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Case 900-9725 -

HETEROATOMS~OONTAINING TRICYCLIC MNJNDS
The invention relates to the field of macrolides. It concerns the

compodnds of formulae I to III

R1a

R1a OCH3 OCH3 CHj

s Sheet Has Been Rerlaced

||III||||||| [l




-2- 900~9725

wherein

the symbol ——— represents a single bond or, when Ry, is absent,
- a double bond; |

Ry represents an optlonally protected hydroxy group and R1a represents

hydrogen;
or Ry and R;, together represent oxo;

:RZ represents an optionally protected hydroxy group or together with Ry

forms the -0C(=0)0O~ group, and Rz, represents hydrogen or is absent;
whereby when the symbol
Ry together with Ry, also represents oOxo;

Ra represents methyl, ethyl, n-propyl or allyl;

Ry represents optionally protected hydroxy or together with Rz forms the
~0C (=0) 0~ group, and Ry, represents hydrogen;
or Ry together with R4, represents oxo;

is a single bond,

Rs represents alkoxycarbonyloxy, halogen, optionally protected hydroxy,
lower alkoxy, acyloxy or a group =OC(=X)N(Rjo)Ri11:
or Rs together with Rg, forms a group =OC(=X)N(R’10)~ attached with the
nitrogen atom to the carbon atom carrying Re¢a, whereby X represents
oxygen-ot sulfur, Ri¢ and R;i independently represent hydrogen or lower
 alkyl or together with the nitrogen atom form a five- or six-membered
rihg optionally containing a second heteroatom such as nitrogen or
oxygen, and R'jo is hydrogen or lower alkyl;
or Rs together with Rg, represents oxy, whereby Re represents hydroxy;:
R¢ represents hydroxy, and R, represents hydrogen or together with Rs
forms a group -OC(=X)N(R'10)- as defined above;
or Rg and Res together represent oxo;
R’s represents optionelly protected hydroxy, lower alkoxy or acyloxy and
R’¢ represents hydroxy; | '
or R’s and R’¢ together form the -0C(=0)0- group;
R"s represents hydroxy or lower alkoxy and R%g represents hydroxy:
or R"s and R"¢ together form the -OC(-O)O- group.
Ry represents methoxy or hydroxzy;
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3= o " 900-9725

Rs represents an optionally protected hydroxy group, acyloxy,
imidazoiylcarbonyloxy or alkoxycarbonyloxy and Rg, represents hydrogen;
or Rg represents hydroxy and Rg, together with Rs represents oxy;
or-Rg fogether with Rg, represents oxo; and |

n represents 1 or 2; '

in free'form or salt form, _

hereinafter briefly named "the compounds of the invention”.

Ry and Ry preferably are optionally protected hydroxy. Rj
preferably is ethyl or allyl, especially ethyl. Ry preferably is together
with Rgs OXxo. Rs preferably is hydroxy or together with Re. represents
oxy. R’s and R"s preferably are hydroxy. Rg preferably is hydrqu or oxo.
Rg preferably is together with Rg¢a 0x0. Ry preferably is methoxy. The
symbol preferably represents a single bond. n preferably is 2. X
preferably is oxygen. Rio and Rj; preferably are hydrogen or methyl or
together with the nitrogen atom l-imidazolyl, they especially are methyl.

R’1o preferably is hydrogen or methyl.

Acyl and acyloxy preferably are alkylcarbonyl or, respectively,
alkylcarbonyloxy of altogether 2 to 5 carbon atoms, preferably acetyl (oxy),
or formyl (oxy) or benzoyl{oxy). Halogen preferably is chlorine or bromine,
it especially is chlorine. Lower alkyl and lower alkoxy preferably are of
1 to 4 carbon atoms, they especially are methyl and, respectively, methoxy.

. Protected hydroxy preferably is hydroxy protected by a conventional

hydroxy-protecting group, it preferably is hydroxy protected by
tert-butoxycarbonyl or trialkyléilyl, especially tert-butyldimethylsilyl.
Alkoxycarbonyloxy preferably is of altogether 2 to 5 carbon'atoms, it
especially is methoxycarbonyloxy.

" A compound of the invention in free form may be converted into a

- salt form where such forms exist, e.g. an acid add;tlon salt form, in

convent:.onal manner and v:.ce-versa

Th|s Sheet Has Been Replaced




-a- . | 900-9725

A subgroup of compounds of the invention (compounds Ip;) is the

compounds of formulae I to III as defined above, with the proviso that

Rz and Ry are other than together the ~OC(=0)0- group:

Rq is other than protected hydroxy; |

Rs is other than alkoxycarbonyloxy, halogen, protected hydroxy, a group
-0C{=X)N(Ri0)R11 as defined above or together with Rga a group
-OC(=X)N(R’10) - as defined above;

R’s is other than protected hydroxy; and

Rg is other than protected hydroxy or alkoxycarbonyloxy of altogether more
than 2 carbon atoms. ' '

A further subgroup of compounds of the invention (compounds Ip;) is
the compounds of formulae I to III as defined above, with the proviso that
Rs, Rs and R’s are other than protected hydroxy, and Rg is other than
alkoxycarbonyloxy of altogether more than 2 carbon atoms.

A further group of compounds of the invention is the compounds of
formulae Iq to I1Iq '
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OCH3 OCH3 CHj

and

wherein
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repreéents hydroxy optionally protected by tert-butyldimethylsilyl or
methylsulfonyl and Rj.q represents hydrogen; |

or Riq and Riaq together represent oxo;

represents hydroxy optionally protected by tert-butyldlmethylSLIyl or
together with Rqq forms the ~OC(=0)0~ group;

represents ethyl or allyl; _

represents hydroxy optionally protected by tert-butyldimethylsilyl or
together with Rzq forms the -0C (=0) 0~ group, and

Riaq repreéents hydrogen; |

or Rqq together with R4aq represents oxo;

represents methoxycarbonyloxy; chlorine; hydroxy optionally protected by
tert-butyldimethylsilyl, tertfbutokycarbonyl or methylsulfonyl; methoxy:
formyloxy, acetoxy or benzoyloxy; or a group -OC(=O)N(R1oq)R1iq wherein
Rioq and Riiq independently represent hydrogen or methyl or together with

the nitrogen atom form 4-morpholinyl; _
- or Rsq together with Reaq forms a group -OC(=X)N(R’j04)~ wherein X is as

defined above and R’j10q is hydrogen or methyl;

or Rsq togéther with Rgaq represents oxy, whereby Rgq represents hydroxy;
represents hydroxy, and Re¢,q represents hydrogen or together with qu
forms a group -OC(=X)N(R’104)~ as defined above,

or Req and Reaq together represent oxo;

R’sq represents hydroxy optionally protected by benzoyl or acetyl and

R’ ¢q represents hydroxy;
‘or Rsq and R'gq together form the ~OC(=0)0- group;

R%sq represents hydroxy or methoxy and R"¢q represents hydroxy:

or R"sg and R%gq together form the -OC(=0)0- group; and

Regq represents hydroxy optionally protected'by tert-butyldimethylsilyl or

methylsulfonyl; acetoxy or benzoyloxy, or 1-1midazolylcarbonyloxy. and
Rgaq represents hydrogenr

or Rgq represents hydroxy and Reaq together with Rsq represents oxy;
or qu together with Rgaq represent oxo;

in free form or salt form.

The preferred stereochemical configuration of the compounds of

formulae Iq to IIIq is as indicated below for formulae Is to Vs.

/
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| The invention also provides a process for the preparation of the

ompounds of formulae I to III, which comprises
a) for the production of compounds of formulae

Ha

OCHs CHa.

OCH,

Ma

This Sheet Has Been Replaced
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sherein the substituents are as defined above, reacting a compound of

formula IV
RC
Rya
Ry
R
(CHa)n )
_L\ l R4a

v

CH3\ . . ) CH3

OCHs ©CHs

wherein the substituents are as defined above, with an appropriate base or
organic or anorganic salt, optionally in the presence of a phase transfer
catalyst, or

b) for the production of compounds of formula Ia or IIa, reacting a
compound of formula V

—_
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wherein Ry represents alkyl and the other substituents are as defined _
above, with an appropriate base or organic or anorganic salt, optionally in
the presence of a phase transfer catalyst, or

c) for the production of compounds of formulae I to III wherein R, and Ry,
and/or R’s and R’g respectively R"s and R"g together form the -OC(=0)O-
group, reacting a compound of formula I, II or III wherein Rz and R4,
and/or R’s and R’g¢ respectively R®s and R"¢ represent hydroxy, with
phosgene, diphosgene or triphosgene in the presence of 'an acid binder, or

d) for the production of compound§ of férmulae I to III wherein at least
one of the substituents Ry, Rz, R4, Re¢ or Rg represents hydroxy,
appropriately reducing a compound of formula I, II or III wherein at least
one of the substituents R;, Rz, Ry, R¢ or Rg together with Rja., Rza, Rsa
or, respectively, Rga represents oxo, or .

e) for the production of compounds of formulae I to III wherein Rs, R’s and
R"s5 represent lower alkoxy, appropriately alkylating a compound of
formula I, II or III wherein Rs, R’s and R"s represent hydroxy, or

£). for the production of compounds of formula I or II wherein at least one
of the substituents Rs, R’s or Re represents acyloxy,'alkoxycarbonyloxy or
-OC(=X)N{R1o0)R11, appropriately acylating a compound of formula I or II
wherein at least one of the substituents Rs, R’s or Rg represents hydroxy,
where indicated followed by the addition of NHs3 or of an appropriate amine,
or

g) for the production of compounds of formula I wherein Rg together with
Rga represents oxo, appropriately oxidizing a compound of formula I wherein
Rg represents hydroxy and Rg, represents hydrogen, or

h) for the production of compounds of formula I wherein Rs represents
halogen, appropriately halogenating a compound of formula I wherein Rs
represents hydroxy,

s Sheet Has Been' Reiplaoec
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and/or’optionaliy deprotecting the resultant compounds of formulae I to III
wherein a protected hydroxy group(s) is (are) present, and/or optionally
protecting the resultant compounds of formulae I to III wherein a free
hydroxy group(s) is (are) presenat,

and recovering the resultant compounds in free form or salt form.

' The process of the invention can be carried out in conventional
manner. _

In process variant a) and b) the reaction preferably is effected
in an inert solvent, such as an ether, e.qg. tetrahydrofﬁran, dioxane or
'diethylether, an aromatic hydrocarbon, e.g. benzene or toluene, an alcohol,
e.g. methanol or ethanol, dimethylsulfoxide or acetonitrile. The bases or
metallic salts are preferably CsF, Cs2CO3. K»CO3, LiOH, NaOH, KOH,

Mg (OR)2, whereby R represents a lower alkyl group, KH, NaH, a tertiary
amine, e.g. triethylamine, or an amidine, e.g. 1,8-diazabicyclo(5.4.0]-
undec-7~-ene (DBU). As phase transfer catalyst quaternated ammonium salts
. or pfeferably crown ethers, e.g. crown [18.6], may be used. The reaction
is preferably carried out at a temperature between about -30° and about
50°C, especially at about room temperature. Depending on the reaction
conditions used (reactants, temperature, reaction time, etc.), specific
regio- and/or diastereoisomeric forms of the compounds of formula Ia, IIa
or IIIa or mixtures thereof are obtained. |

In process variant b) the configuration in position 9 is
-determined by the configuration at position 9 in the starting material of
formula V. Reaction mixtures may be worked up in conventional manner, e. g
chromatographlcally.

Process variant c) for the production.of the carbonates is carried
out preferably in an inert solvent such as an ether, e.g. tetrahydrofuran,
diethylether or dioxane, a chlorinated hydrocérbon, e.g. 1,2-dichloroethane
or methylene chloride, or acetonintrile, at temperatures between about
~20°C and the boiling temperature of the reaction mixture, preferably at
about room temperature. A tertiary amine can be used as acid binder,
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e.g. triéthylamine, 4-dimethylaminopyridine or pyridine.

' The reduction,. process variant d), can be effected in'conventiona;
manner. The reducing agent conveniently is a hydride-reagent, e.g. NaBH,,
diisobutyl aluminiumhydride or tetramethylammonium triacetoxy borohydride.
The process may be carried out in an inert solvent such as an ether or
cyclic ether, e.g. tetrahydrofuran, dioxane or diethylether, an aromatic
hydrocarbon, e.g. toluene, or in the case of tetramethylammonium triacetoxy
borohydride as reducing agent, also in acetonitrile and/or acetic acid, at
temperatures preferably between about -70° and about 50°C, especially at

' about room temperature. - _

' Process variant e) is an alkylation. It preferably is carried out
in a non-protic solvent, e.g. in an ether, a cyclic ether, an aromatic
hydrocarbon, dimethyl formamide or dimethyl sulfoxide, in the presence of a
base such as a non-nucleophilic nitrogen base, e.g. DBU, or an alkali
hydride, e.g. sodium or potassium hydride, or a metallic salt, e.g. a
carbonate or fluoride of potassium, sodium or cesium, optionally in the
presence of a crown ether. The alkylating agent preferably is a _
_haiogenide, tosylate or mesylate, e.g. alkyl iodide, especially methyl
iodide. The reaction is carried out at room temperature or elevated
temperature, preferably at room temperature. |

Acylation according to process variant f) can be carried out in

’ conventional manner, e.g. in an inert solvent such as acetonitrile or _
dichloromethane, e.g. with an acid chloride or an acid anhydride in the
presence of an acid binder such as 4-dimethylaminopyridine or with an acid
in the presence of an acid binder such as 4-dimethylaminopyridine or with
an acid in the presence of a carbodiimide such'as dicyclohexcharbodiimide.
The acylation may be carried out with diphosgene or thiophosgene followed
by the addition of NH3 or of an appropriate amine to give the corresponding
carbamates wherein Rs represents a group of formula -OC(=X)N(Rjo)Ryi as.
defined above. When the reaction is carried out in the presence of NH3 or
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a primary amine, the end products wherein R¢ and Rg¢a together represent oxo
may undergo a cyclisation and form compounds of formula

R
Rla

Ib

wherein the substitﬁegts are as defined above and which also form part of
the invention. ' |

Process variant g) is an oxidation. It may be carried out in
conventional manner, e.g. in an inert solvent such as an aromatic
hydrocarbon, e.g toluene, or a halogenated hydroéarbon, e.qg.
dichloromethane or dichloroethane, at temperatures between about 0°C and
room temperature, preferably at about room temper&ture. The reaction is
effected e.g. with N%methylfmorpholihe-N-oxidé'in the presence of a
catalytic amount of teérapropylammonium perruthenate, or with '
1,1,1-tris(acetoxy)-1,1~dihydrobenziodoxol~3 (1H) one (Dess-Martin method) .
Thé oxidized end compounds of formula I wherein Rg together with Rg,
represents oxo and Rs represents hydroxy, may exist in equilibrium with
corresponding dompounds of formula I wherein Rg represents hydroxy andlns
together with Rga represents oxy} i.e. with compounds of formula Ic

s
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Ic

OCH3 OCH3

wherein the substituents are as defined above and which also form part of
the invention. Process variant g) gives mixtures of these compounds which
may be separated in conventional mannér, e.g. chromatographically.
Depending on the starting material and the reaction conditions employed,
especially on the oxydizing reagent, the oxydation may take place in the
positions 10, 14, 22, 24 and/or 33. Different reaction ability and/or
selective protection of hydroxy groups may yield final products which are
oxydized only in selected positions.

