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One measure of value of a scientific principle is its fre- 
auencv and scone of usaee. Concents are freauentlv devel- . " " 

oped for specific applications. I t  will he argued for the cases 
discussed herein, and perhaps more generally, that the origi- 
nal applications of a particular theory can serve unwittingly 
as an unfortunate limitation: the full develo~ment of the 
theory may he impeded if the theory is "locked into" its 
original application by a unidirectional mindset of potential 
users. 

The simplest kinetic system which exemplifies the effect 
of conformation on chemical reactivity is shown in eqn. (1). 
Here, two different conformations A2 and A, of the same 
molecule react with rate constants kzl and k34. respectively, 
to give two different products, Al and A4. One can easily 
envision extensions of ean. (1) to  more comnlex situations . . .  
involving conformations, some (or all) of which react to form 
one or more ~roducts.  A sienificant variable is the maeni- 
tude of the k t e  constants For conformational interconGer- 
sion kc (kz3 and kg2 in eqn. (1) relative to the rate constants 
for reactivity k, (kzl and k34). Because the rates of conforma- 
tional interconversion are generally, though not invariably, 
larger than their rates of chemical reactivity, (I) ,  we shall 
limit ourselves in this and the next four sections below to the 
Curtin-Hammettiwinstein-Holness conditions, namely kc 
>> k, (kz3, ks2 >> k21, ks4 in eqn. (1). 

k21 ku k31 A, <- A, e A,-> A, (1) 
ha* 

For C-H/W-H applications kz3, k 3 ~  >> kzl, k34. 
Eauation (1) has three exnerimentallv measurable naram- 

under conditions where Al and A4 are not being produced. 
The product ratio can he determined a t  reaction completion 
or a t  any time during product formation, since the product 
distrihution is time invariant for any system in which the 
rates of conformer interconversion are much faster than the 
rates of product formation. The empirical reaction rate con- 
stant k w ~ ~  is experimentally determined as if the kinetic 
system were simply one compound reacting to form a second 
compound with rate constant kw.~ .  This last point will he 
discussed in more deatil in the section on the Winstein- 
Holness equation below. 

A thorough knowledge of the properties of eqn. (1) kinet- 
ics should then serve two important purposes: (1) we will he 
able to analyze the many chemical mechanisms which are 
described by eqn. (1); and (2) we can use eqn. (1) interpreta- 
tions as the basis for the evaluation of more complex kinetics 
svstems alluded to above. 

Barton's classic 1950 paper (2) on stereochemistry and 
conformational analysis led the way to the formulation of 
two concepts (3-5) that provided the first quantitative rela- 
tionships between conformations and their chemical reactiv- 
ity. These are the Curtin-Hammett principle and the Win- 
stein-Holness equation. Importantly, these two nrinciples 
treated the samekinetic system, namely eqn. (1). - 
The Curtin-Hammetl Prlnclple 

The Curtin-Hammet (C-H) principle (1, 3, 6) was pro- 
posed in the early 1950's to alert chemists to  the error of 
directly equating the ground state equilibrium distribution 
of a mobile system ( K  = k231k32 = exp (-ACoIRT) in eqn (1) 
to the product distribution [A4]/[Al] (eqn. 2). In fact, the 
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we obtain the classical C-H expression, eqn. (3), where 

ACTSf = AG34f +AGO - AGZIf (10) 

(see Fie. 1). 
At this stage, it is impurtant to emphasize an important 

consequence of this derivation: the classical C-H exnression 
embodied in eqn. (3) is based on the previous deriiation of 
eqn. (4). 

The C-H principle has been frequently used over the last 
30 years as an aid to understanding the chemistry of eqn. (1) 
and eqn. (1)-like systems. The C-H principle succeeded in 
limiting the incorrect eauatine of nroduct ratios with erouud 

