
ne&scakisbasedonthckggJK*)valul?scor- 
responding to acid catalyd es-n of carboxylic 
~~~~L'~~~n~~S~~~ 
careftdscmtinyanditisgeneraUyacccptedthatthe 
vaSation of lqo with substituent change is 
stelicinorighL31nthepmdiagpaperofthisserkawe 
havecmkdoutadataanalysisonthevarktioaoftbc 
steiicefkctsofalkylgroupswithsubstihttionusiagaa 
~~~~o~~~~~~~v~ DARC 

-tof 
cxMationss ha& pmdic& value, this anafysis 
broughtouttbeexistenceofthreedktinctregionshl 
which the miatioa of the steric pararaeter I% follows 
di&mnt trends as a fun&on of the degree of sub- 
stitution: a normal oygmaptotian behaviau region 
~OV~C~~l~~~W~h~~~ 
of the ~~ of successive Me gmlps to the 
ovefaIisterice&cthKream =oW (reoion 1, 
gmupswitblto7carbons);areigioninwqic~alcPdltng 
effectiaobserved,ie.thecontrii~and 
becomesail(re&onfI,groupswith8and9carboos)and 
a*nwbuethiscontriichangessigqanIn- 
lmsion e&4& (region m, groups with 10 carboas). 

Tbe!se d.ilfering tends have, we feel, di&mot origins and 
require, thcxefore, that the data be ofganked into subsets 
~~~~~~~,~~~~ 
artick.Ottrpurposeinthepresentartkkistoclarifythe 
mchanismsbywhichstaicetYectsopcratcinthercac- 
tioIlusedtodefiaetbepamneterE& 

?lWopologkaltnatmentoft!Iepncbdinoartkk 
lIBkl%itClearthXtXtbLWghC4lldWhOf~vruia- 

@WpSillCXfbOXJdiCdS.ih%ltWWkhasdKWIltht 

the Coacept of the “cone of preferred approach- or, 
stnilarfy,tqedistancebetwemagiveaatomandtbeline 
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ilul ill thi!l mud.’ This studv of a set of alkvl Rrouus ’ d&r on oartic& wints. Tbev all imbcate. however. 
wiiose steric -&neter IG covets a range of mOG &I 
seven powers of ten begins quite logically then with an 
exambatbn of the minimum energy conformations of 
carboxylic acids using the molecular mechanics ap 
preach. 

MInimmu arergy confomration8 
Inaneiforttoratbna&,inconformatiollalterms,the 

behaviour of the steric e&cts of alkyl groups with 
increasing sub&it&n we have m&taken a deter- 
mination of the priviliged conformations of carboxylic 
acids. To do this we have used A&uger’s version of the 
empirical force tIeId method? This represents only a part 
of the in-depth study we are currently carry& out on 
carbonyl containing compounds (aldebydes, ketones, 
carboxylic acids)? 

There is some precedent in molecular mechanics 
approaches for the replacement of OH by Me.” 
In view of our own interest in Manes we decided 
to choose as a model for the acids, RCOOH, the cor- 
responding methyl ketones, RCOMe. CakuUions were 
carried out using program BIGSTRN (QCPE No. 348) 
andtheAll@er1971force6eld.Sincethebeqin&qof 
this work ARinger has developed force &Id parameters 
for carboxylic acids and esters.” Results for simple 
acidsareconsistentwithtlmsefoundinthisworkand 
justify our choice of model. We are, bowever, undertak- 
ing detailed calculations using this newer force Ueld. 

InanempiricalforcetIeidmethodthetotalenergyis 
detl!rmi&astlEsumofvariousadditiveenSgycon- 
triins (torsional energy, non-bonded in&actions. 
bond stretching’ etc.). These terms are expressed as a 
function of adjustable parameters determined on the 
basii of experimental data. The conformational results 
de&mined by a given method always depend on the 
basic parameters used; it is well known that the methods 
sometimes disa~ee among themselves and with experi- 
ment. Thus, for i-PrCOMe, the most stable confor- 
mations determined are: a bisected carbonyl confor- 
mation for the PCILO metbod,l’ a conformation with a 
C-H bond eclipsing the carbonyl croup from the Iiquori 
empirical potential method,” and a conformation in 
whichaMegroupeclipsestbeCOfortbeAll&erforce 
tIeId. 

