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Abstract: Epothilone A reacted with hydrohalic acids to C12—C13 halohydrin regioisomers (ratios: 2:1 — 4:1),
whereas epothilone B gave under the same conditions the isomerically pure C12 halo C13 hydroxy derivative.
With non-nucleophilic Brenstedt acids and with Lewis acids a highly solvent dependent product distribution
and some unexpected rearrangement products were observed. Epothilone C bearing a double bond between C12

and C13 was regioselectively dihydroxylated or hydrogenated at that position. © 1998 Elsevier Science Ltd. All rights
reserved.

Epothilones' are currently of great interest because of their potential as anticancer agents. Thus, we have
initiated a program for derivatization of epothilones to study its reactivity and structure activity relationship. In
the preceeding letter, we described regioselective transformations of the oxidation state of C3, C5, C7 and of the
exocyclic double bond. This paper deals with ring-opening reactions of the C12-C13 epoxide moiety of
epothilone A (1) and B (2) induced by Brenstedt or Lewis acids and modifications of the C12-C13 double bond
of epothilone C (17).

Dissolving epothilone A (1) in THF/aqueous HCI or in 1.0 M HCI in ether afforded in less than 20 minutes
the chlorohydrin® regioisomers 3 and 4° (ratios: 2:1 — 4:1, 60-80%) along with up to 20% of a mixture of C12~
C13 diol diastereoisomers® (9, 10, shown in Scheme 2). The ratio of isomers depends on the concentration of the
acid. Higher concentrations of HCI usually gave lower selectivity. On the other hand, epothilone B (2) produced
under the samer conditions the isomerically pure 12-chloro-13-hydroxy analog 5 in over 80% isolated yield.’

Scheme 1 Epoxide opening of epothilone A (1) and B (2) with hydrochloric acid.
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Unexpectedly, all attempts to reconvert the chlorohydrins 3-5 to epoxides 1 and 2 under basic conditions (-
BuOK, #-BuOH, 50 °C; NaH, THF, r. t; n-BuLi, THF, -70 °C) failed. The macrocycle in the chlorohydrins
presumably relaxed by rotation around the C12-C13 bond positioning OH and Cl in a cisoid orientation from
which elimination of HC] cannot occur.

Treatment of epothilone A and B with non-nucleophilic Branstedt acids [e. g. H,SOy, trifluoroacetic acid
(TFA)] or with Lewis acids like BF3-Et;O resulted in much more complex product mixtures. Schemes 2 and 3
show all isolated and identified derivatives, obtained from the reaction of 1 and 2 with acids under conditions
listed in Tables 1 and 2.

Scheme 2 Products obtained by the Brenstedt and Lewis acid catalyzed epoxide opening of epothilone A (1).
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Table 1. Conditions and product distribution of the reactions of 1 with Brenstedt and Lewis acids.

entry conditions yield (%)
6a 6b 7a 7b 8a 8b 9 10 and
1 0.65M TFA, acetone, 50 °C, 10 h 503 - - - - - -
2 0.65MTFA, water, 23 °C,48 h - -~ 12 6 - - 5515
3  0.40MTFA, MeOH, 23 °C, 68 h 12 18 4 4 15 10 - -
4 1.0 M H,SO4, water, 23 °C, 30 min® - - 246 - - 48 12
5 0.04 M BF3Et;0, EtO/THF, 23 °C, 8 h 30 20 2315 - - - -
6 0.04 M BF3-Et;0, acetone, 23 °C,24 h 43 27 4 4 - - 4 S 11 (5)
7 0.16 M BF3-EtO, MeOH, 23 °C, 72 h 1920 - - 10 6 - -
8  0.04 MBF3E(,0, CHy(OMe), 23°C,72h 10 - - - - - - -  MOMether (70)>
9 0.1 M LiCIQy4, benzene, 55°C,20h no reaction recovered 1

? Yields of isolated product. ® Addition of THF or MeOH produced more of the undesired diols 8a,b. © Several mono, di and
tri MOM ether were detected by HPLC-MS. ¢ Combined yield, based on integration of the corresponding HPLC peaks.
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Epothilone A (1) on treatment with TFA in acetone (entry 1) gave after 20 h at 50 °C two products with
different polarities than the one of the starting material but the same molecular mass (493) according to HPLC-
MS. To establish the structure of these new compounds 1D and 2D NMR data have been evaluated. They
revealed - to our surprise — that both products are epimers of a macrobicycle (6a, 6b) in which the lacton unit
has migrated to C13.® The unusual difference in polarity of the two epimers is caused by an intramolecular
hydrogen bond between C3-OH and the thiazole nitrogen of the less polar epimer 6a.’