Figure 1. illusbation of an eqn. ( I )  system where ks9, k3* >> kn. k14 and where 
the less stable conformation (&) reacts via the more stable (%<4,) bansi- 
tlon state. In this figure, no significance is placed regarding the horizontal 

state equilibrium distributiork. ~ i r t h e r ,  i t  provided :he ba- 
sis for understandine whv a maior ~ r o d u c t  can arise from a - . . 
less stable minor conformation, the chemistry of tropane 
alkylations being the classic example (13) (eqn. (12)). Here, 
the transition state (TS) leading to equatorial alkylation 
(relative to the six-membered ring, keq) is more stable than 
the TS leading to axial alkylation (k,). This interesting and 
certainly not unique combination of rate constants is illus- 
trated in Figure 1, where the less stable conformation reacts 
faster via the more stable transition state. Equation (12) 
provides an important example of the failure of ground state 
conformational distribution (K) to be equal to reaction 
product distribution ([A4]/[Al]) (c.f., eqn. (2)). The reader is 
referred to the recent comprehensive review (I) of the Cur- 
tin-Hammett principle or to Science Citations Index for 
additional uses and applications of the C-H concepts. 

separation 01 the various stater. The bansition states are represented by 
dashed horizontal lines. to distinguish them from real chemical compounds 
Which are represented by solid lines. Note that the free energy ff is not drawn 
as a continuous function of the reaction cmrdinate. 

original statement of the principle was essentially repeated 
in numerous definitive texts and reviews (7,111 as well as in 
the provisional version of the "Glossary of Terms in Physical 
Organic Chemistry'' (12) and by the I.U.P.A.C. Commission 
on Physical Organic Chemistry in 1979: 

the relative amounts of product formed from the two critical 
conformations are comoletelv indeoendent of the relative vopula- ~ ~ . . 
rionsof the ronfwmationsnnd depkndonly upon thedifference in 
free m e r p  of the transition states, provided the rates of reaction 
are slower than the raws of conformational interconwrsion. 112) 

In terms of Figure 1, the product ratio is given by eqn. (3), in 
whichK, the ground state equilibrium distribution, does not 
appear explicitly. is simply the difference in Gibbs 
free energy of the two transition states leading to productri 
A4 and A1. minor 

product 
more 
stable 

less major 
stable product I t  is worthwhile to consider a condensed derivation of eqn. 

(3) (1,3, 7,8,11,). For eqn. (1). 

We now focus attention on chemical systems which have 
not been generally analyzed by the C-H principle. Perhaps 
because the C-H principle has classically been formulated in 
terms of an independence of product distribution from 
ground state conformational distribution (eqn. (3)), it has 
been little used with regard to its alternative, in fact, precur- 
sive form (eqn. (6)). While eqn. (3) has significant conceptu- 
al value and can be used for qualitative information and 
intuitive iudeements. it does not nrovide much quantitative 

Therefore, dividing eqn. (5) by eqn. (4) and integrating, we 
obtain 

informat~on,~hecausethe parameier AGTs~ is a rather pecu- 
liar varameter. Free enerevis not ameasurableauantitv as is 
for example, an equilihrGm constant, and the difference in 
free energy of two transition state levels is even more vaeue .. 
as an experimental parameter. However, eqn. (6) precisely 
describes the relationship between product distribution and 
rate constants and an equilibrium constant, thereby offering 
a number of uses not available from eqn. (3). 

when k23, k32 >> k21, k34. 
Substitutine the well-known relationships eans. (7-9) into 

Consider, for example, the product ratio for eqn. (13) 
chemistry (14). The literature report equates the ratio of 
rate constants k$k. to the product ratio (14) while applica- 
tion of eqn. (6) indicates the correct relationship to be as 
shown in eqn. (14). Experimental determination of K or 
estimation of K by application of additivity of substituent 
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effects for substituted cyclohexanes (I51 would then lead to 
the correct value for k,lk.. 

For another utility, consider the consequences of Figure 2 
chemistry which result from the use of different alkylating 
agents on the nicotine analog, 1-methyl-2-phenylpyrrolidine 
(V) (16). If we limited ourselves to the original C-H eqn. (3), 
then we would focus our attention solely on the portion of 
Figures 2A-D in which the transition state free energy levels 
are depicted. However, use of eqn. (6) brings together the 
complete free energy diagram, and we can now see the rela- 
tionships between AG" for Vc e Vt and AGTs~ for the four 
coupled reactions. A knowledge of the empirical reaction 
rate constants k w . ~  would allow the derivation of kt and kc in 

each case. This application is discussed in the section on the 
combined kinetic treatment below. The nroduct ratios are 
experimentally measurable, and the confomational equilih- 
rium constant is the same for each alkvlation since the suh- 
strate V is constant. Thus, one couldmake the interesting 
comparison of the ratio of reaction rate constants as a func- 
tion of alkylating agent. 

