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Abstract—Starting from 330-silyl-protected ascomycin or its 23,24-dehydration product, regio- and stereo-selective formal aldol reactions
under carbon—carbon bond formation at C-22, C-23, or C-24 are demonstrated. Additionally, with the 22-silyl enol ether ascomycin
derivative a rhodium(l)-catalysed shift of the 19,20 double bond into the 19,38 exocyclic position is observed at elevated temperature.
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Introduction

Ascomycin () is a macrolactam, isolated from the fermen-
tation broth of the soil funguStreptomyces hygroscopicus
var. ascomyceticu¥ ¢ Derivatives of ascomycin have
shown high anti-inflammatory activities in animal models
for skin inflammation and clinical efficacy has been proven
in patients with atopic dermatitis, allergic and irritant
contact dermatitis as well as psoria&is! The first asco-
mycin derivative in development as a drug, SDZ ASM
981%" (2), is currently being extensively investigated in
patients with inflammatory skin diseases.

Ascomycin has a complex macrocyclic structure (Fig. 1).
The left part, the ‘binding domain’, is responsible for the

binding domain

1 R=0OH ascomycin
2 R =epi-Cl SDZ ASM 981

Figure 1.

binding to macrophilin, the intracellular cytosolic receptor.
The right part, the ‘effector domain’, interacts with
calcineurin, the target enzyme, and thus determines the
specific biological activit/®® Rapamycin §), another
macrocyclic compound, shares the binding domain with
ascomycin but has a different effector domain (Fig. 1). As
a consequence it binds to macrophilin, but not to
calcineurin, which results in different biological and phar-
macological propertie?.In contrast to ascomycin and other
calcineurin inhibitors, rapamycin does not have anti-inflam-
matory properties in animal models of skin inflammation.

On the basis of this knowledge we were interested to prepare
new ascomycin derivatives with structural modifications in
the effector domain, while leaving the binding domain

3 rapamycin
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modification at C,, modification at C,, and C,, modification at C,;

®

: ‘>[\ OsiEt,

Scheme 1.

unchanged in a dedicated medicinal chemistry program. examples for selective reactions at the 22-ketone, e.g. treat-
Here we report on the preparation of new ascomycin ment of ascomycin with ammonia or methylamine yielded
derivatives by selective C—C bond formation in the region C-9imine and C-10 amine derivativ@Swhereas hydrazine
C-22 to C-24 via aldol-type reactions. The synthetic strategy and hydroxylamine reacted selectively at the 22-keto group
for selective C—C bond formation in the effector domain is to give the corresponding hydrazone and oxime, respec-
shown in Scheme 1. tively.” Alkyl and allyl Grignard reagents were reported to
add to the 9-carbonyl, but with alkyl and aryllithium
compounds preferential addition to the 22-keto group

Results and Discussion from the sterically less hinderefi-face was observetl.
Selectivity for C-9 versus C-22 attack in ascomycin is
Regioselective C—C bond formation at carbon C-22 thus presumably determined by electronic as well as steric

effects, which can further be modulated by ketone—hemi-
Ascomycin features four keto groups C-8, C-9, C-10 (C-10 ketal equilibrium and conformational changes.
masked as hemiketal) and C-22. (Fig. 1). The unique
arrangement of three adjacent carbonyls in positions 8—100ur efforts to achieve selective aldol reactions focused on
suggests that nucleophiles should preferentially attack at theacid catalysed reactions with silyl-enolates, since asco-
9-keto group, especially under conditions where the free mycin is unstable in protic solvents under basic condi-
10-carbonyl is in equilibrium with the hemiketalThis tions®®® In a first attempt 24,3®-bisert-butyldi-
expectation has been largely confirmed, but there aremethyl)silyl-ascomycin4)* (Scheme 2) was treated with

R'O., TBDMSO,,,

OTBDMS l

OMe
BF,.Et,0
CH,CL/-78°C

4 R'=R?=TBDMS
5 R'=TBDMS, R =H

-TsOH
toluene/60°C

Scheme 2.
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tert-butyldimethylsilyloxy-1-methoxyethe&® in  the
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4.62 ppm) due to the lactone formation. A positive NOE

presence of boron trifluoride etherate. However, no reaction is observed between the signals at 4.93 ppm for H-20 and
was observed even after prolonged reaction times. Wethe AB system at 2. 65 and 2.55 ppm (COH his indi-
considered this failure to be due to steric hindrance by the cates that the OH substituent at C-22 is in an axial position

bulky protective group (TBDMS) in position 24 of the asco-

and the configuration at C-22 R Attack of the silyl enol

mycin derivative, and therefore repeated the experlment ether thus has occurred from the less bulky side of the

using 330-(tert-butyldimethyl)silyl-ascomycin §)"? with

a free 24-OH group as starting material. Compound
readily and regioselectively reacted withert-butyl-
dimethylsilyloxy-1-methoxyethene to give after chromato-
graphic purification 22-dihydro-22-(methoxy-carbonyl)-
methyl-ascomycin derivativé in 36% yield (Scheme 2).
Compound6 was isolated as a single stereoisomer. The
newly introduced methoxycarbonylmethyl group appears
in the'H NMR spectrum (CDG) as a singlet at 3.77 ppm
and an AB system at 2.63 and 2.39 ppipg&17 Hz). The
13C NMR spectrum deduced unambiguously addition at the
C-22 due to the absence of the signabat213.4 for C-22
carbonyl (signal of C-22 shifted t&®=76.1) and the
unchanged signal for C-9 carbonyl &t195.9.

