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€87) Abstract: The invention relates to 3.5-dihydroxy-2.2-dimethyi-valeronitriles for the synthesis of epothilone and epothilone
I, derivatives and a method for producing said novel intenmediate products in the synthesis and the use thereof in the production of
epothilones or epothilone derivatives.
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Protected 3,5-Dihydroxy-2,2-dimethyl-valeronitriles for the
Synthesis of Epothilones and Epothilone Derivatives and

Process for the Production and the Use

The invention relates to the subject that is characterized in the claims, i.c., new
intermediare products and process for their productioﬁ and the use. The process for the
production of new intermediate products starts from economical starting marerials, yields the
imermediate products in high enantiomer purities, in high chemical purity, in good yields, and it
allows the indusmial-scale producnion.

The invention is used in the synthesis of component A from natural and synthetically
modified epothilones or derivatives. Epothilones are 16-membered macrolide rings that were
isolated from the cultures of Myxobacterium Sorangium Cellosum and are representatives of a
class of promising anti-tumor agents that were tested and found 1o be effective against a2 number -
of cancer lines. A survey of the syntheses has been described by J. Mulzer et al. in J. Org.
Chem. 2000, 65, 7456-7467.

A-Component Fragmers
In the lireranure, in addirion o the nasmrl epothilones, a mumber of syntheric epothilone
dexivatives are described that vary for the most part within radicals M and T. In most cases, M
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stands for a heterocyclic radical here. Most syntheses of the natural cpothilones and the
synthetic epothilone derivatives use the A-component fragment, which represent carbon atoms
Cs-Cjp in the macrolide. Within this component A (see below), C; is the Cs in the macralide and
Csisthe Cypinthe mcmhdc, et

>< .
l

1 :\/sl\/T 1\/:\/
/AN

In this connection, T stands for a C1-C4 alkyl or alkenyl ;adical, and Sgl and Sg2 stand
for the protective groups that are familiar to one skilled in the art, such as, e.g., the TBDMS
group.

A possible production of the A-component is described in, for example, W000/58254. A
synthesis of p-keto esters, which can be converted into multistage sequences in component A, is

disclosed therein. The chirality is introduced by an asymmetric hydrogenation of a f-keto ester

according 10 Noyori:

— —— - T — —a

S~ /\/t% S-Blnap SQ\O OR

In this connection, the conversion of the ester group info a ketone can only be done by
means of a multistage sequence. In this case, after a protection of the 1- and 3-hydroxy group,
the ester group (C-5 atom) is reduced to form alcohol, the oxidation 10 aldehyde is carried out,
and the Grignard addition of an alkyl radical with an alkylmagnesium or alkyllithium compound
yiclds a secondary alcohol, wihich then is axidized. To get from the ester to the kewone, 2 total of
8 sreps are necessary. The direct reaction of an ester is not selective, since the imermedintely
produced product is 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 Tetrahedron
2000, 56, 78-59-7868. [t is described there that the aldol reaction with a chiral component yiclds
a less selecuive reaction. By the round-about way of an N-methylthioacetyl-oxazalidinone, the
synthesis of the chiral C3 atom ina multismge sequence with improved diastereoselectivity by
means of boron enalate is described. To achieve usable diastereoselectivities, a methylthio
substitution is necessary; the thio cther is cleaved off after the aldol reaction.

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

In J. Org. Chem. 2000, 65, 7456-7467, an asymmewical synthesis of a B-keto ester is
further described, whereby a variant in asymmetrical 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%. Another example in this regard is
described by R. E. Taylor, Y. Chen, Org. Letr, (2001), 3(14), 2221-2224 as an asymmetrical
aldol reaction, in which the yield is 71%.

Another methed 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 to produce a universally usable starting

intermediaie compound of general formula I as well as the oprically pure antipodes of general

formulas la, Ib,
o
OR, OR, s
® {ta) (tb)

in which R1, R2 can be the same or different and, independently of one another, stand for an
alcohol protective group that is familiar to one skilled in the art, for example, benzy, 4-
methoxybenzyl, 3,4-dimethoxybenzyl, THP, TBDMS, TMS, TES, TIP, TBDPS, MEM, MOM,
altyl, or writyl, or, in the case when R1 and R2 are bridged, stand for a ketal protective group,
such as, e.g.,
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NO,

_5& U= C1-CH Alioyt

1o produce A-component fragments for epothilone total syntheses.

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

AK Base
oR, OR, .
® A

The reacrions of the compounds of general formuls 1, as well as their antipodes Ia, Ib 1o
form ketones AX are carried omt with methyllithium or methyl-Grignard compounds according
1o the standard process that is known 10 one skilled in the ar1; the aqueous warking-up then
yields the ketone. The subsequent alkylation with an alkyl or alkenyl-halide of formula T-Hal
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(Hal = Cl, Br, I or tosylate, mesylate, wiflate, erc.) with the addition of a base yields the A-
component fragments,

A can also be directly obtamed, however, by the amides of general formula I being
reacted directly with organomerallic compounds, such as, ¢.g., the lithium compound Li-CH2-T,
and then being worked up in aqueous form.

As arule, the above-described reactions run smoothly and produce the A-components in
high yields.

There was therefore a need for an industrial-scale process thar allows it 1o prepare a
universally usable intermediate compound for the production of the A-component in the
epothilone tatal synrhesis. ) _

In addition to the high yields in the conversion into the A-components, the relatively easy
accessibility of the compounds of general formula ] from relatively inexpensive starting
materials can be emphasized. Morcover, the compounds according to the invention are stable in
storage in conrast 1o the esters and ketones that are known in the literature and can be reacted as
needed during a continuous Synthesis campaign. For the most part, the compounds of general
formula I are crystalline solids and can be purified by crystallization. In this way, high chemical
and optical yields (e.e. > 98%) can be achieved.

