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The Es constant in the Taft-Ingold relationship’ /l/ defined by eq. /2/ 

k 
log $- = ~‘a*+ bEs 111 Es i IlOg kx/kotA 121 

0 

is the most widely used in order to estimate quantitatively the steric effect of R groups 

/R = alkyl, substituted alkyl, aralkyl/ lin2al\phatic re2actions. However, the so-defined Es 

constant of a composite substituent CR R R 
1 /R 1 R c R 3 / has no application for reactions 

with chiral reagents& In this case, compounds containing /CRlR2R3/, and /CR1R2R3/ 
s 

groups 

of absolute configuration g and 2, respetively, react at different rat&: 

k/CR1R2R3/ 
log 

k/CRlR2R3/ 
R Lo 131 

s 

Since Use z O$ it follows from /l/ that 
- 

/ Es/~ c 1 Eski - 141 

A quantitative description of /3/ is given by the Ugi-Ruth equation2 which, however, 

gives a description of stereospecificity only and finds no application for achiral sub- 

stituents. 

We herewith present a relationship, which is derived from the Taft-Ingold equation 

and which describes, for the case of compounds of fixed conformation, the steric effect 

of both chiral and achiral substituents. Our considerations are based on the finding of 

Japanese authors 3 12 3 that the Es constant of CR R R groups is composed of three 

individual E 
S 

constants: 
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Es/CR1R2R3/ = a.Esl + b.Es2 + c.Es3 + d IS/ 

In systems wherein the CR’R2R3 group is fixed /e.g. in enzyme-substrate complexes / 

one or two terms of /5/ will bear no significance. Thus in an enzyme-substrate complex 

shown schematically in Fig.1, the steric effect of group R 3 is negligible in a reaction 

between the catalytic site of the enzyme /A/ and the reaction center of the substrate /B/. 

Accordingly, in such a system the steric effect of substituent CR1R2R3 is expressed by the 

following relationship: 

E /cR~R~R~/ = 
9 

a.Esl + b.Es2 + d IhI 

Similarly, in a complex depicted in Fig.2, neither R2 nor R3 has considerable steric 

effect and,consequently,in this case the steric effect of the same group will be characterized 

merely by the steric constant of R1: 

E IcR~R~R~/ = a E 1 + d . 
S S 

171 
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Figure 1 Figure 2 

According to Charton4, there is a good correlation between the Es constant and the 

van der Waals radii of spherical X substituents within the series of groups CH2X, CHX2 and 

cx3: 

Es=g.r +h 
V 

I81 

From /6/ and /8/ it follows that 

E /CR1R2R3/ = 
S 

a.+l.rv,R1 + b. Y2.rv,R2 + C 191 

where r v R1 and rv R 2 are the van der Waals radii of groups R1 and R2. Similarly, /7/ 

and /a/ rkults /10/t 

E /cR~R’R~/ 
S 

= a. Bl.rv,R1 + C IlO/ 
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On basis of /9/ and /lO/,the bES steric term of the Taft-Ingold relationship can be described 

by /ll/ and ,121 respectively. 

log .w - p*a* = 6Es/CR’R2R3/ = ~l.t,~l + n2.rv,R2 + C, /ll/ 

log w - p*o* = 6 Es/CRlR2R3/ = nl.rv,R1 + C’ /12/ 

where Al = 6.a. $1 and ‘b2 = 6.b. p 2. 

The reaction constants ;:.l and x2 are functions of the angles between Rl or R1 and R2 

and the direction A-B / u and S in Fig.1 and u in F&.2/, respectively. These are termed 

orientation constants. 

The applicability of the relationship is demonstrated for two enzyme-catalyzed reactions 

in Figs. 3 and 4. Fig.3 shows the validity of 112, for the case of hydrolysis of acyl- c - 

chymotrypsins 

E-CO-R 
H20 ) E-H + R-COOH 

/E-H = u -chymotrypsin/ while Fig.4 concerns the acylase-I catalyzed hydrolysis of acyl- 

amino acids: 
R-CH-COOH H20 

AH-CO-R’ acylase-I l 
R-5H-C0CH 

kH2 
+ R’-COOH 

In both cases, the substrates contain both chiral JR1 4 R2 /; R3/ andachiral /Rl= R2= R3 or 

R1= R2C R3/ composite substituents CR1R2R3. 

