
Tumhcdron Vol. 50, No. 48. pp. 13655-13670, 1994 
Copyright 0 1994 Elsevia Science Ltd 

Printed in Great Britain. All tights reserved 
m s7.ooco.oo 

oo40-402q94ym92-2 

Synthetic Modifications of Ascomycin - I. A Chemoselective 
Removal of the Cyclohexyl Residue of Ascomycin 

Reinhold Zimmer,“” Maximilian A. Graasberger, Knrl Baumann, Gerhard Sel~ulz 
and Ewald Haidl 

Department of Dermatology, Sandoz Forschungsimtitut, Brunner Strasse 59, 
A-1235 Vienna, Austria 

Abstract: An efficient semisynthetic pmpatiott of des-28-(cyclohexyl)l~~28~x~~yc~ 
derivatives stating fkom 2a,33-~~~f~f-~l~~y~~l~myc~ (1) is descrii Ihe sfmtcgy 
for preparing 2S-oxc-ascomycin derivatives involves the reduction of C-22 carboayl group, followed by 
5-en~ion of tie re4ting G22 alcohol wiU~ the C-19/C-20 double bond using au oxymemxauon 
reaction; ozonolyz4s of the C-28/C-29 double bead and rcgeaemtioa of the C-19/C-20 double bend. 
Further, the 20-mercury-substituted ascomycio derivatives could be reduced to the corresponding metal 
free cyclic ethers using n-Bu,SoH. 

Zntroductie~ The 23-membered macrolide FK 506 (tacrolimus, F+rograf@‘), a potent immunosuppressant, 

isolated from Streptomyces tsukubaensis 9993,’ has been the subject of intensive investigations in synthetic 

modifications,2 biological and pharmacological e xaminations3 as well as stmcmml assignments4 Several 

groups have investigated partial’ and total6 syntheses of FK 506 and its analogues in the last few years. It 

has been suggested and veritied by structural studies, that this immunosuppressant agent possesses two 

functional molecular domains: a binding domain containmg a tricarbonyl region (the let? half of the molecule) 

and an effector domain (the right halfJ7 A mmrber of reports on the chemical modifications and biological 

evaluations of both domains (e.g. binding domain,*-‘s effector domain’62”) have appeared. The role of the 

cyclohexyl moiety is, however, not completely ~lear,~’ although there have been numerous reports describing 

modification of this part of the structure in FK 506 and its 21-ethyl analogue ascomycin.z As a part of our 

research program we aimed at the synthesis and biological evaluation of FK 506 and ascomycin derivatives 

in which the cyclohexyl residue. is not simply modified but replaced by other substituents. 
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We wish to report herein our strategy for preparing des-28-(cyclohexyl)methylene-28sxo-ascomycin 

derivatives, which has been accomplished in four steps, stmting from the 24,33-O-bis-silylated ascomycin 

1. The reaction sequence for these derivatives involves 1) the protection of the C-19/C-20 double bond 

through reduction of the C-22 carbonyl group fbllowed by 2) 5-endo-cyclixation of the resulting C-22 alcohol 

with the C-19/C-20 double bond using an oxymercuration reaction 3) ozonolysis of the exocyclic C-28/C-29 

double bond, and 4) regeneration of the C-19/C-20 double bond (Scheme 1). Restoration of the 22- 

ketotimction is envisaged after introduction of new substituents in position 28 in order to avoid competing 

reactions at position 22. 