The object of the invention is achieved by t'he preparation of the new compounds of

general formulas ], Ia, Ib
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n which R1, R2 can be the same or different, and, independently of one another, 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 trityl,
or in the case when R1 and R2 are bridged, stand for a ketal protwective group, such as,

e.g.,
(]
My A
Pl -l
/ Y ‘ |
ul ul
s = >S< UH,2 - Alieyl, Prienyl, tert, putys
M_ U= G1.C8 ANt
For the production of the compounds according to the invenrion, a total of 4 variants can
be indicated:

Variant | (General Access via Aldol Reactions)
a) In the case where R1 and R2 stand for a ketal protective group, or R1 =R2,
compounds of general formula ! can be produced from compounds of formula I, 2,2-dimethyl-

3,5-dihydroxy-valero-nitrile -
‘ OH OH

M

according to the methods for protective group chemistry thar are known 10 one skilled in the ar;
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thus, for example, their production and cleavage are described by P. J. Kocienski in "Protecting
Groups," Georg Thieme Verlag Sungart, New York, 1994, as well as in Houben Weyl, 4th
Edition, Volume VI/1b, p. 737, Thieme Stutrgant 1984.

b) In the case that Rl and R2 do not represent any ketal-protective group bhut
nevertheless can be the same or different, the production of the compounds of general formula I
can be carried out directly from the compounds of general formula 11, by protective group R2
being introduced according 1o methods that are known in the literanure.

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

111

OR, OH

CN
'\& (0

in which R1 stands for a protective group in the above-indicated meaning, by cleavage of
protective group R1 according to the process, known to one skilled in the arr, of the protective
group cleavage of alcohols (P. J. Kocienski in "Protecting Groups,” Georg Thieme Verlag
Stuttgart, New York 1994/Houben Weyl, 4th Edijtion Volume VI/1b p. 737, Thieme Sturtgart
1984).

Compounds of general formula 1T can be produced from compounds of general farmula

) TL,

™

by reaction with the compound of formula V, 2-methyipropionitdie,
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in which R1 1s in the above-indicated mezning,

in 3 way thar is known to ane skilled in the at by the techniques of the aldo] condensarion.

Tl;c production of compounds of general formula IV are known to one skilled in the art,
however:

R1=THP in JOC, 1984, 49, 2301-2309

R1=benzyl in J. Chem. Soc. Perk. Trans 1, 2000, 2429-2454,
R1 =TBDMS in JOC, 2000, 65, 7456-7467.

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

Variant II (Production of Optically Active Intermediate Products of General Formula Ia)

Far the production of optically active compounds of general formula la

@)

OR, R,

GN
(ia)

the procedure is analogous 1o that described under Variant 1. Starting from the optically active
intermediate stage of general formulas I1a and Ilia

QH OH

(Ba)

compounds of general formuia Ia are produced. :
cmdmmmmmwmmmmuyme
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precursors of general formula llla

oR, OH

CN
(Wa)

Opucally active compounds of general formula Lla are accessible as follows:

L Separation of the racemic compound of general formula [IT in the chiral phase
(Lit.: G. Roussel, P. Piras, Chirabase, Pure and Applied Chemistry, 1993, 65,
235-244), primarily by SMB technique: A. Seidel-Morgenstern et al., Chromar.
A. 1998, 82772, 175-191.

2. By starting from the racemic alcohol of general tfonnula U, esters of general

formula VI
OTR?»
OR,
CN

S

in which R3 stands for a C1-C6 alky! group or an allyl, phenyl or benzyl group, are produced

according 10 the process of esterification that is known 1o one skilled in the art.

And the latter is saponified enantioselectively by enzymatic or microbiological methods.
The alcohol that is praduced is clearly distinguished in its Rf value from the ester thar is used so
that the two can casily be scparated from another, e.g., by column chromatography.
3. By aldo! condensation that is mediated with chiral catalysts, by compounds of gencral
formulas TV and V being reacted with use of a catalytic or stoichiometric amount of a
chiral aldol caralyst:

—— e ) chua!mlyst
L - rg, ===y

v ” )
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Liuterature: See, e.g., J. Org. Chem. 2000, 65, 7456-7467

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

OR, Q
cN
Vi)

being performed according to methods that are known to one skilled in the art. Lir.: Noyori et
al., J. Am. Chem. Soc. 1987, 109, 5850; Noyori et al., J. Am. Chem. Soc. 1988, 110, 629, R. C.
Larock in "Comprehensive Organic Transformations,” VCH Publishers New York 1989, ISBN

0-89373-710-8, pages 540-548.
Compounds of general formula VIL, with R1 in the above-indicated meaning, can be
obiained by reaction of the compound of formula V with compounds of general formula VIII

N ' o
KX - T
™ (vAn
in which Nu stands for a leaving group, such as Cl, Br, imidazole, -OPh, -0-C6H4NQ2, -0-Cl-
C4 alkyl, etc.
The reaction is carried out in a way that is basically known 1o ane skilled in the art.
The production of compounds of general formula VI is described in the literature: J.
Med. Chem. 1999, 706-721.
In some cases, it has proven advantageous when compounds of general formula VII are
mﬁbyoﬁ&ﬁmﬁmmemmowsdmmuacu@gmdmm
of oxidation that are known 10 one skilled in the at (e.g., Swern oxidation, PDC, PCC, ewc.).

In some cases, it has proven advaniageous when a compound of forrmia V is reacted
with promolactone to form a compaund of IX:
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The compound of formula IX can be converted very easily into compounds of general
formula VII by introducing proiective groups accarding to the methods that are known to one
skilled in the art (see: P. J. Kocienski in "Protecting Groups," Georg Thieme Verlag Sturtgart,
New York 1994, as well as in Houben Wey), 4th Edition, Volume VV/1b, p. 737, Thieme
Stutigart 1984). _ |

Starting from compounds of formula IX, however, a compound of formula JIa

OH

2

CN
{Ha)

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).

Variaat I
Compounds of general formnula [a

(i)

can also be produced by introducing protective groups according to methods that are known in

e iead e e it e
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the literature for introducing alcohol protective groups from the compounds of general formula X

- ——

OH  ©OR,

(see literamre cited above for introducing protective groups).

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

X‘[ —_——_

CN ' m’

in which R4 stands for a methyl, ethy} or benzy! group,
by ester reduction according to methods that are known to one skilled in the art.

