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Paclitaxel (1). originally isolated from the Pacific vew tree
Taocus brevofolia.! has attracted much attention as a target for
chemical and medicinal research-* due fo its structural
complexity and biological activity.® It has been shown to
have strong antitumor activity against a variety of malig-
nancies including ovarian. breast. and lung cancers.” The

Paclitaxlel 1 : R=Ph, R’ = Ac
Docetaxel 2 : R ='Bu0O, R" = H

B U

Ph
(+1-)-4

structure-activity relationship (SAR) studies have demon-
strated that the side chain at the C-13 position of A-ring in
paciltaxel is essential for the anticancer activity.® A number
of analogues with modifications at the side chain have been
synthesized and evaluated for the biological activity.” A
representative example is docetaxel 2 with a N--Boc moiety

OH

3' - Deaza - Paclitaxel 3

Scheme 1. The Svnthesis of Deazapachitaxel. Reagents and conditions, (1) RuCly/Nal(Q4/CCL-CH:CN-H;O/t, 83%: (ii) DCC/DMAP/
toluene-THE/1t, 63%; (iii) | N HCYCHACN/O°C, 87%; (iv) Ho/Raney-NiVB(OH )sMeOH-H20/0 °C, 72%; (v) HE -Pv/0 °C/it, 88%.



1018 Buil. Korean Chem. Soc. 2003, Vol. 24, No. 7 Nofes
Table 1. In vivo activities (ICsp gg/mL)“ of pachitaxel analogs (3a, 3b, and 8) against human cancer cell lines
Compound MCF7 MDA-MB-435  BT-349 OVCAR-4 PC-3 LOX-IMVI  UACC62 HCT-116 A349
3a 3 >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 <1 <1 <0.1 <().1 <().1 <0.1 <().1 <0.1

“The concentration which produces 50% inhibition of cell proliferation after 48 h of incubatian.

replacing the N-benzovl group at the 3'-position of the 13-
side chain® The f-Boc analogue has been shown to have
some mcreased potency in cvtotoxicity or tubulin polvmeri-
zation assavs.” As an extension of our continuing efforts in
paclitaxel chemistrv,” we became interested in paclitaxel
analogues with new structural modifications at the 13-side
chain: particularly, the one (3) with no nitrogen at the 3'-
position. We herein report the results from the studies on its
svnthesis and biological evaluation.

The svnthesis of 3 started from rans-3 -diphenyl-2-
1soxazolme-3-methanol (4) which had been prepared in
three steps from benzaldehvde according to the literature
procedure.!' The racemic isoxazoline derivative was first
oxidized using RuCl; and NalOgin the 2 : 2 : 3 mixture of
CCl;-CH:CN-Phosphate Buffer (pH 7.2)'" to give frans-3.4-
diphenyl-3-carboxy-2-1soxazoline (3) in good vield (85%).
The 1soxazoline carboxylic acid was then coupled using
DCC/DMAP with 7-TES-baccatin 111 (6)'* to afford 7 as a
6 : 4 diastereomeric nuxture in 65% vield. The triethylsilyl
group at C-7 of 7 was removed readily under the acidic
conditions to vield 8 in 87% vield. The isoxazoline ring in
the side chain of 7 was cleaved by catalvtic hvdrogenolysis
(H->. B(OH)s. Ranev-Ni. 7: 1 MeOH-H-O)'* to produce a
mixture of two separable diastereomers in 72% vield (9a.
major product. 47%; 9b. mnor product, 25%). Finally, the
diastereomers were separately desilvlated with the treatment
of HE/Py¥ to obtain two diastereomers (3a and 3b) of the
target molecule in 88% vield (Scheme 1). The absolute
configurations of the stereocenters at the side chain of each
diastereomer were not established.

The biological activities of deazapaclitaxel isomers (3a
and 3b) and isoxazoline intermediate (8) were evaluated in
in vitro cytotoxicity assays against several human tumor cell
lines. The results are given in Table 1. All of them exhibited
no significant anticancer activities in all assays. The deaza
analogs displaved very weak activities against a few cell
lines and no activities against most cell lines. The isoxazo-
line molecule was virtually inactive against all the cell lines.
These observations clearly indicate that 1) the amide func-
tionality of the side chain i1s an essential structural element
required for the anticancer activity: and 2) the major
stuctural modification of the C-13 side chain such as the
incorporation of a ring results in the complete loss of the
anticancer activity.