HO 

FK 506 (R = allyl) 
Ascomycia (R = ethyl) 

Scheme 1 

Regb and s&ease&ctive rednetion of the C-22 carbonyl group: It is known that the C-22 carbonyl group 

in 24,33-0-bis(tert-butyldimethylsilyl)-ascomycin (1) can be reduced regio- und stereoselectively to the 

22(s)-alcohol 2 with L-Selectride’s’ (Scheme 2).= Surprisingly, when K-Selectride” was used instead, the 

22(R)-isomer 3 was formed predominantly (39% yield) together with 26,33-0-bis(te+butyldiiethylsilyl)- 

22(&dihydro-iso-ascomycin (4, 12%) and trace amounts of the 22(S)-diydro-ascomycin 2. The exact 

isomeric ratio was found to be 22-R : 22-S 2 97 : 3 by NMR analysis of the isomeric mixture obtained in the 

next step. Compound 4 is formed by an acyl-shift from O-26 to O-24 with concomitant migration of the 

0-24-silyl group to O-26. Similar reactions are known to occur with ascomycins under basic reaction 

conditions.23 The structure of the 22(R)-compound 4 was established by ‘H NMR spectroscopy (26-H: i = 

4.15; 24-H: 6 = 4.93) as well as by comparing with the ‘W13C NMR data of the already known 22(Q- 

epimer.ub 
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Reaction conditions: a) L-Selectride; -45 “C to -25 “C! / 4 h. b) K-Selectride; -45 “C / 0.5 h, -25 T / 4.5 h. 

Scheme 2 R = TEJDMS 

Protection of the C-19/C-20 &ub& bond: The two epimeric homoallylic alcohols 2 and 3 were converted 

stereospecifically to the corresponding tetrahydrofuran structures 5 (72%) and 6 (83%), respectively, using 

mercury0 acetate in acetic acid (Scheme 3). The configurations of the tetrahydrofuran partial structures in 

5 and 6, as depicted in Scheme 3, were determined by ‘W’“C NMR investigations (ROESY). 

In the case of the 22(S)dihydro-ascomyci derivative 7 (Scheme 4) with a free 24-hydroxyl group 

oxymercuration using 1.1 equivalents of mercury(II) acetate led to the mono- and the bis-tetrahydrofuran 

structures 8 (51%) and 9 (1 l%), respectively, indicating that the C-19/C-20 double bond is attacked 

preferentially. With 2.5 equivalents of mercury0 acetate thebis-tetrahydrof derivative 9 was obtained 

in 56% yield. Compound 9 is con@urationally homogeneous with respect to the newly generated 

stereocenters (see Scheme 4). 
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Scheme 3 R = TBDMS 

A: 1.1 eqHg(OAc)2!r.t./15h: 

B: 2.5 eq Hg(oAc)2 / r.t. / 20 h: 

HgCl 

a) HS(OAc), I AcOH 

r.t. 121 h 

b) 10% NaCl 

72% 

6Me 

5 

a) H&OAC)~ I AcOH 

r.t. I20 h 

b) loo/o NaCl 

83% 
6 (+2%5) 

a) Hg(OAc);! I AcOH 
ä 8 

b) loo/o NaCl + 

51% 8 + 11% 9 

0% 8 + 56% 9 

Scheme 4 
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Remowl of the cyc&&~$f Having protected the C-19/C-20 double bond removal of the 

cyclohexyl moiety was envisaged by oxidative cleavage of the C-28/C-29 double bond Thus, the mercury- 

containing pro&ted compounds $6 and 8 were subjected to ozonolysis (-78 “C) and the oz&des were 

decomposed with dimethyl sulfide leading to the pmducts 1042 in gocxl to excellent yields (Scheme 5, Table 

1). It is known that secondary organomercury compounds can react with ozone to give the corresponding 

ketones.” We found, however, no indication for the formation of 20-ketoderivatives. 

OMe 

Scheme 5 

5,6, g 

Table Prepration of 10 - 12 

a)03/-78T 

b)Me$/-78Ttor.t.16b 

seetable 

OIUe 

10, 11,12 

Educt R 

5 TBDMS 

6 TRDMS 

8 H 

ConQuration ContQumtion Product 

at C-20 at c-22 

R s 10 

s R 11 

R s 12 

Yield 

WI 

80 

98 

54 

Regener&rr of the C-19/c-20 &I&% bond: The r&oration of the C-19/C-20 double bond could be easily 

achieved by treatment of the mercury-substituted compounds with 1N aqueous hydrochloric acid in 

acetonitrile at room temperature for a few minutes (Scheme 6). Thus, the compounds 10, 11 and 12, 

respectively, led to the expected 28-oxo-ascomycin derivatives 1515 in good yields. With 10 additional 
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desilylation to product 14 was observed after longer reaction times (120 min). The configuration at the 

