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(57) Zusammenfassung: Die Erfindung betrifft 3,5-Dihydroxy-2,2-dimethyl-valeronitrile fiir die Synthese von Epothilon- und Epo-
thilonderivaten und Verfahren zur Herstellung dieser neun Zwischenprodukte in der Synthese und die Verwendung zur Herstellung
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Protected 3,5-Dihydroxy-2,2-dimethyl-valeronitriles for the
Synthesis of Epothilones and Epothilone Derivarives and

Pracess for the Production and the Use

The invention relares 1o the subject that 1s charactenzed in the claims, i.e., new
intermediate products and process for their prodycuon and the use. The process for the
production of new intermediare products starts from econornical starting materials, yields the
intermediate products in high enantiomer purities, in high chemical purity, in good yields, and ir
allows the industnal-scale production.

The invention 1s used 1n the synthesis of component A from narural and syntherically
modified epothilones or derivatives. Epothilones are 16-membered macrolide rnings that were
1solared from the cultures of Myxobacterium Sorangium Cellosum and are represeniatives of a
class of promising anfi~tumor agents that were tested and found to be effective against a number
of cancer lines. A survey of the syntheses has been descnibed by J. Mulzer et al. in J. Org.

Chem. 2000, 65, 7456-7467.

A-BausieinFragment

A-Camponent Fragment
In the literarure, in addition to the natural epothilones, a number of synthetic epothilone

derivatives are descnbed that vary for the most part within radicals M and T. In most cases, M
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stands for a heterocychc radical here. Most syntheses of the natural epothilones and the
synthetic epothilone denvauves use the A-component fragment, which represent carbon atoms
Cs-Cio in the macrolide. Within this component A (see below), Cy is the Cs in the macrolide and

Cs is the Cyp 1n the macrolide, etc.

8, S8,
X
!\/5\/5 T !\/s 5L/T

2 /‘\ & p /Q\ é |

In this connection, T stands for a C1-C4 alkyl or alkeny! radical, and Sgl and Sg2 stand
for the protective groups that are familiar to one skilled in the art, such as, e.g., the TRDMS
group. '

A possible production of the A-component is described in, for example, W000/5825-4. A
synthesis of B-keto esters, which can be converted into mulnstage sequences in component A, 1S
disclosed therein. The chirality is introduced by an asymmetric hydrogenartion of a §-keto ester

according to Noyor:

OH O

| S-Binap SO _
' Sg\b/\uog — O OR
RuCl,

In this connection, the canversion of the ester group 1nto a ketone can only be done by

means of 2 mulristage sequence. In this case, after a protection of the 1- and 3-hydroxy group,
the ester group (C-S atom) is reduced to form alcohol, the oxidanon 1o aldehyde 1s carried out,
and the Grignard addition of an alkyl radical with an alkylmagnesium or alkyllithium compound
yields a secandary alcohol, which then is oxidized. To ger from the ester to the ketone, a toral of
8 steps are necessary. The direct reaction of an ester is not selective, since the intermediately

produced product s further reacted. The following diagram shows the entire synthesis pathway:
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A method for creating component A is described by B. Paniker et al. in Terrahedron
2000, 56, 78-59-7868. It 1s described there that the aldol rcactibn with a chiral component yields
a less selective reaction. By the round-about way of an N-methylthioaceryl-oxazolidinone, the
synthesis of the chiral C3 atom in 3 multistage sequence with improved diastereaselectivity by
means of boron enolate is described. To achieve usable diastereoselectivities, a methylthio
spbstitution is necessary; the thio ether is cleaved off after the aldol reaction.

Further, a sequence can be found n the prior art (R. E. Taylor, Y. Chen, Org. Letr,
(2001), 3(14), 2221-2224) in which a phenyl ester is used for the Grignard reaction. The yield
that is achieved 1n this case 15 indicated with 77%. In the example that 1s described by A,
Furstmer 1n Chem. Comm. 2001, 1057-1059, a 67% yield is achieved. These yields of the
Grignard reaction from the prior art are significantly less than those of this invention.

In J. Org. Chem. 2000, 65, 7456-7467, an asymmerrical synthesis of a B-keto ester is

further descnbed, whereby a variant in asymmermncal form is performed as an aldol reaction. In
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this method, D-Ts-valine is used as a catalyst, which can be produced from the expensive amino
acid D-valine. This method yields an ee-value of 90%. Anather example 1n this regard 1s
described by R. E. Taylor, Y. Chen, Org. Ler. (2001), 3(14), 2221-2224 as an asymmetrical
aldo) reaction, in which the yield 1s 71%.

Another methad for the production of a double TBDMS-protected A-component-ethyl
ketone is finally described by Nicolaou in Chem. Eur. J. 2000, 6,‘2783-2800.

This invention contains the object of being able 1o produce a universally usable srarting
intermediate compound of general formula 1 as well as the optically pure antipodes of general
formulas Ia, 1b,

OR. OR, T

CN

() . (1a) (i0)

in which R1, R2 can be the same or different and, independently of one anorher, stand for an
alcohol protective group that is familiar 10 one skilled 1n the art, for example, benzyl, 4-
methoxybenzyl, 3,4-dimethoxybenzyl, THP, TBDMS, TMS, TES, TIP, TBDPS, MEM, MOM,
allyl, or trityl, or, in the case when R1 and R2 are bridged, stand for a ketal protective group,

such as, e.g.,
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Q09 9

7N ",S< U1,U2 : Alkyl, Pnenyl, ert buty!

y- U= 168 Alkyl

to produce A-component fragments for epothilone tatal syntheses.

To this end, compounds of general formula I are reacred as described below:

0
t& T
N ' LI-CH,-T v
——.——.——_——M

0 o A

The reactions of the compounds of general formula [, as well as their antipodes la, b to -
form ketones AK are carmried out with methyllithium or methyl-Grignard compounds acc¢ording
to the standard process that 1s known to one skilled in the art; the aqueous working-up then

yields the ketone. The subsequent alkylation with an alkyl or alkenyl-halide of formula T-Hal

-
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(Hal = C], Br, I or 1osylate, mesylaie, triflate, erc.) with the addition of a base yields the A-
‘ camponent fragments.

A can also be directly obtained, however, by the ammdes of general formula I being
reacted directly with organometallic compounds, such as, e.g., the ithium compound Li-CH2-T,
and then being worked up 1n aqueous form.

As a ryle, the above-described reactions run smaorhly and praduce the A-components in
~ high yields.

There was therefore a need for an industrial-scale process that allows 1t 10 prepare a
universally usable intermediate compound for the production of the A-component in the
epothilone total synthesis.

