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Abstract: Paclitaxel and some of its natural analogues are readily converted to their respective nitrate
esters when reacted with nitric acid in acetic anhydride at 25° C in 30 minutes. Under milder conditions.
partially esterified products can be prepared. The regioselectivity of these partial niirations is studied.

© 1998 Elsevier Science Ltd. All rights reserved.

In an attempt to nitrate the phenyl ring of the N-benzoyl phenyl-isoserine side chain in paclitaxel 1,' the
compound was subjected to reaction with a | : 5 mixture of concentrated nitric acid in acetic anhydride and an
equal volume of dichloromethane. Reaction proceeded readily at room temperature in 30 minutes to give a single
product which exhibited a much higher R¢ on tlc than paclitaxel and even higher than 2°, 7-diacetyl paclitaxel 2,*
thus eliminating the possibility of acid-catalyzed acetylation The 'HNMR spectrum showed a considerable

downfieid shift of the 2’ and 7 proton signals. Foliowing characterization by elemental analysis and IR
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spectroscopy, which exhibited characteristic bands for nitrate esters at 1650, 1270, and 835 cm, the structure
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was determmed to be that of pacl:taxel—?. , 7-dinitrate ester 3 It was surprisin that the product showed no

oceur in the presence of strong ac1ds.3

The reaction was also repeated with three of the natural analogues of paclitaxel, namely 10-deacetyl
baccatin III 4," 10-deacetyl paclitaxel 5,° and 10-deacetyl paclitaxel-7-xyloside 6.° In each case the reaction
proceeded to yield the corresponding tri-7," tri-8,'* and penta-9" nitrate esters respectively. All of these
compounds crystaliized readily from ethyi ether after workup without any need for chromatography to give near
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quantitative yields { > 95% ). In no case was nitration at the sterically hindered 1-hydroxyl observed. Proton and
carbon NMR values of the completely nitrated comnounds are given in Table 1,
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With these results in hand, we decided to run the reaction at 0° C for only 10 - 15 minutes to determine if
the reaction was regloselectlve. Using this _protocol paclitaxel yielded the 7-mononitrate 10" of paclitaxel in
-90% vyield after crystallization from the crude workup. The position of the nitrate ester was easily determined by
'HNMR and COSY spectroscopy as the nitrate ester causes a downfield shift of 1.3 - 1.7 ppm on the adjacent
proton. This result was interesting since the 2’-hydroxyl is much more reactive than the 7-hydroxyl in acetylation
reactions * With nitration however the order of reactivity was 7 > 2’.

