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NOTE
A note on the Noyori model for chiral amplification in the
aminoalcohol-catalyzed reaction of aldehydes with dialkylzinc
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The Noyori model of chiral amplification in the alkylation of aldehydes by
means of dialkylzinc, catalyzed by chiral aminoalcohols, is further elaborated. A direct,
but approximate, relation is obtained between the enantiomeric excess of the catalyst
added and the enantiomeric excess of the product.
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In a recent work Noyori and coworkers! proposed a mathematical model for
the chiral amplification, carlicr observed in the reaction of alkylation of aldehydes
by means of dialkylzinc, in which a chiral aminoalcohol is used as a catalyst. Later,
the Noyori model was slightly simplified by showing that the initial enantiomeric
excess, eeini, of the added catalyst, and the enantiomeric excess, eeprod, Of the
resulting chiral alcohol satisfy the relation?

et — oo El | 2(K2 = Ky) [R] [SIALR] + [S])S 0
prod 1n1|:| 1+ K ([R] +[S]) g

In Eq. (1) [R] and [S] denote the concentrations of the two enantiomers of the
active form of the catalyst, whereas K1 and K pertain to the equilibria between the
species R and S and their (experimentally characterized®) dimers Ry, S> and RS:
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The enantiomeric excess eeinj 1s defined as
_ RO - SO (2)

eepni = ——
mni RO +S0

= Khetero = /K3
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with R and So standing for the amount of the two enantiomers of the added catalyst;
as before,2 it is assumed that Rg = So. It has been shownl’2 that for the other
enantiomeric excess occurring in Eq. (1), the following simple relation applies:

[R] - [S]
“eprod = oy 18] 3)
Further details concerning the Noyori model and the notation used in the
present note can be found elsewhere. !
A RELATION BETWEEN eeprod AND eeini

Within the Noyori model, the actual relation between the initial and final
enantiomeric excesses has not been determined,' in spite of a seemingly simple
connection between the quantitics appearing on the right-hand sides of Egs. (2) and (3):

Ro=[R]+ K [R* + K2 [R] [$] 4

So=[81+ K1 [S]* + K> [R] [S] (5)

In fact, solving Egs. (4) and (5) in terms of [R] and [S] and finding the explicit
functional dependence of [R] and [S] on the parameters Ry, So, K1, K2 seems to be
practically impossible. In view of this, an approximate relation between eeprod and
eeini has been determined in this work.

Let eeprod = F(eeini) be the required functional relation between the two
cnantiomeric excesses. Whatever is the form of the function F(x), it must satisfy the
following boundary conditions:!-2

F0)=0; F(1)=1 (6)
The simplest expression for F(x) with the properties (6) is
Flx) =M+ (1 - A\) x> (7)
with A being a pertinently chosen parameter (see below). Eq. (7) can be understood
as the power-series expansion of F(x), truncated at the quadratic term.
Because the chemically relevant values of the variable x lie in the interval
(0,+1) and because the main interest is for x = 0, the approximation
eeprod = Aeeip; + (1-N) (eeini) (8)
may safely be accepted as a satisfactory one.
From Eq. (8) it follows:

- aeeprod ~
= deens for eejp; — 0 )]

By combining Egs. (1) and (9), the following expression may be directly
obtained
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Ao 2(K5 - K1) [R] [SIALR] +[S]) for eejni - 0
1+K, ([R] + [S])

KR

1+2K, [R] for eejp; —» 0

_ 1+ (K1 + K9) [R]o
1+2K [Rlo

where [R]o is the value of [R] in the limit case eeinj — 0. Recall that in this case,
[R]o = [S]o.
The value of [R]o is calculated from Eq. (4), i.e., from
Ro=[R]o+ K1 [Rl¢* + K2 [R]¢*
resulting in
VI +4(K, +K)Ry -1
2(Ky +K3)

[Rlo=

Here the quantity R pertains to the limit ejni — 0, when it is equal to the total
amount C of the added catalyst (i.e., to the total amount of the added aminoalcohol).
Therefore, the above formula is rewritten as
VI+4(K, +K)C -1

2(K1 +K))

[Rlo=

where C = Ro + S0.

0-1

[Rlo= 2(K1 + K2)

and

10 K+ K00
=+ —=

0 (10)
2 Kx2+KiQp

A

By means of Eq. (10) the functional dependence between the initial and final
enantiomeric excesses, Eq. (8), has been fully determined, at least in the quadratic
approximation.

ON THE MAXIMAL CHIRAL AMPLIFICATION

From the form of the function F(x), Eq. (7), it is clear that this function is
concave if 1 — A < 0. Concavity means that in the interval (0,+1) the inequality
F(x)>x is obeyed. In view of Eq. (8), the condition 1 — A <0 implies eeprod > €€ini,
that is, implies chiral amplification.
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Using formula (10) it is easy to show that 1 — A < 0, and therefore chiral
amplification, occurs if and only if K > K. This is a previously known result.!-2

Assume therefore that 1 — A is negative.
By Eq. (8)
eeprod/eeini =N+ (1 —Neeini (11)

The second term of the right-hand side of Eq. (11) is necessarily negative-val-
ued. Consequently, chiral amplification, as measured by the quotient eeprod/eeini, is

maximal in the limit case ejpj — 0, and is then equal to A. Hence, chiral amplification

increases with increasing value of A. On the other hand, the way in which A depends
on the basic parameters of the Noyori model has been established above and is given
by Eq. (10).

At this point it may be of some interest to list the expressions for A in some
of the chemically most important limit cases.

If K is very small, but not K, then
1 e
A= EB+\/_1 +4_K2CH

It both K and K7 are very small, K» > K, or if C is very small, then

LHEERIC e
1+2K C
If K7 is very large, but not K, then
A= VK, C

n 3 B O N1
BEJNEIIKA O HOJOPUIEBOM MOJIEITY 3A XUPAJIHY AMITNINOGUKALINIY Y PEAK-
LI AIIIEXUTA CA JUATKUITLIMHKOM, KATAJIM30BAHOJ AMMHOAJIIKOXOJ/IMMA
VBAHT'YTMAH
IHpupoono-maitiemaitiuiku paxyaitieini y Kpazyjesiyy
Jonymen je HojopujeB mopen xmpanHe aMiumuduKanuje y peakiujd alKHIOBamba
ajjiexujia noMohy MaIKUILMHKA, KaTaJIn30BaHO] XUPAJIHUM aMUHOAJIKOXomuma. M3Bseyena

je MupeKTHa, Majla alpOKCHMAaTHBHA, pelanyja m3Meby eHaHTHOMEpHOr BHUINKA OJAHOT
KaTajlm3aTopa i eHaHTHOMEPHOT BHIIKA PEaKIUOHOT IIPOAYKTA.

(ITpumsbeno 18. jyna 1999)
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