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It has bean recognized that Raraeett type free energy relationships rney be usefully applied 

to the process of pyramidal inversion. The first such application dealt with the racemization of 

sulfoxides (l), and similar treatments have appeared for phosphine (2) and aziridine (3) systems. 

Linear log k/log k' plots have been obtained (2,3) for pphenyl substituted compounds which serve 

to correlate inversion rates among these systems. The recently reported (4) empirical correla- 

tion of nitrogen inversion barriers proves to be an approximate forrmlation of the standard Ham- 

mett type treatment. The purpose of this conmunication is to indicate an important limitation 

inherent in such an approximation. 

For the treatment of pyramidal inversion barriers, it is most convenient, in view of the 

paucity of reliable values for AR* and AS*, to correlate different system by the direct com- 

parison of their free energy barriers (AG*), although these frequently are determined at differ- 

ent temperatures. This unavoidable assumption of a temperature independent Cr;* does not present 

a serious difficulty when dealing with simple inversion barriers where AS * is typically near 

zero. It has been suggested elsewhere (5) that the magnitude of substituent effects upon nitro- 

gen inversion barriers may be roughly proportional to barrier height. In the approximate fornu- 

latiou (h), the effect which various groups (X = Cl, OR, NRa, C&In, Tosyl) adjacent to nitrogen 

have upon the inversion barrier of amines is expressed by a 2 value, which, as indicated in equa- 

tion 1, is defined as the ratio of the energy barrier for a specific amine bearing the appropriate 

group (&.=*.., N-X) to that of the analogous N-CRa compound+ It may be shown that this = value is 

rigorously related to the Hamett parameters as follows. A linear relation of substituent effects 

upon energy barriers between two reaction series can be described by equation 2, where m and & 

eq. 
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refer to different reactions, a and & refer to different substituents, and P is the equivalent of 

the Harrmett reaction constant; 2 and m refer to an arbitrarily chosen standard substituent and re- 

action, with Pm = 1. The term (A$ - Ki) is the equivalent of the Haxutett substituent con- 

stant, ob. Nitrogen inversions in systems containing the groups &e., X) which have been char- 

acterized by = values in the approximate fornulation may be formally regarded as distinct reaction 

series in which the standard reaction is the inversion of the N-CHa system. That portion of any 

particular amine system (g.g., the 2,2-dimethylaziridines) which excludes the N-X or N-C&, moiety 

may be selected arbitrarily as the standard substituent, a. The general substituent, b refers 

to the corresponding portion of any other amine system. The 2 values are thus redefined as in 

equation 3, which emy be derived from equation 2 by rearrangement of terms into the familiar 

=n = ffi;/LG; = (p"lp") + (LGi - (pnlPm)K;)/LG; %-LJ 

slope-intercept form, followed by division of the resulting equation by dG> Since pm = 1 for 

the standard reaction, this expression emy be simplified as in equation 4, where 2 is a constant 

=n = p n + J/L%; f2d.t 

corresponding to the intercept of the linear free energy plot of LGE vs. &r. Equation 4 is a 

restatement of equation 1 in terms of Hanrnett parameters. Clearly, when L/&F is small relative 

to P", zn will approach P" and will be independent of the identity of the substituent & in 

this limiting case, g is thus the equivalent of a Hannmtt reaction constant. By the same token, 

since the predictive utility of the empirical correlation of inversion barriers is dependent on 

the approximate constancy of 3 it is of interest to examine the sensitivity of 2 to changes in k. 

The dependence of = on CC:, for various values of 3 follows from equation 4 and can be 

graphically depicted as in Figure 1. Evidently, gwill be approximately constant only when 2 is 

small in comparison to Li$, which is not always the case. For example, in a correlation between 

nitrogen (&r) and phosphorus (&i) inversion barriers (61, or between sulfoxide (&F) and 

sulfonium ion (Kz) barriers (6), 3 differs substantially from zero. The barrier range over 

which t is approximately constant decreases in direct proportion to the extent that L the inter- 

cept, deviates from zero. To maintain a barrier range which is constant for a specific allowable 

variation in 3 increases in 2 require a corresponding increase in the magnitude of the barriers 

under consideration. In the nitrogen systems which have been considered (h), these intercept 

values happen to be sufficiently small so that the &/A$ term is indeed negligible. This will 

generally be the case when &t is ~a. 10 kcal/mol or greater (&.e., for barriers conveniently 

measured by DNME or direct kinetics) and accounts for the empirical observation that 2 values 
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appear to be nearly constant throughout a variety of system (4). On the other hand, as seen by 

inspection of Figure 1, such constancy in = is not to be expected for barriers of less than 5-10 

kcal/mol. 
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It mst be emphasized that the approximate formulation is additionally prone to all the 

sources of error which affect the standard Hammett treatment. For example, non-linear behavior 

may create a serious difficulty in certain cases, as when correlations are attempted between re- 

action series which include both saturated and aromatic ring systems, or between systems with 

large, but varying, steric requirements. 

In summary, the present analysis reveals that the empirical correlation (4) corresponds to 

an approximation of the Hamett treatment; that the deviation of 2 from the Hammett p depends 

upon the magnitude of the intercept of the linear free energy plot of the appropriate reaction 

series; that in plots with nonaero intercept , z will be approximately constant within a limited 

range of barriers, the magnitude of this range depending upon the magnitude of the barriers and 
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the magnitude of the intercaptj and that deviations in the constancy of z may additionally be 

caused by any factors which would cause deviations in the corresponding Ranmett p value. It is 

therefore inadvisable to ascribe conformational changes other than pyramidal inversion &.g., 

rotation, ring inversion) to compounds where 2 values deviate significantly from the defined 

average =* 
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