In summary, the C-H principle can he appropriately used 
for a variety of chemical applications, some of which use the 
eqn. (3) formalism while others use the eqn. (6) formalism. 

I t  is important to note that eqn. (6) conflicts with the 
original (3, 7-11) C-H definition, in that the product ratio is 
directly dependent on the relative populations of conforma- 
tions. This seeming contradiction between eqn. (1) and eqn. 
(6) disa~vears when it is realized that IAalllA11 is exolicitlv . .. . .. 
dependrnt un ACTS: which is itself implicitly dependent ok 
K.' A definition which satisfactoril\farcounts for thrst!arau- 
ments has more recently been proposed by the L U . P . A ~ .  
Commission on Physical Organic Chemistry (19). 

Curtin-Hammett Principle: In a chemical reaction that 
yields one product from one conformational isomer and a 
dit'ierent pnnluct trum another conformational isomer (and 
prnvided these two isomers are rapidly interconvertible reln- 
tive to the rate of product formation, whereas the products 
do not interconvert) the product composition is not solely 
dependent on the relative proportions of the conformational 
isomers in the substrate; it is controlled by the difference in 
standard Gihhs energies of the resoective transition states. 
It is also true that theproduct composition is formally relat- 
ed to the relative concentrations of the conformational iso- 
mers (i.e., the conformational equilibrium constant) and the 

This point was clearly stated almost simultaneously by Zefirov 
( 17) and Seeman and Farone ( 18). 

Figure 2. Free energy diagrams for me alkylation of Vc 3 Vt. (A) Methylation leads to a predominance of P,. (8) Ethylation leads to an equal mixture of PC and P,; 
A E ~ , T S *  = 0. (C) BenzYlation leads to a predominance of P,. (Dl Phenacyiation leads to an even greater predominance of P, than found for benzylation; 
A&H2,,,>AG&,gr,TS>0. Free energy levels are not drawn to scale. For the purposes of comparing this figure with Figure 1, examine the two equations at the 
top ot this figure. It is useful to note that: 

A, = PT A3 = Vt k2, = kt 
A, = Vc A, = PC k,, = k, 
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respective rate constants of their reactions: these parame- 
ters are generally-though not invariably-unknown (19). 

A Direct Relationship Between Product Ratio and 
Conformer Distribution 

The original definition (3,7-11) of the C-H principle (eqn. 
(1)) cited the independence of the product ratio from the 
conformer distribution (equ. (3)). The more recent defini- 
tion (19) claims that the product ratio is related to both the 
conformer distribution and the ratio of reaction rate con- 
stants (eqn. (6)). I t  has recently been claimed by Perrin and 
this author (20) that under conditions where linear free 
energy relationships obtain, i.e., where additivity of substit- 
uent effects occurs, the product ratio is solely dependent on 
the ground state equilibrium distribution (eqn. (15)). How- 
ever, the product ratio dependence on the reaction rate con- 
stants is now transformed into a dependence on the parame- 
ter a. This alternative mathematical C-H relationship brings 
into focus additional aspects of eqn. (1) chemistry. 

1.441 - KL-" -- 
[All 

Equation (15) makes intuitive sense from a chemical per- 
spective. Consider Figure 2A. The conformational eqnilibri- 
um distribution K is large (>I) because of a sizeable steric 
destabilization in Vc between the cis-N-methyl group and 
the aromatic ring, not present in Vt. Similarly, the ratio 
kv-,!k,,-pt is small (<I) because the methyl iodide must 
approach trans to the aromatic ring in the Vc - Pt reaction 
hut cis to the aromatic ring in the Vt - PC reaction. There is 
thus a counterbalancing of steric effects, the factors which 
influence K to be large similarly cause kv-p/kvc-p, to be 
small (21,22). This balancing of effects is indicated by eqn. 
(16), where N is a reaction-dependent parameter. In essence, 
a quantifies the net effect of substituents on AG" and A G d .  
As illustrated in eqn. (171, eqn. (15) is derived from eqn. (16) 
and the Curtin-Hammett principle (eqn. (6)).3 