In view of the widespread use and success of the 
Allinger force tIeId it would seem to be the most ap- 
propriate choice for our particular problem. It is satisfy- 
inp to note that this force 6eld incorporates, among other 
things,aslight&&activetermbetweenalkylgroupsand 
the CO which is in agreement with experiment for 
slightly hindered compounds.6 

Rea@xG@tbeditR&i&relatedtoourchoiiof 
model and force &Id we have concentrated our attention 
on the analysis of cmfomationol seque~~c.9 within a 
seriesratlnwthanaminuteexamin&noftheresultsfor 
a single compound. In the simple case of methyl ketones 
possessing only a-Me groups it is relatively easy to test 
all possibk eclipsed and Msected conformations. When 
&substkuents are preser& however, the total number of 
conformations to evaluate becomes too great. In this 
casetbechoiceofstru&nestobetestedismotivatedby 
theresultsforksshi&redcolnpoundstImntheparti- 
cular case considered, as well as by a close examination 
of molecular models. 

A”atreadyil&&!dtlK!vUbllscalarlation~tho’.b 
(quantum mechanical and empirical force field methods) 

thatthe~~noithecoltroupismondrobableas 
the group becomes more hit&red. The precise deter- 
mination of the point at which eclipsed structures change 
over in favor of bisected ones is not easy to determine 
by reason of tbe small energy changes involved. 

It is diaicult$ therefore, to use the calculated steric 
energies quantitatively. However, the conformational 
tendencies within a series of groups may be reliably 
estimated (Table 1). we may summaGe these tendencies 
as follows: 

(a) For primary groups RCHr the alkyl substituent R 
eclipses the co. Ihe StaMlity ditference t&weep the 
eclipsed and bisected conformations decreases withthe 
increasingsterichh&anceofR 

(b) For secondary groups, the smaller members an 
eclipsed but from six carbons on are bisected. The 
group i-PrRtCH- will be seen below to behave like an 
eclipsed conformation and constitutes the changeover 
pointbetweentheeclipsedandb&tedset. 

(c) For the terGary groups tested, up to seven carbons 
inclusive, only the group t-BuMe&s not eclipsed. It 
shouklbepointuIoutherethattlEchangeinprivilipal 
conformatbn for the groups t-BuMeCH-, t-BuRtCH-, and 
t-BuMezC- is reflected in the topological analysis by the 
large values of the in&actions A~BI, and ArB,>. 

It is logical that tertiary groups with more than 7 
c&onshavebise&dconfort@bnsastbesegroups 
result from a formal substitution of secondary alkyl 
groups whose p&ikged conformations are bi’%%ed 
Ones. 

This conformational tIliation and its discontinuities are 
consistent with the spectml data for ketones.* It is also 
consistent with the x-ray crystal shucture of b 
P&C(hH which is found to exist in tbe solid state in an 
eclipsed conformation.” It is evident however that tbe 
conlklence in the calculations decreases when the mole- 
cules are very hi&red. A comparison df the molecular 
dimensions of the acid i-Pr,USH determined by X-ray 
crystallography’ shows the bond angles are not correctly 
estimatedandtberealbomlkngthsaremuchgreater 
than calculated. This cannot result from the fact that a 
ketone is taken as a model for the acid since tbe same 
d&reement is observed in the case of a,ap’,~‘-tetra- 
tert-butylacetone.” 

Amation &ct 
Without considering in detail the contribution of each 

carbon at each level of substitution 0, it is evident 
fromFii1thatacarbon/3totbeCOgrouphasalarger 
contriin to tbe overall steric effect than a 7 carbon. 
This is true for both bisected and eclipsed confor- 
mations. It also holds true in the case of the g’oup. 
I&MeC- or (1*)(3200). whose I% value has been cal- 
culated usinp a topological correlation @ceding article). 
In order to have a more quantitative appreciation of the 
role of the sub-groups RI, IL and IG of the lpmrp 
R&R&- we now restrict our attention to a set of 
conformationally eclipsed groups. 

