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Abstract: The rcactivity of several hindered 1,1-dimethylbutadienes towards o,f3-
unsaturated enones were studied and compared. Computational and experimental results
suggest that substituents at C-2 and C-3 of the dienes significantly effect the reactivities. A
synthetic application of this reaction is also described.  © 1998 Elsevier Science Ltd. All rights reserved.

The Diels—Alder cycloaddition reaction is a powerful transformation in organic synthesis. However, 1,1-
dmlkvl substituted dienes (1 4) have found limited &vnlln Mic 'Iitv in this im mportant (‘V(‘]ﬂ'\dd tion reaction

(Figure 1), 2 The rate of these reactions is usually slow hc(_gnm‘ steric interactions cause the S-trans conformer
1o predominate. Thus. hmhlv reactive dienophiles 3-5 or drastic reaction mndnmns" are required in many cases
for dienes c;uch as 1 and 2. The reactivitics of 1,1-dimcthylbutadienes such as 3 towards o,f-unsaturated
aldehydes and other reactive dicnophiles under Lewis-acid conditions®-8 have been reported. However, their
reactivity towards simple mono-functionalized o,B-unsaturated enones are not well known. As a part of our
ongoing research effort in exploring less-reactive dicnes and dienophiles,” we studied the reactivity of 1,1-
dialkyl substituted butadicnes represented by structures 3 and 4 towards mono-functionalized o,B-unsaturated
enones, and found that substituents at C-2 and C-3 of dicnes 3 play a role in these reactions. We report here the
results of our initial investigation and a synthetic application of these reactions.
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Our study showed that although the BF3-Et20 promoted cycloaddition reaction of 2-carbethoxy-1,1,3-
trimethyl-1,3-butadiene (5)6:7 with crowded 2-bromocinnamaldehyde (6) provided the hetero Diels—Alder
adduct 710in 45% vyield, reaction with the much smaller propiolaldehyde also gave adduct 8 as the only product
in 75% yield under the same conditions (SnCly provided 8 in 63% yicld).!l While 5 was not reactive towards
methylpropiolate under these conditions (not shown in Scheme 1), the reaction of § with 2 eq of methyl vinyl
ketone (MVK) in CH2CI2 in the presence of 2.5 eq of BF3-E20 at -20 °C afforded the cycloadduct 9 in 65%
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yield (Scheme 1). This result prompted us to cxamine cycloaddition reactions of 5 with other o,B-unsaturated
enones, not only because of the synthetic potential presented by these cycloadducts (Figure 1), but also
because mechanistically, neither the hindered 1,1-dimethylbutadiene 5 nor dienophiles with one electron
withdrawing group can be considered reactive components in a Dicls—Alder reaction.
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Reactions of the diene § with various o,f-unsaturated enones are summarized in Table 1. These reactions
were carried out at room temperature, and with the exception of 2-cyclohexen-1-one (entry 2), reaction time was
more than 24 h. Recactions ol § with 2-cyclopenten- [-one and 2-cyclohexen-1-one appeared to provide the best
yields (entries 1 and 2), while larger cyclic enones (entrics 3 and 4) were less reactive. The reaction of § with
2-cycloocten-1-one afforded the cycloadduct 13 in <10%: yield even when 10 eq of BF3-Et20 was added.
Reaction with the more reactive 1,2-naphthoguinone, however, provided the interesting tricyclic compound 14
in 40% vyield (entry 5), whercas a hindered B,B'-disubstituted enone such as 3-methyl-2-cyclohexen-1-one
underwent cycloaddition again in favor of the hetero cycloadduct 15 with 45% yield (entry 6). We attempted
reaction of § with 2-cyclohexen-1-one in toluene under the thermal condition (sand bath temperature 200 °C, in
a sealed tube), but it did not provide any meaningful cycloadduct after 48 h.

Table 1. Reactions of § with o,f-Unsaturated Enones.

