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Abstract: a,-Unsaturated thioesters and selenoesters serve as Table L. Cycloadditions Between Isoprene (5) and Dienophiles 1-4

dienophiles in Diels-Alder reactions with a variety of 1,3-dienes. Good X x v
. . . . . . F \/\Y W O
levels of regioselectivity are obtained with unsymmetrical dienes when -y
Lewis acid promoters are used. Thioesters and selenoesters are mor  pe” X Conditions Me Y Me X
reactive than the corresponding methyl esters based on competition 5 p m
experiments with cyclopentadiene.
Dienophile X Y Conditions* Yield® Ratio (p:m)°
. ) ) ) 1 COSPh Me A (Thermal) 80% 63:37
Oply a few examples. of Dlehls-AIder reactions in whicgrunsaturated 1 COSPh Me B (EIAICL,) 0% 88:12
thioesters serve as dienophiles have been repottt the use of p- 1 COSPh  Me C(SiOyELAICY  87% 90:10
unsaturated selenoesters as dienophiles has not been described. Durir 2 COSePh~ Me A 50% 60:40
the course of two alkaloid total syntheses, we foujgdunsaturated 2 COSePh  Me B (EtAICL) 82% 88:12
thioesters to be useful in situations where the corresponding esters 2 COSePh Me ¢ 38% 88:12
lacked reactivity needed to participate in Diels-Alder reactidhs 3 COSPh ~ COMe A 82% 20:30
ty , particip , rr - 3 COSPh COMe B (TiCl,) 74% 95:5
Because of their potential for use in synthesis and the limited attention 3 COSPh  COMe c 97% 54.46
they have received to date, we have conducted a systematic study o 4 COScPh  CO,Me A 81% 55:45
Diels-Alder reactions of selecteqp-unsaturated thioesters and related 4 COSePh  CO,Me B (TiCly) 1% 100:0
4 COSePh  CO,Me C 88% 46:54

a,B-unsaturated selenoesters. The results are reported herein.

Thioesters and selenoestérd were selected for study and prepared as =20 equiv of Sin xylene in a sealed wbe in an oil bath at 190-195°C for 24 h;
= 1.1 equiv of Lewis acid in dichloromethanc with 3-5 equiv of 5 at -60°C—rt

follows. Treatment of crotonyl chloride with one equivalent of ', ¢\ ¢ _ 400 mg of Si0, EuAICUmmOl 1-4 in toluene with 3-5 equiv of
thiophenol or selenophenol in the presence of pyridine §ab%) 5 at rt for 18-60 h. ‘Purified mixture of cycloadducts. “Determined by "H-NMR
and 2 (48%), respectively. Similar treatment of methyl fumaroyl analysis of the purified mixture of cycloadducts

chloride with thiophenol or selenophenol providnp 70-7£C) and

4 (mp 62-680), in 46% and 45% vyields, respectively. Cycloaddition Table 2. Cycloadditions Between Piperylene (6) and Dienophiles 1-4
reactions of these dienophiles were examined with isopréhe ( Me

piperylene 6), 2-trimethylsiloxy-1,3-butadiene 7Y, and p \/\Y i oY
cyclopentadiene 8). Each cycloaddition was examined under three ~ O O U
conditions: thermal, using a soluble Lewis acid promoter (EtAtE! Conditions “ “
TiCl,), and using a solid supported Lewis acid promoter {SiO
Et2AICI).6The results are documented in Tables 1-4. Dienophile X Y Conditions* Yield® Ratio (a:b:c:d)

|||||§

IIII
||||

Me Me MeO,C MeO,C 1 COSPh  Me A (Thermal) 1% 35:54:11:0°
\|L \|L ]\ ]\ 1 COSPh  Me B (EtAICL) 70% 83:17:0:0
COSPh COSePh COSPh COSePh 1 COSPh Me  C (SiO/ELAICDH  60% 85:15:0:0

y 5 3 4 2 COSePh  Me A 38% 34:56:10:0¢

2 COSePh Me B (EtAICL) 39% 80:20:0:0

2 COSePh  Me C 75% 87:13:0:0

. . 3 COSPh  COMe A 96% 29:27:24:20

Tablenl shows that thermal react.lons bgtyvéem and |sopre_ne 3 COSPh COMe B (BIAICL) 1% 67:14:16:3
(Condltlon A) show little regloseleCtIVIty as eXpeC{e%. 3 COSPh CO,Me C 79% 56:16:24:5
Regioselectivity improves to useful levels upon use of soluble Lewis 4 COSePh  CO,Me A 60% 30:30:20:20
acid promoters (Condition B)Most notable is that the thioester and 4 COSePh COMe B (EtAICL,) 2% 60:14:21:5
4 COSePh  COMe C 68% 52:18:25:5

selenoester groups B and 4 direct the course of the cycloaddition
rather than the carbomethoxy gr(ﬂjﬁinally, the solid supported Lewis *A = 5-10 equiv of 6 in xylene in a sealed tube in an oil bath at 185-195°C for 24-
acid (Condition C) provides useful levels of reactivity with crotonic acid 48 h; B = I.1 equiv of Lewis acid in dichloromethane with 3-5 equiv of 6 at

derivatives1 and2, but is ineffective with fumaric acid derivativgs ~ ~20"C>rt for 840 € = 400 mg of Si0;-EAICUmmol 1-4 in toluene with 3-4
and4 equiv of 6 at rt for 15-72 h. "See Table 1. “See Table 1. “Structures of ¢ and d

may be reversed
Table 2 shows that thermal reactions betwkdrand piperylene afford
a mixture of regioisomeric endo and exo cycloaddttas with cycloadditions. Also, the solid supported Lewis acid ¢SEBAICI)
isoprene, the use of either soluble or solid supported Lewis aciddestroyed diengand no cycloadducts were obtained.
improves both regioselectivity and stereoselectivity with dienopliiles Table 4 indicates that thermal reactions of cyclopentadiene Mith
and2. Dienophiles3 and4 do not respond well to Lewis acids, however, show little endo-exo selectivity, but the situation improves in the
as four isomeric cycloadducts are obtained. presence of Lewis acid promotéfsFor example, titanium tetrachloride