&nfonuatbnally -us set. The reaction sys- 
tem used to define the I% parameter (este%cation) in- 
volves attack on the CO of tbe carboxylic acid from the 
less hindered side of a low energy conformation. Table 2 
lists 13 groups which have been found above to have low 
lyinp eclipsed conformations. Cur model deals with the 
steric requirements of this conformationally homo- 
geneous set. These groups all belong to a suuctuml 





mgionin~whichthereisamonotonicincnasehthe 
eontribuhon of sucoessivt Me groups to the overall 
St&c eIkt.‘b 

Thecomrrpoadiap~v8hlesspanafaugeof~ 
thanthrepowmoftm.F@re2repmsentsa3dimen- 
SimaI cmfomlatiolml model, when: 

The sum 1G is, however, Pot lleassarily the most 
~.~~~~f~p~*~~t~ 
=dtgtiarygroups. 

WitlriD the framework of this %dimednal model we 
have attempted to dew the contriitions of sub” 
groupa(R)totkeoveraUstericeUcctEbofgroup 
R,RJ$C- making me of cqutions invdving hear 
coidm&m of the Eb vahes of time sub-groups. 

Cowdalion in temts of the stuic egixt of sub-gnwps 
and siwuunbm In the first model to kc tested we have 
comidered the effect of the group R&M- as the rest& 
of the supcrpositioll of the thfw grolljts RlcHr. TMS 

diNdbtId 



Onroll Orduiw of B; Pumtu of B; Potmotor of sirrmar Parntar 
static 

Puntum 
Subsrmp. l ~~~ ‘Lp2’ -ups Ii of sub-croup Pi 

of Croaps 
=: 

PI ‘? 5 1;(l) 1;w ‘i(3). a;(l) a;(2) E;(3) 66, A62 A63 

“3- 
-2- 
m12- 

i-Pra2- 

t-Bu CBZ- 
Icr2=- 
IlmcE- 

1t2cR 

i-RKtc%- 

“3C- 

atm2c- 

i-Rk2CF 

ct,c- 

0.0 BB B 0.00 0.00 0.00 1.12 I.12 I.12 0 0 0 

Q.08 BU 1L 0.00 0.00 -0.08 I.12 1.12 0.00 0 0 0 

-0.31 n B EL 0.00 0.00 -0.31 I.12 1.12 -0.08 0 0 0 

-0.93 B u i-R 0.00 0.00 -0.93 1.12 1.12 -0.48 0 0 6 

-I .63 11 E t-Bu 0.00 0.W -1.63 1.12 1.12 -I.b3 0 0 9 

-0.48 B Ib Ilr 0.00 -0.00 -0.08 I.12 0.00 0.00 0 0 0 

-1.00 B SC m 0.00 -0.31 -O.Oa 1.12 -0.08 0.w 0 3 0 

-2.00 B It Et 0.00 -0.31 -0.31 1.12 -0.08 -0.08 0 3 3 

-3.23 B i-h St 0.00 -0.93 -0.31 1.12 -0.40 -0.08 0 6 3 

-1.43 lhlh Ih -0.08 -0.08 -0.08 0.00 0.00 0.00 0 0 0 

-2.20 1L Et Ik -0.08 -0.31 -0.08 0.00 -0.08 0.00 0 3 0 

-3.54 lh i-R th -0.08 -0.93 -0.61) 0.00 -0.40 0.00 0 6 0 

-5.29 Et Et. St. -0.31 -0.31 -0.31 -0.08 -0.08 -0.08 3 3 3 

l Thosnb-oroup~Pl,~ ad S3 corr*+md to ttm dnimr mrrSy emlforntion~ dat*rdmd abova (liS.2). 

m&l, cxpruwd by cqn (I), leads to a satisfactory 
corrclatioa (Table 3). 

WW2R&-) = 7 a&R&XW+rb (1) 

TqsW+softhc~ta~arcrelatcdtothcspatial 
onmlWwuoftbes&goups(pcg.2).Inthisapproacb 
tkatomsoftbe&groupsR,CHrareintbesPme 
to@o&alituationasthcatomsoftkovcrallgroup 
R&RX-. 

