
Temhedron Vol. 49. No. 21. pp. 6&?5-6030. 1993 
F’rinkd in Gnat Britain 

OO4O-4020/93 S6.00+.00 
Pcrgamon ReSS L.td 

Catalysis by Lithium Percblorate in Dichloromethane: 
Diels-Alder Reactions and 1,3-Claisen Rearrangements 

Ma&edT.Reetx*andAndreuGan&ser 

Max-Planck-Institut fttr Kohlenforschung. Kaiser-Wilhelm-Platx 1.4330 MUlheinVRuhr, Germany 

(Received in Germany 2 April 1993) 

Absbxact: Lithium perchlorate suspended in dichloromethane is an efficient catalyst (4 - 25 mol- 
%) for stereoselective Diels-Alder. hetero-Diels-Alder and mgioselective 1,3Claisen rearrange- 
ments; this process is milder, safer and environmentally less precarious than the use of 1 - 5 molar 
solutions of LiC104 in ether described previously in the literauue. 

Concentrated solutions of lithium perchlorate in &&yl&t& ( 1 - 5 M) are known to induce a wide variety 
of transformations, including Diels-Alder reactions, Mukaiyama aldol and Michael additions and 1,3Claisen 

tearrangementst. A clear disadvantage of such a reaction medium concerns the environmental problem associated 

with the disposal of the excess perchlorate and with the possibility of explosions in rare cases2. Recently we 
discovered that a catalytic amount of LiClO4 (3 mol-%) suspended in &&KU&U& is much more effective in 

mediating Mukaiyama aldol and Michael additions than a 3 mol-% solution of Lic104 in r&&. The salt acts as a 

mild Lewis acid. 
The dramatically enhanced activity of catalytic amounts of LiClO,&H&Ilg relative to lXlO4Iether led us 

to study other reaction types known to be mediated by the traditional protocol based on 1 - 5 M ether solutions of 
LiClO4l. Here we report on stereoselective Diels-Alder and Hetero-Diels-Alder reactions as well ss tegioselective 
1.3Claisen rearrangements using catalytic amounts of LiC104 in dichloromethane. 

Dlels-Alder and Hetero-Dids-Alder Reactioru~ 
The reaction of methyl acrylate 1 with cyclopentadiene 2 is accelerated by the presence of 4 mol-46 

LiC104. the endalexo ratio 3/4 also being intluenced by this Lewis acid (Table 1). The highest enddexo ratio 
turned out to be 7.3 using 25 mol-96 LXlO4 at -15°C. This compares favorably with the result obtained by 
performing the reaction in 5 M LiClO,4/ether (3/4 = 8.0)‘. Nevertheless, the degree of acceleration is modest. In 

the absence of LiC104 conversion is 38% at -15” after a reaction time of 24 h, the endo-exo ratio being 4 : 1. 

C02CH3 _/ + Q - J$ + k&,,,, 
I 

C02CHS 

1 2 3 4 
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Table 1. Diels-Alder Reaction of 1 and 2 in CHzQ2 

Entry LiClO,j Dme Temp. Conversion enddexo 
(mol-%) (h) (“C) (%) lIlti 

1 0 16 22 94 3.8 
2 0 24 -15 38 4.0 
3 4 16 22 97 4.9 
4 30 18 22 100 6.0 
5 25 24 -15 7s 7.3 

Upon reacting pquinone 5 with cyclohexadiene 6 in the presence of 7 mol-% LiClO4 in CH&l2, 
conversion to the single (endo) product 7 was complete (98%) at room temperature within 3 hours. In the 

absence of catalyst, conversion is only 90% in a reaction which was run overnight. Again, the degree of rate 
acceleration is fairly modest. 

0 

0 I I 

0 

5 6 7 

+c)-q$ 
0 

In the case of Hetero-D&-Alder reactions, rate acceleration by LiC104 is much more pronounced. For 
example, benzaidehyde 8 reacts with the Danishefslry diene 9 within 23 hours to form 72% of the adduct 10 at 

room temperature (following acidic workup), whereas in the absence of catalyst no reaction occurs at all. 

