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Pyran and dihydropyran units are ubiquitous components that Table 1. Optimization of the Hetero[4+2] Reaction between 3 and
a
present a wide variety of substitution patterns in several classes ofEty! Vinyl Ether Catalyzed by 1

biologically active natural products. Consequently, there is signifi- ~ BPin catalyst BPin H0 OH

cant interest in the development of new synthetic methodologies ~ CH, COZNa

to access polysubstituted pyran derivatives in optically pure form. <o L —_— — |

To this end, multicomponent reaction strategies are particularly OEt THF OEt
attractive because of their operational simplicity and high degree 3 4 5

of convergencé.Our laboratory reported the first examples of a catalyst loading? conversion® eed

three-component heterof£]/allylboration strategy to construct entry (mol %) additive (%) (%)
a-hydroxyalkylated heterocycles (eq 3L)While optically pure 1¢ 5 BaO 100 <50
polysubstituted piperidines can be synthesized from chiral 4-borono- 2 5 BaO 100 95

3

4

5

6

1-azabutadienéshe corresponding process to construct pyran units 5 4Ams. 100 96

o ; ; ; 1 4Ams. 100 96
from 3-boronoacrolein is devoid of an asymmetric vartant. 05 AAme 100 96
Y Y AN o o i .
=z RCHO aPin = pinacolate. Conditions: 2 mmol (0.36 g) of distill&8d1 M in
N + | - | —— R Ny Q) vinyl ethyl ether (1.9 mL), room temperature, 14 PRelative to 3.
S z ) I H ¢ Measured by integration of representative signal&bNMR. 9 Measured
X=NR', O HO by chiral HPLC (Chiralpak AD-RH column} With nondistilled3.

We envisioned that 3-boronoacrolein esters could be viable At the outset', we realized .that th.e purity of t.he key supstrate
substrates in Jacobsen’s enantioselective inverse electron deman -boronoacrpleln pinacolat8)(is cruua_l. When using hetero¢ene
hetero[4+2] reaction with enol ethers (% O, Z = OEt; eq 1), prepared in o steps from 3,3-diethoxy-1-propyne with our
catalyzed by the tridentate (Schiff base)chromium comglexhe recently described distillation-free proceddmnly a low ee could

. . 0
intermediate cyclic allylboronate could be further reacted with an be obtained under the standqrd conditfarsing 5 m.ol b of catalyst_
added aldehyde in a sequential fashion to provideotidroxy- 1 and BaO as the dehydrating agent for 14 h in neat ethyl vinyl

alkyl dihydropyran as the final product. The ability to perform this ethgr (entry .1).' Al.thOUQh théH NMR. spectrum of substrat
three-component sequence in an operationally simple one-potpu“f'ed by distillation showed no noticeable difference from that

reaction, with either a thermal or a Lewis-acid-catalyzed allyl- gf at' salllmp_le Obta:and ?s ;ef(:’_'rﬁthe enantloseleclzlnwrt]y r\lNas'th
boration® would add significant value to this strategy. Herein, rastically improve (entry 2). The ee was equally high wi

we report the optimization of the first catalytic enantio- and molecular sieves instead of BaO as the dehydrfitlng aggnt (entry
diastereoselective heteref2]/allylboration reaction to provide 3). dOur next golaldv;/as E)O redufﬁ tthbe ct:rz]atalyst Ioa}dlng (3ntr1e&),4 ined
efficient access ta-hydroxyalkyl pyran derivatives. This one-pot an v;:c_e \éveri‘hg a | 00 sgr\ée ?0/ c(;floclonversmn_ an eihr?kr]n aine
three-component reaction was successfully applied to a concise totai/ery_ Igh with as fow as o mol ¥ di in comparison wi €
synthesis of (R,69-6-acetoxy-5-hexadecanoliddthe oviposition oading values of 510 mol % previously reported for a wide range

attractant pheromorieof the femaleCulex mosquito capable of of a‘lﬁ -'uns.atura}e:i ald.ehydéstl'tlls rleslultfsugg%slts r:h?t 3;jporonp-
transmitting the West Nile virus. acrolein pinacolated) is a particularly favorable heterodiene in

this reaction. In fact3 serves as a valuable surrogate of 3-acyl-

Me oxylacroleins, which were reported to afford the synthetically useful
4-hydroxy dihydropyran derivative in a lower selectivity (89% &e).
Here, intermediat® was isolated in 81% yield and 96% ee from
[ CioHat | the hetero[4-2]/oxidation reaction of3. Routine transformations
‘\\N\\ /0 |_:I SIS of the hydroxyl group ob led to other intermediates useful in allylic
., CF\C| AcO , substitution chemistry (eq 2).
1

Inltl_al optlm_lz_athn studies focu_sed on optl_mlzmg conversion and Aczo DMAP BnBr, NaH
enantioselectivity in the formation of cyclic allylbooronafeby
hetero-Diels-Alder reaction between ethyl vinyl ether and 3-bo- CH C'z DMF

OEt
ronoacrolein pinacolate3) catalyzed byl (Table 1). The enantio-
meric excess was measured on the corresponding secondary alcohol
product5 following oxidation/hydrolysis of the boronate substituent Following optimization of the hetero-DietsAlder reaction, the
with retention of stereochemistfy. second step in the three-component sequence, the allylboration, was