When thetert-butyldimethylsilyl group of6 was removed
under acidic conditions concomitant transesterification
occurred yielding the lactoridwhich was further converted
into its dehydration produa@ by treatment with a catalytic
amount ofp-toluenesulfonic acid in toluene at @D

Compound7 exists in CDC} solution as a mixture of two
rotamers regarding the amide bond. The signal of H-24 in
the '"H NMR spectrum of7 is shifted downfield when
compared to its position in the spectrum bf (3.93—

molecule.
Regioselective C-C bond formation at C-22 and C-24

Introduction of a double bondAf*?) created a new
electrophilic center at carbon 24 and was expected to enable
selective C—C bond formations at position 24. EneH&”®
(Scheme 3) was prepared from protected ascom§gday
treatment with methanesulfonyl chloride and excess
4-dimethylaminopyridine. Treatment & with tert-butyl-
dimethylsilyloxy-1-methoxyethene in the presence of
boron trifluoride etherate resulted, however, in a 1,2-addi-
tion to the 22-keto group (Scheme 3). The @2wydroxy-
methylester derivativeslO (30%) and 12 (18%) were
obtained as the main products together with traces of a
third component (not elucidated). Deprotection 0
was achieved with 1IN HCI in acetonitrile to give
compoundllin 82% yield as a single isomer (configuration
at the new stereogenic center in position 22 unknown,
Scheme 3).

Predominant 1,4-addition was eventually achieved by
replacmg the catalyst boron trifluoride etherate by 3 mol%
LiClO, in dichloromethané® Under these conditions the
Michael addition product&3a(16%) and13b (29%) were

R'O.,,
o)
| 220 OTBDMS
K OMe
—_——
BF,.Et,0
CH,CL,/-78°C
- 10 R' = TBDMS, R? =
Ol O< 9 1N HCI 1A R2 MS Re =
12R' = TBDMS
OTBDMS
OMe
LiCIO,/CH,CI/rt.
HF/CH,CN
—_—

13a,b separated E and Z isomers

Scheme 3.
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obtained as main products along with lower amounts (16%) Compound 16 features an exocyclic ‘€CH, group as

of the 1,2-addtion produdt2. The compound3aexists in  evidenced by 2-BH/**C NMR correlation (HMQC) analy-
CDCl; solution as a mixture of (1:1tyans—cis amide rota- sis (new signal for olefinic protons at 4.68 and 4.61 ppm
mers in equal intensities, which made the interpretation of correlating with the signal for a C atom at 113.5 ppm).
the spectrum difficult. Although the C—C bond formation at Obviously the C19/20 double bond was shifted into the
C-24 as well as the formed silyl enol ether at C22/23 of both C19/38 position under the influence of the Wilkinson's
13a and 13b could be assigned from their NMR data, catalyst. Attempts to regenerate the 22-keto function
attempts to determine their absolute configuration at C- of 16 led to reformation of the 19,20 double bond in
22, C-23 and C-24 via NMR spectroscopy failed. Depro- the original conformation vyieldingl7*** which was
tection of 13a and 13b, respectively, by treatment with also obtained upon deprotection of the silyl enol ether
aqueous HF in acetonitrile gave one single identical 15 (Scheme 4).

compoundl4. Consequently, compounds8aand13b are

E/Zisomers regarding the formed silyl enol ether in position The silyl ether15 reacted with aldehydes (benzaldehyde,

C22/23. acetaldehyde) in the presence of boron trifluoride etherate
to give the expected aldol products8( 28% and20, 43%
Regioselective C-C bond formation at position 23 yield) under C—C bond formation at position 23 (Scheme 4).

The compounds were obtained as single stereoisomers
In order to allow a selective C—C bond formation at position (configuration at the two new stereogenic centers
23, regioselective conversion of the 22-carbonyl group into unknown). Treatment with 2% HF in acetonitrile
an enol ether with the double bond between positions 22 andprovided the deprotected analogu&d and 21, respec-
23 was envisaged. This was achieved by hydrosilylation of tively (Scheme 4).
enone9 (Scheme 4). Reaction d® with an excess of
triethylsilane and a catalytic amount of Wilkinson’s catalyst In summary, it has been shown that stereo- and regio-
in benzene at room temperature for 24 h yielded the silyl selective alkylation at position 22, 23, and 24 in ascomycin
enol etherl5in 55% yield. Raising the temperature t0°80 can be achieved by acid catalysed aldol-type reactions
in order to shorten the reaction time led to a complex in this complex molecule. In addition, the formation of
mixture of compounds from which, besidé$ (15%), a a novel ascomycin derivative with a double bond shifted
new componentl6 was isolated in 25% yield by multiple  from the 19/20 to the exocyclic 19/38 position was
chromatography. observed.

RCHO/BF, Et,0
CH,CL/-78°C

15,16 R'= TBDMS 18 R'=TBDMS R = C;H,
HF/CH,CN

19 R'=H,R=C.H
a) Et,SiH/(Ph,P),RhCl/benzene/refl./1 h e

20 R'=TBDMS, R=C
b) Et,SiH/(Ph,P),RhCl/benzene/rt./24 h HF/CH,CN "
21 R'=H,R=CH,

Scheme 4.
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Experimental

'H and *C NMR spectra were recorded in CDRCht
250 MHz (Bruker WM 250) and at 500 MHz (Bruker
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organic layer was successively washed with water and
brine, dried over MgS@and evaporated in vacuo. The
crude product purified by chromatography (hexane/ethyl
acetate 1:3) gav& 31 mg (64%).*H NMR (CDCLy): two