C-19/C-20 double bond in 13 was detemhd by means of ‘H NMR-NOE measurement. A positive NOE was 

observed at the signals of 1 S-H, 2 1 -H and 22-H with irradiation at 4.88 ppm (20-H), whereas no NOE was 

found between 20-H and 19Me protons. This confirms that the restored C-19/C-20 double bond has the same 

conQuration (E) as in the parent compound. 

OMe 

11 

IN HCI / r.t. I20 min 
w 

95% 

R = TBDMS 

1N HCI /rd. 
b 

12 (R=H) t=9Omin 52% 14 (R=H) 
lo (R = TBDMS) t = 120 min 42% 15 (R = TBDMS) + 22% 14 Q = H) 

Scheme 6 

&rpa&ion of C-I9B22 cy& ethers: We have also explored the demetallauon of 20-mercury-substituted 

ascomycin derivatives for the preparation of the corresponding metal free cyclic ethers (Scheme 7). Thus, the 

derivatives 5,6 aud 9 were converted into 16,17 and 18, respectively, using n-tributylstannyl hydride under 

mild reaction conditions (room temperature / short reaction time) in reasonable yields (54-75%). These 

trausformations demonstrate a suitable preparation of useful ascomycin derivatives with a modified effector 

domain. Interestingly, Edmunds et al. ‘9 have recently described a C-19/C-22 cyclic ether derivative which 

binds to macrophilin-12, the cytosolic receptor of FK 506, with an affinity similar to that of FK 506. 



Synthetic modifications of ascomycin-I 13661 

16 (64%) R = TBDMS 17 (54%) 

Scheme 7 18 (75%) 

Alirmcrtive Synthesis of 28-om-ascomyin aWvathv 13: In connection with our efforts to the preparation 

of 2&oxo-ascomycin 13 starting tirn the his-silylated compound 3, we also studied an alternative mute. Thus 

3 was subjected to cis-hydmxylation using osmium tetroxide and N-methyhnorpholine N-oxide (Scheme 8). 

The reaction, however, was unselective affording about equal amounts of the two products: 19 (32%) and 20 

(30%). Ozonolytic cleavage of unprotected ascomycin was observed to lack regioselectivity as welIT 

Compound 19 reacted smoothly with sodium periodate to give the requhed product 13 (8 1%). 

Summruy. In conclusion, a convenient semisynthetic strategy for pqaring des-28-(cyclohexyl)lene- 

28-oxo-ascomycin derivatives 13-15 has been developed. Starting from 1 24-o-(tert-butyldilsilylsilyl> 

22(R)dihydro-28-oxo-ascomycin (13) was prepared in an overall yield of 30%. We have also demonstrated, 

that 13 could alternatively be accessed from 3 via 19, albeit in a lower overall yield (10%). Further 

reactions employing 28-oxo-ascomycin derivatives as key intermediates will be presented in a forthcoming 

paper.26 
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3.38,3.28(3 s,3 0Me),0.91,0.88(2s,SitBu),0.10,0.07,0.06,0.04(4s,SiMez). *3CNMR(CDC13): i l%.O 
(C-9), 169.0 (C-l), 165.1 (C-8), 135.9 (C-19), 132.6 (C-28), 130.2 (C-29), 125.8 (C-20), 97.1 (C-lo), 84.1 
(C-32), 75.3,75.2 (C-15, -33), 73.8,73.5, 72.9,69.8 (C-13, -14, -22, -24), 58.0 (C-2), 57.0, 56.8, 56.2 (3 
OMe), 49.0 (C-18), 45.8 (C-21), 40.4,39.4 (C-6, -25), 36.6 (C-23), 35.0,34.9,33.8,32.8,30.7 (C-12, -16, 
-30, -34, -35), 27.0 (C-3), 25.9 (SitBu), 26.2,25.4 (C-5, -17), 24.4 (C-36), 21.6 (C-4), 20.3 (17-Me), 18.1, 
18.0 (Si-C), 16.1 (ll-Me), 15.3 (19-Me), 14.3 (28&k), 12.3 (C-37), 10.8 (25-Me), -4.3, 4.5, -4.6, -4.7 
(SiMe,). FM-MS: m/z = u228 (w+Li]‘), 894,870,670,560,522,383,266,225. 