In addition to the high yields in the conversion into the A-components, the relatively easy
accessibiity of the compounds of general formula I from relatively inexpensive starting
matenals can be emphasized. Moreover, the compounds according to the invention are stable in
storage in conirast to the esters and ketones that are known in the literature and can be reacted as
needed during a continuous synthesis campaign. For the mast part, the compounds of general
formula } are crystalline solids and can be purified by crystallization. In this way, high chemical
and oprical yields (e.c. > 98%) can be achieved.

The object of the invention is achieved by the preparation of the new compounds of

general formulas I, [a, Ib

OR, OR,

OR, OR,
CN
CN

(l) -(la) | (lb)
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in which R1, R2 can. be the same or different, and, independently of one anather, stand for an
alcohol protective group, such as, e.g., benzyl, 4-methoxybenzyl, 3,4-dimethoxybenzyl, THP,
TBDMS, TMS, TES, TIP, TBDPS, MEM, MOM, allyl, or mryl,

or in the case when R1 and R2 are bridged, stand for a ketal protective group, such as,

c.g.,

Me

y U+ C1-Ch Alkyl

For the praducrion of the compounds according to the invention, a total of 4 variants can

be mndicated:;

Variaunt I (General Access via Aldo] Reacrions)
a) In the case where R1 and R2 stand for a ketal protective group, or R1 = R2,
compounds of general formula 1 can be produced from compounds of formula I1, 2,2-dimethyl-

3,5-dihydroxy-valero-nitrile
OH OH

CN
()

according to the methods for protecuve group chemisiry that are known to one skilled in the art;
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thus, for example, their production and cleavage are described by P. I. Kocienski in "Protecting
Groups," Georg Thieme Verlag Sturtgarn, New York, 1994, as well as in Houben Weyl, 4th
Edition, Valume VV/1b, p. 737, Thieme Stuntgart 1984,

b) In the case that R] and R2 do not represent any ketal-prafective group but
neveribeless can be the same or different, the production of the compounds of general formula 1
can be carried ourt directly from the compounds of general formula I, by protecnive group R2
being introduced according to methods that are known in the literature.

Compounds of general formula II can be praduced from compounds of general formula

HI

R, OH

CN
)

in which R1 stands for a protecnive group in the above-indicaied meaning, by cle.avage of
pratective group R1 according to the process, known to one skilled in the art, of the protective
group cleavage of alcohols (P. J. Kocienski in "Protecting Groyps," Georg Thieme Verlag
Stuntgart, New York 1994/Houben Weyl, 4th Edinon Volume VI/1b p. 737, Thieme Stunigart
1984).

Compounds of gencral formula LI can be produced from campounds of general formula

CL

(V)

IV

by reaction with the compound of formula V, 2-methylpropionimrile,
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Low

in which R1 is in the above-indicated meaning,
in 8 way that i1s known to one¢ skilled in the art by the techniques of the aldol condensation.
The produciion of compounds of general formula [V are known 1o one skilled in the arm,

however:

R1 =THP in JOC, 1984, 49, 230]1-2309
R1] =benzyl in J. Chem. Soc. Perk. Trans 1, 2000, 2429-2454,
Rl = TBDMS in JOC, 2000, 65, 7456-7467.

The compound of formula V, 2-methylprapionitrile, is a commercially available product.

Variant [1 (Production of Optically Active Intermediate Products of General Formula la)

For the production of optically active compounds of general forrula Ia

{{a)

the procedure is analogous to that described under Vanant I. Siarting from the optically active

intermediate stage of general formulas Ila and 1Ila

(ffa)

compounds of general formula la are produced.

Compounds of general formula Ila are produced analogously from the optically active
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precursors of general formula ({Ia

) CN .
K/>< (ia)

Optically active campounds of general formula Illa are accessible as follows:

1. Separation of the racemic compound of general formula III in the chiral phase
(Lit.: G. Roussel, P. Piras, Chirabase, Pure and Applied Chemuistry, 1993, 65,
235-244), primarily by SMB techmque: A. Seidel-Morgensiem et al., Chromat.
A. 1998, 8§27/2, 175-191.

2. By starting from the racemic alcohol of genergal farmula II1, esters of general
formula VI

oﬁ/m

OR, O

CN
V)

in which R3 stands for a C1-C6 alkyl group or an allyl, phenyl or benzyl group, are produced
according to the process of esterification that is known 1o one skilled in the art.

And the latter is saponified enantioseléctively by enzymatic or microbiological methods.
The alcohal that i1s produced is clearly distinguished in its Rf value from the ester thar is used so
thar the two can easily be separated from another, e.g., by column chromatography .

3. By aldol condensation that 1s mediated wirth chiral catalysts, by compounds of general
formulas IV and V being reacted with use of a catalytic or stoichiometric amount of a

chiral aldol catalyst:

_, chiral catalyst
iN U chisaler Katalysator R, OH
v B —— S
H t/&cu

(itia)

) o)
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Literature: See, c.g., J. Org. Chem. 2000, 65, 7456-7467

4. By a chiral reducrion of the ketone of general formula VII

OR, O

CN
(Vi)

being performed according to methods that are known to one skilled in the art. Lit.: Noyori et
al., J. Am. Chem. Soc. 1987, 1089, S850; Noyon et al,, J. Am, Chem. Soc. 1988, 110, 629, R. C.
Larock 1n "Comprehensive Ofganic Transformations,"” VCH Publishers New York 1989, ISBN
0-89573-710-8, pages 540-548.

Compounds of general formula VII, with R1 in the above-indicared meaning, can be

obtained by reaction of the compound of formula V with compounds of general formula VIII

N . R,
j\ | uﬂu
(V) Vi

in which Nu stands for a leaving group, such as Cl, Br, imidazole, -QFh, -O-C6H4NO2, -O-C1-
C4 alkyl, e1c.

The reaction 1s camed out in 8 way that is basically known 1o one skilled in the ar.

The production of compounds of general formula VIi{ is described in the hiterature: I.
Med. Chem. 1999, 706-721."

In some cases, it has proven advantageous when compounds of general formula VI| are.
produced by oxidanion from the racemic alcohols of general formula II according to the methods
of oxidation thar are known to one skilled in the an (e.g., Swemn oxidarion, PDC, PCC, etc.).

In some cases, it has proven advantageous when a compound of formula V is reacted

with propiolactone to form a compound of [X
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The compound of formula IX can be converted very easily into compounds of general
formula V11 by introducing prorective groups according to the methods that are known to one
skilled in the art (see: P. J. Kocienski in "Protecting Groups," Georg Thieme Verlag Sturrgart,
New York 1994, as well as in Houben Weyl, 4th Edinon, Volume VI/1b, p. 737, Thieme
Stuttgart 1984).

