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Paclitaxel 1), originally isolated from the Pacific yew tree structure-activity relationship (SAR) studies have demon-
Taxus brevofolid has attracted much attention as a target foistrated that the side chain at the C-13 position of A-ring in
chemical and medicinal reseatéhdue to its structural paciltaxel is essential for the anticancer actR/ify.number
complexity and biological activity.lt has been shown to of analogues with modifications at the side chain have been
have strong antitumor activity against a variety of malig-synthesized and evaluated for the biological activiy.
nancies including ovarian, breast, and lung caric@ise  representative example is docetaXelith aN-t-Boc moiety

Paclitaxiel 1: R=Ph, R' = Ac 3' - Deaza - Paclitaxel 3
Docetaxel 2 : R ='BuO, R'=H

—0Q0
Ph
(+1-)-4

Scheme 1The Synthesis of Deazapaclitax@eagents and condition§) RuCk/NalOs/CCl,-CH3sCN-H.O/rt, 85%; (ii) DCC/DMAR
toluene-THF/rt, 65%; (i) 1 N HCI/CECN/0°C, 87%; (iv) H/Raney-Ni/B(OHYMeOH-H,0/0°C, 72%; (v) HF-Py/GC/rt, 88%.
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Table 1 In vivo activities (IGo, ug/mL)? of paclitaxel analogs3g, 3b, and8) against human cancer cell lines
Compound MCF7 MDA-MB-435 BT-549 OVCAR-4 PC-3 LOX-IMVI  UACC62 HCT-116 A549

3a 5 >10 >10 10 6 >10 >10 >10 >10

3b 9 >10 >10 >10 7 >10 >10 >10 >10

8 >10 >10 >10 >10 >10 >10 >10 >10 >10
Paclitaxel <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1

&The concentration which produces 50% inhibition of cell proliferation after 48 h of incubation.

replacing theN-benzoyl group at the 3'-position of the 13- xazoline-5-methanolj (50 mg, 0.197 mmol) was dissolved
side chairf. The t-Boc analogue has been shown to havein CCL/CHsCN/phosphate buffer (pH 7.5) (0.35 mL/0.35
some increased potency in cytotoxicity or tubulin polymeri-mL/0.5 mL, 2/2/3). To this solution af® was added Rug¢l
zation assay$As an extension of our continuing efforts in (2 mg, 0.00985 mmol), NalP$2 mg, 0.591 mmol). After
paclitaxel chemistr{’ we became interested in paclitaxel stirring at room temperature for 12h, the reaction mixture
analogues with new structural modifications at the 13-sidevas diluted with EtOAc (50 mL) and extracted with
chain: particularly, the one8) with no nitrogen at the 3'- saturated NaHCg(2 x 50 mL). To the aqueous solution was
position. We herein report the results from the studies on itadded 3N HCI (120 mL) and the resulting mixture was
synthesis and biological evaluation. extracted with EtOAc (% 50 mL). The organic layer was

The synthesis of3 started fromtrans3,4-diphenyl-2-  dried and concentrated vacuoto yield 5 (45 mg, 85%):
isoxazoline-5-methanol4) which had been prepared in m.p. 187-189C;H NMR (300 MHz, CDCJ, ppm) 7.61 (m,
three steps from benzaldehyde according to the literaturgH), 7.26-7.38 (m, 8 H), 5.08 (d,= 3.2 Hz, 1H), 5.00 (d]
proceduré! The racemic isoxazoline derivative was first = 3.0 Hz, 1H);**C NMR (300 MHz, CDG, ppm) 172.2,
oxidized using RuGland NalQin the 2:2:3 mixture of 158.4, 138.5, 130.5, 129.7, 129.0, 128.9, 128.4, 127.8,
CCL-CHsCN-Phosphate Buffer (pH 72Yo givetrans-3,4- 126.3, 86.7, 58.5; HRMS m/z calcd fore¢B:13NOs + H
diphenyl-5-carboxy-2-isoxazolin&)(in good vyield (85%). 268.0974, obsd 268.0975.