Experimental Section

Preparation of compound 5. trans-3.4-Diphenyl-2-iso-

xazoline-3-methanol (4) (50 mg, 0.197 mmol) was dissolved
m CCl,/CH;CN/phosphate buffer (pH 7.5) (0.35 mL/0.35
mL/.5 mL. 2/2/3). To this solution at 0°C was added RuCla
(2 mg. 0.00985 mmol), NalO;#2 mg, 0.591 mmol). After
stirring at room temperature for 12h, the reaction mixture
was diluted with EtOAc (50 mL) and extracted with
saturated NaHCQa (2 x 30 mL). To the aqueous solution was
added 3 N HCI (120 mL) and the resulting mixture was
extracted with EtOAc (3 x 50 mL). The organic layver was
dned and concentrated /77 vacuo to vield 3 (43 mg, 85%):
m.p. 187-189 °C: 'H NMR (300 MHz, CDCls, ppm) 7.61 (m.
2H). 7.26-7.38 (m. 8 H), 5.08 (d, J = 3.2 Hz, 1H), 5.00 d, J
= 3.0 Hz, 1H). '>*C NMR (300 MHz. CDCla. ppm) 172.2.
158.4. 138.5, 130.5, 129.7, 129.0. 1289. 1284, 1278,
126.3, 86.7, 538.5. HRMS mvz caled for CisH;sNO; + H
268.0974, obsd 268.0975.

Preparation of compound 7. To a toluene/THF (4 mL,
1/3. v/v) mixture of 7-TES-baccatin III 6 (100 mg. 0.14
mmol) and 3 (75 mg, 0.28 mmol) were added DCC (56 mg.
0.28 mmol) and DMAP (17 mg. 0.14 mmol). The reaction
mixture was stured at room temperature for 10 h and then
subjected to silica gel chromatography (50% ethyl acetate n
hexane) to afford 7 (96 mg. 63%): m.p. 86-88 °C; '"H NMR
(300 MHz. CDCla, ppm) 8.09 (d. /= 8.28 Hz, 2H), 7.61-7.64
(m, 3H). 7.46-7.53(m, 2H), 7.29-7.38 (m. 8H). 6.44 (s. 1H).
6.27 (m. 1H), 5.69 (d, ] = 6.98 Hz. 1H), 5.28 (d. J = 3Hz,
0.35H. mor). 5.15 d, J =2 Hz, 0.65H, major), 5.04 (d. J =
4.3 Hz. 0.353H. minor). 5.02 (d. J = 4.2 Hz. 0.65H. major).
495 (m. 1H). 4.74 (s. OH). 430 (m. LH). 431 (d. J =827
Hz. 1H). 4.15 (d. ] = 826 Hz. 1H). 3.86 (d. J = 6.99. 1H)
2.39 (m. 1H). 2.32 (s. 3H). 2.30 (m. 2H). 2.16 (s. 3H). 2.02
(s. 3H). 1.90 (m. 1H). 1.70 (s. 3H). 1.23 (s. 3H). 1.20 (s. 3H).
0.93 (m. 9H). 0.35 (m. 6H): “C NMR (300 MHz. CDCla.
ppm) 202.5.171.3.170.7. 1699, 167.8. 159.0. 1409, 138 1,
134 5, 13445, 1344, 1308, 1304, 1303. 1295, 1294,
1293.129.2, 12831, 128 26, 12823, 87.2. 87.0.85.0. 849,
816.814,.79.7.795.789.779.775.758.753.7.75.6. 72 9.
72.3.593.592.582.476.439.379358.273.232. 226.
218,216, 21.5. 153, 15.1. 10.77. 10.72. 74, 6.0. HRMS
m/z caled for CsaHgsO13sNSi + H 950 4147, obsd 930 4132