24,33-O-Bis(tert-bu~ldimethylJilyl)-22(R)-dih@o-ascomycin (3) and its iso-ascomycin &riv&‘ve (4): 
To a solution of 25.0 g (24.5 mmol) of 24,33-o_bisilyl)-ascomycin (1) in 250 ml of THF 
110 ml (55.0 mmol) of K-Selectride” (0.5M in THF) was slowly added within 30 min at -45 “C. Then the 
reactionmixturewasvvarmedupto-250Candwasstirredfor4.5h.80mlof1NHClwereadded,theo@c 
layer was separated, followed by the extraction of the aqueous phase with diethyl ether (3 x 50 ml). Drying 
of the combined extmcts (MgSO,) and evaporation of the solvents provided 3 1.8 g of crude product, which 

was puritkd by column chromatography (hexane/ethyl acetate, 5: 1 - 4: 1 - 3: 1): fraction I: 9.83 g (39%) of 
3 (22-R:22Sl97:3); traction II: 0.98 g of a mixture of 3 and starting material 1; traction III: 4.07 g (16%) 
of 1; traction IV: 2.94 g (12%) of 4. 
22(R)-Dihydro-ascomycin 3: ‘H NMR (CDCl,): 6 5.49 (d, J=lI-Iz, 2-I-Q 5.38 (d, J=2Hz, 26-H), 4.98 (d, 
J=9Hz, 29-H), 4.89 (d, J=lOHz, 20-H), 4.41 (br d, J=l HIz, 6-I-I& 3.42,3.35,3.29 (3 s, OMe), 0.91,0.90 (2 
s, Sit&), 0.17,0.15,0.08,0.07 (4 s, SiMer). “C NMR (CDCI,): & 198.5 (C-9), 168.5 (C-l), 166.1 (C-8), 
136.3 (C-19), 131.8 (C-28), 128.5 (C-29), 125.5 (C-20), 99.1 (C-lo), 84.2 (C-32), 76.5 (C-26), 75.8,75.3 (C- 
24, -33), 74.5,74.4,73.8,73.6 (C-22, -13, -14, -15), 58.2 (C-2), 57.0,56.4,56.2 (3 OMe), 49.3 (C-18), 44.7 
(C-21), 38.7 (C-25), 38.1 (C-6), 36.8 (C-30), 35.5,34.9,34.8 (C-11, -12, -31), 33.9 (C-23), 33.0,32.5 (C-16, 
-34), 31.1 (C-35), 27.9 (C-3), 26.9,26.5 (C-5, -17), 26.0,25.9 (SitBu), 24.2 (C-36), 22.0 (17-Me), 21.8 (CA), 
18.2, 18.1 (a-c), 16.1 (ll-Me), 15.4 (19-Me), 14.7 (28-Me), 12.1 (C-37), 10.6 (25-Me), -3.6, -3.9, -4.5, -4.7 
(SiMq). FAEl-MS: m/z = lQ2& ([M+Li]+), 872,560,522,493. 
22(R)-Diiydro-iso-ascomycin 4: ‘H NMR (CDC13): 6 5.31 (d, J=9Hz, 29-H), 5.09 (d, J=lOI-Iz, 20-I-Q 4.93 
(dt, J=4,1OI-Iz,24-H),4.59(brd, J=4Hz,2-H),4.48(brd, J=lZI-I2,6-H3,4.23(s, lo-OI-I),4.15 (brs,26-H), 
3.78 (dd, J=1.5, lOHz, 14-I-Q 2.96 (ddd, J=4.5,8.5,11I-Iz, 32-H), 2.65 (dt, J=2,12Hz, 6-H,), 0.89 (s, SitBu), 
0.09,0.08,0.07,0.06 (4 s, SiMe& 13C NMR (CDC13): i 195.8 (C-9), 169.9 (C-l), 165.3 (C-8), 134.8 (C-19), 
133.6 (C-28), 130.5 (C-29), 129.2 (C-20), 96.9 (C-lo), 84.2 (C-32), 76.9,75.3,75.2,73.4,73.1,72.3 (C-13, 
-14, -15, -22, -24, -26, -33), 57.9,56.7,56.4(3 OMe), 57.1 (C-2),49.6,39.7,38.8,36.8,36.5,35.1,34.8 (C- 
6, -16, -18, -21, -23, -25, -30, -31), 33.9 (C-34), 32.8,32.3 (C-11, -12), 30.9 (C-35), 26.5 (C-3), 26.0 (SitBu), 
25.7 (C-17), 24.6 (C-15, -36), 21.6 (C-4), 20.2 (17-Me), 20.1 (Si-C), 18.2 (ll-Me), 16.3 (19-Me), 15.0 (28- 
Me), 13.4 (C-37), 8.2 (25-Me), -3.7, -4.2,4.5, -4.7 (SW+). FAB-MS: m/z =m (w+Li]+), 1004,986,854, 
822,716,690,636,493. 