The isoxazoline carboxylic acid was then coupled using Preparation of compound 7 To a toluene/THF (4 mL,
DCC/DMAP with 7-TES-baccatin 16)**to afford7 as a  1/3, v/v) mixture of 7-TES-baccatin Il 6 (100 mg, 0.14
6 : 4 diastereomeric mixture in 65% yield. The triethylsilyl mmol) and 5 (75 mg, 0.28 mmol) were added DCC (56 mg,
group at C-7 of7 was removed readily under the acidic 0.28 mmol) and DMAP (17 mg, 0.14 mmol). The reaction
conditions to yield in 87% vyield. The isoxazoline ring in mixture was stirred at room temperature for 10 h and then
the side chain of was cleaved by catalytic hydrogenolysis subjected to silica gel chromatography (50% ethyl acetate in
(Hz, B(OH)Y, Raney-Ni, 7:1 MeOH-tD)' to produce a hexane) to afford (96 mg, 65%): m.p. 86-8&; *H NMR
mixture of two separable diastereomers/&% yield Qa, (300 MHz, CDC}, ppm) 8.09 (dJ = 8.28 Hz, 2H), 7.61-7.64
major product, 47%9b, minor product, 25%). Finally, the (m, 3H), 7.46-7.53(m, 2H), 7.29-7.38 (m, 8H), 6.44 (s, 1H),
diastereomers were separately desilylated with the treatmeft27 (m, 1H), 5.69 (d, J = 6.98 Hz, 1H), 5.28Jd; 3Hz,

of HF/Py to obtain two diastereomei@a(and 3b) of the  0.35H, minor), 5.15 d] = 2 Hz, 0.65H, major), 5.04 (d,=
target molecule in 88% yield (Scheme 1). The absolutet.3 Hz, 0.35H, minor), 5.02 (d,= 4.2 Hz, 0.65H, major),
configurations of the stereocenters at the side chain of eacgh95 (m, 1H), 4.74 (s, OH), 4.50 (m. 1H), 4.31J¢&; 8.27
diastereomer were not established. Hz, 1H), 4.15 (d, J = 8.26 Hz, 1H), 3.86 {d+ 6.99, 1H)

The biological activities of deazapaclitaxel isome3a ( 2.59 (m, 1H), 2.32 (s, 3H), 2.30 (m, 2H), 2.16 (s, 3H), 2.02
and3b) and isoxazoline intermediat8)(were evaluated in (s, 3H), 1.90 (m, 1H), 1.70 (s, 3H), 1.23 (s, 3H), 1.20 (s, 3H),
in vitro cytotoxicity assays against several human tumor celD.93 (m, 9H), 0.55 (m, 6H}?C NMR (300 MHz, CDQ,
lines. The results are given in Table 1. All of them exhibitedppm) 202.5, 171.3, 170.7, 169.9, 167.8, 159.0, 140.9, 138.1,
no significant anticancer activities in all assays. The deaz&34.5, 134.45, 134.4, 130.8, 130.4, 130.3, 129.5, 129.4,
analogs displayed very weak activities against a few cell29.3, 129.2, 128.31, 128.26, 128.23, 87.2, 87.0, 85.0, 84.9,
lines and no activities against most cell lines. The isoxazo081.6, 81.4, 79.7, 79.5, 78.9, 77.9, 77.5, 75.8, 75.7, 75.6, 72.9,
line molecule was virtually inactive against all the cell lines.72.3, 59.3, 59.2, 58.2, 47.6, 43.9, 37.9 35.8, 27.3, 23.2, 22.6,
These observations clearly indicate that 1) the amide fun21.8, 21.6, 21.5, 15.3, 15.1, 10.77, 10.72, 7.4, 6.0; HRMS
tionality of the side chain is an essential structural elementn/z calcd for GsHe4O1aNSi + H 950.4147, obsd 950.4152.
required for the anticancer activity; and 2) the major Preparation of compound 8 Compound’ (50 mg, 0.056
structural modification of the C-13 side chain such as thanmol) was dissolved in GIEN (1 mL) and treated atC
incorporation of a ring results in the complete loss of thawith 1 N HCI (0.5 mL). After stirring at 0C for 8h, the

