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of a condensing agent so obtaining a compound of formula (IV).

(54) Title: METHOD FOR THE PREPARATION OF TAXOL AND ITS DERIVATIVES

The invention refers to a process for the preparation of compounds of formula (I}, wherein R; is an aryl or heteroaryl group; Ry is
hydrogen, arylcarbonyl, heteroarylcarbony! or C1-Cs alkoxycarbonyl; R3 is hydrogen or acetyl; the process comprising reacting a compoun
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METHOD FOR THE PREPARATION OF TAXOL AND TTS DERIVATIVES

The present invention refers to a process for the preparation

* L 1 a . 1
of Taxol, to the oxazolidine or oxazoline i1involved in the

process and to a process for preparing such oxazolidines Or

oxazolines.

Taxol, 1solated from the bark or several yew species, 18

considered the most promising cancer chemotherapeutic agent and

P

has recently been approved for treatment of metastatic

1l

carcinoma of the ovary. Taxol possesses unusually potent

antileukemic and tumor 1nhibitory properties (Angew. Chemn.

Int. Ed. Engl. 1994, 33, 15-44). The scarcity and highly

challenging structure have stimulated interest in  its
synthesis. Central to all synthetic strategies for Taxol is the
attachment of the C-13 side chain to the baccatin III nucleus,

since the presence of this side chain has proven to be

essential for the bioclogical activity of Taxol.

QAC O

7
: 13 |
OH =

Taxol

The chemical complexity of Taxol dictates that its commercial

e

production by total synthesis is not likely to be economical,

while the naturally derived 10-deacetylbaccatin III is readily

avallable 1n relatively high vield from T.  baccata.

Preparation of quantities of Taxol economically by a

semisynthetic approach which involves the condensation of

*Irade-mark
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suitably protected N-benzoyl-(2R,3S)-3-phenylisoserine with
suitably protected 10-deacetylbaccatin IIT providegs  an
alternative socurce of this important natural product and the

access to semisynthetic analogues.

N-benzoyl-{2R, 38)-3-phenyliscserine 10-deacstylbaccatin IIT

Therefore, the development of short and practical synthetic
routes for phenylisoserine derivatives, as well as of
procedures for attachment of the C-13 side chain to the

baccatin III nucleus, which are adaptable for industrial-scale
production, have become very important.

The NUMEYrOus papers  devoted to the preparation  of
enantiomerically enriched N-benzoyl-(2R,3S)-3-phenylisoserine
include research on semisynthesis drawing from the chiral pool
(J.0rg.Chem. 1991, 56, 63939; Tetrahedron Lett. 19%4, 35,
2845; Synthesis 1995, 181), enzymatic and/or wicrobial
processes (Tetrahedron 1590, 46, 3841; J.0rg.Chem. 1993, E8,
1068 ; J.0rg.Chem. 1953, 58, 1287; Tetrahedron Lett. 1994,
35, 9289; Tetrahedron:Asymmetry 1993, 4, 2069; Biotechnol.
Appl .Biochem. 1594, 20, 23-33), diastereoselective reactions
with covalentiy-—bound chiral auxiliaries or with chiral
sﬁbstrates (J.0rg.Chem. 1991, £¢, 1681; J.Am.Chem.Soc. 1988,
110, 5917; Tetrahedron Lett. 1591, 32, 3151; J.Chem. SocC.,
Perkin Trans.l 1993, 1375; Tetrahedron Lett. 1992, 33, 5185;
Tetrahedron:Asymmetry 1992, 3, 1007; Tetrahedron 1992, 48,
6985; Synlett 1992, 761; J.Am.Chem.Soc. 1993, 115, 1151;
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J.0Org.Chem. 18%4, 59, 1238; J.0rg.Chem. 1993, 58, 5889%; PCT
WO 93 17,997; Tetrahedron 1994, 50, 2785; Tetrahedron 1993,
49, 8323; J.Med.Chem. 1992, 35, 4230; Tetrahedron Lett.
1993, 34, 6049; Bioorg.Med.Chem.Let. 1993, 3, 2467 ;
Bioorg.Med.Chem.Let. 1993, 3, 2475; Bioorg.Med.Chem. Let.
19384, 4, 1381; PCT WO 94 07,847; US 5,294,737; J.Chem.Soc.,
Perkin Trans.l 1994, 2385), asymmetric catalysis (J.0Org.Chem.
1986, R1, 46; J.0rg.Chem. 19920, 55, 1957; J.0rg.Chem. 1992,
27, 4320; J.0rg.Chem. 1994, 59, 5104; Tetrahedron 1992, 48,
10515; J.Chem.Soc., Chem.Commun. 1994, 21: Tetrahedron 1994,
20, 4323; Tetrahedron Lett. 1995, 36, 2063), and chemical
resolution of racemic acids (J.Org.Chem. 1993, 58, 255;
Tetrahedron: Asymmetry 1994, 5, 1683).

On the other side, only a few reactions have been developed to
attach the "side chain" to the free C-13 OH group of baccatin
derivatives. This esterification reaction appears to be
hampered by the relevant steric hindrance around the C-13 OH
group. Essentially only two general methods have been developed
to solve this problem: the first one relies on the DCC Rhone-
Poulenc/Gif protocol (J.Am.Chem. Soc. 1988, 110, 5817;
Tetrahedron Lett. 1992, 33, 5185, EP 336840, 1989), and the
second one on the SK-lactam Holton-Ojima protocol (European
Patent Application 400971, 1950; U.S. Patent 5,015,744, 1991;
Chem. Abstr. 1990, 114, 164568qg; U.S. Patent 5,136,060, 1992;
U.S. Patent 5,175,315, 1892; ©P.T.C.Patent Application WO
93/06079, 1993; U.S. Patent 5,229,526, 1983; U.S. Patent
5,283,253, 1994; Med.Chem.Lett. 1992, 2, 295; J.Am.Chem.Soc.
1995, 117, 624; J.Am.Chem.Scc. 1994, 116, 1597; J.Med.Chen.
1994, 37, 1408; J.0rg.Chem. 1994, 59, 515; Tetrahedron Lett.
1993, 34, 4149; Tetrahedron Lett. 1994, 35, 1665; Nature
1994, 367, 630; Tetrahedron Lett. 1994, 35, 5543 ;
J.Org.Chem. 1994, 59, 6156; J.Med.Chem. 1994, 37, 3337;
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J.Am.Chem.Soc. 1995, 117, 2409).

Under forcing conditions (excess DCC, DMAP, 75°C in toluene)
coupling of (2R, 38) -N-benzoyl-0- (1-ethoxyethyl) -3~
phenylisoserine with suitably protected baccatin III led to the
corresponding ester; unfortunately, acylation under the above
mentioned conditions led also to the 2 -epimerized compound.

In order to prevent epimerization at cérbon 2', other
esterification procedures have been developed. In particular
the use o©0f cyclic derivatives (oxazolidines) allows milder
conditions and no epimerization {Tetrahedron Lett. 1992, 233,

5185} .

Rhone-Poulenc Rorer Approach

Protected Baccatin 1| {free 13-OH)

P~
DCC, DMAPR. Toluene

Holton-Ojima Approach

EEQ ~ Ph

A

Protected Baccatin Il! (free 13-0OH)
LN

N
© COPh NaN[siMe)y] ,, THF

[TROC = 2,2,2-trichloroethoxycarbonyl; TES = triethylsilvyl;
EE = l-ethoxyethyl]

Recently it has been shown that even substrates with the wrong
stereochemistry at 2'[{(S}] <can be transformed intc the
esterified compounds with the right stereochemistry ([2'(R}],
using the oxaéolid.ine/DCC approach {(Tetrahedron Lett. 1994,
35, 105; PCT/WO 94 10,168).
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Protected Baccatin lll {free 13-OH)
—————— r——————

0CC, DMAP, Toluene

Following a similar route, an oxazoline acid intermediate has
been synthesized and used for the DCC coupling reaction with no

epimerization (Tetrahedron Lett. 1994, 35, 4483).

O
Ph - ‘\H 1) Protected Baccatin Il (free 13-OH) ph/u\ NH
Ny OF DCC, 4-PP, Toluene L O
Hr\r" O 2} HC 3
FPh AR

The present invention provides a process for the preparation of

a compound of formula (I)

10 wherein
R, is an aryl or heteroaryl group;
R, is hydrogen, arylcarbonyl, heterocarylcarbonyl or Cy-Cs
alkoxycarbonyl ;
R, 15 hydrogen or acetyl;

15 the process comprising reacting a compound of formula (II)
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wherein

R, 1s as defined above, the symbol --- represents a single or

a double bond, R, 1is C;-C. alkoxycarbonyl, arylcarbonyl or
heteroarylcarbonyl, each of R; and Ry independently is hydrogen, C;—Cg alkyl,

Ci—Cs alkoxy; aryl optionally substituted by one or more C-C, alkoxy,

halogen or nitro; or hetercaryl; and Rg 1s C—-Cg alkyl, aryl or heteroarvyl,

provided that when the symool -— 1s a double bond, R; and Ry do not exist

and Ry 1s aryl or heteroaryl, with a compound of formula (IIT)

OR, O

HO“':, (III)
I,,/

10 PhCOQO

wherein each of R; and Ry independently is a hydroxy protecting

group 1n the presence of a condensing agent so obtaining a

compound of formula (IV)

R H
: 0
Hino ..”/<
¥ 1V
R—Ny_ H O (IV)
X
R4 RS
15 wherein
R,, R, Rs, R,, R and Ry, and the symbol --- are as defined

above, provided that when --- is a double bond R, and R, do not
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ex1st and Rs 1s aryl or hetercaryl, cleaving the five membered
heterocyclic ring of the compound of formula (IV) and deprotecting the
compound of formula (IV) under such conditions so as to produce the

compound of formula (I), as defined above, and optionally transforming

a compound of formula (I) 1nto another compound of formula (I).

Advantages of the invention are the following:
1) High coupling vyilelds between the side chain and the

baccatin nucleus via thioester nucleophilic substitution.

2) The synthesis of the taxol side chain i1is very
straightforward (2-4  steps), starting from simple
thiocester derivatives. The stereochemical control 1s very
high. Both the anti/syn ratio (diastereo-selectivity) and
the enantiomeric excesses (enantio-selectivity) are
excellent. The desired stereisomer, out of the possible

four, 1s obtained nearly exclusively during the aldol

condensation reaction.

3) The synthesis of the side chailn is versatile: different

1mines and different N-acyl groups can be used without

changing the synthetic sequence.

In the formulae of this specification the dotted line ( i)
indicates a substituent in the a configuration, i.e. below the

plane of the sheet, and the wedged line ( —==& ) jindicates a

substituent in the £ configuration, i.e. above the plane of the

sheet .

In this specification the alkyl group and the alkoxy group may

be straight or branched chain.

An aryl group 1s for example phenyl, phenyl substituted with

C,-C¢ alkoxy, halogen, nitro, preferably phenyl.
An heteroaryl group 1s for example furyl, thienyl or pyridyl,

preferably furyl.
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A C,-C; alko:éycarbonyl is, for example, methoxycarbonyl,
ethoxycarbonyl, propoxycarbonyl, n-butoxycarbonyl, t-
butoxycarbonyl, preferably t-butoxycarbonyl.

Arylcarbonyl is, for example, benzoyl, p-methylbenzoyl, p-
chlorobenzoyl, p-trifluoromethylbenzoyl, preferably benzoyl.
Heteroarylcarbonyl 1s, for example, Furylcarbonyl,
thienylcarbonyl, pyridylcarbonyl, preferably furylcarbonyl.

A -G alkyl preferably is methyl, ethyl, propyl, isopropyl,
n-butyl, t-butyl, neo-pentyl, preferably methyl, ethyl, ¢t-
butyl.

A hydroxy protecting group preferably is 2.,2,2-
trichloroethoxycarbonyl (TROC), acetyl {Ac), trimethylsilvl,
dimethylphenylsilyl, isopropyldimethylsilyl, triethylsilyl
(TES), wost pféferably triethylsilyl, 2,2,2-trichlorcethoxy-
carbonyl, acetvl.

R; preferably 1i1s phenyl, 2-furyl, 4-pyridyl, 4-methoxyphenyl,
most preferably phenyl;

R, preferably 1is, hydrogen, benzoyl, t-butoxycarbonyl, p-
chlorophenylcarbonyl, p-methylphenylcarbonyl, most preferably
benzoyl, t-butoxycarbonyl;

R, preferably 18 hydrogen, acetyl;

R, and R; preferably are hydrogen, (;-C. alkyl, C,-C; alkoxy,
phenyl or a phenyl group substituted by one or more C,-C,
alkoxy group, most preferably methyl, ethyl, methoxy, phenyl,
2,4-dimethoxyphenyl, 3,4-dimethoxyphenyl or 4-methoxyphenyl.

R¢ preferably is a (,-C, alkyl or phenyl or pyridyl, most
preferably t-butyl or phenyl.

R, preferably 1is ethoxycarbonyl, n-propoxycarbonvl, -
butoxycarbonyl, t-butoxycarbonyl, benzoyl, p-chlorophenyl -
carbonyl, p-methylphenylcarbonyl, most preferably benzoyl or t-
butoxycarbonyl .

Ry preferably is acetyl or 2,2, 2-trichlorcethoxycarbonyl.
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R, preferably is phenyldimethylsilyl, triethylsilyl, 2,2,2-
trichlorcethoxycarbonyl, most preferably triethylsilyl and
2,2,2-trichloroethoxycarbonyl.

The condensing agent may be, for example, a compound of formula
(V)

MN [Si(R),], (V)
wherein R is a C;-C, alkyl and M is Li, Na or K, or a compoﬁnd
such as NaH, n-BuLi, lithiumdiisopropylamide (LDA), MNH,, where
M is as defined above.
Most preferably the condensing agent is LiN[Si(Me),].,
NaN[Si (Me);], or KN{Si(Me),l,.
The reaction of a compound of formula (II) with a compound of
formula (III) in the presence of a condensing agent of formula
(I) may be carried out in an aprotic organic solvent, at a
temperature ranging form -78°C to 0°C, typically for a period
of from about 5’ to about 1 hr.
Preferably the solvent is an aprotic organic solvent, such as
tetrahydrofuran, dimethoxyethane or a mixture thereof.
The reaction is suitably performed by adding to a solution of a
compound of formula (II} and a compound of formula (III) in an
organic solvent under inert atmosphere, a solution of a
condensing agent of formula (V) in an aprotic solvent.
Alternatively, the conde.nsing agent may be a thiophilic metal
salt, particularly a Cu, Ag or Hg salt, such as a triflate,
trifluorocacetate, acetate, mesilate, and the 1like. The
thiophilic metal salts are usually employed in an organic
solvent, such as dichloromethane, benzene, acetonitrile,
optionally in the presence of a buffering agent (e.g. NaHPQ,).
The reaction temperature may range from about 0°C to the reflux

Cemperature of the solvent, with reaction times of from 1 to 24

hours.



10

20

29

30

WO 97/00870 " PCT/EP96/02409

«10-

The deprotection of the compound of formula (IV) involves the
cleavage of the five membered ring of the compound of formula
(IV) and the removal of the protecting groups R; and R,. The
five membered ':.ring is typically opened before or during the
removal of the protecting groups R; and R,. If R, and R, are
acid labile protecting groups, such as triethylsilyl (TES)
groups, no reactants may need to be added to carry out the
ring-opening reaction other than those used to remove the
groups R, and R,.

In the case where the symbol --- represents a single bond, the
ring opening reaction will be followed by the elimination of
the group C(OH}R,R; attached to the nitrogen atom. Typically,
no extra reactants need to be added to effect this elimination.
The deprotection of a compound of formula (IV) may be carried
out .treating the compound of formula (IV) with organic or
mineral acids such as formic acid, p-toluenesulfonic acid,
methanesulfonic acid, hydrochloric acid, etc., in a suitable
soclvent, such as ethanol/water, at temperatures ranging from RT
to reflux for periods from 30’ to 3 hrs.

When 2,2,2-trichloroethoxycarbonyl { TROC) is present as
protecting group, additional treatment with, for example, zinc

and acetic acid in methanol, at a temperature ranging £rom RT
to 100°C, for a period from 38’ to 3 hrs, is required.

When the sym’bol --- 18 a single bond preferably the
deprotection may be carried out in the presence of an acid such
as hydrochloric acid, formic acid, p-toluenesulfonic acid or
methanesgulfonic acid.

In the case R, ;Ls C,-C, alkoxycarbonyl, such as t-butoxycarbonyl
(BOC} in the presence of a strong acid, such as hydrochleoric or
formic acid, a compound of formula (I) wherein R, 1s hydrogen

is obtained, while when methanesulfonic acid or p-

toluenesulfonic acid are used a compound of formula (I) wherein
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R, is (;-C; alkoxycarbonyl, such as t-butoxycarbonyl, is
obtained.
When the symbol --- is a double bond preferably the
deprotection may be carried out with a strong acid, such as
5 hydrochloric acid, preferably at a temperature of about 100°C.
A conversion of a compound of formula (I) into another compound
of formula (I) is, ﬁor example, the acylation of a compound of
formula (I) __whereiﬂ R, is hydrogen and R,, R, are as defined
above soO obtaining a compound of formula (I) wherein R, is
10 arylcarbonyl, hetercarylcarbonyl or C,-C¢ alkoxycarbonyl.
The acylation may be carried out as described in Tetrahedron
Letters, 33, 5185-88 (1992) using as acylating agent an aroyl
or heteroaroylhalide in a solvent, such as ethylacetate and
water in the presence of a base, such as NaHCO,, or a Cl1-Cé
15 dialkyldicarbonate, such as di t-butyl dicarbonate [{(BOC),0] in
a solvent, such as THF in the presence of a base, such as
NaHCQO,.
Optionally, before the acylation, the hydroxy group in position
7 may be protected with a suitable protecting group, such as
20  2,2,2-trichloroethoxycarbonyl.
In this case, after the acylation, the protecting group is
opportunely removed, for example with Zn/AcOH in warm methanol .

