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Acyclic (2)-1,3-dienes are widely regarded as exceptionally

poor substrates for DielsAlder reactions:?2 Exceptions to this
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generalization are oxygenated and other heteroatom-substituted “Me

(2)-1,3-dienes, which undergo cycloaddition reactions with a
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range of conventional and hetero dienophtiés.(2)-1,3-Dienes
have also been successfully employed in intramolecular Biels COR
Alder reaction$, 12 especially recently in the taxane serlés!8 Me
However, scattered reports of successful thetn&land Lewis H
acid catalyze##=2° Diels—Alder reactions of Z)-1,3-dienes
suggested to us that the prospects of using these compounds as

intermediates in organic synthesis might not be as bleak as has
been widely assumed. We are most pleased, therefore, to report

herein the first extensive study of Lewis acid catalyzed Diels
Alder reactions of Z)-1,3-dienesl—4, which in most cases
proceed with excellent regio- and highdeselectivity (Scheme
1).

We began by exploring the DietAlder reactions of diene
1 with a-acetoxyacroleinga).283° Thus, treatment ot with
3.8 equiv of5a and 1.2 equiv of Snglin a 3:1 mixture of
toluene and ChBCl, at —78 °C for 1 h provided endo
cycloadducbain 90% yield with 96:4 selectivity (Table 1, entry
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(a) X=0Ac, R=H; (b) X=Br,R=H; (c) X=Me, R=H;
(d) X=R=H; (e) X=Me, R=CI; (f) X=H, R=CI; (g), X = Me,
R = OMe; (h) X =H, R=0OMe; (i) X = H, R = NHBzI

1). Encouraged by this exciting result, we explored the reactions of 1 with a range of other dienophiles, includimgbromoac-
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rolein (bb), methacrolein %c), acrolein bd), methacryloyl
chloride 6€), and acryloyl chloridegf) (Table 1, entries 26).
These reactions were performed in toluene using MeAtS|

the Lewis acid catalyst (typically 1.1 equiv, although recently
we have found that substoichiometric amounts of the Lewis acid
may be employed (cf., entries 10, 17, 18, 19)). The reactions
with 5b, 5d, and5f were complete withi 1 h at—78 °C and
provided cycloadduct§b, 6d, and6h, respectively, in excellent
yield and generally with excellergndaselectivity (entries 2,

4, and 6). It should be noted that the reaction with acryloyl
chloride 6f) was quenched with MeOH and #Bt, thereby
providing methyl este6h as the major product. The reactions
with methacrolein §c; entry 3) and methacryloyl chlorid®&é
entry 5) were more sluggish and required longer reaction times
or higher temperatures for complete reaction. The reaction with
methacryloyl chloride (entry 5) provided a 4:1 mixture of the
endce andexolactonesl0and11.

Ovo o__o
10, Ry = Me ‘aMe -Me 11, Ry = Me
R2 = H D = RZ = H
12,R;=H  Mé Re Mé R2 13 R, =H
R, = Me Ry Ry R, = Me
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Buoyed by the success achieved with the Digddder
reactions ofl, we explored the analogous reactions of the
isomeric dien€. A basic tenet of the DietsAlder reaction is
that the stereochemical diversity of the reaction can be doubled
simply by changing the stereochemistry of the diene component.
While there are scattered reports of success along these lines
with simple dienes such ag) and E)-2,4-pentadiené’22our
results withl and 2 clearly demonstrate the ability to do so
with complex, highly functionalized substrates. The Snésl
MeAICl, catalyzed Diels-Alder reactions oR and dienophiles
5a—d provided cycloadductga—d in 84—97% yield and with
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Table 1. Lewis Acid Catalyzed DietsAlder Reactions ofZ)-Dienes1—4