anticancer activity. reaction mixture was diluted with EtOAc (100 mL) and
washed with saturated solution NaH{&@ x 50 mL) and
Experimental Section then brine (50 mL). The organic layer was dried and concen-

trated in vacuo. Silica gel chromatography (1:1 ethyl
Preparation of compound 5 trans-3,4-Diphenyl-2-iso-  acetatehexane) gave 8 (10 mg, 88%): m.p. 146°C48H
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NMR (300 MHz, CDC4, ppm) 8.07 (dJ = 7.32 Hz, 2H), 129.2, 129.0, 84.8, 81.7, 79.4, 77.9, 75.7, 75.4, 73.0, 71.8,
7.60-7.63 (m, 3H), 7.46-7.51 (m, 2H), 7.27-7.38 (m, 8H),59.2, 57,4, 47.6, 43.7, 37.9, 36.3, 27.2, 23.4, 21.5, 21.3, 14.6
6.30 (m, 2H), 5.66 (dl= 7.11 Hz, 1H), 5.23 (d,= 4.23 Hz, 10.6, 7.4, 5.9.
0.35H, minor), 5.16 (d] = 4.32 Hz, 0.65H, major), 5.04 (d, Preparation of compounds 3a and 3bTo a pyridine
J = 4.32 Hz, 0.35H, minor), 5.02 (d,= 4.29 Hz, 0.65H, solution (1 mL) o®aor9b (20 mg, 0.021 mmol) was added
major), 4.97 (m, 1H), 4.47 (m, 1H), 4.31 M= 8.34 Hz, HF-Pyridine (50 uL) at 0 °C. After stirring at room
1H), 4.15 (dJ = 8.31 Hz, 1H), 3.84 (d] = 7.11 Hz, 1H), temperature for 4 h, the reaction mixture was diluted with
2.57 (m, 1H), 2.33 (s, 3H), 2.27 (m, 2H), 2.24 (s, 1.5H), 2.2ZEtOAc (100 mL) and washed first with a saturated solution
(s, 1.5H), 1.89 (s, 3H), 1.76 (m, 1H), 1.67 (s, 3H), 1.25 (spf CuSQ (2 x 50 mL) and then brine (50 mL). The organic
6H); 1*C NMR (300 MHz, CDGJ, ppm) 204.4, 204.3 171.9, layer was dried and concentraiadvacuo The residue was
171.2, 170.9, 170.8, 167.7, 159.03, 143.2, 138.0, 137.%hromatographed (1 : 1 ethyl acetatehexane) to give desired
134.4, 133.7, 131.2, 130.8, 130.4, 130.3, 130.0, 129.9roduct (15.5 mg, 0.018 mmol, 88%).
129.5, 129.4, 129.3, 129.2, 129.1, 128.25, 128.2, 87.2, 3a m.p. 153-156°C; 'H NMR (300 MHz, CDCJ, ppm)
86.98, 85.2, 85.13, 81.5, 81.4, 80.2, 79.9, 78.7, 77.91, 77.58,07 (d,J = 7.20 Hz, 2H), 7.90 (d] = 7.53 Hz, 2H), 7.60-
76.2,75.9,75.7,72.8,72.3,59.3,59.2,59.1, 58.4, 46.4, 43.9,63 (m, 1H), 7.49-7.52 (m, 3H), 7.32-7.4 (m, 7H), 6.32 (s,
36.4,36.2,32.3, 30.4, 27.5, 23.3, 23.1, 22.6, 21.5, 15.8, 15.1IH), 6.08 (m, 1H), 5.63 (d, = 6.96 Hz, 1H), 5.29 (s, OH),