Cirilar ctidies were snnlied sinds 4 d thaw al ; i
Similar studies were applied to compounds 4, §, and 6 and they also displayed some regioselectivity,
however because these compounds contain more than 2 reactive hydroxyl groups, column chromatography was
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needed to separate the products. When 10-deacetyl baccatin 11l was subjected to this protocol three partially
nitrated compounds were obtained namely the 10-mononitrate 11, the 10, 13-dmxtrate 12.'6 and the 7, 10-
dinitrate 13,'" although 11 and 12 were the major compounds. From this it can be concluded that the order of
reactivity is 10 > 13 > 7. This also differs from the acetylation reactivities in which the 7-hydroxyl is the most
reactive followed by the 10-hydroxyl and 13-hydroxyl respectively.” The reaction of 10-deacetyl paclitaxel
likewise gave the 10-mononitrate 14'* and the 7, 10-dinitrate 15,'® again showing the 10-hydroxyl to be the most
reactive and the 2’- hydroxyl the least. With acetylatlon the 2’-hydroxyl seems to be the most reactive and the 10-
eactive and the 7- hvdrm{vl in between® F‘mallv 10-deacetyl nanhmye] 7-xvlnc1d9 was used
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available hydroxyls many products were observed on tlc and only the major ones were
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isolated. These included the 2°’-mononitrate 16,% the 3’’-mononitrate 17,” the 4’’-mononitrate 18,% and the 2",
3, 4, 10-tetranitrate 19.% This result indicates that the sugar hydroxyls are about equally reactive and more
reactive than the 10-hydroxyl, with the 2’-hydroxyl being again the least reactive,
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Table 1. 'H and "*CNMR Chemical Shifts for Completely Nitrated Compounds in CDCl,
HorC# Compd. 3 Compd. 7 Compd. 8 Compd. 9
1 *EXFE 78§ #A¥EE 78 ) *kkkk 78 5 kkkkk 78 7
2 572d6.9Hz 74.3 5.64d6.6Hz, 73.5 5.71d 6.9 Hz, 74.0 5.71d6.9Hz, 74.5
3 4.02d6.9Hz 472 392d69Hz, 477 395d6.9Hz, 47.2 3.81d6.6 Hz, 45.7
4 *hkkk R() 7 *rkRk 80 2 *rkeE R() 6 ***** 80.6
3 4.99d 9.0 Hz, 83.6 497d8.7Hz, 835 498d 9.0 Hz, 83.4 488(1901—12 83.5
Gox 2.69m,325 2.72 m, 32.5 2.7t m, 32.5 281 m, 358
6B 2.04 m, *xk* 2.04 m, **rex 2.07 m, *ere 2.04 m, *FeEr
7 575dd 7.2, 10.5Hz,79.8 578dd 7.2, 10.5Hz, 79.9 5.75dd 7.2, 10.5Hz, 79.8 4.17m, 80.1
8 *****‘ 553 *****: 558 *****’ 556 *****, 578
9 i****‘ 2004 **x*!ﬂ 1993 *****’7 ii‘)gs ’Flﬁ*iﬁ*. 1999
10 6.31s, 74.5 6.38 s, 81.4 6.30s, 81.6 6425, 821
11 *HRKK ]335 5 *RRKE ]34 ) *kkEk 135 4 kkkak 135 5
12 *xERE 1409 R[4 ) *rkk 1440 #rkxk 143 ]
13 6.3019.9 Hz, 72.8 62318 1Hz, 781 6.29t90Hz 72.5 6.25187Hz, 72.6
{4 2.38m,354 2.48Add 9.9, 156Hz 342 2.39m,353 2.42m, 353
148 2.38 m, *¥*** 2.36dd 7.8, 15.9 Hz, *¥*¥* ) 39 q_**kk* 2.30 m, *¥¥¥*x
15 ’l"l‘*’l‘*7 433 *****r 429 **’F**’ 431 *****‘ 429
16 1235 265 1.20s,26.6 1.20 s, 26.4 1.195,26.2
17 1.17s,21.5 1.155,20.3 1.14s,21.5 1.135,21.6
10 NnA . 147 1Y - 1TEN N ATA N 14 O 1 07 o TA
10 l J4 5, 140 L. 14>, 1IN L.UU S, 14.0 L.77 5, 14. O
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Table 1. 'H and "*CNMR chemical shifts for completely nitrated compounds in CDCl; continued
HorC# Compd. 3 Compd. 7 Compd. 8 Compd. 9
19 1825, 110 1.82s, 10.8 1.845,11.0 1.755, 107
20 435d87Hz, 762 4.36d 8.7 Hz, 76.0 4.37d8.4 Hz, 76.2 4.35d8.7Hz 76.5
208 4.20 d 8.4 Hz, ***** 4.11d 8.4 Hz, ***** 4.20 d 8.4 Hz, *%*** 4,19 d 8.7 Hz, »*x**
2 5.69d3.0Hz 80.3 Rk 5.68 d 2.7 Hz, 80.2 5.65d3.0Hz, 80.3
3 6.14dd 2.7, 9.6 Hz, 52.1 *kkkk 6.13dd 2.7, 9.3 Hz, 52.1 6.10dd 3.0, 9.3 Hz, 52.2
NH 697 d 96 HZ, 3¢ 34 kK ke 2ok kK A OQ d 9 3 H-, * %k % %k (’ 82 d 9 3 H7 kokAkkE
1"‘ % ok ok ok %k Fokkokok * k%K %k 476 d 45 HZ., 989
2” ok ok ok ok kKK * %k kK 498 dd 42! 63 HZ. 743
3 P Hdok ok ok fok kK 52616.3 Hz, 72.9 ’
4 ¢ 2K 3% ok XXk * ok ok k 508 dd 57. 96 I{Z. 741
57 ax R - A EFAK AR 423 m, .59=S
5" Cq 4 e 3k ok EE 23 23 EEEE LS 368 dd 57. 129 HZ, % 3% 3% 3k %k
4-Ac 2.50s,226 2.435,223 2.51s,22.6 2.48s, 22.7
10_ AC 218 S, 20.6 LR L2 1] & ¥ Kk %Kk %K
OBz-1 *ERkxk 1303 *okkxk 1286 FHEEE 1303 Fk¥Ex 129.0
OBz-2,6 8.12d7.2 Hz, 130.2 8.06 d 6.9 Hz, 130.1 8.13d7.5Hz, 130.2 813d7.2Hz 130.2
OB7-3,5 752t7.8Hz, 128.8 7,51t 7.8 Hz, 128.9 752, 128.8 7.40-7.55, 128.8
OBz-4 7.631,133.8 7.6517.5Hz, 131.9 7.6417.2Hz, 133.9 7.63t6.6Hz 1338
NBz-1 *****7 1312 o4 sk o ke *****’ 131.3 *****‘ 131.2
NBz-2.6 7.73d7.2Hz 1271 ol 7.73d7.5Hz, 127.1 773d69Hz 1271
NBz-3,5 7.41-7.46, 129.4 fbaied 7.41-7.47,129.4 7.40-7.55, 129 4
NBz-4 7.41-7.46, 129.0 Hok ok 7.41-7.47,129.1 7.40-7.55, 1291
ph_l ***** 13’3 1 EEE LS ] *****, 1330 *****‘ 1331
Ph-2.6 741 7.46, 126.5 ol 7.41-7.47, 126.5 7.40-7.55, 126.5
Ph-3.5 7.41-7.46, 128.8 ko 7.41-7.47, 128.8 7.40-7.55, 128.8
Ph-4 7.49-7 54, 132.3 b 7.52,132.4 7.40-7.55, 132.3
=0 170.2, 169.5, 167.7, 166.8. 171.1, 166.9 170.4, 167.6, 166.7, 170.3, 167.3, 166.8, 166.7
1006,/ 100./