Starting from compounds of formula 1X, however, a compound of formula [{a

OH OH

CN
(lla)

- can be obtained by the keto group being reduced chirally with chemical or microbiclogical

methods (e.g., according to: JOC1985, 50, 127/J. Chem. Soc., Chem. Commun. 1987, 1368).

Yariant 111

Compounds of general formula Ia

OR, OR,

CN
- (I2)

can also be praduced by introducing protective groups according to methods that are known in
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the literature for inroducing alcohol protecrive groups from the compounds of ' general formula X

OH OR,

CN (X)

(sce literature cited above for inraducing protective groups).

Compounds of general farmula X can be produced from compounds of general formula

R, OR
(X))

in which R4 stands for a methyl, ethyl or benzyl grdup,
by ester reduction according 1o methods thar are known 10 one skilled in the an.

Compounds of general formula XI can be produced from compounds of general formula

XII

in which R4 stands for a C1-C6 alkyl, methyl, ethyl, tert-butyl, phenyl or benzyl group, by

introducing protective group R2 according to methods that are known 1o one skilled in the art

(see above).

Compounds of general formula XII can be obtained from B-ketoesters of general formula

X1
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(XN
CN '

by methods of chiral reduction (chemucal or enzymatic).
Compounds of general formula XIII are obiained by reaction of cornpounds of general

formula XIV with a compound of formula V

Compounds of general formula X1V are known 1n the literature or can also be obtained

~from the reacuion of compounds of general formulas XIIIa and X{IIb.

O - QOR

- (XTiB) (Xt

Here, Nu 1s in the meaning of the leaving group that is already mentioned above, and Q
stands for a hydrogen atom or 3 COOH group. If Q is a hydrogen arom, XIIIa is deprotonated
wirth an organic base, such as, e.g., LDA and then is reacted with the activated acid derivanve
accarding 1o the method thar 1s familiar 1o one skilled in the art.

In the case of Q being equal 1o COOH, the procedure is performed with the methods of

the malonic acid-semi-ester condensation, as described in, e.g., J. Am. Chem. Soc. 1999, 121,
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7050-7062, Synth. Commun. 1997, 27, 3227-3234,
Compounds of general formula XIlla are commercially available (e.g., Aldrich).
Compounds of general formula X11[b are produced as described inR. C. Larockin
"Comprehensive Organic Transformations," VCH Publishers New York 1989, ISBN 0-89573-
710-8, pages 963-964.

In some cases, it has proven advantageous 1o run the diols of general formula [fa

OH QH

CN
(lla)

directly from the compounds of general formula XII

OR OH

¢

CN (XIl)

by reduction of the ester group according 1o the above-mentioned praocess,
The producntion of racemic dio] of general formula Il can also use as starting compounds

B-keto cétcrs of general formula XI11

orR, &

1
N (XUt

according 1o the commonly used methods for reduction of esters and ketones.

Variant IV
In some cases, for the production of opiically active diols of general formula Ila, it has

proven advantageous 10 undertake a chromajographic separation or crystallization of the
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diastereomeric ketals of general formulas X[Va and XIVb

& o
k/'fxcn

A

s o

in which A is taken for the radical of an aprically active ketone, such as, e.g., (-) menthone, (-)
camphar, cic., and then the ketal group is cleaved off according to the methods of protective
group chemistry that are known 10 one skilled in the art.

The production of diastereomenic 1,3 diol-ketals of general formulas XI1Va and XIVb 1s
camed out from the racemic diol of general formula [l by reaction with chiral ketones according
to processes thar are known in the literature. Lit.: T, Harada et al., J. Org. Chem. 1992, 57,
1412-1421. '

Of course, the corresponding enantiomer compounds of general formula b

OR, OR,

CN
(k)

- can also be produced with use of murror-image catalysts or other enzyme systems.

There 1s also the possibility of obiaining the corresponding enantiomers in intermediate

stages of general formula 1[1b

N (tiib)
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by inversion of the hydroxy! group according to Mitsunobu (Lit.: Synthesis 198}, 1-28).

Of protective groups R1 and R2 that are used in the synthesis, the benzy] group and the
TBDMS group are preferred. In the case that R1, R2 stands for a ketal protective group,
especially -(C(CH3)2)- is preferred.

Of the different producrtion variants here, the following partial sequences are especially
preferred for the creanon of achiral precursors:

1. Production of the compound of general formula VII from the intermediate stages

of general formulas V and VIII
R1 = benzyl, Nu= (]

YO (X

2. Producnion of the compound of general formulg XIII from compounds of general
formulas V and X1V
R4 = ethyl, Nu = (]

7@1 Y E10




3.

4.
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Production of the compounds of general formula VI by aldol condensation and

subsequent oxidarion

'Rl = benzyl, Nu=Cl

o/\iH '
N oA @/\of\)xm

DA

4

O
. . oN
Oxidation O/\O
Svm——_

Producnon of the compounds of general formula IX (with Y = dimethylamino)

1. LRGA | CN

CN e HO
Y :
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For the production of chiral precursors, especially the partial steps that are indicated
below are preferred:

. Chural aldo! condensation with a chiral catalyss

!\)

Enanrioselective saponification of an acetate with the aid of an enzyme

o 2 g

enantioselecuve

enzymatic saponification H Y
CN z
o - + = .
O/\ D/\/XC

chromatographic separation
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3. Chiral reduction of 3 $-ketonitrile (Noyon rype)

o ~ oH
CN S-Binap X CN
“)S( =D
RuCl,
4. Chiral reduction of the f-keto ester with subsequent reducrion
O
CN S-Binap
RuCt,

Reguxtion

Reducnion

The producrion of the compounds according 10 the invention 1s carried out preferably in

the sequences that are described below:

1, Production of acetone kerals

OH
R,o/\/S< €N Cleavage of Rl _ . /\/XCN
R1 = benzyl => hydrogenation
R1 = THP => acidic cleavage
R1 = TBDMS => TBAF
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2.

