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[AICI 3 + 2THF] is a new catalytic system for the Diels —Alder cycloaddition under SFC and air atmosphere. By using equimolar amounts of
reactants, this catalyst prevents the polymerization of the diene and allows the corresponding adducts to be isolated with high regio- and
stereocontrol and in excellent yields.

The Diels—Alder cycloaddition is one of the best known  The use of SFC is playing an important role in the
processes in organic chemistry and has been carried out undedevelopment of modern and green organic syntHebiere
a variety of reaction conditions, mainly in organic solvent is a growing number of examples in which the rate, the

and in the presence of a catalyst. selectivity, and the yields obtained under SFC are better than
Surprisingly, this reaction has been scarcely investigated those obtained in organic solverft?

under solvent-free conditions (SFEJo our knowledge, only In the past few years, we have been contributing in the

one example of Lewis acid-catalyzed hetero-Died¢der of development of organic processes in wagard under SFC.

aromatic aldehydes with the highly reactive Danishefsky’s According to this research and to our continuous efforts to

diene has been reported under SFC to date. study Diels-Alder cycloadditions?* we have started a

It is known that a Lewis acid catalyst activates the

dienophile but also favors the polymerization of the diene, (gl) Catlolr?lc polymerization gf a diene is Clatalyzed_by Le\(IVIS acids, such
and consequently, an excess of diene is generally used tq"’,‘\feinﬁé’i'm"zgj;fén';"%égt;rg ;‘;t'o” to Polymer Scienc@iley-VCH:
achieve the complete conversion of the dienophile. (4) (@) Anastas, P. T.; Warner, J. Green Chemistry: Theory and
Practice Oxford University Press: Oxford, 1998. (b) Metzger, JADgew.
Chem., Int. EJ1998 37, 2975-2978. (c) Tanaka, K.; Toda, Ehem. Re.
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John Wiley & Sons: New York, 1990. (b) Fringuelli, F.; Piermatti, O.; 198. (f) Cave, G. W. V.; Raston, C.; Scott, J. Chem. Commur001,

Pizzo, F.; Vaccaro, LEur. J. Org. Chem2001, 439—457. (c) Fringuelli, 2159-2169. (e) Toda, FSolvent-free Organic SynthegsigViley-VCH:

F.; Taticchi, A.The Diels—Alder Reaction: Selected Practical Methods = Weinheim, Germany, 2003.

John Wiley & Sons: Chichester: UK, 2002. (@ycloaddition Reactions (5) For some recent examples from our group, see: (a) Fringuelli, F.;
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project aimed at defining a general protocol for realizing this
|mportapt re_actlon under_enwronmentglly friendly conditions. 1 pe 1. [AICI; + 2THF]-Catalyzed Diels—Alder Reaction of
Considering our previous interest in the use of Al@I Ethyl Acrylate (1a) with Isoprene2j under SFC at 30C

the Diels-Alder cycloaddition ofa,j3-cycloalkenones in o]
organic solvent$? we intend to investigate this process under /( [AICI; + La] 5 mol %~
/\O O
SFC. TSFC.30°C 12h
Since Yates and Eaton’s pioneering work in the 1980s, 3a

AICl 3 has been known as an efficient catalyst for the Diels
Alder cycloaddition of a,f-unsaturated carbonyl com-
poundst” but in the past decade, its use has been made less

entry catalyst C (%) polymerization (%)®
AlCl3 80 20

[u—y

frequent due to its very high acidity, which is responsible 2 [AICI; + 1THF] 83 17
for the significant polymerization of the diene and/or the 3 [ALCL; + 2THE] ~99° -
. lgnincant poly 4 [AICI+ 3THF] 70 -
dienophile! 5 [AIC]; + 4THF] 37 -
We maintain that by lowering the Lewis acidity of AlCI 6 AlICl3 in THF - -
while increasing the reactivity by using SFC, it is possible 7 [AICI; + 1DEG] 20 -
to avoid the polymerization of the diene and the dienophile 8 [AICl5 + 2DES] - -
9 [AIC]; + 2TEA] - -

allowing the use of stoichiometric amounts of reagents. We

planned to realize the DielsAlder cycloadditions ofo,(- aC = Conversion (determined byd NMR analysis)? Polymerization

unsaturated esters. ketones aldehydes anhydrides an@as evaluated byH NMR analysis by using-nitroanisole as internal
. . - ' 4 ! ' standard¢ Isolation yield= 92%.