The invention refers also to a compound of formula (II)

ﬁ

Rl g_SR6

H it 3 H
(II)

R;—NYO

R4 RS

25 wherein
the symbol --- represents a single or a double bond;

R, 1s aryl or heterocaryl;
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each of Ry and Ry independently 1s hydrogen, C-Cs alkyl, C-Cs; alkoxy; aryl optionally

supstituted by one or more C-C; alkoxy, halogen or nitro; or heteroaryl;

R 1s C;-Cq a’lkyl, aryl or heterocaryl;

R, 1s C,-C, alkoxycarbonyl, arylcarbonyl or heteroarylcarbonyl;
provided that when --- 1s a double bond R, and R, do not exist

and Rs; 1s aryl or heteroaryl.

Preferred compounds of formula (II) are those wherein the
symbol --- 1s a single or a double bond;
R, 1s phenyl;

each of R, and R independently is hydrogen, C,-C, alkyl, C,-C,

alkoxy, phenyl or a phenyl group substituted with one or more
C,-C, alkoxy group;

R 1s C;-C, alkyl, phenyl, 2-pyridyl;

R, 1s benzoyl or t—butoxycarbonyl;

provided that when --- 1s a double bond R, and R, do not exist
and Rs 1s phenyl or a phenyl group substituted by one or more

C,-C, alkoxy group.

Most preferred compounds of formula (II) are those wherein

R, 1s phenyl;

each of R, and R: 1independently is hydrogen, methyl, ethyl,
methoxy, phenyl, 2,4-dimethoxyphenyl, 3,4-dimethoxyphenyl or 4-
methoxyphenyl ;

R 18 t-butyl or phenyl;

R, 1s benzoyl or t-butoxycarbonyl;

provided that when --- is a double bond R, and R, do not exist

and Rs 1s phenyl, 2,4-dimethoxyphenyl, 3,4-dimethoxyphenyl o
4 -methoxyphenyl. |

A compound of formula (II) may be prepared by a process

comprising
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a) reacting a compound of formula (VI)
O
Rlo-O-CHz-g’-SRs (VI)
wherein R, 1s as defined above and R,, is aryicarbonyl,
heteroarylcarbonyl, trialkylsilyl or 1l-alkoxyalkyl with a boron
compiex of formula (VII)
| L,BX (VII)
wherein L is a chiral ligand and X is a halogen atom, and
subsequently with a compound of formula (VIII)
R,~CH=N-2 (VIII)
wherein R, is as defined above and 2 is trialkylsilyl, C,-C,
alkoxycarbonyl, arylcarbonyl, heteroarylcarbonyl, optionally in
the presence of an additional Lewis acid, and alternatively:

1)} when R,, is arylcarbonyl, or heteroarylcarbonyl, and R,
is C,-C, alkyl, transposing the arylcarbonyl oY
heterocarylcarbonyl from oxygen to nitrogen, or

1i) reacting with R,Y wherein R, is as defined above and ¥
l1s a leaving group such as halide, azide or OR,, after or
before deprotecting the -OR,, group to free hydroxy group;

SO obtaining a compound of formula (IX)
OH

R S-R
(IX)

wherein R,, R, and R, are as defined above; and
b) cyclizing the compound of formula (IX) obtained above
elther:

L") by reacting the compound of formula (IX), prevailingly
in the syn configuration, with a compound of formula (X}, (XI}

or (XII):
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R, R, OR,, R,
N/
o (X) C (XI) cg (XII)
7\ 2
Ry R OR,, R,,0

whereln R, and R, are as defined in claim 7 and R{; is a C,-C,
alkyl group, so obtaining a compound of formula (Il} wherein
the symbol --- "is a single bond, and R,, R, Rs, Rg, R, &re as
defined above;
or:

b”) by reacting the compound of formula (IX), prevallingly
in the anti configuration, with a dehydrating agent, so©
obtaining a compound of formula (II} wherein --- 1is a double

bond, R- and R, do not exist and R. is aryl, hetercaryl.

In particular the variant i1i) of the process step a) may be
carried out in different ways according to the meaning of R,
and R;,:

- when R,, 1is trialkylsilyl (different from trimethylsilyl)
and R, 18 aryl or heteroaryl, reacting with R,Y, wherein R.
is as defined above, but different from Ci-Cs
alkoxycarbonyl, and Y 1s halide, azide or OR. and
deprotecting the hydroxy group, or

- when R,, 1s trialkylsilyl (different from trimethylsilyl)
and R, is C;-C; alkyl, reacting with R,Y, wherein R, 1s as
defined above, and Y is halide, azide or OR, and
deprotecting the hydroxy group, Or

- when R,, is trimethylsilyl or l-alkoxyalkyl, and R is aryl
or heterocaryl, removing R,, 1in hydrolytic conditions and
reacting with R,Y, wherein R, and Y are as defined above,
but R, different from C,-C¢ alkoxycarboryl, or

- when R,, is trimethylsilyl or 1l-alkoxyalkyl, and R, is C,-C;
alkyl, removing R,, in hydrolytic conditions and reacting

with R,Y, wherein R, and Y are as defined above.

- epguums w wB  » a— - A —— - P = a -_—r wm A A A P — P SEASEEES GEEEEEE 0 G ey  EE— - P — ‘O U A R DS G, LS NN CEEEEe S IR [ —— CEESS G R e LSS $GEEE® $GaEse e o=
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Trialkylsilyl may be, for example, trimethylsilvyi,
triethylsilyl, t-butyldiphenylsilyl, t-butyldimethylsilyl,
triisopropylsilyl, preferably trimethylsilyl, t-

butyldimethylsilyl. R
l-alkoxyalkyl may be, for example, 1 -ethoxyethyl, l-methyl-1-
methoxyethyl, tetrahydropyranyl, 1- (1sopropoxy) -ethyl,
preferably 1-gthoxyethyl.

uuuuu

L is preferably

CH, CH,
CH3—QHHI< or CH3 T
4 CH |

3 CH,

CH, - CH,-

respectively obtained from (+) and (-) menthone.

A halogen atom is bromine or chlorine, preferably bromine.

A basic buffer is a buffer at a pH ranging from 8 to 8.5, such
as, for example, phosphate buffer, preferably phosphate buffer.
The reaction according to process step a) may be carried out
reacting the thioester of formula (VI) with the chiral boron
reagent (VII) in an organic solvent such as ethyl ether,
dichloromethane or a mixture thereof , 1n the presence of a
base, such as triethylamine, diisopropylethylamine and the
like, preferably triethylamine, at a temperature ranging from
-78°C to 0°C, typically for a time ranging from 5 to 10 hours,
SO obtaining a boron enolate intermediate. Then the imine
derivative of formula (VIII) is added to the reaction mixture
at a temperature ranging from -78°C to RT, typically for a time
ranging from 10 to 24 hours.

When 1in the compound of formula (VIII) Z is arylcarbonyl or
heteroarylcarbonyl, the presence of extra-added Lewis acids,
€.g., BF;.Et,0, TiCl,, Et,AlCl, etc., preferably BF,.Et,0, TiCl,,
EC,ALC]l may be required for optimal yields.

When in the starting compound (VI) R;, 1s arylcarbonyl, or

heteroarylcarbonyl, and R; is C,-C; alkyl, the reaction is
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quenched with phosphate buffer (pH 6) and extracted with a
suitable solvent (e.g., dichloromethane). The organic phase is
treated with aQerus hydrogen chloride in organic solvent, such
as methanol, and concentrated to dryness. The resulting product
is washed thoroughly with a solvent, like ethyl ether, and then
allowed to react at pH rangihg from 8 to 8.5 in buffered
methanol-water at a temperature ranging from O0°C to 25°C,
tvpically for a period of time ranging from 10 to 20 hours, 1in
order to obtain the migration of the arylcarbonyl or hetero-
arylcarbeonyl group from oxygen to nitrogen.

When R,, in the starting compound (VI) 1is trialkylsilyl
(different from trimethylsilyl), and R, is aryl or heteroaryl,
then the reaction product is reacted with R,Y, wherein R, 1S as
defined above but different from C,-C; alkoxycarbonyl, 1in an
organic solvent, such ag pyridine, in the presence of a
catalyst, such as 4-dimethylaminopyridine (DMAP), at a
temperature ranging from 0°C to RT, for a time ranging from 20
to 100 hours. The subsequent deprotection of the hydroxy group
may be carried out, for example, in the presence of an
inorganic acid, such as HF, in an aqueous organic solvent, such
as acetonitril’é_, at a temperature ranging from -20°C to RT,
When R,, in the starting compound (VI) is trialkylsilyl
(different frofn trimethylsilyl), and R is C,-C, alkyl, then the
reaction product is reacted with R,Y, wherein R, is as defined
above, in an .organi.c solvent, such as dichloromethane, 1in the
presence of a éatalyst, such as 4-dimethylaminopyridine (DMAP),
at a temperature ranging from 0°C to RT, for a time ranging
from 20 to 100 hours. The subsequent deprotection of the
hydroxy group may be carried out, for example, in the presence

of an inorganic acid, such as HF, in an agqueous solvent, such

as acetonitrile, or in the presence of pyridinium-HF 1in an

organic solvent, such as THF, at a temperature ranging Irom
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-20°C to RT.
When R;, in the starting compound (VI) is an acid labile group
(such as alkoxyalkyl, trimethylsilyl, etc.), treatment with
agueous hydrogen chloride in a solvent like MeOH, removes the
5 above mentloned Rip. Subsequent treatment with R,Y, wherein R,
is as defined above, but is different from C,-Cs alkoxycarbonyl
when Rg 1s aryl or heteroaryl in Schotten-Bauman reaction
conditions, for example with a base like NaHCO, in a mixture of
water and organic solvent 1like dichloromethane, at a
10 temperature ranging from 0°C to 50°C, for a period of time
ranging from 30’ to S5 hours, yields the N-acylated product.
For example, the reaction step a) with the step variant i) is
reported herebelow in Scheme 1, for the reaction of a compound
of formula (VI) wherein R;, is PhCO and R, is t-butyl with a
15 Dboron complex of formula (VII) wherein L is derived from
(+)menthone and X is bromine and a compound of formula (VIIT)

wherein R, is phenyl (Ph) and Z is trimethylsilyl (-SiMe,).

Scheme 1

OCOPR - pheH=NsiMes -

(- EtsNHB) \,SBU‘ 78°g°c  HCl MeOH pH 8.0 t
I——p —— | TTT— I ittt i Ph SBu
S--""

Ak

+ L

PhOCO_JLF QA L syn
r-B\- [L from (+) menthone]

S

Ets N J

L -BBr
1 EtaN "
FhCOOCH, COSEu

The glycolate thiocester PhCOOCH,COSBu - enolizes in CH,Cl,-Et,0

PhCO-NH O

20

with the chiral boron reagent L.BBr, in the presence of
triethylamine, and the imine derived from benzaldehyde
(PhCH=NSiMe,) is added, at -78°C. The reaction is allowed toO

25 warm to 0°C, then 1s quenched with HC.-MeOH-H.O, and evaporated
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to dryness. The resulting solid is washed several times with
ethyl ether, and then allowed to react (-COPh migrates from
oxXygen to nitrogen) at pH 8.0 in buffered MeOH-H,0. The desired
compound (formula IX: R,=Ph; R,=PhCO; R.=Bu") is obtained
5 practically pure, by simple solvent extraction, without the
"need of chromatography. The stereochemical control is high
(syn:anti > 96:4; %EE > 96}. For example, the reaction step a)
with the step variant ii) is reported herebelow in Scheme 2,
for the reaction of a compound of formula (VI) wherein R,, is
10 t-butyl dimethylsilyl (TBDMS) and R, is phenyl (Ph) with a
boron complex of formula (VII) wherein L. is derived from
(-)menthone and X is bromine, and a compound of formula (VIII)

wherein R; is phenyl (Ph} and Z is trimethylsilyl {(-SiMe,).

15 , | Scheme 2

. OTBDMS
(- Et;NHBr] LQT,SPh -78°/0°C PRCOC!

> N Ph Wsph
| “B/O PhCH=NSiMe;  Et:N, DMAP

P |
<. L

-I PhCO-NI G
+

QTBDMS

p—

TBOMSO O Nt
! %_-B\- [L from (-} menthone] l HE MeCN
| ) |
|
et | =
L L B8 Ph ‘/\(sp’n
EtsN
L TBDMS-OCH, COSPh PRCONK O

The glycolate thioester TBDMSOCH,COSPh enoclizes in CH,Cl,-Et,0
with the chiral boron reagent L,BBr, in the presence of
20  triethylamine, and the 1imine derived £from benzaldehyde
(PhCH=NSiMe,} is added, at -78°C. The reaction is allowed to
warm to 0°C, then is quenched with pH 7 phosphate buffer, and
extracted with solveﬁt:. The organic residue is treated with
0.25 N HCL in MeOH-H,O (1:1 v:v) and evaporated to dryness. The

25 resulting solid is treated in dichloromethane with PhCQCl, Bt,N
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and a catalytic quantity of 4-dimethylaminopyridine (DMAP) to
give a product that is purified via flash chromatography. The
stereochemical control is high (anti:syn > 97:3; %EE > 95). The
cbtained product is treated with agqueocus HF in acetonitrile to

give the desired product (formula IX: R,=Ph; R,=PhCO; R.=Ph)}.

An example relative to the reaction step a) with the step
variant ii} is reported herebelow in Scheme 3, for the reaction
of a compound of formula (VI) wherein Ry, is  t-
butyldimethylsilyl (TBDMS) and R, is t-butyl with a boron
complex of formula (VII) wherein L is derived from (+)menthone
and X 1s bromine, and a compound of formula (VIII) wherein R,

is phenyl (Ph) and Z is trimethylsilyl (-SiMe,).

heme 3
DIEOMS OTBDMS
'\ _SBu'  -78°/0°C BOC .
L — — ( 29 > Ph {'\(SBU"'
| ‘g © PhCH=NSiMes  CH.Cls, DMAP
S;—--Ph sl OCNH ©
. L
%BDMSO FI'O: L . syn |
L
ii HF MeCN or
HF-py. THF

| . . OH
T
L_ TBDMS-0O-CH», CO-SBuU Ph#\,{ e

BOC-NH O
(ratio syn/anti 75:25)

The glycolate thiocester TBDMSOCH,COSBu" enolizes in CH,Cl1,-Et,0
with the chiral boron reagent L,BBr, in the presence of
triethylamine, and the imine derived £rom benzaldehyde
(PhCH=NSiMe,)} 1s added, at -78°C. The reaction is allowed to
warm to 0°C, then is guenched with pH 7 phosphate buffer and
extracted with solvent. The organic residue is treated with

excess ditertbutyldicarbonate [ (BCC) ,0] and DMAP in
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dichloromethane to give a product (syn:anti > 75:25; %EE > 96)
that is treated with aqueous HF in acetonitrile or with HF-
pyridine in THF to give the desired product (formula (IX):

R,=Ph; R,=BOC; R.=Bu).

For example, the reaction step a) with the step variant 1ii) 1is
reported herebelow in Scheme 4, for the reaction of a compound
of formula (VI) wherein R,, 1is 1-ethoxyethyl (EE} or
trimethylsilyl (TMS) and R is phenyl (Ph) with a boron complex
of formula (VII) wherein L is derived from (-)menthone and X 1is
bromine, and a compound of formula (VIII) wherein R, 18

phenyl (Ph) and 2Z is trimethylsilyl (-SiMe,}.

Scheme 4
(TMS)
OEE
SPh 1. HCI, MeOH, gH
(-EtsNHBr) -78°/0°C H,O Ph\‘/\H/SPh
N O —- —+
| B PhCH=NSIiMe; 2.PhCOCI, a
a CH. G PhCO-NH
[ ’,Ph -i}- p. 2 1 “
.s; : H,O antt
(TMS) - 0+

| E ' | O
EEO\‘Z%‘{\ /L {[L from (-) menthone] NaHCO,

ILzBBf (TMS)
EtsN EE-QCH,COSPh

The glycolate thioester EEOCH,COSPh or TMSOCH,COSPh enclizes 1in

CH,Cl,-BEt,0 with the chiral boron reagent L,BBr, in the presence
of triethylamiﬁe, and the imine derived from  benzalildehyde
(PhCH=NSiMe,) is added, at -78°C. The reaction is allowed to
warm to 0°C, then is quenched with pH 7 phosphate buffer and
extracted with solvent. The organic residue is treated with

hydrochloric acid and then reacted with benzoyl chloride in a
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mixture of water and dichloromethane, in the presence of NaHCO,
to give the desired product (formula (IX): R,=Ph; R,=PhCO;
R.=Ph) (anti:syn > 99:1; %EE > 85-88).

