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STEREOSELECTIVE ALDOL REACTIONS OF j’bCHLOROVINYL KETONES 

USING DIENOL BORINATES: A NEW SYNTHESIS OF DIHYDROPYRONES. 

Ian Paterson* and Simon Osborne 

University Chemical Laboratory, Lensfield Road, Cambridge CB2 IEW, UK. 

Summary: The syn-selective aldol reaction of fl-chlorovinyl ketones using dienol borinates can be 
coupled with a trimethylsilyltrifIate promoted cyclisation to give cis-dihydropyrones, 4 + 6 + 7. Use 
of dienol diisopinocampheylborinates leads to an enantioselective synthesis of dihydmpymnes. 

Dihydropyrones like 1 are useful intermediates for access to a wide range of substituted tetrahydropyran 
rings.1 Their diastereoselective synthesis is usually based on the Lewis acid catalysed reaction of siloxydienes 2 
with aldehydes (Scheme l), as developed by the Danishefsky group. la&V For the asymmetric synthesis of 1, 
chiral aldehydes,z chiral auxiliaries3 attached to the diene and chiral Lewis acidssp have all been used with varying 
success in this cyclocondensation reaction. We have investigated an alternative stereoco ntrolled construction of 
dihydropyrones from aldehydes by use of dienol borinates 3 (X = Cl, I, SPh, OMe, etc.). This approach exploits 
the high levels of enantio- and diastereoselectivity associate4-l with boron enolate aldol reactions.5 

Scheme 1 

We now report our results for the aldol reaction of gchlorovinyl ketones 4 with aldehydes via the dienol 
dibutylborinates 5 (Scheme 2), which leads to syn adducts 6 in good yield and with high diastereoselectivity 
(297%). A subsequent cyclisation step, promoted by trimethylsilyltriflate and diisopmpylethylamine, gives the 
corresponding cis-dihydropyrones, 6 + 7 (R * = Me; R2 = saturated alkyl). Use of the corresponding dienol diiso- 
pinocampheylbotimues leads on aldol addition and cyclisation to the enantioselective formation of dihydmpyrones. 

Scheme 2 

We first examined the aldol reactions of a range of readily available6 B-substituted vinyl ketones 4,9,10 
and 11 (Scheme 31, where the B-X group (Cl, OMe. SPh, or I) was intended as a leaving group in a subsequent 
cyclisation reaction. Under the normal conditions (nBu2BOTf/@r$Et, CH2Cl2, -78 “C, 5 h; VrCHO, -5 ‘C!, 16 
h), the vinylogous ester system 9 (X = OMe for R 1 = H) failed to undergo an aldol addition. However, successful 
syn-selective aldol reactions were obtained with the chloride, iodide and phenylsulphide, as shown in Table 1.7 In 
the case of the phenylthio substituted system 10 (entry 1), the aldol reaction was complicated by equilibration to the 

2213 



2214 

double bond isomers of 12 and 8 (X = SPh). Best results were obtained with the chlorides 4, which are also the 
most readily available (AlC13 catalysed addition of RICH$V!OCl to acetylene6). For RI = Me (entries 4-9). the 
boron-mediated aldol reaction of 4 with a range of aldehydes produced the syn adduct 6 in good yield (5384%) 
with high syn selectivity (97%) via the Z dienol dibutylborinate 5.8 Selective production of the anri isomer 8, X = 
Cl (via the corresponding E dienol borinate), however, proved unsatisfactory.9 For RI = H, the corresponding aldol 
reactions of 4 also proceeded well (entries 10-12). 
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Table 1. Aldol reactions of vinyl ketones 4,10 and 11 using ~Bu2BOTf/@r@lEt in CH$l2.4 

entry ketone X R’ R2 spanttb % yteldc 

1 10 SPh Me vr 81:19d 61 

2 11 I Me “R >95:5 54 

3 11 I Me MeC=CH2 5955 60 

4 4 Cl Me “R 97:3 81 

5 4 Cl Me Ph 97:3 84 

6 4 Cl Me BnOCH2 97:3 84 

7 4 Cl Me e3-hl 97:3 53 

8 4 Cl Me E-MeCH=CH 97:3 83 

9 4 Cl Me MeC=CHz 97:3 53 

10 4 Cl H Tr 9s 

11 4 Cl H Ph 91 

12 4 Cl H BnOCH2 90 

a Enohsation at -78 ‘C (5 h) followed by addition of aldeh 
b Syn:unri ratios from P 

de and warming tc -5 “C (16 h), unless otherwise stated. See 
fuotnute 8 for npnsentative reaction. 
d Mixture of four isomers: E-syn, Zsyn, ~-anti, Z-anti. 

H NMR or HF’LC. c Is&ted yield after chromatography. 