10.3; HRMS m/z calcd for £Hs500:3N + H 836.3282, obsd 5.21 (d,J = 5.19 Hz, 1H), 4.96 (d] = 8.88 Hz, 1H), 4.69
836.3285. (dd,J = 8.37, 4.78 Hz, 1H), 4.47 (m, 1H), 4.27 Jc&& 8.40
Preparation of compounds 9a and 9bTo a MeOH-HO Hz, 1H), 4.13 (d,J = 8.21 Hz, 1H), 3.90 (d]l = 9.23, OH),
(2 mL, 7/1, viv) solution of7 (50 mg, 0.0526 mmol) were 3.81(d,J = 5.74 Hz, 1H), 2.53 (m, 1H), 2.32 (s, 3H), 2.27-
added Raney-Ni (10 mol%) and B(QHJ13 mg, 0.21  2.35 (m, 1H), 2.24 (s, 3H), 2.05 (s, 3H), 1.91 (m, 1H), 1.66
mmol). Under the pressure of Has(1 atm, balloon), the (s, 3H), 1.21 (s, 3H), 1.12 (s, 3HJC NMR (300 MHz,
reaction mixture was stirred at®C for 8h. The reaction CDCl, ppm) 204.5, 200.8, 173.6, 171.9, 171.0, 167.7,
mixture was then diluted with EtOAc (50 mL), filtered to 141.6, 136.2, 135.5, 134.52, 134.48, 133.3, 130.8, 130.0,
remove Raney-Ni, and washed witiNIHCI (50 mL) and  129.9, 129.8, 129.4, 129.3, 128.9, 85.1, 81.4, 80.0, 77.9,
brine (50 mL). The organic layer was dried and concentrated?.0, 76.3, 75.7, 75.5, 72.8, 71.7, 59.2, 57.6, 46.3, 43.7, 36.2,
in vacuo The residue was chromatographed (1:1 ethyB6.1, 30.4, 27.4, 22.9, 22.5, 21.5, 15.8 10.2; HRMS m/z
acetatehexane) to give the desired prod@e{(23 mg, 47%) calcd for G7Hs:014+ H 839.3279, obsd 839.3290.
and9b (13 mg, 25%). 3b: m.p. 157-160C; *H NMR (300 MHz, CDC4, ppm)
9a: m.p. 134-136C; *H NMR (300 MHz, CDCJ, ppm)  8.07 (d,J = 7.23 Hz, 2H), 7.93 (d] = 7.35 Hz, 2H), 7.60-
8.07 (d,J = 7.40 Hz, 2H), 7.90 (d] = 7.48 Hz, 2H), 7.59-  7.65 (m, 1H), 7.47-7.54 (m, 3H), 7.29-7.42 (m, 7H), 6.17 (s,
7.64 (m, 1H), 7.46-7.51 (m, 3), 7.32-7.3 (m, 7H), 6.48 (s,1H), 6.03 (m, 1H), 5.64 (d] = 6.93 Hz, 1H), 5.15 (d] =
1H), 6.06 (m, 1H), 5.64 (dl = 6.99 Hz, 1H), 5.21 (] =  6.42 Hz, 1H), 4.97 (d] = 8.07 Hz, 1H), 4.78 (m, 1H), 4.37
5.18 Hz, 1H), 4.94 (d] = 8.67 Hz, 1H), 4.67 (dd,= 9.81,  (m, 1H), 4.31(d) = 8.07 Hz, 1H), 4.16 (d} = 8.34 Hz, 1H),
5.18 Hz, 1H), 4.50 (m. 1H), 4.27 (@= 8.20 Hz, 1H), 4.13 3.75 (d,J = 7.02 Hz, 1H), 3.74 (d]l = 8.49 Hz, OH), 2.55
(d, J = 8.29 Hz, 1H), 3.93 (d] = 10.08, OH), 3.82 (] =  (m, 1H), 2.42 (s, 3H), 2.31-2.42 (m, 2H), 2.22 (s, 3H), 2.17