The reaction between a compound of formula (IX) and a compound
of formula (X} or- (XI) or (XII), according to the process step
b’), is carried out using a compound of formula (IX) having a
predominance of the syn configquration as reported herebelow:

OH

Ry S-R, (IX)syn

The reaction may be carried out by adding the compound of
formula (X), (XI) or (XII}) to a solution of a compound of
formula (IX) and a catalyst, such as pyridinium tosylate or p-
tolﬁenesulfonic acid in an organic solvent, such as toluene, at
a temperature ranging from 0°C to 100°C, typically for a time
ranging from 30’ to 2 hours. During this process, the minor
anti-stereoisomer o©of the compound of formula (IX) doesn't
cyclize and can be therefore easily removed by simple
chromatographic techniques.

For example, 2-methoxypropene {(formula XII: R =CH,; R,,=CH,) or
2,2-dimethoxypropane (formula XI: R;,, R;, R,;=CH,) is added to a
solution of a compound of formula (IX) and pyridinium tosylate
or p-toluenesulfonic acid in toluene at a temperature ranging

from room temperature to 80°C, for a time of about 1 hour.

The cyclization of a compound of formula (IX) according to the
process step b”), 1s carried out using a compound of formula
(IX) having a predominance of the anti-configuration as

reported herebelow:
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RlWS-RG (IX)anti
R. -NH

The reaction may be carried out adding to a solution of a

compound of formula (IX) in an organic solvent, such as 1,2-

dichloroethane, a dehydrating agent such as thicnylchloride at

a temperature ' between room temperature and the reflux
temperature of the solvent for a time ranging from 1 to 5
hours.

During this process, the minor syn stereoisomer of a compound
of formula (IX} does not cyclize and can be therefore easily

removed by simple chromatographic techniques. A compound of
formula (VI) may be obtained accordingly with the nature of R,

and R,,, 1n general by transesterification of a compound of
formula (XIIT)
O

|

R,,-0O-CH,-C-OCH, (XIII)

wherein R,, is hydrogen, trialkylsilyl, 1-alkoxyalkyl with a
thiocl of formulé (XIV)

R, ~SH (XIV)
wherein R, is aé defined above.
When R,, is hydrogen atom in the compound of formula (XIII), or
has become hydrogen atom in the compound of formula (VI},
during the transesterification reaction, the hydroxy group is
reacted with convenient protecting groups, for example with
arylcarbonyl halides, heteroarylcarbonyl halides, trialkylsilyl
halides or alkylvinyl ethers.
The transesterification reactions may be carried out in a
solvent, such‘ as methylene chloride, 1in the presence of
trialkylaluminium, such as trimethylaluminium at a temperature

from about 0°C to about room temperature for a time ranging
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from 10 minutes to 24 hours.

A compound of formula (XIII) is commercially available
methylglycolate or may be obtained by reaction of
methylglycolate with compounds, such as trialkylsilyl halides,
aroyl halides, heteroarcoyl halides, in the presence of a base
(e.g. triethylaminé), or alkylvinyl ethers, 1in the presence of
a catalyst like p-toluenesulfonic acid in a solvent like THF.
The compounds of formula (III) may be achieved from
commerclally available 10-deacetyl baccatin III by means of
methods reported in 1literature (C.R. Sciences, Acad.Sci.
Paris, serie 2, 1584, 24, 1039; Tetrahedron 1986, 42, 4451;
J.Med.Chem. 1991, 34, 992; JACS 1988, 110, 5917).

The boron complex of general formula (VII) can be prepared as
described in literature (J.0.C. 1992, 57, 65173; Angew-
Chem.Int. Ed. Engl. 1993, 32, 1618).

The 1mines of general formula (VIII}) can be prepared as
described in 1literature (J.0.C. 1983, 48, 289; Synthesis
1984, 628; J.0.C. 1993, 53, 5889; J.0.C. 1994, 59, 1238).

The compounds of formula (X}, (XI), (XII), (XIII) and (XIV) are

commercially available.
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Exapple I

7.10-4di(2,2,2-trichloroethyloxycarbonyl) -10-deacetyl-13-0-
[{48,5R) -2, 4-diphenyl-4,5-dihydrooxazole-5-carbonyl] ~baccatin
(Compound of formula IV: ---=double bond; R,=Ph; Ry=Ph;

O

I

ccl,-CH,-0-C~

Rathz )

A solution of 7,10-di(2,2,2-trichlorcoethyloxycarbonyl} ~-10-

O
cel,~CH, -0 g
deacetylbaccatin III {(Compound III: Ry, R,= * 2

) {28.3 mg,
0.032 mmol) and phenyl (45,5R) -2,4-diphenyl-4,5-dihydrooxazole-

5-thiocarboxylate (Compound II: ---=double bond; R,=Ph; R;=Ph;

Re=Ph) (38.4 mg, 0.107 wmmol) in THF (0.6 ml) at 0°C under
argon, with stirring, was treated with a freshly prepared 0.6 M

solution of lithium hexamethyldisilazide 1n THF-hexanes 62:38

(0.237 ml, 0.142 wmmol). After 15 min stirring at 0%C, the
mixture was quenched with a saturated NH,Cl aqueous solutlon (2
ml). The aqueous-_ phase was extracted with ethyl ether (3x3 ml),
and the combined organic extracts were dried (Na,SC,) and
evaporated. The crude ©product was purified by £flash

chromatography (hexanes-ethyl acetate 7:3) to give the pure

title compound (32.5 mg, 90%).

ol . ,
[ ]D -40.5° (¢ 1.0 in chlorcform).

*H-NMR (CDC1,} & = 1.21 (3H, s, Me), 1.29 (3H, 8, Me}, 1.87 (3H,
s, Me}, 2.03 (3H, s, Me), 2.07 (3H, s, OCOMe), 1.95-2.2 (1H, m,
Ce~-H), 2.35 (1H, A of an ABX system, JAB=15.04, JAX=8.68 Hz,
Cl4-H), 2.36 (1H, B of an ABX system, JAB=15.04, JBX=9.14 Hz,
C14-H), 2.68 (1H, ddd, J=7.24, 9.48, 14.5 Hz, C6-H), 3.95 (1H,
d, J=7.00 Hz, C3-H), 4.17 (1H, 4, J=8.61 Hz, C20-H), 4.33 (1H,
d, J=8.61 Hz, C20-H), 4.62 (1H, 4, J=11.85 Hz, C-H [trocl},
4.7¢ (1H, 4, J= 12.0 Hz, C-H [troc']), 4.82 (1H, 4, Jd=12.0 Hz,
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C-H {[troc']), 4.92 (1H, 4, J=11.85 Hz, C-H [troc)), 4.98 (1H,
d, J=6.95 Hz, C3'-H), 4.99 (1H, d, J=9.48 Hz, Cb-H), 5.5% (1H,
m, C7-H), 5.60 (1H, 4, J=6.95 Hz, C2'-H), 5.71 (1H, 4, J=7.00
Hz, C2-H), 6.25 (1H, s, Cl0-H), 6.28 (1H, m, Ci3-H), 7.30-7.70
(11H, m, Ar-H), 8.08 (2H, d, J=7.3 Hz, Ar-H), 8.21 (2H, Aa,
J=6.81 Hz, Ar-H).

“C NMR (CDCLl,) selected peaks 6 = 10.63, 14.67, 20.83, 21.50,
26.25, 33.11, 35.44, 42.98, 46.82, 56.07, 71.58, 74.10, 74.73,
76.13, 77.29, 78.87, 80.37, 83.35, 83.56, 94.07, 126.20,
126.71, 128.28, 128.64, 129.00, 130.00, 132.12, 132.22, 133.88,
140.61, 142.23, 153.04, 166.80, 169.92, 200.60.

MS (FAB+) : 1142 (M + H+, 56%), 1143 (M + 2, 36%), 1144 (M + 3,
100%), 1145 (M + 4, 59%), 1146 (M + 5, 92%), 1147 (M + 6, 46%),
1148 (M + 7, 46%), 1149 (M + 8, 21%), 1150 (M + 9, 13%), 1164

(M + Na+, 36%), 1165 (M + 24, 23%), 1166 (M + 25, 69%), 1167 (M

+ 26, 41%), 1168 (M + 27, 61%), 1169 (M + 28, 33%), 1170 (M +

29, 31%), 1171 (M + 30, 15%), 1172 (M + 31, 10%).

Example 2

7,10-di(2,2,2-trichloroethyloxycarbonyl) -10-deacetyl-13-0-

[(4S,SR)—2,4—diphenyl~4,5—dihydrooxazole—5~carbonyl]~bac¢atin

(Compound of formula IV: ---=double bond; R,=Ph; Rs=Ph; R4, Re =
CCl,-CH,-0-CO-}

Tc a magnetically stirred solution of 7,10-di(2,2,2-

N

trichloroethyloxycarbonyl)-10-deacetyl baccatin III (10.4 mwg,

0.012 mmol) and phenyl (4S,5R)-2,4-diphenyl-4,5-dihydrooxazole-

S-thiocarboxylate (12.53 mg, 0.035 mmol) in CH,Cl, (0.120 ml)

at RT, under argon, Ag(CF,CO00) (10.16 mg, 0.046 mmol) was

added. After overnight stirring at room temperature, the

mixture was diluted with methylene chloride, filtered through

Celite*, and washed with a saturated NH,Cl aqueous solution (1

*Trade-mark
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ml). The organic phase was dried (Na,S0O,} and evaporated. The
crude product was purified by £lash chromatography (hexanes-

ethyl acetate 7:3) to give the pure title compound (5.1 mg,
36%) .

Example 3

7.,10-d1(2,2,2-trichloroethyloxycarbonyl) -10-deacetyl-13-0-
[(4S,5R) -2, 4-diphenyl-4,5-dihydrooxazole-5~-carbonyl] ~baccatin
(Compound of formula IV: ---=double bond; R;=Ph; Rs=Ph;

O

I

CCl,-CH, ~0-C~

Rg, Ro= )

To a magnetically stirred solution  of 7,10-d1(2,2,2-
trichlorocethyloxycarbonyl) -10-deacetyl baccatin IITI (15.0 mg,
0.017 mmol) and phenyl (48,5R)-2,4-diphenyl-4,5-dihydrooxazole-
S5-thiocarboxylate (24.0 mg, 0.067 mmol) in benzene (0.170 ml)
at RT, under argon, Ag(CF,CO00} (15 mg, 0.067 mmol) and Na,HPO,
(18.9 mg, 0.05 mmol} were added. After 36 hours stirring at
room temperature, the mixture was diluted with wmethylene

chloride, filtered through celite, and washed with a saturated

NH,Cl aqueous sgoluticon (1 ml}). The organic phase was dried

(Na,S0O;) and evaporated. The crude product was purified by

flash chromatography (hexanes-ethyl acetate 7:3}) to give the

pure title compound (10.5 mg, 51%).

Exanple 4
7-triethylsilyl-13-0-{(48,5R}~-2,4~diphenyl-4,5-dihydrooxazoie-

S-carbonyl] -baccatin

{(Compound of formula IV: ---=double bond; R,=Ph; R;=Ph;
G
o, -
Rg= ° ; Rg=(CH,-CH;-);81-)
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A solution of 7-TES-baccatin III (Compound III: Rg= °*  ;
Rg=(CH;-CH,-);S1i~) (199 mg, 0.284 mmol) and phenyl (4S,5R}-2,4-
diphenyl-4,5-dihydrooxazole-5-thiocarboxylate (Compound II:
---=double bond; R,=Ph; R¢=Ph; R.=Ph) (357 mg, 0.994 mmol) in
THF (5.68:.ml) ': at 0°C under argon, with stirring was treated
with a freshljr prepared 0.6 M solution of 1lithium
hexamethyldisilazide in THF-hexanes 62:38 (2.13 ml, 1.28
mmel) . After 15 min stirring at 0°C, the mixture was quenched

with a saturated NH4Cl aqueous solution (14 ml). The agueous

phase was extracted with ethyl ether (3 x 20 ml), and the

combined organic extracts were dried (NaS04) and evaporated.

The crude product was purified by £flash chromatography
(pentanes-ethyl ether 44:56) to give pure title compound
(230 mg, 85%).

[(I'F5 = o :
D -54.8° (¢ 1.0 in chloroform) .

"H-NMR (CDCl,) § = 0.60 (6H, g, J=7.29 Hz, CH.Si), 0.94 (9H, t,
J=7.29 Hz, Me[TES]), 1.21 (3H, s, Me), 1.25 (3H, s, Me), 1.71
(3H, s, Me), 2.01 (3H, s, Me), 2.08 (3H, s, OCOMe), 2.18 (3H,
s, OCOMe), 1.95-2.2 (1H, m, C6-H), 2.22-2.45 (2H, m, C14-H),
2.55 (1H, m, C6-H), 3.85 (1H, &, J=6.99 Hz, C3-H), 4.15 (1H, d,
J=8.34 Hz, C20-H}), 4.31 (1H, d, J=8.34 Hz, C20-H), 4.51 (1iH,
dd, J=6.59, 10.29 Hz, C7-H), 4.96 (1H, d, J=6.51 Hz, C3'-H),
4.96 (1H, 4, C5-H), 5.62 (1H, d, J=6.51 Hz, C2'-H), ©5.70 (1H,
d, J=6.99 Hz, C2-H), 6.21 (1H, br. t, J=8.80 Hz, Cl3-H), 6.44
(1H, s, Cl0-H), 7.30-7.70 (11H, m, Ar-H), 8.09 (2H, 4, u=7.24
Hz, Ar-H), 8.25 (2H, 4, J=7.79 Hz, Ar-H).

C NMR (CDC1l,) selected peaks & = 5.17, 6.66, 9.93, 14.43,
20.74, 21.60, 26.45, 29.58, 35.48, 37.05, 43.07, 46.90, 58.34,
71.79, 72.19, 74.67, 74.87, 78.90, 80.77, 83.24, 84.10, 126.31,
126.60, 128.17, 128.51, 128.88, 1295.97, 132.05, 133.64, 133.83,
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135.75, 140G.68, 166.91, 169.05, 169.77, 170.09, 201.6C.
MS(FAB+): 950 (M + H+, 71%), 951 (M + 2, 43%), 952 (M + 3,
21%), 972 (M + Na+, 100%), 973 (M + 24, 64%), 974 (M + 285,

28%) .
5
Example 5
7,10-di(2,2,2-trichloroethyloxycarbonyl) -10-deacetyl-13-0-
[ (45, 5R) -N-benzoyl-2,2-dimethyl-4-phenyl-1, 3-oxazolidin-5-
carbonyl] -baccatin
10 (Compound of formula IV: ---=single bond; R,=Ph; R,,R.=CH,;

[ i

Ph-C- CCl..‘-CH,-O-C-
R.?.m ;Rar R-g: B

)

A solution of 7,10-d1(2,2,2-trichloroethoxycarbonyl) -10-
0
CCl,-CH og

deacetylbaccatin III (Compound III: Ry, Re= ~ * ~ % ~ } (24.4 mg,

15 C.027 mmol) and t-butyl [(45,5R} -N-benzoyl-2,2-dimethyl-4-
phenyl-1,3~oxazolidin-5-yllthiocarboxylate {Compound II: ol

=single bond; R,=Ph; R,,Rs=CH,; Rg=t-butyl; R.=Ph-CO} (40.2 mg,

0.101 mmeol) din THF (0.545 ml) at 0°C under argon, with
stirring, was treated with a freshly prepared 0.6 M sclution of

20 lithium hexamethyldisilazide in THF-hexanes 62:38 (0.090 ml,

0.054 mmol). After 24 h stirring at 0°C, the mixture was
quenched with a saturated NH,C1 aqueous sclution (2 ml). The
agqueous phase was extracted with ethyl ether (3 x 3 ml), and
the combined organic extracts were dried (Na,S50,}] and
25 evaporated. The crude product was purified Dby £flash

chromatography (hexanes-ethyl acetate 6:4) to give the pure

title compound {24.6.mg, 75%) .

[{I]E}S - 0 :
D -28.9° (¢ 1.0 in chloroform).

‘H-NMR (CDCl,) & = 1.20 (3H, s, Me), 1.28 (3H, s, Me), 1.74 (3H,
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s, Me), 1.93 (3H, 8, Me), 1.98 (3H, s, Me), 2.02 (3H, s, Me),
2.20 (3H, s, OCOMe), 1.95-2.2 {1H, m, C6-H), 2.20-2.40 (2H, m,
Cl4-H), 2.50-2.70 (1H, m, C6-H), 3.91 (1H, d, J=6.95 Hz, C3-H),
4.11 (1H, d, J=8.60 Hz, C20-H), 4.29 (1H, 4, J=8.60 Hz, C20-H),
4.58 (1H, d, J=4.10 Hz, C2'-H), 4.62 (1H, 4, J=10.58 Hz, C-H
[trocl), 4.65-4.91 (2H, m, C-H [troc'l), 4.94 (iH, d, J=10.58
Hz, C-H [trocl), 4.92 (1H, m, C5-H), 5.30 (1H, d, J=4.10 Hz,
C3'-H), 5.60 (1H, dd, J=6.80, 9.92 Hz, C7-H), 5.67 {1H, d,
J=6.95 Hz, C2-H), 6.27 (1H, s, C10-H), 6.30 (1H, m, C13-H),
6.50-7.00 (2H, m, Ar-H), 7.10-7.30 ({(8H, m, Ar-H), 7.40-7.70
(3H, m, Ar-H), 8.09 (2H, 4, J=8.00 Hz, Ar-H).