Reaction with merctuy(I. acetate; General Procedure: The corresponding 22-dihydro-ascomycin derivative 
(1 equivalent) was dissolved in acetic acid (20 ml/l mmol) and mercury(II) acetate (1 .l - 2.5 equivalents) was 
added under argon atmosphere. The solution was stirred mechanicslly at room temp. for the time indicated. 
After consumption of startiq material, the resulting orange solution was concentrated in vacua. The residue 
was dissolved in tohiene (20 ml/l mmol) and the resulting solution was subsequently washed with loo/o NaCl 
solution (5 ml/l mmol) and Hz0 (5 ml/l mmol). The organic phase was dried (MgSO,) and the solvent was 
evaporated in vacua. The resulting crude product was purified by column chromatography (hexandethyl 
acetate, 5:l). For individual experimental data see Table 2. 
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73.0 (C-13, -14) 71.4 (C-20), 67.1 (C-29), 58.0,57.5,56.4 (3 OMe), 56.2 (C-2), 50.0 (C-18), 49.3 (C-21), 
45.5 (C-25), 36.7,36.0 (C-23, -3O), 34.4,33.8,33.2,33.0 (C-11, -12, -16, -34), 30.5 (19-Me), 29.6 (28~Me), 
28.5 (C-3), 26.5 (C-17), 25.8 (SitFlu), 24.3,24.1 (C-5, -36), 21.2,21.1 (C-4,17-Me), 18.2 (SK’), 16.5 (ll- 
Me), 13.6 (C-37), 11.5 (25~Me), -4.5,4.8 (SiMq). FAB-MS: m/z= 1392,1341,1305,1200,930,564,522, 
365,322,2& 

Ozonolysis of ascomycin derivatives; General Procedure: A solution of the corresponding ascomycin 
derivative in a 9: 1 mixture of methanol/dichloromethane (50 ml/l mm01 of ascomycin derivative) was tmated 
with ozone (reaction time see Table 3) at -78 “C. After addition of dimethyl sulfide (10 equivalents), the 
reaction mixture was allowed to warm up to room temp. within 6 h. Evaporation of the solvents and the 
volatile components, and purification of the crude product by cohmm chromatography @ran&thy1 acetate, 
3: 1) provided the 289x0 derivative as a colourless foam. For experimental details see Table 3. 

m preparation of 28-oxo ascomycin derivatives 10 - 12 by oxonolysis 

PrecursOr 8 (mmol) 

5 0.391 (0.3 15) 

6 6.70 (5.40) 

8 0.171 (0.152) 