Under conditions where LFER are valid, eqn. (17) can be 
further reduced to 

Inspection of Figure 2A indicates that for methylation 
PJP, = [A4]/[Al]>l which implies that a <1 (eqn. (15)). 
However, for the same conformationally mobile substrate Vc 
e Vt, Figures 2C and 2D indicate that for benzylation and 
phenacylation, PJP, = [Aa]/[A1]<1; in these latter cases, N 

>l. This change over in product ratio is a direct consequence 
of an increasing bulk of the alkylating reagent and of overall 
slower reactions to product (later transition state). In the 
former case, the iodomethane acts as if it were smaller than 
the methyl group nlrrndy attached to the N-merhyll~yrroli- 
dinyl moirty. For henrylation and phennryliltim, the incom- 

It is interesting to note that we can easily derive from eqns. (7). 
(11),and(15) 

AG.& = ( 1 4  AGO 

This is a mathematical formulation of the intuitive "counterrelation- 
ship" embodied in eqn. (16). Furthermore, it is related to the familiar 
rate: equilibrium relationship (23 

AAG - AAGo 

ing group acts as a substantially larger moiety compared 
with the already bonded N-methyl group. This product ratio 
profile also serves as the theoretical underpinning of the 
methodology suggested by McKenna (24) for making stereo- 
chemical assignments of the diastereomeric products 
formed in quaternization of piperidines and other pyrroli- 
dines. 

The concepts embodied in eqn. (15) thus permit both the 
stereochemical assignments of the products formed in eqn. 
(1) reactions systems (e.g., Fig. 2) and also the estimation of 
equilibrium constants K from experimental product ratios 
(20). It is in this latter sense that the original intent of the 
Curtin-Hammett principle is seemingly contravened, 
though in fact the C-H principle is neither violated nor 
infringed. 

The Winstein-Holness Equation 
Developed simultaneously by Winstein and Holness (4) 

and Eliel and Ro (5), the Winstein-Holness (W-H) equation 
also deals with eqn. (1) chemistry. The total rate of product 
formation (eqn. (18)) follows directly for eqns. (4) and (5). 

We now define k w . ~  to he a total, empirical reaction rate 
constant (eqn. (19)). Note that k w . ~  is not a rate constant in 
the usual sense hut is an empirical parameter defined for the 
two coupled reactions in eqn. (1) which lead to product. 

Ultimately, we solve for k w . ~  (eqn. (21)). 

kw-H = xA+ X& (21) 

where = mole fraction of the ith reactive conformation in 
eqn. (1). 

A number of important consequences result from the C- 
HIW-H assumption, which states that the rate constants for 
conformational interconversion are much larger than for 

Figure 3. The use of conformstionally fixed analog of conformationally mobile 
Systems for the determination of ground state equilibrium distributions, known 
as the kinetic method of conformational analysis. 
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reaction, i.e., k23. k32 >> k 2 ~ ,  k34 (16-18). First, [A3]/[A2] is 
constant during the course of an eqn. (1) reaction. This 
implies that both x2 and ~3 are also constant during the 
reaction, which indicates that k w . ~  is also constant (see eqn. 
(21)). Thus, while k w . ~  is not a reaction rate constant but 
an empirical rate constant, it nonetheless maintains a con- 
stant ualue and does not vary with time during the course of 
the reaction. (This same conclusion can also he obtained by 
consideration of eqn. (22). Since K, kzl, and ks4 are all con- 
stant when k23, k32 >> k21, k ~ ~ ,  k w . ~  must also be time inde- 
pendent.) 

The W-H equation was developed in the mid-1950's for 
one specific purpose, namely as a kinetic method of confor- 
mational analysis. At that time, there were few other meth- 
ods by which one could experimentally determine the equi- 
librium distribution of a conformationally mohile system, 
quite in contrast to the current state of the art in which high 
field, low temperature and multinuclear magnetic resonance 
readily affords such determinations (25). 