Production of the Di-TBDMS-proiccted compound
Oh

TBDMSC! / DMF / Immicazol

TBDMS%

3
TBDMSCI/DMF/imidazole

CN
TBDMso”\\v/”j7<:

The production of the compounds and processes according to the invention 1s 1o be
explained in more detai) in the embodiments below.
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Example 1:
Example la
5-Benzyloxy-2,2-dimethyl-3(R,S)-hydroxy-pentane-nitrile

5.47 g (79.17 mmol) of isobutyric acid nirile is added in drops at -65°C 10 an LDA
solution (produced from 33.64 g (79.17 mmol) of n-butyllithium 15% in hexane, (1.6 M) and
80.] g (79.17 mmol) of dvisopropylamine), and it 1s stirreqd for 20 minutes a1 -65°C. Then, a
solyrion thar consists of 10 g (60.9 mmol) of 3-benzyloxy-1-propanaldehyde in 20 m] of THF 1s
added in drops (over 60 minutes). The temperagure is kept at -65°C! Then, it is stirred for one
more hour. It is now heated 10 -20°C, a solurion that consists of 20% sulfuric acid is added in
draps, and the tcﬁlperature 1S allowed 1o reach +10°C. Then, 50 m! of MTB ether is added, and
then the organic phase 1s separated. The orgamc phase is washed with warer and then with
sarurated sodium bicarbonate. Finally, ir is washed once more with water and then evaporated to
the dry siate in a vacuum.

Yield: 13.1 g (92% of theory) of a colorless ail.

Elemcm y analysis.

Example 1b

5-Benzyloxy-2,2-dimethyl-3(R,S)-acetoxy-pentane-niwile

‘ 14.56 g (42.64 mmol) of acetic acid anhydride is added ar 0°C 10 a solution ihar cansists
of 25.6 g (109.7 mmol) of 5-benzyloxy-2,2-dimethyl-3-hydroxy-pentane-nitrile of the title
compound of Example 13, 14.43 g (142.64 mmol) of miethylamine and 200 mg of 4-
dimethylaminopyridine (DMAP), dissolved in 128 ml of MTB ether, and it is stirred for 5 hours

at room temperature. The reaction mixcure is poured into 2 1 of ice water and extracted twice
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with 300 mi cach of MTB cther. The combined MTB phases are washed once with 300 ml of
5% hydrochloric acid and then with water. It 1s evaporated to the dry state in a vacuum.

Yield: 28.82 g (95% of theory) of a colorless oil.

Elementary analys:s:

I N
'

b T —C

Example lc -
S-Bcnzyloxy-2,Z-dxmctbyl-B(S)-hydroxy-pcntane-nitrile

10 g (36.31 mmol) of 5-benzyloxy-2,2-dimethyl-3(R,S)-acetoxy-pentane-nimile of the
title compound of Example 1b 1s added 10 3 buffer solution, produced from 0.88 g of porassium
dihydrogen phosphate and 1.82 g of disodium hydrogen phosphate in 250 ml of warer. Then, 5 g
of the enzyme lipase AYS "Amanao" (related to Amano) is added, and it is stirred for 24 hours at
40°C. The pH is brought 1o 7 by adding 2.062 g of disodium hydrogen phosphate, and then
stirring 1s continued under HPLC monitoring ay intervals of 12 hours uniyil the peak of the R-
acetare is smaller than 1% of surface area. Working-up: Ir i1s extracted 2 umes with 200 m] of
ethyl acetate. The organic phases are combined and evaporated to the dry state in a vacuum.
The purification is carried out by chromatography on silica gel (hexane/ethy! acetate gradient).
4.2 g (45% of theory) of S-benzyloxy-2,2-dimethy]-3(R)-hydroxy-pentane-nigrile is obtained
with the 1* fraction, and 4.8 g (48% of theory) of S-Benzyloxy-2,2-dimethyl-3(s)—acefoxy-
pentane-nitrile is obrained with the 2™ fraction.

4.8 g (17.5 mmol) of S-bcnzyloxy-2,2~dimcthyl-3(S)-acetoxy—pemanevnitrile from the 2%
fraction is dissolved in 50 ml of methanol and mixed with 1.4 g (35 mmal) of NaOH. It 1s snirred
for 3 hours ar 25°C, added 1o 200 mi of warer, extracted with 2 x 200 ml of MTB ether, dried on

sodium sulfate and concentrated by evaparation.




CA 02455797 2004-01-27

24

Yield: 4 g (47% of theory) of 5-benzyloxy-2,2-dimethyl-3(S)-hydroxy-pentane-nitrile as

a color]ess oil.

Elementary analysis: e

-

Example 1d

S-Hydroxy-2,2-dimethy}-3(S)-hydroxy-pentane-nitrile

16 g of Pearlman's catalyst (Pd(OH), on carbon, 20%) i1s added t0 11.13 g (47.70 mmol)
of S-benzyloxy-2,2-dimethyl-3(S)-hydroxy-pentane-nitnle of the title compound of Example lc,
dissolved in 110 ml of tetrahydrofuran. It is now hydrogenated for 7.5 hours at 10 bar and at
room tcmperawe. Catalyst is filtered out, and the filrate is evaporated to the dry stare in a
vacuum.

Yield: 6.73 g (98% of theory) of a color]ess, viscous oll.

Elementary analysis:

Example le

3(S)-(3,5) Acerane dimethylketal-2,2-dimethyl-pentane-mitrile
6.73 g (47 mmol) of 5-hydroxy-2,2-dimethyl-3(S)-hydroxy-pentane-nitrile of the title

compound of Example 1d is dissolved in 27 ml of acetone dimethylketal, and 546 mg of
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camphor-10-sulfonic acid 1s added. It is heated for 15 hours to SO°C. It is evaporated 1o the dry
state in a vacuum. The residue is raken up 1n 200 ml of methylene chloride and washed with
sarurated sodium bicarbonate solution and then with saturated sodium chloride solunion. The
organic phase is dried on sodium sulfate and evaporated to the dry state in a vacuum. The oil
that is obtained crystallizes while standing.

Yield: 5.55 g, (77% of theory) of colorless crystalline solid.

Elementary analysis:

Example 2

3(S)-3,5-Di-ten-buryldimethylsilyloxy-2,2-dimethyl-pentane-nitrile
‘ 7.13 g (104.75 mmol) of imidazole and 7.9 g (52.37 mmol) of tert-butyldimethylsilyl
chloride are added 10 a solution that consists'of 3 g (20.95 mmol) of 5-hydroxy-2,2-dimethyl-
3(S)-hydroxy-pentane-nitrile of the nitle compound of Example 14, in 20 mi of
dimethylfermamide, and it 1s stirred for 16 hours at room temperature. The solution s poured
into 200 ml of water and extracted twice with SO ml each of cyclbhexane. The organic phases
are combined and evaporated 1o the dry state in a vacuum. The residue is purified by flash
chromatography on silica gel (hexane/MTRB ether).