Compounds of general formula X1 can be produced from compounds of general formula

xu f——
OR, OH

OWCN x®)

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 thar are known to one skilled in the ant
(see above). |

Compounds of general formula XT1 can be obrsined from f-ketoesters of gencral fiemula
Xm
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R, ©
(xXun

by methods of chiral reduction (chemical or enzymatic).
Compounds of general formula X1IT are obtained by reaction of compounds of general
formula X1V with a compound of formula V

OR, O /t
O)\/U\Nu

(Xn) : I\

Compounds of general formula XTV are known in the literature or can also be obtained

from the reaction of compounds of general formulas XI1{a and XTh.

Here, Nu is in the meaning of the leaving group that is already mentioned above, and Q
stands for a hydrogen atom or a COOH group. If Q is 2 hydrogen atom, XIlIz is deprotanated
Mthanorgmﬁgbase.mhas,e.g.,LDAandthmismcredwithmeacﬁvucdaciddcrivative
according to the method that is familiar 10 one skilled in the art.

In the case of Q being equal 10 COQH, the procedure is performed with the methods of
the malonic acid-semi-csier condensanian, as described in, c.g., J. Am. Chem. Soc. 1999, 121,
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7050-7062, Synth. Commun. 1997, 27, 3227-3234.
Compounds of general formula X1lla are commercially available (e.g., Aldrich).
Compounds of general formula XT1Ib are produced as described in R. C. Larock in
"Comprehensive Organic Transformations,” VCH Publishers New York 1989, ISBN 0-89573-
710-8, pages 963-964.

In some cases, it has proven advantageous to run the diols of general formula I1a

od OH

cN
K/% (ua)

directly from the compounds of general formula XTI

R

OH
{Xu)

by reduction of the ester group according to the above-mentioned process.

The production of racemic diol of general formula IT can also use as starting compounds

B-keto esters of general formula X1

———

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

Variant IV
In some cases, for the production of optically active diols of general formula [Ia, it has
proven advantageous to undertake a chromatographic separation or crystallization of the
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diastereomeric ketals of general formulas XTVa and XIVb

— ———

¢«
- k&“

(XIVD)

2

ava)

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

The production of diastercomeric 1,3 diol-ketals of general formulas XIVa and XIVb is
carried out from the racemic diol of general formula II by reaction with chiral ketones according
10 processes that 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 Ib

OR,
%)
can also be produced with use of mirror-image catalysts or other enzyme syswems.
There is also the possibility of obtaining the corresponding enantiomers in intermediate
stages of general formula ITTb

PO U T T W R L P T
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by inversion of the hydroxy! group according to Mitsunobu (Lit.: Synthesis 1981, 1-28).
Of protective groups R1 and R2 thar are used in the synthesis, the benzyl group and the
TBDMS group are preferred. In the case thar R1, R2 stands for a keral protective group,
especially {(C(CH3)2)- is preferred.
Of the different production variants here, the following partial sequences are especially

preferred for the creation of achiral precursors:

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

of general formulas V and VIII
Rl =benzyl, Nu=Cl

o @/\A/ﬁxm

2. Production of the compound of general formula X111 from compounds of general
formulas V and XIV
R4 = ethyl, Nu=C]

- - . e ——— —— —

. i
EtO c

eN e E0

— —— e —

~
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3. Production of the compounds of general formula VI by aldol condensation and
subsequent oxidation

Rl =benzyl, Nu=Cl

4, Production of the compounds of general formula 1X (with Y = dimethylamino)
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For the producrion of chiral precursors, especially the partial steps that are indicated
below are preferred:

1. - Chiral aldol condensation with a chiral catalyst

v
o,
P

o o

2. Enantioselective saponification of an acetate with the aid of an enzyme

- -
————— .

cnzymatic saponificat - \(

; X .

Mgzel gL o o
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3. Chira} reductian of a f-ketonimile (Noyori type)
(o) !E)H
CN S-Binap A N
R,0 —— RO
RuCl,
4. Chiral reduction of the B-keto ester with subsequent reduction
o
CN S-Binap
We —_——a—
RuCl,
R . OH gﬁ
Reguction ‘

The production of the compounds according to the invention is carried out preferably in
the sequences that are described below:

1.  Production of acctone ketals

RO

_  Cleavage of R -
>

e
i.__ON
R1 = benzyl => hydrogenarion m/\/x

R1 = THP => acidic cleavage

Rl = TBDMS => TBAF

— — —— -

T
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2. Production of the Di-TBDMS-protected compound

TBOMSC) / DMF ! Imidazot

TBDMSCLDMEF/imidazole

T-485 P.26/54

The production of the compounds and processes according to the invention is to be

explained in more detail in the embodiments below.

F-620
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Example 1:
Example 1a
S-Benzyloxy-2,2-dimethyl-3(R,S)-hydroxy-pentane-niirile

5.47 g (79.17 mmol) of isoburyric acid nitrile is added in drops a1 -65°C w0 an LDA
solution (produced from 33.64 g (79.17 mmol) of n-butyllithium 15% in hexane, (1.6 M) and
80.1 g (79.17 mmaol) of diisopropylamine), and it is stirred for 20 minutes at -65°C. Then, 2
solurion that consists of 10 g (60.9 mmol) of 3-benzyloxy-1-propanaldehyde in 20 mil of THF is
added in drops (over 60 minutes). The temperature is kept ar -65°C! Then, it is stirred for one
more hour. ltis now heated to -20°C, a solution that consists of 20% sulfuric acid is added in
drops, and the temperature is allowed to reach +10°C. "Then, 50 m} of MTB ether is added, and
then the organic phase is separated. The organic phase is washed with water and then with
saturated sodium bicarbonate. Finally, it is washed once more with water and then evaporated 1o
the dry state in a vacuum.

Yield: 13.1 g (92% of theory) of a colarless oil.