Table 3 shows that thermal and soluble Lewis acid promoted reaction@proves selectivity to useful levels with all four dienophiles, whereas

of 1 and 2 with 2-trimethysiloxy-1,3-butadiene give good yields of SIO-ERAICI improves selectivity in reactions of and 2, but is
cyclohexanones with excellent regioselectivity after a hydrolytic work-ineffective in reactions & and4.

up1! On the other hand dienophil@sind4 show good regioselectivity One feature of thioesters and selenoesters as dienophiles is that they are
only in the presence of soluble Lewis acid promoters. Once again, throre reactive than normal esters. For example, when a 10-fold excess of
thioester and selenoester groups direct the regiochemical course of thienethyl fumarateq) and dithioestet0 (mp 135-136C) were allowed
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Table 3. Cycloadditions Between Enol Ether 7 and Dienophiles 1-4

Me,SiO Conditions O Y O X

m
Dienophile X Y Conditions® Yield® Ratio (p:m)°
1 COSPh Me A (Thermal) 8% >95:5
1 COSPh Me B (TiCl,) 35% >95:5
1 COSPh Me C(SiOyELAICH  <5% —
2 COSePh  Me A 50% >95:5
2 COSePh  Me B (TiCl,) 47% 100:0
2 COSePh  Me C <5% —
3 COSPh  CO,Me A 8% 76:24
3 COSPh  CO,Me B (TiCl,) 53% 95:5
3 COSPh  CO,Me C (0°C) <5% —
4 COSePh CO,Me A 2% 65:35
4 COSePh  COMe B (TiCl,) 45% 100:0
4 COSePh CO,Me C(0°C) <5% —

“A = 4-7 equiv of 7 in xylene in a sealed tube in an oil bath at 185-195°C for 24
h; B = 1.1 equiv of Lewis acid in dichloromethane with 2-3 equiv of 7 at -25°C for

8-10 h; C = see Table 1. "See Table 1. “See Table 1

Table 4. Cycloadditions Between Cyclopentadiene (8) and Dienophiles 1-4

Conditions

Dienophile X

Y Conditions®

Yield® Ratio (endo:exo)

COSPh
COSPh
COSPh
COSePh
COScPh
COSePh
COSPh
COSPh
COSPh
COSePh
COSePh
COSePh

b bk W W W NN N e -

Me A (Thermal)

Me B (EtAICL)

Me  C (SiO-EtAICI)

Me A

Me B (EtAICl,)

Me C
CO,Me A

COMe  B(TiCl)
COMe C (0°C)
COMe A
CO,Me B (TiCl)
COMe  C(-78°C)

%
7%
93%
62%
53%
82%
67%
44%
95%
87%
87%
81%

60:40
97:3
94:6

53:47
95:5

90:10

60:40

82:18

50:50

53:47

85:15

28:72

*A =7 equiv of 8 in xylene in a sealed tube in an oil bath at 100°C for 24 h; B =
1.1 equiv of Lewis acid in dichloromethane with 3 equiv of 8 at -78—-25°C for
15-30 min; C = 400 mg of SiO,-Et,AlCl/mmol 1-4 in toluene with 3-4 equiv of
6 at -78°C—>rt for 1-50 h. "See Table 1. “See Table 1

to compete for a limiting amount of cyclopentadiene, cycload#iict
was obtained along with only trace amounts18f A competition
between dimethyl fumarate and diselenoesfe(mp 121-129C) also

gavel4and only a trace df3.13

XV/\X

9 X = COOMe
10 X = COSPh
11 X = COSePh

X

12 X = COSPh
13 X = COOMe
14 X = COSePh

Me CO,Me

15 X=H
16 X =CHO
17 X = CH,0H
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Another useful feature of thioesters and selenoesters as dienophiles is
that the chemistry of these functional groups differs from the chemistry
of esters. This can be put to good use. For example in a synthesis of
himbacine, a thioester cycloaddition was followed by its reduction to an
alcohol using RaNi, without reduction of an appended ladtofe.
further demonstrate the utility of this difference in reactivity, the
cycloadduct derived from isoprene and selenoebteas treated with
tri-n-butyltin hydride and AIBN to provide keto estEs in 56% yield

along with 16% of aldehydd6.1* This establishedl as a reverse
regiochemistry acrylate equivalent in Diels-Alder reactibhBinally,
treatment of the cycloadduct derived from isoprene and thiogstih
sodium borohydride in ethanol, gave hydroxy edférin 74% yield,
establishing another reverse regiochemistry equivalent. It is our hope
that these studies will encourage others to use thioesters and
selenoesters as dienophiles in appropriate situations.
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Pure samples of the major produgt$ ffom each of the four
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NMR, IR and MS. Signals due to minor cycloadduct§ (vere

not apparent in the reactionsbénd2. They were clearly present 13.

in the NMR spectra (CéMe) of purified reaction products
derived from 3 and 4. INADEQUATE (33c-13C correlation)

experiments were used to establish regiochemistry in thag,

cycloaddition betwee8 and?7.

Pure samples of all products were isolated except foexbe  15.

adduct in the reaction of3. A one-pot hydrolysis-
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