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Abstract: The hydroformylation of 2-phenyl-4-(prop-2-enyl)[1,3]dioxanes has been studied. anti-Acetals
1a,b were found to give extraordinarily high diastereoselectivity on hydroformylation, giving rise to the
formation of the all-anti stereotriades 2a,b. The origin of this stereoselectivity may be related to the
preferred conformation of the actetals 3 in solution, as determined by 2D-NOESY NMR experiments and
force field calculations (MM3). Hydroformylation of 1a afforded an intermediate for a short and efficient
synthesis of a key building block for the totai synthesis of the macrolide antibiotic bafilomycin A,.
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rise to the selective f 1 particular, transition metal catalyzed

reactions have found increased attention,

matalirgad oAl

aaiuon

as not only do they have an inherent potential for stereoselective

carbon carbon bond formation, but also have the potential to be used in economically and ecologically sound

processes. In this context diastereoselective rhodium catalyzed hydroformylation has become a major subject of

interest. Whereas stereocontrol on hydroformylation of olefins incorporated in cyclic systems can be achieved

rather easily,” the control of stereoselectivity upon hydroformylation of acyclic olefins is still a challenge.?

achieved giving rise to the formation of an all-anti stereotriade, one of the central building blocks of
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polyketide class of natural products.

£h Ph
1 0.7 mol% [Rh(CO),acac/4 P(OPh)a] 1
A toluene, 70°C, 20 bar (H,/CO, 1:1)
i 36 h, 2a (80%), 2b (79%) 0”0
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We report here, a special case in which stereoselective hydroformylation of an acyclic olefin could be
the

Thus, hydroformylation of the benzylidene acetals la,b employing 0.7 mol% of a

rhodium/triphenylphosphite catalyst provided the all anti stereotriade® aldehydes 2a,b in good yields and with

complete diastereoselecitvity (299:<1).
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X - had to be considered.
This step has been shown to have a low activation barrier (< i0kJ/mol), and to be exothermic and irreversibie for
most Rhodium/triarylphosphine or phosphite catalysts.” For these reasons conformational preferences can
become of major significance in determining the stereochemical result of this reaction.® As a consequence we
investigated the preferred conformation of 1a in solution, employing 2D-NOESY experiments. Accordingly,
acetal 1a has a preferred conformation A in solution at 25°C.
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Preferred conformation A of 1a Energetically preferred conformation A of
according to 2D NOESY experiments. 1a according to MACROMODEL/MM3.
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This observation was cofi
to be populated to almost 90% at 25°C.” Such a strong conformational preference stems mainly from a
minimization of a repulsive syn-pentane interaction ® between the two methyl substituents, as well as
minimization of 1,3 allylic strain ® within the alkene moiety. Those two repulsive interactions orientate the
acyclic olefin into a single defined position. The origin of the exclusive attack of the Rhodium catalyst from the
Ik face of the double bond seems to be the spatial shielding of the ul face by the equatorial methyl substituent.
Further support of this interpretation was provided by the hydroformylation of derivatives 3 and 5. In these
cases the conformation controlling and shielding methyl group is either missing or in an axial position.

Accordingly, the hydroformylation of 3 and § proceeded in a stereorandom fashion. Thus, the diastereoselective

/L 0.7 mol% [Rh{CO),acac/4 P{OPh)3] /'\
toluene, 70°C, 20 bar (H,/CO, 1:1)

Q 24 h (81%) o 0

47 53
3 anti-4 syn-4
gh e i Eh Eh

H 0.7 moi% [Rh(CO),acac/4 P{OPN)3] /k
/'\ toluene, 70°C, 20 bar (H,/CO, 1:1)
? ? 48 h (53%) ? ? ?

5 anti-6 syn-6



1903

P,

|. [N L il
1¢

one can make use of ihe oriho-diphenyiphospt ( ) yst directing group
(CDG).’ Thus, hydroformylation of the 0-DPPB-ester 7 provided in 91% yield aldehyde 8 in a diastereomer
ratio of 96:4.

0.7 mol% [Rh(CO)acac/4 P(OPh),]

OTr O(o-DPFB) toluene, 90°C, 20 bar (Hz/CO, 1:1) OTr O(o-DPPB)

N 4 0 \Ul/o} L L
J\ A » P

dr 96:4

The macrolide antibiotic bafilomycin A, constitutes an attractive target to explore the synthetic utility
of this methodology. Following the convergent retrosynthetic analysis, according to Toshima et al., the major
building block 9 became of primary interest.'® This building block 9 has been synthesized employing a rather
long sequence, consisting of 13 steps.'

Me . QMe Me M'OH Me
PTG T~ <OH J\\ I
( aa A A [ mees— .
| \ O "lMe 4 wiie
HO S G ® . GPO Pv
Me ‘Me OMe me M Me
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bafilomycin A,

Our synthesis of 9 started from the B-hydroxyester 10. Its resolution employing Sharpless

epoxidation has been described.'’ Subsequent Frater alkylation gave the methallylic alcohol 11.'> Reduction :

£ . L oL P b1 10 r~
it

Transformation of this diol into the key building block % within 3 steps has been reported previously.'” Thus,
our hydroformylation methodology provides an efficient and short access to the central building block 9 for the

total synthesis of the macrolide bafilomycin A,. Further extension of this methodology is in progress.

QH QH a,b
EtOzC\/K/ —_— EtOQW ab 1a < . 28
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Reagents and Conditions: a) LiAlH,, ether, 0°C (83%); b) PhCH(OMe),, PTS, CH,CI, (86%); ¢) 0.7 mol % [(Rh(CO),acac/
4 P(OPh),], toluene, 70°C, 20 bar, 36 h (80 %); d) i, CBr,, PPh, (71%); ii, n-BuLi, THF (90%); e) 80% AcOH, THF, 50°C (70%).
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