Preparation of compound 8. Compound 7 (30 mg. 0.056
mmol) was dissolved in CHaCN (1 mL) and treated at 0 °C
with 1 N HCI (0.5 mL). After stirring at 0 °C for 8h. the
reaction mixture was diluted with EfQAc¢ (100 mL) and
washed with saturated solution NaHCOs (2 x 30 mL) and
then brine (30 mL). The organic layer was dried and concen-
trated in vacuo. Silica gel chromatography (1:1 ethyl
acetatehexane) gave 8 (10 mg. 88%): m.p. 146-148 °C. 'H
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NMR (300 MHz, CDCls, ppm) 8.07 (d. J = 7.32 Hz. 2H).
7.60-7.63 (m. 3H), 7.46-7.51 (n. 2H). 7.27-7.38 (n. 8H).
6.30 (m, 2H), 5.66 (d./=7.11 Hz. IH). 5.23(d./=423 Hz.
0.35H, minor). 3.16 (d. /= 4.32 Hz, 0.65H. major). 5.04 (d.
J = 4.32 Hz, 0.35H. minor), 5.02 (d. / = 4.29 Hz, 0.65H.
major), 4.97 (m, 1H), 447 (m, 1H), 431 (d../J = 834 Hz.
1H), 4.15 (d.J =831 Hz. 1H), 384 (d. /= 7.11 Hz, IH).
2.57 (m, 1H). 2.33 (s. 3H), 2.27 (m, 2H). 2.24 (s. 1.5H). 2.22
(s. 1.3H). 1.89 (s. 3H), 1.76 (m. 1H). 1.67 (s, 3H), 1.25 (s.
6H): *C NMR (300 MHz, CDCl;, ppm) 204.4, 204.3 171.9.
171.2. 170.9, 1708, 167.7. 159.03, 143.2. 138.0. 1379,
134.4. 133.7. 131.2, 1308, 1304, 1303, 130.0. 129.9.
129.5. 1294, 1293, 1292, 129.1. 128.25, 1282, 872,
86.98.85.2. 85.13. 81.5,81.4. 80.2. 79.9, 78.7. 7791. 77.50,
762,759,757,72.8,723,59.3,592,59.1, 584, 46,4, 43.9,
36.4,362,323,304,275,233,23.1,226,21.5, 158, 157,
10.3: HRMS m/z calcd for C4sH:013N + H 836.3282. obsd
836.3285.

Preparation of compounds 9a and 9b. To a MeOH-H-O
(2 mL, 7/1, v/v) solution of 7 (50 mg, 0.0526 mmol) were
added Ranev-Ni (10 mol%) and B(OH); (13 mg, 0.21
mmol). Under the pressure of H- gas (1 atin, balloon), the
reaction mixture was stired at 0 °C for 8h. The reaction
mixture was then diluted with EtOAc (50 mL). filtered to
remove Ranev-Ni, and washed with 1 & HCI (50 mL) and
brine (30 mL). The organic laver was dried and concentrated
in vacro. The residue was chromatographed (1 :1 ethyl
acetatehexane) to give the desired products 9a (23 mg, 47%)
and 9b (13 mg. 253%).

9a: m.p. 134-136 °C: 'H NMR (300 MHz. CDCls. ppm)
8.07 (d. J = 7.40 Hz, 2H). 7.90 (d. .J = 7.48 Hz. 2H). 7.59-
7.64 (m, LH). 7.46-7.51 (m, 3), 7.32-7.3 (m, 7H). 6.48 (s.
1H), 6.06 (m, 1H). 5.64 (d. /=699 Hz, IH). 5.21 (d. J =
5.18 Hz. 1H), 4.94 (d. /= 8.67 Hz. 1H), 4.67 (dd,.J = 9.81.
5.18 Hz, 1H). 4.50 (m. 1H). 4.27 (d, /= 8.20 Hz, |H). 4.13
(d..J=829Hz, IH). 393 (d. /= 10.08. OH). 382 (d. J =
6.89, LH). 2.53 (m. LH). 2.32 (s, 3H), 2.27-2.35 (m, 2H).
2.19(s. 3H). 2.17 (s. 3H). 1.87 (m. LH). 1.68 (s. 3H). 1.20 (s.
3H). 1.14 (s. 3H). 0.94 (m. 9H). 0.59 (m. 6H): *C NMR
(300 MHz, CDCls. ppm) 202.6. 200.8. 173.6. 170.9. 1698,
167.7. 1413, 136.2. 1356, 13444 13436, 134.1. 130.7.
130.0. 1299, 1298, 1293, 1292, 1288, 849 814. 79.7.
771.756.754.729.71.7.59.1.575.475.438.379.35 9.
272.229.216.215,15210.7. 7.4, 595 HRMS nv/z calcd
for C:3Hes01481 + H933 4144 obsd 953.4137

9b: m.p. 124-127 °C: '"H NMR (300 MHz. CDCls. ppm)
807 (d. /=732 Hz. 2H). 794 (d. J = 7.44 Hz. 2H). 7.38-
7.63 (m. 1H). 7.45-7.530 (m. 3H). 7.35-7.40 (m. 7H). 6.31 (s.
1H). 6.03 (m. 1H). 5.64 (d. /=693 Hz. 1H). 5.17 (d. J =
6.45 Hz. 1H). 496 (d. /= 8.31 Hz. 1H). 4.79 (m. 1H). 4.69
(s. OH). 438 (m. 1H). 429(d. /=837 Hz 1H). 415 (d./ =
828 Hz. 1H). 383 (d..J =747, 1H). 3.74 (d./ = 6.90. OH).
2535 (m. 1H). 2.43 (s. 3H). 2.31 (m. 2H). 2.14 (s. 3H). 1.88
(m. 1H). 1.67 (5. 3H). 1.43 (5. 3H). 1.18 (s. 3H). 1.11 (s. 3H).
0.91 (m. 9H). 0.57 (m. 6H). °C NMR (300 MHz. CDCls.
ppm) 202.4.200.0. 1725, 170.7, 1698. 167.7.140.5. 136 3,
1349, 1344, 1343 1307, 130.1. 1299 1297. 1293,
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1292, 129.0, 848, 81.7. 794, 779, 75.7, 73.4. 73.0. 71 8.
59.2,574.47.6.43.7,379.363,272,234.21.5,213. 14.6
10.6,74.59.

