
Pergamon Tetrahedron Letters 39 (1998) 1149-1152 

TETRAHEDRON 
LETTERS 

Toward a Total Synthesis of an Aglycone of Spiramycin; 
Installation of the Hydroxy Groups at C-4 and C-5: a Model Study 

G. Oddon and D. Uguen* 

Laboratoire de Syntl~se Organique, associ6 au CNRS 
Ecole Eurol~nne de Chimie, Polym~res et Mat~riaux, Universi~ Louis Pasteur 

1, rue Blaise Pascal; 67008 Strasbourg (France) 

A. De Clan and J. Fischer 

Laboratoire de Cristallochimie, associ6 au CNRS 
Universit~ Louis Pasteur; 67070 Slrasbourg (France) 

Received 6 October 1997; accepted 17 November 1997 

Abstract: The stereochemical course of the osmium-mediated bis-hydroxylation of the 
allylic derivative 6c, whose the structure is closely related to that of a C-1/C-7 fragment of the title 
aglycone, has been established unambiguously by X-ray analysis of a carboxylic acid derived from one 
of the two diastereomeric diols which formed. 
© 1998 Published by Elsevier Science Ltd. All rights reserved. 

AS we reported recently, due to the unstability of the aldehyde la,  attempted preparation of the fragment 2 of 

the aglycone 3 of spiramycin by a Julia-Paris-Kociensky (JPK) condensation of l a  with the sulfone 4 proved 

unfeasible. This led us to prepare the related aldehydes l b  and lc, which were expected to be more resistant than 

la  to the basic conditions of such an olefination reaction. 1 
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OMe CH(OMe)2 
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3 (PG= protecting group) 2 

ODPTBS 

CH(OMe)2 
I ~  R10 " v  "OR2 k - -  SO2P h 

ln, X=O; Rl=Me; R2=PMB 4 

lb, X=O; Rl=t-Bu; R2=PMB 
lc, X=H,H; RI=C(O)-t-Bu; R2=TBDMS 

In order to define suitable conditions for executing the planned JPK coupling of the synthons lb-c with the 

sulfone 4 and, in the sequel, to get a precise insight on the stereochemical course of the ensuing osmium-mediated 

bis-hydroxylation step required to implement the oxygenated functionality at the C-4 and the C-5 positions, it 

appeared more judicious to perform first a model study by using the sulfone 5a, which is easy to prepare 2 and 

whose substitution pattern is similar to that of the sulfone 4. The results of this study are presented herein. 

Addition of the aldehyde lb  to a cooled (ca -78 °C) solution of the lithio derivative of the sulfone 5 in THF 

followed by an in situ acetylation with Ac20/DMAP gave a mixture of acetoxysulfones, which, by treatment with 

sodium amalgam, afforded the expected JPK product 6a as a 3/1 mixture of E and Z isomers, respectively. 

x'~ SO~Ph 1, 2 
(on 5a) 

5a, R=CH(OMe)2 

5b, R=ODPTBS 

•]""" CH(OMe)2 

R I O ~ ° " ~ R 2  

6b-c (RI, R2, b and c as in 1) 

Reagents and conditions: 1- i) 2.3 M (in 
hexane) n-BuLl (1 eq.), THF (3 ml]mlnol); 
-78 °C, 45 nan; it') 0.3 M (in THF) lb (or 
lc) (1 eq.); -78 °C, 1 hour; ii~) Ac20 (2.1 
eq.), DMAP (0.1 eq.); room t., 30 inn; 2- 

• 6% HgNa (3x5 eq.), 1/I MeOH/AcOEt (20 
inl/mmol); -50 °C, 4-8 hours, then 1/1 sat. 
aqueous KH2PO,I/AcOEt (excess); 0 °C, 15 
mn and extraction. 
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The yield was low however (ca 30%), a result of the partial decomposition of the aldehyde 4b as evidenced by 

the detection (NMR) of 4-methoxybenzyi alcohol. Pre-treatment of the lithiated sulfone with BF3.Et20 or with (i- 

But)2AIOMe failed to improve the yield. A better result was obtained by using the aldehyde lc,  which was 

condensed with the sulfone 5 under the usual JPK-coupling conditions to give the unsaturated compound 6c in 

75%. Interestingly, that JPK product was essentially the pure E isomer. 