AMX 500) in CDCl; with (Me3),Si as internal standard. conformers (2:1), signals of the major conform&5.21 (d,
Due to hindered rotation the amide bond at room tempera- 2 Hz, H-26), 4.97 (dJ=9 Hz, H-29), 4.92 (d,J=10.2 Hz,
ture most of the compounds existed in solution (CPH@i H-20), 4.88 (d,J=4.9 Hz, H-2), 4.63 (dddJ;=2.3 Hz,
two conformers (mixture dfans-cisamide rotameres), only  J,=11 Hz, J;=13 Hz, H-24), 4.16 (s, OH), 3.75 (dd,
data for the predominant conformer and relevant absorptionJ;=2.5 Hz, J,=9.5 Hz, H-14), 3.59 (m, H-15), 3.16 (s,
are given. All mass spectra are fast atom bombardmentOH), 3.02 (ddd,J;=4.3 Hz, J,=8 Hz, J;=13 Hz, H-32),
(FAB) spectra (matrix: nitrobenzylic alcohol) and was 2.65 and 2.55 (AB,Jas=17 Hz, CHCOO), 1.71 (m,
recorded on a VG 70-SE instrument (VG Analytical) H-23). **C NMR (CDCL): & 196.0 (C-9), 171.7 (COO-
operating at 8 kV accelerating voltage. All reactions were lactone), 169.2 (C-1), 165.7 (C-8), 137.2 (C-19), 130.4
monitored by thin-layer chromatography performed by use (C-28), 128.8 (C-29), 124.4 (C-20), 98.6 (C-10), 84.1
of silica gel F254 plates (Merck). Visualisation was (C-32), 78.6 (C-24), 76.2 (C-15), 76.1 (C-26), 73.5
performed with a solution of molybdato-phosphoric acid (C-33), 73.0 (C-13), 72.6 (C-14), 72.1 (C-22), 56.8
(20% in EtOH/HO, 3:1) followed by heating to 15C or (15-OCH), 56.6 (32-OCH) 56.2 (130CH), 52.3 (C-2),
UV. Column chromatography was carried out on silica gel 50.1 (C-21), 49.4 (C-18), 43.9 (C-6), 39.3 (C-25), 39.1
60 (40—63um, Merck) using pressures up to 5 bars with the (CH,COO), 38.1 (C-11), 37.3 (C-23) 34.8 (C-30, C-31),
indicated solvent system. Tetrahydrofuran (THF) was 33.8 (C-16), 32.4 (C-12), 32.7, 31.2 (C-34), 30.7 (C-35),

obtained dry by distillation from LiAll; all other solvents
were dried by storing over 3- or 4-folecular sieves.

33-(tert-Butyldimethylsilyl)-22-dihydro-22-(methoxycar-
bonyl)methyl-ascomycin (6).A solution of 330-TBDMS-
ascomycin5 (1.36 g, 1.5 mmol) in CKCl, (2 ml) was
treated with boron trifluoride etherate (496 mg, 3.5 mmol)
at —78C under argon atmosphere. After 10 mintett

butyldimethylsilyloxy-1-methoxy-ethene (500 mg, 2.7

25.9 (C-3, C-17), 24.2 (C-5), 23.8 (C-39), 20.7 (C-4), 20.1
(17CHy), 16.1 (11CH), 15.6 (19CH), 14.3 (28CH), 12.4
(C-40), 10.5 (25CH). FABMS: Calcd (M+Li) © Calcd for
CacH7iNOsLi e 840, found 840.

22-Deoxo0-24-deoxy-(22b-0x0-22,22a-dihydro-pyrano-
[22,24Db,c])-ascomycin (8). A solution of 7 (90 mg,
0.1 mmol) in toluene (1.5 ml) was treated wipktoluene-
sulfonic acid (3 mg) and heated at°@for 16 h. Purifica-

mmol) was added by drops, the mixture was warmed to tion of the mixture by chromatography (hexane/ethyl

—30°C and stirred for 3 h. The mixture was neutralised
with sat. agueous NaHCQOsolution and extracted with

acetate 1:2-1:4) afforded 10 mgB (12%) as a colourless
foam.*H NMR (CDCly): two conformers (4:5), signals of

ethyl acetate. The extract was washed with water andthe major conformers 5.79 (s, G=CH-COQO), 5.24 (s,

brine, dried over MgS@and evaporated in vacuo. Chroma-

H-26), 5.09 (d,J=8.9 Hz, H-29), 4.98 (dJ=4.2 Hz, H-2),

tography of the residue (toluene/ethyl acetate 5:1) gave4.93 (d, J=9 Hz, H-20), 4.18 (m, H-24), 3.88 (dd,

529 mg (36%) of6. *H NMR (CDCl): & 5.34 (s, H-26),
5.0 (d,J=9 Hz, H-29), 4.79 (dJ=10.4 Hz, H-20), 4.45 (br,
d,J=10 Hz, H-6), 4.43 (s, 10-OH), 4.35 (d=1 Hz, H-22),
4.32 (d,J=4.1 Hz, H-2), 4.1 (dd;=3.4 Hz, J,=10.9 Hz,
H-24), 3.76 (s, COOCH), 3.55 (d,J=9.3 Hz, H-15), 3.49
(d, J=9.7 Hz, H-14), 2.95 (m, H-32), 2.63, 2.39 (AB,
J=17.5 Hz, CHCOO), 1.85 (m, H-25), 1.66 (d}=1 Hz,
28CH,), 1.44 (s, 19CH), 0.77 (t,J=7.4 Hz, H-40), 0.07,
0.06 (2s, Si(CH),). °C NMR (CDCk): & 195.9 (C-9),
173.9 COOCH;), 168.3 (C-11), 164.8 (C-8), 136.9
(C-19), 133.3 (C-28), 128.3,128.0 (C-20, C-29), 97.3
(C-10), 84.2 (C-32), 76.2 (C-22), 75.3, 74.1 (C-13, C-14,
C-15), 74.7 (C-26), 73.9 (C-33), 71.8 (C-24), 58.1, 56.6,
56.2 (30CH), 57.3 (C-2), 52.0 (COCHS,), 50.8 (C-18),
485 (C-21), 45.3 CH,COO), 39.2 (C-6), 38.9 (C-23),
36.9 (C-31), 34.9, 34.7 (C-11, C-30), 33.8 (C-12, C-16),
32.0 (C-34), 31.0 (C-35), 27.7 (C-3, C-17), 25.8
(SiC(CH)s), 24.7 (C-5), 23.5 (C-39), 22.0 (C-4), 21.3
(17CHp), 16.3 (11CH), 15.9 (19CH), 14.8 (28CH), 13.3
(C-40), 9.5 (25CH), —4.5, —4.7 (Si(CH),). FABMS:
Caled (M+Li) * Calcd for G,HggNO,,SiLi mve 986, found
986.

