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Secondary kinetic isotope effects have become, in the last few years, a 

particularly effective means for the study of the mechanisms of organic reactions (1). 

Nuclsophilic substitution reactions on saturated carbon have been particularly ex- 

plored and it has been hoped, from the measurement of kH/kD. to arrive at a differen- 

tiation between !iNl and SN2 mechanisms and even to provide evidsncs for the process 

of anchimeric assistance (2). 

One problem remains still unsolved: it is that of the very origin of the 

isotope effect: the ewes of the isotope effect is the object of a sharp controversy, 

some attributing it to a steric origin, others attributing it to an electronic origin. 

We have felt that the study of secondary isotope effect in nucleophilic addition 

reactions on CPrhonyl compounds would perhaps permit us to cast some light on this 

problem since it is know that, in this type of reaction, the steric hindrance caused 

by the Hydrogens Q to the carbonyl play a dominant role (3). 

Since the experience we have acquired :n the utilization of HCN has shown to us 

that we could not expect a precision better than 3 to 5.i on the rate constants. we 

have used en other nurleophile, the Porahydride ion. The reduction of ketones by 

Sodium Rorohydride has been made the object of many kinetic studies by IJROH'N and his 
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collaboratcrs (4); the reaction seemed to be simple, the precise determination of BH4 

seemed easy to achieve and the close parallelism observed among the rates of addition 

of CN- and EIH; on cyclic ketones having 5 to 7 Carbon atoms seemed to indicate that 

the BH: ior, was closely comparable to the CN- ion es a nucleophile. 

ilur results are summarized in the following table : 

TABLE I 

* 

Compounds kH/kB’ at r50c. 

ACETONE 0.911 (0.98,? 

DIETHYLKETONE O.Y$ 

ACETOPHENONE o.9go 

CYCLOPENTANONE 0.95 
9 

CYCLOHEPTANONE 0.922 

NORCAMPHOR 0.98 
1 

(o.962)a 

CYCLOHEXANONE O.EE6C 

4-t-butyl-CYCLOHEXANONE O.BEoC 

cis 2-DECALONE o.94sc 

a) To take into accent for the fact that there are only 2 H in the 01 position 

b) To take into accent for the fact that there are 6 H in the c/ position 

c) At OIC. We have verified that there is no significant temperature dependence 

on the isotope effect. 

The repzoducibility of the rates constants we5 better then + l-l.??. 

lie can, apriori, list four factors responsible for this isotope effect 

e) Inductive effects which are different for D and for H, 

b) Differzncss in basicity between deuterated and normal ketones, 

C) Steric effects, 

d) Hypercanjugation ( or any other phenomena with conjugative character’). 

_aJ It is known that the C-D bond is more polar than the C-H bond; the 

stronger electron-donating effect in the deuterated ketone will lower the rates end 

we should observe k /k H D>.Iifth’ 1s effect is the preponderant one. 
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b) The differences in basicity of dsutsrated ketones will play e role - 

if we assume, es have certain other workers (5), that the reactive species in a 

hydroxylic solvent is not the ketons itself but s complex formed from one molecule 

of ketone and one molecule of solvent : 

x=0 + R-OH t x-0 ---H-O-R (here R = H) 

The concsntration of this complex in the reaction medium depending upon the basicity 

of the ketone and the deutereted compounds being weaker bases (6) than the normal 

ketones, we should observe again, if this effect was preponderant, k /k > 1. 
H Jl 

If the factors a) and b) are present they cannot be very important since in 

all ceees we have observed k,,/kD C-1. In the absence of more precise information 

one can only hope that these factors act in the came fashion in all cases and shift 

the observed isotope effect by the same amount. 

c)Steric effects. As already mentionned the nuclsophilic addition reac- 

tions on LO bonds are very sensitive to non-bonded interactions with the Hydro- 

gens in the a position. The difference in reactivity between cyclopsntanone and 

cycloherenone is due in large part to the fact that the initial state, trigonal 

carbonyl carbon, is sterically hindered in cyclohexanone and is not in cyclopenta- 

none, while the contrary is true in the tetragonal transition state. (See figure 

below). Replacing the H in the npasition by a smaller moiety, e.g. Deuterium, 

should therefore lower the energy of the initial state of cyclohexenone end that 

of the transition state of cyclope&anone. 