TIlcstezicimporhWofthclmmbcrofatomsin 
positkn6rWi~etot!eCOoxygcntakcnaa l,ie.thc 
six-nuak, has been pointed out qualitatively by Ncw- 
malL“ @flu! qllalltitative importaIlcc of the “chnq7Jc in 

six-number” as a sign&ant parameter in the correlation 
oftlEratcsofalkakh ~lysisofalkylWatcshas 
bcenshownbyIWKXXk.‘Inthisstudyitisparticularly 
intuestiugtodetermiaetheimportanceofthesix-lmm- 
bcrcffcctbycorrclationsinccthcmolccukmechaoics 
m&xldoesnotprovi&uswithamcansofscparating 
suchanelTcctfromothenwlkhmaybcoperat&A 
cocnlptioll of tbc E; vahes of primary groups RCHr 
wherrRPMe,Et,i-R,andt-BuasafunctionofE~of 
Randthesix-numbcr(eqn2),fumiskanindi&onof 
the reality of the six-mlmbcr effect. 

J&(RCHt) = aE:(R) + bA6 t ac,s (2) 

This result is coafirmed by the excellent correlation 

I B; ml,) -0.134 12.59 - 2.09 - 0.96 - 0.988 0.187 

2 II;(it) A A6 -0.053 0.51 -0.095 - 0.997 0.160 

3 ?i;(B) 6 A6 -1.39 0.91 -0.75 0.46 -0.31’ -0. IO -0.21 0.996 0.139 

4 B;(r) -2.96 I.24 - 1.10 - 0.7% - 0.8W 0.723 

5 I’= (El 8 -1.25 6.88 - 2.37 - 0.707 - 0.991 0.159 

6 S;(1) A Aa -1.40 6.74 -2.23 2.15 -0.612 0.653 -0.270 0.995 0.149 

7 s=(E) A h -2.32 7.10 -2.27 2.34 -0.578 0.779 -0.221 0.99s 0.143 
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obtained from eqn (3) for the complete set of groups in 
Tabk2 

&JR,RzRX-)=~(a&o+b,A6J+aa (3) 

While the correktions based on eqns (1) and (3) ate 
excellent, eqn (3) provides a more detailed analysis of 
the contr&utions of subgroups and privileged topologi- 
cal sites (the six-number) to the overall steric effect. 
Rquation (1) contains the six-number contriin im- 
plicirry within the I% values of the group R&HZ-. In eqn 
(3). which makes use of a dilferent model, these con- 
tributions are absent from the II&&) terms and are 
included explicitly as A terms, with a concomitant in- 
crease in precision. 

Correlations 1 and 3 then furnish a rather plausiie 
account of the composition of the revised Taft steric 
parameter, I%, namely: (a) a conformational effect 
determined by the relative positions of the subgroups 
with respect to the CO group: (b) non-identical con- 
triins from the three groups RI, Rz and R,; and (c) a 
six-number effect. proportional to the number of atoms 
in position 6 relative to the CO oxygen.‘* 

For our set of conformationally similar (i.e. eclipsed) 
groups we have obtained a straightforward interpretation 
of the Taft & scale in terms of known steric effects. 
Even the well-known ‘Yekscopic e5ectrr’9 of the steric 
constants of the groups Me, Et. i-Pr and t-Bu is 
explained by a simpk conformational effect. The three- 
dimensional model proposed in this note leads to very 
satisfying results concert@ the contribution of sub 
groups and the six-number to sterk effects because it 
involves a conformationally homogeneous set of groups. 
‘Ihe choke of this set was made possibk by the mokcu- 
lar mechanks method. It is the complementary nature of 
the two approaches which allows a detailed picture of 
the nature of steric effects. 