22-Dihydro-24-deoxy-(22b-oxo-tetrahydropyrano[22,24-
b,c])-ascomycin (7).A solution of6 (55 mg, 0.03 mmol) in
acetonitrile (1 ml) was treated with 0.5 ml 1N HCI at rt for

J3=2.5Hz, 3,=9.5 Hz, H-14), 3.01 (m, H-23)3C NMR
(CDCL): & 168.7 (COO-lactone), 165.4 (C-1), 164.3
(C-8), 138.7 (C-19), 131.8 (C-28), 129.6 (C-29), 125.3
(C-20), 114.2 (E=CH-COO), 98.6 (C-10), 84.1 (C-32),
79.1 (C-24), 76.4 (C-15), 75.3 (C-26), 73.6 (C-13, C-33),
72.4 (C-14), 72.0 (C-14), 72.0 (C-22), 56.7, 56.5, 56.3
(30CH), 52.6 (C-2).

33-(tert-Butyldimethylsilyl)- A%*2422-dihydro-22-(meth-
oxycarbonyl)methyl-ascomycin (10) and 33,22-biggrt-
butyldimethylsilyl)- A2*?422-dihydro-22-(methoxy-
carbonyl)methyl-ascomycin (12)

According to the procedure as described €rprepared
from 9 (176 mg, 0.2 mmol), boron trifluoride etherate
(85 mg, 0.6 mmol) and tert-butyldimethylsilyloxy-1-
methoxy-ethene (279 mg, 1.5 mmol) in gH, (2 ml).
Purification of the crude product by chromatography
(hexanel/ethyl acetate 6:44:1) gave 57 mg (30%)10
along 39 mg ofl2 (18%) as colourless foam.

Compound 10.*H NMR (CDCL): & 5.57 (d, J=16 Hz,
H-23), 5.25 (dd,J;=8.5 Hz, J,=16 Hz, H-24), 5.09 (s,
H-26), 5.01 (d, J=9.1Hz, H-29), 4.94 (d,J=1.5Hz,
10-OH), 4.76 (br, dJ=4.5 Hz, H-20), 4.67 (d)=10.4 Hz,
H-2), 4,41 (br, d,J=14.6 Hz, H-6), 4.16 (s, OH), 3.76

1 h. The mixture was neutralised with saturated aqueous(COOMe), 2.64 (s, COC}H), 0.9 (s, SiCCHs)3), 0.08 and