“C NMR (CDCl,) selected peaks & = 10.63, 14.62, 20.94, 21.50,
26.15, 29.58, 29.93, 33.07, 35.20, 42.97, 46.82, 55.96, 65.75,
71.31, 74.11, 76.03, 77.2%, 78.89, 80.32, 81.18, 83.57, S$4.07,
98.21, 126.06, 126.82, 127.82, 127.98, 128.54, 128.63, 128.85,
129.39, 129.95, 133.78, 137.38, 138.69, 142.43, 153.09, 166.79,
168.98, 169.96, 200.54.

MS (FAB+): 1198 (M - 1, 29%), 1199 (M, 20%), 1200 (M + H+, 50%),
1201 (M + 2, 33%), 1202 (M + 3, 45%), 1203 (M + 4, 29%), 1204
(M + 5, 23%), 1205 (M + 6, 13%), 1206 (M + 7, 12%), 1220 (M +
21, 45%), 1221 (M + 22, 30%), 1222 (M + Na+, 100%), 1223 (M +
24, 55%), 1224 (M + 25, 88%), 1225 (M + 26, 46%), 1226 (M + 27,
40%), 1227 (M + 28, 20%), 1228 (M + 25, 15%).

Example 6
7-triethylsilyl-13-0-[(4S,SR}-Nnbenzoyl-z,2-dimethyl-4-phenyl~
1,3-oxazolidin-5-carbonyl] -baccatin
(Compound of formula IV: ---=single bond; R,=Ph; Ry, Rc=CH,;
O
|
R,="1"C" . R,=CH,-CO; Ry=(CH,-CH,-),8i-~)
A solution of 7-triethylsilyl baccatin III (Compound III:
Rg=CH;~CO-; Re=(CH,-CH.-),Si-} (25.2 mg, 0.036 mmol) and t-butyl
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[(48,5R) -N-benzoyl-2,2-dimethyl-4-phenyl-1, 3-oxazolidin-5-yl]

thiocarboxylate (Compound II: ---= single bond; R,=Ph; R,=
Ph-CO-; R,,R.=CH,; Re=t-butyl; R,=Ph-CO) (50.1 wg, 0.126 mmol)
in THF (0.72 ml) at 0°C under argon, with stirring, wés treated

with a freshly prepared 0.6 M sclution of lithium
hexamethyldisilazide in THF-hexanes €2:38 (0.120 ml, 0.072

mmol) . After 24 h stirring at 0°C, the mixture was dquenched
with a saturated NH,Cl aqueocus solution (2 ml). The agqueous
phase was extracted with ethyl ether (3 x 3 ml}, and the
combined organic extracts were dried (Na,S0C;; and evaporated.
The c¢rude product was purified by £flash chromatography

(hexanes-ethyl acetate 65:35) to give the pure title compound
(27.5 mg, 75%).

[aﬂ§;” o :
. =31.9° (¢ 1.0 in chloroform).

"H-NMR (CDCl,) & = 0.59 (6H, g, J=7.90 Hz, CH,S8i), 0.94 (9H, t,

J= 7.90 Hz, Me [TES]), 1.21 (3H, s, Me), 1.27 (3H, s, Me}, 1.67
(3H, 8, Me), 1.88 (3H, s, Me), 1.94 (3H, 8, Me), 2.01 (3H, s,
Me), 2.09 (3H, s, OCOMe}, 2.21 (3H, s, OCOMe), 1.S85-2.2 (1H, wm,
C6-H), 2.22-2.45 (2H, m, Cl4-H), 2.40-2.60 {(1H, m, C6-H}, 3.78
(1B, 4, J=6.87 Hz, C3-H}), 4.10 (1H, 4, J=8.34 Hz, C20-H), 4.25
(1H, 4, J=8.34 Hz, C20-H), 4.48 (1H, d4d, J=6.55, 10.17 Hz, C7-
H), 4.57 (iH, 4, J=6.66 Hz, C2'-H}, 4.89 (lH, br. 4, J=9.17 Hz,
Co-H), 5.28 (1H, 4, J=6.66 Hz, C3'-H), 5.65 (1H, 4, J=6.87 Hz,
C2-H), 6.25 (1H, br. t, J=8.5%9 Hz, Ci3-H), 6.47 (1H, s, Cl0-H),
€.50-7.00 (2H, m, Ar-H), 7.10-7.30 (8H, m, Ax-H), 7.40-7.70
(3H, m, Ar-H), 8.02 (2H, 4, J=8.21 Hz, Ar-H).

PC NMR (CDCl,) selected peaks & = 5.17, 6.64, 9.92, 14.22,
20.78, 21.01, 21.55, 25.33, 26.19, 26.36, 29.58, 35.19, 36.99,
43.12, 46.65, 58.23, 65.92, 71.63, 72.00, 74.80, 78.90, 80.69,
81.18, 84.03, 98.18, 126.06, 126.82, 127.77, 127.98, 128.46,
128.63, 129.09, 129.38, 129.95, 133.64, 133.73, 137.38, 138.74,
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139.85, 166.94, 169.06, 169.16, 169.80, 201.55.

MS (FAB+): 1006 (M - 1, 13%), 1007 (M, 13%), 1008 (M + H+,
29%), 1009 (M + 2, 17%), 1010 (M + 3, 4%), 1028 (M + 21, 13%)},
1029 (M + 22, 12%), 1030 (M + Na+, 100%), 1031 (M % 24, 71%),
1032 (M + 25, 27%), 1033 (M + 26, 8%).

Example 7
10-deacetyl taxocl

(Compound of formula I: R,=Ph; R,=COPh; R,=H)

A solution of 7,10-di(2,2,2-trichlorocethyloxycarbonyl)-10-
deacetyl-13-0-[(4S,5R) -2,4-diphenyl-4,5-dihydrooxazole-5-

carbonyl] -baccatin (Compound IV: -~-=double bond; R,=Ph; R.=Ph;
Ry, Rg=CC1,-CH,-0CO~-} (30 mg, 0.026 mmol) in ethanol (1 ml} and

0.1 'N HCL (0.5 ml}) was heated at about 95°C for 2 hours. The

reaction mixture was coocled, quenched cautiously with saturated
agueous sodium hydrogencarbonate, and extracted with
dichloromethane (x 2), washed with water, dried over Na,SO, and
concentrated to give crude 7,10-d1(2,2,2-
trichloroethyloxycarbonyl) -10-deacetyl taxol (23 mg, 75%

yield} . Treatment with methanol (1 ml), acetic acid (1 ml) and

powdered =zinc (30 mg) at 60°C for 1 h vyvielded the title
compound (13 mg, 80% yield).

Example 8

Taxol

(Compound of formula I: R,=Ph; R,=COPh; R,=AcC)

A solution of 7-triethylsilyl-13-0-[(4S,5R)-2,4-diphenyl-4,5-
dihydrooxazole-5-carbonyl] -baccatin (Compound IV: ---=double

bond; R;=Ph; R¢=Ph; Ry=-COCH,; Rgz(CH;,-CHg];,Si-)) (360 mg, 0.378
mmol) in 0.04 N HCl in methancl:water [1.5:1 (v:v)1 (40 ml)
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was stirred at 60°C for 1 hour, and at 80°C for 2.5 h. The
mixture was cooled to room temperature, and a saturated

NaHCO; aqueous solution (8 ml) was added (final pH = 7.5).

The resulting mixture was stirred at room temperature for 16
hours. Methanol (ca. 24 ml) was evaporated under vacuum (0.1
mmHg) at room temperature; the resulting aguecus mixture was
then extracted with dichloromethane (3x10 wml). The organic

extracts were dried (Na2804) and evaporated. The crude

product was ;flash-chromatographed. (hexanes : EtOAc 1:1} to

give pure title product (259 mg, 80%).
1H-NMR (CDCl3) & = 1.14 (3H, s, Me), 1.25 (3H, s, Me), 1.68

(3H, s, Me), 1.79 (3H, s, Me), 2.23 (3H, s, OCOMe}, 2.38 (3H,
5, OCOMe), 2.35-2.40 (2H, m, C6-H), 2.40-2.60 (2H, m, Cl4-H),
3.67 (1H, br.s, OH}), 3.79 (1H, d, J = 6.96 Hz, C3-H), 4.26
(lH,' A part of an AB system, J=8.42 Hz, C20-H), 4.34 ({(1H, B
part of an AB system, J=8.42 Hz, C20-H), 4.13-4.40 (1H, m,
C7-H), 4.79 (1H, br.s, C2'-H), 4.%4 (1H, 4@, J= 7.98, 1.5 Hz,
C5-H), 5.67 (1H, d, J=6.96 Hz, C2-H), 5.78 (1H, 44, Jd=8.89,
2.45 Hz, C3'-Hj, 6.23 (1H, br. t, T = $.0 Hz, Ci3-H), 6.27
(1H, s, Cl10-H), 7.03 (1H, 4, J= 8.8% Hz, NH), 7.30-7.60 (11H,
m, Ar-H), 7.74 (2H, d, J=7.0 Hz, Ar-H), 8.13 (2H, d, J=7.0
Hz, Ar-H).

Example 3
10-deacetyl taxol

(Compound of formula I: R,=Ph; R,=COPh; R,=H)

A solution of 7,10-d41(2,2,2-trichleroethoxycarbonyl) -10-
deacetyl-13-0-{(45,5R) -N-benzoyl-2, 2-dimethyl-4-phenyl-1, 3-
oxazolidin-5-carbonyl] -baccatin (Compound IV: ---=single bond;

R,=Ph; Ry, Rg=CH,; R,=Ph-C0O-; R,,Ry=CCl,-CH,-0CO-} (52 mg, 0.043
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mmol) was treated with formic acid (1 ml) at room temperature
for 4 hours. The acid was removed under wvacuum and the crude

material was treated with methanol {1 ml), acetic acid (1 ml)

and powdered zinc (40 mg) at 60°C for 1 h yielding the title
compound (30 mg, 85% yield).

(Compound of formula I: R;=Ph; R,=COPh; R,=Ac)
A solution of 7-triethylsilyl-13-0-[(4S,5R)-N-benzoyl-2,2-
dimethyl-4-phenyl-1,3-oxazolidin-5-carbonyl] -baccatin (Compound

IV: --- = single bond; R,

Ph; R, PhCO; R = CH,CO; Ry =

(CH;-CH,),S8i-)) (35 mg, 0.035 mmol) in ethanol (1 ml) was
treated with 0.1 N HC1 (0.5 ml) at room temperature for 3 hours
to give the title compound (23 mg, 80%).

Example 11
Phenyl (48,5R) -2, 4-diphenyl-4, 5-dihydrooxazole-5-thiocarboxylate
(Compound of formula II: ---=double bond; R,=Ph; R;=Ph; R.=Ph)

To a stirred solution of phenyl (t-butyldimethylsilyloxy)
thiocacetate (Compound VI: R,,=TBDMS; R.,=Ph} (1.572 g, 5.56
mmol) in ethyl ether (25 ml) at 0°C, under argon atmosphere a
solution of di{[(1S,25,5R}-2-isopropyl-S-methylcyclohex-1-
yl) -methyl }boron bromide (Compound VII: L= from (-)menthone;
X=Br) in dichloromethane (0.4 M; 25 ml, 10.0 mmol), and then
EtaN (1.47 ml, 10.56 mmol) were added dropwise. Enclborinate
was generated with concurrent formation and precipitation of
Et3N-HBr. After 0.5 h at (0°C, the mixture was allowed to warm
to room temperature and stirred for 5 h. After this time the
reaction was cooled to -78°C and a solution of N-

(trimethylsilyl)benzaldimine PhCH=N-SiMe3 (1.36 g, 7.67 mmol)
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in a2 minimum volume of CH2Cl2 (1 wml), ccooled to ~-78°C, wasg

added dropwise via cannula. The resulting mixture was stirred
at -78°C for 0.5 h, then slowly warmed to -5°C during 2 h,
and stirred at -5°C overanight. The mixture was then guenched
5 with pH 7 phosphate buffer (23 ml), and extracted with
dichloromethane (3x25 ml). The combined organic extracts were

dried (NazS804) and evaporated. The c¢rude product was

dissolved in 0.25 N HCl in MeOH - Ho0 [1:1 (v:v}, 40 ml].

The mixture was diluted with dichloromethane (3.0 ml), the
10 resulting solution was stirred at room temperature for 3 h,
and then evaporated to dryness under reduced pressure. The
resulting crude product wasg pumped in vacuum (0.1 mmHg) in a
dessicator overnight over phosphorus pentoxide. The white
solid residue (2.35 g, 5.56 mmel} was then dissolved in
15 dichloromethane (9.26 ml) and treated at 0°C with 4-
dimethylaminopyridine (DMAP) (0.068 g, 0.55¢6 mmeol ),
triethylamine SS.S’? ml, 40.0 mmol) and, after further 10
minutes, with benzoyl chloride (freshly distilled) (2.26 ml,
19.44 mmol) . The mixture was stirred at 0°C for 20 min, then
20 diluted with EtOac (72 ml} and gquenched at 0°C with water and

ice. The organic phase was washed with saturated NaHCO3 ag.
solution, saturated brine, dried (NaS04), and evaporated.
The crude reaction product was flash chromatographed
(hexanes-ethyl ether 65:35) to give phenyl 3-benzoylamino-2-
25 tertbutyldimethylsilyloxy-3-phenylthiocpropionate (67-71%
vield) .
The anti-syn ratio of the mixture was determined by 1H-NMR
analysis, by integration of the relevant peaks of the antl
and syn iscmers (97:3). The mixture was flash chromatographed
30 (hexanes-isopropyl ether 50:50) to give pure anti and syn

1Lsomers.
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anti phenyl 3(S)-benzoylamino-2(S)-tertbutyldimethylsilyloxy-3-
phenylthiopropionate:

[a]® - .
D -166.6° (c 1.29 in CHC13).

"H-NMR (CDCl,;) & = -0.05 (3H, s, MeSi), 0.20 (3H, s, MeSi), 1.02
5 (9H, s, ‘Bu), 4.78 (1H, d, CHOSi, J=5.5 Hz), 5.52 (1H, dd,
J=5.5, 7.8 Hz, CHN), 6.89 (1H, d, J=7.8, NH), 7.10-7.60 (13H,
m, Ar-H), 7.70-7.90 (2H, m, Ar-H).

“C NMR (CDCl,) selected peaks o

25.74, 38.69, 57.53, 80.17,
126.92, 128.18, 128.28, 128.43, 128.53, 125.03, 129,29, 131.62,
10 134.65, 137.23, 166.53, 200.83.

syn phenyl 3 (R) -benzoylamino-2 (8) ~tertbutyldimethylsilyloxy-3-

phenylthiopropionate:

"H-NMR (CDCl,) & = -0.21 (3H, s, MeSi), 0.14 (3H, s, MeSi), 1.00
15 (9H, s, tRBu), 4.60 (1H, d, CHOSi, J=2.4 Hz}, 5.62 (1H, dd,

J=2.4, 8.8 Hz, CHN), 7.20-7.60 (13H, m, Ar-H), 7.80-8.00 (2H,

m, Ar-H).

“C NMR (CDCl,) selected peaks & = 56.52, 81.03. 166.23.

20 The anti:syn mixture (»>97:3) (1.92 g, 3.91 mmol) was treated

with a 0.5 M solution of HF in acetonitrile-H20 (66:1) (62.51

ml), at 0°C, under stirring. The mixture was stirred at room
temperature for 24 h. The soclution was evaporated to dryness.
The resulting crude product was pumped in vacuum (0.1 mmHg)
25 1n a dessicator overnight over phosphorus pentoxide. The
crude phenyl 3-benzoylamino-2-hydroxy-3-phenylthiopropiocnate
(Compound IX: R;=Ph; Rg=Ph; R,=PhCO) was washed with diethyl
ether to give a white amorphous solid (1.52 g, 103.4%). The
mixture (97:3}) was flash chromatographed (isopropyl ether -
30 ethyl acetate 95:5) to give analytically pure anti phenyl
3(S) -benzoylamino-2 (S) -hydroxy-3-phenylthiopropionate and Syn
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phenyl 3 (R} -benzoylamino-2(S)-hydroxy-3-phenylthiopropionate.

anti phenyl 3(S)-benzoylamino-2(S)-hydroxy-3-
phenylthiopropionate:

[o]3 o '
b -140.23° {c 0.8 in acetone).

'"H-NMR (CD,COCD,) & = 4.90 (1H, dd, CHOH, J=5.6, 6.3 Hz), 5.65
(LH, dd, J=5.6, 8.6 Hz, CHN), 5.94 {1H, 4, J=6.3, OH}, 7.10-
7.70 (13H, m, Ar-H), 7.80-7.90 (2H, m, Ar-H), 8.05 (lH, d,
J=8.6, NH).

16 C NMR (CD,COCD,;) selected peaks & = 56.53, 79.10, 127.41,
127.61, 128.00, 128.28, 128.90, 129.32, 131.30, 134.69, 138.15,

139.89, 166.24, 200.39.MS(E.I.): 378 (M+1, 57%), 360, 268, 240,
222, 210, 193, 105 (100%), 91, 77.

15 syn phenyl 3(R}-benzoylamino-2(S)-hydroxy-3-

phenylthiopropionate:
OF - ) 0o (e 1 04 :
D -67.0"Y (¢ 1.04 1in acetone) (e.e.= 34%).

'"H-NMR (CD,COCD,} & = 4.80 (1H, 4, CHOH, J=3.4 Hz), 5.70 (1H,

dad, J=3.4, 8.2 Hz, CHN), 7.12-7.60 (13H, m, Ar-H), 7.90-8.01
20 (2ZH, m, Ar-H).

“C NMR (CD,COCD;) selected peaks & = 56.28, 79.92.