Process variant h) may be carried out in for halogenation
conventional manner, e.g. by reacting with a halogenating agent such as
thionyl chloride in an appropriate solvent, e.g. in pyridine or tetrahydro-
. furan, at temperatures e.g. between about 0°C and room temperature,

preferably at about room temperature. '

The process variants of the invention may be carrled out
- simultaneously, especially process variant e) may be effected in a "one pot
reaction® with process variants a) or b). Mixtures of end products may be
separated in conventional manner, e.g. chromatographically.

Compounds of formula Ia may be in equilibrium with compounds of
formula IIa. In many cases these tautomeric forms may be isolated.
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| Process variants a) and b) signify generally
} a) when reacting a compound of formula IV to obtain compounds of
i formulae Ia and IIa: rearrangement and cyclisation;
b) when reacting a compound of formula IV to obtain compounds of
formula IIIa: cyclisation; _ _
c) when reacting a compound of formula V to obtain compounds of formulae Ia
- and IIa: cyclisation. |
When compounds obtained acéording to process variants a) to h)
have one or more protected hydroxy group{s), the protecting group(s) may be
" removed in conventional manner to give the corresponding unprotectéd
compounds. The removal of e.g. tert-butyldimethylsilyl or | |

tert-butoxycarbonyl may be effected by treatment with hydrofluoric acid in
'a solvent such as acetonitrile. Depending on the reaction conditions
chosen (e.g. duration or temperature) the removal can be steered in such a
manner that either all or only some prdtecting groups are eliminated.

When compounds obtained according to process variants a) to h)
have one or more free hydroxy group(s), the hydroxy group(s) may be |
.protected in conventional manner to give the corresponding protected
compounds. Depending on the reaction conditions chosen the reaction can be
steered in such a manner that either all or only some hydroxy groups are
protected. Suitable protecting groups are conventional hydroxy protecting

’ groups such as.tert-butoxycarbonyl or trialkylsilyl, preferably '
tert-butyldimethylsilyl.

Partial deprotection or protection is particularly indicated where
a definite hydroxy group is to be reacted in a subsequent reaction step.

The compounds of formulae I to V have a number of chiral centers
and may exist in a variety of stereoisomers. The process variants of the
invention result normally in:a'mixture of such iscmers. Depending on the
conditions and the type of reaction the process can be steered in such
manner that a specific isomer preferably is produced. The invention
provides all optical and geometric isomers as well as racemic mixtures.
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The isomers may be resolved or separated by convent:.onal technlq:es
ors is
However the preferred stereochemistry at various chiral carbon a

shown in formulae Is to Vs:

R
R1a

Is

Is

OCHs OCH3 CHs
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In the atove formulae Is to Vs
- whén R; is other than oxo together with Rja, then R; preferably is bound
with the a-configuration to the carbon atom in 33 position;
- R3 preferably is bound with the a-configuratioh to the carbon atom in
21 position; '
- when Ry is other than oxo together with Ry, then R4 preferably is bound
with the a-configuration to the carbon atom in 22 position; |

A compound of the invention may be isolated and purified from the
reaction mixture in conventional manner. _ - '

The starting_material of formula V, preferably in form of the
diastereoisomers hereinafter designated diastereoisomers C, may be obtéined
by reacting a compound of formula IV analogously to process variant a)
followed by reaction of the resultant product with a diazoalkane. The
first step of this process may be carried out as described above, e.g. with
KOH/crown ether in tetrahydrofuran. The reaction product is worked up in
conventional manner, the residue redissolved in an inert solvent, e.g.
dichloromethane, and triturated with a solution of a diazoalkane,
preferably diazomethane or diazoethane, in an inert solvent, e.g. ether.
The resultant reaction mixture may be worked up in conventional manner.

The starting material of formula V, preferably in form of the
diastereoisomers hereinafter designated diastereoisomers A, may be obtained
by reacting a compound of formula IV with a base, followed by reaction of
the resultant'product'with a diazoalkane. This process step may be carried
out in conventional manner. It preferably is effected in a mixture of
solvents, e.g. in a mixture of tetrahydrofuran and water, using LiOH or
Ca{OH), as base. The reaction product is worked up in conventional manner,
the residue redissolved in an inert solvent, e.g. dichloromethane, and
titurated with a solution of a diazoalkane, preferably diazomethane or
diazoethane, in an inert solvent, e.q. ether. The fesultant reaction
mixture may be worked up in conventional manner. |
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Insofar as their preparation is not specifically described herein,
e.g..ih the Examples, the compounds used as starting materials are known or
can be obtained in conventional manner from known compounds, e.g. starting
from appropriate Streptomyces strains such as Streptomyces tsukubaensis
No. 9993 described in e.g. Fujisawa EP 184162. Samples can be obtained
from the Fermentation Research Institute, Tsukuba, Ibaraki 305, Japan under
provisions of the Budapest Treaty under deposit No. FERM BP-927. This
strain has been redeposited on April 27, 1989 with the Agricultural

Research Culture Collection International Depository, Pecoria,
Illinois 61604, USA under the provisions of the Budapest Treaty under
deposit No. NRRL 18488.
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The following Examples illustrate the invention. They are not
limitative. 'All temperatures are in degrees Centigrade. In the NMR
spectra all chemical shift values are in ppm; samples are measured in CDCl3
unless indicated otherwise. The following abbreviations are used:

O-tBDMS = ert-butyld:.methyls:.lyloxy
db = double bond
sb . = single bond
- Im. = 1-imidazolylcarbonyl
Bz = benzoyl
DBU = 1,8-diazabicyclo[5.4.0]undec-7-ene
’ Ac = acetyl '
BOC = tert-butoxycarbonyl
HO,, '
CH30 '

Ik

OCH; OCH;

 Formula Ik (R3* = allyl) = FK 506;

Formula Ik (R3k = ethyl) = FR 520.
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M: Ry = Ry = O-tBDMS; R3 = C2Hs; Rq = 0; Ry = OCHj3;
n=2; Ria =Rz, =Rya =H (process a)

= gb;

la : compound'of formula IIIa

1b: compound of formula IIa (diastereoisomer A)
lc: éompound of formula Ia (diastereoisomer A)
1d: compound of formula Ia (diastereoisomer B)
le: compound of formula Ia (diastereoisomer C)

4 g of crown[l8.6]ether and 12.7 g of cesium carbonate (or 5 g of
cesium fluoride) are added to a solution of 20 g 24,33-bis=-0-tBDMS-FR 520 in
250 ml of dry tetrahydrofuran. The reaction mixture is stirred for 3 hours
at room temperature, then partitioned between ethyl acetate and 1 N
hydrochloric acid, the phases are separated, the organic phase is washed with
brine, dried over sodium sulfate, filtered and evaporated under vacuum.
Chromatography of the residue (n-hexane/ethyl acetate = 3/1 - 1/2) gives the
title substances as colourless foams. - '

Example 2: R; = Ry = O-tBOMS; Rs = CpHs; Ry + Rga =0; Ry = OCHy;
—— = gh; n = 2; Rya = Rz, = H; diastereoisomers A
{process b)

2a : compound of formula IIa
2b: compound of formula Ia

1 ml of diazabicycloundecene is added to a solution of 5.2 g of the
compound of formula V (Ry = R = O-tBDMS; R;, = Rza = H; Rs = CzHs;
R¢ + Rga =0; Ry = OCH3;. Rg =CH3; n = 2; —— = sb; diasterecisomer A)
in 250 ml of acetonitrile. The reaction mixture is stirred for 70 minutes at

room temperature and then worked up as described in example 1 (n—hexane/ethyl
acetate = 3/2) to give the title substances as colourless foams.
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* analogously as described in examples 1 and 2 the following compounds

cormulae Iar IIa and IIIa are obtained in form of colourless foams
fo ) .

900-9725

- OCHs! n=2; ——— =5b; R1a=R2;=H)2
— .
ox: form.isomer Ry Rz Ry Raa Ra starting material:
e
3a IIla - ~-0-tBDMS |-O-tBDMS 0 -CH2CH=CH, 24,33-di-O-tBDMS~
a | FK 506
s IIa A |-O-tBDMS |-O-tBDMS O ~CH, CH=CH,
3c Ja A |-O-tBDMS -0-tBDMS o -CH,CH=CH,
3d 1a C -0-tBDMS | —-0O-tBDMS 0 -CH,CH=CH>
3 IIla - -0~502~CH3 | ~O-t BDMS 0 =-CaHsg . { Compound A)
s . IIla - -0~S802~CH3 | ~O-tBDMS 0 -CHzCH=CH, | Compound B)
ga IIIa -~ ~-0H ~OH -0 -CoHs FR 520
b IIa A -QH ~OH 0 ~CzHg
6c Ia A -0H ~OH 0 ~C2Hs
6d Ia B -OH e 0 -C2aHs
ge -Ia C -CH -OH 0 -C2Hs
6f Ia D -OH -OH Q -Cz2Hs
7a IIla - -OH -OH 0 -CH,CH=CH; | FK 506
b Ila A -OH -OH 0 -CH,CH=CH,
1c Ia A -OH -0H 0 -CH,CH=CH,
74 Ia B -OH -OH 0 -CH,CH=CH;
Te Ia C ~-OH -0H 0 -CH,CH=CH, | -
8 Ia A |-O-~tBDMS -0H 0 . | =C2Hs 33~0~tBDMS-FR520 a)
9a IIlIa -~ |-O~tBDMS ~0-CO-0- H =CaHs Compound G)
9% Ia A |-O~tBDMS -0-CO~0- H =C2Hs
- 3¢ Ia C |=-O~tBDMS -0=-C0-0~ H -CaHs
10 Ia C §-0O-~tBDMS |-O-tBDMS 0 -C2Hs Compound C)
11 Ia C }-O~tBDMS | -O~tBDMS 0 -CHzCH=CHz | Compound D)
12a Ia A |-O-tBDMS j-O~tBDMS o) ~CH,CH=CH; | Compound F)
12b Ila A |-O-tBDMS |-O-tBDMS 0 ~CH,CH=CH> :

a) Deprotection or, respectively, reduction of this compound gives the

compound of Example 6c¢ (= Example 73) or, respectively, of Example 28 -

”“Iw
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gxample 13: Compound of formula III (R; = Rz = O-tanus} Ry = CzHs;
Rg + Raa = 0; R®s + R%s = 0C0-0; Ry = ocg,; =sb; n=2;
Ria = R2a = B (process ¢) :

To a solution of 0.8 g of the compound of formula III (R, = Ry =
0-tBDMS; R3 = Cz2Hs; Rg + Rea = O; R"s = R% = OH; Ry = OCHa; — = sb;
n=2; Ria = R2a = H) in 40 ml of acetonitrile are added in turn 0.2 ml of
diphosgene and 1.75 g of dimethylaminopyridine. The reaction mixture is

stirred for 1.5 hours at room temperature and then worked up as described in
example 1 (n-hexane/ethyl acetate = 9/1) to give the title substance in form
of a colourless foam. ' '

'Analogously as described in example 13 the following compounds of
formulae I to III are obtained in form of colourless foams (R3 = CyHs;
R7 = OCHj;

: . Rs Rg
ex: form. isomer] R; Rz . Ry R's R'g Ra starting
R®s R material:
14 II A ~0O-tBDMSj~-O-tBDMS -O-tBDMS| -0-~CO~Q= - Ex. 1b
15 I A -0-tBDMS -Q0=-C0-Q~ OH Or OH Ex. 28
e I C -0OH «Q=-C0-Q=~ -0-BOC O OH Ex. 27
17 III. - -OH =-0~-C0-0~ -0-CO=-0~ - | Ex. 25
18 I B -OH -0~-C0-0~ . OH o* OH Ex. 26a

* together with Rg,

Example 19: Compound of formula I (R; = Ry = O-tBDMS; Rg = CpHs:
R¢ + Rga =0; Rs = Rg = Rg = OH; Ry = OCH3;
n=2; Rip = Rza = Rea = Rga = H; diastereoisomer C)

— = sb;
(process d)

0.5 g of tetramethylammonium triacetoxy boronhydride are added to a
solution of 1 g of the compound of formula I (Ry = R; = O-tBDMS; R3 = CpHs;
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Ria = R2a = Rga = H; Ry + Rga = .R¢ + Rga = 0; Rs =Rg =OH; Ry = OCH3}
———==38b; n=2; diastereoisomer C) in 30 ml of acetonitrile and 5 ml of
acetic acid. The reaction'mixture is stirred for 3.5 hours at room
temperature and then partitionéd between saturated aqueous NaHCO3~-solution
and ethyl acetate. The organic phase is separted, washed in turn with brine,
1N hydrochloric acid and brine again, dried over Na;S0O4, filtered and
evaporated under vacuum. Chromatography of the residue (ethyl acetate) gives
the title substance in form of a colourless foam. -

Analogously as described in exaﬁple 19 the following compounds of
formulae I, II and III are obtained in form of colourless foams (Rs = CaHs;
R7 = OCH3; Rg = OH; Ria = Rza = H; =3sb; n=2):

—
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: Rs Re Réa
ex: form. isomer Ry Rz Ry R4a R's R'g starting
R"s R material
20 B " =-0-tBDMS | -O-tBDMS OH CH Ex. 1d
21 A -0-tBDMS | -O-tBDMS OH OH Ex. 1c
22 II : A -O-tBDMS | -O-tBDMS OH H OR OH - - Ex. 1b
23a I ‘Bcis OH -0-C0-0- H OH OH H } Ex. 112
23b . I A/ trans OH -0-C0-0- H OH OH H ’
24a c ~0-tBDMS | -O-tBDMS OH H -OH Ex. le a)
24b _ (S ~0-tBDMS | -O-tBDMS OH H oH OH H )} :
25 IIX - -0-tBDMS | -O-tBDMS "OH H ~0~-CO-0~- - Bx. 100
26a I B OH OH "OH H OH Ex. 6d
26b I B OH OH OH H OH OH H } x-
27 I c _ (¢): OH OH H 0-BOC Ex. 115
28 I A -0-tBDMS OH OH . H OH Ex. 8 !
!
a) Deprotection gives the dompou_nd of Example 118
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grample 29: Compound of formula I (Ry = Rz = O-tBDMS; Rs = CoHs;
R + Rga = Rg + Rga = 0; Rs = Ry = OCH3; Rg = OH;
n = 2; Rja = Rz, = Rga = H) (process d)

— = 3b;

200 mg of crown{l18.6)ether, 200 mg of cesium carbonate and 1.5 ml of
methyl iodide are added to a solution of 100 mg of the compound of formula I
(R = Rz = O-tBDMS; R3 = C3Hs; Ryia = R2a = Rga = H; Rgq + R.qa. = Rg + Rga
= 0; Rs = Rg = OH; Ry = OCHj3; — = sb; n = 2; diastereoisomer A) and
stirred for 1.5 hours at room temperature. The reaction mixture is :worked up
as described in example 1 (n-hexane/ethyl acetate = 2/1) to give the title
substance in form of a colourless foam. '

Analogously as described in example 29 the following compounds of
formula I and III are obtained in form of colourless foams (R; = CaHs;

Ria = R2a = Rga = H; Rg + Rga = 07 Ry = OCHjy; Rg = OH; —— ~ = sb;
n=2): '

_ R"g | starﬁing
ex: form. isomer Ry R : Rs R¢ Rga material
30 111 - -O-tBDMS | -O-tBDMS | -~OCH3 OH - Ex. la
31 I c -0-t BDMS -0-tBDMS -OCH3 o} Ex. le

Example 32: Ry = Rz = O-tBDMS; R3 = C2Hs; Ry + Rgqa = 07 Ry = OCH3;
=g8b; n=2; Ry, = Rz, = H; diastereoisomer A

(process f)