amides with 1,3-butadienes by operating (a) under SFC, (b)

at room temperature, and (c) with equimolar amounts of

diene and dienophile that it is possible only if polymerization

of the Filene 1S aymds—:-d. ) significantly slower (Table 1, entries 4 and 5). Expectedly,
In this communication, we report the results of the Diels when THE was used as reaction medium. ad@aatas not
Alder cycloadditions of dieneg, 4, and5 with dienophiles detected at all (Table 1, entry 6). '
1a-l c.a'Fa-llyzed by AIQ{ catalysts. ] The catalytic activity of AIC{ was reduced in the presence
We initially performed the reaction of ethyl acrylate (1a) 41 equiv of DEG, while it was completely depressed by 2
with isoprene (2) (equimolar amounts) under SFC at@0 equiv of DES or TEA (Table 1, entries 7—9).
in the presence of 5 mol % of AlglThe conversion ofa The effect of THE in the A:IC}cataIyzed reaction of
to cycload'ducB'a after 12 h was 80%' (Table 1, entry 1). equimolar amounts of 3-hepten-2-orid) with isoprene (P
The reaction did not reach completion because 20% 0f j5'a\en more evident (Scheme 1). In fact, in the absence of
isoprene (2) polymerized.
It is known that the catalytic ability of the Lewis acid can
be strongly influenced by using ligands, such as ethers, -
thioethers, and amindsTherefore, to carry the AlG Scheme 1. [AICI; + 2THF]-Catalyzed Cycloadditions of

catalyzed cycloaddition ofla and 2a to completion, we 3-Hepten-2-one (1b) with Isopreng)(under SF;: at30c

tion of AICI; and 3 or 4 equiv of THF, the process was

employed tetrahydrofuran (THF), diethylene glycol (DEG), o

diethyl sulfide (DES), and triethylamine (TEA) as represen- )J\/\/\ +/( [AICI; + nTHF] 5 mol % )K@\

tative ligands. SFC,30°C, 1h P
Equimolar amounts ofaand2 were added at 36C to 5 1b 2 Conversion to 3b (%) 3P

mol % of a 1:2 mixture of AIGd and THF ([AICk + 2THF]) N9 X lsolated yield: 91%

under air atmosphere. After 12 h, the addB&tvas formed

in a 95:5para:metaratio, and it was isolated in an almost
quantitative yield (Table 1, entry 3). When the reaction was
carried out with 5 mol % of [AIG + 1THF], no positive
effect was detected (Table 1, entry 2). By using a combina-

THF, only 35% conversion was reached after 1 h and the
polymerization of2 was mainly obtained, while a complete
conversion t@b was accomplished in the presence of 2 equiv

of THF.
(6) For recent papers, see: (a) Fringuelli, F.; Pizzo, F.; Rucci, M.;
Vaccaro, L.J. Org. Chem.2003, 68, 7041—7045. (b) Amantini, D.; AICls THFand AlCE-2THF are known complexes. We
Fringuelli, F.; Piermatti, O.; Pizzo, F.; Vaccaro, L. Org. Chem2003, have not identified the actual catalytic species acting in the
Egitggggsg?624(1?32%:9"" F.; Pizzo, F.; Tortoioli, S.; Vaccaro,dug. reactions ofla and1b with 2, and therefore, we refer to a

(7) (a) Yates, P.; Eaton, B. Am. Chem. S0d.960,82, 4436—4437. (b) catalytic system identified as [AlgH 2THF], indicating
Inumai, T.; Kojima, T.J. Org. Chem1966,31, 1121—-1123. (¢) Inumai, i . i
T.; Kojima, T.J. Org. Chem197Q 35, 1342-1348. (d) Fringuelli, F.; Guo, that we have_ useq _Al@land THF in a 1:2 molar I’aFIO.
M.; Pizzo, F.; Taticchi, A.; Wenkert, Bl Org. Chem1989,54, 710712 The catalytic efficiency of [AIG + 2THF] was confirmed
(part 16). (¢) Bueno, M. P.; Cativiela, C. A.; Mayoral, J.AOrg. Chem. ~ in the cycloadditions ofawith 1,3-dienest and5 (Scheme
1991, 56, 6551—6555. (f) Shing, T. K. M.; Lo, H. Y.; Mak, T. C. W.
Tetrahedron1999,55, 4643—4648. (g) Yin, D.; Yin, D.; Fu, Z.; Li, QL.

