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Abstract: Acetalisation of  p-anisaldehyde by either (R) or (S)-butanetriol has been shown 
to occur selectively and quantitatively by using Noyori's protocol. The crystalline dioxane derivatives 
R-6a and S-6a which formea[ respectively, in these conditions have been converted efficiently into the 
title fragments of  spiramycitt © 1997 Elsevier Science Ltd. 

Recently, as part of a projected synthesis of the aglycon 1 of spiramycin, we described a convenient preparation 

of the sulfone 2.1 Pursuing our plan, we attempted next to synthesize the C-1/C-9 fragment 3a by performing a 

Julia-Paris-Kocienski (JPK) condensation of the sulfone 2 with the known aldehyde 4a. 2 However, presumably 

due to the sensitivity of both 4a and the expected JPK product 3a to the basic conditions of this reaction, that 

resulted exclusively in the formation of decomposition products. Accordingly, the use of the aldehydes 4b-c was 

considered. On the one hand, the t-butyl ester functionality of 4b should be more resistant to bases than the 

corresponding methyl ester group in 4a, on the other hand, should the decomposition of 4a (res. 3a) result from a 

possible [3-elimination of an alcoxide anion, the pivalate 4c (res. 3c) would remain unaffected in basic conditions, 

the compound 3c being potentially transformable however, e.g. by DIBA-H reduction and subsequent oxidation, 

into the acid 3d. 
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Whereas the preparation of the aldehyde 4a could be accomplished without major difficulty by selective 

reduction of the O-PMB derivative of the dimethyl ester of (R)-malic acid, 2 access to the synthons 4b and 4c by a 

related scheme appeared not so straightforward and an alternative pathway, based on the selective protection of the 

triol R-5a, which can be obtained easily by reduction of (R)-maiic acid, 3 was experimented. 
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The acetallsation of p-anisaldehyde by butanetriol Sa has been reported as giving mainly the corresponding 

dioxane derivative 6a 4 and it could be hoped that, by using the R emmtiomer R-$a, the acetal R-6a would form 

and could be transformed into the target synthons 4b and 4c by a sequence of l~otection/deprotection/oxidat/on 

steps. Though it appeared necessary to set out a new protocol for executing the acetalisatlon of p-anisaldehyde by 

Sa, we are pleased to report h e w n  that this strategy proved to be very efficient, allowing to prepare not only the 

target synthons 41) and 4c but also, by starting from (S)-malic acid, the fragment 7 of  sp~amycin. 

Attempted APTS-catalysed condensation of the dimethyi aceLal of p-anisaldehyde with R-Sa in refluxing 

toluene and with continuous removal of the formed water by means of 4 ,/L molecular sieves as described 4a 

resulted in the formation of a brown mixture from which the pure acetal R-6a was isolated in low yield (27%). 

Other conditions were tried but, in the best case, by using CSA as a catalyst and CH2C12 as solvent, the yield did 

not exceeded 60%. 5 A major improvement resulted from the use of Noyori's acetalisalion conditions. 6 

Thus, addition of a reduced amount of TMS triflate to a CH2C12 solution of p-anisaldehyde and of the tris-O- 

TMS derivative R-$b, at -78°C and u n ( ~  strictly anhydrous conditions, 7 followed by treatment, after a few hours, 

of the crude reaction mixture with sodium hydroxide in methanol at the same tempegatut~, resulted in the isolation 

of the crystalline, pure (elemental analysis, NMR), acetal R-6a in an almost quantitative yield. This compound was 

indeed sensitive to acidic conditions, isomerising partially to the corresponding dioxolane derivative R-8 during 

attempted filtration on silica gel. 

 'OR 
, v , -  1 n : ,  2 3 OR3 4 

: " N / "  : : : R-4b 
OR1 OR2 (on R-Sb) " (on R-6b) HO OPMB RIO OR2 (on It.gb) 

PMP 
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Reagents and conditions: 1- i) p-anisaldehyde (1 eq.), TMSTf (0.2 eq.), 
CH2CI 2 (4 ml/mmol); -78°C, 5 hours (quam.); h) TIPS'If (1.I eq.), NEt 3 (3 
eq.), CH2CI 2 (6 ml/mmol); r. t., 5 horns (98%); 2- IM DIBA-H (in hexane; 
1.7 eq.), CH2CI 2 (7 ml/mmol); 0.5 hour (94%); 3- i) DMSO (1.5 eq.), 
(COC1)2 (2 eq.), DIPEA (8 eq.), CH2CI 2 (5 ml/nunol); -78 °C, 1 houx, then 
r. L (80%); i0 NaCIO2 (1.4 eq.), 0.5 M aqueous KH2PO 4 (1 ml/mmol), 
CH3CN (3 ml/mmol), 30% H202 (1.05 eq.); 10 °C, 2 hours (75%); i//) 
t-butyl trichloroacelimidate (2 eq.), 1/3 CH2Cl2/cyciohoxane (5 ml/mnml), 
BF3.Et20 (20 ~tl/mmol); 0 o, 1 hour (78%); 4- i) TBAF.3 H20 (1.1 eq.), 
THF; r. t., 1 hour (90%); ii) DMSO (1.5 eq.), (COCI) 2 (1.5 eq.), DIPEA (4 
eq.), CH2C! 2 (5 ml/mmol); -78 °C, 1 hour, then -78 °C to - 20°C (94%). 