32a: compound of formula I (Rs = OH; Rg + Rga = O; Rg = O-Bz; ~ Rga = H)
32b: compound of formula I - (Rs = O-Bz; _'Rs.'+ Reéa = O0; Rg = 0-Bz; Rga = H)
32c: compound of formula I (Rs = O~Bz; Rg + Rga = 07 Rg = OH; Rga = H)
32d: compound of formula II (R’s = 0~Bz; R’g = OH)

—_—
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5 mol equivalents of 4-dimethylaminopyridine and 1.3 mol equ;valenté
of benzoyl chloride are added to a solutlon of 0.6 g of the compound of
formula I (Ry = Rz = O-tBDMS; R3 = Csz, Ria = R2a = Rga = H; Ry + Rqa
"‘R¢ + Rea 0; Rs = Rg = OH; = QCHj3; — = sb;
diastereoisomer A) or of the compound of formula II (Ry = Ry = O-tBDMS;
C2Hs; Ria = R2za = Hi Ry + Rqa 0; R's =QH; R'g = OH; Ry = OCHj3;
——— = sb; n =2). The reaction mixture is stirred for 45 minutes and then
worked up as described in example 1 (n-hexane/ethyl acetate = 4/1 = 2/1) to
yield the title substances in form of colourless foams.

n=2;

R3

Analogously as described in example 32 the following compounds of
formula I and II are obtained in form of colourless foams (R; = Rz = O-tBDMS;

Ry = C2Hs; Rja = Rza = H; Rg + Rga = O; Ry = OCHjz; — = sb; n=2):
ex: form. isomer Rs Re Rga Rs Rga starting
R'¢ : material
33 I A (0):1 0 O~Im H Ex. 1b or 1lc
34 I C O-Ac 0 O-Ac H Ex. le
35a I C 0-Bz -0 O~Bz H _
/B I C 0-Bz 0 OH P }E“' le
36a I C -0=-S0,CH3’ 0 -0=-80,CHy H }Ex. le
36b I C OH 0 ~-0=-502CHs H t T
‘37a I A O~-AC o) 0-Ac H
37 I A OH 0 O-Ac H
3¢ I A 0-Ac 0 o g |fB%- borlc
37d II A . O-Ac . QH - - -
38 I A -0~-CHO 0 o - Ex. 50
39 I A =-0-COOCH3 1) _'-OtBDMS H Ex. 58b
40 I A ~0~CHO 0 ~QtBDMS  H Ex. 58b_ EY)
41 1 - B ~0~CHO . 0 -Qt BDMS H Ex. 60a
42 I c ~0-CHO 0 -0t BDMS H Ex. 59
43 I C ~=0~BOC :0. -0t BDMS H Ex. 59

a) Deprotection gives the compound of

Example 6c (= Example 73)

———
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gxample 44: Compound of formula I (R; = R; = Rg = O-tBDMS; Rs = C2Hs;
Ry + Rga = Rg + Rga = 07 Rsg = 0~CO-(4-morpholinyl); Ry = OCHs;
———=18b; n=2; Ry, =Ry, = Rga = H; diastereoisomer A)
{process f£) | '

10 equ. of 4-dimethylaminopyridine and 1 molequ. of diphosgene are
added to a solution of 2 g of the compound of formula I (R = Rz = Rg =
O-tBDMS; Rs = CaHs; Rya = Rza = Rga = H; R¢ + Rga = Rg + Rga = O;

Rs = OH; Ry = OCH3; ——— = sb; n = 2; diastereoisomer A) in 50 ml of
acetonitrile, the reaction mixture is stirred for 20 minutes at room
temperatﬁre, then poured onto 500 ml of ethyl acetate and 20 ml of
morpholine, rigorously stirred for 10 minutes and then worked up as described
in example 1 {n-hexane/ethyl acetate = 7/1) to yield the substance as a
colourless foam,

Analogously as described in example 44 the following compounds of
formula I and Ib are obtained in form of colourless foams (R, = Ry = O-tBDMS;
Ry = C2Hs; Rg4 + Rga = O; Ry = OCH3; =8b; n=2; Rg =0H; Rjip =
R2a = Rga = H):

. ex., form. Aisomer Rs _ Rg Rga | Starting material
45 I A «0~CO~NH; =0O=-tBDMS H |Ex. 58b
46 I A | ~0=-CO~-N{CH3)2 | ~O-tBDMS H }Ex. 58b
47a Ib c - 0 oo o= -
e I ¢ |-o-co-NH; | S wuw = X =0) Ex. 5l
- 48 Ib A - _ -0-t BDMS H {R"19 =CHz, X= Q) £x. 58b
49 Ib A - ~O-t BDMS H (R’10 =CH3, X= S) .

T —
i~
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.EEBIe 50: Compound of formula I (Ry = Rz = O-tBDMS; R; = C,Hs;
R¢ + Raa = Re + Rea = Rg + Rga = 0; Rs = OB; Ry = OCHy;
=sb; n=2; Ra =Ra =B diasterecisomer a)

{process g}

0.5 g of 1;1,1-tris(acetoxy)-1,1-dihydro-behziodoxol-3(1H)-one are
added to a solution of 0.5 g of the compound of formula I (R; = Ry = O-tBDMS;
Rz = C2Hs; Ry + Rga = R¢ + Rga = 07 Rs = Rg = OH; Ry = OCHs; ——— = sb;
n=2; Ria = Rza = Rgq = H; diastereoisomer A) in 50 ml of methylene
" chloride. The reaction mixture is stirred for 3 hours at room temperature,
then.filtered over silicagel, washed with n-hexane/ethyl acetate (1/1) and
the filtrate evaporated under vacuum. . Chromatography of the residue
(n-hexane/ethyl acetate = 3/1) gives the title substance in form of a

colourless foam.

Analogously as described in example 50 the following compounds of
formula I are obtained in form of colourless foams (Rs = CzHs; Rq 4+ Rga =
= 8b; n=2; Rz, = H):

R¢ + Rga = Rg + Rgg = 0; Ry = OCH3;

ex. isomer| Ry Ria Ry . Rs |starting material

51 ¢ |-o-tBDMS H ' ~0=tBDMS OH Ex. le

52 A 0 ~0=-tBDMS OH Ex. 70

53 A -O-tBDMS H -0O-t BDMS . OCH3 Ex. 29

54 C -Q=-t BDMS H -0=~tBDMS OCH3 Bx. 31
_—
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ample 55: Compound of formula I (R, = Rz = Rg = O-tBDMS; Ry = C,Hs;
R¢ + Rea =Rs + Rga =0; Rs =Cl; Ry = OCHy; —— = sb;
n = 2; Ria = Rz = Rga = H; diastereoisomer epi-a)

{process h)

0.3 ml of thionyl chloride in 5 ml of pyridine are added to a
solution of 1 g of the compound of formula I (Ry = Rz =.0-tBDMs: R3 = CzHs;
R¢ + Raa = Rg + Rea = 0; Rs = OH; Ry = OCH3; Rg = O~tBDMS; Ria = Rza =
Rga = H} ——— =sb; n = 2; diastereoisomer A) in 100 ml of
tetrahydrofuran, the reaction mixture is stirred at room temperature for
15 hours and then partitioned between ethyl acetate and a saturated aqueous
solution of sodium bicarbonate. The organic phase is separated, washed twice
with 1 N HCl and water, dried over Na;SO4 and the solvents are removed under
vacuo. Column ch:omatégraphy (n-hexane/ethyl acetate = 9/1) gives the title

compound as a colourless foam.

Analogously as described in example 55 the following compounds of
formula I are obtained in form of colourlgss foams (Rz3 = C2Hs: R4 4+ Rga =
R + Rga = 07 Ry = OCH3; Rg = O-tBDMS; Rja = Rza = Rea = Hi ——— = sb;

n=2):
ex: isomer Ry R Rs starting material
56 epi~C =-Q0-tBDMS ~ =0=-tBDMS Cl Bx. 59
57 epi~B ~0=-tBDMS =-0~tBDMS Cl Ex. 60a

Example 58: Cdmpound of fornula I (Ry = Rz = Rg = O~tBDMS; Rj3 = CyHs:
' Ry + Rga = Rg + Rga = 0; Ry = OCHy; —=238b; n=2;
Ria = Rza = Rgy = H; diasterecoisomer A) (protection)

a) Rs = O~-tBDMS

LT
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5 equ. of 2,6~lutidine and 2 equ. of t.butyldimethylsilyl triflate
are added to a solution of the compound of formula I (R; = Ry = O-tBDMS;
s = C2Hs? R4 + Rqa = Rg + Rga = 0/ Rs = Rg = OH; Ry = OCH3; Rjya = Rz =
= sb; n = 2; diastereoisomer 2) in 50 ml of acetonitrile,

Rga = H;

¢he reaction mixture is stirred for 1.5 hours at room temperature and then
worked up as described in example 1. Chromatography_(eluent = toluene) gives
the title compounds as colourless foams.

Analogously as described in example 58 the following compounds of
formula I are obtained in form of colourless foams (R; = R; = Rg = O-tBDMS;
Ry = C2Hs; Rq 4+ Rga = R¢ + Rga = O; Ry = OCH3;
Ria = Rza = Rga = H):

—=38b; n=2;

ex: isomer Rs { starting material:
59 c OH Ex. le

60a B OH

60b B -o-thows | § B 1 |

Example 61: Compound of formula III (R; = OH; Rp = O-tBDMS; R; = C,Hs;
R¢ + Rea = 0; R"s = R% = OH; Ry = OCHs;
Ria = Rzq = H) (partial deprotection)

= sgh; n=2;

‘3 ml of 40 % aqueous hydrofluoric acid are added to a solution of
0.5 g of the compound of formula III (R; = R; = O~tBDMS; R3 = CHs;
Rge + Rga = 0; R"s = R" = OH; Ry = OCHa; — = sb; n=2;
Ria = Rza = H) in 30 ml of acetonitrile. The reaction mixture is stirred
for 5 minutes at room temperature, then partitioned between saturated aqueous
NaHCO3~solution and ethyl acetate, the organic phase is separated, washed
with saturatéd aqueous NaHCO3-solution and several times with water, dried
over Nap$04, filtered and eva?orated under vacuum. Chromatography of the

residue (n-hexane/ethyl acetate = 1/2) gives the title substance as a

. colourless foam. | .

\
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Analogously as described in example 61 the following éompounds are
obtained in form of colourless foams (Ry = OH; Rq + Rga = O; Ry = OCHj3;
— = 8b; n=2; Ria = Rza = H):

ex: Rg Rg Rgal
form. Rz ~ Rs R's Rlg . Rg Rga| start. mat.
isomer R"s - R"g
62 IIT - |-0~-tBDMS|} -CH;CH=CH> | CH CH - - - Ex. 3a
63 I A |-0-tBDMS| -CH,CH=CH; | OH OH - - - 1 Ex. 3b
64 I A |{~-0-tBDMS | -CH,CH=CH; | OH 0 OH H- Ex. 3¢
65 III - {~-O-tBDMS| -CyHs OCHs OH = =~ - - | Ex. 30
66 I A |-O-tBDMS| -CzHjs OCH3 0 OH H Bx. 29
67 I A }|-0O-tBDMS| ~CzHs OH 0 C-Im H | Ex. 33
68 I A |{-0-tBDMS| -CaHs CH 0 0 Ex. 50
69a I A |-O-tBDMS { -CaHs O~tBDMS . O -0-tBDMS H{ Ex. S58a
6% I A OH -C2Hs O~-tBDMS o) | -O~tBDMS H{ Ex. S8a
6% I A OH -CaHs O-CBDMS e} OH H Ex. 58a
69d I A |-O~tBDMS| ~CaHs . O-tBDMS 0 OH H Ex. 58a
70 I A |-0-tBDMS] -CzHs " 1OR 0 OH H | Ex. lc a)

a) Deprotection gives the compound of Example 6¢ (= Example 73)

Example 71: Compound of formula I (R =Ry = Rs = Rg = OH; Ry = CpHs;

R¢ + Rea = Bg + Rga = 0; Ry = OCH3; Rya = Roa = Rea = H;
= sb; n = 2; diastereoisomer B) (deprotection)

3 ml of 40 % aqueous hydrofluoric acid are added to a solution of
0.5 g of the compound of formula I (R; = Rz = O~tBDMS; Ry = CpHs;
R¢ + Rga = Rg + Rga = 0; Rs = Rg = OH; Ry = OCH3; Ria = Rza = Rga = H;
= sb; n =2; diastereoisomer B) in 30 ml of acetonitrile. The

reaction mixture is stirred for 4 hours at room temperature, then partitioned
between saturated aqueous NaHCOa-solution and ethyl acetate, the organic
phase is separated, washed with saturated aqueous NaHCO3-solution and several

times with water, dried over NapSOs, filtered and evaporated under vacuum.

Chromatography of the residue (n~hexane/ethyl acetate = 1/2) gives the title

substance as a colourless foam.
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Analogously as described in example 71 the foilowing compounds are obtained in form of colourless foams
{(R7 = OCHa; R2a = W} = sh; n=2):

: _ Rs R¢ R¢a
ex: form. isomer| R Ria Ra Rz Rq Ria R's R'¢ Rg Rga| start. mat.
. : R"g . R%
72 I1 A o8 H -CaHs OH 0 OH OH - - - Ex. 1b
73 I A OH B ~CzHs OH 0 OH 0 OH H Ex. 1c,8,
48 or 70
74 III - OH H ~C2Hs OH 0 OH OH - - - Ex. 1la
7% I c OH H -C28s " OH 0 OH .0 ol H |Bx.le or 115
76 III - OH H -CH2CH=CH, | OH 0 OH OH - - - |Ex.3a or 62
77 11 A OH H -CH,CH=CH, | OH .0 OH OH - - - {Ex.3b or 63
78 I A OH R ~CH,CH=CH, | OH o OH 0 OH H |Ex.3c or 64
79 I c OH H ~CH2CH=CH2 | OH 0 OH 0 OH H Ex. 3d
80 III - =0~S50,~CH3 H ~Cz2Hs OH 0 OH OH - - - Ex. ¢
81 III .= .=0=S02-CH3 H -CHzCH=CH, | OH 0 OH OH - - - Ex. 5
82 1 c OH H ~C2Hs OH 0 OH OH H OH H Ex. 19
83 I B OH H ~C2Hs OH o OH "~ OH H OH H Ex. 20
84 I A - OH H ~C2Hs Ol (0] OH OH H OH H Bx. 21
85 II A - OH H -C2Rs OH OH H OH OH - - - Ex. 28
86 III - OH H ~CaHs Ol 0 OCHj3 "OH - - - Ex. 30
87 I A OH H - =Ca2Hs OH 0 ‘OCH3 0 OH H Ex. 29
88 I c OH H ~C2Hs OH o OCH3 0 OH H Ex. 31
89 I A OH H ~C2Hs OH 0 0O~Bz 0 OH H Ex. 32¢
90 I A OH H ~C2Hs OH 0 O~Bz 0 O~Bz H Ex. 32b
91 I A OH H - ~-C2Hs OH 0 OH 0 O~Im H |Ex. 33 or 67
92 I A 0 ~CoHs OH 0 OH 0 o Ex. 52
93 1 A OH H ~CaHs OH o} . OH 0 0 Ex. 50 a)
94 I c OH S =Ca2Hs OH 0 1 OH 0 0 Ex. 51
a) In equilibrium in solution with the hemiketal form (Rs + Rg, = ~O-; Rg = OH)
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: Rs Rg Rga
ex: form. isomer | R; Ria R3 Rz R4 - Rga R's = Rg Rg Rga start. mat.
Rlls RIIG
95 I A OH H ~C2Hs OH 0 O-Ac 0 O-ac H Ex. 37a .
96 I A OH H ~CaHs OH 0 OH -0 O~Ac H Ex. 37b
97 I A OH H ~C2Hs OH 0 O-Ac 0 OH H Ex. 37¢
98 11 A OH H ~Calls OH 0 O-Ac OH - - - Ex. 37d
99 I c - OH H -C2oHs | OH 0 O-Ac 0 O-Ac H Ex. 34
100 - IIX - OH H -C2Hg OH o} -0~CO~0~ - - - Ex. 13
101 11 A OH H - ~CaHs OH ' 0 - ~0~CO~0~ - - - Ex. 14
102 I A OH ‘R ~C2Hs OH OH H ol 0 OH H Ex. 28
103 1 A OH H -C2Hs OH 0 ~0~COOCH3 o] OH H  Ex. 39
104 I A OH H ~C2Hg OH o - b) 0 OF H - Ex. 44
105 I A OH -H ~CoHs OH 0 -0~CO~NH, _ ¢ OH H Bx. 45
106 I A OH H ~CzHs OH 0 ~0~-CO-N(CH3) 2 0 OH H Ex. 46
107 1 C OH H -C2Hs . OH 0 ~0~-CO~NH2 0 0 Ex. 47b
108 I A OH H ~CaHsg OH 0 Cl 0 OH H Ex. 55
109 1I C OH H ~C2Hs OH 0 Cl 0 OH H Ex. 56
110 1 A OH H ~C2Hsg OH 0 ~0CH3 0 0 Ex. 53
111 1 c OH H ~CaHs OH -0 ~0CH3 o (o} Ex. 54
112 1 A OH H ~C2Hs - =0~-CO-0~ H OH 0 OH H Ex. 15
113 1 C OH H ~C2Hs -0~C0~0~ H OH -0 OH H Ex, 16
114 1 c OH R ~CaHs OH OH H OH OH H "OH H | Ex. 24b |
115 1 C OH H ~CaHs OH 0 ~0~BOC’ 0 OH H Ex. 43 a) f
116 Ib c OH H ' =C2Hs OH 0 - - - 0 | BEx. 47a '
: : (R’10= H; X=0)