Previous attempts, by Fnjita d uL,= at the correlation 
of overall steric effects of alkyl groups as the weighted 
sum of individual contributions are of interest here, 
particularly since the conformational assumptions used 
and the conclusions reached are dilferent from the 
present work. In the absence of information to the 
contrary, the groups in Fu. 2 were taken in order of 
increasing steric hindraoce, i.e. ~Rs(R~)(S~RS@Z~~ 
III&J. Fw this assumption insu5kient to account 
for the availabk data they proposed an additional 
assumption in which interactions between Rz and b 
have for effect the orientation of R, towards the incom- 
ing reactant, necessitating an “exal&V’ steric contriiu- 
tion of the group b in certain cases. The present work, 
in which the empirical force 5eld method permits a more 
rational choice of conformation, suggests that the exal- 
tation e&t is an artifact. 

I)rc mhabihty of “Hypaconjugation-Comctas 
staic pammeters. Another conclusion reached by Fujita 
ctaL,withwbichweareatodds,concernstbestatusof 
the “hyperconjugatkn-corrected” panuMers.2’ They 
suggest that the corrected Hancock parameters are 
superior to the original Taft constants as a scale of stcric 

dkct.5 baaing their conclusion on tbc fact that the cor- 
relation (eqn 4) in terms of E;I is kss signi5umt than the 
correlation (eqn 5) in terms of I%. 

&JR&RX-) = 2 aIlUR1) + a0 (4) 

Btatistically speck however, it is not valid to cm- 
parethecorrelationsintermsofl%and~sincethe 
former contains three additional parameters “hidden” 
within tbc U values, i.e. the 0306 (nH - 3) terms. The 
correct way to compare IS and I% is to consider cor- 
relations with 6 rather than 3 parameteff, as follows: 

~1RJLc-)=~(4RXRi)tbiAI4PBo (6) 

and 

wbefe: 

An,=%-3 

The correlations based on eqns (6) and (7) are 
excellent and entirely equivalent, indicating that, from 
thispoiatofview,thereism,reasontosupposethatthe 
derived l% scale is superior to the simpler R& Rqua- 
tions(6)and(3)areseentobesimilarsincetheAnterms 
in (6) are proportional to the A6 terms in (3) for alkyl 
subgroups. In our opinion the An term in eqn (6) is not 
associated with hyperconjugation; it represents rather 
the contribution from tlk six-number. 

HancocL’s observation” concerning the contribution 
of the six-number to Es supports our analysis of the l% 
values of 13 sekcted alkyl groups. This 5nding, as well 
as the detailed dependence on conformation, argues 
against the general&d use of the van der Waals radius 
relative to hydrogen (v = rx - rH) as a steric parameter.” 
Moreover, for groups which have a non-xero six-number 
(i.e. the term An of eqn (2) is non-zero) Y cannot really 
correspond to an actual distance and represents an 
oversimplifkd view of steric effects. 

l7le leudling e&r 
S&n&lly active and inactive sites. We have seen 

above how the progression of steric effects for groups 
having stable eclipsed conformations (region I) may be 
predicted on the basis of molecular mechanics cal- 
culations. A simple explanation of the kvelling elfect 
(rcgionII)maybeobtainaIfromthesamesomce.Inthis 
context we distinguish between those sites which con- 
tribute to the overall steric effect and those which do not, 
termed sterkally “active” and “inactive” sites respec- 
tively. In region I the coatriiution to the introduction of 
successive Me groups increases monotonically. All of the 
sites contained within region I are therefore considered 
to be &e&ally “active”. In contrast to this, region II (the 
levelling effect) contains sites which contrii 
signi5cantly to the overall steric effect and otlkrs whose 
contriiution is small or nil, i.e. the sites in region II are 
either sterically active or inactive (Fig. 3). 

In region II the contribution of a /3 carbon is greater 
thanthatofarcarbon,ashasbeeno~~abovefor 
region I. An important feature which distinguishes region 
IIfromIisthepredominance of bisected conformations 
in tbe former. For example, all t& groups derived from 
the group i-P&H- by successive substitu&ts have 
bisected conformations. The rationale behind the exis- 



n 
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Ae 3. Eclipsed PDd bkCCtCd Cd0rmho0s of regions II (levee c&t) and III (ivcxsi011 c&ct). The symbols 
havetksamcmaingasforF~. I. 