In 5% aqueous TFA solution 1 dissolved within a few minutes at room temperature (entry 2). TLC of the
colourless solution showed one sharp spot which corresponded with the most polar TLC-spot obtained in the
reactions of epothilone with aqueous HCl solutions. The 'H NMR spectrum of purified material (reversed phase
HPLC, MeOH:H;O 6:4, one peak!) revealed the presence of four similar compounds in a ratio of 4.0 : 1.0: 1.0 :
0.5 with identical molecular masses (511 = epothilone + water). Separation of this mixture was possible by
reversed phase HPLC in THF:H,O 1:3 affording the expected diols 9 and 10 and the rearranged diols 7a, 7b,.
The same compounds were obtained with HSO,4 in water (entry 4), although formation of the rearranged
products was favoured.®

In methanol epothilone A (1) was transformed with either TFA or BF;-Et;0O exclusively to the rearranged
analogs 6, 7 and 8 (entry 3 and 7). BFy'Et;0 in Et;0/THF or acetone (entry 5 and 6) afforded predominantly 6
along with diols 7. With acetone as solvent, diols 9 and 10 and acetonide 11° were obtained as minor
components. The only detectable compound of known structure in the reaction of 1 with BFyEt,O in
CHz(OMe), was derivative 6a beside several mono, di and tri MOM ether of the starting material or of diol
intermediates (entry 8). No reaction was observed with lithium perchlorate as Lewis acid (entry 9).!°

With epothilone B (2), aqueous solutions of TFA or H>SO4 provided the diastereomerically pure diol 16 in 75
and 45% yield, respectively. Only traces of C13 rearranged derivatives 15 or other isomers were detected by
HPLC-MS (entry 2 and 3). This result is similar to that obtained with aqueous HCI solutions and displays the
different reactivities of a second vs. tertiary carbon in 25 In TFA,acetone or BF;Et;Q,THF/Et,O two other
compounds beside the rearranged derivatives 13a and 13b were isolated having the same molecular masses as
the starting material. One of them was identified as the tricyclus 14 with an internal ether group between C3 and
C12. The structure of the other compound remained uncertain (entry 1 and 4).

Scheme 3 Products obtained by the Brenstedt and Lewis acid catalyzed epoxide opening of epothilone B (2).
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Table 2. Conditions and product distribution of the reactions of 2 with Brenstedt and Lewis acids.

entry conditions yield (%)
13a 13b 14 15a 15b 16 and
1 0.65 M TFA, acetone, 50°C,2 h 30 15 25 1 1 C7-C12 ether?®
2 0.65 M TFA, water, 23 °C,3.5h 75
3 1.0 M H,SO4, water/THF, 60 °C, 2 h 45
4 0.04 M BF3;-Et;0, Et;O/THF, 23°C,8h 18 12 8 13 2 C7-C12 ether?®

*Yields of isolated products. ® Not enough material was available for a complete struture analysis.

In epothilone C (17) two double bonds (C12-C13 and C16-C17) are present. The reduced reactivity of the
C16-C17 double bond towards oxidation or reduction (see the preceeding letter) makes a regioselective
functionalization of the C12—C13 double bond in this epothilone possible:.z'11 Thus, treatment of 17 with
diimine,"? generated by decomposition of the potassium salt of diazocarboxylic acid with AcOH at room
temperature, produced regioselectively the C12-C13 saturated derivative 18 in 60% yield (98% based on
recovered starting material). Dihydroxylation of 17 (cat. OsOs, NMO, ‘BuOH, THF, H,0, r. t., 75 min)"* also
occured with high preference for the electron rich C12—-C13 double bond, although progress of the reaction
must be monitored steadily to avoid overoxidation. The isomeric cis-diols 19 and 20 were obtained as a 2:1

mixture in 62% combined yield.” Sugsequent acetalization (acetone, cat. p-TsOH, r. t., 2 h, 90%) of the

epimeric mixture gave the acetonides 21 and 22 which were easily separated by reversed phase HPLC.

Scheme 4 Regioselective dihydroxylation and reduction of the C12—C13 double bond in epothilone C (17).
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All derivatives described in this paper show only weak cytotoxic activity against the L 929 mouse fibroblast

cell line'® (70 — 4000 times less than epothilone A). Particularly low activities were observed with all rearranged
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products (ICsp between 2000 and 4000 ng/ml) and with compounds having a flexible C12—C13 bond. For
example, diol 9 has an ICsp value of >4000 ng/ml, the corresponding acetonide 11 an ICsq value of 150 ng/ml
and epothilone C (17) an ICs¢ value of 100 ng/ml.

In summary, we have presented acid catalyzed ring opening reactions of the epoxide moiety of epothilone A
and B. The product distribution was highly dependend on the nature of the acid and the solvent. An unexpected
lactone rearrangement occured during some of those reactions. Epothilone C was dihydroxylated with OsO4 and

saturated with diimine at the C12—C13 double bond regioselectively.
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Evidence for the hydrogen bond are: 1) the 'H NMR shift of the C3-OH (5.9 ppm in 6a and 3.0 ppm in
6b), 2) the nOe between C21-H (methyl group at the thiazole moiety) and C22-H (methyl group at C5),
and 3) a decreased polarity (less than that of epothilone A (1) and 6b). This hydrogen bond gives the
molecule a scorpion-like shape (shown below) and allows the specification of the unkown asymmetric
center at C15 (R for 6a and S for 6b).

Hydrogens omitted, except at C21, C22 and C3-O
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