NaHCQ; solution and extracted with ethyl acetate. The

0.07 (2s, Si(CH),). *C NMR (CDCk): 6 196.7 (C-9), 174.0
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(COOMe), 169.0 (C-1), 165.6 (C-8), 136.2, 132.5, Compound 13a.'H NMR (CDCly): two conformers (1:1),
131.7,130.6 (C-19, C-23, C-24, C-28), 129.6, 128,6 (C-20, due to complicated overlapping, signals of both com-
C-29), 96.9 (C-10), 84.2 (C-32), 79.4 (C-22), 75,3, 75.2 formers: 6 4.25 and 4.24 (dJ=10.5 Hz, H-23), 3.98 (s,
(C-15, C-13,), 75.0 (C-26), 74.0 (C-14), 73.5 (C-33), OH), 3.79 and 3.78 (dd};=1 Hz, J,=9.5 Hz, H-14), 3.64
58.12, 57.0 (30CH), 52.0 (C-2), 50.8 (COQH,), 42.2 and 3.62 (s, COOC}), 2.94 (m, H-21), 2.43 (m, H-24), 2.55
(CH,COO0), 25.8 (SIC(CH)3), —4.5, —4.7 (Si(CH),). (dd, J;=3.5Hz, J,=13.6 Hz, CHCOO) and 2.17 (dd,
J1=10 Hz, J,=13.6 Hz, CHCOO). **C NMR (CDCk): &
Compound 12.*H NMR (CDCL): 6 5.64 (d,J=16 Hz, 195.9 (C-9), 172.9, 172.6000CH,), 170.1, 169.5 (C-1),
H-23), 5.52 (d,J=1.5Hz, 10-OH), 5.08 (s, H-26), 5.00 164.2, 163.5 (C-8), 154.2, 153.8 (C-22), 133.7, 132.9
(m, H-29 and H-2), 4.98 (ddJ;=8.9 Hz, J,=16 Hz, (C-19), 131.6 (C-28), 130.2, 129.6 (C-29), 127.2, 126.8
H-24), 4.57 (d,J=10.7 Hz, H-20), 4.43 (br, d}]=10.4 Hz, (C-20), 109.4, 108.6 (C-23), 99.4, 98.2 (C-10), 84.4, 84.2
He6), 3.70 (COOMe), 2.76 and 2.70J,=16.4 Hz, (C-32), 77.7 (C-15), 75.5, 75.4, 75.3 (C-13, C-33), 73.6
COCH,), 0.08—0.065 (4s, Si(Chb). *C NMR (CDCL): & (C-14), 72.9, 72.0 (C-26), 57.9, 57.7, 56.9, 56.7, 56.4,
197.0 (C-9), 172.0@OOMe), 169.2 (C-1), 166.0 (C-8), 56.2,(30CH), 56.3, 53.5 (C-2), 51.5, 51.3 (CGQEbiy),
136.2,134.4, 130.7, 130.2 (C-19, C-23, C-24, C-28), 49.6, 49.4 (C-18). FABMS: Calcd (MLi)" Calcd for
129.5, 128.7 (C-20, C-29), 96.9 (C-10), 84.2 (C-32), 79.0 CsgH19:NO15SiLi n/e 1082, found 1082.
(C-22), 75.0 (C-26), 73.5 (C-33), 55.8 (C-2), 515
(COQCHs,), 42.4 CH,COO), 26.0 (SIC(CH)3), —1.6,-2.6, Compound 13b.H NMR (CDCly): 6 5.21 (d,J=8 Hz,
—4.5,—4.7 (Si(CHy),). FABMS: Calcd (M+Li) * Caled for H-29), 5.20 (d,J=4.9 Hz, H-2), 5.06 (dJ=8 Hz, H-20),
CsgH10:1NO13SioLi m/e 1082, found 1082. 4,98 (d,J=8.7 Hz, H-26), 4.51 (dJ=7.4 Hz, H-23), 3.79
(dd, J;=2.7 Hz,J,=9.6 Hz, H-14), 3.63 (s, COOGJ{ 3.17
A%?422_Dihydro-22-(methoxycarbonyl)methyl-asco-  (dt, J;=3.3 Hz,J,=13 Hz, H6), 2.86 (m, H-24), 2.74 (m,
mycin (11).According to the procedure as described#oa H-21), 2.59 (dd,J;=4.1 Hz, J,=15.7 Hz, CHCOOQO), 2.25
mixture of10 (55 mg, 0.06 mmol) and 0.5 mlof 1 N HClin  (dd, J;=11.2 Hz, J,=15.7 Hz, CHCOO), 2.03 (ddd,
acetonitrile (1 ml) was stirred for 1 h, and then worked up. J;=2.4 Hz,J,=8.7 Hz,J;=7 Hz, H-25), 0.89 (SIC(CH}5).
The residue was purified by chromatography (hexane/ethyl **C NMR (CDCL): & 195.6 (C-9), 173.0COOCH;), 169.0
acetate 1:5) to give 39 mg (82%)} as colourless foanmtH (C-1), 166.5 (C-8), 155.4 (C-22), 136.6 (C-19), 134.2
NMR (CDCly): 6 5.56 (d,J=16.1Hz, H-23), 5.29 (dd, (C-29), 131.9 (C-28), 127.8 (C-20), 104.2 (C-23), 98.2
J;=8.5Hz, J,=16.1 Hz, H-24), 5.12 (br, dJ=8.2 Hz, (C-10), 84.2 (C-32), 82.7 (C-15), 77.5, (C-26), 75.0
H-26), 5.06 (d, J=9.1Hz, H-29), 4.91 (d,J=1Hz, (C-33), 74.0 (C-13, C-14), 57.8, 57.3, 56.0 (304H51.8
10-OH), 4.76 (d,J=4.8 Hz, H-2), 4.69 (dJ=10.4 Hz, H- (COQCHS,), 51.2 (C-2). FABMS: Calcd (M-Li) ™ Calcd for
20), 4.43 (br, dJ=10.5Hz, H-6), 4.17 (s, OH), 3.75 (s,  CsgH1p:NO13SiLi m/e 1082, found 1082.
COOCH), 3.61 (dd,J;=2.1 Hz,J,=9.6 Hz, H-15), 3.56 (d,
J=9.6 Hz, H-14), 2.65 (dJ=1.3 Hz, COCH), 1.66 (s, 24-Deoxy-24-(methoxycarbonyl)methyl-ascomycin (14).
18CH), 1.51 (s, 19CH), 1.04 (d,J=6.3 Hz, 11CH), 1.01 A solution of 13a (110 mg, 0.1 mmol) in acetonitrile
(d, J=6.5Hz, 17CH), 0.92 (d,J=7 Hz, 25CH), 0.76 (t, (2 ml) was treated with 40% aqueous HF solution (2
J=7.5 Hz, H-40).3*C NMR (CDCL): 6 196.6 (C-9), 173.9  at rt for 45 min. The mixture was neutralised with saturated
(COOCH), 169.0 (C-1), 165.5 (C-8), 136.3 (C19), 132.6 aqueous NaHCgsolution and extracted with ethyl acetate
(C-23), 131.6 (C-24), 131.0 (C-28), 129.6 (C-29), 128.6 (3x5ml). The combined organic layers were washed with
(C20), 97.0 (C-10), 84.2 (C-32), 79,5 (C-26), 75.5 (C-22), water and brine, dried over MgQ@nd evaporated in vacuo.
75.0 (C-15), 74.0 (C-33), 73.8 (C-13), 73.6 (C-14), 57.0, The crude product was purified by chromatography (hexane/
56.6 (20CH), 56.1 (C-2 and OCE), 52.0 (COCCHs,), ethyl acetate 1:2) yielded 53 mg (63%4 as a colourless
50.7 (C-18), 49.1 (C-21), 42.3CH,COO0), 39.0 (C-6), foam.
38.2 (C-25), 34.9 (C-30, C-31), 34.7 (C-16), 34.5 (C-11),
32.3 (C-12), 31.2 (C-34), 30.6 (C-35), 28.1 (C-12), 27.8 According to the procedure above, a solution 13b
(C-3), 24.4 (C-5), 22.2 (C-39), 21.4 (C-4), 21.1 (17g¢H (125 mg, 0.12 mmol) in acetonitrile (2 ml) was treated
16.5, 16.4 (11CH 15CHs;, 19CH), 14.8 (28CH), 13.8 with 40% aqueous HF (2Ql) for 45 min and then worked
(25CH;), 12.2 (C-40). FABMS: Calcd (MLi) * Caled for up. Purification by chromatography affordedt 61 mg
C46H73NO45Li m/e 854, found 854. (62%). '"H NMR (CDCL): two conformers (5:4), signals
of the major conformers 5.17 (s, H-26), 4.98 (m, H-20,
H-29), 4.45 (tJ=3.7 Hz, H-2), 4.40 (d, brJ=10.7 Hz, H¢