Preparation of compounds 3a and 3b. To a pyridine
solution (1 mL) of 9a or 9b (20 mg, 0.021 mmol) was added
HF-Pyndine (50 uL) at 0 °C. After sturing at room
temperature for 4 h. the reaction mixture was diluted with
EtOAc¢ (100 mL) and washed first with a saturated solution
of CuSOy (2 X 50 mL) and then brine (50 mL). The orgamic
layer was dried and concentrated 77 vacuo. The residue was
chromatographed (1 : | ethyl acetatehexane) to give desired
product (15.5 mg, 0.018 mmol, 88%).

3a: mp. 153-156 °C; '"H NMR (300 MHz, CDCls, ppm)
8.07 (d, J = 7.20 Hz. 2H). 7.90 (d. /= 7.53 Hz, 2H), 7.60-
7.63 (m, LH). 7.49-7.52 (m, 3H), 7.32-7.4 (n, 7H), 6.32 (s.
LH). 6.08 (m. LH), 5.63 (d. /= 6.96 Hz, lH). 5.29 (s. OH).
521 (d. J=5.19 Hz, 1H), 4.96 (d. J = 8.88 Hz, |H). 4.69
(dd. J=837. 478 Hz, 1H). 4.47 (m. 1H), 4.27 (d, /= 840
Hz. 1H), 4.13 (d. J = 8.21 Hz. 1H). 3.90 (d, J = 9.23. OH),
381(d. J =574 Hz, lH). 2.53 (m, lH). 2.32 (s. 3H). 2.27-
2.35 (m. LH). 2.24 (s, 3H). 2.05 (s, 3H). 191 (m. LH). 1.66
(s. 3H). 121 (s. 3H). 1.12 (s. 3H); ’C NMR (300 MHz,
CDCl;. ppm) 204.5, 2008. 173.6. 1719. 171.0, 1677,
141.6, 1362, 135.5. 134.52. 134.48, 133.3. 1308, 130.0.
1299, 129.8. 1294, 129.3. 1289, 83.1, 81.4, 80.0, 77.9.
77.0,763.75.7,755.72.8,71.7.392,57.6.46.3.43.7.36.2,
36.1, 304, 274, 229, 22.5. 21.5. 158 10.2. HRMS m/z
caled for C7Hs1 O+ H 839.3279, obsd 839.3290.

3b: mp. 157-160 °C; 'H NMR (300 MHz, CDCl;, ppm)
8.07 (d,J = 7.23 Hz. 2H). 7.93 (d. /= 7.35 Hz, 2H), 7.60-
7.65 (m. LH). 7.47-7.54 (m, 3H). 7.29-7.42 (m, 7H). 6.17 (s.
LH). 6.03 (m, 1H), 5.64 (d, J = 6.93 Hz, lH). 5.15(d. J=
6.42 Hz. 1H), 4.97 (d. /= 8.07 Hz. 1H), 4.78 (m. 1H), 4.37
(m, 1H). 431(d. /=8.07 Hz, lH). 4.16 (d, /=834 Hz. IH),
3.75 (. J=7.02 Hz. 1H). 3.74 (d. J = 8.49 Hz, OH), 2.55
(m, 1H), 2.42 (s. 3H), 2.31-2.42 (m, 2H). 2.22 (s, 3H). 2.17
(s, 3H), 1.88 (m, LH). 1.66 (s, 3H), 1.19 (s, 3H), 1.11 (s. 3H).
5C NMR (300 MHz. CDCla. ppm) 202.4. 200.0. 172.5.
1719, 1708, 167.7. 1428, 1362, 1349, 1345, 13448,
134.0. 130.7, 130.2. 1298, 129.7. 12941291, 85.1. 81.7.
798.779.77.1.763.755.75.1.729.719, 393, 57.6. 46 4.
43.7.36.6. 363, 274, 234, 222, 21.5, 152, 10.2: HRMS
m/z caled for C47Hs1 O+ H 839.3279. obsd 839.3289.
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