Reaction 
time [mm] 

5 

57 

3 

MeZS 
PJ (mmo]) 

235 (3.15) 

4000 (54.0) 

113 (1.52) 

Product 

10 

11 

12 

Yield 

S (W 

0.253 (80) 

5.34 (98) 

0.072 (54) 

Characterization of 28-oxo-ascotpcin derivatives 10 - 22: Compound 10: IH NbfR (CDCl,): 6 5.15 (d, 
J=2.5Hx, 26-H), 4.82 (s, 2-H), 4.44 (d, J=llHz, 6-H.,), 4.07 (d, J=l.SHx, lo-OH), 3.77 (dd, J=1.5,9.5Hx, 14- 
H), 3.68 (dt, J=1.5,9.5Hx, 24-H), 3.64 (ddd, J-1.5,5, 11.5Hx, 15-H), 3.56 (dt, J=3,4Hz, 22-H), 3.39,3.30 
(2 s, OMe), 2.71 (dt, J=3, 13Hx, 6-H.), 2.34 (d, J=12.5Hr, 20-H), 2.16 (td, 5=4.5,12.5Hz, 12-H), 2.15 (s, 28- 
Me), 1.68 (dd, J=3,14.5Hz, 18-H), 1.16 (s, 19-Me), 1.07 (t, J=7.5Hz, 37-H), 1.03 (d, J=6.5Hx, 11-Me), 0.90 
(s, SitBu), 0.88 (d, J=7Hx, 25-Me), 0.86 (d, J=6.5Hz, 17-Me), 0.15,0.06 (2 s, SiMe$ r3C NMR (CDCI,): 6 
201.9 (C-28), 196.3 (C-9), 169.2 (C-l), 165.3 (C-8), %.5 (C-lo), 83.9 (C-19), 80.2 (C-26), 79.2 (C-22), 74.7 
(C-15), 73.7 (C-13), 72.2 (C-14), 71.4 (C-20), 70.6 (C-24), 56.9 (C-2), 56.6,56.3 (2 OMe), 50.9 (C-18), 48.8 
(C-21), 42.2 (C-23), 40.4 (C-25), 39.5 (C-6), 34.8 (C-l l), 33.1,33.0 (C-12, -16), 30.3 (19-Me), 28.0 (C-3), 
26.1 (SitBu), 26.0 (C-17), 24.8 (C-5), 23.9 (C-36), 21.0 (C-4), 20.6 (17-Me), 16.3 (1 l-Me), 13.3 (C-37), 11.9 
(25-Me), -3.5, -3.6 (SiMq). FAD-MS: m/z = m (w+Lir), 788,762,638. 
Compound 11: ‘H NMR (CDCI,): 1 5.19 (d, J=2.5Hx, 26-H), 4.66 (br S, 2-H), 4.49 (d, J=13Hz, 6-H.+), 4.19 
(S, 10-W, 3.37,3.28 (2 s, OMe), 2.89 (dt, J=2.5,13Hz, 6-H&, 2.28 (d, J=l D-k, 20-H), 2.15 (s, 28-Me), 1.19 
(s, WMe), 1.07 (t, J=7Hx, 37-H), 0.97,0.94 (2 d, J=6.5Hx each, 17-, 25-Me), 0.90 (s, SitBu), 0.09,0.06 (2 
s SiMe& ‘3CNMR(CDC13: 6 201.8 (C-28), 1%.3 (C-9), 169.3 (C-l), 165.1 (C-8), 97.2 (C-lo), 84.2 (C-19), 
79.5 (C-26), 77.1 (C-22), 75.4 (C-15), 73.6 (C-13), 72.6 (C-14), 69.8,69.3 (C-20, -24), 56.8 (C-2), 56.6,56.3 
(2 OMe), 50.6 (C-18), 45.8 (C-21), 40.9,39.4,38.9 (C-6, -23, -25), 34.8 (C-11), 33.2,32.6 (c-12, -la), 28.0, 
27.6,26.8 (C-3,19-,28-Me), 26.1 (SitBu), 25.9 (C-17), 24.7 (C-5), 22.6,21.3,20.8 (C-4, -36, 17-Me), 18.1 