Treatment of the acetal R-6a by TIPS triflate and triethylamine, followed by cleavage with DIBA-H of the 

acetal functionality in the resulting silyl derivative R-6b afforded the alcohol R-Sc in high yield (92%, from R- 

5b). 8 Sequential oxidation of R-Se by Swern reagent and sodium chlorite furnished the acid R-gu which was 

converted to the corresponding t-butyl ester R-9b (78%, from R-Sc) by means of the trichloroacetimidate 

methodology. Finally, desflylation of R-gb by treatment with TBAF and Swern oxidation of the resulting alcohol 

R-9c provided the aldehyde R-4b in a satisfactory 36% overall yield (from R-Sb). 

Obtention of the pivalate R-4¢ was secured by reacting first the acetal R-6a with Nail and benzyl bromide to 

form the benzyl ether R-6¢, which, by subsequent treatment with ethanedithiol and CSA gave the diol R-$d (86%, 

from R-Jb) .  Selective esterification of the primary hydroxy group of R-Sd was performed very efficiently by 
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reacting sequentially R-Sd with Bu2SnO tn methanol and pivaloyl chloride. The resulting pivalate R-Se (99%) was 

silylatecl (TBDMSCI, lmidazole) to form R-Sf which was hydrogenated (H2, Pd/C), the alcohol R-Sg, thus released, 

being finally oxidized into the aldehyde R-4c by using Swern reagent. 

1 ( / X ~  OBn 2 
HO OH 

/ ~  OBn 3 ~ ~ / C H O  

PivO OTBDMS PivO OTBDMS 

R-Sd R-5f R-4c 
Reagents and conditions: 1- i)Nail (1.05 eq.), BnBr (1.05 eq.), THF; r.t., 5 hours; it) (CH2SH)2 (1 eq.), CSA (0.05 eq.), 
CH2C12; r.L, 12 hours (86%); 2- i) Bu2SnO (I eq.), MeOH (9 ml/mmol); reflux, 2 hours, then evaporation and azeotropy 
with toluene (quanL); it) pivaloyl chloride (1.1 eq.), NEt3 (0.05 eq.), toluene; 0 °C to r.t., 2 hours (99%); iii) TBDMSCI 
(1.1 eq.), imidazole (3 eq.), DMF; r.t., 24 horn's (quanL); 3- i) H 2 (1 bar), 10% Pd/C (5%, by weight), AcOEt; r.L, 5 
hours (88%); ii) DMSO (1.5 eq.), (COOl)2 (1.5 eq.), DIPEA (4 eq.), CH2C12; -78 °C to -20 °C, 2 hours (94%). 

By this procedure, the target synthon R-4e could be prepared on a 10g-scale and in a fairly good overall yield 

(52%, from R-Sb; average yield by step: 94%). 9 

An obvious way to obtain the required C-13/C-15 fragment 7 was to prepare likewise the enantiomeric acetal S- 

6a from (S)-malic acid and to perform an hydrogenolysis of  the free hydroxy group of  this acetal. 

l ( ' V ' o .  2 d ' ( ' R  3 d ' (  4 
= o ,  Co o, Co .o o.  h3P o. 

R-11 7 m.p. 228-229°C 

PMP PMP [ or] 21-29 (c= 1, EtOH) litt.: to m.p. 220°C 
S-6a, R=H S-10a, R=SPh D 
S-6d, R=Tosyl S-10b, R=H litt. 1o [ or] D'29 (C= 1, EtOH) 

S-Sb 

Reagents and conditions: 1- i) same conditions as for the R-Sb-S-6a conversion; it) tosyl chloride (1.3 
eq.), TEBA-CI (0.1 eq.), 30% aqueous NaOH (2 ml/mmol), CH2CI2 (2 ml/mmol); r.L, 18 hours (93%); 
2- i) PhSLi (1.3 eq.), DMF (2.5 ml/mmol); r.t. 3 hours; it) Ni-Raney (excess), 96% EtOH; r.t., 12 
hours; 3- same conditions as for the R-6c-R-5d conversion (71%, from S-6d); 4- according to ref. 10. 

This was done easily by treating S-6a with tosyl chloride in aqueous sodium hydroxide to obtain S-6d, which 

was reacted immediately with lithium thiopbenoxide. Desulfuration of  the resulting sulfide S-10a by Raney nickel 

afforded the acetal S-10b. Final conversion of  this acetal to the phosphonium salt 7 was ensured by treatment of S- 

lOb with ethanedithiol to liberate the known diol R-11, which was then transformed into 7 as described. 10 

In conclusion,  a very efficient process for protecting selectively the triol 5a by acetalisation of  p-anisaldehyde 

has been contrived. The reliability of  this new protocol has been firmly established: the preparation of  the acetals 

R-6a  and S-6a has been executed several times by undergraduate students on a scale as large as 30g without any 

trouble. This procedure should, accordingly, be useful to a wide range of  synthetic chemists. 

The recourse to a full-reduction product (i.e. the triol 5a) of malic acid to prepare the synthon R-4b  could 

surprised. Obviously, that lengthens in some extent the procedure since it is necessary, at a latter stage, to perform 

an oxidation to generate back the carboxylic functionality of R-4b. It has to be realised however that each step of  

the present process proceeds in high yield, without any significant experimental difficulties, and that the overall 

yield thus recorded competes favourably with that registered by using more classical, prevalent, methods of 

selective protection of  malic acid. Moreover, the synthetic flexibility of  the acetal 6a has been illustrated by the 

preparation of  various key elements of  our projected synthesis o f  the aglycone 1. Further elaboration of these 

synthons toward this target will be disclosed in due course. I 1 
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