Therefore&f this explanation for the difference in reactivity is correct,if the 

transition state for the addition of BH: is indeed tetragonal andif the isotope 

effect has an essentially steric origin, one should obtain kH/kD > 1 for cyclohe- 

xanone and kH/kO < 1 for cyclopantanone. or at least 1 k /k ) 
H DC6 

> (k /k ) 
H DC5' 
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0 

Ei E’R 

The result:3 of Table I show that such is not the case and therefore one at least 

of the abo,Je assumptions is false; the only thing which is certain is that the steric 

effects on the isotope effect are not preponderant, if they exist at all, in the 

case of BHb addition. 

d) Hvperconjuqation. 1% is known that the C-D bond is less polarizable 

than the C-H bond and will, therefore, bo Jess apt to hyparconjugate with the n 

electrons of the LO bond of the ketone, resulting in an augmentation of the energy 

of the initial state and kH/ko 4. One can predict furthermore a conformational de- 

pendance cn the isotope effect; all of the H in the aposition are not, equivalent : 

those whose orientation is optimum for maximum overlap of o electrons of C-H (or C-D) 

bonds will. produce a maximum isotope effect. 

Examination of the results shows that this factor indeed seems to be preponderant; 

the maximlrm isotope effect, of about 12 %, is obtained precisely by the compounds 
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in which there exist Hydrogen* (axial) whose position is favorable for maximum hype> 

conjugation such as cyclohexanone or 4-t-butyl Cyclahexanone. Acyclic compounds which 

are a mixture of conformation isomers and alicyclic compounds of 5 and 7 carbons in 

which the Hydrogen* are less favorably situated lead to a considerably diminished 

isotope effect, 4 to 6%. A upplementary indication of the preponderance of the 

conjugative effect is shown by the study of partially deutereted I-t-butyl Cyclohe- 

xanone which shows that the exchange of the first two Hydrogen* provides 3/4 of the 

total isotope effect. It seems almost certain to us that in the reaction studied 

conjugative effects are, in major pert if not completely, responsible for the observed 

isotope effect. 

One must not however conclude that such would be the case for ail carbonyl 

addition reactions. In another case of so-called “nucleophilic” addition, AAAEN end 

COLLINS have obtained results completely different from ours ( 7). The isotope eff@ct. 

which they have observed in the formatlo” of phenylhydrazones is about 11% for ace- 

tophenone whereas for the addition of BH: it is only 1%. The complexity of the reac- 

tions mechanisms is certainly the cause for such a discrepancy. We think, in fact, 

that the BH; is not the “typical” nucleophile which we hoped to find : the resear- 

ches carried on in different* laboratories after this work we* already under way 

indicate that the mechanismof the action of BH; is much less certain now that it 

we* 4 years ego (8); furthermore the parallelism between the rates of addition of 

BH; end CN- has not been maintained for all the products studied, seeming to indi- 

cate that the steric requirements of the BH, eon are less important than those of 

the EN-ion. In our opinion the fact that we have not been able to find the steric 

influence in the addition of Btiq does not prevent us from expecting to find evidence 

for it in more simple nucleophilic addition reactions. such as CN- or SO;- additions. 
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Work which is in progress in our laboratory can verify this hypothesis. 

Finally we wish to single out the completely surprising result obtained 

*ith cis 2-Decalone; the observed isotope effect, 0.94S, is of the came order of 

magnitude ee that obtained with cyclopentanone and cycloheptanone; it can, by no 

means, be explained if we only eeeume that this molecule exists in the form of a 

rapid equilibrium between two double-chair conformations, the “steroid” and the 

“non-& eroid”. This one more example to be put on record of the “exceptional” beha- 

viour of this compound. 
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