(Si-c), 16.1(1 l-Me), 14.6 (C-37), 11.5 (25-Me), -3.7, -4.3 (SiMe& FAD-MS: m/z = 1018 (X4+ +H,O), 1000 
(M+), 764,632,614,400,266,222. 
Compound 12: mixture of two conformers (3:2), major conformer: ‘H NMR (CDCl,): b 5.15 (d, J=2.5Hz, 
26-H), 4.79 (br s, 2-H), 4.42 (d, J=13Hx, 6-H& 3.35,3.32 (2 s, OMe), 2.77 (dt, J=3,13Hz., 6-m, 2.18 (s, 28- 
Me). FAT&MS: m/z = lQQz (w+Li]‘), 614,400,266. 
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24-C~~~28~o~co~in (13): 5.18 g (5.18 mmol) of ntemury- 
substituted ascomycin derivative 11 was shed with 5 ml of 1N HCl in 75 ml of acetonitrile at room temp. 
for 20 min. 100 ml of dichloromethane and 25 ml of sat. NaHC4 solution were added, the organic layer 
m and the aqueous phase extmcted with dichloromethane (3 x 30 ml). The combined extmcts were 
dried (MgSO,) and concentrated to provide 4.63 g crude product. Purification by recrytition tiom 
hexane/acetone afforded 3.16 g (78%) 13 (single conformer) as colourless crystals; m.p. 150- 152 “C. The 
concentration of the mother liquor provided further 0.70 g (17%) 13; m.p. 148-152 “C. ‘H NMR (CDCl,): 
6 5.56 (d, J=3Hz, 26-H), 5.28 (d, J=2Hz, W-OH), 4.88 (d, J=lOHz, 20-H), 4.41 (d, J=14Hz, 6-H& 4.32 (m_ 
2-H), 3.98 (ddd, J=4.5,6.5, 1 lHz, 24-H), 3.78 (td, J=2.5,7.5Hz, 22-H), 3.37,3.30 (2 s, OMe), 3.05 (dt, J=3, 
13Hz,6-H.), 2.83 (d, J=2Hz, 22-OH), 2.48 @quint, J=3,7Hz, 25-H), 2.15 (28-Me), 2.10 (br d, J=l;Hz, 18- 
H), 1.61 (s, 19-Me), 1.05 (d, J=6.5Hz, 17-Me), 1.02 (s, Sit&t), 0.90 (d, J=7Hz, 1 l-Me), 0.88 (d, J=6.5Hz, 25- 
Me), 0.21,0.20 (2 s, SiMe& 13C NMR (CDC13): & 204.2 (C-28), 198.4 (C-9). 169.8 (C-l), 166.1 (C-S), 136.5 
(C-19), 125.3 (C-20), 98.9 (C-lo), 78.6 (C-26), 76.4 (C-15), 74.4 (C-13), 73.9 (C-14), 73.7 (C-24), 73.3 (C- 
22), 56.6 (C-2), 56.4,56.3 (2 OMe), 49.2 (C-18), 44.7 (C-21), 38.8 (C-6), 38.1 (C-25), 35.2 (C-23), 34.6 (C- 
l l), 33.1 (C-16), 32.5 (C-12), 27.9 (C-17), 26.7,26.6 (C-3, -36), 26.1 (28-Me), 25.9 (S&t), 24.1 (C-5), 21.9 
(17-Me),21.2(C-4), 18.1 (Si-C), 16.1 (19-Me), 15.4(11-Me), 12.O(C-37), 10.6(25-Me),-4.1,-4.2(SiMd. 
FAB-MS: m/z = 288 (m+Li]‘), 764,632,614. 