Yield: 7.39 g, (95% of theory) of a colorless, viscous oil.
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Example 3

3(S)-3,5-C yclohcxanone-dimethylkctal-Z,2-dimcthyl-pentane-nitrilc

10 mg of p-toluenesulfonic acid is'added 10 a solutian that consists of 3 g (20.95 mmol)
of S-hydroxy-z,z-dimethyl-B(S)—hydroxy-pcntane-nitﬁlc of the title compound of Example 1{1n
30.21 g (0.2095 mol) of cyclohexanone-dimethylketal, and it is stirred for 6 hours at 100°C. The
solation is poured into 200 m] of water and extracted twice with 50 ml each of ethyl acetate. The
organic phases are combinéd and evaporated to the dry stare in @ vacuum. The residue 1s

purified by flash chromarography on silica gel (hexane/MTRB ether).

vield: 4.21 g (90% of theory) of a colarless, viscous ol.

Example 4
3(S)-3,5—-Benzaldehydc-dimethylacetal-2,2-dimethyl-pemanc-nitrile.

31.9 g (0.2095 mol) of benzaldehyde-dimethylacetal and 50 mg of p-toluenesulfonic acid
are added 1o a solution that consisis 6f 3 g (20.95 mmol) of 5-hydroxy-2,2-dimethyl-3(S)-
hydroxy-pentane-nitrile of the title compound of Example 1, in 20 m! of dimethylformamide,

and it is stirred for 16 hours a1 100°C. The solution is poured into 200 ml of water and exmracted
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twice with 50 ml each of ethyl acetate. The organic phases are combined and evaporated to the
dry state in a vacuum. The residue is purified by flash chromatography on silica gel

(hexane/MTB ether).
. Yield: 4.26 g (88% of theory) of a colorless, viscous oil.

Elementary analysis:

Example S
3(S)-3,5-Dichlorodiphenylsilane-2,2-dimethyl-pentane-nirile

3.14 g (46.09 mmol) of imidazole and 5.83 g (23.05 mmol) of dichlorodiphenylsilane are
added ro a solution that consists of 3 g (20.95 mmol) of S-hydroxy-2,2-dimethyl-3(S)-hydroxy-
pentane-nifrile of the title compound of Example 1f, in 20 ml of dimethylformamide, and it is
strred for 16 hours at room temperature. The solution is poured into 200 ml of water and
extracted twice with SO ml each of methylene chloride. The organic phases are cambined and
evaporated to the dry state in a vacuum. The residue is purified by flash chromatography on
sihica gel (hexane/MTB ether).

Yield: 5.76 g (85% of theory) of a coloriess, viscous oil.

Elementary analysis:

R e
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Example 6a
S-tert-Buryldimethylsilyl-2,2-dimethyl-3(R,S)-hydroxy-pentane-nirnle

4.62 g (66.99 mmol) of isobutyric acid nimile is added in drops at -65°C 10 an LDA
solution (produced from 28.6 g (66.99 mmol) of n-butyllithium 15% (1.6 M) and 6.82 g, 66.99
mmol, diisopropylamine), and it is stirred for 20 minures ar -65°C. Then, a solution thai consisis
of 1147 g (60.9 mmol) of 5-tert-butyidimethylsilyl-1-propanaldehyde in 20 ml of THF is added
in drops (over 60 minutes). The remperature is held av -65°C! Then, 11 15 stirred for one more
hour. It is now heated to -20°C, and a solution of 130 ml of 1N hydrochloric acid is added in
drops, and the temperature is allowed 1o come to +10°C, Then, 50 m} of MTB ether is added,
and then the organic phase 15 separated. The organic phase is washed with water and then
saturated sodium bicarbonate solution. Finally, it is washed once more with water and then
evaporated to. the dry state in a vacuum.

Yield: 13.65 g (87% of theory)

Elemenrary analysis:

Example 6b .
5-Hydroxy-2,2-dimethyl-3(R,S)-hydroxy-péntane-nitnle

12.18 g (46,61 mmol) of tetraburylammonium fluonde hydrate is added to a solution that
consists of 3 g (11.65 mmol) of 5-tert-butyldimethylsilyl-2,2-dimethyl-3(R,S)-hydroxy-pentane-
nitrile of the title compound of Example 6a, dissolved in 40 ml of rerrahydrofuran, and it is
stizred for 16 hours at room temperarure. Then, 11 1s evaparated to the dry state in a vacuum.
The residue is purified by RP-18 chromatography (mobile solvent: acetonmimile/water gradien).

Yicld: 141 g (85% of theory) of & colorless, viscous oil.




CA 02455797 2004-01-27

29

Elementary anal 313

| 58.72
|
| Fnd. 5851

Example 6c¢, (-)-Camphor keial
3(S)-(3,5) Camphordimethylketal-2,2-dimethyl-pentane-nimle

6.73 g (47 mmol of 5S-hydroxy-2,2-dimethyl-3(R,S)-hydroxy-pentane-nitrile of the title
compound of Example 6b 1s dissolved in 27 ml of methylene chlonde with 93 g of (1S)-(-)-
camphor ketal (produced from (1S)-(-)-camphor, methanol and p-toluenesulfonic acid), and 546
mg of camphor-lOfsulfonic acid is added. It is refluxed for 15 hours. The batch is diluted in 200
ml of methylene chloride and washed with saturated sodium bicarbonate solution, then with
saturated sodium chloride solution. The organic phase is dried on sodium suifate and evaporated
to the dry state in a vacuum. The residue is purified, chromatographed in a chiral phase (mobile
~ solvent: acetoniirile/warer gradient). The oil that is obrained crystallizes while standing.

Yield: 10 g, (77% of theory) of a colorless, crystalline solid.

Elemeniary analysis:

— — d— a— — -y A

Example 64
5-Hydroxy-2,2-dimethyl-3(S)-hydroxy-pentane-nitrile
Cleavage of the camphar keral

13 g (47 mmol) of 3(S)-(3,5) camphordimethylketal-2,2-dimethyl-pentane-nirmile of‘ the
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compound of Example 6c¢ is dissolv.ed in 40 ml of terahydrofuran, 12.18 g (46.61 mmol) of
terraburylammonium flyonde hydrate 1s added, and 1115 stirred for 16 hours at raom temperature,
then it is evaporated 10 the dry srate in a vacuum. The residue is purified by RP-18
chromatography (mobile solvent: acetonitrile/warter gradient).

Yield: 5.72 g (85% of theory) of a colorless, viscous o1l.