Entry? Product Time Yield® Entry Product Time Yield
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1 N 70 h 53% 4 YY) 96 h <10%°
Et00C” > 4o Et00C” >y .,
d 13

3“)
~{

M
3 | 2 30 6 ~ 72 45
E100C" > 12 Me J s
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a. The ratio of the diene to enone to BF 3-EtoO is 1 :2 : 2.5, except for entry 4, in which 3.5 -10 eq of BF3-E1,O
was used. Reactions were carried out in CH-Cli, at room temperature. b. isolated yields. ¢. GC yieid due to
an ingenarable hy-nrnrhmf
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We prepared other 1,1-dimethylbutadicnes 16,7 17a-d.” and 19 as shown in Scheme 2. However, none
of the expected cycloadducts were isolated from reactions of 16, 17a-d and 19 with 2-cyclohexen-1-one or 2-
cyclopenten-1-one under cither Lewis acid promoted or thermal conditions. Initially, it was thought that the lack
of reactivity could be solely due to the instability of these dienes under the reaction conditions. Ab initio (HF-
6-31G**) calculations of the energy difference between S-cis and S-trans conformers of dienes 5, 16, and 19
were carried out using the Spartan Program ™. These calculations revealed that the diene 5 has the smallest
energy difference between S-cis and S-rrans conformers {AE = -0.20 kcal/mol in favor of the S-trans
conformer], whereas the dienc 16 has a AE = -2.11 kcal/mol, and the diene 19 has a AE = -3.52 kcal/mol in
favor of their respective S-rrans conformers (for illustrations sce Scheme 2).

Scheme 2
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f'5. We are currently explmmg__ thls pm&lhlh[y by designing dicnes with removable Substlluenm
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at C-2 and C- 3 that mav all n enhancement of the S-cis conformation
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Although compounds 10-15 possess structural features common among natural products, we explored an
iterative cycloaddition route as a potential solution for a related synthetic problem in our research. As shown in

Scheme 3. in conjunction with our recent work on [4+2] cycloaddition reactions of y-benzopyrones,? it is
possible to reach the tetracyclic structure 22 via two consceutive [4+2] cycloaddition reactions, second one
being between a 1.l-dimethylbutadicne and a cyclic enone. Reaction of 3-cyano-4-benzopyrone with
Danishefsky's diene in toluenc at 300°C for 96 h provided the desired cycloadduct 20 in 80% yield with an
endo:exo ratio of 1:2 (Scheme 3).9 Hydrolysis of the silyl enol ether proved difficult since the hydrolysis
stopped at the stage of isomeric methoxy ketones under most conditions. Only treatment with TMSBr in
CH3CN at room temperature proved to be feasible, albeit slow, and allorded the enone 21 in 90% yield.
Reaction of diene § with enonce 21 in the presence of 2.5 eq of BF3-Et20 yielded the tetracycle 22 in 25% yield
with an endo:exo ratio of 1:1 after 120 h at room temperature.  Although both starting materials were still
present, the reaction conditions did also produce a major product (= 40%) derived from aromatization of the
enone 21. However, successtul isolation of 22 still suggests that the sequence described here may provide a
viable route o the complex tetracyclic structure.
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Scheme 3
T™MSQ MeO , O MeO y O
R / \ OMe f f N . f 7 AN
L o ryear o TMso T o
07 toluene, 300°C TMSO g e PVIOU oo
X = CN Sealed tube 20-endo 1:2 20-ex0
(80%) o
TMSBr
CH,CN n‘ll (90%)
Y i

|
Of\# diene 5, CH,Cl,, 1t X
Me_ ~¢ =

T T xTH BF,-Et,0
EtOOC INE0/\
/AN QO (£070)
22 (1:1 endo : ex0)

07 i
H
21

Acknowledgment: The author thanks Professor Gilbert Stork for valuable discussions, and University of

Minnesota for financial support in forms of Start-up Fund and Grant-in-Aid (CUFS#: 1003-519-5984). SAD
thanks University of Minnesota for a UROP Fellowship supporting undergraduate research.