One of the major goals of conformational analysis is the 
quantitative determination of equilibrium distributions in 
conformationally mobile systems, e.g., eqn. (1). For an eqn. 
(1) system, one can solve for K i n  terms of k21, k3(, and kw." 
from eqn. (211, as shown in eqn. (22), keeping in mind the C- 
HAN-H requirement that k23, kg2 >> kzl, k34. 

The basic idea behind the kinetic method of conforma- 
tional analysis is illustrated in Figure 3. The goal is the 
determination of K for the monosuhstituted cyclohexane VI 
s VII. We know from the above discussion that eqn. (22) is a 
valid mathematical formulation for K as long as kzl, kaa << 
k23, k32 Unfortunately, it is not possible to determine experi- 
mentally k. and k,, the reaction rate constants of VI and VII, 
directly from the reaction shown in Figure 3; only the em- 
pirical k w . ~  is experimentally obtainable. Thus, one cannot 
directly use eqn. (23). To circumvent this impediment re- 
quired the following ingenious insight made in the early 
1950's by Winstein and Holness (4) and Eliel and Ro (5). 

The tert-butyl derivatives VIII and IX were prepared as 
conformationally rigid analogues of VI and VII, respectively. 
Because VIII and IX are fixed into the conformations shown, 
Winstein and Holness (41, Eliel and Ro (51, and other inves- 
tigators (1) measured the rates of reaction of VIIIand IX (k'. 
and k'., respectively) and assumed that k, = k'. and k, = k'.. 
By application of eqn. (24) which is analogous to eqn. (23), 
they then calculated K for Figure 3 systems. 

The assumption that k, = k'. and k. = k', is equivalent to 
assuming that VIII and IX are valid reactivity models for VI 
and VII, respectively. By the mid-1960's, i t  became clear 
from the work of a number of laboratories (26,27) that this 
assumption is not always valid since the tert-hutyl group, or 
other locking groups, could affect the geometry of the cyclo- 
hexane moiety and thereby render the ring-locked models 
invalid. McKenna subsequently provided strong evidence 
that when the reaction indicated in Figure 3 does not involve 
the ring atom (e.g., ester exchange in 4-tert-hutyl diethyl 
cyclohexane dicarboxylate (X), there is no significant inter- 
ference of the tert-butyl group on the rate constants of 
substituted cyclohexanes and the kinetic method of confor- 
mational analysis is accurate (28,29). 

Thus, the breakdown in the kinetic method of conforma- 
tional analysis was not in the derivations of eqns. (22) and 
(23). Indeed. ean. (22) is a valid mathematical exnression for 
eqn. (11, just as eqn. (23) is valid f p  the reactions of unsuh- 
stituted cvclohexvl derivatives. Rather, for some model svs- 
tems (e.g.; ~ i ~ u r e - ~ ) ,  eqn. (23) and eqn: (24) are not equi;a- 
lent (eqn. (25)), since k, i k'. and k. + k'.. 

Hence. the kinetic method of conformational analvsis. the . . 
raison d'2tre for the W-H equation, became of minor utility 
for two reasons: first. lineerine sus~icions alwavs remain 
concerning the limitationsof themodel systems: and second, 
modern methods of spectroscopic analysis are available 
which more simply and more directly allow for the experi- 
mental determination of conformational equilibrium con- 
stants. 

Since the W-H equation had been used for only one pur- 
post, and since that utility had hecome historirallv interrst- 
inp but rhemically obsdete, the W-H equarion itself became 
li~tle used. What is strikine is that thr \Wli eauation itself 
has been (incorrectly) assumed to be invalid hy'many work- 
ers for any application, rather than just the kinetic method 
application. In fact, the W-H equation is a valid kinetic 
descriptor for ean. (1) kinetics when k??. k~ >> kw. kt&. It is . . .  -- ". 
incorrect to conclude that the W-H equation is invalid be- 
cause one of its applications is faulty (1, 16,17, 18). 