The cyclisation of the aldol products 6 and 13 to give the required dihydropyrones was then investigated 
using a range of reagents (Lewis acids, protic acids, bases). Preliminary work was carried out on the butanal syn 
aldol adducts (i.e. 6 and 13, R1 = Me, R 2 = Vr). Best results were obtained for the chloride series’0 using 
trimethylsilyhriflate with diisopropylamine (Scheme 4), which gave 4490% yield of dihydropyrone depending on 
the exact reaction conditions (Table 2, entries l-4)). Equilibration of the cis-dihydropymne 7 (the kinetic product) 
to the trans isomer 14 was found to be an added complication (entries l-2). The amount of trans-dihydropyrone 
produced could usually be minim&d by using less than one equivalent of amine base and conducting the reaction at 
-15 Y! in CH2Cl2 or CC4 (entries 3-7). Even under these conditions, however, extensive equilibration was 
obtained with R2 = BnOCH2 (entry 8). A typical experimental procedure for 6 + 7 (RI = Me; R2 = Vr) follows: to 
a stirred solution of 6 (222 mg, 1.17 mmol) in dry CH2Cl2 (6 ml) at -78 OC was added diisopropylethylamine (0.12 
ml, 0.69 mmol, 0.6 eq.) followed by trimethylsilyltriflate (0.24 ml, 1.24 mmol, 1.07 eq.). The solution was stirred 
at -78 ‘C for 30 min, then kept at -15 “C (freezer) for 15 h. The reaction mixture was then quenched with NaHCO3 
solution and extracted with CH2C12. The combined organic layers were washed with saturated brine, dried 
(MgSO4) and evaporated in vucuo. Flash chromatography (5% Et2O/CH#2) gave the separated cis- and fruns- 
pyrones, 7 and 14 (147 mg, 82%; cismans = 91:9).” 
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Scheme 4 

6 7 (cis) 14 (tram) 

Table 2. Cyclisation reactions of vinyl ketones 6 using Me$iOTf (1.1 eq.) and @r$lBt (0. l-l eq.).a 

entry R1 R* solvent konditions) equiv. trrgwt cis:trans b k yieldc 

1 Me 

2 Me 

3 Me 

4 Me 

5 Me 

6 Me 

7 Me 

8 Me 

9 H 

10 H 

CH2Cl* (-78 + 20 “C, 30 min) 1.0 

CH2C12 (-78 + -15 OC, 15 h) 1.0 

CH2C12 (-78 + -15 OC, 15 h) 0.1 

CH2C12 (-78 + -15 “C, 15 h) 0.6 

034 (-78 + -15 ‘C, 15 h) 0.8 

PhMe (-78 + -15 ‘C, 15 h) 0.8 

CH2Q2 t-78 -+ -15 “C, 15 h) 0.8 

CH2Q2 (-78 -+ -22 “C, 15 h) 0.8 

CHfl2 f-78 + -15 “C, 15 h) 0.8 

CH2c12 (-78 + -15 “C, 15 h) 0.6 

7030 

68~32 

89~11 

91:9 

95:5 

9o:lO 

93:7 

74~26 

44 

80 

73 

82 

90 

55 

62 

62d 

60 

66 

a Reaction conditions as described in text, unless otherwise stated. b cis:rrans ratios from 1~ NMR or by weighing after 
&mmamgmphy. c Isolated yield atIer chromatography. d Yiild based on recovered 6. 

Using these conditions, a further four dihydropyrones were prepared (entries 7-10). Unfortunately, the 
cyclisation could not be extended to the situation where R2 is phenyl or alkenyl as competitive dehydration cccurrecL 
We believe that this new reaction proceeds through the nimethylsilyl ether derivative of 6, which then undergoes 
acid (or trimethylsilyl triflate) catalysed cychsation to the dihydmpyrone. In one experiment, the trimethylsilyl ether 
of 6 was preformed for Rt = Me, R2 = ‘Fr (Me$K!l, iprzNEt, CH2Cl2) and then subjected directly to catalytic acid 
(0.1 equiv. triflic acid, CH2Cl2.0 “C), which gave the corresponding cis-dihydropyrone 7 (44%). 

Scheme 5 
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We have briefly looked at extending this procedure to give an asymmetric synthesis of dihydropyrones by 
using chiral boron reagents for the initial aldol reaction (Scheme 5). Use of (-)-(Ipc)zBOTf (1.3 equiv.)l2 for 
enolisation of 4, RI = Me, @rzNEt, CHgClz, -78 “C, 16 h) and addition of butanal (-20 OC, 22 h, HzOz, aq. 
THF, 0 OC, 20 mitt) gave the syx aldol product 1513 (40%. >97% diasteteoselectivity) in 80% ee (lH NMR with 
Eu(hfc)g). Cyclisation of 15 with Me$iOTf@hNBt, under the standard conditions, gave a 78% yield of the cis- 
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dihydropyrone 1613 also in 80% ee (Eu(hfc)g). Hence no detectable racemisation occmred on the cyclisation step. 
Similarly, the (-)-(Ipc)2BC112.14 mediated aldol reaction of 4, RI= H, with butanal gave 17l3 in 67% ee, which 
was cyclised up to give the dihydropyrone lg.13 

In summary, we have developed a new and convenient two step synthesis of dihydropyrones from readily 
available l3-chlomvinyl ketones and aldehydes, which exhibits useful levels of enantio- and diastereoselectivity. 
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