tencc of active and inactive sites may be obtained from 
conformatiomd data derived using the molecular 
mechanica method. It is found quite simply that active 
sitl?sarediredtowardstheCOgroupandinactive 
sites arc dinxted away. The fact that catain sites are 
stl!xialny inactive is surely related to restricted internal 
rotations of sub-groupj with incrcasinj~ substitution, 
otbemise avcragiug of contriitions would result. One 
clear example of the leveling c&3 is the progression 
i-INCH- (1*X220), t-BuR’CH- (l*M2221), t-BuXH- 
(1*)@222), for which the more stabk conformations arc 
given in Fig. 4(a). IO the case of the group i-P&H- one 

(I*x22za 
(E:= -5.01) 

I Ad.52 

(I*c?22il 
(E; --M31 

I 

A--O.44 

of the sides is substantially more open than the other due 
to the occupation of ao active site by hydrogen. The 
formal transformation of i-P&H- to t-BuR’CH- results 
inrcplaccmcntofthisHbyaMegroupand,hcncc,a 
lageincreaseinthestericeffect(A=-152).Theformal 
transformation of t-BuR’CH- to t-BGH- involves, 
however, the replacement of an “inactive” H by a Me 
lTW,andtheinmase 
-0.44). 

instaiccffcctisslight(A= 

Anotherscriesinwhichthcrcisanevenmunmarked 
kvelling effect is the following: (Fw 4b) i&CH- (I*) 
(2220). i-R2McC- (1*)(3220), i-RJX- (1*)(3320). Here 

(I l x22m 
(E;=-5.00 

R A=-2.37 

(I m22ol 
CE:=-7.38) 

u A-O 

a i-P&H-+ t-BuPr’CH-+ t-et&H- 
b. i-P&H + CPr&G + i&&C- 

(&&tnpls#mmtofHbyCeomspondstotheoccupationofsnactivcsiteOarse~~)whikthcsecond 
carrcsp01~I~ to the occupation of a st&dly inative site 6small or negligible dhct). 
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we see that the transf- i-P&H- to i-R&M- 
involves a substitutkm at the o-carbon which, in generaI, 
involves a large &ease hltheStericdfe&haeA- 
-237. The transformation i-R&C- to i-R&tC- briugs 
abouttheformalsubstitutionofaninactiveHbyMeand 
produces no charqge whatsoever. 

Thus we see that the molecular mechanics method is a 
valuable tool for ratiomdiaing the progression of steric 
eflects. The technique must be used with caution, 
however, as tlm steric limits of the method are relatively 
unknown.Thefactthatthereisconsistetxybetweenthe 
G vahms and the molecular mechanics method would 
appeartojustifyitsu&?inthisquaMivefashion. 

Znoasion eftxt4rdeadar didortiorr 
Tbc two cases of “inversion” involved in this work 

(region III), i-R&- (1+)(3330) and t-BuR’EtC- (I*) 
(3321), involve extremely congested groups to which the 
genera&s discussed above are probably not applicable. 
This effect is illustrated in Fw 3. The inversion effect 
constitutes a rather inuigum.9 problem since it represents 
a rather substantial and unexpected rate enhancement 
withiMuUinqsubstitution.Inviewofthisaudsonle 
recent interesP in the biological properties of tri-iso- 
propyl-acetic acid (TIPA) we decided to investigate the 
molecular structuE of this compot&’ 

Fm 5 illustrates the stnmture obtained for TIPA by 
X-ray crystallography. The acid is, of course, a dimer in 
the solid state. It is immediately evident that the mole- 
cukhasahighlydistortedstru&ue:thear@eC&C~ 
(104.6”) is considerably compressed and the bonds CsG, 
clC4 and C& elongated. Mutual repulsions among the 
three i-R groups produce an umbrella-like opening of the 
molecule. The disposition of tbesc i-R groups is not 
symmetricalwithrespecttotheOCoplane.Onegroup 
liwabovetheplanewithitsMe’sdinctedawayfromthe 
back-side of the molecule; the two others are dire&d 
below the OCO plane each with its pair of Me groups 
towardstheback-sideofthemokcule.Theangkhc- 
twcen these groups is 115.7 and may be compared to the 
vahm of 118” between the $minal t-Bu groups in w,u’, 
a’-tetra-tertbmylac&ners-tert-butyiacetone.’ * 

InspiteoftheopeningoftheC&Clangkthemok- 
cukisseentobehighlystminedwhenoneconsidersthat 
the pairs of Me groups 9 and 11, and 8 and 10 possess 
pairsofh drogenswbese 

K 
nobbondeddistalKes~2.21 

and 2.12 sbo 
?i 

thantwicetbeVanderWaalsradhl.9 
for hydrogen (2.4 ). 

