Desymmetrization of meso-Dialdehydes

with Optically Active

ORGANIC
LETTERS

2000
Vol. 2, No. 22
3449—-3451

Cyclopentadienyldialkoxyallyltitanium

Complexes

Samir BouzBouz, Matthew E. Popkin, and Janine Cossy*

Laboratoire de Chimie Organique asso@e CNRS, ESPCI, 10 rue Vauquelin,

75231 Paris Cedex 05, France

janine.cossy@espci.fr

Received March 12, 2000 (Revised Manuscript Received August 10, 2000)

ABSTRACT

h
| o Ph
0  OTBSO =T
1-A CI) ®
< S0
H H  2.TPAP, NMO Ph o(
Ph
dr=6/1-711 A
ee = 98%

Optically active cyclopentadienyldialkoxyallyltitanium complexes have been employed for the desymmetrization of meso-dialdehydes. Allylation
of these dialdehydes and subsequent oxidation afford chiral lactones with good diastereoselectivity and excellent enantioselectivity.

The stereochemical complexity of polyketide natural products interest was drawn to the dialdehydé It has previously
has ensured that, despite intense research, the need for nepwroved possible to effect the desymmetrization of this
methodology for their construction remains as great as ever.dialdehyde through Horner—Wadsworth—Emmfasd al-
Classically, the contiguous stereocenters in polyketide sys-dol transformations involving chiral auxiliariés.

tems have been formed sequentially, via processes such as Our approach to the formation of lact®lvia desymme-

iterative aldot or allylmetaf additions to aldehyde interme-

trization of themeso-dialdehyd& employs the Duthaler—

diates. In recent years, however, the desymmetrization of Hafneg allyltitanium complexesR,R-I and 6,3-1l (Scheme

mesosystems both by enzymatiand chemical methofls

1). Duthaler et al. have shown that tHe,R)-land (S,S)-II

has emerged as a promising but less explored alternative complexes will allylate with high selectivity at trstandre
In looking for routes to prepare advanced stereotriads, ourfaces, respectively, of prochiral aldehydes. We were con-
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vinced of the pratical utility of these complexes in this
desymmetrization for two reasons. First, being derived from
either b- or L-tartrate, both enantiomeric complexes are
readily available. Second, the low Lewis acidity of the
titanium complexes should ensure their compatibility with
sensitive dialdehydés.

(8) (a) Hafner, A.; Duthaler, R. O.; Marti, R.; Rihs, J.; Rothe-Streit, P.;
Schwarzenbach, K. Am. Chem. S0d.992,114, 2321. (b) Duthaler, R.
O.; Hafner, A.Chem. Rev1992,92, 807.

(9) Reetz, M. T. InOrganometallics in SynthesiA Manual Schlosser,
M., Ed.; John Wiley & Sons: New York, 1994; Chapter 3, p 195.
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raphenyl-1,3-dioxolane-4,5-dimethanol.
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The titanium complexeR,R-I and §,3-1I were formed
in ether by transmetalation at C of allylmagnesium
chloride with the appropriate cyclopentadienyl-2,2-dimethyl-
o,0,0 o' -tetraphenyl-1,3-dioxolane-4,5-dimethanol@@*
titanium chloride precursors. Subsequent cooling @@ °C
and addition of the aldehyde was followed afte h by
quenching with water. Hydrolysis of the resulting titanium
alkoxide species over 12 h gave a mixture of la@and
liberated TADDOL' Chromatography of the lactol proved
laborious, and it was found that tetrapropylammonium
perruthenate (TPAP) oxidation allowed facile purification
of the stable lactones (Scheme 2).
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Thus, addition of the§,S)-1l complex with aldehydd
and subsequent oxidation led to the lactoB&sand 4 in
excellent yield and with good diastereoselectivity (Table 1,
entry 1). Similarly, the use of thd&®(R)-1complex produced
the opposite two enantiomes®® and6 in similar proportions,
although in substantially reduced yield (entry 2). Chiral GC

(11) Ley, S. V.; Norman, J.; Griffith, W. P.; Marsden, S. $nthesis
1994, 639.

(12) Chiral GC—MS was performed using a Hewlett-Packard series I
5890 with a custom-made F5-20% dimethylbutylsilane TB50 in SES
column.