. . *
.. . ‘ v .
JECATIMILOE s & 16 ;-..“.. - 01 g 1 . *)s f .“I l -
» . M\l Cr” —y svlys il Ve -~ - L L " sy ' — ol - - e

o

| 4 4
o Tl o -ahi L 3L J - - F . A ‘ - adl @ p 4 “.‘ ] L L J ‘.3. L2 2 &
M o b Y T IR " v e IRTUIRL ' ..‘... 4 I P, AV i e Y TR - N - RS

' v ahels Nl

25 Chromatographed phenyl 3(S)-benzoylamino-2(S)-hydroxy-3-phenyl
thiopropionate- was saponified [a) 30% H,0, (4 eqg.), LiOH ag. (2
eq.), TBF, 0°C, 15 h; b) Na,S0,, Bee Tetrahedron Lett. 1990,
31, 7513] to give the corresponding acid.

'H-NMR (CD,OD) 6 = 4.61 {1H, d, J= 5.5, CHO), 5.52 (1H, d,
3¢ J=5.5, CHN), 7.20-7.60 (8H, m, Ar-H), 7.80-7.85 {2H, m, Ar-H}.
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A sclution of the acid in methanol was treated with a CH,N,

solution in ethyl ether to give the corresponding methyl ester.

a 125 .
[ ]D +9.0° (¢ 1.0 in MeOH).

Reported in the literature:

o} -

[]D +8.7° (c 1.03 in MeOH) (ref. J.0rg.Chem. 1992, 57,
[a]2 - o . |

6387} ; P +9.5° (¢ 1.01 in MeOH) (ref. J.Chem.Soc., Perkin

Trans. 1, 1994, 2385).

'H-NMR (CDCl,) & = 3.13 (1H, d, J=6.3, OH), 3.75 (3H, s OCH,) ,
4.73 (1H, br. m, CHO), 5.64 (1H, dd, J=3.5, 8.6 Hz, CHN), 7.17
(1H, br. 4, J=8.6, NH), 7.30-7.53 (8H, m, Ar-H), 7.81-7.84 (2H,
m, Ar-H).

“C NMR (CDCl,) & = 52.6, 55.6, 73.1, 127.3, 127.7, 128.5,
128.8, 131.9, 134.3, 136.8, 167.1, 172.7.

Determination of the enantiomeric excess of 1 3(8)-
benzoylamino-2 (S) -hydroxy-3-phenylthiopropionate

The % enatiomeric excess of phenyl 3(S) -benzoylamino-2(8) -

hydroxy-3-phenylthiopropionate was determined by  ‘H-NMR

analysis of the Mosher ester derivatives. Chromatographed

compound  was treated with  excess (S} -(~) -a-methoxy-a-

(triflucromethyl) phenylacetic acid in dichloromethane in the
presence of 1,3-dicyclohexylcarbodiimide (DCC) and catalytic 4-
dimethylaminopyridine (DMAP). The Mosher derivative phenyl 3-

(S)-benzoylamino-E(S)—O—[(S)—a—methoxy-a-(trifluoromethyl}
phenyljacetyl-3-phenylthiopropionate was cbtained:

"H-NMR (CDCl,) 8 = 3.61 (3H, m, OMe), 5.91 (1H, dd, J=4.40, 7.82
Hz, CHN}), 6.02 (1H, 4, J=4.40 Hz, CHO), 6.53 (1H, 4, J=7.82
Hz, NH}, 7.20-7.60 (18H, m, Ar-H), 7.60-7.80 (2H, m, Ar-H).

A pure sample o©of phenyl 3(R)-benzoylamino-2(R) -~hydroxy-3-
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phenylthiopropicnate was obtained wvia the same Ireact ion
sequence, but using the boron reagent di{[ (1R, 2R,58) -2~
isopropyl-5-methylcyclohex-1-yl] -methyl}boron bromide derived
from (+)menthone. Compound phenyl 3{R}-benzoylamino-2(R) -

hydroxy-3-phenyl-thiopropionate was treated with excess (S)-

(-) -a-methoxy-a- (Erifluoromethyl) phenylacetic acid in
dichloromethane in the presence of 1,3-dicyclohexyl
carbodiimide (DCC) and catalytic 4-dimethylaminopyridine

(DMAP) . The Mosher derivative phenyl 3(R)-benzoylamino-2(R)-0-

[ (8) ~a.-methoxy-0- (trifluoromethyl) phenyl]acetyl-3-

phenylthiopropionate was obtained:

'H-NMR {(CDC1l,) & = 3.45 (3H, m, OMe), 5.%92 (1H, dd, J=5.3C, 7.63
Hz, CHN), 6.03 (1H, 4, J=5.30 Hz, CHO}, 6.90 (1H, d4d, J=7.63
Hz, NH}, 7.20-7.60 (18H, m, Ar-H), 7.60-7.80 (ZH, m, Ar-H).

The ratio phenyl 3(8}-benzoylaminc-2 (S) -hydroxy-3-
phenylthiopreopicnate : phenyl 3(R)-benzoylamino-2(R)-hydroxy-3-
phenylthiopropionate was determined by integration of the

relevant peaks, and was shown to be >97.5:2.5 (e.e. 295%) over

a series of several experiments.

Determination of the enantiomeric excegss of phenyl 3I(R)-
nenzoviamino-2 (8) ~hvdroxyv-3-phenvithicopropiona

The % enatiomeric excess of syn phenyl 3(R)-benzoylamino-2(S) -
hydroxy-3-phenylthiopropionate was determined by  “H-NMR
analysis of ~--;'he Mosher ester derivatives. Chromatographed
compound phenyl 3{R)-benzoylamino-2 (5} -hydroxy-3-

phenylthiopropionate was treated with excess (S}-({-)-a-methoxy-

a- (trifluoromethyl)phenylacetic acid in dichloromethane in the

presence of 1,3-dicyclohexyl carbodiimide (DCC) and catalytic

4-dimethylaminopyridine (DMAP). The Mosher derivative  phenyl

3 (R} -benzoylamino-2 (8} -0- [ (S) -a-methoxy~o- (triflucromethyl;
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phenyl] acetyl-3-phenylthiopropionate was obtained:

"H-NMR (CDCl;) & = 3.52 (3H, m, OMe), 5.85 (1H, d, J=2.25 Hz,
CHO), 6.06 (1H, dd, J=2.25, 9.25 Hz, CHN), 6.94 (1H, 4, J=9.25
Hz, NH), 7.10-7.60 (18H, m, Ar-H), 7.60-7.80 (2H, m,* Ar-H).

A pure sample of phenyl 3(S)-benzoylamino-2(R)-hydroxy-3-
phenylthiopropionate was obtained wvia the same reaction
sequence, but wusing the boron reagent di{[(1R,2R,58)-2-
isopropyl-5-methylcyclohex-1-y1l] -methyl}boron bromide, derived
from (+)menthone. Compound phenyl 3(S)-benzoylamino-2(R) -

hydroxy-3-phenylthiopropionate was treated with excess (S) -

(-)-a-methoxy-o- (trifluoromethyl)phenylacetic acid in
dichloromethane in the presence of 1,3-dicyclohexylcarbodiimide

(DCC) and catalytic 4-dimethylaminopyridine (DMAP). The Mosher

derivative phenyl 3(8) -benzoylamino-2{R}-0- [ (S) ~a-methoxy-o-
(trifluoromethyl)phenyl]acetyl~3-phenylthioproPionate was

obtained:

"H-NMR (CDCl,) & = 3.41 (3H, m, OMe), 5.81 (1H, d, J=2.21, CHO) ,
6.11 (1H, dd, J=2.21, 9.22 Hz, CHN), 6.90 (1H, d, J=9.22 Hz,
NH), 7.10-7.60 (18H, m, Ar-H), 7.60-7.80 (2H, m, Ar-H).

The ratio phenyl 3 (R) -benzoylamino-2 (S) ~hydroxy-3-

' phenylthiopropionate : phenyl 3(8) -benzoylamino-2 (R) -hydroxy-3-

phenylthiopropionate was determined by integration of the
relevant peaks, and was shown to be 67:33 (e.e. = 34%) over a

series of several experiments.

A solution of phenyl 3-benzoylamino-2-hydroxy-3-
phenylthiopropionate (28,35 : 28,3R ratio = >97:3, crude,
without chromatography; 1.520 g, 3.89 mmol) in chloreform
(40.20 ml}) was treated with thionyl chloride (1.47 ml, 20.13

mmol), and stirred at 45°C for 3-4 h. The solvent was removed

in vacuum, and the crude product was dissoclved in 1,2-
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dichloroethane {20 ml) in the presence of 3 A-molecular sieves.

The resulting ‘mixture was refluxed (100°C} for & h. The
solution was then filtered, dried (Na,SC,), and evaporated to
give a crude product, which was purified by £flash-

5 chromatography (methylene chloride: hexanes 88:12) to give pure
phenyl | {4S,5R) -2,4-diphenyl-4,5-dihydrooxazole-5-
thiocarboxylate in 65% yield.

[a]%s +91.28° (¢ 0.8 in chloroform) .

'"H-NMR (CDCl,) & = 5.06 {(1H, d, CHN, J=5.61Hz), 5.55 (1H, d,
10 J=5.61 Hz, CHO), 7.20-7.60 (13H, m, Ar-H), B8.10-8.30 (2H, m,

Ar-H) .

*C NMR (CDCY,;) selected peaks & = 75.48, 89.10, 126.41, 128.01,

128.60, 128.86, 129.31, 129.72, 132.15, 134.65. MS(E.I.}: 360

(M+1, 57%), 250, 222, 183, 119, 109, 91 (100%), 77, 65.

15

Phenyl (tertbutyldimethylsilyloxy)thiocacetate
(Compound cf formula VI: R,,=TBDMS; R.=Ph)

20 Methyl glygolate (1.90 wml, 2.20 g, 24.5 mmol] was added to a
suspension of tertbutyldimethylsilylchloride (4.43 g, 29.4
mmol ) and imidazole (4 .17 g, £1.25 mmel) in dry
dimethylformamide (DMF) (4.9 ml) at 0°C, under stilrring.
After 90 min stirring at RT, water (60 ml) was added, and the

25 regulting mixture was extracted with ethyl ether (3 x 35 ml).
The organic phases were combined, washed with water (3 x 35

mlj, dried {(Na2S04) and evaporated to give - methyl
(tertbutyldimethylsilyloxylacetate (5.0 g, 100%) .
1H-NMR (CDCl3) & = 0.12 (6H, s, Me), 0.93 (9H, s, tBu}, 3.75

30 (3H, s, OMe), 4.26 (2H, s, CH2) .
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A solution of AlMesz (2.0 M in hexanes, 12.25 ml, 24.5 mmol)

in methylene chloride (49 ml) was treated at 0°C with PhSH
(2.5 ml, 24.5 mmol). After 20 min at 0°, a solution of methyl
(tertbutyldimethylsilyloxy)acetate (2.5 g, 12.25 | mmol) in
methylene chloride (6.125 ml) was added at 0°C. The mixture
was stirred at RT for 0.5 h, then quenched with NH4Cl

saturated aqueous solution (12 ml), filtered through celite,
washing the celite cake with methylene chloride. The organic
phase was washed with 5% agqueous NaOH, saturated brine, dried

(Na804) and evaporated to give a crude mixture which was

purified by flash chromatography (hexanes-ethyl ether 95:5)
to afford pure title compound (2.74 g, 79%).

1H-NMR (CDCl3) & = 0.20 (6H, s, Me), 1.01 (9H, s, CtBu), 4.38

(2H, s, CH?), 7.43 (5H, m, Ar-H).

Example 13
Phenyl 3(S)-benzoylamino-2({S)-hydroxy-3-phenylthiopropionate
(Compound of formula IX: R,,R.=Ph; R,=PhCO)

To a stirred solution of phenyl (l-ethoxyethoxy)thiocacetate

(0.09 g, 0.37 mmecl) in ethyl ether (1.5 ml) at 0°C, under
argon, a solution of di{[{(1S,28,5R}) ~2~-isopropyl-5-
methylcyclohex-1-yl] -methyl }boron bromide in dichloromethane
(0.4 M; 1.5 mi, 0.6 mmol), and then Et,N (0.09 ml, 0.630 mmol)

were added dropwise. Encolborinate was generated with concurrent

formation and precipitation of Et,N-HBr. After 5 h at 0°C, the

mixture was cooled to -78°C and N-(trimethylsilyl)benzaldimine

(0.185 g, 1.04 mmol} was added dropwise. The resulting mixture
was stirred at -78°C for 0.5 h, then slowly warmed to -5°C

during 2 h, and stirred at -5°C overnight.

The mixture was then quenched with phk 7 phosphate buffer, and
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extracted several times with dichloromethane. The organic phase
was evaporated to give a 'residue which was dissclved in 1:1
(v:v) MeOH : 1.0 N aqueous HCl and stirred at room temperature
for 1 h. The resulting solution was evaporated to dryness and
5 pumped (0.1 mﬁEIg) . The crude residue was dissolved in 1 N
agqueous HC1 and:the aquecus phase was washed several times with
ethyl ether. The agqueous phase was evaporated to dryness and
pumped (0.1 mmHg). The resulting crude mixture was then
dissolved in 11 (v:v} dichloromethane: water and treated at
10 room temperature with benzoyl chloride (1.5 mol.equiv.) and
then with soclid NaHCO, (2.5 mol. egquiv., added in 0.5
mol.equiv. portions) . The reaction was followed by t.l.c., and
after 1 h st:irring at room temperature, the mixture was
extracted with dichloromethane. The organic extracts were dried
15 (Naggoq) and evaporated. The crude compound was purified by
flash chromatography (ethyl ether : CH,Cl, 60:40) to give pure
title compound {(anti:sym > 99:1) in 50% overall yield. The %
e.e. (enantiomsric excess), determined by 'H-NMR analysis of
the Mosher ester derivatives, was 85 (see the relevant section

20 above for procedure) .

Example 14
Phenyl (1-ethoxyethoxy)thioacetate

CH,

|

(Compound of formula VI: mecﬂz'CHz-O-CH-

i Re¢=Ph)

25
A solution of methyl glycolate (0.193 g, 2.15 mmol) in THF (21
ml) was treated with ethylvinyl ether (EVE} (1.03 mi, 10.7

mmol) and a catalytic amount of p-TsOH (41 mg). After stirring

for 15 min at .0°C, the mixture was diluted with ethyl ether,
30 washed with saturated NaHCO, aquecus solution, brine, dried

(Na,80,) and evaporated to give methyl (l-ethoxyethoxy)acetate
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(0.306 g, 87%).

"H-NMR (CDCl,) & = 1.20 (3H, t, J=7.14 Hz, Me), 1.37 (3H, 4,
J=5.95 Hz, Me), 3.60 (2H, m, CH2), 3.78 (3H, s, COOMe}, 4.16
(2H, s, CH,CO), 4.85 (1H, q, J = 5.95 Hz, CH). |

A solution of AlMe, (2.0 M in hexanes, 3.2 ml, 6.4 mmol) in

methylene chloride (12.8 ml) was treated at 0°C with PhSH

(0.658 ml, 6.4 mmol). After 20 min at 0°, a solution of methyl

(1-ethoxyethoxy) acetat';é 10.527 g, 3.2 mmol) in methylene

chloride (1.6 ml) was added at 0°C. The mixture was stirred at
RT for 20 min, then diluted with ethyl ether, washed with 1 N
aqueous HCL, dried (Na,SC;,) and evaporated. The crude product
was purified by flash chromatography (hexanes-ethyl ether
50:50) to afford pure phenyl (hydroxy)thicacetate (0.3 g, 40%).
"H-NMR (CDCl,) 8 = 4.43 (2H, s, CH2CO), 7.45 (5H, m, Ar-H).

A solution of phenyl (hydroxy)thioacetate (0.107 g, 0.64 mmol)

in THF (6.4 ml) was treated with ethylvinyl ether (EVE) (0.307
ml, 3.2 mmol) and a catalytic amount of p-TsOH (12 mg). After

stirring for 15 min at 0°C, the mixture was diluted with ethyl

ether, washed with saturated NaHCO, aqueous solution, brine,

dried (Na,SO,) and evaporated to give title compound (0.266 g,

86%) .

'H-NMR (CDCl;) & = 1.22 (3H, t, J=6.57 Hz, Me), 1.40 (3H, Q.
J=4.82 Hz, Me), 3.65 (2H, m, CH2), 4.30 (2H, s, CH,CO}, 4.90
(1H, g, J=4.82 Hz, CH), 7.40 (5H, s, Ar-H).

