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The route to chiral molecules via asymmetric catalysis has obvious theoretical as well as
practical significance, with nature as our teacher.1
We have c¢hosen the versatile Michael reaction2 as subject for study since only two previous examples
of asymmetric catalysis in this reaction have come to our attention. The first one is a Russian
report3 of a reaction on optically active quartz. The second is the recent work of Langstrém and
Bergson4 using anoptically active synthetic amine. In neither of these cases has the optical purity or
enantiomeric excess of the products been determined.

We have found that for 11 Michael reactions, using optically inactive donors and acceptors
in the presence of catalytic amounts of optically active quinine, optically active products were
obtained. In one case the enantiomeric excess was determined and amounted to 68%.

In a typical run, 458 mg (2 mmole) of nitrosulfone 1 was dissolved in a standard solution
containing 8 mg of quinine (mp 176—70,511238 - 1720, c = 0.96, ethanol) in 8 ml toluene, and 280 mg

(4 mmole) of methyl vinyl ketone (MVK) was added:
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The optical rotation of the solution rose from 0.020o (578 mu, 10 cm cell), 0.210° (20 min.), 0.335o

(40 min.), 0.400° (70 min.) to 0.435° (16 hr). After work-up and crystallization from ethanol, 519 mg

RT
(87%) of 3 (mp 112-50, [a]578 + 10.00, c = 2.20, C6H6), chemically pure according to PMR was obtained.
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Recrystallization afforded 465 mg (78%), mp 117-8°, [o]™ (c = 2.15, CHg) + 9-1° (578 mw), + 10.0°
(546 my), + 10.0° (436 mp) and + 4.7° (405 my). The IR and PMR were identical with those of an
authentic. sample synthesized by Zeilstra and Engberts.5

Compound 1 was chosen as the starting material since it gives the crystalline adduct (3) in high
yield when triethylamine is used as the cat:alyst.5 In addition adduct 3 was expected and found not
to racemize substantially under the reaction conditions used.

The solvent effect on the asymmetric induction (but not on the chemical yield!) was significant. The
following values of [u] 1:;‘8 (solvent C6H6) were found for 3, after work-up and cr:ystallizat:ion:6

+ 2.6°%, dioxane + 2.8°, c_u_ + 7.2° and cCcl, + 14.1°, Thus, toluene and cCl

[}
ethanol 0.0, CH 2 &Hs "

Ccl

2 4

were the solvents of choice in our subsequent experiments.

An attempt to determine the enantiomeric excess of 3 by PMR spectroscopy was not successful in this

particular case. However, we were able to determine this imporxtant parameter for adduct 5 using the

reaction between 4 and MVK. Reaction at room temperature in toluene under the influence of quinine
: . : s o RT 9,0 o

(2) gave 5 in 87% yield, after crystallization from ether/hexane {mp 104-6 , [a] 578 = 42, - 51.0

(546 my), - 117.6° (436 mp) and - 167.8° (405 mp), ¢ = 2.05, CeHgl -

0
CO,CH, I} quinine {2) CO,CH, O
+ HC=CH-C-R —————» 1]
H toluene.RT e ~CH,~CH,-C-R
4]

0
4 5, R=CHy
8. R=H
After another crystallization ([a]gs - 42.80, c = 1.94, CGHé) , the enantiomeric excess of this

material was determined with the aid of PMR spectroscopy. Addition of Eu(TFC)3 to 5 dissolved in
CDC13 gave rise to two nicely separated singlets for the ester methyl group. The integration ratio of

these peaks was estimated to be 1:3.5, which is in accord with 56% enantiomeric excess. From these

data optically pure 5 is calculated to have [a] 15?8 - 77.0°.

Variation of parameters as given below had only little influence on the chemical yield of S but
affected the enantiomer ratio considerably. This will be clear from [a] gs that was found (after

cr:ystallizaticm):6 a) quinine, CcCl RT, - 49.20; b) quinine, CCl Oo, - 55.40; ¢) quinine, toluene,

4’ 4’
Oo, - 57.4%; d) quinine, toluene, - 20°, - 54.8° (not recrystallized!); e) cinchonidine, toluene, RT,
- 41.90; f) cinchonine, toluene, RT, + 29.0°. Hence, depending upon the choice of the catalyst either
of the enantiomers could be formed in excess.

In case d} the asymmetric induction of the conversion 4 ~ 5 was determined. A PMR experiment
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(vide supra) was carried out on the crude product obtained after work-up, but before crystallization,
in order to avoid changing of the enantiomer ratio by crystallization. The peak area ratio was
estimated to be 1:5.3 corresponding with 68% asymmetric induction. After two recrystallizations the
optical purity of 5 was raised to 89% ([a]RT - 68.4% ¢ =1.82, C,H,).
- 578 ! '-766

The reaction between 4 and acrolein, which was described by Bergson4 in his elegant work, was
carried out by s in toluene at room temperature using quinine (2) as the catalyst. We obtained the

: : RT o _
adduct 6 in 93% yield, [o]c,. - 61.1° (c = 3.46, cc1)).
In order to investigate the scope of this catalytic asymmetric synthesis, the Michael donors 7-14

were added to MVK (quinine, toluene, RT).

NO, (I:N o]
R-C-H CgHg~C—H C0,CoHg
| | H
Tos €0,C,Hg
7, R=CgHg 9 10
8. R=CyHg
o
H
0 CHy 0.9 CHa C-CH,
HzC—C-C —CO,CH, 1 0,N-C—CO,CHg H
| C—CHy I
H ! H
n 2 13 %

Except for 14, all of these donors gave the corresponding Michael adducts in high yield. The IR and
PMR spectra of the adducts of 7 and 8 were identical to those of authentic materia]..5 The remaining
adducts were characterized by their elemental analysis and spectroscopic properties. The specific

RT
rotations (in CéHs) of the Michael adducts 7b-14b derived from 7-14, are given below. Ad 7b: [aj 578

+ 2.2° (c = 5.31), this value diminishes when 7b is recrystallized; ad 8b: [a]rgs + 18.6° (c = 2.2),
this value also diminishes upon recrystallization; ad 9b: [og;(gs + 0.3° (c = 6.32); ad 10b: [n.] 5'17?8
o _ . . RT _ o RT _ (o] _ ) N RT o -
10.7° (c = 11.4); ad 11b: [d] 570 - 0.1°%, [algs - 3.5° (¢ = 23.1); ad 12b: [ g * 26-4° (c = 8.0)

after distillation, + 10.6° (c = 2.46) after distillation followed by one recrystallization; ad 13b:
RT o _ N RT O(c =

lol3gs = 7-1° (e = 2.17, toluene); ad 14b: [a] 4 + 18.3%c = 5.45).

Since the optical purity or enantiomeric excess of the adducts 7b-14b has not yet been determined,

nothing definite can be said about the amount of asymmetric induction in these cases. However, the

order of magnitude of [a] suggests a reasonable enantioselectivity in most cases.

The work by Meurl-ing7 and Pracejuss as well as the classical work by Prelog9 has revealedthat
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minute differences in the parameters (structure, solvent, temperature) control alkaloid-catalyzed
reactions. Our results are in agreement with these facts.
We are unaware of any data indicating that alkaloids bound or unbound to biopolymers might fulfill

an asymmetric catalysis role in biogenetic processes.
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