Having overcame the difficulties presented by the olefination step, we next examined the osmium tetroxide- 

catalysed bis-hydroxylation of 6c, our purpose being not only to find out optimal conditions with regards to the 

face-selectivity of this reaction, which, obviously, can deliver both diols S-7 (presently desired) and A-7, but also to 

design the analytical tools permitting to determine accurately the structure of these products. 

Accordingly, compound 6c was submitted to classical syn-hydroxylation conditions (i.e. cat. OsO4-NMO) to 

give a mixture of two bis-hydroxy compounds (13C NMR), which proved to be (vide infra)A-7 and S.7. 

Attempted fractionation of that crude product by chromatography was inefficient but, treatment of that dioi 

mixture by methanol and PPTS afforded the four methyl-furanosides 8a, that, to our delight, proved to have well- 

differentiated Rf in TLC on silica gel and could, accordingly, be separated by fiash-chromatography. 3a 

Reagents and conditions: 1- " ' ]"~ 'CH(OMe)2 N['ON'/- '  OMe 
Classical conditions: OsO4 (0.08 ROo, o 
eq.), NMO (2 eq.), 9/1 acetone/water H O , , , ( ' ,  OH ~ ,  / (5 ml/mmol); r.t., 12 hours; 
Sharpless conditions: AD-mix~ (or PivO ~ ' °  OTBDMS PivO "OTBDMS 
~) (1.4 g/retool), CH3SO2NH2 (1.5 1 2, 3 fl-S-8ab 
eq.), K2OsOa.2H20 (0.06 eq.), 1/1 6e ~ S-7 

days; 2- PPTS (0.2 eq., 1/1 
MeOH/CH2CI 2 (14 ml/mmol); r.t., HO~v,,'~OH 
36 hours; 3- Nail (1.2 eq.), 1/1 
MeI/DMF (3.3 ml/mmol); r.t., PJvO ~ ' ~  OTBDMS PivO DMS 
overnight. A -7 o~-S-8ab 

OMe Table: Stereoselectivity of the OsO4-mediated bis-hydroxylation of 6c. R O ~ o Z  
/ 

Oxidizing reagent Composition of me mixture of acetals 8a (%)* S.71A.7** Yield (%)* ~ ~J,,. 
PivO" v "OTBDMS 

~S-8a a-$-8a ]3-A-8a a-A-8a 

cat. OsO4-NMO 5 31 34 30 2/3 
AD-mix-~ 11 49 22 i 8 3/2 

AD-mix-~ - 08 53 39 1/10 

* determined by weighing each pure isomer, after column-chromatography of the 
mixed-acetal mixture resulting from methanolysis of the crude osmylation product. 
** (fl-S.Sa+a.S-Sa)l(fl-A-Sa+a-A-Sa) 

82 

70 

79 

fl-A-8ab 

.,,, R O ~ " ' O  ~ ' ' '  OMe 

PivO- v ',OO[~DMS 
a-A -Sab 

(a: R=H; b: R=Me) 

Subsequent NMR analysis, especially NOE experiments, permitted, as shown below, to characterise each isomer, 

their ratio being established simply by weighing the relevant fractions (Table). 3b 

/,-" H ~ ' H  .~ ~ /-"- HO ( " .  . Ho_ . "N 
P i v O ~  OMe P i V O ~ H  

I "~l"'2gal" 
p i V ° ' v " ~ .  "n '°-  •Me a~DMSO f i '~O '~  ~DMSO h.~O~-~M e 

TBDMSO OH ot-S-8a ~A-8a ~ ovA4a 

Confirmation of that structure assignment was obtained by reacting separately a-A-8a and ~S-Sa  with Nail 

and CH3I in DMF, then with 1,2-ethanedithiol and BF3.Et20 in chloroform. The 1,3-diols A-9a and S-9a that 
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formed, respectively, were reacted with 2-methoxy-propene and camphosulfonic acid to give the corresponding 

acetonide. The chemical shifts displayed in 13C NMR by the geminated methyl groups and the quaternary carbon 

atom of the dioxopropane moiety of the single isomer which formed in both cases -i.e. ~A-9b,  from ~-A-ga and 