117 111 - OH B ~C2Hs -0~C0~0~ B _ OH OH - - - Ex. 9a
118 I C OH H ~C2Hsg OH OH H OH 0 . OH H Ex. 24a

a) Deprotection gives the compound of Example 6e (= Example 75)
b) Rs = =0-CO~N{~(CH2)20(CHz2}2~]1 (4-morpholinylcarbonyloxy)
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The starting materials may be obtained as follows:

33-O—Hethanesulfonyl-24—0-tBDHs-FR 520

3 geof dimethylaminopyridine and 0.3 ml of methanesulfonlc acid
chloride are added to a solution of 1 g of 24-0~tBDMS~FR 520 in 40 ml of
acetonltrlle and stirred at room temperature for 2 hours. Then the reaction
pixture is partitioned between saturated aqueous NaHCO3-solution and ethyl
acetate, the phases are separated, the organic phase is washed with 1 N
nydrochloric acid and brine, dried over sodium sulfate, filtered and
evaporated under vacuum. Chromatography of the residue (n~hexane/ethyl
acetate = 1/1) yields the title compound as a colourless foam.

B

B) 33-O-Methanesulfonyl-24-O-tBDMS-FK 506 |
Using 24-0~tBDMS-FK 506 as starting material and proceeding

analbgously as described in A) gives the title compound as a colourless foam.

C} Compound of formula V (R; = Rz = O~tBDMS; Ry = CzHs; R4+R4,=0;
R7 =0CH3; Rg = CH3; Rya =Rza =H; ———=3b; n=2
- diastereoisomer C) :

0.5 g of crown{18.6]ether and 0.7 g of 24,33-bis-O-tBDMS-FR 520 are
added to a suspension of 47 mg of powdered KOH in 40 ml of tetrahydrofuran.
The reaction mixture is stirred for 20 minutes at room temperature, then
partitioned between 1 N hydrochloric acid and ethyl acetate, the phases are
separated, the organic phase is washed with brine, dried over sodium sulfate
and evaporated under vacuum. The residue is redissolved in 30 ml of
‘dichloromethane and triturated with a 1 M solution of diazomethane in ether
until the solution is light yellow. After evaporation of the solvent

chromatography of the residue (n-hexane/ethyl acetate = 2/1) gives the title

compound as a colourless foam.

1H-NMR (CDCl3): 5.14(d,J=7.5Hz,H-26);4.99(d,J=10Hz,H~20);
3.97{db, J=14Hz,H~6e) ; 3.81 (s,COOCH3) ;2.70 (m, H-11) .
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g & ound of formula V (Ry = Rz = O~tBDMS; R, = cgz.ca=052'
Ry + Rga = 0; Ry = OCH3; Rg = CH3; Ry, = Ry, = H;
diastereoisomer C)

Using 24,33-bis-O-tBDMS-FKS506 as starting material and proceeding
analogously as described in C) gives the title compound as a colourless foam.

=g8h; n=2;

g) Compound of formula V (R; = Rz = O-tBOMS; R3 = CpHs; Rg + Rgq = O;
Ry = OCH3; Rg = CH3; Ria =Rpq =H} ———=38b; n=2;
diastereoisomer A)

2 g of calcium hydroxide are added to a solution of 3 g of

' 24,33-bis-0-tBDMS~FR 520 in 60 ml of tetrahydrofuran and 15 ml of water and
stirred for 60 minutes at room temperature. Then the reaction mixture is
partitioned between 0.5 N hydrochloric acid and ethyl acetate, the phases are
separated, the organic phase is dried and evaporated under vacuum. The
residue is redissolved in 30 ml of dichloromethane and triturated with a 1 M
solution of diazomethane in ether until the solution is light yellow. After
evaporation of the solvent chromatogréphy of the residue (n-hexane/ethyl
acetate = 2/1) gives the title compound as a colourless foam.

14-NMR (CDCls) (mixture of rotamers = 58/42):

main rotamer: 5.20(d,J=7.5Hz, H-26); 4. 93(d,J=10Hz,H-20),
4.04(db,J=13Hz, H~6e) ; 3.83 (3,COOCH3) .

secondary rotamer: 5. 13(d,J310Hz,H-26), 4 70(d,Jh10Hz,H-20),

‘." F) Compound of formula V (R; = Ry = O-tBDMS; R3 = CHy~CH=CH;;
, _ Rg + Rga = O; Ry = OCH3; Ry = CH3; Ryqa = Rzq =H; ———=3bh; n=2;
'diastereociscmer A) |
'Using 24,33-bis-0-tBDMS-FK506 as starting material and proceeding
analogously as described in E) gives the title compound as a colourless foam.

G) Compound of formula IV (R; = O-~tBDMS; Ry, = Rz, = Rgy = H;
Rz + R4 = 0-CO-0; Rz = CzH5; ——— =35b; n=2) .

Using the compound of formula IV (R; = O-tBDMS; Rja = Raa =
Rga = H; .Rg = Rg = OH; Rz = cznsé — = 8b; n = 2) as starting material
and ptoéeeding analogously as described in Example 13 the title compound is
obtained as a colourless foam.

\
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TH-NMR~Spectra
(500 MHz}

gxample:  spectrum:

. 1a 5.32 {d, J=8.9Hz, H-29); 4.88 (sb._ H-26); 4.80 (db, J=7.6Hz, H-20); 4.09 (db,
J=13Hz, H-6e); 4.03 (dxd, J=2.9/9.4Hz, H-14); 4.49 (sb, H-24);
3.38/3.33/3.32 (3xOCHa).

b, 2a 5.37 (d, J=9.1Hz, H-29); 5.155 (d, J=10.6Hz, H-26); 4.62 (d, J=10.6Hz. H-20);
- 4.11 (dxd, J=3.2/10.4Hz, H~24); 4.015 (dxd, J=4.7/13.3Hz, H-6e); 3.76
(d, J=8.5 Hz, H~14); 3.42/3.375/3.370 (3xOCHg); 3.18 (dxt, J=3.6/13.3Hz,
H-6a).

ic, 2b 5.24 (d, J=9Hz, H-28); 5.185 (d, J=7.2Hz, H~26); 4.86 (d, J=10Hz, H~20); 4.27
(dxd, J=5/13Hz, H-6e); 4.155 (m, H24); 3.68 (txd, J=8/2Hz, H-14);
3.504/3.406/3.404 (3xOCHg); 3.24 (txd, J=13/3Hz, H-6a); 3.185 (m, H-21);
2.955 (m, H-32); 2.76 (dxdxd, J=2,5/11/18Hz, H~12); 2.87 (dxd, J=7/17Hz,
H-23).

1d : 5.39 (d. J=8.3Hz, H-29); 5.09 (d, J=10.5Hz, H-26): 4.84 (d, J=10 .Mz, H~20);
4.37 (dxd J=4.2/12.7Hz, H-6e); 4.13 (m, H—24) 3.40/3.36/3.35 (3xOCHs).

te, 10 5.37 (dxq. =9/1.3Hz, H~28); 5.18 {d, J=10.7_Hz. H-26); 4.73 (d, J=10.8Hz,
H-20):4.37 (dxd, J=4.9/13.3Hz, H-8e): 4.12 (dxd, J=4.4/11.1Hz: H-24);
- 3.60/3.41/3.38 (3xOCHgs).

3a 5.73 (dxdxt, J=10.2/17.1/7Hz, H-37); 5.31 (d, J=9.1Hz, H-29); 5.02 (dxg,
J=17.1/1.8Hz, H-38tr.); 4.94 (dxq, J=10.2/1.8Hz, H~38cis); 4.88 (s, H-28);
4 80 (d, J=9Hz, H~20); 4.54 (sb, H-24); 4.09 (db, J=13Hz, H-6e); 4.02 (dxd,

=2,7/9.4Hz, H~14); 3.38/3.34/3.21 (3XOCH3) '

3b, 12b 5.71 (dxdxt, J=10. 2/17.1/6.8Hz, H-37); 5.37 (d J=8.2Hz, H-29); 5.175 (d,
J=10.8Hz, H~26); 5.025 (dxq. J=17.1/1.8Hz, H-38tr.); 4.98 (dxq, J=10.2/1.8Hz,

H-38cis); 4.855 (d, J=10.7Hz, H-20); 4.11 (dxd, J=;!3!10.6H2. H-24); 4.015
(dxd, Ji=4.4/13.2Hz, H-8e); 3.755 (d, J=8.5Hz, H~14); 3.18 (dxt, J=3.7/13.2Hz,
H—'ea)c
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5.74 (dxdxt, J=10/17/THz, H-37); 5.25 (d, J=GHz, H-29); 5.17 (d, J=7Hz, H~26)
5.08 _(dxd. J=2/17Hz, H-38tr.); 4.89 (dxd, J=2/10Hz, H-38cis); 4.89 (d, J=10Hz,
H20); 4.28 (dxd, J=4/13Hz, H-8e); 4.15 (m, H-24); 3.70 (t, H~14); 3.52/2x3.42
(3xOCHg): 3.26 (txd, J=13/3Hz, H-6a}; 2.97 (m, H-32).

5.71 (dxdxt, J=10.1/17.1/7.0Hz, H-37); 6.37 (d, J=9Hz, H-29); 5.18 (d,

J=10.6Hz, H~26); 5.04 (dxq, J=17.1/1,94z, H-éstr.); 4.88 (dxq, J=10.1/1.9Hz,
H-38cis); 4.75 (d, J=10.9Hz, H-20); 4.36 (dxd, J=4.8/13.3, H-B6): 4.12 (dxd.
J=4.2/11Hz, H~24); 3.59/3.40/3.38 (3xOCHs). |

5.31 (d, J=0Hz, H-29); 4.31 (dxdxd, J=5/8/11Hz, H~33): 4.03 (dxd, J=3/10Hz,
H-14); 3.40/3.36/3.23 (3xOCHg); 3.08 (s, O-mesyl).

5.73 (dxdxt, J=10/17/THz, H-37); 6.30 (d, J=9Hz, H-29); 6.03 (dxq, J=17/2Hz,
H-38tr.); 4.96 (dxq, J=10/2Hz, H~38cis): 4.51 (m, H-24); 4.31 (m, H-32); 4.02
(dxd, J=3/9.5Hz, H-14); 3.40/3.36/3.22 (3xOCHa); 3.0 (s, O-mesyl).

5.27 (d. J=9.1Hz, H-29): 5.08 (s, H-26); 5.12 (d, J=10Hz, H-20); 4.08 (db,
J=13Hz, H-8e); 4.02 (dxd, J=5.5/9.5Hz, H~14); 3.99 (m, H-24): 3.43/3.38/3.33
(3xs, 3xOCHjz).

5.33 '(d. J=THz, H-26); 5.31 (d, J=9Hz, H-29); 4.79(d, J=10Hz, H~20); 2.91
(dxd, J=7/16Hz, H-23a).

5.12 (d, J=8Hz, H-29); 5.115 (d, J=3Hz, H-26); 5.00 (d. J=10Hz, H-20); 4.30
(dxd, J=4/13Hz, H-6e); 3.87 (m, H-24); 3.52 (t, H-14); 3.175 (m, H-21); 3.03
{m, H-32); 3.4613.42_/3.3_9 (3xs, 3xOCHj).

5.36 (d, J=9Hz, H-29); 5.18 (d, J=9Hz, H-26); 4.80 (d, J=10Hz, H-20); 4.38 (d,
J=13Hz, H-8e); 4.01 (m, H-24); 3.50/3.42/3.38 (3xOCHz).

5.36(d; J=0Hz; H-29) ; 5.18(d;J=9Hz;H-26); 4.80(d;J=10Hz;H~20);
4.38(d;J=13Hz;H~6equ.); 3.38/3.42/3.50(3xs;3x~0CHs) .

7¢2) , 782 ) 5.70 (dxdxt, J=10'l17I7Hz, H-37); 4.30 (dxd, J=4/13Hz, H~-6e); 3.87 (m, H-24);

9b, 15

3.54 (t, H-14); 3.03 (m, H-32); 3.47/3.42/3.39 (3xs, 3xOCHg);

4.48 {dxdxd, J=12.5/2.8/0.8Hz, H-22); 4.27 (dxdb, J=4.5/13Hz, H-8equ.); 3.94
(dxdxd, J=10.1/3.4/0.6Hz, H-24); 3.42/3.408/3.39 (3xs, 3xOCHy); 3.32 (m,
H-14); 3.12 (txd, J=8.8/2.4Hz, H-13): 2.97 (m, H-32); 2.80 (d, J=9.2Hz,
H-14).
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i! i 5.38 (H-29); 4.91 (H-20 and H-28); 4.33 (H-24); 4.11 (db, J=13Hz, H-6e);
!

4.04 (dxd, J=2.6/9.5Hz, H~14); 3.39/3.34/3.30 (3xs, 3xOCH3).

14 - 5.33 (d, J=8.1Hz, H-28); 5.26 (d, J=10.8Hz, H-26); 4.77 (d, J=10.4Hz, H-20);
4.13 (dxd, J=3.9/13.5Hz, H-6e); 4.08 (dxd, J=2.9/10.8Hz, H-24); 1.44 (d,
J=6.9Hz, 11-CHg).

19 5.28 (db, J=8.4Hz, H-29); 5.15 (db, J=7Hz, H-26); 4.78 (sb; H-20}: 2.95 (m,

H-32).
20 | 5.32 (d, J=8.9Hz, H-29); 5.27 (d, J=5.THz, H—ZG): 4,91. (d, J=10Hz, H~20); 3.98

(d, J=4.2Hz, H-10); 1.38 (d, J=6.8Hz, 11-CHj).