Finally it was shown that these nitrate esters can be easily removed by stirring with Zn/acetic acid at room
temperature for 30 minutes to give the parent compound quantitatively.’
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3: colorless needles, mp 166-168° C, IR (KBr) 3450,1725,1650,1365,1270,1230,1065,835,700 cm’,
Anal. Calc. for C47Hs;N3Oy5: C 58.69; H5.31; N4.37. Fd. C 58.83; H5.15; N 4.11.

7: colorless needles, mp 159-161° C, Anal Calc. for CooH33N306: C 51.25;, H4.90;, N 6.18. Fd. C 51.63;
H 5.25; N 5.83.
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8: colorless needles, mp 159-162° C, Anal. Calc. for C4sHysN4O9 + HyO: C 56.02; H5.01; N 5.81. Fd. C
56.07, H4.91, N 5.64.
9 colorless needles, mp 187-188° C, Anal. Calc. for CsoHs;NgO2: C 51.38; H4.48; N 7.19. Fd. C 51.53;
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0. colorless needles, mp 163-165° C, Anal. Calc. for CyHsoN,Oy6 + HyO: C 61.57; H 5.72; N 3.06. Fd
11: whlte crysta]hne powder mp 169-171° C, Anal. Calc. for CaoH3sNO;,: C 59.08; H 5.98; N 2.38. Fd.

C 5890, H6.28; N 2.19.

12: colorless needles, mp 202-204° C, Anal. Calc. for CooH34N;Oy4: C 54.89; H5.40; N4.41. Fd. C 55.17;
H 577, N 4.07.

13: white amorphous powder, Anal Calc. for C2oH34N>O14: C 54.88; H 5.40; N 4.14. Fd. C 55.01; H 5.63;

N 4.29.

14: white amorphous powder, Anal Calc. for CysHusN,Oys: C 63.08; H 5.65, N 3.27. Fd. C 62.75, H 5.97,
N 390

15 golorless needles, mp 170-172° C, Anal. Calc. for C4sHy7N3Oys: C 58.76; H5.37; N4.57. Fd. C 59.11;
H

16: whlte amorphous powder, Anal. Calc. for CsoHssN,Ojo + HyO: C 59.64; H 5.81; N 2.78. Fd. C 60.02;
H 6.18; N 2.40.

17: colorless needles, mp 209-211° C, Anal. Calc. for CsoHssN2O o + HyO: C 59.64; H 5.81; N 2.78. Fd.
C59.27: H587; N 289

18: colorless needles, mp 193-195° C, Anal. Calc. for CsgHseN2O0y9 + H,O: C 59.64; H 5.81; N 2.78. Fd.
FQOOR Ué 152 7\T’)<R
19: whne cryst vall ine p wder

oW Fd.
C53.67,H482;N587.

(W8]

, mp 182-184° C, Anal. Calc, :C5343;H475;N6.2