For the hydrolysis of acyl- a -chymotrypsins, eq. ,121 offers a good correlation /r=O.97/, 

&, the reactivity depends on the van der Waals radius of only one substituent. Thus, the 

conformation of the acyl group within the compound E-CO-R corresponds to the case depicted 

in Fig.2. Accordingly, stereospecificity is interpreted in terms of the orientation of an H atom 

/rv = 1.20 a / and a CH3 group /rv = 1.97 a / towards the active site A of the enzyme in cases 

of compounds containing an a-haloacyl group of ,R and 2 configuration, respectively. The 

value of::/rv CH -rv H / gives the stereospecificity. The reactivity of the isobutyryl compound 

containing thte Cjl/CA3/2 group, too, is correlated with the van der Waals radius of the H 

atom. The derivatives containing dihaloacetyl groups find good correlation with the 

van der Waals radius of the corresponding halogen atom, hence in this case a halogen atom 

appears to be oriented towards the active site of the enzyme /Rl - Cl, Br/. 

For acylase-I-catalyzed reactions, again relationship ,121 provides good correlation 

/r = 0.95,. In this reaction, too, only one of the substituents of CHR1R2 group exhibits steric 

hindrance. Substituent R3 is always a H atom, as the rv value of neither group is correlable 

with the rv value of the H atom /except the CH 
3 

group/. One of the stereoisomers of the 

L -chloropropionyl derivatives gives good correlation with rv Cl/similarly as in the case of 

group CHC12/, and the other with rv CH 

Consequently, the R1 and R2 substidentd 

/as in the case of de CH/CH3/2 group. 

of stereoisomeric z -chloropropionyl groups of ,R 

and S, configuration are in interchanged positions. 

Comparison of the K values corresponding to these two reactions reveals a much more 
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moderate steric effect of the R1 group in 

than in acylase-I-catalyzed reactions /H 
c 

the hydrolysis of acyl- CL-chymotrypsins /K =l.lO/ 

= 4.051. Thezse of kc,_ /Km values in the latter 

reaction is justified3 by the mechanism of the reaction-. 

The purity of the substrates employed was supported by elementary analysis and NMR and 

mass spectra. The experimental values used for the Lineveawer-Burk equation’ were obtained 

by spectrophotometric measurement of the p-nitrophenol released from pN02-phenyl esters in 

the a-chymotrypsin catalyzed reactions and ninhydrin-spectrophotometric measurement of 

norvaline released during acylase-I-catalyzed hydrolysis of N-acyl-L-norvalines. 

:v,H WI :v,Br ,hCJi 3 pJ4 ,ry F $,Cl :v,a 
I 

Fig. 3 rV 
$20 W Fig.4 

1,60 2,oo 

1. CH3 4. CH3CHBr/E/ 7. CH3CHBr/S/ t 1. CH5 4. CH3CHC1 /_S/ 

2. CH/CH3/2 5. CHC12 8. CH3CHC1@/ 2. CHF2 5. CH3CHC1 /&/ 

3. CH3CHCl /L/ 6. CHBr2 9. C/CH313 3. CHC12 6. CH/CH3/2 

The van der Waals radii used are those given by A.Bondi8. 

REFERENCES 

l./ R.W.Taft, Jr., in “Steric Effects in Organic Chemistry” M. S. Newman, Ed., John Wiley 

and Sons, Inc., New York, N.Y., 1965, p.565. 

2./ E.Ruch and I.Ugi, in Topics in Stereochemistry, Vo1.4., N.L.Allinger and E.L.Eliel, 

Eds., Wiley-Interscience, New York, 1969. 

3./ T.Fujita, Ch.Takayama and M.Nakajima J.Org.Chem. 38 /9/ 1623 /1973/ 

4. / M. Charton, J. Am. Chem. Sot. 91 615 /1969/ 

5. / F. E. Brot and M. L. Bender, J. Am. Chem. Sot. 91 7187 /1969/ 

6. / ~.Otviis, E.Moravcsik and Gy.Mddy, Biochcm.Bioph.ys.Res.Commun, 44, 1056 /1971/ 

7. / H. Lineweaver and D.Burk , J.Am.Chem. Sot. 56, 658 119341 

8. / A. Bondi, J.Phys. Chem. 68, 441 119641 