21 5.37 (d, J=OHz, H-29); 5.12 (d, H=10.5Hz, H-26); 4.68 (d, J=10.5Mz, H-20);
4.19 (4, J=7.3Hz, H-10); 4.10 (dxd, J=4.5/10.5Hz, H-24); 3.97 (dxd,
Js3.5/13Hz, H-Be); 3.51/3.43/3.39 (3xs, 3xOCHg): 2.96 (dxdxd,
J=4.5/8.5/11.3Hz, H-32); 1.83 (d, J=1Hz, 19-CH); 1.59 (d, J=1.2Hz, 28-CHa);
133 (d, JsTHz, 11-CH); 0.83 (¢, J=THz, H-37); 0.7 (d, J=6.5Hz, 25-CHa).

22 5.36 (d, J=9,1Hz, H-29}; 5.17 (d, J=9.SHz, H-20); 4.85 (s, H-26); 4. 00 (dxd,
J=3. 7/13Hz. H-6e): 3.85 (m, H-22) 3.88 (dxdxd J=2.1/4.8/10.4; H~15 or
H-24) 3.66 (dxd, J=2.1/11Hz, H-24 or H-15); 3.40/3.37/3.30 (3xs, 3xOCHz}:
3.26 (dxt, J=5.1/8.9Hz, H~13); 2.93 (dxdxd, J=5/8/11Hz, H-32). |

274) 5.24 (d, J=0Hz, H-29); 5.14 (d, J=4.2Hz, H-26); 5.0 (d, J=10Hz, H-20); 4.42
' (db, J=5.8Hz, H-Bequ.).

29 5.34 (d, J=OHz, H~29); 5.10 (d. J=9.8Hz, H-26); 4.84 (d, J=10.5Hz, H-20); 4.31
(dxd, J=4/13Hz, H-66); 4.09 (dxd, J=4.8/10Hz, H-24); 3.58 (15-OCH3):
3.39 (32~OCHg); 3.30 (13-OCHg); 3.16 (8-OCHy): 1.82 (19-CHj); 1.51
(28~CHy); 1.18 (d, J=THz, 11-CHa).

30 5.42 (H-29); 4.99 (H-20); 4.84 (H-26) 4.03 (db. J=12Hz, H-Be); 2.97 (m.
H~32).
31 5.38 (d, J=OHz, H-28); 5.12 (d, J=10.5Hz, H-26); 4.74 (d, J=10.7Hz, H-20);

4.45 (dxd, J=3/13Hz, H-6e); 4.12 ' (dxd, J=4.4/10.2Hz, H-24);
3.58/3.40/3.37/3.17 (4xs, 4xOCHa). ' '

322  5.37 (d, JaGHz, H~29); 4.93 (d, J=11Hz, H-26); 4.85 (d, J=10Hz, H-20); 4.34
© ' (dxd, J=3/13Hz, H-8e); 4.13 (dxd, J=3/11Hz, H-24); 5.4 (dxd, J=2/8Hz, H-14);
2x3.45/3.42 (2xs, 3xOCH3): 2.97 (m, H-32).
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32b 5.33 (d, J=8Hz, H-29); 5.11 (d, J=10.6Hz, H-26); 4.60 (d, J=10.6Hz, H-20);
4,25 (dxd, J=3.5/13.3Hz, H-68); 4.11 (dxd, J=3.4/10.6Hz, H-24); 5.48 (d,
J=8.8Hz, H~-14); 3.42/3.40/3.37 (3xs, 3xQCHs); 2.87 {m, H-32).

32¢ 5,47 (d, J=9Hz, H~29); 5.11 (d, J=11Hz, H-26); 4.58 (d, J=10Hz, H-20); 4.25
(dxd, J=3/134z, H~6e); 4.08 (dxd, J=3/11Hz, H~24); 3.60 (d, J=8Hz, H~14);
3.55/3.41/3.35 (3xs, 3xOCHa): 2.98_(m. H-32).

32d 5.42 (d. J=BHz, H~29); 5.25 (b, H~26); 4.59 (d, J=10Hz, H-20); 4.18 (H-6e);
4.11 {dxd, J=3/10Hz, H-24); 3.43/3.39/3.37 (3xs, 3xOCHj3).

a3 - 8.20/7.48/7.09 (imidazolyl-H); 5.37 (d, J=8.9Hz, H~29); 5.27 (dxd, J=2/8.8Hz,
H-14); 4.88 (d, J=10,5Hz, H-26); 4.62 (d, J=10.3Hz, H-20); 4.34 (dxd,
J=4.2/13.4Hz, H-8); 4.12 (dxd, J=3.5/10.2Hz, H-24); 2x3.42/3.48 (2xs.
3xOCHs). ' '

34 5.37 (d, J=9Hz, H~29); 5.17 (dxd. J=3/8Hz, H-14); 5.10 (d, J=10.3H2. H-26);
4,74 (d, J=10.7Hz, H-20): 4.37 (dxd, J=4.6/13.1Hz, H-6e); 4.11 (dxd,
J=4.2/11Hz, H-24); 2x2.13 (1xs, 2xCOCHg); 3.45/3.41/3.38 (3xs, 3xOCHy).

38a 5.38 (d, J=9.1Hz, H-29); 4.76 (d, J=10.8Hz, H-20); 4.43 (dxd, J=3/13Hz,
H-6e); 4.13 (dxd, J=4/10Hz, H-24); 3.55/3.41/3.40 (3xs, 3xOCH3):

35b 5.39 (d, J=8.9Hz, H-29); 5.13 (d, J=10.4Hz, H-26); 4.78 (d, J=10.1Hz, H~20);
4,14 (m, H~24); 3.46/3.42/3.38 (3xs, 3xOCH3).

36a2) 5.39 (d, J=9.5Hz, H~29); 5.05 (d, J=10.4Hz, H=26); 4.95 (dxd, J=2/8Hz, H~14);
4.73 (d, J=10.7Hz, H~20); 4.38 (dxd, J=3/13Hz, H-6e); 4.12 (m, H-24);
3.56/3.45/3.39/3xs, 3xOCH3); 3.25/3.13 (2xs, 2xCH3S0z-).

/36b2) . 5.38 {d, J=8.5Hz, H-29); 5.17 (d, J=10.5Hz, H-26); 4.96 (dxd, J=2/8Hz, H-14);
4.73 (d, J=11.5Hz, H-20); 4.35 (dxd, J=3/13Hz, H-6e); 4.12 (m, H-24);
- 3.59 /3.41/3.40 (3xs, 3xOCHg); 3.11 (s, CH3SOz~). '

37a 5.43 (d, J=8.7Hz, H-29); 5.03 (m, 2H, H-14 ﬁnd H-26); 4.57 (d, J=10,1Hz,
H-20); 4.20 (dxd., J=13.6/4.7Hz, H-8e); 4.08 (dxd, J=11 8/3 3Hz, H-24);
3.52/3.39/3.30 (3xs, 3xOCHa); 2.16/2.13 (2xs, 2xOAc)

37b 5.34 (d, J=8Hz, H-29); 5.17 (dxd, J=7.2/3.6Hz, H-14); 4.94 (d, J=9.8Hz, H-26);
4.65 (d, J=9.8Hz,H-20); 4.30 (dxd, J=13.6/4.5Hz, H-6e); 4.11 (dxd,
J=10/3.6Hz, H-24).
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5.43 (d, J~9Hz. H~29): 5.03 (d. J=10,7Hz, H~26): 4.61 (d, J=10.5Hz, H-20);
4.21 (dxd, J=13.5/4.6Hz, H-Be); 4.07 (dxd, J=10.7/3.3Hz, H-24):
3.61/3.4072 33 (3xOCHa); 2.11 (s, OAc). '
d 5.4(d;J=9.2Bz;H-29); 5.02(sb;H-26); 4.58(db;J=10Hz;H~-20).

. 376

5.44/5.04/4.57 (3xd, J=8.2/10.8/10.1Hz, H-29/26/20); 3.74 (s, ~COOCHy);
3.54/3.41/3.22 (3xs, 3xOCHj).

38

A,

o 7.93 (d. J=1Hz, CHO); 5.53/5.28/4.86 (3xd, J=7.9/10.4/10.68Hz, H~29/26/20);
" 4.37 (dxd, J=13.3/4.7Hz, H-Bequ.): 4.08 (m, H-24).

i3 15.38 (d, J=9.Hz, H-29); 5.1 (d, J=10.4Hz, H-26); 4.73 (d, J=10.8Hz, H~20);
- _ 4.4 (dxd, J=13.2/4.7Hz, H-Bequ.); 4.12 (dxd, J=7.1/4.1Hz, H-24); 1.41 (s,
BOC).

44 5.43 (d, J=8.9Hz, H~29); 4.98 (d, J=10.8Hz, H~26); 4.58 (d, J=10,4Hz, H-20);
! 4.22 (m, H-6equ.); 4.07 (dxd, J=3.3/10.9Hz, H-24); 3.54/3.41/3.23 (3xs,
3xOCH3) . '

455} 5.48 (dxd, J=1/8.9Hz, H-29); 4.66 (d, J=10.2Hz, H-20); 4.21/4.14 (db/dxd;
‘H-Bequ./H~-24).

50 mixture: ketone/hemiketal = 40/60
ketone: 5.37 (d, J=8.9Hz, H-29); 4.96 (d, J=10.7Hz, H-26) 4.62 (d, J=10.5Hz,
- H~20}: 4.48 (d, J=10.4Hz, H-15}; 4.12 (dxd, J=10.5/3.3Hz, H-24). _
hemiketal: §.05 (d, J=8.9Hz, H-29); 5.11 (d, J=3.5Hz, H-26); 4.81 (d,
© J=10.2Hz, H-20); 3.51 (dxd, J=8.1/2.8Hz, H-15); 3.77 (dxd, J=11.7/4.6Hz,

- : H~13); 3.568 (m, H-24).

51 5.38 (d, J=8.0Hz, H~29); §.22 (d, J=10.2Hz, H-26); 4.79 (d, J=10.7Hz, H-20);
| 4.41 (dxd, J=11.9/3.2Hz, H-13); 4.38 (dxd. J=13/4Hz, H-6e); 4.15 (dxd,
J=10.7/4.3Hz, H-24); 4.08 (dxd, J=9.2/3.5Hz, H-15); 3.42/3.40/3.37 (3xs,
3xOCHj); 3.23 (dxdxd, J=10.9/8.5/5.6Hz, H~21); 3.17 (ixd, J=13.2/3.6Hz,

H-Ga).

52 mixture: ketone/hemiketal = 40/60
ketone: 5.38 (d. J=8Hz, H-28); 4.92 (d, J=10. 7Hz. H-26) 4.60 (d, J=10Hz.
H~20); 4.47 {(d, J=8. SHZ. H-15)
hemiketal: 5.08 (d, J-9Hz. H~29): 5.11 (d, J=4.2Hz, H-26) 4.83 (d, J=10Hz,
H-20); 3.76 (dxd, J=11.6/4.6Hz, H~13).

S8a 5.4 (dxd, J=8.9/1.1Hz, H-29); 5.12 (d, J=10.8Hz, H~26); 4.57 (db, J=10.5Hz,
'H~20); 4.24 (dxd, J=13.6/4.8Hz, H-6equ.); 4.07 (dxd, J=11/3.5Hz, H~24); 3.63
(d, J=8.5Hz, H~14); 3.52/3.40/3.21 (3xOCHy).
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58b 5.34 {dxd, J=8.9/1.1Hz, H-29); 4.89 (d, J=10.2Hz, H-26); 4.62 (d, J=10.3Hz,
H-20): 4.3 (dxd, J=4.3/13.8Hz, H—Sequ.): 2.94 (m, H-32); 2.84 (dxd, H~23a).
g0a 5,32 (d; J=8Hz, H-29): 5.18_(d. J=8.1Hz, H-26); 4.85 (d, J=10.4Hz, H-20): 4.37
(db, J=10.4Hz, H-6equ.); 4.18 (m, H-24); 3.44/3.41/3.36 (3xs, 3xOCHs).
g0b  5.34(d, J=OHz, H-26); 5.22 (d. J=9.9Hz, H~29); 4.2 (d, J=10,4Hz, H~20); 4.36
(db, J=11Hz, H-Bequ.); 4.11 (m, H-24); 3.40/3.38/3.36 (3xs, 3xOCHj).
61 - 5.35 (d, J=GHz, H~29): 4.88 (sb, H-26); 4.81 (d, J=8.2Hz, H~20); 4.53 (H-24);
4.11 (db, J=13Hz, H~-6e); 4.03 (dxd, J=2.8/9.5Hz, H~14); 3.40/3.34/3.23 (3xs,
* 3xOCH3).
622) 5.74 (dxdxt, J=10/17/7Hz, H-37); 5.34 (d, J=8Hz, H~29); 4.80 (d, J=GHz, H-20);

4,54 (H~24); 4.02 (dxd, J=2.5/10Hz, H-14); 3.41/3.34/3.22 (3xs, 3xOCHj).

i

; g32) 5.72 (dxdxt; J=10/17/7Hz, H~37); 5.41 (d, J=OHz, H~29); 5.18 (d, J=10.5Hz,

i H-26); 5.04 (dxq, J=17/2Hz, H-38tr.); 4.98 (dxq. J=10/2Hz, H~38cis); 4.65 (d,
=10Hz, H-20); 4.12 (dxd, J=3/11Hz, H~-24); 4.04 (dxd, J=3/13Hz, H~Be); 3.19
(dxt, J=3/13Hz, H-Ba); 3.02 (m, H-32).

642) 5.75 (dxdxt, J=10/17/7Hz, H-37); 5.28 (d, J=9Hz, H-29); 5.17 (d, J=THz, H~26);
5.08 (dxd, J=2/17Hz, H-38tr.); 4.98 (dxd, J=2/10Hz, H-38cis); 4.88 (d, J=10Hz,
H-20); 4.28 (dxd, J=4/13Hz, H-8e); 4.15 (m, H-24); 3.70 (1, H-14);

" 2x3.42/3.52 (2xs, 3xOCHa); 3.25 (txd, J=13/3Hz, H-6a); 3.03 (m, H-32).

85 - 5.43 (d, J=8.8Hz, H~29); 4.97 (d, J=9.5Hz, H-20); 4.82 (H-26); 4.30 (H-24);
4.04 (db, J=13Hz, H~Be); 3.79/3.41/3.35/3.33 (4xs, 4xOCH3z).

, 87 8.20/7.48/7.08 (imidazolyl-H); 5.37 (d, J=GHz, H~29); 5.26 (dxd, J=1.9/8.9Hz,
H-14); 4.88 (d, J=10.6Hz, H-26); 4.60 (d, J=10.3Hz, H-20); 4.34 (dxd,
J=4.5/13.6Hz, H-66); 4.12 (dxd, J=3.3/10.2Hz, H-24); 3.48/3.42/3.41 (3xs,

' 3xOCHjg). |

68 mixture: ketone/hemiketal = §0/40
' ketone: 5.38 (d. J=8Hz, H-29); 4.98 (d, J=10.5Hz, H-26); 4.68 (d, J=10.3Hz,
H-20); 4.48 (d, J=B.9Hz, H-15).
hemiketal: 5.11 (d, J=OHz, H~28); 5.13 (d, J=4.4Hz, H~26); 4.87 (d, J=10Hz,
H~20); 3.76 (dxd, J=11.4/4.4Hz, H=13).