Reaction with lithium perchlorate 6), 3.82 (dd,J;=2.4 Hz,J,=9.5 Hz, H-14), 3.67 (COOC?L
3.01 (ddd,J;=4.5 Hz, J,=9 Hz, J;=11.5 Hz, H-32).°C
A mixture of 9 (444 mg, 0.5 mmol) and fert-butyl- NMR (CDCly): 6 212.3 (C-22), 196.4 (C-9), 173.1

dimethylsilyloxy-1-methoxy-ethene (242 mg, 1.3 mmol) in (COOCH,), 169.4 (C-1), 165.6 (C-8), 138.7 (C-19), 131.6
anhydrous ChkCl, (5ml) was treated with lithium  (C-28), 128.7 (C-29), 123.7 (C-20), 98.0 (C-10), 84.2
perchlorate (1.7 mg 0.016 mmol). After stirring at rt for (C-32), 79.8 (C-26), 75.9, 74.1 (C-13, C-15), 73.5 (C-33),
30 min, the mixture was diluted with saturated aqueous 73.4 (C-14), 56.3 (C-2) 55.6 (C-21), 51.5 (CQGB,), 48.5
NaHCGQG; solution and ethylacetate. The organic layer was (C-18), 40.0 CH,COO), 40.0 (C-6), 36.5 (C-25), 34.9
washed with water and brine, dried over MgS&hd con- (C-31), 33.3 (C-16), 32.5 (C-12), 31.2 (C-34), 30.6
certrated in vacuo. Upon chromatography of the residue (C-35), 27.7 (C-17), 26.3 (C-3), 25.1 (C-39), 24.3 (C-5),
(hexane/ethyl acetate 6:34:1) 90 mg 13a (16.6%) and 21.2 (C-4). FABMS: Calcd (MLi)" Calcd for
154 mg13b (29%) were obtained along 89 ni@ (16%). C4eH73NO3Li m/e 854, found 854.
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Reactions with trietylsilane

33-(tert-Butyldimethylsilyl)-24-deoxy-22-dihydro-22-tri-
ethylsilyl enol ether ascomycin (15).A solution of 9
(500 mg, 0.563 mmol) and triethylsilane (561 mg,

7475

washed with water and brine, dried over MgS®d evapo-
rated in vacuo. Purification by column chromatography
(hexanelethyl acetate 4+43:1) supplied 28 mg (28%) of
18. *H NMR (CDCly): & 7.36—7.26 (m, Hs), 5.21 (d, br,
J=9 Hz, H-29), 4.81 (dJ=10 Hz, H-26), 4.67 (dJ=7 Hz,

5.6 mmol) in anhydrous benzene (86 ml) was treated with (CHOHGCsHs), 4.43 (d,J=10.5 Hz, H-20), 4.42 (dJ=5 Hz,

tris(triphenylphosphine)chlororhodium (32 mg, 0.034
mmol) under argon atmosphere at rt. After stirring for

H-2), 4.36 (M, H-6), 4.19 (s,100H), 3.84 (dd,;=2.2 Hz,
J,=9.6 Hz, H-14), 3.6 (m, H-15), 3.51 (m, H-13), 2.62 (d,

24 h, the reaction mixture was concentrated in vacuo. Chro-J=2 Hz, CHOHCgzHs), 0.9 (SiC(CH)3), 0.04 (s (Si(CH)y).

matography of the residue (hexane/ethyl acetate-8:1)
gave 308 mg (55%) o15 as colourless foam along 84 mg
(17%) of 33-TBDMS-24-deoxy-ascomycii ).

Compound 15.*H NMR (CDCL): isomers (5:2), signals of
the major conformers 5.15 (d,J=5.8 Hz, H-2), 5.11 (d,
J=10 Hz, H-20), 4.99 (dJ=6 Hz, H-26), 4.7 (s, 10-OH),
4.5 (t, J=7 Hz, H-23), 3.85 (ddJ;=3.2 Hz, J,=9.5 Hz,
H-14), 3.24 (m, K-6), 2.9 (m, H-32), 2.76 (m, H-21), 0.9
(s, SiC(CHy)3), 0.67 (m, Si(CHCHjy), 0.59 (Si(CHCHy)),
0.08, 0.06 (s, Si(CH),). **C NMR (CDCk): & 195.7 (C-9),
169.2 (C-1), 166.2 (C-8), 154.0 (C-22), 135.8 (C-19),
131.6,131.4 (C-28, C-29), 128.2 (C-20), 103.7 (C-23),
98.3 (C-10), 84.2 (C-32), 78.1 (C-26), 75.2, (C-33, C-15),
74.1(C-13),52.1 (C-2) 48.3 (C-18), 46.0 (C-21), 44.0 (C-6),
25.8 (SiCCHs)3), 5.8 (SCH,CHy), —4.5, —4.7 (Si(CHy),).
FABMS: Calcd (M+Li) " Caled for GgHg/NOy;Si,Li mve
1010, found 1010.