Elementary analysis;

Cld. 58.72 9.1 9.78 ' }
T _i

Example 7
S-Benzyloxy-2,2-dimethyl-3(S)-hydroxy-peniane-nitrile
and '
S-Ben.zyloxy_-z.2-dimcrhyl*3(R)-hydroxy-pentane-nitrile

The utle compound of Example la, 5-benzyloxy-2,2-dimethyl-3(R,S)-hydroxy-pentane-
nitrile, is chromatographed in a chiral phase (10 g on Chiralpak AD 20 y/eluant: hexane/ethanlol
98:2, wavélcngth: 208 nni)-

The following are obtained:

R-Isomer, yield: 3.8 g (38% of theory) of a colorless, viscous oil.

Elementary analysis:

———

S-Isomer, yield: 4.1 g (41% of theory) of a colorless, viscous oil.
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Example 8a

S-tert-Butyldimethylsilyl-2,2-dimethyl-3(R,S)acetoxy-pentane-nitrile

14.43 g (142.64 mmol) of uiethylamine and 200 mg of 4-dirmnethylaminopyridine
(DMAP), dissolved in 128 m! of MTB ether, and, at 0°C, 14.56 g (142.64 mmol) of acetic acid
anhydride are added to 28.24 g (109.7 mrnol) of S-tert-butyldimethylsilyl-2,2-dimethyl-3(R,S)-
hydroxy-pentane-nitrile, the title compound of Example 62, and it is stirred for 5 hours at room
temperature. It is poured into 2 | of ice water and exmracted twice with 300 ml each of MTRB
ether. The combined MTB phases are washed once with 300 ml of 5% hydrochlpric acid and
then with warer. It is evaporated to the dry state in a vacuwm. The residue is purified by flash
chromarography on silica gel (hexane/MTB ether).

Yield: 31.21 g (95% of theory) of a colorless oil.

Elementary analysis:

|
l Cld.

ow  low  Taw |

Example 8b
5-tert-Butyldimethylsilyl-2,2-dimethyl-3(S)hydroxy-pentane-nitnle
10 g (33.39 mmol) of 5-tert-buryldimethylsilyl-2,2-dimethyl-3(R,S)-aceroxy-pentanc-

nitrile of the title compound of Example 8a is added 1o a buffer solution, produced from 0.833 g
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of potassium dihydrogen phosphate and 1.82 g of disedium hydrdgen phosphate in 250 ml of
warer. Then, 5 g of the enzyme lipase AYS "Amano" (related to Amano) 1s added, and i1 1s
stirred for 42.5 hours at room temperature. The pH 1s brought to 7 by adding 2.062 g of sodium
hydrogen phosphate, and then stumng 1s continued for 44.5 hours. Working-up: [11s extracted 3
times with 200 m] of ethyl acetate. The organic phases are combined and evaporated 1o the dry
state in 8 vacuum. The purification is camed out by chromatography on silica gel (hexane/ethyl
accraie gradient).

3.8 2(45%) of S-Iert—butyldimethylsilyl-z,2-dimethyl-3(R)—hydroxy—pentane-mtrile and
4.8 g (48%) of S-tert-buryldimethylsilyl-2,2-dimethyl-3(S)-acetoxy-pentane-nitrile are pbiained.

4.8 g (16 mmol) of S-tert-butyldimethylsilyl-2,2-dimethyl-3(S)-acetoxy-pentane-nitrile is
dissolved in 50 m] of ethanol and mixed with 1.28 g of NaQH (32 mmol). It is sturred for 3
hours at 25°C, added 10 200 m) of water, extracted with 2 x 200 ml of MTB ether, drned on
sodium sulfate and cancentrated by evaporation.

Yield: 3.43 g (40% of theory)

Elementary analysis:

——AA— — d '_.._‘-—‘_“—“_ﬂﬂ_ﬂ-——u-&._#—%-“ -—bj
L

Example &c

3(S )-—3,S-Di-tcn-butyldimt;thylsilyloxy-2,2~dimethyl-pcﬁtanc~niuile

2.37 g (34.95 mmol) of imidazole and 2.63 g (17.47 mol) of tert-buryldimethylsilyl
chloride are added to a solution that consists of 3 g (11.65 mmol) of S-ten-buryldimethylsilyl-
2,2-dimethyl-3(S)-hydroxy-pentane-nimile of the ntle compound of Example 8b, dissolved in 10
m| of dimethylformamide, and 1t is stirred for 16 hours at room temperature, The solution is

poured into 100 ml of water and extracted twice with S0 m] cach of MTB ether. The arganic
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phases are combined and evaporated to the dry state in a vacuum. The residue is purified by
flash chromatography on silica gel (hexane/MTB ether).
Yield: 4.11 g (85% of theory) of a colarless, viscous oi}.

Elementary analysis:

Fnd 61 31

!
|

L

+

- g g A . S el W s s p—————————

Example 8
5-Hydroxy-2,2-dimethyl-3(S)-hydroxy-pentane-nitnle

12.18 g (46.61 mmol) of tetraburylammonium fluoride hydrate is added 1o a solurion that
consists of 3 g (11.65 mmol) of S-terr-butyldimethylsilyl-2,2-dimethyl-3(S )hydroxy-penrane-
nitrile of the title compound of Example 8b, dissolved in 40 ml of 1errabydrofuran, and iv is
stirred for 16 hours at room remperamure. Then, i11s evaporated to the dry state in a vacuum.
The residue 1s punified by RP-18 chromatography (mobile solvent: acetonitrile/warter gradient).

Yield: 1.41 g (85% of theory) of a colorless, viscous oil.

Elementary analysis:

—
e . [ _w-"-m—]

———ana B e T ————— N —pp——
e A A — S e BRI WS i R e T T R p—— "

| 9
e | & |

Example 10a
5-Benzyloxy-2,2-dimethyl-3-keto-pentane-nitrile
5.47 g (79.17 mmol) of 1sobutyric acid nimle 1s added in drops at -65°C 10 an LDA

solunion (produced from 33.64 g (79.17 mmol) of n-butyllithium (15%, 1.6M) and 80.1 g (79.17
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mmol) of diisopropylamine), and it is stirred for 20 minutes at -65°C. Then, a solution thar
consists of 14.29 g (71.97 mmol) of 3-benzyloxy-1-propionic acid chloride in 20 ml of THF is
added in drops (60 munutes). The temperature 1s held a1 -65°C! Then, stirring is continued for
oné hour. It is heated to -20°C, and a solution that consists of 20% sulfuric acid is added 1n
drops, and the 1emperature is allowed 10 reach +10°C. Then, 50 ml of MTB ether is added, and
then the organic phase is separated. The organic phase is washed with water and then with
saturated sodium bicarbanate solution. Finally, it is washed once more with water and then
evaporated 10 the dry state in a vacuum. The residue is purified by flash chromarography on
silica gel (hexane/MTB ether).