3450

Table 1
equiv of scale yield®
entry complex complex?2 (mmol 1) products ratio (%) eec
1 (S,S)-11 0.5 0.38 3/4 6/1 83 >98
2 (R,R)-1 0.5 0.26 5/6 711 48  >98
3 (R,R)-1 0.9 1.50 5/6 711 62
4 (RR)I 05 3.00 5/6 71 56

aRelative tol. ° Isolated after oxidatiort For major isomer, determined
by chiral GC. See ref 12.

analysis showed clearly that both complexes operated with
effectively total enantioselectivity. The diastereolectivity was
unaffected when the ratio of aldehyde t& R)-I was
increased (entry 3). At the same time, a 10-fold increase in
the scale of the reaction was also possible, without significant
loss in yield or selectivity (entry 4).

The absolute configuration of the C-3 center in compound
5 was achieved by transforming the lact®a into the
O-methylmandelatesla and 11b and analysis of theitH
NMR spectrum (Scheme 3). Lact@a was reduced t®
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(NaBH,;, MeOH, 0°C). Esterification of the primary alcohol
9 with pivaloyl chloride led tol0, which was transformed
to 11laand11b by esterification of the secondary alcohol
with (R)- and §)-O-methylmandelic acid, respectivel§The
spectrum oft1ashows an upfield shielding of 0.3 ppm for
the protons Hand H. On the contrary, no upfield shielding
was observed for these protons in compourid. These
observations allow us to assign the CS-configuration in
compound5.

Furthermore, evidence for the relative stereochemistry of
the products was obtained by treatment of compouhd

(13)3and5: IR (neat, cnt) 1752, 1736, 1714, 1474, 1459, 1438, 1420,
1363, 1260;'H NMR (CDCl;, 300 MHz) 5.90-5.76 (m, 1H), 5.26-5.10
(m, 2H), 4.29 (dddJ = 8.3, 5.9, and 3.4 Hz, 1H), 4.10 (dd,= 6.8 and
5.9 Hz, 1H), 2.76 (quintet) = 7.2 Hz, 1H), 2.65-2.55 (m, 1H), 2.3%
2.27 (m, 1H), 2.21 (dddj) = 7.2, 5.8, and 3.4 Hz, 1H), 1.26 (d,= 7.2
Hz, 3H), 0.97 (dJ = 7.2 Hz, 3H), 0.93 (s, 9 H), 0.12 (s, 3H), 0.11 (s, 3H);
13C NMR (75 MHz, CDC}) 174.4 (s), 133.4 (d), 117.9 (t), 77.0 (d), 70.3-
(d), 40.2 (d), 38.3 (d), 36.3 (t), 25.(q), 18.1 (s), 12.7 (q), 7.9 {),5 (q),
—4.8 (g); HRMS calcd for GHz10sSi (MH) 299.2042, found 299.2037.

(14) Trost, B. M.; Belletire, J. L.; Godleski, S.; McDougal, P. G;
Balkovec, J. M.; Baldwin, J. J.; Christy, M. E.; Ponticello, G. S.; Varga, S.
L.; Springer, J. PJ. Org. Chem1986,51, 2370.
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with tetrabutylammonium fluoride and subsequent protection 1. The nucleophile is presented with four possible modes of
of the diol 12 with 2,2-dimethoxypropane in the prescence attack at the dialdehyde. In considering the (R,Bythplex,
of CSA in acetone, which afforded the acetonl@{Scheme si face selectivity would equally favor each of the two

4) 1516 approaches shown in Figure 1, since the allyltitanation of
Scheme 4
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aldehydes possessingstereocenters byR(R)-l and (S,S)-

13 Il has been shown to closely follow the Felkin-Anh transition

state, in accord with our independent stereochemical analysis.
In conclusion, we have demonstrated that a combination
The observed diastereopreference for lact@wsd5 may of the mesoelialdehydel with cyclopentadienyldialkoxy-

be explained by careful consideration of the stereocontrol allyltitanium complexesR,R)-land (S,S)-llallows access

exerted by the latent stereocenters in theso-dialdehyde  t0 each of the enantiomeric lactong@and5 with excellent

enantioselectivity. The relative stereochemistry of the sub-
(15) The stereochemistry afyn- andanti-1,3-diol acetonides can be  stituents in lacton& was demonstrated via formation of the

assigned from thé3C chemical shifts of the acetal methyl groups and the acetonide derivativd 3, and the absolute configuration of

acetal carbon. In generalyn-1,3-diol acetonides have methyl shifts at 19 .
and 30 ppm and acetal shifts at 98.5 ppm, whereaartiacetonides have  the newly formed center was shown By NMR analysis
methyl shifts at 24.5 ppm and acetal shifts at 100.5 ppm. The values for of th rr ndin@-methvimandelat

13% are 25.2, 23.3, and 100.5 ppm, respectively. Rogers, B.; Rychnowsky, of the correspondin@-methylmandelates.

S. D.; Yang, GJ. Org. Chem1993,58, 3511.
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