To a solution of9 (59, 5.63 mmol) and triethylsilane
(5.61 g, 56 mmol) in benzene (65 ml) was added tris(tri-

13 NMR (CDCL): & 215 (C-22), 196.9 (C-9), 169.1 (C-1),
164.6 (C-8), 141.6, 128.5, 128.0, 126.4¢), 138.7
(C-19), 136.0 (C-29), 130.7 (C-28), 123.4 (C-20), 97.7
(C-10), 85.6 (C-26), 84.1 (C-32), 75.5 (C-15), 75.2
(C-33), 74,2 CHOHCgH:), 73.4 (C-13), 72.7 (C-14), 58.9
(C-23), 57.9, 57.1, 56.3 (30GM 56.6 (C-21), 55.9 (C-2),
49.9 (C-18), 38.9 (C-6), 36.3 (C-16), 36.12 (C-31), 34.9
(C-30), 34.8 (C-11), 33.9 (C-34), 32.6 (C-12), 305
(C-35), 30.2 (C-24), 28.2 (C-3), 25.9 (SiC(QH), 24.8
(C-17), 24.0 (C-5), 23.6 (C-39), 20.2 (C-4), 18.7 (17HH
17.3 (25CH), 15.9 (11CH), 15.2 (19CH), 11.3 (C-40),
10.9 (28CH), —4.4, —4.7 (Si(CH),).

24-Deoxy-23-(1-hydroxy-1-phenyl-methyl)-ascomycin
(19). Deprotection of compound8 was carried out as
described forl4. A solution of 18 (66 mg, 0.06 mmol) in
acetonitrile (1 ml) was treated 40% aqueous HF 10
Purification by chromatography (hexane/ethyl acetate
1:2—1:3) supplied 37 mg (70%) ofl9 as a colourless
foam.*H NMR (CDCly): & 7.36—7.26 (m, gHs), 5.22 (d,

br, J=9 Hz, H-29), 4.81 (d,J=10Hz, H-26), 4.65 (d,

phenylphosphine)chlororhodium (320 mg, 0.34 mmol) and J=7 Hz, (HOHGC:Hs), 4.61 (d, br,J=10.5Hz, H-20),

refluxed for 1 h. The mixture was filtered trough a pad of

4.42 (d,J=5 Hz, H-2), 4.38 (ddJ;=4.2 Hz, J,=13.5 Hz,

Celite and the solvent was removed in vacuo. The crude He-6), 4.19 (s,100H), 3.85 (dd};=2.2 Hz, J,=9.6 Hz,
product was purified by multiple chromatography (toluene H-14), 3.6 (m, H-15), 3.51 (dtJ,;=4.6 Hz, J,=9.6 Hz,

/ethylacetate 15:3:4:1) gave 1.4 g (25%) df6 and 825 mg
(15%) of 15.

Compound 16.*H NMR (CDCly): 6 5.11 (s, H-26), 4.95
(br, d,J=9 Hz, H-29), 4.68, 4.61 (2s, H-38), 4.52 (br, H-2),
4.41 (d,J=16 Hz, H-6), 4.32 (dd J;=2.8 Hz,J,=10.2 Hz,
H-23), 3.79 (dd,J;=1.7 Hz, J,=10.5 Hz, H-14), 3.65 (m,
H-15).%°C NMR (CDCk): 4 196.4 (C-9), 169.3 (C-1), 164.8
(C-8), 151.9 (C-22), 145.2 (C-19), 131.1 (C-28), 128.0
(C-29), 113.5 (C-38), 104.7 (C-19), 97.2 (C-10), 84.3
(C-32), 80.5 (C-26), 75.2 (C-15, C-33), 73.2 (C-13), 72.5
(C-14), 58.0, 57.1, 56.2 (30GH 56.1 (C-2), 48.8 (C-18),
39.5 (C-21), 38.9 (C-6), 37.9 (C-20), 36.7 (C-35), 36.5
(C-16), 35.7 (C-25), 34.9, 34.8 (C-11,C-30), 33.8 (C-34),
32.5 (C-12), 31.6 (C-24), 31.0 (C-31), 27.5 (C-3), 27.0
(C-39), 25.9 (Si(CH),), 25.4 (C-17), 24.2 (C-5), 20.9
(C-4), 17.2 (17CH), 16.0 (11CH), 14.6 (C-28CH), 11.9
(C-40), 10.7 (25CH), 6.8, 5.3 (SiCHCH,), —4.5, —4.7
(Si(CHy),). FABMS: Caled (M+Li)* Caled for
CssHg7NOy1Si,Li mye 1010, found 1010.

33-(tert-Butyldimethylsilyl)-24-deoxy-23-(1-hydroxy-1-
phenyl-methyl)-ascomycin (18). To a solution of 15
(100 mg, 0.1 mmol) in CEKCl, (3 ml) were added a drop

H-13), 2.72 (d, brJ=9.8 Hz, OH).3C NMR (CDCL): 6
214.7 (C-22), 196.9 (C-9), 164.6 (C-8), 141.7, 128.5, 128.0,
126.4 (GHs-), 138.7 (C-19), 135.5 (C-29), 131.0 (C-28),
123.5 (C-20), 97.7 (C-10), 85.7 (C-26), 84.1 (C-32), 75.5
(C-15), 74.3 CHOHC:Hs), 73.5 (C-13, C-33), 72.7 (C-14),
58.9 (C-23), 30.4 (C-24). FABMS: Calcd (MLi) © Calcd

for C5oH,5NOy,LI m/e 881, found 881.

