TETRAHEDRON
LETTERS

Hong Woon Yang and Daniel Romo*

Received 25 November 1997; accepted 13 February 1998

Abstract: Ti-TADDOL catalysts provide good reactivity and moderate enantioselectivity in the asym-
metric [2+2] cycloaddition of silyl ketenes and aldehydes. The effects of potential bidentate chelation of
benzyloxy substituted aldehydes and of the steric size of the ketene silyl group were studied.
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synthesis has been limited by the lack of direct and general routes for their preparation in opticaily pure form.’
Although many preparative methods for the synthesis of p-lactones have been developed, the [2+2]
cycloaddition of ketenes and aldehydes is the most efficient and concise route.
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In 1911, Staudinger reported the first [2+2] cycloaddition of diphenylketene and carbonyl compounds and
the Lewis acid catalyzed version, required for the parent ketene, was described subsequently.®> More recently,
Zaitseva made the important discovery that silylketenes can also undergo Lewis acid mediated [2+2]

x

cycloadditions using catalytic amounts of BF;*OFEt, * Silylketenes are much more stable than ketene and thus can
amnrad and ctorad far aytendar 5 -
be prepared and stored for extended periods.” As part of a program directed toward the development of general

asymmetric [2+2] cycloaddition of aldehydes and ketenes. Miyano reported the first attempts at this method
using ketene and various aldehydes with 10 mol% of Corey’s aluminum based bis-sulfonamide catalyst.”
Enantioselectivities ranging from 14-74 %ee and yields varying from 11-82 % were obtained for B-substituted-
B-lactones. While our work was in progress, Kocienski and Pons reported the use of trimethylsilylketene in
[242] cycloadditions using similar conditions and catalysts employed by Miyano. They obtained
enantioselectivities ranging from 36-82 %ee and yields from 43-82 % for o-trimethylsilyl-B-alkyl-B-lactones

using 30-50 mol% of chiral Lewis acid.” In this Letter, we describe our prelumnary studies in this area
s and Narasaka’s dichlorotitanium-TADDOQOL. ¢ ]vctc which exhibit good
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Although we screened several known Lewis acids, the tarirate derived dichioroiitanium-TADDOL cataiysts
A and B provided the best resuits. The ligands were prepared in two steps from (+)-dimethyl-(R,R)-L-tartrate
by reported procedures.” Catalysts were prepared immediately prior to use by the procedure of Corey using
Ti(OiPr)4 and SiCly.” Various aldehydes and trimethylsilylketene were studied for this reaction (Table 1). In the
reaction sequence, the intermediate a-silylated B-lactones 1 were typically not isolated. 8 After determination of

the diastereoselectivity based on 'H NMR of the crude reaction, the mixture of cis and trans isomers was directly
treated with KFe2HAO or TRAF and the pna_n_{‘nm i
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Table 1. Catalytic, Asymmetric [2+2] Cycloadditions of Various Aldehydes and TMS-Ketene _
entry R Lewisacid  cisftrans (1)° % yield (2)” rxn time (h)° % ee (2)°
1 n-Bu A 34:1 49 24 41
2 PhCH» A 9:1 58 24 9
3 ¢c-CeH11 A >19:1° 66 24 80
4 4-NOoPh A >19:1° 7 48 21
5 PhCHCH» A >19:1° 78 73 41 34%
6 B >19:1° 78 72 27
7 BnOCHCH2CHoCH) A 19:1 76 76 45, 28"
8 B >19:1° 66 64 43

“Ratios determined on the crude reaction mixtures by "H NMR (200 or 300 MHz). °Yield is for 2 steps. “Reaction time is
for the [2+2] cycloaddition. 99, ee's determined by chiral HPLC (Chiralcel OD) or chiral GC (TBS—cyclodextnn, ref. 10).
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The cis isomers of the o-silylated-p-lactones were formed almost exclusively with the exception of
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phenyiacetaidehyde (entry 2, Table i). Moderate to good yieids for the iwo siep reaciion sequence were
obtained dependent on the reaction time for the cycloaddition. In general, reaction times of 48-76 h ied to
consistent yields of 66-78%. Although we were unable to obtain the pure trans-B-lactones in most cases, it
appears that the enantioselectivity is highest for the cis-B-lactones (entries 5 and 7, Table 1).