69a 5.36 (d. J=8.2Hz, H-26); 4.86 (db, J=10Hz, H-29); 4.31 (dxd, J=13.3/4.3Hz,
H-6equ.): 4.1 (dxd, J=10,2/3.8Hz, H-24); 3.54/3.41/3.32 (3xs, 3xOCH3).
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5.38/5.18/4.71 (3xd, J=8.5/9.1/10.4Hz, H-26/29/20): 3.58/3.42/3.31 (3xs,
3xQCHs).

53¢

5.42/5.13/4.59 (3xd, J=9.8/10.8/10.6Hz, H~29/26/20); 4.08 (dxd, J=11/3.5Hz,
H~24); 3.6/3.39/3.32 (3xs. 3xOCHg).

69d

502 4.35 (dxdxd, J=5/8/11Hz, H-33): 3.41/3.37/3.34 (3xs, 3xOCH,); 3.07 (s.
' CH3S02-). .

g12) 6.73 (dxdxt, J=10/17/THz, H-37); 5.22 (d, J=9Hz, H-29); 4.34 (m, H-33);
3.41/3.36/3.33 (3xs, 3xOCHg); 3.08 (s, CH3SOz-).

82 5.20 (s, H-26): 5.17 (d, J=OHz, H-29); 4.98 (d. J=9.7Hz, H-20); 4.12 (H-Be);
4.10 (d, J=4.6Hz, H~10); 4.04 (m, H-24); 3.40/3.36/3.30 (3xs, 3xOCHy); 1.685
(d. J=1Hz, 28-CHg); 1.68 (d, J=1Hz, 19~CHg}; 1.28 (d, J=B.7Hz, 11-CHg); 0.99
(d, J=6.5Hz, 17-CHg); 0.955 (d, J=THz, 25-CHg); 0.86 (t, J=7.4Hz, H-37).

83 - 5.10 (d, J=SHz, H—29)i 5.12 {s, H~26); 4.94 (d, J=9.5Hz, H-20): 4.09 (db,
J=13Hz, H-6e); 3.94 (d, J=3Hz, H-10); 3.73 (m, H~24); 3.41/3.35/3.33 (3xs,
3%OCHa); 1.64 (d, J=1Hz, 28~CHg): 1.58 (d, J=1Hz, 19~CHg); 1.40 {d, J=8.8Hz.
11-CHs): 0.99 and 0.99 (d and d, J=7 and 7Hz, 17-CHj and 25-CH3): 0.87 (t.
J=7.4Hz, H-37}.

843 5.22 (d, J=8Hz, H~29):; 5.04 (d, J=6.6Hz, H-26); 4.80 (d, J=10Hz, H-20); 4.15
(s, H=10); 4.00 (m, H-24); 3.94 (dxd, J=3/13Hz, H-Ge); 3.47/3.43/3.41 (3xs,
3xOCHg): 3.05 (dxdxd, J=4. 3/8 8/11.3Hz, H-32); 2.85 (dxd, J=7.9/16.7Hz,
H-23a); 2.51 (dxd, J=5.1/18. 7Hz. H-23b); 2.32 (m, HSO). 1.74 (d, J=1Hz,
19-CHj3); 1.63 (d, J=1Hz, 28-CHg); 1.29 (d, J=7Hz, 11-CHgz); 0.85 (t, J=7.4Hz,
H-37).

85 . 5.27 (s, H-26); 5.18 (d, J=9.1Hz, H-28); 5.13 (d, J=0.5Hz, H~20); 4.07 (dxd,
J=4.9/13.5Hz, H-6e); 3.95 (m, H-24); 3.90 (m, H-22): 3.62 (dxdxd,
J=2.4/4.4/8.2Hz, H-15); 3.54 (dxd, J=2.3/9.5Hz, H-14); 3.23 (dxt, J=5/10Hz,
H-13); 3.41/3.40/3.38 (3xs. 3xOCHg): 1.70 (d, J=1Hz, 28-CHg); 1.58 (s,
19-CHs); 1.10 (d, J=7Hz, 11-CHa); 0.98 (d, J=7Hz, 25-CHa); 0.95 (d, J=7Hz,
17-CHg); 0.89 (t, J=7.5Hz, H-37). |

86 5.28 (d, H-29); 5.27 (s, H-26); 5.17 (d. J=10.1Hz, H-20); 3.94 (db, J=13Hz,
H-6e); 3.8 (m, H-24); 3.58 (dxd, J=5.7/9.5Hz, H-14); 3.81 (s, 9~OCHa); 3.50
(s, 15-OCHz); 3.41 (s, 32-OCHg); 3.34 (s, 13-OCH3); 3.10 (dxdxd,
J=2.5/6/10Hz, H-15); 3.02 (dxdxd, J=4.3/8.8/11.2Hz, H-32); 2.30 (dxt.
J=3.8/13Hz, H-6a); 1.75 (d, J=1Hz, 19-CHa); 1.69 (d, J=1,1Hz, 28-CHa). 1.16
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25-CHa). 0.99 (d, J=8.4Hz, 17-CHy);

5.23 (d, J=9Hz, H-29); 5.19 (d, J=5.2Hz, H-26); 4.95 (d, J=10Hz, H-20); ;_33
(dxd, J=4/13Hz, H-Be); 3.55/3.40/3.31/3.12 (4xs, 4xOCHg).

5.30 (d, J=9Hz, H-29); 5.02 (d, J=8,2Hz, H-26); 4.83 (d, J=8.7Hz, H-20); 4.48
(dxd, J=3/13Hz, H-Be); 3.97 (m, H-24); 2x3.40/3.22/3.13 (3xs, 4xOCH3).

5.28 (d, J=9Hz, H~29); 5.25 (d, J=BHz, H-26); 4.84 (d, J=10Hz, H-20); 4.30
(dxd, J=3/13Hz, H-6e); 4.02 (m, H~24); 3.71 (d, J=8Hz, H-14); 3.04 (m, H-32);
3.59/3.44/3.38 (3xs, 3xOCHg). |

5.32 (d, J=8.7Hz, H-29); 5.22 (d, J=6.8Hz, H-26); 4.77 (d, J=10.3Hz, H-20):.
4.29 (db, J=13Hz, H-6e); 4.03 (m, H-24); 5.45 (d, J=8.6Hz, H-14);
3.44/3.43/3.38 (3xs, 3xOCHjs).

8.20/7.48/7.08 (imidazolyl-H); 6.22 (d, J=9.1Hz, H-29); 5.31 (dxd,
J=2.8/8.2Hz, H~14); 5.09 (d, J=6.0Hz, H-26); 4.88 (d, J=8.7Hz, H~20); 4.31
(dxd, J=3/12Hz, H-Be); 4.08 (m, H-24); 2x3.43/3.41 (2xs, 3xOCH3).

mixture: ketone/hemiketal = 34/66

ketone: 5.25 (d, J=0Hz, H~29); 5.07 {3, H-26); 4.84 (d,J=8.7Hz, H-20).
hemiketal: 5.04 (d, J=8Hz, H-29); 5.15 (s, H-26); 4.76 (d, H-20); 3.57 (dxd,
J=9.8/2.6Hz, H-15); 3.75 (cd, J=11.7/4.6Hz. H-13). |

mixture: ketone/hemiketal = 1/1.8

ketone: 5.25 (d, J=9.2Hz, H-29); 5.08 (d, J=6.6Hz, H-26); 4.85(d,J=9.6Hz,
H~20). |
hemiketal: 6.04 (d, J=9.3Hz, H~29): 5.15 (s, H-28); 4.78 (d, J=10.2Hz, H-20);
3.57 (dxd, J=10.1/2.4Hz, H-15); 3.76 (dxd, J=11.7/4.5Hz, H-13).

5.28 (d, J=9.1Hz, H29); 5.19 (d, J=5.9Hz, H26); 4.97 (d, J=9.7Hz, H20); 4.40
(m, HBe); 4.29 (dxd, J=8.9/4.5Hz, H13); 3.92 (t, J=7Hz, H15); 3.87 (m, H24);
13.41/3.39/3.38 (3xs, 3xOCHg); 3.24 (m, H21). '

| 5.28 (d, J=9.0Hz, H-29); 5.12 (d, J=7.9Hz, H~14); 5.10 (d, J=7.5Hi. H-26);
4.82 (d. J=10.4Hz, H-20); 4.23 (dxd, J=13/3Hz; H-6e);: 4.02 (t. H24).
- 3.50/3.41/3.30 (3xs, 3XOCH3] 2.16/2.06 (2x0OAc).

© 5.20 (m, 2H, H~29 and H~14); 5.10 (d, J=BHz, H-26); 4.90 (d, J=0.7Hz, H~20);
4.30 (dxd, J=13.3/4.5Hz, H-6e); 4.08 (m, H-24); 3.45/3.44/3.41 (3xs,
3x0CHy); 3.20 (m, H-21): 2.12 (OAc).




99

100

101

1022)

103
104

105

106

1075)

117

1186}

This Sheet Has Been Rep! laced

N

5.28 (d, J=8.7Hz, H~29); 5.09 (d, J=7.2Hz, H-26); 4.85 (d, J=10.4Hz, H-20);
4,23 (dxd, J=13/3Hz, H-6e); 4.05 (m, H-24);: 3.59/3.41/3.33 (3xs, 3xOCH3); -
3.27 (m, H-21); 2.05 (s, OAc); .
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5.37 (d, J=5.4Hz. H-26); 5.32 (d, J=8.7Hz, H~29); 4.78 (d, J=10.2Hz, H-20);
4,16 {dxd, J=13/3Hz, H—Ge) 4.00 (m, H~-24); 3.42/3.38/3.36 (3xs, 3xOCHy),
2.21 (s, OAc).

5.31 (d, J-9Hz. H-29); 5.19 (d, J-SHz. H- 26) 5.08 (dxd, J=5/7Hz, H~14); 4.80
(d, J=10Hz, H-20): 4.38 (dxd, J=13/3Hz, H~6e); 3.81 (m, H~24).

5.28 (d, J=9.1Hz, H-29); 4.96 (d, J=10.1Hz, H~20); 4.76 (d, J=4.8Hz, H~26);
4.21 (m, H-24); 3.99 (dxd, J=2.3/9.7Hz, H-14); 3.40/3.35/3.34 (3xs, 3xOCHs);
3.02 (dxdxd, J=4.3/8.8/11.3Hz, H-32); 1.80 (d, J=1Hz, 19-CHg); 1.74 (d,
J=1.1Hz, 28-CHj); 1.16 (d, J=7Hz, 11-CHy); 0.94 (d, J=7Hz, 25-CHj and
17-CH3); 0.87 (t, J=7.4Hz, H-37).

5.32 (d, J=9Hz, H-29); 5.23 (d, J=7.8Hz, H-26); 4.85 (d, J=10.2Hz, H-20); 4.17

.(dxd. J=4/13.5Hz, H—Ge);. 4.02 (m, H-24); 3.60 (m, H-15); 3.51 (dxd,

J=1.4/9.5Hz, H~14); 1.78 (d, J=1Hz, 19-CHg); 1.44 (d, J=6.9Hz, 11-CHj).

5.09 (sb, H-26): 4.99 and 4.91 (d and d; J=10 and 10Hz, H~-20 and H~29); 4.33.
(db, J=13H2, H-6e); 3.66 (m, H-22); 3.57 (m, H-24); 3.43/3.38/3.36 (3xs,
3xOCHg). '

5.215/5.14/4,95 (3xd, J=9/5.4/10.2Hz, H-29/26/20); 4.28 (dxd, J=4.5/13.7Hz;
H-6equ.); 3.64/3.58/3.41/3.32 (4xOCHjs). -

- 5.28/5.06/4.87 (3xd, J=8.9/7.2/10.4Hz, H-29/26/20); 4.22 (db, J=13.5Hz,

H-8equ.); 3.33/3.42/3.56 (3xs, 3xOCHs).

6.44/7.82 (2xsb, 2xNH); 5.22 (sb, H~26); 5.15 (d, J=8.9Hz, H-29); 4.95 (d,
J=9.2Hz, H-20); 4.53 (sb, H-8equ.); 4.18 (dxd, J=4.6/13.5Hz, H-24); 3.25(q,
H-21); 3.15 (dxt, H~Ba); 3.39/3.42/3.435 (3xs, 3xOCH3). '

5.26/5.08/4.88 (3xd, J=9.5/6.9/10.4Hz, H-29/26/20): 4.24 (dxd, J=4.4/ 13.5Hz,
H-Bequ.); 4.03 (tb, H-24); 3.56/3.41/3.33 (3xs, 3xOCHg); 2.97/2.78 (2xs,

2%NCHg).

5.32/5.13/4.97 13xd, H—26/29/20). 3.95 (m, H-24); 3.36/3.39/3.42 (3xs,
3xOCHj.

5.25/5.05 (2xd, H-26/29); 3.31/3,36/3.42 (3xs, 3xOCH3); 3.03 (m, H~32).

§.2/5.02 (m/d, H429/26120): 4.38 (dxd, H-~-Bequ.); 3.42/3.38/3.35 (3xs, '
3xOCHa). ' ' '
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spectrum:

212,32 (C-22), 202.22 (C-10), 170.27 (C-8), 165.04 (C-1), 139.26 (C-19).
133,22 (C-29), 130.93 (C-28); 123.57 (C-20); 84.466/84.145 (C-26/32).
18.475 (C-13), 77.588 (C-15), 76.573 (C-10), 73.478/73.451 (C-33/14),
79.14 (C-2), 66.9 (C-24), 58.816/57.042/56.483 (3xOCHs), 54.493 (C-21).
46.995 (C-18), 45.819 (C-23). ' ’
210.5/202.5/170.9/165..4/75;2(c-22/10/8/1/9) .

210.1/205.8/172.8/165.9/78.2 (C-22/10/8/1/9) .

170.12/169.72 (C-1/8), 150.4 (0.C0.0), 138.87 (C-18), 132.47 (C-28),
129.62 (C-29), 123.35 (C-20), 96.79 (C-9). 83.997 (C-32).

201.70 (C-9), 170.14/165.05 (C-1/8), 149 (b.C0.0). 138.01 (C-19). 131.11
(C-29), 129.50 (C-28), 124.25 (C-20), 83.916 (C-32). |

199.10 (C-10), 166.99/165.87 (C-1/8), 152.3/148.22 (0.CO.0), 138.28/
131.02/129.68/124.16 (C-19/29/28/20), 84.126 (OCmea). 83.992 (C-32),
80,635 (C-9), 79.17 (C-13), 78.237 (C-24), 77.892 (C-22), 77.524 (C-15),
77.01 (C-26), 73.671 (C-14), 73.384 (C-33), 72.137 (C-2), 57.495/
56.934/56.551 (3xOCH3), 49.047 (C-18), 44.062 (C-21), 38.118/37.531
(C-25/C-8), 35.071/34.636/34.39 (C-30/31/11), 32.847 (C-16), 31.094/

30.797/30.584 (C-3413/35); 27.97 (C-12), 27.58 (C-1 7), 25.873 (C-23), 24.65
(C-36), 23.304 (C-5), 21.875 (17-methyD), 20.818 (C-4), 17.362 (19-methyl),
14.783 (28-methyl), 13.223 (11-methyl), 11.929 (C-37): 9.26 (25-methyl).