22(s)-Di&iro-28-oxo-asconycin (14): Acunding to the procedure as described above, a mixture of 0.791 
g (0.893 mmol) 12 and 3 ml of 1N HCl in 10 ml of a&o&rile was stirred for 90 min at room temp. and then 
worked up. Purification of the crude product by chromatography (tohreneIethy1 acetate, 1:l) yielded 0.307 
g (52%) 14. ‘HNMR (CDt&): 6 5.21 (d, J=3Hz, 26-H), 4.48 (d, J=13Hz, 6-H& 3.38,3.34 (2 s, OMe), 2.18 
(s, 28-Me), 1.61 (s, 19-Me). FAB-MS: m/z = m (Fr+Lil+), 657,225. 

By analogy with the preparation of 13, the treatment of 0.201 g (0.201 mmol) 10 with 1 ml of 1N HCI in 
2 ml of acetonitrile (reaction time: 120 min, r.t.) provided after chromatography (hexan&thyl acetate, 3:l 
- 1: 1) 0.066 g (42%) of 24-Gsilylated product 15 and 0.030 g (22%) of desilylated compound 14. 
Compound 15: mixture of two cotiormers (9:1), major conformer: ‘H NMR (CDCl,): i 5.32 (s, 26-H), 5.13 
(d, J=9Hz, 20-H), 4.37 (d, J=13Hz, 6-H), 4.34 (s, 2-H), 4.08 (br s, lO-OH), 3.35,3.24 (2 s, OMe), 2.80 (dt, 
J=2.5, 13H2, 6-H.), 2.16 (s, 28-Me), 1.48 (s, 19-Me), 0.91 (s, SitBu), 0.12, 0.06 (2 s, SiMe;). ‘C NMR 
(CDCI,): i 203.3 (C-28), 196.5 (C-9), 169.8 (C-l), 164.7 (C-8), 135.7 (C-19), 124.9 (C-20), 97.5 (C-lo), 
77.1,75.1,73.7,72.9,71.6 (C-13, -14, -15, -22, -26), 68.3 (C-24), 57.0,56.5,56.3 (C-2,2 OMe), 48.5 (C-18), 
45.6 (C-21), 39.3,37.8 (C-23, -25), 34.7,32.6,31.9 (C-6, -11, -12), 27.4,26.3 (C-3, -17), 25.9 (SitBu), 24.7 
(C-5), 20.7 (C-4), 18.O(Si-C), 16.1 (19-Me), 14.9(11-Me), 11.9,10.3 (25-,28-Me), -4.1,4.9 (Siie& FAB- 
MS: m/z = 288 @l+Li]‘), 764,632,227. 

Treatment of mercqv substituted compunak with n-tributylstannyl hyakide; General Procedure: A solution 
of the corresponding mercury substituted compound (1 equivalent) in dichloromethane (3 ml/O. 1 mmol) was 
treated with n-tributylstannyl hydride (1 or 2 equivalents) at room temp. for 15 min. Then the reaction mixture 
was filtered, the solvent evaporated and the residue was purified by chromatography (hexane/ethyJ acetate, 
5:l). For individual data see Table 4. 

E&l&, Synthesis of 16 - 18 

Precursor mg (mmol) 

5 171 (0.138) 

6 114 (0.092) 

9 251 (0.187) 

n-Bu3SnH [mg (mmol)] Product 

40.2 (0.138) 16 

26.8 (0.092) 17 

109 (0.374) 18 

Yield [mg (%)] 

90 (64) 

51 (54) 

127 (75) 
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CZemwge of dial 19 with NdOg To a stirred solution of 0.049 g (0.046 mmol) 19 in 2 ml of ‘II-IF was 
added at mom temp. chpwisc a solution of 0.098 g (0.46 mad) of NaIO, in 0.2 ml of H,O. After 22 h the 
reactionmixturewasevaporated,dilutedwithSmlofH,Oaad~severaltimeswithethylacetete.The 
combined organic phases were washed with brine, dried @&SO,) and evaporated to gave the crude @W 
which was purified by column chnxnatography (hexan&thyl acetate, 3: 1). Yield of 28-oxo-ascomycin 13: 
0.029 g (81%) as colourless foam. 
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