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Abstract: A simple and convenient methodology for the stereosclective construction of 2-benzyl
substituted trisubstituted olefins via sulfuric acid catalyzed Friedel-Crafts reaction of benzene with
Baylis-Hiliman adducts is described. © 1997 Elsevier Science Ltd.

The Baylis-Hillman reaction is an emerging carbon-carbon bond forming reaction providing synthetically
useful molecules and is of current interest'. As a part of our research program on stereoselective synthesis,
we have identified the Baylis-Hillman adducts as versatile intermediates for the stereodefined construction of

> We have recently reported a stereoselective AICh promoted Friedel-Crafts

trisubstituted olefins
reaction'>" of the acetates of Baylis-Hillman adducts with benzene to give 2-benzyl substituted functionalized
olefins, which are otherwise difficult to synthesize’. However, in this reaction more than one equivalent of
AICI; is necessary to induce Friedel-Crafts reaction in acceptable yields’ and in some cases undesirable side
products are formed. Consequently a general method for the generation of allyl carbocation electrophiles
without AICl; would be highly desirable. We have therefore envisioned the possibility of utilizing the Baylis-
Hillman adducts themselves as stereodefined B-electrophiles by using a catalytic amount of a strong protic
acid. We herein report our results in this direction thus providing a simple stereoselective synthesis of [2Z]-2-
benzylalk-2-enenitriles and methyl [2E]-2-benzylalk-2-enoates via the Friedel-Crafts reaction of 3-hydroxy-2-
methylenealkanenitriles (1) and 3-hydroxy-2-methylenealkanoates (2) with benzene respectively in the
presence of a catalytic amount of conc.H,SOy.

First we examined the Friedel-Crafis reaction of 3-hydroxy-2-methylene-3-(4-methylphenyl)propanenitrile
(1a) (0.692g, 4mM) with benzene (5mL) in the presence of a catalytic amount of conc. H,SOy4 (0.1mL). The
best results were obtained when the reaction was carried out at reflux for 30 minutes after the addition of a
catalytic amount of H,SO, to the solution of 1a in benzene at room temperature. Thus the required product
[2Z]-2-benzyl-3-(4-methylphenyl)prop-2-enenitrile (3a) was obtained in 78% yield (0.726g) after usual work

up and column chromatography (silica gel, 2% ethyl acetate in hexane). The [Z]-stereochemistry was
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established by comparing the 'H NMR and “C NMR spectral data'* with that of the same compound

prepared earlier in our laboratory’.

Scheme 1:
conc. H,SO,
cat. 5 R>=€
OH 70-80%,R=aryl H Ph
CN 98-100%][Z]
R 3a-d
conc. H;SO4 R CN
t.
1 Benzene H
28-31%,R=alkyl 100%[Z]
3e-h

Table 1:The Friedel-Crafts reaction of benzene with 3-hydroxy-2-methylenealkanenitriles™®

substrate R Time Product Yield(%)° @«(E)°
(minutes)

1a 4-MeCH, 30 3a'%e 78 99:17
1b 4-i-C;H,CH, 30 3p8 76 100:0
1c 4-CICH, 30 3¢° 70 100:0
1d Ph 30 3d° 80 98:2"
le n-CsHy; 120 3¢ 28 100:0
1f n-C,H, 120 3 30 100:0
1g i-CH; 120 3g" 28 100:0
1h n-C;H, 120 3n° 31 100:0

a) All reactions were carried out in 4mM scale of alcohol with benzene (SmL) in presence of conc.H.SO, (0.1mL) at reflux
temperature. b) Satisfactory spectral data [IR, '"H NMR (200 MHz) and '>C NMR (50 MHz)] and elemental analyses were
obtained for all compounds 3a-3h. c) Isolated yields of the products after column chromatography (silica gel, 2% ethyl acetate
in hexane). d) 'H and '*C NMR indicate the absence of other isomer. ¢) [Z]-Stereochemistry was assigned by comparing the 'H
NMR and *C NMR spectral data with that of the same molecules prepared earlier in our laboratory °. f) '*C NMR indicates the
presence of very small amounts of the other isomer. g) [Z]-Stereochemistry was established by comparing the *C NMR
chemical shift value of the benzylic carbon with that of 3a. h) [Z]-Stereochemistry was established by comparing the '’C NMR
chemical shift value of the benzylic carbon with that of 3h.

We have then extended the same methodology to a variety of 3-hydroxy-2-methylenealkanenitriles to provide
the required functionalized trisubstituted olefins in 28-80% yields (Table 1) (Scheme 1). From the Table 1 it is
clear that substrates with aryl substituents (R=aryl) provided better yields of the desired Friedel-Crafts
products than substrates with alkyl substituents (R=alkyl). However both substrates (R=alkyl,aryl) show [Z]-
selectivity.

Next we have examined the Baylis-Hillman adducts derived from methyl acrylate i.e. methyl 3-hydroxy-2-
methylenealkanoates (2) as possible stereodefined B-electrophiles for the Friedel-Crafts reaction with

benzene, with an objective of studying the stereochemical directive effect of ester group (Scheme 2).
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Substrates with aryl substituents (2a-d) provided desired Friedel-Crafts products i.e. methyl [2E]-2-benzyl-3-

arylprop-2-enoates(4a-d) in high [E]-selectivity. However substrates (2e-2g) possessing alkyl substituents

provided the Friedel-Crafts products (4e-4g) as mixtures of cis and frans isomers (Table 2).

Scheme 2:
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Table 2: The Friedel-Crafts reaction of benzene with 3-hydroxy-2-methylenealkanoates™®

Substrate R Time Product Yield(%)° @B
(minutes)
2a 4-MeCsH, 30 42" 82 2:98
2b 4-i-C;H,CeH, 30 4b 83 0:100
2c 4-CIC¢H, 30 4c 67 6:94
2d Ph 30 4d 86 5:95
2 i-C;H, 90 4e 25 72:28
2f n-C;H; 70 4 45 49:51
2g CH, 90 4g 50 40:60

a) All reactions were carried out in 4 mM scale of alcohol with benzene (5 mL) in presence of conc.H,SO, (0.1 mL) at reflux
temperature. b) Satisfactory spectral data [[R, 'H NMR (200 MHz), and '°C NMR (50 MHz)] and eclemental analyses were
obtained for all compounds 4a-4g. ¢) Isolated yields after column chromatography (silica gel, 2% ethyl acetate in hexane). d)
Stereochemical assignments and isomeric purities were based on difference in chemical shifts and integration ratios of isomeric
olefinic protons in 'H NMR analysis.

In summary the H,SO, catalyzed Friedel-Crafts reaction of benzene with the Baylis-Hillman adducts provides

a simple and convenient methodology for the synthesis of [2Z]-2-benzylalk-2-enenitriles and methyl [2E]-2-

benzylalk-2-enoates with excellent stereoselectivity, in particular for the molecules possessing aryl

substituents.
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