33-(tert-Butyldimethylsilyl)-24-deoxy-23-(1-hydroxy-
ethyl)-ascomycin (20).Compound20 was prepared from
15 (150 mg, 0.15mmol) and acetaldehyde (33 mg,
0.75 mmol) according to the procedure as described for
18. Purification of the crude product by chromatography
(hexane/ethyl acetate 3:1) provided 60 mg (4326) 'H
NMR (CDCly): 8 5.26 (d, J=7.7 Hz, H-29), 4.87 (d,
J=9.8 Hz, H-26), 4.73 (d, bi=10 Hz, H-20), 4.45 (d,
J=5.4Hz, H-2), 4.40 (d, brJ=9.6 Hz, H-6), 4.21 (s,
100H), 3.89 (m, EIOHCH;), 3.86 (dd, J;=2.3 Hz,
J,=9.6 Hz, H-14), 3.63 (m, H-15), 2.93 (ddd;=4.5 Hz,
J>=8.5Hz, J;=11Hz, H-32), 2.69 (ddd,J;=1.8 Hz,
J,=3.8 Hz, J;=11.2 Hz, H-23), 2.4 (dJ=2 Hz, OH) 2.33
(m, H-11), 1.18 (dJ=6.5 Hz, CHOH®5), 0.97 (d J=7 Hz,
11CH,). *°C NMR (CDCk): 6 215.9 (C-22), 197.0 (C-9),
169.2 (C-1), 164.6 (C-8), 138.7 (C-19), 136.0 (C-29),

of boron triflouride etherate and benzaldehyde (110 mg, 130.71 (C-28), 123.4 (C-20), 97.7 (C-10), 85.8 (C-26),

2 mmol) at—78C under argon atmosphere. After stirring
for 30 min the mixture was quenched with saturated
aqueous NaHC®solution and extracted 30 ml) with

84.1 (C-32), 75.5 (C-15), 75.1 (C-33), 73.4 (C-13), 72.8
(C-14), 67.6 CHOHCH,), 57.8, 56.8, 56.26 (30CH
57.3 (C-23), 56.6 (C-21), 56.0 (C-2), 49.9 (C-18), 36.9

CH,CIl,. The combined organic layers were subsequently (C-6), 36.3 (C-16), 36.1 (C-31), 34.9 (C-30). 34.7 (C-11),
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33.8 (C-25, C-34), 32.6 (C-12), 30.5 (C-35), 29.3 (C-24),
28.1 (C-3), 25.9 (Si(CHs), 25.0 (C-17), 24.3 (C-5), 23.9
(C-39), 20.5 (CHOICHS,), 20.4 (C-4), 18.8 (17C¥), 17.5
(25CH), 16.0 (11CH), 15.2 (19CH), 11.6 (C-40), 10.9
(28CHy), —45, —4.7 (Si(CHy),).

24-Deoxy-23-(1-hydroxy-ethyl)-ascomycin (21)Depro-
tection of compound@®0 was carried out as described for
14. Compound0 (60 mg, 0.06 mmol) was treated in aceto-
nitrile (1 ml) with 40% aqueous HF (14l) for 1.5 h. Puri-
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Nikolaidis, N. M.; Lane, B. C.; Trevillyan, J. M.; Cannon, J.;
Marsh, K.; Carter, G.W.; Or, Y.; Chen, Y.; Hsieh, G.C.; Luly, J.
J. Invest. Dermatoll999 112(5), 729-738. (h) Paul, C.; Graeber,
M.; Stitz, A. Expert Opin. Invest. Drug200Q 9, 69-77.

3. (a) Queille-Roussel, C.; Grar, M.; Wagenaar, A.; Thurston,
M.; Lachapelle, J. M.; Decroix, J.; De Cuyper, C.; Ortonne, J. P.
Australasian J. Dermatol1997, 38 (Supp. 2), 55. (b) Graul, A.;
Castaner, JDrugs Future1998 23 (5), 508-512. (c) Van Leent,
E. J. M.; Graber, M.; Thurston, M; Wagenaar, A.; Spuls, P. |.; Bos,
J. D. Arch. Dermatol.1998 134, 805-809. (d) Mrowietz, U.;

fication by chromatography (hexane/ethyl acetate 1:4) Brautigam, M.; Graeber, M.; Thurston, M.; Wagenaar, A.;

supplied 35 mg (67%) o1 as a colourless foam:H
NMR (CDCl): 6 4.87 (d,J=9.8 Hz, H-26), 4.73 (d, br
J=10 Hz, H-20), 4.45 (dJ=5.4 Hz, H-2), 4.40 (dd, br,
J=9.6 Hz, H-6), 3.89-3,82 (m, BOHCH;, H-14), 3.63
gm, H-15), 2.71 (m, H-23), 1.18 (d=6.5 Hz, CHOH®,).
3C NMR (CDCh): 6 215.9 (C-22), 197.0 (C9), 169.2 (C-1),

Weidinger, G.; Christophers, BBr. J. Dermatol. 1998 139,
992-996. (e) Grassberger, M.; Baumruker, T.; Enz, A.; Hiestand,
P.; Hultsch, T.; Kalthoff, F.; Schuler, W.; Schulz, M.; Werner, F. J.;
Winiski, A.; Wolff, B.; Zenke, G.Br. J. Dermatol.1999 141 (2),
264-273. (f) Rappersberger, K.; Komar, M.; Ebelin, M. E.; Scott,
G.; Bueche, M.; Burtin, P.; Wolff, KJ. Invest. Dermatol200Q

164.6 (C-8), 138.7 (C-19), 136.0 (C-29), 131.0 (C-28), 114
123.4 (C-20), 97.7 (C-10), 85.7 (C-26), 84.1 (C-32), 75.5 4. (a) Bierer, B. E.; Somers, P. K.; Wandless, T. J.; Buakoff, S. J.;

(C-15), 73.8 (C-33), 73.4 (C-13), 72.8 (C-14), 67.7
(CHOHCH;). FABMS: Calcd (M+Li)™ Calcd for
C4sH73sNOoLi m/e 826, found 826.
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