Yield: 14.15 g (85% of theory) of a colorless, viscous oil.

Elementary analysis:

[

IW

Example 10b
5-Hydroxy-2,2-dimethyl-3-keto-pentane-nirrile

3 g of Pearlman's caralyst (Pd(CH). on carbon, 20%) is added 10 10 g (43.23 mmol) of 5-
benzyloxy-2,2-dimethyl-3-keto-pentane-nimile of the title compound of Example 10a, dissolved
mn 100 m} of methanol. It is now hydrogenated for 7.5 hours at 10 bar and at room temperature.
Caralyst 1s filtered our, and the filirate is evaporated to the dry state in a vacuum,.

Yield: 5.98 g (98% of theory) of a colorless, viscous oil.
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Flementary analysis: sis:

£ M

Example 10c
3(S),5-Dihydroxy-2,2-dimethyl-pentane-nitrile

5 g'(35.41 mmol) of 5-hydroxy-2,2-dimethyl-3-keto-pentane-nimile of the title compound
of Example 10b is hydrogenated with a catalyst (produced from 233 mg of RuClz(Ph): and 626
mg of R-BINAP according to R. Selke, Angew. Chem. [Applied Chem. | 1998, 110, pp. 1927-
1930) (at 40°C and 100 bar). Caralystis filtered out, and the filirate is evaporated to the dry state

in 2 yacuym.

Yield: 4.96 g (98% of theory) of a colorless, viscous oil.

Elementar analysis:

S-3-(2,2-Dimethyl-{1,3]dioxan-4-yl)-3-methyl-butan-2-one

35.6 m] of methyllithium-lithium bromide complex (1.5 M in diethyl ether) is added n
drops at -20°C 10 3.26 g (17.79 mma}) of the title compound of Example le, 3(S)-(3,5)-acetone
dimethylkeral-2,2-dimethyl-pentane-nimile, dissolved in 5 ml of diethyl ether. Then, 11 1s surred
for 30 minutes at -20°C and then heated ta room temperature. It is stirred overnight at room

temperature. 10 ml of saturated ammonium chloride solution is added, and it is stirred for 6
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hours at room Iemperature. The organic phase 1s separated and washed twice with water. The
organic phase 1s evaporated to the dry s1ate in 2 vacuum. The purification is carried out by
chromatography on silica gel! (hexane/ethyl acerate gradient).

Yield: 2.77 g (78% of theory) of an o1l.

E lementan anal szs

- e Ay p—— i ol - -

Example 12
S-1,3-Bis-(tert-butyl-dimethyl-silanyloxy)-4,4-dimethyl-pentan-5-one

40.35 mi of lithium methylate (1 M solution in THF) 1s added in drops a1 -20°Cto S g
(13.4S mmol) of the ntle compound of Example 2, 3(S)~3,5-di-tcrt-bmyldiméthylsil yloxy-2,2-
dimethyl-pentane-nitrile, dissolved in 5 ml of diethy] ether. Then, it is srirred for 30 minutes at
-20°C, and then heated 1o room temperature. [t is stirred overnighr af room temperature. 10 ml
of saturared ammonium chloride solution is added, and it is stirred for 6 hours at room
temnperature. The organic phase is séparated and washed twice with water. The organic phase is
evaporated to the dry sfate in @ vacuum. The punfication is carmned oyt by chromatography on
silica gel (hexane/ethyl acetare gradient).

Yield: 4.06 g (75% aof theory) of an oil

Elements analy /sis:

AP ——

o 1151

Fnd 11.64

f
Il
:
| f
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Example 13
S-2-(2,2-Dimethyl-[1,3]dioxan-4-yl)-2-methyl-heptan-3-one

34 ml of n-buryllithium, 15% (1.6 M in hexane) 1s added in drops at -65°C [t0] 3.26 g
(17.79 mmo!) of the title compound of Example le, 3(8)-(3,5)-acetone dimethylketal-2,2-
dimethyl-pentane-nitrile, dissolved in 5 ml of THF. Then, it is stirred for five hours atr -65°C,
and then 1t is heated 1o room temperature. It is stirred overnight at room emperagure. 10 ml of
saturated ammonium chloride solution 1s added, and 1t is surred for 6 hours ar room Yemperature.
The organic phase is separated and washed twice with water. The organic phase is evaporated
to the dry State in a vacuum. The purification is carried out by chromatography on silica gel
(hexane/ethyl acetate gradient). .

Yield: 4.13 g (96% of theory) of an oil

Elementary analysis:

Example 14

(4S)-4-(2-Methyl-3-oxo-hepi-6-en-2-yl)-2,2-dimethyl-(1,3 )dioxane

50 ml of 3-burenyllithium solution (produced from 4-bromo-1-butenes and lithium wire
or tert-butyllithium, according to J. Org. Chem., Vol. 56, No. 21, pp. 6094-6103 (1991) ar J.
Chem. Soc. Perkin Trans, 1, pp. 2937 (1988)) 15 added in drops ar-90°C103.26 g (17..79 mimnol)
of the title comnpound of Example le, 3(8)-(3,5)-acetone dimethylketal-2,2—d1mcthyl-peniane-
ninle, dissolved in S ml of diethyl ether. Then, i1 1s stirred for 17 hours ay -90°C and then heated
to room lemperature. [t is stured overnight at roam temperature for 17 hours. 10 ml of saturated
ammonium chlonde solution 1s added, and it is stirred for 6 hours ar room temperature. The

organic phase 15 separated and washed 1wice with water. The organic phase is evaporated to the

......
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dry state in a vacuum. The purification 1s carried out by chromatography on silica gel

(hexane/ethyl acetate gradient).

Yield: 2.74 g (70% of theory) of a colorless oil.

Abbreviatioas of the Ether Protective Groups That are Used:

TES = Tnethylsilyl

TMS = Tnmethylsilyl

TIP = Triisopropy!

TBDPS = tert-Butyl-dimethylsilyl
MEM = Methylethoxymethyl
MOM = Methyloxymethyl

THP = Tetrahydropyranyl-(ether)
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The embodiments of the invention in which an exclusive property or privilege is
claimed are defined as follows:

1. A compound of general formula I:
OR, OR,
. _CN
()
in which:

R}, R, are the same or different and, independently of one another, stand for an alcohol
protective group,

or, in the case when R and R, are bridged, stand for a ketal protective group.

2. A compound of general formula Ia:
OR, OR,
AL _CN
(la)
in which:

R}, R; are the same or different and, independently of one another, stand for an alcohol
protective group,

or, 1n the case when R and R; are bridged, stand for a ketal protective group.