Elementary analysis:
C H N
Cld. 72.07 8.21 6.00
Fnd. 72.34 3.43 5.85
Example 1b

5-Benzyloxy-2,2-dimeshyl-3(R, S)-acctoxy-pentane-nitrile

14.56 g (42.64 mmol) of acetic acid anhydride is added at 0°C 10 a solution that consists
of 25.6 g (109.7 mmol) of 5-benzylaxy-2,2-dimethyl-3-hydroxy-pentane-nitrile of the title
campound of Example 1a, 14.43 g (142.64 mmol) of trictiylamine and 200 mg of 4-
dimethylaminopyndine (DMAP), dissalved in 128 ml of MTB ether, and it is stirred for 5 hours
a1 room emperature.  The reaction mixture is powred ingo 2 ] of ice waser and extracted twice
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with 300 ml each of MTB ether. The combined MTB phases are washed once with 300 ml of

5% hydrochleric acid and then with water. [t is evaporated to the dry state in a vacuum.

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

Elementary analysis: _
C H N
Cld. 69.79 7.69 5.09
Fnd. 69.51 8.01 4.83
Example 1c

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

10 g (36.31 mmol) of 5-benzyloxy-2,2-dimethyl-3(R,$)-acetoxy-pentane-nirrile of the
title compound of Example 1b is added to a buffer solution, produced from 0.88 g of porassium
dibydrogen phosphate and 1.82 g of disodium hydrogen phosphate in 250 ml of water. Then, 5 g
of the enzyme lipase AYS “Amano" (related 1o 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 phosphare, and then
surring is continued under HPLC monitoring ar intervals of 12 hours until the peak of the R-
acetate is smaller than 1% of surface area. Working-up: Tt is extracted 2 times with 200 ml of
cthyl acetate. The organic phases are combined and evaporated to the dry state in a vacuum.

The purification is carried out by chromarography on silica gel (hexane/ethyl acetate gradien).
4.2 g (45% of theory) of S-benzyloxy-2,2-dimethyl-3(R)-hydraxy-pentane-nitrile is obtained
with the 1% fraction, and 4.8 g (48% of theory) of 5-benzyloxy-2,2-dimethyl-3(s)-acetaxy-
pentane-nitrile is obtained with the 2™ fraction.

4.8 g (17.5 mmol) of 5-benzyloxy-2,2-dimethyl-3(S)-acctoxy-pentanc-nitrile from the 2%
fraction is dissolved in 50 ml of methanol and mixed with 1.4 g (35 mmol) of NaOH. [ is stirred
for 3 hours ar 25°C, added to 200 mi of waier, cxiracted with 2 x 200 mi of MTB ether, dried on
sodium sulfatr and concentrated by evaporation.
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Yield: 4 g (47% of theory) of 5-benzyloxy-2,2-dimethyl-3(S)-hydroxy-pentane-nitrile as

a colorless otl.

Elementary analysis:

C H N
Cld. 72.07 821 6.00
Fnd. 71.85 8.41 5.87
Examplc 1d

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

16 g of Pearlman's catalyst (Pd(OH). on carbon, 20%) is added 1o 11.13 g (47.70 mmaol)

of 5-benzyloxy-2,2-dimethyl-3(S }-hydroxy-pentane-nitrile of the tile compound of Example Ic,
dissolved in 110 ml of rerrahydrofuran. It is now hydrogenated for 7.5 hours at 10 bar and at

room temperature. Catalyst is filtered out, and the filtrate is evaporated to the dry state in a

yacuum.

Yield: 6.73 g (98% of theory) of a colorless, viscous oil.

Elementary analysis:
C H N
Cld. 58.72 9.15 9.78
Fnd J 58.63 5.23 9.69
Example le

3(S)-(3,5) Acctone dimethylketal-2, 2-dimethyl-pentanc-nitrile
6.73 g (47 mmal) of S-hydroxy-2,2-dimethy}-3(S)-brydroxy-pemtane-nitrile of the title
campound of Example 1d is dissolved in 27 mi of acctone dimethylkesal, and 546 mg of

[y
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camphor-10-sulfonic acid is added. Iris heated for 15 hours 1o 50°C. It is evaporated to the dry
state in a vacuum. The residue is taken up in 200 ml of methylene chloride and washed with
sapurated sodium bicarbonate solution and then with saturated sodium chloride solution. The
organic phase is dried on sodium sulfate and evaporated 1o the dry staie in a vacuum. The oil
thar is obtained crystallizes while standing.

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

Elementary analysis:
C H N
Cld. 65.54 9.35 7.64
Fnd. 65.38 ) 9.29 - 7.58
Example 2

3(S)-3,5-Di-ter-butyldimethylsilyloxy-2, 2-dimethyl-penrane-nirrile

7.13 g (104.75 mmol) of imidazole and 7.9 g (52.37 mmol) of tm-butyldtmelhylsxlyl
chloride are added 1o a solution that consists of 3 g (20.95 mmol) of 5-hydroxy-2,2-dimethyl-
3(S)-hydroxy-penrane-nitrile of the title compound of Example 1d, in 20 mi of
dimethylformamide, and it is stired for 16 hours a1 room IEmMperaure. The solution is poured
into 200 ml of water and extracted twice with 50 ml each of cyclohexane. The organic phases
are combined and evaporated to the dry stase m a vacuum. The residue is purified by flash
chromatography on silica gel (hexane/MTB ether).

Yicld: 7.39 g, (35% of theary) of a colorless, viscous oil.
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Elementary analysis:
C H N
Cid. 1 61.39 11.12 3.77
Fnd 62.00 1130 3.80
Example 3

3(S)-3,5-Cyclohcxanqne-dimcthylkctaw,2—dimcthyl—pentane-niu'ile

10 mg of p-toluenesulfonic acid is added to a solution that consists of 3 g (20.95 mmol)

of 5-hydroxy-2,2-dimethyl-3(S)-hydroxy-pentane-nitrile of the title compound of Example 1fin

30.21 .2 (0.2095 mol) of cyclohexanone-dimethylketal, and it is stirred for 6 hours ar 100°C. The

solution is poured into 200 ml of water and extracted Ttwice with 50 ml each of ethyl acetate. The

organic phases are combined and evaporated to the dry staic in a vacoum. The residug is

purified by flash chromatography on silica gel (hexane/MTB cther).

Yield: 4.21 g (90% of theory) of a colorless, viscous oil.