Example 15
Phenyl 3(8) -benzoylamino-2 (8) ~hydroxy-3-phenylthiopropionate
(Compound of formula IX: R;=Ph; R.=Ph, R,=PhCO)

To a stirred solution of phenyl (trimethylsilyloxy)thicacetate

(0.212 g, 0.881 mmol) in ethyl ether (4 ml) at 0°C, under
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argon, a solution of di{[(1S,25,5R) -2-180propyl-5-

methylcyclohex-1-yl]l -methyllboron bromide in dichloromethane
(0.4 M; 3.96 ml, 1.585 mmol), and then EBt,N (0.233 ml, 1.673

mmol) were added dropwise. Enolborinate was generated with

concurrent formation and precipitation of Et,N-HBr. After 5 h

at 0°C, the mixture was cooled to -78°C and N-

(trimethylsilylibenzaldimine (0.390 g, 2.202 mmol) was added

dropwise. The resulting mixture was stirred at -78°C for 0.5 h,

then slowly warmed to -5°C during 2 h, and stirred at -5°C
overnight. The mixture was then gquenched with pH 7 phosphate
buffer, and extracted several times with dichloromethane. The
organic phase was evaporated to give a residue which was
dissolved in 1:1 {v:v} MeOH:1.0 N aqueous HCl and stirred at
room temperature for 1 h. The resulting solution was evaporated
to dryness and pumped (0.1 mmHg). The crude residue was
dissolved in 1 N agueous HC1l and the agueous phase was washed
several times with ethyl ether. The agueous phase was
evaporated to dryness and pumped (0.1 mmHg). The resulting
crude mixture was then dissolved in 1:1 {v:v} dichloromethane:

water and treated at room temperature with benzoyl chioride
(1.5 mol.equiv.) and then with sclid NaHCO; (2.5 mol. equiv.,
added in 0.5 mol.equiv. portionsg). The reaction was followed by
t.l.c., and after 1 h stirring at room temperature, the mixture
was extracted with dichloromethane. The organic extracts were
dried (Na,S0Q,) and evaporated. The crude compound was purified
by flash chromatography {(ethyl ether:dichloromethane 60:40) to
give the pure title compound in 50% overall yield. The % e.e.
(enantiomeric excess) of phenyl 3(S)-benzoylamino-2 (S} -hydroxy-
3-phenylthiopropionate was determined by 'H-NMR analysis of the
Mosher ester derivatives (see the relevant section above for

the procedure), and shown to be 88,
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Example 16
Phenyl (trimethylsilyloxy)thiocacetate

5 A solution of phenyl {(hydroxy)thiocacetate (0.237 g, 1.41 mmol)
in THF (14.0 ml) was treated with trimethylsilyl chloride
(0.643 ml, 5.07 mmol) and triethylamine {(0.726 ml, 5.21 mmol)
at room temperature. After stirring for 2 h at RT, the mixture
was diluted with ethyl ether, washed with pH 7 phosphate

10 buffer, dried (Na,S0,) and evaporated to give phenyl
(trimethylsilyloxy)thiocacetate (0.2315 g, 93%).

"H-NMR (CDCl,) 8= 0.22 (9H, s, Me-Si), 4.31 (2H, s, CH,CO).

Example 17

15 Butyl [(4S,5R) -N-benzoyl-2,2-dimethyl -4-phenyl-1, 3-oxazolidin-
5-yl]lthioccarboxylate
(Compound of formula II: ---=single bond; R,;=Ph; R,,R;=CH,;
R¢=Bu; R.=PhCO)

20 To a stirred solution of tertbutyl (benzoxy)thiocacetate

(Compound VI: R="Bu; R;,=PhCO) (0.184 g, 0.730 mmol) in ethyl

ether (3.2 ml) at -25°C, under argon, a solution of
di{[(1R, 2R, 58) -2-isopropyl-5-methylcyclohex-1-yl] -methyl}boron
bromide (Compound VII; L=from(+) -menthone; X=Br) in
25 dichloromethane (0.4 M; 3.2 mi, 1.28 mmol), and then Et,N
(0.188 mi, 1.35 mmol) were added dropwise. Enolborinate was

generated with concurrent formation and precipitation of BEt,N-

HBr. After 7.0 h at -25°C, the mixture was cooled to -78°C and
N- {trimethylsilyl)benzaldimine (Compound VIII: R,=Ph;

30  Z=(CH;),81})) (1.46 mmol) was added dropwise. The resulting

mixture was stirred at -78°C for 0.5 h, then slowly warmed to
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-5°C during 2 h, and stirred at -5°C overnight. The mixture was
then quenched with pH € phosphate buffer, and extracted several

times with dichloromethane. The organic phase was evaporated to

give a residue which was dissolved in 1:1 (v:v) MeOH: 1N
aqueous HCLl (24.0 ml) and stirred at room temperature for 1 h.
The resulting séiution was evaporated to dryness and pumped
(0.1 mmHg). The white solid residue was washed with dry ethyl
ether (3x10 mi) ; removing the ethyl ether phase by
centrifugation and decantation. The white solid residue was
then dissolved in MeOH (10.0 ml) and pH 8 phosphate buffer
(0.0 ml) at RT, and stirred at RT for 1 h. The PH was adjusted
to 7 with d4dil,. (0.1 M) agueocus HCL, the mixture was
concentrated in order to remove most of the methanol, and the
aqueous phase was extracted with CH,Cl, (3 x 10 ml). ‘The
organic phase was dried (Na,S0,) and evaporated to give
practically puré tertbutyl 3(S)-benzoylamino-2(R}-hydroxy-3-
phenylthiopropionate (0.139 g, 53%). In addition, 19.7 mg

(7.5%) of the same compound were obtained via flash
chromatography (hexanes-acetone 70:30) of the crude mixture
contained in the ethyl ether phase, used to wash the white
s0lid residue (séé-above). Total yield = 60.5%. The product was
flash chromatographed (pentanes-ethyl ether 50:50) to give
analytically pure tertbutyl 3(S)-benzoylamino-2(R)-hydroxy-3-
phenylthiopropionate (Compound IX: R,=Ph; R.=Bu; R,=PhCO):

25 [a]]'fffx -12.2° {c 1.69 in CHC1.).

"H-NMR (CDCl,) & = 1.45 (9H, s, “Bu), 3.85 (1H, br.s, OH), 4.57
(lH, br.d, CHO), 5.70 (1H, dd, J=2.5, 8.7 Hz, CHN), 7.14 (1H,
a, J=8.7, NH), 7.20-7.60 (8H, m, Ar-H), 7.70-7.90 (2H, m, Ar-
H) .

30 YC NMR (CDCl,) & = 29.60, 38.79, 56.42, 79.62, 126.87, 127.02,
127.77, 128.57, 131.61, 138.27, 166.94, 202.16. MS(E.I.): 358
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(M+1), 268, 250, 222, 210, 193, 122, 105, 91, 77.

confiquration of tertbutvl 3(S)-

benzoylaming-2 (R) -hydroxy-3-phenylthiopropionate v

Chromatographed  tertbutyl 3(S)~benzoylamino-2 (R) ~hydroxy-3-
phenylthiopropionate was saponified [a) 30% H,0, (4 eqg.), LiOH

aq. (8 eq.), THF, 0°C, 15 h; b) Na,S0,, see JACS 1989, 111,
5493; Tetrahedron Lett. 1990, 31, 7513] to give the

corresponding acid. 'H-NMR (CD,OD) & = 4.55 (1H, d, J=3.0, CHO),
5.62 (1H, 4, J=3.0, CHN), 7.20-7.80 (8H, m, Ar-H), 7.81-7.84
(2H, m, Ar-H}. A solution of the acid in methanol was treated

with a CH,N, sclution in ethyl ether to give the corresponding

methyl ester.

al® -
[ ]D -47.6° (¢ 1.15 in MeQOH) .

Reported in the literature:

al2s .
[ ]D -49.6° (MeOH) (ref. JACS 1971, 93, 2325).
ol - o .
D -48.0° (¢ 0.92 in MeOH) (ref. JCC 1986, 51, 46) ;
folt . o ,
D -48.0" (¢ 1.0 1n MeOH) {(ref. JOC 1990, 55, 1957);
[(1]20: O : :
D -8.4° (¢ 0.98 in MeQOH) (ref. J.Chem.Soc., Perkin Trans.

1, 1994, 2385).

"H-NMR (CDCl,) & = 3.33 (1H, 4, J=3.9, OH), 3.85 (3H, s, OCH,),
4.65 (1H, dd, J=3.9, 2.i, CHO), 5.76 (1H, dd, J=2.1, 9.0 Hz,
CHN), 7.00 (1H, br. 4, J=9.0, NH), 7.30-7.54 (8H, m, Ar-H),
7.77-7.79 (2H, m, Ar-H).

PC NMR (CDCl,) & = 53.2, 55.0, 73.3, 127.0, 127.1, 128.0,
128.7, 128.8, 131.7, 134.3, 138.9, 166.9, 173.4.
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Detexrmipation of the syn-anti ratio of tCertbutyl 3(S)-
benzovliamino-2 (R) ~hvdrcxyv-3-phenvithiopropions

The syn-anti ratio of crude tertbutyl 3(S}-benzoylamino-2(R}-
hydroxy-3-phenylthiopropionate (not chromatographed) was
5 determined by *H-NMR analysis, by integration of the relevant
peaks of the syn and anti isomers (>96:4). A pure sample of

the anti isomer was obtained using a different reaction schems.

'"H-NMR of the anti isomer (CDCl,) & = 1.45 (9H, s, "Bu), 3.53

(LH, br.s, OH), 4.68 {(1H, br.d, CHO}, 5.63 (1H, dd4, J=3.3, 8.4
10 Hz, CHN), 7.17 {(1H, 4, J=8.4, NH), 7.20-7.60 (8H, m, Ar-H),
7.80-7.90 (2H, m, Ar-H}.

Determination of the enantiomeric excegs of tertbutvl 3(8)-
benzoyvliamino-2 (R) -hydroxy-3-phenylthiopropiconate

15 The $%$ enatiomeric excess of tertbutyl 3(8)-benzoylamino-2(R)-

hydroxy-3-phenylthiopropionate was  determined by  ‘H-NMR
analysis of the Mosher ester derivatives. Chromatographed
tertbutyl 3(S)-benzoylamino-2{(R)-hydroxy-3-phenylthiopropicnate
was treated with excess (S)-(-)-¢-methoxy-o- (trifluoromethylj -

20 phenylacetic acid in dichloromethans in the presence of 1,3-
dicyc’lohexylcarbbdiimide (DCC) and catalytic 4-dimethylamino-
pyridine (DMAP). The Mosher derivative tertbutyl 3(S)-~-
benzoylamino-2 (R} -0-[(S) ~a-methoxy-~o- (trifluoromethyl) phenyl]
acetyl-3-phenylthiopropionate was obtained:

25 “H-NMR (CDCl,) & = 1.42 (9H, s, ‘Bu}, 3.38 (3H, m, OMe), 5.56
(1H, 4, J=2.21, CHO), 6.03 (1H, 44, J=2.21, 8.94 Hz, CHN}, 6.85
(1H, 4, J=8.94, NH), 7.20-7.60 {(m, Ar-H), 7.70 {(m, Ar-H}.
A pure sample of tertbutyl 3(R)-benzoylamino-2(S)-hydroxy-3-
phenylthiopropionate was obtained wia the same reaction

30 sequence, but using the boron reagent di{[(1S,28,5R}-2-

isopropyl-5-methylcyclohex-1-yl] -methyl }boron bromide, derived
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from (-)menthone. Compound tertbutyl 3(R)-benzoylamino-2(8)-

hydroxy-3-phenylthiopropionate was treated with excess (S)-(-)-

a~methoxy-a- (txrifluoromethyl) phenylacetic acid in

dichloromethane in the presence of 1,3-dicyclohexyl-

‘carbodiimide (DCC) and catalytic 4-dimethylaminopyridine

(DMAP) . The Mosher derivative tertbutyl 3(R)-benzoylamino-2({S) -

O-[(8) ~a-methoxy-a~trifluoromethyl)phenyl]acetyl-3-

phenylthiopropionate was obtained:

"H-NMR (CDCl,) & = 1.43 (9H, s, “Bu), 3.51 (3H, m, OMe), 5.61
(1H, 4, J=2.31, CHO}, 5.96 (1H, dd, J=2.31, 9.21 Hz, CHN), 6.59
(1H, 4, J=9.21, NH), 7.20-7.60 {m, Ar-H), 7.70 (m, Ar-H)}.

The ratio tertbutyl 3(8)-benzoylamino-2 (R) -hydroxy-3-
phenylthicpropionate : tertbutyl 3(R)} -benzoylaminoc-2(S) -
hydroxy-3-phenylthiopropionate was determined by integration of
the relevant peaks, and was shown to be >98:2 (e.e. >»96%) over
a series of several experiments.

Determinaticn of the absolute configquration wia the Mosher
method (ref. JACS 1991, 113, 4092; Bull.Chem.Scc.Jpn. 1994,
&7, 2600) 1is 1in accord with the determination wvia chemical
correlation (see above). The CHO stereocentre is R or 8

depending on the different chemical shift of CHN proton:

0 CHN (terthutyl 3(S)-benzoylamino-2(R)-0-[(8)-a-methoxy-c-

(trifluoromethyl)phenyl] acetyl-3-phenylthiopropionate) = 6.03;

0 CHN (tertbutyl 3(R)-benzoylamino-2{S)-0-[(S}-o-methoxy-c-
(triflucoromethyl)phenyl] acetyl-3-phenylthiopropionate) = 5.96,
shifted upfield due to the diamagnetic effect of the Mosher

ester phenyl ring.

A solution of tertbutyl  3(8S)-benzoylamino-2 (R} -methyl-3-
phenylthiopropionate (not chromatographed, containing < 4% of

the anti isomer) (186 mg, 0.5203 mmel!' in toluene (5.2 ml)! was
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treated with pyridinium tosylate (13 mg) and freshly distilled

2-—methoxypropené (0.98 ml). The mixture was stirred at RT for 5

min, and at 80°C for 75 min. After dilution with ethyl acetate
(15 ml}, the organic phase was washed with aqueous NaHCQO, sat.

5 solution (5 wl), brine (2 x 5 ml), dried (Na,S0,}, and
evaporated to give a crude mixture. Purification wvia flash
chromatography {hexanes-acetone 90:10} gave pure tertbutyl
[{48,5R)} -N-benzoyl-2, 2-dimethyl-4-phenyl-1,3-oxazolidin-5-y1]
thiocarboxylate (186 mg, 90%).

o125 .
10 [ ]D +39.4°% (c 1.0 in CHCL,).

'H-NMR (CDCl,) & = 1.52 (9H, s, “-Bu), 1.91 (3H, s, Me), 1.96

(3H, s, Me}, 4.50 (1H, d, J=5.65, CHO}, 5.20 (1H, 4, J=5.65 Hz,

CHN), 6.90-7.30 (10H, m, Ar-H).

PC NMR (CDC1l,) & = 25.73, 26.27, 29.59, 48.13, 56.37, 87.35.
15 126.10, 126.66, 127.58, 127.98, 128.23, 128.38, 129.25, 131.57,

137.47, 138.89, 168.00, 198.72.

MS(E.I.): 398 (M+1, 44%), 382, 340, 292, 280 (100%), 250, 210,
162, 146, 105, 91, 77.

20 Example 18
Tartbutyl (benzoxy)thicacetate

(Compound of formula VI: R,=Bu; R,,=PhCO)

A solution of AlMe, (2.0 M in hexanes, 30.4 ml, 60.8 mmol) in
25 methylene chloride (65 ml) was treated at 0°C with “BuSH (6.85

mi, 60.8 mmol). After 20 min at 0° a solution of methyl
glycolate (0.786 ml, 10.1 mmol) in methylene chloride (15.2 ml)

was added at -10°C. The mixture was stirred at 0°C for 48 hr.,
then quenched with NH,C1 saturated aquecus solution (30 ml),

30 filtered through celite, washing the celite cake with methylene
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chloride. The organic phase was dried (Na,S0,;) and evaporated
to give a crude mixture which was purified by £flash
chromatography (hexanes-ethyl ether 7:3) to afford pure
tertbutyl (hydroxy)thicacetate (0.72 g, 48%). A solution of the
above mentioned compound (0.72 g, 4.88 mmel) in methylene
chloride (32.5 ml) waé 'Efeated with DMAP (0.06 g, 0.488 mmol},

triethylamine (1.0 ml, 7.318 mmol) and benzoyl chloride (0.736

ml, 6.342 mmol) at 0°C, under stirring. After 30 min at 0°C, a
saturated agqueous NH,Cl solution (10 ml) was added, and the
organic phase was separated, dried (Na,S0,} and evaporated to
give a crude compound, which was ©purified by flash
chromatography (hexanes-ethyl ether 94:6) to afford pure
tertbutyl (benzoxy)thiocacetate (1.04 g, 85%).

'H-NMR (CDCl,) 8 = 1.52 (9H, s, "Bu), 4.89 (2H, s, CH,), 7.45-
7.65 (4H, m, Ar-H), 8.10-8.18 (2H, m, Ar-H).