References
[1] a. UMN Undergraduate Rescarch Participants: 1997-1998. b. UMN Undergraduate UROP Fellow 1998.
[2] The synthetic potuniul of dicnes 1 and 2 in constructing complex structures via [4+2] cycloaddition

reacti a Megev. A. B P et T AT e 102 140 QA
reaciion was rirsi pl()p()sbu I)_y I\UI)]H\UH MICEEY, A, D, RODINSON, I\, /vdiure, 13517, 14U, L0O<.

21 For ecaome ovamnlog o /hnﬂ l e aY Rripoor (3 Totrahodrnn T et 1065 4/1'7() h)Y Hallinchea n

13 TOr sOmMeE ¢Xampics O 4iene SUC. 4y SUICHECH . erranedron Lett. 17635, O nOuinsnéaad, /.

3 S. C.; Ley, S. V.; Mahon, M.; Ratclitfe, N. M.; Worthington, P. A. J. Chem. Soc. Perkin
Trans. I 1983, 1579. <.) Tams S. P.; Ndkdmshl K. J. Am. Chem. Snc 1979, 101, 4?98

d) Engler, T. A.; Sampath, U.-S.; Vander Vlec D.; Takusagawa, F. Terrahedron 1992, 48, 9399.
e) Mayelvaganan, T.; Hadimani, S. B.; Bhat, S. V. Terrahedron 1997, 53, 2185.

4
o)
15
£
e
%)
—_—)

[4] For exampies of diene 2, sce: a) Goldman, N. L. Chem. Ind. (L.ondon) 1963, 1036, and reference 4
e wsateli LY Qinl £ LAl © QL AA L D T oA o O 1ne-) ~7: '111\'-1
CIICAU WILIITIL D) OLOTK, ., YVd.glU. D D, lVlI.H\llu.ll'lh r, . J. AL CHETH. D0C. 1930, /0, Jd1Y¥Y7. FUl
the reactions of 2 with imines, see: ¢) Stanetty, P.; Mihovilovic, M. D.; Mereiter, K.; Villenkle, H.;

Renz, F. Tetrahedron 1998, 54, 875.

[5] For an early study on 1., 1-disubstituted butadienes such as 3 and 4, sce: Lunt. J. C.; Sondheimer, F. J.
Chem. Soc. 1950, 2957.

[6] a) Pattenden, G.; Hitchcock, S. A. Tetrahedron Lerr. 1992, 4843, b) Funk, R. L.; Yost, K. J. III. J.
Org. Chem. 1996, 67, 2598. C}prkpmd M. W.; Wilson, P. D.; Wong, T.; Romero, M. A.;

ALt 1y ~ II l\
AUdrdin, ri.; F‘dlll\ A. (. ll’fl(ll’ll"(ll(}l’l Lé‘" l‘l‘ID QuLY,

[7] For a rlnlrnlﬂd ety or

A VI Q Uity Stuay i

=

nunu of the diene 3 towards o R_nnc nrated aldehvdee ceer Dar W N -
cactivity of the diene 2 towards oL, p-unsaturated aldehydes, see: Dai, W.-M.

Lau, C. W.; Chung, S. Wu, Y.-D. J. Org. Chem. 1995, 60, 8128.

[8] a)Gassman, P. G.; Smglemn. D. A. Tetrahedron Lerr. 1987, 5969. b) Stewart, C. A. Jr. J. Org.
Chem. 1963, 28, 3320. For reactions of 3 with acrylic acid and 2-chloroacrylonitrile under high
temperatures, see: ¢) Nicolaou, K. C.; Hwang, C.-K.; Sorensen, E. I.; Clairborne, C. F. J. Chem.

Soc., Chem. Commun. 1992, 1117. d) Erman. W. F.; Stone, L. C. J. Am. Chem. Soc. 1971, 93,

2821.
[91 a) Hsung, R. P. Hererocycles 1998, 48, 421. b) Hsung, R. P. J. Org. Chem. 1997, 62, 7904.
{101 All new compounds were identified and char acterized by H NMR, 13C NMR, FTIR, and HRMS.
[11] a) Altenbach, V. H.-1.; Voss, B.; Vogel, E. Angew. Chem 1983, 95, 424, b) Bohlmann, F.;

Weickgenannt, G. Chem. Ber. 1974, 107, 1709.