(96%) (95%)
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optimized using benzaldehyde (eq 3). To this end, hetero-Biels
Alder adduct4 was isolated and purified using a short column of
silica gel. The absence of allylboration product betw8eand 4
implies that the Cr(lll)-catalyzed heteref2] cycloaddition is
significantly faster than aldehyde allylboration with intermedite

provide pyran intermediate (eq 4). Acetylation of the secondary
alcohol by inversion of configuration afforded),*® and oxidation

of the acetdt* led to the desired mosquito pheromdhefter only
seven steps from commercial 3,3-diethoxy-1-propyne. The presence
of the C4-C5 unsaturation confers remarkable synthetic versatility
to dihydropyrans8. For example, appropriate oxidation of the

BPin double bond would lead to carbohydrate derivatives and other highly

PinB--0

H'—Kph = oxygenated pyran-containing natural products.
I —> | H A 0 —> ph | 3)
(0] OEt Y- (e} OEt =z H,, Pd(C)
4 H \LOE‘ Ho M CyoH CioH
+ PhCHO H 8a 10NN 07 Y OR Et,0 107N i OEt
HO 90% HO 9
Allylboration reactions are usually carried out in noncoordinating 8 (90%)
solvents such as dlghloromethane and toluene. To our surprise, we 1. MsCl, E4,N, CH,Cl, MCPBA, (4)
found that the reactivity of allylboronatewas not attenuated when 2. CsOAG, 18-C-6 BF,-OEt,

using ethyl vinyl ether as solveft.The addition occurs readily at CigHa 2
a relatively low temperature (4@C) and affordsx-hydroxybenzyl
dihydropyranBa as a single diastereomer consistent with the usual
Zimmerman-Traxler transition structure (eq 3f.Moreover, we
found that it was not necessary to purify intermedidteand
eliminate residual cataly&twhen used onlyri a 1 mol % loading?

This way, the heterof#2]/allylboration sequence can be carried
out in a one-pot procedure fror@ by simple addition of the
aldehyde after completion of the cycloaddition step. As detailed in
Table 2, suitable aldehyde substrates include aromatic aldehyde
with different electronic characteristics, and aliphatic aldehydes products are underway.

including functionalized ones such as TBDMSOLHO (entry Acknowledgment. This work was funded by the Natural
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competing heterof#2] reaction with ethyl vinyl ether (entries-8). preparation and use of catalykt

B —
toluene, 100 °C OEt Et,N, CH,CI,

i
AcO

(62%) 10 (88%)

This Communication described the first catalytic enantioselective
hetero[4+2]/allylboration reaction. From the key substrate 3-bo-
ronoacrolein pinacolate, this one-pot, three-component reaction
providesa-hydroxyalkyl dihydropyrans with very high enantio- and
diastereoselectivity. Further extensions and applications of this
é)owerful, practical process in the synthesis of complex natural

Supporting Information Available: Experimental procedures,
characterization data (NMR, MS), and spectral reproductions for

Table 2. Substrate Scope for the Catalytic Enantioselective
Three-Component Hetero[4+2]/Allylboration Reaction?@

BPin i) BPin i) compoundsi—7, 8a—8h, 9, 10, and syntheti@ (PDF). This material
1(1 md%) RCHO Z is available free of charge via the Internet at http://pubs.acs.org.
Tl e
S0 ot 4Ams. 07 YOEt i References
H
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- (2) For recent reviews on multicomponent reactions, see: (a) Weber, L.; lligen,
temp time yield® K.; Almstetter, M.Synlett1999 366—-374. (b) BienayreH.; Hulme, C.;
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aPin = pinacolate. Conditions: 2 mmol (0.36 g) of distill8d1 M in

vinyl ethyl ether (1.9 mL), with 1 mol % of catalydt room temperature,

14 h, followed by the addition of 2.0 equiv of aldehyde and reaction at the
indicated temperature and timeDiastereomerically pure. Retention of the
absolute stereochemistry in the allylborationdos assumed on the basis
of 8f and its transformation onto enantiop@éeq 4), which possesses the
expected optical rotation value (see Supporting Informatibbnoptimized
yields of products isolated after flash chromatogragtthyl vinyl ether
was evaporated after step i and replaced with dichloromethane.

Undecanal (entry 6) is the aldehyde substrate required to establish

the a-hydroxyalkyl side chain of (B,69)-6-acetoxy-5-hexadecano-
lide (2).13 This reaction was even carried out in gram scale (7 mmol
of 3), and the resulting dihydropyra8f was hydrogenated to

(9) Tripathy, P. B.; Matteson, D. Synthesisl990 200-206.

(10) Further reduction of catalyst loading slowed the cycloaddition and allowed

competitive formation of a significant amount of side product from the
allylboration betweert and 3.
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allylboronic acid 1,3-propanediol ester and benzaldehyde, which showed
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< toluene < dichloromethane< ethyl ether): Brown, H. C.; Racherla,

U. S.; Pellechia, P. JI. Org. Chem199Q 55, 1868-1874.

(12) Control experiments showed that there is no retardation nor any metal-

promoted acceleration of the allylboration step with catalyst

(13) For another recent enantioselective synthests ée: Trost, B. M.; Rhee,

Y. H. J. Am. Chem. So@002 124, 2528-2533.

(14) Masaki, Y.; Nagata, K.; Kaji, KChem. Lett1983 1835-1836.
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