Elementary analysis:
C H N
Cid. 69.92 948 6.27
Fnd. 69.81 9.62 6.15
Example 4

3(S)-3,5-Benzaldehyde-dimethylacetal-2,2-dimethyl-pentane-nitrile

31.9 g (0.2095 mo)) of benzaldehyde-dimethylacetal and 50 mg of p-toluenesulfonic acid
are added to a solution that consists of 3 g (20.95 mmol) of 5-hydroxy-2,2-dimethyl-3(S)-
ydroxy-pentane-sircile of the title compound of Exsmpic 1f, in 20 mi of dimethyormamide,
and it is stirred for 16 hours a1 100°C. The solution is poured imio 200 ml of water and extracted




=it Wt WY BT TEONTMILLEN, UNTIR: LELANY 8 DRANFUARN (U3L8304 18 T-48% P.32/54 F-520

‘ 27
@

twice with 50 ml each of ethy! acetate. The organic phases are combined and evaporated to the
dry stare in a vacuum. The residue is purified by flash chromatography on silica gel
(hexane/MTB ether).

Yield: 4.26 ¢ (88% of theory) of a colorless, viscous oil.

Elementary analysis:
C H N
Cld. £9.92 948 6.27
Fnd. _ 69.81 9.62 6.15
Example 3

3(S)-3,5-Dichlorodiphenylsilane-2,2-dimethyl-pentane-niwile

3.14 g (46.09 mmol) of imidazole and 5.83 g (23.05 mmol) of dichlorodiphenylsilane arc
added to a solution that consists of 3 g (20.95 mmol) of 5-hydroxy-2,2-dimethyl-3(S)-hydroxy-
peniane-nitrile of the title compound of Example 1f, in 20 m! of dimethylformamide, and it is
stirred for 16 hours at room temperature. The solution is poured into 200 ml of water and
extracted twice with 50 ml each of methylene chloride. The organic phases are combmed and
evaporated 1o the dry state in a vacuum. The residue is purified by flash chromarography on
silica gel (hexane/MTB cther).

Yield: 5.76 g (85% of theory) of a calorless, viscous ail.

Elementary analysis:
C H N
Cld. 70.55 6.54 433
Fnd. 70.41 6.71 425
— o =

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

4.62 g (66.99 mmol) of isobutyric acid nitrile is added in drops at -65°C 10 an LDA
solurion (produced from 28.6 g (66.99 mmol) of n-buryllithium 15% (1.6 M) and 6.82 g, 66.99
mmol, diisopropylamine), and it is stirred for 20 minutes at -65°C. Then, a solution that consists
of 11.47 g (60.9 mmol) of 5-tert-butyldimethylsilyl-1-propanaldehyde in 20 ml of THF is added
in drops (over 60 minutes). The temperature is held at -65°C! Then, it is stirred for one more
hour. It is now heated 1o -20°C, and a solution of 130 ml of 1N hydrochloric acid is added in
drops, and the temperature is allowed 10 come to +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
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)

Elementary analysis:
C H N
Cid. 60.65 10.57 544
Fnd. 60.48 10.65 537
Example 6b

5-Hydroxy-2,2-dimethyl-3(R,S)-hydroxy-pentane-nitrile
12.18 g (46.61 mmol) of rerraburylammonium fluoride hydrate is added 10 a solution that
consists of 3 g (11.65 mmol) of 5-tert-buryldimethylsilyl-2,2-dimethyl-3(R,S )-hydroxy-pentane-
nitrile of the ritle compound of Example 6a, dissolved in 40 ml of ictrahydrofiran, and it is
stirred for 16 hours a1 roosn tempersture. Tltn.itisevlpmdbthcdlysmeina‘vm
The residue is purified by RP-18 chromatograplry (mobile solvent: acetonitrile/waser gradicnt).
Yicld: 1.41 g (85% of theory) of a colorless, viscous oil.



JaU=L(-U4  US:iapn, rrom=WiLLEN, WHITE, ZELANC & BRANIGAR 703243640

T-485 P.34/54 F-§20

® 25
Elementary analysis:
C H N
Cld. 58.72 D.15 9.78
Fnd. 58.51 9.23 9.64

Example 6c¢, (-)-Camphor ketal

3(S)~(3,5) Camphordimethylketal-2,2-dimethyl-pentane-nitrile
6.73 g (47 mmol of 5-hydroxy-2,2-dimethyl-3(R,S)-bydroxy-pentane-nitrile of the title

compound of Example 6b is dissolved in 27 ml of methylene chloride with 93 g of (18)-(-)-

camphor ketal (produced from (18)-(-)-camphor, methano! and p-toluenesulfonic acid), and 546

mg of camphor-10-sulfomc acid is added. It is refluxed for 15 hours. The batch is diluted in 200

m] of methylene chloride and washed with saturated sodium bicarbonate solution, then with

saturated sodium chloride solution. The organic phase is dried on sodium sulfate and evaporared

1o the dry state in a vacuum. The residue is purified, chromatographed in a chiral phase (mobile

solvent: acetonitrile/water gradient). The oil that is obtained crystallizes while standing.

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

Elementary analysis:
C H N
Cld 73.61 9.81 5.05
Fnd 73.40 9.79 5.00
Example 64

5-Hydroxy-2,2-dimethyl-3(S8)-hydroxy-pentane-nitrile
Cleavage of the camphor ketal
13 g (47 mmol) of 3(S)H3,5) camphordimethylketal-2,2-dimethyl-penmne-nitrile of the
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compound of Example 6¢ is dissolved in 40 ml of terahydrofiran, 12.18 g (46.61 mmol) of
tetrabutylammnonium fluaride hydrate is added, and it is stirred for 16 hours at room temperature,
then it is evaporated 1o the dry state in a vacuum. The residue is purified by RP-18
chromatography (mobile solvent: acetonitrile/water gradient).

Yield: 5.72 g (85% of theory) of a colarless, viscous oil.

