.09 (s, H-17), 0.96 (dd, J = 14.5, 7.0, H-14b), 0.88 (s, H-19); (docetaxel moiety): 8.11 (AA’, Bz), 7.61 (C,
Bz), 7.50 (BB’, Bz), 7.40-7.30 (m, 3’-Ph), 6.21 (br t, /= 8.0 Hz, H-13), 6.18 (s, H-10), 5.65 (d, J =7.0 Hz, H-2),
537(d J 95H1. NH),526(brd J= 90HZ,H3 ), 4,95 (dd, J=9.5, 2.5 Hz, H-5), 4.63 (br s, H-2"), 438(br
5
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