lhe fact that nmkcular distortion does occur with 
increasing substitution is, of course, not unexpectul 
WbtiSSurpliSiUgi.9tlKlttbCStiCffectiS~~ 

i.e.tkeisad&itekrease in reactivity. The question 
thatcomestomimlatonceiswhctherornotoaecan 
spazify the relationship between this distortion and the 
diminution of the stcric elkc.t. 

Compariron of two X-my shrrctwcs. This question 
canbcanswcredbycomparingthes@u&uresofTIPA 
and tri-n-propylacetk acid (INPA).” The latter struc- 
turehasbonddistaIK!esandangk!3thatarenotmlusual 
andmayheusedasareferencepoint_Thegroupn-Rx- 
has, moreover, a stcxic &ct aim@ to that of the gro? 
EW- which has been shown to he highly predictable.’ 
The atoms which play a predominant role in the deter- 
mination of the St& effect are those in the 7 position.” 
IntbecascofacidTIPAtherearesixMegroupsinthis 
p&ion. 

ThCaCidTNPAhasthIWnl&ylenegroapsilltbe~ 

positkOneofthc3emusthavebutslightinknceon 
thcstericeikctsinceitliesinthepianede6Qedbythe 
atomsoCO.Twootben,whose~~wewinsatobe 
impormn~lkaboveaudhcl0wtheOC0plane.The 
tern&ml methyls are folded away from the CO, so their 
con@utilmtotbeoverallstl!rkeffectisneghgi&. 

Wiplre has shown that the steric congestion about a 
COgroupcanhedesc&dbyanempiricalfun&n 
related to the “cone of preferred approach” delirmd 
aboutaIineperpendkulartotImCOgroup~Hisanslysis 
deals with &id cyclic ketones whose suucuues are 
cakadaMhytbemokcularm&anicsmetbod.Inthe 
presentcase,thecarhoxylicacidsbuctuEsatourdis- 
posal correspond to the solid phase. If the assumption 
thatthereissomesim&rityhetweenthestruc&eintbe 
solidandliquidphaseismade,wemayusethisiu 
formation to gain some insight into the steric environ- 
mentsoftheCOgroupsintbetwocaswofintaest 
Indceditseemsprobahlethatthiscompoundexistsina 
locked conformation in the liquid phase in view of the 
oeapOr~heelCffCctsCXhiiblFiJJ.5. 

Tim relevant datum in the context is tlm distance d 
betweenanatofnaudthelinepassingthroughtheCO 

perpm&&totheOCOphum(F@.6).Itisthis 
distancewhichhasadirectin6uexeonthestericeffect, 
siuceitretlcctstbeahilityofanatomtohiuderthe 
approa& of reactant along the mocrt favourable dire&n 
ofatEPctItisdincttyrelatedtotbe”coneofpnfemd 
approach”.’ 

IntbestructureofTNPAtwomethyknagrwpsinthe 
7 position are stkally ‘Sntcxes~“. Tk distance d for 
the two mthylcnea, 

Y 
abovemdbebwtheoco 

plane are 1.47 and 1.86 respectively. When ollc cob 



ridmthevahEof2.2AforthcvanderWaalsradius 
aloagthcc-Hbom&itisevi&ntthatthesemethylene 
@oIlps have x0 importu cu&bution to the stcric 
&cLInthcaceofTIPAthaearcs*Me~~q)sin~ 
ypo&ion.~of~t&sc(6and7)arc 

‘“A”d ztiw wlth $&lnccs 2.24 and 1.47 fWpcctively. 