In contrast to a decline in utilization of the kineticmethod 
of conformational analysis, analogous W-H relationships 
continue to be used for relating conformational equilibria 
with molecular properties other than chemical reactivitv. In 
all cases, the property is described as the mole fraction- 
weighted sum of that property (P) for each of the conforma- 
tions (eqn. (26)). Since eqn. (26) is analogous to the Win- 
stein-Holness eqn. (21), and since K = ~31x2, one can solve 
for K and derive eqn. (27) which is analogous to eqn. (22). 
Such properties as NMR chemical shifts (eqn. (28)) and 
c o u ~ l i n e  constants (ean. (29)). DK. dinole moment. . . .  . . . 
ORDIC~,  Kerr ~ o n s t a & ~ a n d e n t h a l ~ y  are examples (1) of 
the utilitv of ems. (26) and (27). We note that the continuine . . 
applicatibn of eqns. (26)-(29) can frequently suffer the same 
criticism as that levied on the kinetic method of conforma- 
tional analyses, namely the reliance on conformationally 
fixed models for approximated values of PI and P2. 

P =X XPI (26) 

where X; = mole fraction of the ith conformation. 

where 

where 
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where J0bd = XIJI + X ~ Z  (29) 

One might conclude from examination of the literature 
that "the Winstein-Holness equation is wrong or a t  best 
erosslv annroximate." This conclusion is false. Perbans the . .. 
strongest counter is to establish a single valid utilization of 
the W-H exnression. We cite three. 1) The studies of Mc- 
Kenn* (28,59) illustrate (some of thefew) examples of the 
valid annlication of the kinetic method of conformational 
analysis: 2) Application of eqns. (26)-(29) and similar ex- 
nressions for conformational analvsis are widesnread. 3) The 
combined C-HIW-H kinetic treatment has been used for the 
derivation of k21 and k34 (eqn. (I)), using a value of K deter- 
mined in an alternative fashion (see next section) (16, 31, 
32). We conclude, therefore, that the W-H equation has a 
number of growing, valid applications. 

The Ultimate In C-HlW-H Utlllty: A Combined Kinetic 
Treatment 

Perhans the ultimate exnerimental challenee relating to - 
eqn. (1) is the determination of the individual reaction rate 
constants. kn and hid. As the C-H nrincinle (em. (5)) and 
the W-H equation (eqn. (21)) both relate to eqn. :I) kinetics, 
the former to nroduct ratio and the latter to rate of total 
product formation, it is a rather simple matter (in theory) to 
rombine the two and solw for k n  and knr. The results of this 
mathematical synthesis and minor algebraic modifications 
are shown in eqns. (24) and (25). 

For eqn. (1) ksa k32 >> k21. k34): 

k,, = k,., ((K+l)I(P+I)) (30) 

where 

Note that kZ1 and k34 are solved in terms of the empirical W- 
H rate constant kw.u. the conformer eouilihrium distribu- 
tion K, and the prod&t ratio [A~]/[A~].-AS these three pa- 
rameters are, a t  least in principle, capable of being deter- 
mined experimentally, the combined usage of the C-H 
principle and the W-H equation leads to the solution of the 
most informative chemical goal of conformational analysis: 
the reaction rate constants of each conformation. 

This fundamental step forward in C-H/W-H thinking, 
characterized by McKenna as an "extremely difficult [ex- 
perimental] task"(30), was first achieved by Katritzky and 
his group (31, 32) and later studied in more detail by the 
present author and his collaborators (16). Katritzky et  al. 
were interested in establishing stereochemistry of piperidine 
alkvlations (31. 32) (eon. (32)) while we (16) evaluated the . . . . . . . . . 
eiiert oi  \,arious confwmatiunal prncesscs nn chemical reac- 
ti\.itv (wrn. (331). In h(,thcnses. the ultimateroal of calrulat- . .  . . .. 
ing the reaction rate constant; of the predominant confor- 
mations (k, and k, in eqn. (32) and k,, and k,i8 in eqn. (33) 
was achieved (16,31,32).4 

Extensions of the C-H/W-H Concepts 
Thus far, we have specifically limited ourselves to chemi- 

cal examples in which the rates of conformational intercon- 
version are much faster than the rates of chemical reaction, 
i.e., k23, k32 >> kzl, ka4. This is a very reasonable condition, 
since most conformational processes are faster than chemi: 
cal reactions (1,7,8,10,11). Of course, the restrictions on the 
basis of which eqns. (3), (6), (111, (15), (21), and (22) were 
derived are not always experimentally valid. What happens 
when h,,, hi,, - h21, k:34 or u,hm k21. k2> <C k),, k!,? 