Mol. Catal. A1999,148, 87-95. (9) (a) Deroualt, J.; Granger, P.; Forel, M. horg. Chem.1977,186,
(8) Lewis Acids in Organic Synthesiéamamoto, H., Ed.; Wiley-VCH: 3214-3218. (b) Cowley, A. H.; Cushner, M. C.; Davis, R. E.; Riley, P. E.
Weinheim, Germany, 1999. Inorg. Chem.1981,20, 1179—-1181.
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2). In the presence of 2.5 or 5 mol % of [AKCH 2THF],

Table 2. [AICI; + 2THF]-Catalyzed Diels—Alder Reactions of

I Dicropfiesic-vilh Isoprene (27

Scheme 2. [AICI; + 2THF]-Catalyzed Diels—Alder dienophile t(h) adduct yield (%)°
Cycloadditions ofla with 1,3-Butadiene4 and5 at 30°C

° o]
>—< 0 \)H 15 \)U\ 92°
4 ~0 1c |
0 [AICI; +2THF] 2.5 mol % 3¢
/\O)H | sFC45°C, 60, 82% 4a o Q
1a | JAICI; +2THF] 1 mol % PN j’// )J\/\m( L5 )U\ 92
SFC, 0°C, 12, 80% 0 @ 1d ey »
@ 5a o o
5
C COOL
and by using equimolar amounts of reagents, the cycload- e O O 3e
ducts 4a and 5a were isolated in 82 and 80% yields, 0 o
respectively. The stereoselectivity was high in the case of @ 24 é@\ 30°
cyclopentadiene (5) where the add&et was formed in a
5:95 exo/endaatio. 1 3f
The [AICI; + 2THF]-catalyzed protocol was then extended o 2
to the cycloadditions ofc—I with isoprene 2) (Table 2)i° s H o164
The results were in all cases excellent, and the polymerizaton " 1l '
of the diene was always avoided. The regiochemistry of the 39
reactions was exclusivelypara, except in the case of o 2
crotonaldehydel(h), which was converted to addugh in y 5 HJKO\ 750
a 4:1para/metaratio. |
The reaction oftk with 2 was also performed on a 50 h " 3n
mmol scale, and similarly, to the 1.0 mmol scale, product Q Q
3k was isolated in 93% vyield. The reaction was exothermic, O;\;, ) o;;i)\ 70
and a careful control of temperature (ice bath) together with
the use of a mechanical stirrer was necessary for achieving 0 1 o 3
the best results. 0 o
To understand the precise role of THF, further studies are
necessary. We hypothesize that [AJGt 2THF] possesses — | ! _Nm\ 94
a lower acidic character compared to A{dbeing still able 8 4 5 3
to activate the dienophile via oxygen complexation but not o o
to react with the diene and to induce the polymerization.
The use of THF as a solvent, obviously preventing the Ph—N 25 PN 94
complexation, depresses both polymerization and cycload- o 7o
dition.
In conclusion, in the reactions da—I with 2, 4, and5, o f ik i
we have shown that the use of SFC and [Al€& 2THF] OXNH 2 o NJ\O\ 93
allowed the corresponding cycloadducts to be isolated in high \/1’1 = .

yields. I'.[ IS .n0t¢W0rthy that by FhIS approach the diene’s a|solated yield.? With 1 mol % of catalyst¢ With 2 equiv of isoprene
polymerization is avoided, allowing equimolar amounts of (5) dperformed at 0C. € 4:1 para/metaratio.

reagents to be used. The combination of SFC and an adequate

catalyst is a promising approach for improving both the  Acknowledgment. The Universita degli studi di Perugia
chemical and the environmental efficiency of the Diels  5ng the Ministero delllstruzione dell'Universita e della
Alder reaction. Ricerca (MIUR) are thanked for financial support; COFIN
2004; COFINLAB 2001 (CEMIN); FIRB 2001.

(10) Typical procedure for the [AlGl+ 2THF]-catalyzed reaction of
lawith 2 under SFC: a screw-capped vial equipped with a magnetic stirrer . . . .
was charged with 0.05 mmol (0.0066 g) of AiGind 0.10 mmol (0.0072 Supporting Information Available: General experimen-

g) of THF. After 15 min, ethyl acrylate (1a) (1.0 mmol, 0.1002 g) and,  ta| procedures and spectral data for all new compounds. This
after additional 15 min, isopren)((1.0 mmol, 0.068 g) were added, and

the mixture was left under stirring at 3 for 12 h. The final reaction material is available free of charge via the Internet at

mixture was purified by silica gel column chromatography (EtOAc/ http://pubs.acs.org.
petroleum ether, 5/95 gradient), and cycloadd@eivas isolated in 92%
yield (0.154 g). OL060569Q
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