Example 19

Di{[(18,28,5R) -2-isopropyl-S-methylcyclohex-1-yl] ~-methyllboron
bromide

(Compound of formula VII: L=from(-)menthone; X=Br)

A solution of (-} -{(28,5R) -2-1isopropyl-5-methyl-1-methylene
cyclohexane (98%, 5.5 g, 35.48 mmol) cobtained from (-)-menthone
as described in literature (ref. J.0rg.Chem. 1992, 57, 5173;
Angew.Chem.Int., Ed.Engl., 19293, 32, 1618; Tetrahedron Lett.
1994, 35, 4623) in freshly distilled dichloromethane (17.0 ml)
was treated with BrBH.,-SMe, (95%, Aldrich)(1.%99 ml, 17.68& mmol)

at 0°C, under argon, with stirring. The reaction mixture was
stirred at room temperature overnight. The solvent
dichloromethane and dimethylsulfide liberated during

hydroboracion were removed under vacuum (0.1 mmHg) and the
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residue (a thick liquid or a low wmelting solid) was dissolved
in dry diethyl ether (8.2 ml) under argon at RT. The solution
was cannulated off of a small amount of insoluble residue

(white powder) into another flask. The solution was cooled to

5 -50°C and left to crystallize for 1.0 h. The solvent was

removed via double-tipped needle (cannula) under argon at

~50°C. The remaining white crystals were then dissolved in dry

diethyl ether (5.0 ml)} at RT and the resulting solution was

cooled (SLOWLY) to -40°C and after 1.0 h the mother ligquor was
16 removed via cannula from the crystals formed. The crystals were

redissolved in dry ether (5.5 ml) at RT. The solution was

cooled (SLOWLY) to -30°C and after 1.0 h the mother ligquor was

removed via cannula from the crystals formed. The crystals

(containing 1 eq. of diethyl ether per eg. of boron atom) were
15 weighed under argon (3.02 g, 36%). The ratico between the

diastereocisomers was determined by decomposition with hydrogen

peroxide and VPC analysis (OV-1 column, 70-150°C) of alcohol
(15,25,5R} ~1- (hydroxymethyl) -2-igopropyl-5-methyleyclohexane
and (1R, 28,5R} -1~ {hydroxymethyl)-2-isopropyl-5-

20 methylcyclohexane (>100:1).
“'B NMR (200 MHz, CDCly, 25°C, ppm relative to BF,-Et.0 (0.0)}]:
o= 78.83.
Methanolysis gavé. X=OMe: B NMR [200 MHz, CDCL,, 25°C, ppm
relative to BF,-Et,0 (0.0})]: 0 = 55.05.

25 C NMR (CDCl,) & = 53.30 (OCH3), 48.39, 42.26, 35.85, 31.38,
29.57, 26.17, 24;54, 22.74, 21.41, 20.69, 16.3 {(broad, C-B)}.
Treatment of X=OMe with HOCH,CH,NH, in Et,0 gave X=OCH,CH,NH,: “°C
NMR (CDCl;) & = 65.52 (OCH,), 48.86, 42.62 (CH,NH,), 41.93,
35.98, 31.82, 29.41, 26.24, 24.51, 22.76, 21.45, 20.71, 16

30 {(broad, C-B).
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Anal. for C,,H,BNO: Calecd C 76.37; H 12.82; N 3.71
Found: C 76.32; H 12.91; N 3.67.
A 0.4 M stock solution was prepared dissolving the title

compound (3.02 g) in dichloromethane (12.9 ml) and kept for

+

weeks 1in the refrigerétor at OﬂC without any appreciable
decomposition. '

Starting from a solution of (+)-(2R,58)-2-isopropyl-5-methyl-1-
methylene cyclohexane obtained from (+)-menthone, following the

same procedure as described above, di{[(1R,2R,5S)-2-isopropyl-

S-methylcyclohex-1-yl] -methyl}boron bromide (Compound of

formula VII: L=from(+)menthone; X=Br) was obtained.

Example 20
N-tertbutoxycarbonyl-10-deacetyl-N-debenzoyl taxol (Taxotere)
(Compound of formula I: R;=Ph; R,=t-BuOCO; R,=H)

A  solution of 7,10-d1(2,2,2-~trichloroethyloxycarbonyl})-10-
deacetyl-~13-0-[(4S, 5R) -N-tertbutoxycarbonyl-2, 2-dimethyl-4-

phenyl-1,3-oxazolidin-5~carbonyl] -baccatin (Compound IV: ---=
single bond; R;=Ph; R,=Rg=Me; R,=t-BuOCO; R,=Ry=CCl,CH,-0CO-} (46
mg, 0.04 mmol) in methanol (1 ml) was treated with
methanesulfonic acid (0.048 mmol} at room temperature. The
reaction was monitored by TLC, and after several hours diluted
with water, extracted with dichloromethane (x 2}, washed with
water, dried over Na,SO,;, and concentrated to give crude 7,10-
di(2,2,2-trichloroethyloxycarbonyl) ~10-deacetyl N-
tertbutoxycarbonyl, N-debenzoyl taxel. This compound was

dissolved in methancl (1 ml), and treated with acetic acid (1

mi) and powdered zinc (40 mg) at 60°C for 1 hour to yield the
title compound (25.96 mg, 76%).
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Example 21
Taxol

(Compound of formula I: R,=Ph; R,=PhCO; R,=Ac)

A solution of 7-(2,2,2-trichlorcethyloxycarbonyl) ~-13-0-
[ (45, 5R) -N-tertbutoxycarbonyl-2, 2-dimethyl-4-phenyl-1, 3-

oxazolidin-5-carbonyl] -baccatin (Compound IV: ---=single bond;
R,=Ph; R;=Rg=Me; R,=t-BuOCO; Ry=Ac; R,=CCl,CH,-0CO-) (46 mg, 0.043
mmol) in formic acid (1 ml) was stirred at room temperature.
The reaction was monitored by TLC, and after 4 hours diluted
with water, extracted with dichloromethane (x 2), washed with
water, dried over Na,80,, and concentrated to give crude @ 7-
(2,2, 2-trichloroethyloxycarbonyl) -N-debenzoyl taxol. This
compound was dissolved in ethyl acetate (1 ml), and treated
with -benzoyl chloride and aqueous scdium hydrogen carbonate to
give crude ’7-.{2,2,2-trich.loroethyloxycarbonyl) taxol. This
compound was dissolved in methanol (1 ml), and treated with
acetic acid (1 ml}) and powdered zinc (40 mg) at 60°C for 1 hour

to yield the title compound (23.% mg, 70%).

Example 22
N-tertbutoxycarbonyl-10-deacetyl-N-debenzoyl taxcl (Taxotere)

(Compound of formula I: R;=Ph; R,=t-BuOCQO; R,=H)

A solution of 7,10-di{(2,2,2-trichloroethyloxycarbonyl) -10-
deacetyl-13-0-{(4S,5R) -N-tertbutoxycarbonyl-2, 2-dimethyl-4-

phenyl-1,3-oxazolidin-5-carbonyl] -baccatin (Compound IV: ---=
single bond; R,=Ph; R,=R;=Me; R,=t-BuOCO; Ry=R,=CCl,CH,-0CO-)} (46
mg, 0.038 mmecl} 1n formic acid (1 ml) was stirred at room
temperature. The reaction was monitored by TLC, and after 4
hours diluted with water, extracted with dichloromethane (x 2),

washed with water, dried over Na,80,, and concentrated to give
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cride 7,lO-di(2,2,2-trichloroethyloxycarbonyl)~10-deacetyl, N -
debenzoyl taxol. This compound was dissolved in THF (1 ml), and
treated with ditertbutyldicarbonate (BOC,0) and aqueous sodium
hydrogen carbonate to give crude 7,10-d1(2,2,2-
trichloroethyloxycarbonyl) -10-deacetyl, N-tertbutoxycarbonyl,
N-debenzoyl taxol. This compound was dissolved in methanol (1

ml), and treated with acetic acid (1 ml) and powdered zinc (40

mg) at 60°C for 1 hour to yield the title compound (19.13 mg,
56%) .

Exampie 3
7-{2,2,2-Trichloroethyloxycarbonyl) -13-0-[ (48, 5R) ~N-

tertbutoxycarbonyl-2, 2-dimethyl-4-phenyl-1, 3-oxazolidin-5-
carbonyl] -baccatin

(Compound of formula IV: ---= single bond; R,=Ph; R,,R.=Me; R.=t-
BuOCO-; Ry=CH,CO; R =(CCl,-CH,-0CO-)

A solution of 7-Troc-baccatin III (27.4 mg, 0.036 mmol} and t-
butyl [ (45,5R) -N-tertbutoxycarbonyl-2, 2-dimethyl-4-phenyl-1,3-
oxazolidin-B-yl]thiocarbo.xylate (49.6 mg, 0.126 mmel) in THF
(0.72 ml) at 0°C under argon, with stirring was treated with a
freshly prepared 0.6 M solution of 1lithium or sodium
hexamethyldisilazide in THF-hexanes 62:38 (0.270 ml, 0.162
mmol) . After 24 h stirring at 0°C, the mixture was quenched

with a saturated NH4Cl aqueous solution (2 ml). The aqueous
phase was extracted with ethyl ether (3 x 2 ml), and the
combined organic extracts were dried (NazS04) and evaporated.
The crude product was purified by flash chromatography
(hexanes-ethyl acetate §65:35) to give pure 7-(2,2,2-
trichloroethyloxycarbonyl) -13-0-[ (48, 5R) ~N-
tertbutoxycarbonyl-2,2-dimethyl-4-phenyl-1,3-oxazolidin-5-
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carbonyl] -baccatin (22.8 mg, 60%).

[aléﬁ = s ‘
-54.7° (¢ 0.7 in methanocl).

Reported in the literature {(Tetrahedron Lett. 1992, .33, 5185):

al® .
[ ]D -55.2° {c 0.53 in methanol).

5 'H-NMR (CDCl,) & = 1.11 (SH, br.s, t-Bu), 1.18 (3H, s, Me), 1.27
(3H, s, Me), 1.77 (3H, s, Me}), 1.82 (3H, s, Me}, 1.83 (3H, s,
Me), 1.93 (3H, 8, Me), 2.0 (3H, s, OCOMe}, 2.2 (3H, s, OCOMe},
2.05 (1H, m, C6-H), 2.19 (2H, m, Cl4-H), 2.60 (1H, m, Cé6-H),
3.91 (1H, 4, J=6.95 Hz, C3-H), 4.11 (1H, d, J=8.0 Hz, C20-H},

16 4.29 (1H, 4, J=B.0 Hz, C20-H), 4.49 (1H, 4, J=5.7 Hz, C2'-H),
4.65-5.05 (2H, m, C-H f{[trocl), 4.93 (1H, m, C5-H), 5.1 (1H, m,
C3'-H), 5.60 (1H, d4d, J=6.8, 10.8 Hz, C(C7-H)}, 5.65 {1H, 4,
J=6.95 Hz, C2-H}, 6.26 {1H, m, C13-H), 6.36 (1H, s, C10-H),
7.20-7.40 (5H, m, Ar-H), 7.50-7.60 (3H, m, Ar-H), 8.02 (2H, 4,

15 J=8.0 Hz, Ar-H).

Example 24
7,10-Di(2,2,2-trichloroethyloxycarbonyl) -10-deacetyl-13-0-
[ {48, 5R) ~-N-tertbutoxycarbonyl-2,2-dimethyl-4-phenyl-1,3-
20 oxazolidin-5-carbonyl] -baccatin |
(Compound of fofmula IV: ---= single bond; R,=Ph; R,,R,=Me; R,=t-
BuOCO-; R,,Ry=CCl,-CH,~0CO-}

A  solution of 7,10-di(2,2,2-trichlorcethyloxycarbonyl)-10-
25 deacetylbaccatin III [7,10-diTroc-10-DAB III] {(24.4 wmg, 0.027
mmol)} and t-butyl { (48, 5R) -N-tertbutoxycarbonyl-2, 2-dimethyl-4-
phenyl-l,3-oxazdlidin-5-yl]thiocarboxylate (40.0 mg, 0.101
mmol} in THF {0.545 ml) at 0°C under argon, wilith stirring was

treated with a freshly prepared 0.6 M solution of lithium or

30 sodium hexamethyldigilazide in THF-hexanes 62:38 (0.202 ml,
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0.121 mmol). After 24 h stirring at 0°C, the mixture was

quenched with a saturated NH4Cl aqueous solution (2 ml). The

aqueous phase was extracted with ethyl ether (3 x 3 ml), and

the combined organic extracts were dried (Na2S04) and

evaporated. The crude product was purified by flash
chromatography (hexanes-ethyl acetate 6:4) to give pure 7,10-
di(2,2,2—trichloroethyloxycarbonyl)-10-deacety1-13-0-
[(4S,SR)-N>tertbutoxycarbonyl-2,2-dimethyl-4-phenyl-l,3-

oxazolidin-5-carbonyl] -baccatin (20.0 mg, 61%).

[pq2;” o} s
D -37.1° (¢ 1.0 in methanol).

Reported in the literature (Tetrahedron Lett. 1992, 33, 5185} ;

ja= - o .
D -37.2° (¢ 1.0 in methanol).

"H-NMR (CDCl;) 6 = 1.10 (%H, br.s, t-Bu), 1.17 (3H, s, Me), 1.27
(3H, s, Me), 1.60 (3H, s, Me), 1.75 (3H, s, Me), 1.80 (3H, s,
Me), 1.95 (3H, s, Me), 2.10 (3H, s, OCOMe}), 2.05 (1H, m, C&-H),
2.20 (2H, m, Ci4-H), 2.60 (1H, m, C6-H), 3.90 (LH, d, J=6.895
Hz, C3-H), 4.10 (1H, d, J=8.30 Hz, C20-H), 4.28 (1H, 4, J=8.30
Hz, C20-H), 4.50 {(1H, 4, J=5.5 Hz, C2'-H), 4.60 {(1H, 4, J=11.0
Hz, C-H [trocl), 4.65-4.90 (2H, m, C-H {troc'}), 4.90 (1H, d,
J=11.0 Hz, C-H [trocl}, 4.95 (1H, m, C5-H), 5.1 ({(1H, m, C3'-
H), 5.60 (1H, dd, J=6.8, 10.0 Hz, C7-H), 5.65 (1H, d, J=6.95
Hz, C2-H}), 6.25 (1H, s, C10-H), 6.25 (1H, m, Ci3-H}, 7.20-7.40

(5H, m, Ar-H), 7.50-7.60 (3H, m, Ar-H), 8.02 (2H, d, J=8.0 Hz,
Ar-H) .

Example 25

t-Butyl [ (45, 5R) -N-tertbutoxycarbonyl-2, 2-dimethyl-4-phenyl -
1,3-oxazolidin-5-yljthiocarboxylate

(Compound of formula II: ---=single bond; R,=Ph; R, . R.=Me;
Re=Bu; R,=t -BuOCO)
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A sclution of t-butyl (2R,3S)-3-tertbutoxycarbonylamino-~2-
hydroxy-B~pheny1thiopropicnate (0.060 g, 0.17 nmmol) in
toluene (8.0 ﬁl) wags treated with pyridinium p-toluene
sulfonate (2.14 mg) and freshly distilled 2-methoxypropene
(0.384 ml). The mixture was stirred at RT for 5 min, and at
80°C for 4h. After dilution with ethyl acetate (8 ml), the

organic phase was washed with aqueous NaHCO3 sat. solution (3
ml), brine (2 x 3 ml}, dried (NapS0O4), and evaporated to give
a crude mixtufe. Purification wvia flash chromatography
(hexanes-ethyl ether 95:5) gave pure t-butyl [({48,5R)-N-
tertbutoxycarbonyl-2,2-dimethyl -4-phenyl-1, 3-oxazolidin-5-
yl]lthiocarboxylate (42.5 mg, 65.6%).

lH-NMR (CDCl3 50°C) & = 1.19 (9H, =, t-Bu), 1.51 (9H, s, t-

Bu), 1.73 (3H, s, Me), 1.79 (3H, s, Me), 4.37 (1H, 4, J =
5.0, CHO), 5.0 (1K, 4, J = 5.0 Hz, CHN)}, 7.2-7.4 (5H, m, Ar-
H) .

13c-NMR (CDCl3) selected peaks 0 = 26.147, 26.601, 27.918,

29.600, 47.764, 63.934, 87.156, 126.137, 127.361, 128.393,
151.472, 199.685.

IR (CHClj3) selected peaks: 1702.84 cm~! [vog, stretching, t-

BuSCO], 1672.00 cm™t [vpg, stretching, t-BuO{CO)N].

C-Butyl 3-tertbutoxycarbonylamino-2-hydroxy-3-
phenylthiopropionate
{Compound of formula IX: R,=Ph; R.=Bu; R,=t-BuOCO)

TO a stirred solution of t-butyl (t-
butyldimethylsilyloxy)thiocacetate (0.701 g, 2.67 mmol) in
ethyl ether (12.0 ml) at 0°C, under argon atmosphere a
solution of di{[(1R,2R,58)-2-isopropyl-5-methylcyclohex-1-
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yl] -methyl} boron bromide in dichloromethane (0.4 M; 12.0
ml, 4.8 mmol), and then EtaN (0.706 ml, 5.07 mmol) were added

dropwise. Enolborinate was generated with  concurrent

formation and precipitation of Et3N-HBr. After 5 h at RT, the

mixture was cooled to -78°eC and N-

(trimethylsilyljbenzaldimine (PhCH=N-SiMe3) (0.710 g, 4.0

mmol) was added dropwise. The resulting mixture was stirred
at -78°C for 0.5 h, then slowly warmed to -5°C during 2 h,
and stirred at -5°C overnight. The mixture was then quenched
with pH 7 phosphate buffer (12 ml), and extracted with
dichloromethane (3 x 10 ml). The combined organic extracts

were dried (Na2S04) and evaporated. The crude product was
dissolved in 0.25 N HCl in MeOH-H20 (1:1 wv:v, 24 ml) and

stirred at room temperature for 3 h. The resulting solution
was evaporated to dryness and pumped in vacuum (0.1 mmHg) in
a dessicator overnight over phosphorus pentoxide. The solid
residue (1.074 g, 2.66 wmol} was then dissolved in
dichloromethane (4.44 ml) and treated at 0°C with
triethylamine (1.48 ml, 10.64 mmol) and, after further 10
minutes, with ditertbutyldicarbonate (1.32 g, 6.03 mmol). The

mixture was stirred at RT for 4 h, then gquenched with NH4C1

and extracted with dichlorometane (3 x 20 ml). The organic

phase was washed with saturated brine, dried (NazS0s4), and

evaporated. The crude reaction product was flash
chromatographed (hexanes-ethyl ether 8:2) to give t-butyl 3-
tertbutoxycarbonylamino-2-t-butyldimethylsilyloxy-3-phenyl
thicpropionate (0.818 mg, €5.7% yield).

