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Abstract - Using copper chiial complexes as catalysts, 
enantioselective Michael reactions were performed. The degree of 
enantioselectivity depended on the design of the catalyst and the best 
results (70% e.e.) were obtained with tetradentate ligands. 

The catalytic enantioselective Michael reaction is still a process of fundamental importance even though it 

has aheady been achieved using alkaloids!*) polymer-bound alkaloidsj3) chiral crown ethers and basesj41 

optically active Co@) complexes,(5) and natural proteins@) as catalysts. 

Since 1,3dicarbonyl compounds are preparatively alkylated with a&unsaturated carbonyl derivatives 

using Cu@) acetate as catalyst,0 the development of optically active Cu(lI) complexes was the obvious 

extension to prove the feasibility of performing enantioselective Michael reactions under these catalytic 

conditions. To compare our hoped results with those known from the literature, we selected as a test the 

conversion of methyl indan-l-one-Zcarboxylate (1) into 3-butene-2-one (2) (Scheme l), whose (R)-product (3) 

is known to have a maximum rotation of [cc]s7s= +77.0’ (c, 2, benzene, 25 “C).(*) 

The fist step was to test two enantiomeric copper(R) complexes, 4 and 5, [with Schiff’s bases, derived 

from salicylaldehyde and (R)- and (S)-a-methyl benzylamine(*) respectively, behaving as bidentate ligands] 

whose tetrahedral structures can be proposed in analogy with the X-ray structures taken from the literature.t9) 

In dioxan (20 “C - 48h) with a molar ratio [l]:[catalyst] = 10, the Michael reaction occurred in about 

quantitative yield, but 3 was optically inactive. 
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Scheme 1 

1 2 (RI-3 (Q-3 

As a general comment to transition-metal-catalyzed Michael reactions, the mechanism(5*7) involves 

displacement of one bidentate Iigand from the complex to bind the deprotonated 1,3dicarbonyl compound 

whose two faces become diastereotopic if the complex offers a chiral environment. To induce a good 

enantioselection, the complex should fulfil the following requirements: a) rigidity; b) high degree of 

regioselectivity in complexation of the 1,3dicarbonyl reagent; c) anchimeric assistance to the attack of the 

acceptor reagent offered by some group in the complex (which should greatIy favour enantioselection). 

The failure of 4 and 5 to induce enantioselectivity could be due either to a low regioselective complexation 

of deprotonated 1 or to an inefficient chiral environment in a non-rigid structure. 

H Me H Me 

(RI-4 (Q-5 

To increase the rigidity of the complex, tridentate Schiff’s bases derived from salicylaldehyde and (R)- and 

(S)-Zaminobutanol and -2-aminoZpheny1 ethanol were prepared. These gave dimeric copper(R) complexes 

(6-9) whose structures can bc proposed in analogy with those derived by X-ray analysis(lO*l’) of similar 

complexes. In addition to the square-planar coordination of dimers,(t’*’ ‘1 pyridoxal Schiff’s base ligands have 

given tetrameric structures with a square-pyramidal coordination around each copper atom,(12) but in the present 

case the mass spectra of 6-9 rule out this possibility. 

Whereas 6 and 7 easily crystallized with variable amounts of solvent which can bc removed by heating 

under vacuum, 8 and 9 crystallized with four water molecules (see Experimental) and this could be the result of 

a preferred sixcoordination around each copper atom. 

(R)-6: R=Et (S)-7: R=Et 

(R)-8: R=Ph (S)-9: R=Ph 



Copper(K) in organic synthesis-VIII 2929 

When the copper(H) complexes derived from tridentate ligands were tested as Michael catalysts under the 

conditions mported in Table 1, these not only gave almost quantitative yields of 3, but optical induction was 

observed. 