Elementary analysis:

C H N
Cld. 58.72 9.15 9.78
Fnd. 58.60 9.00 9.60

Example 7
5-Benzyloxy-2,2-dimethyl-3(S)-hydroxy-pentane-nitrile
and
5-Benzyloxy-2,2-dimethyl-3(R)-hydroxy-pentane-nitrile

The rile compound of Example 1a, 5-benzyloxy-2,2-dimethyl-3(R,S)-hydroxy-penrane-
nimle, is chromatographed in a chiral phase (10 g on Chiralpak AD 20 p/eluant: hexane/ethanol
98:2, wavelength: 208 nm).

The following are obrained:

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

Elementary analysis:

| c H N

Fld. S8.72 9.15 9.78
Fad. 58.59 931 9.71

S-Isomer, yield: 4.1 g (41% of theory) of a coloriess, viscous oil.
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Elementary analysis:
C H N
Cld. ' 58.72 9.15 9.78
Fnd. 58.61 9.27 9.69
Example 8a

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

14.43 g (142.64 mmol) of wicthylamine and 200 mg of 4-dimethylaminopyridine
(DMAP), dissolved in 128 m] of MTB ether, and, a1 0°C, 14.56 g (142.64 mmol) of acetic acid
anhydnide are added to 28.24 g (109.7 mmol) of 5-tert-buryldimethylsilyl-2,2-dimethyl-3(R,S)-
hydroxy-pentane-nitrile, the title compound of Example 6a, and it is stirred for 5 hours at room
temperature. It is poured into 2 | of ice water and extracted twice with 300 ml each of MTB
ether. The combined MTB phases are washed once with 300 ml of 5% hydrochloric acid and
then with water. It is evaporated to the dry state in a vacuum. The residue is purified by flash
chromatography on silica gel (hexane/MTB ether).

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

Elementary analysis: —
C H N
Cld. 60.16 9.76 4.68
Fnd. 60.02 985 4.59
Example 8b

S-tert-Buryldimethylsilyl-2,2-dimethyl-3(S)hydroxy-pentane-nitrile
10 g (3339 mxmal) of 5-sert-butyldimethylsilyl-2,2-dimethyl-3(R,S)-acetoxy-pentane-
airile of the title compound of Exampie 82 is added to 2 buffer solution, produced from 0.88 g
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of potassium dihydrogen phosphate and 1.82 g of disodium hydrogen phosphate in 250 m] of
water. Then, 5 g of the enzyme lipase AYS "Amano" (related to Amano) is added, and it is
stirred for 42.5 hours at room temperature. The pH is brought to 7 by adding 2.062 g of sodium
hydrogen phosphate, and then stirring is continued for 44.5 hours. Working-up: It is extracted 3
times with 200 ml 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/cthyl
acerate gradient).

3.8 g (45%) of S-tert-butyldimethylsilyl-2,2-dimethyl-3(R)-hydroxy-pentane-nitrile and
4.8 g (48%) of S-tert-butyldimethylsilyl-2,2-dimethyl-3(S)-acetoxy-pentane-nitrile are obtained.

4.8 g (16 mmol) of 5-tert-butyldimethylsilyl-2,2-dimethyl-3(S)-acctoxy-pentane-mtle 1s
dissolved in 50 ml of ethanol and mixed with 1.28 g of NaOH (32 mmol). It is stirred for 3
hours at 25°C, added 10 200 ml of water, extracted with 2 x 200 ml of MTB ether, dried on
sodium sulfate and concentrated by evaporation.

Yield: 3.43 g (40% of theory)

Elementary analysis:
C H N
Cld. 60.65 10.57 5.44
Fnd 60.54 10.64 5.37
Example 8c

3(S)-3,5-Di-tert-buryldimethylsilyloxy-2,2-dimethy -pentane-nitrile
2.37 g (34.95 mmot) of imidazole and 2.63 g (17.47 mol) of tert-buryldimethylsilyl
_ chloride are added ta a solution that consists of 3 g (11.65 mmol) of 5-tert-butyldimethylsilyl-
2.2-dimethyl-3(S)-bydroxy-pentane-nitrike of the title compound of Example 8b, dissolved in 10
ml of dimethylformamide, and 1t is stirred faor 16 howrs at rom temperswre. The soltion is
poured into 100 ml of wager and extracted twice with 50 ml each of MTB cther. The organic
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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 (95% of theory) of a colorless, viscous oil.

Elementary analysis:
C H N
Cid. 61.39 11.12 3.77
Fnd. 61.31 11.25 3.64 i‘
Example 9

5-Hyd;oxy-2,2_-d1mcthyl—3(S)-hydroxy-pcntane-nitrile
12.18 g (46.61 mmol) of tetrabutylammonium fluoride hydrate is added to a solution that

consists of 3 g (11.65 mmol) of 5-tert-buryldimethylsilyl-2,2-dimethyl-3(S)hydroxy-pentane-

niwrile of the ttle compound of Example 8b, dissolved in 40 m! of tewrahydrofuran, and it is

stirred for 16 hours at room temperawre. Then, it is evaporated to the dry state in a vacoum.

The residue is purified by RP-18 chromatography (mobile solvent: acetonimile/water gradient).

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

Elementary analysis:
C H N
Cld. 58.72 9.15 5.78
Fnd. 58.61 923 9.69
Example 10a

5-Benzyloxy-2,2-dimethyl-3-keto-pentane-nitrile
5.47 g (79.17 mmol) of isoburyric acid nitrile is added in drops at -65°C 1 an LDA
solution (produced from 33.64 g (79.17 mwmol) of n-butyllithizm (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 that
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 minutes). The temperature is held at -65°C! Then, strring is continued for
one hour. It is heated 10 -20°C, and a solution that consists of 20% sulfuric acid is added in
drops, and the temperature is allowed to 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 hicarbonate solution. Finally, it is washed once more with water and then
evaporated to 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 o1l.

Flementary analysis:

C H N ﬁo

Cid. 72.70 7.41 6.06 13.83
Fnd. 72.54 7.58 5.87
Example 10b

S-Hydroxy-2,2-dimethyl-3-keto-pentane-nitrile

3 g of Peariman's catalyst (Pd(OH); on carban, 20%) is added 10 10 g (4323 mmal) of 5-
benzyloxy-2,2-dimethyl-3-keto-pentane-nitrile of the title compound of Example 10a, dissolved
in 100 ml of methanrol. It is now hydmgenated for 7.5 hours at 10 bar and at room temperanure.
Caralyst is filtered out, and the filtrate is evaparated 10 the dry state in a vacuum.