The syn-anti ratio of the mixture was determined by 1H-NMR
analysis, by integration of the relevant peaks of the syn
and anti isomers (70:30).

t-butyl (2R,3S)-3-tertbutoxycarbonylamino-2-t-
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butyldimethylsilyloxy-3-phenylthiopropionate [syni, 70% of the

mixture] :
lH-NMR (CDCl3) & = -0.47 (3H, s, MeSi), -0.1 (3H, s, MeSi),

0.85 (9H, s, tBuSi), 1.43 (SH, s, tBu), 1.54 (9}1,“5, LBuj,
s 4,22 (1H, br. s, CHOSi}, 5.14 {(1iH, d, J=%.0 Hz, CHN}, 5.59

(1H, 4, NH, J=9.0 Hz), 7.19-7.33 (5H, m, Ar-H).

t-butyl (2R, 3R}-3-tertbutoxycarbonylamino-2-t-

butyldimethylsilyloxy-3-phenylthiopropionate [anti 30% of the

mixture] :
10 1H-NMR (CDCl3i) selected peaks 6 = -0.03 (3H, s, MeSi), 0.06
(3H, s, MeSi), 0.94 (9H, s, tBuSi), 4.35 (1H, d, CHOSi, J=

4.6 Hz), 4.95 (1H, m, CHN).

A .solution of t-butyl I-tertbutoxycarbonylamine-2-¢£-
15  butyldimethylsilyloxy-3-phenylthiopropionate (syn:anti 70:30)
(0.460 g, 0.985 mmol) in pyridine (45.8 ml) and acetonitrile

(24.9 ml), under argon atmosphere was treated with a solution
of Py (30%)-HF (70%) {Aldrich reagent) (11.7 wml) at room

temperature. The mixture was warmed at 50°C and stirred for 5

20 h. The solution was diluited with H20 and extracted with

ethyl acetate {3x50 ml). The combined grganic extracts were
washed with NaHCO3 (3X25 ml) until pH 7, dried (Na804) and
evaporated. The mixture (sym:anti '70:30) was flash
chromatographed (hexanes:ethyl ether 65:35) to give the
25 analytically pure syn (0.170 wg} and anti (0.073 wg)

diastereoisomers (yield 70%).

t-butyl (2R, 38)-3-tertbutoxycarbonylaminc-2-hydroxy-3-
phenylthiopropionate [syn]:

Lo -

30 -8.7°% {c 1.0 in CHCla).
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YH-NMR (CDC13) & = 1.44 (9H, s, tBu), 1.56 (9H, s, CBu), 3.56

(1€, br.s, OH), 4.43 (1H, br.s, CHO), 5.21 (1H, d, CHN, J=

8.33 Hz), 5.43 (1H, d, NH, J= 8.33 Hz), 7.25-7.46 (BH, m,
Ar-H) .

s 13C NMR (CDCl3) selected peaks

28.20, 29.66, £57.18,
79.88, 126.704, -127.440, 128.390, 139.154, 155.23, 201.97.
t-butyl (2R,3R)-3-tertbutoxycarbonylamino-2-hydroxy-B—
phenylthiopropionate [anti]:

1H-NMR (CDCl3) 6 = 1.42 (9H, s, LBu), 1.44 (9H, s, tBRu), 3.26

10 (1H, 4, OH, J= 7.55 Hz), 4.57 (1H, dd, CHO, J= 3.2, 7.85 Hz)},

5.15 (1H, d4d, CHN, J= 3.2, 8.0 Hz), 5.55 (1H, d, NH, J= 8.0
Hz), 7.20-7.40 (5H, m, Ar-H).

13¢ NMR (CDCl3) selected peaks & = 28.23, 29.6, 48.7, 79.29,
79.89, 155.07, 200.48.

15

Determination of the abgolute confiquration and cf the
enantiomeric excess of t-butyl (2R,38)-3-

terggggg;xcaxbonxlamingf2-hxdroxy-3-thgxlggigprgpiona;g

Chromatographed t-butyl (2R, 38) -3-tertbutoxycarbonylaming-2-
20 hydroxy-3-phenylthiopropionate was saponified [a) 30% H.,O0, (4

eq.), LiCH ag. (8 eq.), THF, 0°C, 15 h; b) Na,S0,] to give the
corresponding acid. A solution of the acid in methanol was

treated with a CH;N, solution in ethyl ether to give the

corresponding methyl (2R, 38} -3-tertbutoxycarbonylamino-2-
25 hydroxy-3-phenylpropionate.
25
[a]D =

-7.6° (¢ 1.15 in CHC1,).

Reported in the literature:

25
lafs = o (c 1.2 in CHCl,) (J. Org. Chem. 1990, 55, 1957} ;

"H-NMR (CDCl,) 8 = 1.42 (9H, s, “Bu), 3.2 (1H, br.s, OH) K 3.84
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(3H, s, OMe), 4.47 (1H, CHC, m), 5.21 and 5.36 (2H, br.d, NH
and CHN), 7.25-7.40 (5H, m, Ar-H).
The % e.natiomefic excess of was determined by 'H-NMR analysis
of the Mosgher ester derivatives. Methyl * .(2R,38)-3-
5 tertbutoxycarbonylamine-2-0-[(S) -o.-methoxy-o-trifiuoromethyl)
phenyl]acetyl-3-phenylpropionate and methyl (28,3R) -3~
tertbutoxycarbonylamino-2-0- [ (8} -a-methoxy-a-trifluoromethyl )
phenyl] acetyl-3-phenylpropionate were prepared and analysed as
degcribed in J. Org. Chem, 1994, 59, 1238. The 2R,3S: 25, 3R

10 ratio was found to be » 58:2.

Example 27
t-Butyl (t-butyldimethylsilyloxy)thiocacetate

(Compound of formula VI: Rg=t-Bu; R,,=TBDMS)

15
Methyl glycolate (0.776 ml, 0.905 g, 10.40 mmol} was added to a

suspension of TBDMS-Cl (1.81 g, 12.0 mmol] and imidazole (1.7
g, 25.0 mmol} in dry dimethylformamide (DMF) (2.0 ml) at 0°C,
under stirring. After %0 min stirring at RT, water (25 wml) was
20 added, and the resulting mixture was extracted with ethyl ether
(3 x 15 ml). The organic phases were combined, washed with
water (3 x 15 ml), dried (Na,S0,) and evaporated to give methyl

(t-butyldimethyisilyloxy)acetate (2.0 g, 100%}.

'H_NMR (CDCl,) & = 0.12 (6H, s, Me), 0.93 (9H, s, Bu), 3.75
25  (3H, s, OMe), 4.26 (2H, s, CH,).

A solution of AlMez (2.0 M in hexanes, 8.82 ml, 17.64 mmol )
in methylene chloride (35.28 ml} was treated at 0°C with t-
butylmercaptan (EBUSH) (1.99 ml, 17.64 mmol). After 20 min at

30 0°, a solution of methyl (t-butyldimethylsilyloxy)acetate

(TBDMSOCH,COOMe) (1.8 g, 8.82 wmmol}) in methylene chloride
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(4.41 ml) was added at -20°C. The mixture was stirred at
-20°C for 2 hr, then diluted with ethyl ether and quenched
with 1.0 N aquecus hydrochloric acid (10 ml)}. The organic
phase was washed with 5% aqueous NaOH, saturated brine, dried

5 (Na2S04) and evaporated to give a crude mixture which was
purified by flash chromatography (hexanes-methylene chloride
80:20) to afford pure t-butyl (t-butyldimethylsilyloxy)
thiocacetate (1.81 g, 78%).

"H-NMR (CDC1,) & = 0.10 (6H, s, Me), 0.94 (SH, s, “BuSi), 1.47
10 (9H, s, "BuS), 4.16 (2H, s, CH,).
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CLAIMS.:

1. A process for preparing a Compound of formula (I):

5 wherein:

R, 1s an aryl or heteroaryl group;

R, 1s  Thydrogen, arylcarbonyl, hetercarylcarbonyl or C,-C;
alkoxycarbonyl;
R, 1s hydrogen or acetyl;

i0 the process comprising reacting a compound of formula (II):

ﬁ
R, (:_;—-'SR6
Hiltieed— < H
; | (II)
R.;—NYO
R4 RS
wherein:
R, 1s as defined above, the symbol --- represents a single or

a double bond, R, 1s (C,-C, alkoxycarbonyl, arylcarbonyl or
15  heteroarylcarbonyl, each of R; and Rs 1ndependently 1s hydrogen,

C,=C¢ alkyl, C,-Cs3 alkoxy; aryl optionally substituted by one or

more C;—-C4 alkoxy, halogen or nitro; or heteroaryl; and Rg 1s C1~-Cq

alkyl, aryl or hetercaryl, provided that when the symbol --- 1s a

double bond, R; and Ry do not exist and Rs 1s aryl or heteroarvyl;

20 with a compound of formula (III):
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OH
PhC0O

AREE
-
Q)

Olyy,,

wherein each of R, and R, independently is a hydroxy protecting

group, 1n the presence of a condensing agent, so obtailning a

compound of formula (IV):

(IV)
wherein:
Ry, Ry, Rs, Ry, Rg and Ry, and the symbol --- are as defined
above, provided that when --- is a double bond R, and R, do not

exist and Ry is aryl or heteroaryl;

cleaving the five membered heterocyclic ring of the compound

~of formula (IV) and deprotecting the compound of formula (IV)

R—

under such conditions so as to produce the compound of

formula (I), as defined above.

2 . A process according to claim 1, for preparing a

compound of formula (I) wherein R, is phenyl, 2-furyl, 4-
pyridyl, 4 -methoxyphenvl ; R, 18, hydrogen, benzoyl, -
butoxycarbonyl, p-chlorOphenylcarbonyl, p-methylphenylcarbonyl ;

R, 1s hydrogen, acetyl;

e

the process comprilsing reacting a compound of formula (II), as

defined in claim 1, wherein the symbol --- is a single or a

double bond, R, 1s as defined above;
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each of R, and R. 1ndependently is hydrogen, C,-C; alkyl, C,-C,
alkoxy, phenyl or a phenyl group substituted by one or more

C,-C, alkoxy group;

Re 18 a C,-C, alkyl or phenyl or pyridyl;

R, 1s ethoxycarbonyl, n-propoxycarbonyl, n-butoxy-carbonyl, t-

butoxycarbonyl, benzoyl, p-chlorophenyl-carbonyl, D-
methylphenylcarbonyl ;
provided that when the symbol --- 1s a double bond, R, and R,

do not exist and R 1s phenyl or a phenyl group substituted by

one or more C,-C, alkoxy group;

with a compound of formula (III), as defined in claim 1,

wherein: Ry 1s acetyl or 2,2,2-trichloroethoxycarbonyl;

Ry 1s phenyldimethylsilyl, triethylsilyl, 2,2,2-trichloro-
ethoxycarbonyl; 1n the presence of &a condensing agent, so
obtaining a compound of formula (IV), as defined in claim 1

wherein the symbol --- and R;, R4, Rs, Ry, Rg and Rg are as

defined above, cleaving the five membered heterocyclic ring of

the compound of formula (IV) and deprotecting the compound of

formula (IV) under such conditions so as to produce a compound

gr—
—

of formula (I) as defined above.

3. A process according to claim 2 for preparing a compound

of formula (I) as defined in claim 1 wherein: R, is phenyl; R,

18 benzoyl, t-butoxycarbonyl; R; is hydrogen or acetyl;

the process comprising reacting a compound of formula (II), as

defined i1in claim 1, wherein: the symbol --- is a single or a

double bond and R; 1s as defined above; each of R, and R.

-

lndependently is hydrogen, methyl, ethyl, methoxy, phenyl, 2,4-

dimethoxyphenyl, 3,4-dimethoxyphenyl or 4-methoxyphenyl; R, 1is

t-butyl or phenyl; R, is benzoyl or t-butoxycarbonyl; provided

that when the symbol --- 1s a double bond R, and R, do not

exist and Rs 1s phenyl, 2,4-dimethoxyphenyl, 3,4-dimethoxy-
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phenyl or 4-methoxyphenvl;

with a compound of formula (III) as defined in claim 1, wherein

Rg 1s acetyl or 2,2,2-trichloroethoxycarbonyl and Ry 1is

triethylsilyl or 2,2,2-trichloroethoxycarbonyl; in the presence

5 of a condensing agent, so obtaining a compound of formula (IV)

as defined 1n claim 1 wherein the symbol --- and R;, R4, Rs, Ry, Rg

and Rg are as defined above, cleaving the five membered

heterocyclic ring of the compound of formula (IV) and

deprotecting the compound of formula (IV) so as to produce a

10 compound of formula (I) as defined above.

4, A process according to any one of claims 1 to 2

- 7

wherein the condensing agent 1S NaH, n-Buli,

lithiumdiisopropylamide (LDA), MNH, or a compound of formula

15 (V)

MN[Si(R)a]z (V)

wherein R 1s a C;-C, alkyl and M is Li, Na or K.

5. A process according to any one of claims 1 to 3, wherein

20 the condensing agent is a thiophilic metal salt.

6. A process according to claim 5, wherein the thiophilic

metal salt 1s selected from triflates, trifluoroacetates,

acetates and mesilates of Cu, Ag or Hg.

25

7. A compound of formula (II):

ﬁ
R, C—SR,
Hirtie :‘K_H (II)
R:;—N\>\\<O
R R
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wherein:
the symbol --- represents a single or a double bond;

R, 18 aryl or heteroaryl;
each of R, and Rs independently 1s hydrogen, C-Cg alkyl, G—C; alkoxy; aryl optionally

supstituted by one or nmore G-C; alkoxy, halogen or nitro; or hetercaryl;

R, 1s C;-C, alkyl, aryl or heterocaryl;

R, 1s C;-C¢ alkoxycarbonyl, arylcarbonyl or heterocarylcarbonyl;
provided that when --- 1s a double bond R, and R, do not exist

and R. 1s aryl or heterocaryl.

8 . A compound of formula (II), according to claim 7,
wherein:
the symbol --- is a single or a double bond;

R, 1s phenyl;

each of R, and R; independently i1is hydrogen, C,-C; alkyl, C;-C;
alkoxy, phenyl or a phenyl group substituted with one ore more

R, 1s C,-C, alkyl, phenyl, or pyridyl;
R, 1s benzoyl, t-butoxycarbonyl;

provided that when --- is a double bond R, and R, do not exist

and Rg 1s phenyl or a phenyl group substituted with one or more

C,-C, alkoxy group.

9. A compound of formula (II), according to claim 8,

wherein:
R, 1s phenyl;
each of R, and Rs; 1independently 1is hydrogen, methyl, ethyl,

methoxy, phenyl, 2,4-dimethoxyphenyl, 3,4-dimethoxyphenyl or 4-

methoxyphenvyl ;
R¢ 1s t-butyl or phenvyl;

R, 18 t-butoxycarbonyl, benzoyl;

provided that when --- is a double bond R, and R, do not exist
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and R 18 phenyl, 2,4-dimethoxyphenyl, 3,4-dimethoxyphenyl or
4 -methoxyphenyl.

10. A process for preparing a compound of formula (II)

5 as defined in claim 7, comprising:

a) reacting a compound of formula (VI):
ﬁ
C

R,,~O-CH, -C-SR, (VI)

wherein R, 1s as defined 1n claim 7, and R,, 1s arylcarbonyl,

heteroarylcarbonyl, trialkylsilyl" or l-alkoxyalkyl, with a
10 Dboron complex of formula (VII):
L,BX (VII)
wherein L. 1s a chiral ligand and X 1s a halogen atom, and
subsequently with a compound of formula (VIII):
R,-CH=N-Z ~ (VIII)
15 wherein R, 1s as defined in claim 7, and Z is trialkylsilyl,

C,-C¢ alkoxycarbonyl, arylcarbonyl, heteroarylcarbonyl,

optionally 1in the presence of an additional Lewis acid, and

alternatively:

1) when R, is arylcarbonyl, or hetercarylcarbonyl, and R, is

20 C,-C¢ alkyl, transposing the arylcarbonyl or heteroarylcarbonyl
from oxygen to nitrogen via an intramolecular migration; or
11) reactling with R,Y wherein R, 1s as defined in claim 7 and Y

1s a leaving group after or before deprotecting the -0OR,, group

to free hydroxy group;

25 80 obtalining a compound of formula (IX)

OH

wherein R,, R, and R, are as defined above; and

b) cyclizing the compound of formula (IX) obtained above
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elther:
b’) by reacting the compound of formula (IX),

in the syn configquration, with a compound of formula (X), (XI)

or (XITI):
R, R, OR,, R,
>:o (X) >c< (XI) >—___CH2 (XII)
Rs R OR R..O
5 1l 11
wherein R, and R. are as defined in claim 7 and R,, is a C,-C,
alkyl group, so obtaining a compound of formula (II) as
defined 1n claim 7 wherein the symbol --- is a single bond,
and Ri, R4, Rs, R¢, R; are as defined above;
10 OX:
b”) by reacting the compound of formula (IX),
1in the anti configuration, with a dehydrating agent, soO
obtaining a compound of formula (II) as defined in claim 7 wherein --—-
is a double bond, R; and R, do not exist and Rs is aryl, heteroaryl.
15

11, A process according to claim 10 wherein Y is halide,

azide or OR, wherein R, is as defined in claim 7.
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