Table 1 - Cu(Il)-catalyzad Michael addition of 1 and 2 with tridentate complexes 

Entry Catalyst(‘) 
Conditions 

Solvent t”C time 
e.e.8 @) 

1 6 dioxan 20 24 13*2(R) 
2 6 ccl4 20 26 54*2(R) 
3 6 toluene -70 3d 19*2(R) 
4 7 dioxan 20 2d 16f 1 (S) 
5 7 cc14 20 2d 50f 3 (S) 
6 7 toluene -70 3d 17 f 2 (S) 
7 8 dioxan 20 2d 5 f 1 (S) 
8 8 ml 20 26 7 f 1 (S) 
9 8 toluene -70 3d 9 * 2 (S) 

10 9 dioxan 20 26 3 f 1 (R) 
11 !J (334 20 2d 5 f 1 (R) 

12 9 toluene -70 3d 11*2(R) 

(a) Molar ratio [l]:[catalyst]=lO. (b) The chemical yield of 3 is always nearly 
quantitative and the main configuration of 3 is reported. The enantiomeric excess 

is the average of at least three indipendent experiments. 

The ethyl-substituted complexes (6 and 7) gave an optical induction in the range 11 - 509L This was not a 

function of the dielectric constant of the solvent, as in alkaloid-catalyzed Michael additions(*2) (E, values of 

dioxan, carbon tetrachloride and toluene are 2.21, 2.23,2.38 respectively), but a negative factor seems to be the 

ability of the solvent to enter in competition as a ligand. 

A dramatic reduction of the optical induction was observed for the phenyl-substituted complexes (8 and 9). 

Furthermore, the configuration of the ligand did not have the same effect on the configuration of 3 [6 and 8 

preferentially gave (R)- and (S)-3 respectively]. 

The above data clearly suggested a further step in the design of the catalyst: an increase in its rigidity to be 

realized if one axial position is occupied by the ligand itself, if a tetradentate ligand is used. 

The Schiff s bases of salicylaldehyde with either (S)-2-amino-1,5pentandiol or (S,S)-2- 

amino3-phenyl-1,3-propandiol were prepa& and their dimeric copper(11) complexes 10 and 11 were isolated. 

These crystallized with two and four water molecules respectively, this again being the result of a preferred 

sixcoordination around the metal. 
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Only 10 has the “side arm” suitably designed to aIlow the hydroxy group to behave as axial ligand, but, if 

that of 11 is involved in hydrogen bonding with an axially placed molecule of water the required rigidity could 

be secured to the complex. Under these assumptions, both 10 and 11 have chiral copper atoms. 

When these catalysts were tested on the Michael reaction of 1 and 2, the results reported in Table 2 were 

obtained. 

Table 2 - Cu(II) catalyzed Michael addition of 1 and 2 with tetradentate complexes 

Entry Catalyst 
Ratio 

[l] : [cat.] 

Conditions 

Solvent t”C time 
e.e.%@) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

10 
10 
10 
10 
10 
10 
1P) 
ll@) 
ll@) 
ll@) 
If@) 
ll@) 

10 
10 
10 

100 
10 
10 
10 
IO 
10 

100 
10 
10 

dioxan 20 26 
cc14 20 2d 
cc14 -20 3d 
ccl, -20 3d 
toluene -70 3d 

E W -70 3d 
dioxan 20 2d 
cc14 20 2d 
ccl, -20 3d 
cc14 -20 3d 
toIuene -70 3d 
Et,0 -70 3d 

8 f 1 (S) 
60f3 (S) 
69f4 (S) 
70f2 (S) 
6Of3 (S) 
10f 2 (S) 
8f 1 (S) 

54f3 (S) 
68 f 2 (S) 
70f2 (S) 
6Of2 (S) 

8& 2 (S) 

(a) The chemical yield of 3 is always nearly quantitative and tha main configuration of 

3 is reported. The enantiomeric excess is the average of at least three indipendent 

experiments. (b) Hydrated complex (see Experimental). 

Both catalysts gave nearly identical results. The enantiomeric excess was poor in dioxan at room 

temperature (entries 1,7) but in carbon tetrachloride, both at r.t. and at -20 OC, and in toluene at -70 “C (entries 

2, 3, 5, 8, 9, ll), the results became comparable with those obtained when alkaloids(2) or chiral cobalt 

complexes@ are used as catalysts. 