Yield: 5.98 g (98% of theory) of a colarless, viscous oil.
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Elementary analysis:
C H N
Cld. | 59.56- 7.85 9.92
Fnd. 59.47 7.94 9.85
Example 10c

3(8S),5-Dihydroxy-2,2-dimethyl-pentane-nimrile

5 g (35.41 mmol) of 5-hydroxy-2,2-dimethyl-3-keto-pentane-nitrile of the title compound

of Example 10b is hydrqg’cngted with a caralyst (produced from 233 mg of RuClx(Ph). and 626
mg of R-BINAP according to R. Selke, Angew. Chem. [Applied Chem.] 1998, 110, pp. 1927-

1930) (a1 40°C and 100 bar). Catalyst is filtered out, and the filirate is evaporated 1o the dry state

in a vacuum.

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

Elementary analysis:

c H N
Cld. 58.72 9.15 9.78
Fnd. 58.65 9.26 2.71
Example 11

$-3-(2,2-Dimethy}-{1,3}dioxan-4-y!)-3-methyl-butan-2-one
35.6 ml of methyllithium-lithium bromide complex (1.5 M in diethyl cther) is added in
draps a1 -20°C 1o 3.26 g (17.79 mmol) of the tle compound of Example 1e, 3(S)<3,5)-acetone
dinmhylkctal-m-dimeihyl—penmvniuﬂc, dissolved in 5 ml of diethyl ether. Then, it is stirred
for 30 minutes at -20°C and then heated 10 room emperannre. It is stirred overnight at room
semperature. 10 mi of saturated ammonium chloride solution is added, and it is stirred for 6
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hours at room temperature. The organic phase is separated and washed wwice with water. The

organic phase is evaporated 1o the dry state in a vacuum. The purification is carried out by

chromatography on silica gel (hexane/ethy! acetate gradient).

Yield: 2.77 g (72% of theory) of an oil.

Elementary analysis:
C H
Cld. 65.97 10.07
Fnd. 65.84 10.19
Example 12

S-1,3-Bis-(tert-butyl-dimethyl-silanyloxy)-4,4-dimethyl-pentan-5-one
40.35 ml of lithium methylate (1 M solution in THF) is added in dropsat-20°Cw 5 g
{13.45 mmol) of the title compound of Example 2, 3(S)-3,5-di-tert-buryldimethylsilyloxy-2,2-

dimethyl-pentane-nitrile, dissolved in 5 ml of diethyl ether, Then, it is stirred for 30 minutes at

-20°C, and then heated to room temperature. It is stirred overnight at room temperamure. 10 ml
of saturated ammonium chloride solution is added, and it is stirred for 6 hours ar room
temperature. The organic phase is scparated and washed twice with water. The arganic phase is
evaporated to the dry swate in 2 vacuum. The purification is carried out by chromatography on

silica gel (hexane/ethy] acetate gradient).

Yield: 4.06 g (75% of theary) of an oil

Elementary analysis:

| c H |
lcu 62.63 11.51

Eﬂl 6251 11.64
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Example 13
§-2-(2,2-Dimerhyl-{1,3)dioxan-4-y1)-2-methyl-heptan-3-one

34 ml of n-butyﬂithium, 15% (1.6 M in hexane) is added in drops ar -65°C to 3.26¢g
(1779 mmol) of the title compound of Example Te, 3(S)-(3,5)-acetone dimethylkeral-2.2-
dimethyl-pentane-nitrile, dissolved in 5 ml of THF. Then, it is stirred for five hours at -65°C,
and then it is heated to room temperature. It is srirred overnight at room temperanwe. 10 m] of
saturated ammonium chloride solution is added, and it is stirred for 6 hours at room temperamure.
The organic phase is scparated and washed twice with warter. 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

Flementary analysis:
C H
Cld. 69.38 10.81
Fnd. 6927 10.96
Example 14

(48)-4-2-Methyl-3-oxo-hept-6-en-2-y)-2,2-dimethyl( 1,3)dioxane

50 ml of 3-butenyllithium solution (produced fram 4-bramo-1-butenes and lithinm wire
or tert-butyllithium, accarding 1o J. Org. Chem., Vol. 56, No. 21, pp. 60946103 (1991) or J.
Chem. Soc. Perkin Trans. |, PP- 2937 (1988)) is added in drops a1t -90°C 10 3.26 g (17.79 mmol)
of the title compound of Example 1e, 3(S)(3,5)-acctone dimethylketal-2,2-dimethyl-pentane-
nirrile, dissolved in 5 ml of diethyl ether. Then, it is stirred for 17 hours at -90°C and then heated
fo room temperature. [t is stired overnigit at room temperature for 17 hogrs. IOmlofsanl;nd
WMMkMthm&GMumm The
organic phase is scparated and washed twice with waser. The organic phase is evaparased 1o the
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dry state in a vacuumn. The purification is carried out by chromatography on silica gel

(hexane/ethyl acetate gradient).
Yield: 2.74 g (70% of theory) of & colorless oil.