.~-S-9b, from fl-S-Sa- are consonant with the indicated structure. 4 Finally, treatment of the mixed-acetals ~A-Sb 

and fl-S-gb by DIBA-H, in order to remove the pivaloyl protecting group, followed by a two-step oxidation (Swern 

:reagent, then KMnO4) afforded the acids a-A-10 and fl-S-10, respectively, the structure of the former being 

unambiguously established by X-ray analysis. 5 

18.9 

MeO,, 3 : : ? >  OMe 2 " ~ " "  CH(SCH2)2 H ~¢" 98.9 
MMeO'~, "OR2 ( C H 2 S ) 2 H ~ .  O ~ , ~ w "  29" 7 

O " f  ~' ~ ~S-8b 

HO ~ ' ' ~ J ' . j "  OTBDMS PivO ' ' ~ / "  OR1 M e t r o  ~ O S-9b 
~-S-10 S-9a, RI=R2=H OPiv 

S-9b, Rt, Rx=C(CH3)2 23.7 
(CH2S)2HC " ~  ~ k/ 101 

~ O ~ '  " ~ " "  CH(SCH2)2 H ~ H "  O ' , ~  24.7 

) " O M ~ _  a - A - g b " ' - ~  M e O ~ ' ~ O R 2  M e O ~  O ~ l e S  

H O ~ ' ,  OTBDMS P i v O ~ / ~ ' O R  1 H I A-9b 
a-A-lO A-9a,b OPiv 

Reagents and conditions: 1- i) (CH2SH) 2 (2.5 
ml/mmol), BF3.Et20 (10 eq.); -40 °C- room 
t., 5 hours (73-86 %); it) 2-methoxy-propene 
(2 eq.), CSA (0.1 eq.), CHCI3; 0 °C, 15 nan, 
then filtration on silica gel (85-89%) ; 2- i) 
1M (in hexane) DIBA-H (2.5 eq.), CH2C12; 
-78 °C, 0.5 hour, then pH 5-6 tartaric buffer 
(quanL); it) (COC1)2 (1.5 eq.), DMSO (2 eq.), 
Hiinig base (4 eq.), CH2CI2; -78 °(2 to -20°C, 
2 hours (88-96%); iii) 3/2/1 0.4 M aqueous 
KMnO4/1.3 M KH2PO4/t-BuOH (30 
ml/mmol); 0°C, 15 mn, then NaHSO3 
(87-95%) m. p. 75-76 °C (hexane) 

[ ~  ] 21 -65, (c=l, CH2C12) 
D 

The predominant formation of A.7 by bis-hydroxylation of 6c could be anticipated in view of the model 

suggested by Kishi 6a for the OsO4-NMO oxydation of related allylic derivatives. Application of the more 

elaborated model of Sharpless 6b to 6a showed that the use of the AD-mix-ct reagent would favour in some extent 

the formation of the desired diol S-7 as observed effectively (Table). The more spectacular effect was recorded by 

using AD-mix-~ however, in which case the isomer A-7 was formed with a fairly good selectivity. 

In conclusion, the .aldehyde lc  proved to condense efficiently with the sulfone 5 to give the olefin 6c as the 

pure E isomer. The ensuing osmium-mediated bis-hydroxylation of 6c proceeded with an imperfect selectivity, 

giving at~ unseparable mixture of the two possible diastereomeric diols S-7 and A-7. Fortunately, treatment of that 

mixture by methanol furnished the corresponding mixed-acetais 8a, which could be efficiently fractionated and 

accurately characterised by NMR. Finally, the possibility to convert the protected primary hydroxy group at C-1 

of these acetals into a carboxylic acid functionality has been substantiated. Hence these results pave the way for a 

convenient conversion of the suifone 4 into the acid 2, which is an essential part of our planned synthesis of the 

aglycone 3 of spiramycin. Results along this line will be reported in due course. 

Acknowledgement: Thanks are due to Rh6ne-Poulenc Rorer for a grant (to G.O.). 
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