OCH3 
I 

0 

Ph 
A 

H 

6 

/ A 1. 10% LiC1O4 
+ 

2. CF3C02H 
0 

Me3Si0 

9 10 

In the case of the chiral aldehyde 11, the rate of the cycloaddition reaction is considerable higher, and 

high levels of chelation control5 result. The ratio of chelation to non-chelation controlled products 12’13 
depends slightly on the amount of catalyst employed. Essentially complete chelation control is possible using 
15 mol-% of LiClO,+ Thus, diastereoselective is involved. Similar stereoselectivity has been observed 

by Danishefsky upon using stoichiometric amounts of MgBr26. 
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BnO 0 
1. 9/LiC104/2h 

2. HOAc 
) BnO$Jo + BnOJ20 

hHB &HB 

11 12 13 

6 mob% LiClO4 90 10 

15 mob% LiC104 795 <5 

The above observations in the area of chelation control are not only of synthetic. but also of mechaniic 
interest. Eliel has pointed out that if Cram chelates are in fact true intermediates in the reaction of Grignard 
xagents with a-alkoxy ketones, enhanced rates should result’. He demonstrated that thii is indeed the case, 
higher rates correlating with higher degrees of stereoselectivity in favour of chelation controlled products. 
Breslow has “drawn a provocative analogy between this simultaneous effect of chelation on reactivity and its 
stereoselectivity and the relationship between an enzyme and its substrate where these two features also often go 
hand in hand”*. In our own work we have recently shown that LXlO4 (3 mol-%) w the Mukiyama aldol 
addition of ketene ketals to aldehydes, and that a-alkoxy aldehydes such as 11 react considerably faster than 
normal aldehydesj. The same phenomenon is observed in the present Hete.ro-Diels-Alder reactions. In order to 
get a better picture of the rate enhancement due to chelation effects in these cycloaddition reactions, a 1 : 1 : 1 
competition experiment involving the diene 9. the alkoxy aidehyde 11 and Zmethylpropanal 14 in CH2Cl2 was 
carried out at room temperature. None of the adduct 15 derived from 2-methylpropanal was observed. 

BnO 

j-f + )-( YiGz&cT 12’13 + o 

CH3 H H 

11 14 15 

799 <l 

Obviously, the Breslow analogy8 is of particular relevance in these cycloaddition reactions and in the 
previously described aldol additionsf, c IO v 

. . -. Belated is the interesting observation of Nakai that in Eu(fod)3 catalyzed 
enolsilane additions the benzyl-protected aldehyde 11 reacts somewhat faster than the tBu(Me)#i-protected 
analog? 

Hetero-Diels-Alder reactions with aldimines lsee known to be less effient than the analogous reactions 
with aIdehyde& because the C-N double bond is l&s ieactive than the mrmal aldehyde functionlO. Nevertheless, 
we reacted the aMimii 16 with tbe Dankhefsky dieme 9 in the pmsence of 20 mol-96 of liC104 in CH$l2 at 
room temperatme*t. After 20 h an isolated yield of 54% of the cycloaddition product 17 was obtained following 
desilylative aqueous workup. 
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9 - 20 moC% LiilO4 

Ph 22 ‘C/20 h Ph 

Finally. we discovered that catalytic amounts of IiClO4 in C&Cl* induce the mgioselective 1.3-Claisen 
rearrangement, processes that had previously been carried out using 5 M LiClO4 in ether’. 

J I 
0 

6, I 

18 

20 

6 moJ-36 LiClO4 

22’C/lOh 

5 mob% LiC104 

22 ‘C/20 h CHO 

21 (80%) 

In summary, LiClO4 suspended in CHgCl2 is an efficient catalyst for Mukaiyama aldol additions, hetero- 
Diels-Alder reactions and 1.3-Claisen rearrangements, rate acceleration due to catalysis being enormous. The 

reaction conditions are mild, and workup is simple and safe. This means considerable progress in terms of 

efficiency, safety and environmental aspects relative to the traditional use of 5 M LiClO4 in ether. ln the case of 

classical Diels-Alder reactions, rate acceleration by the presence of catalytic amounts of LiC104 is rather 

moderate. 
It is likely that in all of the reactions studied so far LiClO4 behaves as a mild Lewis acid catalyst. In Diels- 

Alder reactions in 5 M LiClOdether Grieco has postulated that this medium conflnes solute movement and 
hence retains solvent ordering, “compressing the reactants in much the same manner as the macroscopic 
application of external pressme”1. We do not believe that such effects are operating in our catalytic versions in 

CH2Cl2. In some cases the catalyst suspended in CH2Cl2 does not appear to dissolve to any appreciable extent, 
which may be an indication of heterogeneous catalysis3. However, in many cases studied here much or all of the 

LiC104 dissolves as the reaction proceeds. Mechanistic studies as well as the investigation of other tiClO4- 

mediated reactions am underway. 
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EXPERXMENTAL-N 
General Information: tH and 1%~ NMR spectra were recorded on a Bruker AM 200 instrument. Mass 

spectra were recorded on a Varian MAT 311-DF instrument. GC studies were performed on a Siemens 
SiCHROMAT 1. All synthetic reactions were carried out under an atmosphere of argon. Syringes were dried and 
flushed with argon prior to use. Dichloromethane was dried by distillation from P205 and then CaHp 