167.88/166.00 (C-1/8), 152.41/149.72 (2x0.CO.0), 137.22/133.09/128.98/
124.98 (C-19/20/28/20), 104.10 (C-9), 88.88 (C-10), 57.326/56.963/56.226
(3x0CHs) 50,855 (C-18), 46.017 (C-25). 42.98 (C-21). 39.997 (C-6), 35.237
(C-30), 35.026 (C-16), 34.39 (C-12), 33.981 (C-31), 31.982 (C-11),
31.287/31.250 (C-23/34), 30.312 (C-35), 26.284 (C-3), 25.840 (C-38),
25.383 (C-17). | |

201.51 (C-10), 170.89 (C-1), 164.82 (c-8). 150.03 (0.C0.0), 137.85/
131.44/129.65/124.84 (C-19/29/28/20). '

170.66/170.56 (C-1/8), 149.86 (0.CO.0), 138.30 (C-19). 130.39° (C-28).
129.80 (C-29), 123.91 (C-20), 84.226 (C-32). 80.051 (C-13), 79.23 (C-9).
78.966/78.904 (C-22/24). |
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171.66/170.91 (C-1/8), 149.44 (0.C0.0), 138.44 (C-19), 130.20 (C-28),
a3 129.36 (C-29). 123.80 (C-20), 84.138 (C-32), 81,238 (C-9), 80.48 (C-13),
79.403 (C-22), 79.111 (C-10), 78 927 (C-24), 77.25 (C-14), 76.994 (C-15),

{ 75.947 (C-26).

172.97 (C-1), 168.48 (C-8), 134.4 (C~19), 131.59 (C-28), 128.97 (C-29),
! | 126.53 (C-20), 84.166 (C-32), 75.195 (C-33), 58.033/56.829/56.127
' (3xOCH3), 48.844 (C-18), 48.212 (C-21).

25 167.73/164.85 (C-1/8), 149.68 (0.CO.0), 136.79 (C-19), 132.39 (C-28),
132.39/130.73 (C-28/28), 128.63 (C-20), 84.111 (C-32), 57.693/56.820/
© 56.472 (3xOCHg).

26a 202.42 (C-9), 171.13 (C-1), 165.28 (C-8), 136.11 (C-19), 132.62 (C-29),
131.12 (C-28), 126.82 (C-20), 84.113 (C-32), s8. 456 (OCH3). 56.531
(2xOCH3), 49.714 (C-18), 46. 373 (C-23).

26b 173.74 (C-1), 168.91 (C~8), 137.50 (C-19). 131.73 (C-29), 128.58 (C- 28)
126.33 (C-20). 84.208 (C-32), 57. 2/57.061/56. 676 (3xOCHa).

28 201.2(C-10); 168.6 (C-1); 165.6 (C-8); 137.4 (C-19); 130.9 (C-28); 128.9 (C-20);
128.5 (C-29).

38 209.9/208.9/199.45/165.4/163.1(C-22/14/10/1/8)
159,04 (~OCHO) . R '

42 208.54 (C-22), 199.53 (C-10), 166.42 (C~1), 164.38 (C-8), 158.58 (OCHO),
140.28 (C-19), 137.73 (C~29), 130.79 (C-28), 123.57 (C~20), 86.243 (C~26).
84.057 (C~32), 76.9 (C-14), 75.0689 (C-33), 73.417 (C-2).

46 - 208.27 (0-22). 199.20 (C~10), 167.64/163.74 (C-'IIIB). 154,47 (0.CO.N),
140.50/137.89/130.14/123.39 (C-~18/29/28/20), 70.206 (C-2).

47a 210.32 (C-22), 167.78/167.16 (C-1/8), 155.54 (O.CO.N), 138.79 (C-19), 135
(b, C-29); 131.02 (C-28), 124.43 (C-20), 91.809 (C-10), 84.054 (C-32),
75.092 (C-33), 68.584 (C-24), 58.109/58.042/57.942 (3xOCHa).

47b 208.65/200.42 (C-22/14), 167.39/164.83 (C~1/8). 154.24 (O.CO.N), 139.33
(C-19), 137.29 (C-29), 130.71 (C-28), 124.16 (C-20).
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N .
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209.25 (C-22). 169.24 (C-1), 166.27 (C-8), 153.41 (0.CO.N}. 140.69 (C-19).
140.29 (C-29), 128.40 (C-28), 122.82 (C-20), 87.968 (C-26), 30.905/86.991
(C-9/10), 84.261 (C-32), 61.503 (15-OCH3). 58.071 (32-OCHy). 56.877
(13-OCH3). '

208.14 (C-22), 184.68 (0.CS.N), 168.92 (C-1), 165.28 (C-8), 141.03 (C-19).
1139.72 (C-29), 129.43 (C-28), 122.85 (C-20), 95.02 (C-10), 91.581 (C-9).
88.676 (C~26), 84.297 (C-32), 82.275 (C-13), 78.245 (C-15), 75.575/75.432
(C-33/14), 72.818 (C-2), 68.016 (C-24), 61.514 (15-OCHg), 58.238

49

" (32-OCHj), 56.808 {13-OCHg), 56.512 (C-21), 48.776 (C~23), 30.083 (N-me-_
thyl).

53 210.10/208.92/206.25 (C~22/10/14), 167.39/164.05 (C-~1/8), 139.39/138.10/
130.36/123.85 (C~19/29/28/20), 81.232 (C-9), 80.082 (C-15).

54 209.31/208.70/204.01 (C-22/10/14), 167.92/163.88 (C~1/8), 139.79/137.45/
| 130.83/123.97 (C-19/29/28/20), 83.118 (C-10), 67.831 (C-24), 88.512/
58.027/58.02/54.311 (4xOCH3) |

55 208.92 (C-22), 198.98 (C-10), 166.97/163.28 (C-1/8), 140.66/137.29/
131.02/123.46 (C-19/29/28/20). '

56 208.89 (C-22), 199.66 (C-10), 165.85/164.51 (C-1/8), 139.92/137.41/
130.13/123.35 (C-20/29/28/20), 70.59 (C-2), 67.281 (C-24), 62.863 (C-9).

57 209.55 (C-22), 196.68 (0-10). 168.0/164.38 (C-1/8), 140.28/137.05/130.88/
123.28 (C-~19/29/28/20), 85.703 (C-26), 84.087 (C-32), 75.189 (C-33),
70.388 (C~2), 68.139 (C-24), 62.075 (C-~9), 60.122/58.019/57.752 (3xOCH3),
56.213 (C-21), 48.031 (0-23}, 46.862 (C-18), 16.043 (19-methyl), 11.14
(28—methyl)

59 208.58 (C-~22), 203.72 (C-10), 170.7 (C-1), 163.86 (C—S). 140.39/137.51/
130.96/123.69 (C-19/29/28/20), 86.028 (C-26), 84.051 (C-32), 80.267
(C~15), 79.691 (C~13), 78.424 (C-9), 75.118 (C-33), 73. 368 (C-14), 72.925
(C-2), 68.033 (C-24), 61.289/57.928/55.55 (3xOCHjz), 56. 357 (C-21), 47.658
(C~18), 47.291 (C-23).

66 209.5/204.6/167.5/164.3/81.5 (C_-22/10/1/,8/9) .

_\\\
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209.62 (C-22), 204.50 (C~10), '169_.69/164.71 (C-1/8), 140.61/135.79/130.8/
123.44 (C-19/29/28/20), 77.56 (C-9). 71.403 (C-2).

211.33 (C-22), 199.36 (C-10), 166.71/164.47 (C-1/8), 139.63/133.591

108
130.73/124.90 (C~19/29/28/20), 85.405 (C-26), 84.14 (C-32), 78.99 (C-13)
77.963 (C-15), 75.699 (C-14), 73.466 (C-33), 72.245 (C-2), 67.223 (C-24),
64.425 (C-9), 57.521/56.865/56.522 (3xOCH3), 55.062 (C~21), 9.094 (25-me-
thyl). '

{09 211.81/197.45 (C-22/10), 165.0/164.76 (C-1/8), 138.26/131.68/130.93/
123.37 (C-19/29/28/20), 62.723 (C-9), 9.371 (25-methyl).

110 - 210.07/209.53/205.85 (C-22/14/10), 167.32/164.52 (C~1/8), 139.69/135.58/
130.53/123.81 (C—-19/29/28/20) 81.337 (C-9), 72.293 (C-2), 8.58 (25-me-
thyl).

111 211.37/206.86/203.55 (C-22/14/10), 167.76/164.71 (C-1/8), 138.96/134.31/
130.30/124.64 (C-19/29/28/20).

112 © 200.24 (C-10), 167.81/166.31 (C~1/8), 149.01 (0.CO.0), 138.54 /129.73/

129.13/123.57 (C-19/29/28/20), 74.637 (C-8), 11.737 (C-37), 10.257
(25-methyl). '
113 201.74 {C-10), 170.16/165.04 (C-1/8), 149.25 (0.CO. 0}, 76. 213 (C-9).
1148) 173.26/168.78 (C-8/1), 138.44/131.93/129.13/126.4 (0-19/29/28/20) 84.242
(C-32), 79.984/79.887/79.744 (C-10/26/9), 72.737 (C-2).
’ 116 213.24 (C-22), 168.09/186.97 (C-1/8), 155.52 (Q.CO.N), 137.89/131.32/

130.45/123.89 (C-18/29/28/20), 8.891 {25~-methyl).

1) 250 MHz/CDsOD

2) 250 MHz/CDCl3

3) 500 MHz/CDCI3+CD300
4} 330°K

5} 323°K

5) 320°K

7250 MHz _ | \
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The compounds of the invention in free form or pharmaceutically
20 eptable salt form, hereinafter briefly named the "agents of the
otion", possess pharmacological activity. They are thus indicated for
y5e as phannaceuta.cals In particular they possess antiinflammatory, and
JI[m,_,msupp::essant: and antiproliferative activity.

The antiinflammatory activity may e.g. be detemmined in the
following test methods, wherein abbreviations have the following
significance:

DNP = 2, 4-d:|.m.trophenol
DNFB = 2,4~dinitrofluorobenzene
TPA = 12-o-tetradecanoylphorbol-13-acetate

1. Iohibition of mast cell degramulation in vitro
Murine mast cells (CFTL~12) are treated with DNP-specific IgE
overnight. Degranulation is triggered by the addition of antigen (DNP) and
" measured as hexosaminidase activity in cell supernatant after 60 minutes in
a colorimetric assay. Inhibitory substances are added 30 minutes prior to
" DNP. ' '

The agents of the invention elicit in this test degranulation of
' mast cells (ICsp) at a dosage from about 1 ng/ml to about 50 ng/ml.

2. Oxazolone-induced allergic contact dermatitis (mouse)
[the test method is as described in F.M. Dietrich and R. Hess,

Int. Arch. Allexgy 38 (1970) 246-259]:
The agents of the invention elicit in this test an activity

(inhibition of inflammatory swelling) of up to 58 % upon a single topical
application as a 0.01 % solution. Hydrocortisone (1.2 %) is inactive under
these conditions in this model and indométhazine (3.6 %) inhibits
inflanmation by only 22 %. : -
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3. DNFB-induced allergic contact dermatitis (swine)
(the test method is as described in e.g. EP 315 978):
Two topical applications of a 0.13 % formulation of the agents of
the invention result in inhibition of the inflammatory reaction by up
to 44 %.

4. Inhibition of phorbol ester (TPA) - induced irritant contact dermatitis
{(mouse)
(the test method is as described in e.g. EP 315 978):
The agents of the invention elicit in this test upon single
application of a 0. 4-3.6 % formulation an inhibition of the 1nflammatory

reaction by up to 40 .

S. Inhibition of.arachidanic'acid ~ induced irritant contact dermatitis
{mouse)

. Female NMRI mice are treated topically on both thé inner -and outer
sides of the right ear with 10 pl of DAE 244 (DMSO/acetone/ethanol=2/4/4)
containing the test compound (usually 1.2 and 3.6 %). After 30 minutes the
iight ear is treated topically with 10 pl (both inside and oﬁt) of acetone
containing 1 mg of arachidonic acid. After a further 90 minutes the mice
are sacrificed and the ears cut off at the cartilage line and weighed. The
difference in weight between left and right ears is calculated and the
$ inhibitioh taken relative to the group treated with arachidonic acid
alone. | | |

The agents of the invention elicit in this test upon single
application of a 0.4-3.6 % formulation an inhibition of the inflammatory
reaction by up to 30 $%. '

6. Inhibition of ionophore {A 23187) ~ induced irritant comtact dermatitis

{mouse)

Female NMRI mice are treated topically on the inside of the right
ear with 15 pl of acetone/10 % DMSO containing 15 pg of A 23187 with or
without the test compound (usually 0.4 % and 1.2 %). After 7.5 h the mice
are sacrificed and the ears cut off at the cartilage line and weighed. The
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difference between the left and right ears is calculated for each mouse and
the % inhibition is taken relative to the group héving received A 23187
alone. ' | -

The agents of the invention elicit in this test upoﬂ single
application of a 0.4-1.2 % formulation an inhibition of the inflammatory
reaction by up to 72 %. .Indomethazine used for comparison inhibited
inflammation by 44 % at 1.2 % ccngenttation.

Immunosuppressant and antiproliferative activity may e.g. be
determlned in the following test methods:

7. Prollferatlve response of lngggggges to allgggg stimulation in the -
mxed lymphocyte reactlon {MLR) in vitro

{the test method is as described in e.g. T. Meo, "The MLR in the
Mouse®™, Immunological Methods, L. Lefkovits and B. Pernis, Eds., Academic
Press, N.Y. (1979) 227-239]:

The agents of the invention elicit in this test suppression of
mixed lymphocytes (ICso) at a dosage of from about 10 ng/ml to about
100 ng/ml.

8. Inhibition of the pri humoral immune re to e es
[the test method is as described in R.I. Mishell and R.W. Dutton,
Science 153 (1966) 1004-1006; R.I. Mishell and R.W. Dutton, J. Exp. Med.
126 (1967) 423-442]: _
The agents of the invention are active in this test with an ICsg.
of from about 0.0024 pg/ml to about 0.32 pg/ml.

9. Inhibition of proliferation of human keratinocytes
(the test method is as described in e.g. EP 539326):
The agents of the invention are active in this test at
concentrations of from about 3 pM/ml to about 10 pM/ml, resulting in an
inhibition of from about 20 $ to about 50 %.
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10. Inhibition of phorbol ester (TPA) - induced epidermal
‘hyperproliferation (mouse) _
For induction of epidermal hyperproliferation TPA (0.005 %) is

applied to the pinna surface on days 1 and 3. The test compound is applied
to the same sites once daily on days 1, 2, 3 and 4. The vehicle is applied
in the same way to TPA-treated control animals. Evaluation of
ahtiproliferative activity of the test compound is performed on day 4,
6 hours after the last application, by immunohistological examination of
the incidence of BrdU-staining keratinocytes (BrdU injected'one hour before
the animals are sacrificed labels cells at the S-phase) and by measurement
of the epidermal area per section area in test and control animals.

. The agents of the invention elicit in this test upon
4 applications of a 0.4 = 1.2 % formulation an inhibition of BrdU-labeling
by 60-70 % and an inhibition of epidermal hyperplasia by 17-42 .