The reaction was tested with a ratio [1] : [catalyst] = 100 and the results were even better (entries 4, 10). 

A mechanism can be proposed which allows the rationalization of the behaviour of the copper(I1) catalysts 

(Scheme 2). When 10 reacts with 1, the octahedral complex 12 is formed, which has a A-configuration if the 

ketone-carbonyl group of deprotonated 1 occupies the axial position and the ester carbonyl the equatorial one. 

This should be the most stable configuration as suggested by Briinner. 0) At this stage the attack of 2 will IX 

directed on the Re face of the complexed substrate by the hydrogen bonding assistance of the -CH,OI-I equatorial 

ligand. 

This model not only accounts for the preferred formation of (S)-3 when IO and 11 (axial water molecule 

with hydrogen bonding bridging) are used as catalysts, but rationalizes the poor enantiomeric excess obtained 

when dioxan is used as solvent. This can be involved in hydrogen-bonding with hydroxy groups either acting as 

axial ligands (lowering the rigidity of the complex) or as equatorial ligands (loosing the anchimeric assistance to 

the attack of 2). 

As a further support to the above mechanism, when diethyl ether was used as solvent at -70 OC, only 10% 

enantiomeric excess was obtained (entries 5, 12). 
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Scheme 2 

Me 

(Q-3 

l 

Chiral copper complexes, if suitably designed, can act as good catalysts in enantioselcctive Michael 

reaction. If a comparison is made with the catalysts known in the literature, only the Cram’s crown etheb4) has a 

superior activity. 

The main property that induces enantioselection is rigidity and this is obtained if tetradentate ligands are 

used. The further step will concern the synthesis of similar structures but with a better choice of the ligand 

points. 

Experimental 

Melting points were determined by the capilIaxy method on a Tottoli apparatus (Biichi). Elemental 

analyses were made on Erba CHN analyzer mud. 1106. ‘H-NMR spectra on Briiker WP8OSY specuometer 

(CDCl, was the solvent, chemical shifts were reported in ppm on the 6 scale). Optical rotations were measured at 

room temperature on a Perkin Elmer 241 p0Iarimete.r with I dm cells. The mass spectra of the copper 

complexes (desorption chemical ionization with ammonia - 63 Pa pressure and 150 OC source temperature) on a 

Finnigan MAT 8222 mass spectrometer. 
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Table 3 - Physical properties and elemental analyses of coppcr(II) complexes 

Complex 
M.p. “C Elemental analyses@) [o]D Mass spectrum 

colourc4~ C H N (c, solvent) m/z 

4 

S 

6 

7 

8 

9 

10 

11 

142-143(C*d) 
black 

142~143(dc) 
black 

144_145(ts) 
green 

159*16O(ts) 

lE;scd) 
green 

196197Cd) 
green 

153-154@) 
green 

130-131”) 

2EY@) 

C?4H30CU2N206 
.2H20 

~&H~Cu2N206 
2 

C32H30CU2N@6 

+22.1 O 
(O.O7,CHCl,) 

-18.1’ 
(O.o7,cHCl3) 

-132.1’ 
(0.03,acetone) 

+151*4O 
(0.03,acetone) 

+54.0” 
(O.OS,CHCl,) 

-56.0” 
(O.O5,cHC13) 

+50,0” 
(0,02,acetone) 

+71.1° 
(O.O4,CHCI,) 

-16.8” 
(0.07,CHCt3) 

509 (M+H)+ 

509 (M+H)+ 

605 (M+H)+ 

605 (M+H)+ 

569 (M+H)+ 

665 (M+H)+ 

(a) 4 and 5,6 -11 as soft crystals. (b) Calculated values in parentheses. (c) Lit.: m.p. 143-144 Of?*). 

(d) From ethanol. (e) Lit.: m.p. 142-143 “@)- (f) From diisopropyl ether. (g) After drying 4 days at 78 OC 
under 25 mm Hg vacuum. (h) From ethyl acetate. (i) After drying 4 days at 117 “C under 25 mm Hg vacuum. 
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