As both the C-H principle and the W-H equatiun were 
derived under the assumntion of fast conformational inter- 
conversions/slow chemical reactions, the C-HIW-H princi- 
ples are clearly valid only when this assumption is valid. 
Zefirov (17) in 1977 advanced an exact solution for the prod- 
uct ratio [Aal/[A11~ for eqn. (1) at  reaction completion for 
any set of rate constants k, (ij = 1-4). Seeman and Farone 
(18) shortly thereafter published the exact, analytical solu- 
tion to eqn. (1) for any set of kij. These mathematical treat- 
ments not only verified the C-HIW-H expressions (eqns. (3), 
(61, ( l l ) ,  (15), (211, and (22)) but also 1) showed that the C- 
HIW-H equations were valid as long as k23, k32 z 10kzl. 10k34; 
and 2) allowed the analysis of chemical systems in which the 
C-HIM-H assumntion wasuot ooerative. As this extension is 
outside the scope'(,f thr present article, the reader is rrt'rrred 
to the oricinal literature (17.  181 and the detailed review rl)  . . 
of the sn6ject. 

In the last few years, important insight into the reactivitv 
of couformation~l isomers has been obtained under condi- 
tions in which the rates of chemical reaction were sianifi- 
cantly faster than the rates of conformational interco&er- 
sion. In some cases, one of two conformations of a particular 
molecule reacts much faster than the other conformation; 
under this set of constraints, at  "reaction completion," the 
material isolated contains 1) the product from the more 
reactive conformation, and 2) the unreacted, less reactive 
conformational isomer. For an excellent and very recent 
discussion of eqn. (1) (and eqn. (34)) chemistry when kzl 
(k34) > k23, k32, see the review by Oki (35). 

Equations (34) and (35) illustrate the nature of more com- 
plex extensions to the basic C-H/W-H eqn. (1). Equation 
(34) refers to a system in which the reactions to product are 
himolecular, involving a reagent, R. Of course, under pseu- 
do-first-order conditions (i.e., when [R]o >> ([A210 + [A3]0), 
where the subscript 0 refers to the initial t = 0 concentra- 
tions). eons. (1) and (34) are "in nractice" identical. Howev- .. . . . . . 
er, pseudo-first-order conditions are not always operative. A 
full discussion of eqn. (34) chemistry is now available (1,331. 

'The determination of k,, and k34 requires the experimental deter- 
mination of kwH. K, and P (eqns. (30) and (31)). A s  these three 
parameters are generally not determined under the same experimen- 
tal conditions, their combined usage is a verifiable assumption of the 
technique. 
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Equation (35) illustrates a C-H system in whichall materi- 
al is funneled into the equilibrating system A2 e A3 via A0 
(I). There are many examples of eqn. (35) chemistry, includ- 
ing some of the systems first treated in the early 1950's by 
Curtin (3 ,6 )  and used in his initial pronouncements of what 
was later to be called the C-H principle. 

One can readily see that many extensions to the basic eqn. 

(1) system can he formulated. A basic understanding of eqns. 
(I), (34), and (35) will provide the fundamental insight to 
many of these more complex mechanisms. 

Conclusions 
In their authoritative treatise "Conformational Analysis," 

Eliel, Allinger, Angyal, and Morrison (34) conclude that , 
"Conformational effects on reactivity may be understood in 
terms of two now well-recognized relationships," the Curtin- 
Hammett principle and the Winstein-Holness equation. 
The C-H principle was designed to place a conceptual harri- 
er between ground state conformational populations and 
product compositions. It was formulated in terms of eqn. (3). 
That initial concept, as important as it was in the 1950's and 
as important as it continues to be in the 1980's, impeded 
other useful and equally valid consequences of the C-H prin- 
ciple that are now being advanced. The W-H equation was 
designed to calculate conformer eauilihrium distributions 
by use of the kinetic method of co~formational analysis. It 
was abandoned laraelv because of the development of mod- 

Physical Organic Chemistry (19) and incorporate the more 
modern definition of these concepts. 
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