Typical uclo, catdyxed Dlekhuder renction: 
preparation of bicyclo[2.2.l]hept-S-en-2-carhoxylic acid methylester (34) 

To a solution of acrylic acid methylester (1 mmol, 86 mg) and cyclopentadieue (5 mmol, 330 mg) in CHHzcl, 
(1 ml) is added lithhtm perchlorate (0.25 mmol. 25 mg) at -15°C. The mixture is stirred for 24 h before being 
poured on CHgCl2 (15 ml). The mixture is washed with Hz0 (2 x 15 ml), dried (MgSO4) and immediately 
analyzed by CC. The chromatogram reveals 87% conversion based on acrylic acid methyl ester and an enddexo 
ratio of 7.3 : 1. 

LiClO4 induced hetemDiels-Alder reacti-: 
FVeparation of 2$dihydr&2-phenyi-pyran44m (IO) 

To a solution of benxaldehyde (1 mmol, 106 mg) and E-1-methoxy-3-ttimethylsiiloxy-1,3-butadiene 
(2 mmol. 390 pl) in CH2Cl2 (2 ml) is added lithium perchlorate (0.09 mmol, 10 mg). The solution is stirred at 
room temperature for 23 h and then quenched with a dilute solution of sodium bicarbonate. The mixture is 
extracted with ether and the organic phase separated and dried (MgS04). After the solvent has been removed in 
vacua CC& (5 ml) and trifluoroacetic acid (50 pl) are added. The resulting solution is stirred for 15 min at room 
temperatme. The solvent is removed in vacua and the crude product purified by flash chromatography over Si% 
(ether/pentane 40 : 60) to yield 122 mg (72%) of a colourless oil that is spectroscopicatly identical to sn 
authentic sample of 2.3~dihydro-2-phenyl-pyran4one. 
Preparatkm of 2[(1’-atnzrlaxy)l]-~y~~H-pyr (12) 

To a solution of 2-benzyloxypropanal (1 mmol, 164 mg) in CHgClg (1 ml) is added E-I-methoxy-f 
(trimethylsilyl>1.3-butadiene (1.6 mmol. 300 pl) and lithium petchlorate (16 mg, 15 mol-%). The testthing 
mixture is stirred for 3 h at room temperature, washed with a saturated solution of sodim bicarbonate, dried 
(MgSO4) and the solvent is removed in vacua. The crude product is dissolved in 5 ml of ether. 1 ml of a 5 M 
solution of acetic acid in CHgClg and 10 ml of water are added and the mixture is stirred at room temperatum 
for 1 hour. The mixture is washed three times with 15 ml of water, dried fMgSO4) and the solvent is removed in 
vacua. The crude product is purified by column chromatography on SiOg (etherlpentane 70 : 30) to yield 
170 mg of a colourkss oil (73%) that is spectroscopically identicat to an authentic sample of 2-[(l’-benzyloxy)- 

ethyll-2,3-dihydro-4H-pyran4one. 

Preparation of 2~y~~l-bemyl-~~enyl-wrid_eone (17) 
To a solution of henxylidene benxylamine (2 mmol. 390 mg) and E-1-methoxy-3-trimethylsiloxy-1.3- 

butadiene (4 mmol. 780 jr.0 in CHgClg (2 ml) is added lithi~ perchlorate (0.38 mmol, 40 mg) and the resulting 
solution is stirred for 20 h at mom temperature. ‘Ihe mixtum is poured on CH2C12 (20 ml), washed with a 
saturated solution of sodium bicarbonate and dried (MgSO$. lhe solvent is removed in vacua and the crude 
product puritied by flash chromatography (ether/pentanc 90 : 10, then dichlorumek&uiethylamine 95 : 5) to 
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yield 280 mg (54%) of 2.3~diiydro-1-benzyl-2-phenyl-pyrid4one that is spectroscopically identical to an 

authentic sample. 

Typrerrl IJCIO4 IS WI BlgRIpfropk: mamangement of oIlyI vinyl ethers: 
Preparation of 1-methyl-5(brmyhethyl)-cydohexene (19) 

To a solution of 1-methyl-3-vinyloxy-cyciohexene (1 mmol, 136 mg) in CH&$ (1 ml) is added lithium 
perchlorate (0.06 mmol. 6 mg) and the mixture is stirred at room temperature for 10 h. The reaction mixture is 
poured on ether, washed with water (3 x 15 ml) and dried (MgS04). The solvent is removed in vacua and the 

crude product pm&d hy flash chromatography on SQ (etherlpentane 7 : 93) to yield 106 mg (78%) of l- 

methyl-3-(formylmethyl)-cyclohexene that is spectroscopically identical to an authentic sample. 
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