6.89, 1H), 2.53 (m, 1H), 2.32 (s, 3H), 2.27-2.35 (m, 2H),(s, 3H), 1.88 (m, 1H), 1.66 (s, 3H), 1.19 (s, 3H), 1.11 (s, 3H);
2.19 (s, 3H), 2.17 (s, 3H), 1.87 (m, 1H), 1.68 (s, 3H), 1.20 (s°C NMR (300 MHz, CDG, ppm) 202.4, 200.0, 172.5,
3H), 1.14 (s, 3H), 0.94 (m, 9H), 0.59 (m, 6HiC NMR 171.9, 170.8, 167.7, 142.8, 136.2, 134.9, 134.5, 134.48,
(300 MHz, CDC4, ppm) 202.6, 200.8, 173.6, 170.9, 169.8, 134.0, 130.7, 130.2, 129.8, 129.7, 129.4, 129.1, 85.1, 81.7,
167.7, 141.3, 136.2, 135.6, 134.44, 134.36, 134.1, 130.79.8,77.9,77.1,76.3, 75.5, 75.1, 72.9, 71.9, 59.3, 57,6, 46.4,
130.0, 129.9, 129.8, 129.3, 129.2, 128.8, 84.9, 81.4, 79.43.7, 36.6, 36.3, 27.4, 23.4, 22.2, 21.5, 15.2, 10.2; HRMS
77.1,75.6,75.4,72.9,71.7,59.1, 57.5, 47.5, 43.8, 37.9, 35.8/z calcd for GHs1014+ H 839.3279, obsd 839.3289.
27.2,22.9,21.6,21.5,15.210.7, 7.4, 5.95; HRMS m/z calcd
for CsgHe4014Si + H 953.4144, obsd 953.4137 Acknowledgement This work was supported by the
9b: m.p. 124-127C; *H NMR (300 MHz, CDC4, ppm) Korea Research Foundation (1999-015-DP0220).
8.07 (d.J = 7.32 Hz, 2H), 7.94 (d] = 7.44 Hz, 2H), 7.58-
7.63 (m, 1H), 7.45-7.50 (m, 3H), 7.35-7.40 (m, 7H), 6.31 (s,
1H), 6.03 (m, 1H), 5.64 (dl = 6.93 Hz, 1H), 5.17 (d] =
6.45 Hz, 1H)’ 4.96 (dJ =8.31 Hz, lH)’ 4.79 (m’ 1H)’ 4.69 1. Wani, M. C.; Taylor, H. L.; Wall, M. E.; Coggon, P.; Mcpalil, A. T.
(s, OH), 4.38 (m, 1H), 4.29 (@~ 8.37 Hz, 1H), 4.15 (d = J. Am. Chem. Sot971, 93, 2325.
8.28 Hz, 1H), 3.83 (d] = 7.47, 1H), 3.74 (d] = 6.90, OH), 2. (a) Nicolaou, K. C.; Yang, J.-J.; Liu, H.; Ueno, P. G.; Nantermet, P.
2.55 (m, 1H), 2.43 (s, 3H), 2.31 (m, 2H), 2.14 (s, 3H), 1.88 (P3-: IGUy, R. K-}:<C|Zib0me, C. E s:tn?gdiggaC;g;adé);(;os(’b?' A
aulvannan, ., So0rensen, . u s .
g%ll?fg{ 19E|7) (?J' g;o(ni.%i()%g:)l\ﬂ]éléé% ﬁAHH)ZlééS 3H). Holton, R. A.; Somoza, C.; Kim, H.-B,; Liang, F.; Biediger, R. J.;
) ! 1 ! ! ! ! Boatman, P. D.; Shindo, M.; Smith, C. C.; Kim, S.; Nadizadeh, H.;
ppm) 202.4, 200.0, 172.5, 170.7, 169.8, 167.7, 140.5, 136.3, Suzuki, Y.; Tao, C.; Vu, P.; Tang, S.; Zhang, P.; Murthi, K. K.;
134.9, 134.4, 134.3, 130.7, 130.1, 129.9, 129.7, 129.3, Gentile, L. N.; Liu, J. HJ. Am. Chem. So2994 116, 1597. (c)
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