F=620

Elementary analysis:
C H
Cld. 659.96 10.06
Fnd. 65.90 10.00

Abbreviations of the Ether Protective Groups That are Used:

TES
™S
TP
TBDPS
MEM
MOM

Trethylsilyl
Trimethylsily]
Triisopropyl
tert-Butyl-dimethylsilyl
Mecthylethoxymethyl
Methyloxymethyl
Tetrahydropyranyl~{cther)
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Claims

1. Compounds of general formula I

T-485

OR,

CN

in which

R1I, R2 can be the same or different and, independently of one another, stand for an

P.44/54

F-820

alcohol protective group, such as, .g., benzyl, 4-methoxybenzyl, 3,4-dimethoxybenzyl, THP,

TBDMS, TMS, TES, TIP, TBDPS, MEM, MOM, allyl, or wityl,

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

c.g.,

e D009 P g
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2. Compounds of general formula Ia

R, 9%

(i)
in which

R1, R2 can be the same or different and, independently of one another, stand for an
alcohal protective group, such as, ¢.g., benzyl, 4-methoxybenzyl, 3,4-dimethoxybenzyl, THP,
TBDMS, TMS, TES, TIP, TBDPS, MEM, MOM, allyl, or wityl,

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

e.g.,
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3. Compounds of general formula Ib

e
()

in which

P.46/54  F-620

R1, R2 can be the same or different and, independently of one another, stand for an

alcohol protective group, such as, e.g., benzyl, 4-methoxybenzyl, 3,4-dimethoxybenzyl, THP,

TBDMS, TMS, TES, TIP, TBDPS, MEM, MOM, sllyl, 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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4. Compounds of formula II,

2,2-Dimethyl-3,5-dihydroxy-valeronitrile and isomers

— — ———— ——

OH OH

CN
L)

5. Compounds according 1o claim 4, characterized in that the configuration at the C-atom
of the secondary alcohol is S.

6. Compounds according o claim 4, wherein the configuratian ai the C-atom of the
secondary alcohol is R.

7. Compounds of general formula 111

OR, OH

L
()
m which

R1 stands for an alcohol protective group, such as, e.g., benzyl, 4-methoxybenzyl, 3,4-
dimethoxyhenzyl, THP, TBDMS, TMS, TES, TIP, TEDPS, MEM, MOM, allyl, or mityl.

8. Compounds according to claim 7, wherein the configuration at the C-atom of the
secondary alcohol is S.

9. Compounds according to claim 7, wherein the configuration at the C-atom of the
secondary alcohol is R.
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10. Compounds of general formula XT1

in which

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

11. Compounds according to claim 10, wherein the configuration at the C-atom of the
secondary alcohol is R.

12. Use of the compoumds according to at least one of claims 1 to 11 for the synthesis of
nawral and synthetc epothilones.

13. Process for the production of compounds according to claims 1 w 3, wherein starting
from the compounds according to claims 4 to 6, the alcohol groups are protected with protecrive
groups R1 and R2.

14. Process according 1o claim 13, wherein protective groups R1 and R2 represent the
acetone ketal and the TBDMS group.

15. Process for the production of optically active compounds of general formula ITla,

OR, OH

wherein a racemic ester of general formula VI .
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OR,

CN
v

in which
R1 stands for an alcohal protective group, such as, ¢.g., benzyl, 4-methoxybenzyl, 3.4-
dimethoxybenzyl, THP, TBDMS, TMS, TES, TIP, TBDPS, MEM, MOM, allyl, or wityl, and
R3 stands for a C1-Cé6 alky! group or an allyl, phenyl or benzyl group,
is enantioselectively saponified by means of enzymatic saponification.
16. Process according to claim 15, wherein the enzyme that is used for saponification is
lipase amano AY.

17. Process for the production of optically active compounds of general formula la

(Wa)

in which

R1 stands for an alcoho} protecnve group, such as, e.g., benzyl, 4-methoxybenzyl, 3,4-
dimethaxybenzyl, THP, TRDMS, TMS, TES, TIP, TBDPS, MEM, MOM, allyl, or wityl,
wherein starting from the compounds of formula VI

——— . —

o}

a chiral reduction of the keto group is performed.

18. Process according w claim 17, wherein the chiral reduction of the keto group is made
by catalytic hydrogeaation with a Noyori-iype caralyst.

19. Process according to claim 17, wherein the chital reduction of the keto group is
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performed by enzymatic reduction.
20. Process for the production of the compounds of general formula XTI

— —————

OR, O
)]
(o)
tn which

R4 stands for a C1-C6 alkyl, methyl. ethyl, tert-butyl, phenyl or benzyl group, wherein

M
Nu

o
V)

compounds of general formula XIV

in which
R4 stands for a C1-C6 alkyl, methyl, ethyl, tert-butyl, phenyl or benzy! group,
Nu szands for a leaving group, such as Cl, Br, imidazole, -OPh, -O-C6H4NQO2, or
-0-C1-C4 alkyl,
are reacted with a compound of farmula V -

21. 3(S)-3,5-Acetone dimethylkeral-2,2-dimethyl-pentane-nimile
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22, 3(S)-3,5-Benzaldehyde-dimethylacetal-2,2-dimethyl-penane-nitrile

’ — e —— -

o

23. 3(8)-3,5-Di-tert-butyldimethylsilyloxy-2,2-dimethyl-pentane-niirile

W Q

24. 3,5-Benzaldehyde-dimethylacetal-2,2-dimethyl-pentane-nitrile

>€(

F-520
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25. 3,5-Diphenylsilane-2,2-dimethyl-pentane-nimile.

26. 5-Hydroxy-2,2-dimethyl-3(S)-hydroxy-pentane-nitrile.

27. 5-Benzyloxy-2,2-dimethyl-3(S)-hydroxy-penane-nitrile.
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28. Process for the production of ketones of general formula A

OR;
(A)

m which R1, R2

P.53/54

can be the same or different and, independently of one another, stand for an alcobol

F-820

proiective group, such as, e.g., 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, srand for a ke1al protective group, such as,

e.g.,

—

w00 63

& § oAt
L VLR ANOL Phenyl, e buey!

x U =08 At

V stands for a C1-CS5 alkyl or alkenyl radical,
wherein compounds of general formula Ia
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are reacted with compounds of general formula B
M-V (B)

in which MA stands for Li or MgCl, MgBr, or Mgl,
and then are worked up under aqueous hydrolysis.

29. Process according 1o claim 28, wherein compounds of general formula M-V
preferably stand for MeLi, EtLi, propyl-Li, Buli, CH2=CH-CH2CH2-L..

30. Use of the compounds of general formula I according to claim | for the production of
epothilone or epothilone derivarives.

31. Use of the compounds of general formula ] according to claim 1 or

of general formula Ia according to claim 2 or

of general formula Ib according 1o claim 3 or

of general formula I according fo claim 4 or

of general formula ITI according to claim 7

or of genera! formula X1I according to claim 10

for the production of epothilones or epothilane derivanves.
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