The agent of Examples 71 (and 6d) and the agent of Example 93,
particularly'the agent of Example 71 {6d) are the preferred agents for the
above indications. It has for example been determined that in the above
test 6. these agents in the form of a 1.2 % preparation have better
activity than a corresponding 1.2 % preparation of indomethazine. It is,
therefore, indicated that for the above uses the compounds of Examples 71

 (6d) and 93 may be administered to larger mammals, for example humans, by
similar modes of administration at similar or lower dosages than
conventionally employed with indomethazine. '

The agents of the invention are therefore indicated as
antiinflammatory agents and as immunosuppressant and antiproliferatibe
agents for topicél and systemic use in the prevention and treatment of
inflammatory and hyperproliferative conditions and of conditions requiring
immunosuppression, such as | | _

a) treatment of inflammatory and hyperproliferative skin diseases, such as
atopical dermatitis, contact dermatitis and further eczematous
dermatoses, seborrhoeic dermatitis, Lichen planus, Pemphigus, bullous

Pemphigoid, Epidermolysis bullosa, vasculitides, erythemas, cutaneous
S A
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eosinophilias, Lupus erythematosus, acne, psoriasis and cutaneous

tumors:;

b) prevention and treatment of allergic diseases such as extrinsic asthma,
rhinitis, conjunctivitis, atopic eczema, ‘urticaria/angioedema, food/drug
allergy and anaphylaxis;

C) prevention and treatment of
- resistance in situations of organ or tissue transplantation, e. g. of

heart, kldney, liver, bone marrow and skin,

- graft-versus-host disease, such as following bone marrow grafts,

- autoimmune diseases such as rheumatoid arthritis, systemic Lupus
erythematosus, Hashimoto’s thyroiditis, multiple sclerosis, Myasthenia
gravis, diabetes type I and uveitis, |

- skin manifestations of lmmunologxcally-medlated dlsorders, and

- alopec1a areata.

The agents may be administered systemically or topically. For the
above indications the appropriate dosage will, of course, vary depending
upon, for example, the host, the mode of administration and the nature and
severity of the condition being treated. However, in general, beneficial
results are indicated to be obtained systemically at daily dosages of from
about 1.0 mg/kg to about 10 mg/kg animal body weight. BAn indicated daily
dosage in the larger mammal is in the range of from about 10 mg to about

1000 mg, conveniently administered, for example, in divided doses up to

four times a day or in retard form. For topical use beneficial results are
obtained upon local administration at a concentration of from about 1 % to
about 3 % of active substance several times daily, e.g. 2 to 5 times daily.

The agents of the invention may be administered by any '
conventional route, in particular enterally, e.g. orally, e.g. in the form
of tablets or capsules, or topically, e.g. in the form of lotions, gels,
creams, sprays, and solutions such as ophtalmic or nasal solutions or
aerosols for local treatment of skin and mucosal membranes, e.g. the eye,
respiratory tract, vagina, oral and nasal cav1ty.
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Pharmaceutical compositions e.g. for topical application
comprising an agent of the invention in association with a least one
pharmaceutically acceptable carrier or diluent may be manufactured in
conventional manner by mixing with a pharmaceutically acceptable carrier or
diluent. Unit dosage forms contain, for example, from about 0.0025 mg to
about 50 mg of active substance. o

Topical administration is e.g. to the skin, A further form of

‘topical administration is to the eye, e.g. for the treatment of

immune-mediated conditions of the eye, such as: autoimmune diseases, e.g.
uveitis, keratoplasy and chronic keratitis; allergic conditions, e.g;
vernal conjunctivitis; inflammatory conditions and corneal transplants, by
the topical administration to the eye surface of an agent of the invention
in a pharmaceutically acceptable ophthalmic vehicle.

| The ophthalmic vehicle is such that the compound is maintained in
contact with the ocular surface for a sufficient time period to allow the
compound to penetrate the corneal and internal regions of the eye, é.g. the
anterior chamber, posterior chamber, vitreous body, aqueous humor, vitreous
humor, cornea, iris/ciliary, lens, choroid/retina and sclera. The
pharmaceutically acceptable ophthalmic vehicle may be e.g. an ointment, a
vegetable oil or an encapsulating material.

Whilst the antiinflammatory and immunosuppressant and
antiproliferative activity is the main activity of the agents of the
invention they also possess some degree of activity in increasing
sensitivity to, or in increasing the efficacy of, chemotherapeutic drug

: thetapy. This activity may e.g. be determined according to the test

methods described in EP 360 760.

The compounds of the invention are therefore indicated for ﬁse in
reversing chemo;herapeutic drug resistance of varying types, e.g. acquired
or innate, or in increasing sensitivity to administered drug therapy, e.é.
as a means of reducing regular chemotherapeutic dosage levels, for example
in the case of anti-neoplastic or cytostatic drug therapy, as a means of

—_—
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décreasing overall drug toxicity and, more especially, as a means of
reversing or reducing resistance, including both inherent and acquired
resistance, to chemotherapy.

The invention thus also concerns the use of an agent of the
invention as a pharmaceutical, particularly as an antiinflammatory, and as'
an immunosuppressant and antiproliferative agent; an agent'of the invention
for use as a pharmaceutical; the use of an agent of the invention for the
preparation of a pharmaceutical composition which comprises mixing.with at
least one pharmaceutically acceptable carrier or diluent; and a process for
the preparation of a pharmaceutical composition which comprises mixing an
agent of the invention together with at least one pharmaceutically
acceptable carrier or diluent. - It further provides a pharﬁaceutiéal
composition comprising an agent of the invention in association with at
least one pharﬁaceutical carrier or diluent. It further provides a method
of treatment of inflammatory and hyperproliferative.conditioné and of
conditions requiring inmmunosuppression which comprises administering a
therapeutically effective amount of an agent of the invention to a patient
in need of such treatment. |
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CLAIMS:

A compound of formulae I to III

1.

=
111 ———-

’ T

| .
| L OCH3 OCH3 CHi
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wherein _
the symbol represents a single bond or, when Ry, is absent,
_ a double bond; |
Ry represents an optiohally protected hydroxy group and R;, represents

hydrogen;

or Ry and Ry, together represent oxo;

represents an optionally protected hydroxy group or together with R,
-forms the -QC(=0)0- group, and Rz, represents hydrogen or is absent;
whereby when the symbol ——— is a single bond,

Rz together with Rz, also represents oxo;

represents methyl, ethyl, n-propyl or allyl; .
represents optionally protected hydroxy or together with Rz forms the
-0C(=0) 0~ group, and Rqa represents hydrogen; -

or Ry together with Rqs represents oxo;

represents alkoxycarbonyloxy, halogen, optionally protected hydroxy,
lower alkoxy, acyioxy or a groﬁp -0C(=X)N(Ryo)R11}

or Rs together with Rg, forms a group -OC(=X)N(R’1o)~ attached with the
nitrogen atom to the carbon atom carrying Rea, whereby X represents
oxygen or sulfur, Rie and Ry; independently represent hydrogen or lower
alkyl or together with the nitrogen atom form a five- or six-membered
ring optionally containing a second heteroatom such as nitrogen or
oxygen, and R’;p is hydrogen oi lower alkyl; '

or Rs together with Rga represents oxy, whereby Rg represents hydroxy;
represents hydroxy, and Re, represents hydrogen or together with Rs
forms a group -OC(=X)N(R’;0)=- as defined above;

or R¢ and Rga together represent oxo;

R’s represents optionally protected hydroxy, lower alkoxy or acyloxy and

R’¢ represents hydroxy,
or R’'s and R’g together form the ~OC(=0)0- group;

R"s represents hydroxy or lower alkoxy and R"¢ represents hydrozy;

Ry

or R*s and R%¢ together form the =-OC(=0)0- group:
represents methoxy or hydroxy; -
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Rg represents an optionally protected hydroxy group, acyloxy,
imidazolylcarbonyloxy or alkoxycarbonyloxy and Rg, represents hydrogen;
or Rg represents hydroxy and Rgs together with Rs represents oxy;
or Rg together with Raa'represents 0x0; and

n represents 1 or 2;

in free form or salt form.

2. A compound according to claim 1 of formulae I to III as defined in

claim 1, with the proviso that

Rz and Ry are other than together the -0OC(=0)0~- group;

Rs is other than protected hydroxy:

Rs is other than alkoxycarbonyloxy, halogen, protected hydroxy, a group
- =0C(=X)N(R109)R11 as defined above or together with Rg, a group

-0C(=X)N(R’10) =~ as defined above;
R’s is other than protected hydroxy; and

‘Rg is other than protected’hydroxy or alkqucarbonyloxy of altogether more

than 2 carbon atoms,
in free form or salt form.

3. A compound according to claim 1 of formulae I to III as defined in
claim 1, with the proviso that R4, Rs and R’s are other than protected
hydroxy, and Rg is other than alkoxycarbonyloxy of altogether more than 2
carbon atoms, in free form or salt form.

4. a compound according to claim 1 of formulae 1q to IIIq
R1aq
H4C0

(CHa)y

|




A

900-9725

g
o l , OCHs OCHs CHa
and
.i I
|
!
CH3
wherein
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Riq represents hydroxy optionally protected by'tert-butyldimethylsiiyl or
methylsulfonyl and R;,q represents hydrogen; |
or Ryq and Ryjaq together represent oxo;

Rzq represents hydroxy optionally protected by tert-butyldimethylsilyl or
together with Ryq forms the -OC(=0)0- group:

Rsq represents ethyl or allyl;

Req represents hydroxy optionally protected by tert-butyldimethylsilyl or
together with Ryq forms the -0C {=0) O~ group, and :

Rsaq represents hydrogen;
or Ryq together with Rqaq represents oxo;

Rsq represents methoxycarbonyloxy; chlorine; hydroxy optionally protected by
tert-butyldimethylsilyl, tert-butoxycarbonyl or methylsulfonyl; methoxy:
formyloxy, acetoxy or benzoyloxy; or a group -OC(-O)N(R1§q)R11q wherein
Rioq and Riiq independently represent hydrogen or methyl or together with

"the nitrogen atom form 4-morpholinyl; _

or Rsq together with Rgaq forms a group ~OC(=X)N(R’j0q)~ wherein X is as
defined above and R’ 10q is hydrogen or methyl;

or Rsq together with Rgaq represents'oxy, whereby Rgq represents hydroxy;

Rgq represents hydroxy, and Reaq represents hydrogen or together with Rsq
forms a group ~OC(=X)N(R’104) - as defined above;
or Req and Reaq together represent 0x0; |

R'sq represents hydroxy optlonally protected by benzoyl or acetyl and

R’¢q represents hydroxy;
or R’sq and R’/gq together form the =-0C(=0)0= group;

R"sq represents hydroxy or methoxy and R"g¢q represents hydroxy;

or R"sq and R%gq together form the -OC(=0)O- group; and

Raq represents hydroxy optionally protected by tert~butyldimethylsilyl or
methylsulfonyl; acetoxy or benzoyloxy; or l-imidazolylcarbonylozy; and
Rgag represents hydrogen;
or Rgq represents hydroxy and Rgaq together with Rsq represents oxy;
or Rgq together with Rgaq represent oxo;

lin free form or salt form.
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5. A compound according to claim 1 of formulae Is to Vs

R
R1a
Is
IIs

OCHs OCH3 CHs

This Sheet Has Been Rcii

UMY

i




’;
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wherein the substituents are a
in free form or salt form.
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6. A compound acéording to claim 5 wherein

- when Ry is other than oxo together with Ria, then Rl'preferably is bound
with the a-configuration to the carbon atom in 33 position;

- Rs preferably is bound with the a-conflguratlon to the carbon atom in
21 position;

- when Rgy is other than oxo together with Rga, then Ry preferably is bound
with the a-configuration to the carbon atom in 22 position;

in free form or salt form. '

5 7. A compound according to claim 1 of formulae Ig to IIIg aé defined in
‘.." claim 4 having the stereochemical configuration indicated in claim 5 or 6 for
the compounds of formulae Is to Vs, ' '
in free form or salt form.

8. The compound of formula I wherein

Riar R2a and Rg, represent hydrogen;

Ri, Rz, Rs and Rg represent hydroxy:

Rz represents ethyl;

Ry and Rga together, and R¢ and Rg, together, represent oxo;
- the symbol

Ry represents methoxy; and

represents a single bond;

n represents 2
(diastereoisomer B).

9. The compound of formula I wherein

Rla'and Rza represent hydrogen;

Ri1, Rz and Rs represent hydroxy;

R3 represents ethyl;

Ry and R4a together, Rg and Rg, together, and Rg and Rga together,
represent oxo;

represents a single bond;

the symbol
Ry represents methoxy; and

'n represents 2
(diastereoiscmer A).
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10. The compound of formula I wherein
' Ria and Rz, represent hydrogeﬁ:
R; and Ry represent hydroxy;
Ra represents ethyl;
Rq and Ry, together, and R¢ and Rg, together, represent 0xo;
Rs and Rg, together represent oxy;
Rg represents hydroxy;
the symbol ——— represents a single bond;

R7 represents methoxy; and
n represents 2
(diastereoisomer 3).
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wherein the substituents are as defined in claim 1,
reacting a compound of formula IV

W

wherein the substituents are as defined in claim 1, with an appropriate
base or organic or anorganic salt, opt:.onally in the presence of a phase
transfer catalyst, or

b) for the production of a compound of formula Ia or IIa, reacting a
compound of formula V '
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4herein Ro represents alkyl and the other substituents a:e as defined in
claim 1, with an appropriate base or organic or anorganic salt, optionally
;n the presence of a phase transfer catalyst, or

¢c) for the production of a compound of formulae I to III whereln Ry and Ry,
and/or R’s and R’¢ respectively R%s and R"¢ together form the -0OC(=0)0-
groups reacting a compound of formula I, II or III wherein Ry and Ry,
and/or R’s and R’¢ respectively R"s and R"¢ represent hydroxy, with
phosgene, diphosgene or triphosgene in the presence of an acid binder, or

d) for the production of a compound of formulae I to III wherein at least
one of the substituents Ri, Rz, Ry, R¢ Or Rg represents hydroxy,
appropriately reducing a'compound of formula I, II or III wherein at least
one of the substituents Ry, Rz, Re, Re Or Rg together with Ria, Rza, Rea’
or, respectively, Rga represents oxo, or

e) for the production of a compound of formulae I to III wherein Rs, R’s
and R"s represent lower alkoxy, appropriately alkylating a compound of
formula I, II or III wherein Rs, R’s and R"s represent hydroxy, or

£) for the production of a compound of formula I or II wherein at least one
of the substituents Rs, R’s or Rg represents acyloxy, alkoxycarbonyloxy or
-0C{=X)N(Rj0)R11, appropriately acylating a compound of formula I or II
wherein at least one of the substituents Rs, R’s or Rg represents hydroxy,
where indicated followed by the addition of NH3 or of an appropriate amine,
or

g) for the production of a compound of formula I wherein Rg together with
Rga represents oxo, appropriately oxidizing a compound of formula I wherein
Rg represents hydroxy and Rga represents hydrogen, or '

h) for the production of a compound of formula I wherein Rs represents
halogen, appropriately halogenatlng a compound of formula I wherein Rs
represents hydxoxy,
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and/or optionally deprotecting a resultant compound of formulae I to III
yherein a protected hydroxy group(s) is (are) present, and/or optionally
protecting a resultant compound of formulae I to III wherein a free hydroxy
group(s) is (are) present,

and recovering the resultant compound in free form or salt form.

12. A pharmaceutical composition comprising a compound of formulae I to III
as defined in claim 1 in free form or in pharmaceutically acceptable salt
form in association with at least one pharmaceutically acceptable carrier or

diluent.

13. A compound of formulae I to III as defined in claim 1 in f.fee form or in
pharmaceutically acceptable salt form for use as a pharmaceutical.

14. A compound according to claim 13 for use as an antiinflammatory, or as
an immunosuppressant and antiproliferative agent.

15. A process for the preparation of a pharmaceutical composition which
comprises mixing a compound of formulae I to III as defined in claim 1 in
free form or in pharmaceutically acceptable salt form together with at least
one pharmaceutically acceptable carrier or diluent. '
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