A compound of general formula Ib:

OR, OR,

CN
(Ib)
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in which:
R, R; are the same or different and, independently of one another, stand for an alcohol

protective group,

or, in the case when R and R; are bridged, stand for a ketal protective group.

4. A compound according to claim 1, 2 or 3, wherein the alcohol protective group is
benzyl, 4-methoxybenzyl, 3,4-dimethoxybenzyl, THP, TBDMS, TMS, TES, TIP,
TBDPS, MEM, MOM, allyl, or trityl, and the ketal protective group is:

w0 D g

Me

Q J>C U1\ /“"2
AN - § U1,U2 : Alkyl, Phenyl, tert-buty|
\
M u=ciceAmy,
5. A compound of general fomula Ia according to claim 2, which is:

3(5)-3,5-acetone-dimethylketal-2,2-dimethyl-pentane-nitrile

3(S)-3,5-cyclohexanoneketal-2,2-dimethyl-pentane-nitrile
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o; ;o

k)><c~

3(S)-3,5-di-tert-butyldimethylsilyloxy-2,2-dimethyl-pentane-nitrile

TBDSMO OTBDSM

CN

3,5-benzaldehyde-acetal-2,2-dimethyl-pentane-nitrile or

3,5-diphenylsilane-2,2-dimethyl-pentane-nitrile

e

Si
o~ Yo
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6. A compound of formula II which is:

2,2-dimethyl-3,5-dihydroxy-valeronitrile or an isomer thereof

OH OH
CN
(n .
7. A compound according to claim 6, wherein the configuration at the C-atom of the
secondary alcohol is S.
3. A compound according to claim 6, wherein the configuration at the C-atom of the
secondary alcohol is R.
9. A compound of general formula III:
OR, OH
CN
(i)
in which:

R stands for an alcohol protective group.

10. A compound according to claim 9, wherein the alcohol protective group is benzyl,
4-methoxybenzyl, 3,4-dimethoxybenzyl, THP, TBDMS, TMS, TES, TIP, TBDPS,
MEM, MOM, allyl, or trityl.

1. A compound according to claim 9 or 10, wherein the configuration at the C-atom

of the secondary alcohol is S.

12. A compound according to claim 9 or 10, wherein the configuration at the C-atom

of the secondary alcohol is R.
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13. A compound according to claim 11, which 1s:

5-benzyloxy-2,2-dimethyl-3(S)-hydroxy-pentane-nitrile

14. A compound of general formula XII:

OR, OH

04k/><cu (Xif)

in which:

R4 stands for a C;-Cg alkyl, methyl, ethyl, tert-butyl, phenyl or benzyl group.

15. A compound of general formula Xlla:

CN (Xlla)

in which:

R4 stands for a C-Cg¢ alkyl, methyl, ethyl, tert-butyl, phenyl or benzyl group.

16.  Use of the compound as defined in any one of claims 1 to 15 for the synthesis of

natural and synthetic epothilones.
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17. A process for the production of the compound as defined in claim 1, 2 or 3,

wherein starting from the compounds as defined in claim 6, the alcohol groups are

protected with protective groups R; and R,.

18. A process according to claim 17, wherein the protective groups R; and R,

represent the acetone ketal and the TBDMS group.

19. A process for the production of an optically active compound of general formula

Illa:

(lla)
wherein a racemic ester of general formula VI:
OYR:%
OR, O
CN
(V1)

in which:
R stands for an alcohol protective group, and
R; stands for a C;-Cg alkyl group or an allyl, phenyl or benzyl group, is

enantioselectively saponified by means of enzymatic saponification.

20. A process according to claim 19, wherein the enzyme that is used for

saponification is lipase amino AY.
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21. A process for the production of an optically active compound of general formula
Ii1a:
OR, OH
A\ _CN
(llla)
in which:

R stands for an alcohol protective group,

wherein starting from a compound of general formula VII:

1
CN
(Vi)

a chiral reduction of the keto group is performed.

22. A process according to claim 19, 20 or 21, wherein the alcohol protective group is

benzyl, 4-methoxybenzyl, 3,4-dimethoxybenzyl, THP, TBDMS, TMS, TES, TIP,
TBDPS, MEM, MOM, allyl, or trityl.

23. A process according to claim 21, wherein the chiral reduction of the keto group is

made by catalytic hydrogenation with a Noyori-type catalyst.

24. A process according to claim 21, wherein the chiral reduction of the keto group is

performed by enzymatic reduction.

25. A process for the production of a compound of general formula XIII:
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in which:
R4 stands for a C;-Cs alkyl, methyl, ethyl, tert-butyl, phenyl or benzyl group, wherein a

compound of general formula XIV:

O Nu

(XIV)

in which:
R4 stands for a C;-Cs alkyl, methyl, ethyl, tert-butyl, phenyl or benzyl group, and

Nu stands for a leaving group,

1s reacted with a compound of formula V:
)N\
v) .

26. A process according to claim 25, wherein the leaving group is Cl, Br, imidazole,

-OPh, -O-CsH4NO,, or -O-C,-C4 alkyl.

27. A process for the production of a ketone of general formula A:
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(A)

in which:

R}, R are the same or different and, independently of one another, stand for an alcohol

protective group,

or, in the case when R and R; are bridged, stand for a ketal protective group, and
V stands for a C;-C;s alkyl or alkenyl radical,

wherein a compound of general formula Ia:

OR, OR,

CN
(1a)

1s reacted with a compound of general formula B:
M-V (B)

in which M stands for Li or MgCl, MgBr, or Mg,

and then is worked up under aqueous hydrolysis.

28. A process according to claim 27, wherein the alcohol protective group is benzyl,

4-methoxybenzyl, 3,4-dimethoxybenzyl, THP, TBDMS, TMS, TES, TIP, TBDPS,
MEM, MOM, allyl, or trityl, and the ketal protective group is:
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NO,
H,G CH, | | '
s Q Q ;
Me
u ,-»\*/\ oM
R > Sl U1,U2: Alkyl, Phenyi, tert-butyl

U
U,,\( U = C1-C6 Alky}

29. A process according to claim 27 or 28, wherein the compound of general formula
B 1s MeLi, EtLi, propyl-Li, BuLi, or CH,=CH-CH,CH,-Li.

30.  Use of the compound of:
general formula I as defined in claim 1, or
general formula Ia as defined in claim 2, or
- general formula Ib as defined in claim 3, or
general formula II as defined in claim 6, or
general formula III as defined in claim 9, or
general formula XII as defined in claim 14,

for the production of epothilones or epothilone derivatives.
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