To gain some mechanistic understanding of the [2+2] cycloaddition, we examined steric effects of the
ketene silyl group. Cossio recently studied the preference for the formation of cis-B-lactones from the [2+2]

ion catalyzed by Lewis acids usi

ZR
=

g ab initio calculations."! According to his proposed transition state
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showed that bulky catalysts fead to increased cis diastereoselectivity.” Similar to Yamamoio’s resuits, we
observed high cis diastereoselection but a decrease in diastereo-selectivity with increasing size of the ketene silyl
group (R") (Table 2). This is presumably a result of the increased importance of the gauche R'/R interaction in
transition state arrangement C relative to the R'/catalyst interaction in transition state arrangement D (Figure). In
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addition, there is negligible effect of the silyl group (R') on the enantioselectivity.
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Figure. (a) B-lactone numbering (b) Cossio's Model (ref. 11a) (c) severe steric interaction

between R' and the catalyst
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Table 2. Effect of Changing the Silyl Group of the Ketene in the [2+2] Cycloaddition
entry R cis/trans (3)* rxn time (h)’ % yield (4)° % ee (4)*°

1 TMS >19:1 73 78 41%, 34"

2 TES 13:1 48 74 26

3 TBS 14:1 48 75 31

4 DMPS 14:1 48 75 26
“Ratios determined on the crude reaction mixtures by '"H NMR (200 MHz). "Rcaction time is for the [2+2]
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cycloaddition. “Yield is for 2 steps. ‘% ee's determined b uy chiral HPLC (Chiralcel OD). “Enantiomeric excess was

determined after desilylation of the cis/trans mixture 3. The minor trans diastereomer could not be detected by 'H
NMR (200 MHz). #From pure cis silylated-B-lactone 3. *From a mixture of B-lactone 3 (cis/trans = 1:1.2).

We also probed for potential bidentate chelation of aldehydes bearing bcnzylethers with different tether
CHdIlIlObClC(.[lVl(leS were ODberCU ( able 3) BaSCU on lhESC I'Ebuub, ll dppedrs l[ld[ CXISICHCC Ol UlIICl'Cl'll
geometrical isomers of the active catalyst as a consequence of participation of the pendant benzylether in
coordination to titanium affects both the diastereco- and enantioselectivity of the cycloaddition. It has previously
been demonstrated by elegant studies of DiMare using VI-NMR experiments that three adducts of dichloro
titanjum TADDOL catalyst A and an associated bidentate oxazolidinone exist in solution.'* In the case of the 8-
membered chelate (entry 4, Table 3), it is possible that bidentate chelation does not occur for entropic reasons
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Table 3. Effect of Changing the Tether Length of Benzyloxy Substituted Aldehydes on the
[2+2] Cycloaddition
entry n cis/trans (5)° % yield (6) rxn time (h)° % ee (6)"
1 1 35:65 39 53 0
2 2 23:77 79 53 20
3 3 91:9 53 69 35
4 4 >95:5¢ 66 64 43

“Ratios determined on the crude reacuon mixtures by '"H NMR (200 MHz). "Yield is for 2 steps. “Reaction
time is for the [2+2] cycloaddition. % ee’s determined by chiral HPLC (Chiralcel OD). “The minor trans
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diastereomer could not be detected by H NMR (200 MHz).
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Investigations of novel, chiral Lewis acids for this [2+2] cycloaddition in addition to further mechanistic
studies of this useful reaction are currently underway.
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mg, 0.89 mmol) and TMS-ketene (204.8 mg, 1.79 mmol) in CH,CL, (1 ml) was added 0.44 ml of the stock
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vacuo, and purified by flash chromatography (EtOAc:Hex = 1:10) to afford the B-lactone 2 (R = cyclo-
hexyl) (90.5 mg, 66% yield) which exhibited spectral data that matched previously reported data.”” The ee
was determined to be 80 %ee by chiral GC analysis (bis-TBS cyclodextrin™).

All new compounds exhibited spectral data consistent with their assigned structures.
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