dienophile Lewis acid yield
entry diene (equiv) (equiv) condition3 product(s) (%)° endoexo
1 1 5a(3.8) SnCl (1.2) A 6a(R=H, X = OAc) 90 96:4
2 1 5b(2.1) MeAICkL (1.1) B 6b(R=H, X =Br) 96 96:4
3 1 5c(2.5) MeAICkL (1.1) C 6¢c(R=H, X =Me) 87 90:10
4 1 5d(3.0) MeAICL (1.1) B 6d (R=X=H) 88 90:10
5 1 5e(2.5) MeAIChL (1.1) D, E 10,11 80 80:2C0°
6 1 5f(3.0) MeAICkL (1.1) B,E 6h (R=0OMe, X=H) 95 84:16
7 2 5a(2.4) SnCl (1.2) A 7a(R=H, X =0Ac) 88 >08:<2
8 2 5b(5.0) MeAICL (1.1) B 7b(R=H, X =Br) 84 97:3
9 2 5¢(2.5) MeAICk (1.1) F 7c(R=H, X = Me) 97 93:7
10 2 5d(2.5) MeAICL (0.5) B 7d(R=X=H) 90 95:5
11 2 5e(2.5) MeAICk (1.1) B,E 12,13 86 7:93
12 2 5f(2.5) MeAICL (1.1) B, G 7h (R = OMe, X=H) 98 46:54
13 3 5a(1.3) MeAICk (1.1) B 8a(R=H, X = OAc) 75 96:4
14 3 5¢(3.0) MeAICL (1.1) H 8c(R=H, X =Me) 98 >98:<2
15 3 5d(3.0) MeAICL (1.1) H 8d (R=X=H) 91 96:4
16 3 5e(3.0) MeAICkL (1.1) B,E 89 (R= OMe, X= Me) 77 93:7
17 4 5a(1.5) MeAICL (0.2) B 9a(R=H, X = 0Ac) 60
18 4 5c(2.0) MeAICL (0.2) B 9¢c(R=H, X =Me) 64
19 4 5d(2.0) MeAICL (0.2) B 9d (R=X=H) 97
20 4 5f (3.0) MeAICL (1.2) B, | 9i (R=NHBzl, X = H) 54

aConditions: A, 3:1 tolueneCH,Cl,, =78 °C, 1 h; B, toluene;-78 °C, 1 h; C, toluene;-60 to —65 °C, 20 h; D, toluene;-78 °C, 2 h, then
—20°C, 0.5 h, E, excess MeOH and;Ntwere added prior to workup; F, tolueney78 to —30 °C, 90 min; G, excess MeOH and pyridine were
added prior to workup; H, toluene;78 °C, 1—3 h, then—20 °C, 30 min; I, 20 equiv of PhChHNH, was added prior to workup.Combined
isolated yield ofendoandexo products.® In addition, 13% of a 4:1 mixture of methyl ketones was obtained.

93—>98% endoselectivity (entries 710). As was also the  these reaction® Careful monitoring of the reactions in entries
case with the reactions of, other regioisomers were not 5 and 11 indicated that lactone)—-13 are formed post-
detected. The reaction @ and methacryloyl chloride (entry  cycloaddition. In addition, control experiments established that

11) provided a 93:7 mixture of lactond8 and 12, with the acrylate estefl4 failed to undergo an intramolecular Diels
excadduct 13 predominating, while the reaction & and Alder reaction in the presence of MeAlCkven at 23C for
acryloyl chloride (entry 12) provide a ca. 1:1.2 mixture7df 24 h. Attempts to use acrylate esters or imite as the
and the correspondingxa-cycloadduct. dienophile in reactions with were unsuccessful.

Additional examples of Lewis acid catalyzed Dielslder

reactions of acyclic4)-dienes3 and4 are provided in entries 0 o o

13—20. The efficiency of these reactions, especially those of \/go Me \)k JI§

4, was lower than that obtained withand 2 either due to the Ve | N\_JO

lower reactivity of these dien&s®2 and/or their increased ZMe

susceptibility toward Lewis acid promoted oligomerizatfén. 14 OTBDPS 15

Nevertheless, the reactionsd#till displayed exceptional regio-

andendoselectivity (93->98%), even that with methacryloy! In summary, we have demonstrated that the Lewis acid
chloride (entry 16). However, our attempts thus far to achieve catalyzed DielsAlder reactions of acyclic Z)-dienes1—3
Lewis acid catalyzed DieisAlder reactions with Z)-2,4- roceed with exceptional regioselectivity, and in most cases,

pentadiene have been unsuccessful, even though Lewis acitexcellent stereoselectivity. The ability to generate vicinal
catalyzed reactions of this diene with quinone and maleic quaternary centers in cycloadducts sucbasc and7a—c with
anhydride dienophiles have been reported previotisly.(2)- exceptional stereocontrat©0:10) is both striking and virtually
2,4-Pentadiene is an exceptionally unreactive diédéand we  unprecedented. Additional studies designed to extend the
suspect that this compound simply oligomerizes under the potential of these reactions in organic synthesis are in progress.
conditions we have explored to d&fe?
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