PapeaQcular (Table 4). Two otbcrs (9 and 11) 

lievl?zyclosetot&OCOplaMaMlarenlativelydistant 
fTom the perpendicptar (3.86 and 3.94). Eelow the OCO 
planc,tbctw0rcmair@Me’s(8alKl10)havedistaM% 
2o4and2.62A.ThiscompaIisonofthcmolcculafstNc- 
tlne3 of TWA and TIPA IWeals that while the former 
hlsboth(liraionsofPpproachtotbecohhdered,tbe 
latterbasonclzlkcthvayhindcrl!d,tbeotberbcii 
moreacccssibktllanan~tcd. 

ChpahonofanX-myandanddstmctwcAw 
tbcrwayofexplain@thcunusualreactivityofTIPAiu 
csefkatkmistocomparethcrcalx-laystlucturewith 
SnkidiZCdOaeUSiIlgStandardbOd~SOd~llgkS. 

thiswehavefixulallc&C@bondkngthsat 
withappfopliateangksat109?#.Thedimcn- 

skmsofthcCOgrouparetakcnfromtheTNPAstrnc- 
ture.T&dih&al&sarcthoscdeWmincdbythc 
TIPA sWctme. A comparison of the distance d between 
thccarbons6,7,8,9, lOand llandthepcrpcndicularin 
thcrc.alandkkaliXdstluchlrc(Table4)maynowbc 
made. 

Let 08 6rst cunsider the model structure from which 
tbc &cts of molecular distortion have been eliminated. 
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Herconeofthci-PrgroupabIacatedabovetheOCO 
Ph. ‘This ~~Whrnarbgns in tk. y Position (6 
d7) 

“R” 
pcqKdcharc2.32 

and 1.61 rcspe&ely. 
lIlissidcofthcmokcukisthlE3rathcrhi&rcdand 

wemaycoquhewl.mtgcomctricalmodilk&nsoccuron 
pusiaetothcrcalx-mystrucWe:itirsecntlnltthcsc 
carbmlsareevalcloscftotlEpclpm&&linesothat 
thixrkkofthcmoleculeisevcnmoncoagcstedthanin 
thcmodelsbuctule.Tbctwo rcmai&gi-Pr@oupsarc 
dktedbcbwtixOCOplPne.Inthemodelsrructurcwe 
see that this side of the mokcuk is signikantly less 
cage&d than tbc upper side. 00 passing from the 
model to tbe real stnWurc the relevant distances from 
thepcrpendkuhuarc,incontrasttothcuppcfsi&ofthc 
molecule, iDcreased by significant amounts. It is tbtre 
fore apparent that the direct result of mokcuhr dis- 
tortion,intbeprcsentcase,isrnttincreaseinum- 
gution on one side of tie molecule concomiaant with a 
nctdccruucontleotherside.Theanomalousst& 
effect of the group i-R& is t&reby ehu%atcd. 

TheaboveobscwaGonslxiagoutara&rin~tiug 
point: the fact that the more highly substituted side of 
tlemokculeistlKkastcXl@cst.cd.Thisiscoatrafyto 
expectation and the result of the conformation imposed 
by steric constraints. 

Ultimately, the factor which de&mines the overall 
stcric effect @J) is the free energy dilference bL?twa?n 
tbc tnnsiGon and initial statea. Among the ekments that 
makeasign&antamtriitothisfrceenergyisthc 
acccssibiity of the reaction site as d&cd by molecular 
geometry. Here, conformation and distortion (or the 
leek of it) arc often crucial. 

&t?nGw 
In this artick we have seen bow the mokcular 

mechanics method may be used to gain qyolilofior in- 
formation about minimum enaey conformations of alkyl 
groups in carboxylic acids. This information is put to use 
in quantitative correlations which allow some interesting 
conclusions concern& the composition of the overall 
st&cclfectofgroups,asmeasuredbytheI?&paramcter. 

One noteworthy observation on the compktc set of & 
ti for alkyl groups is that the inhdtive asso&tion of 
increasing degree of sub&&ion with increasing stcric 
effect is not always valid. This is evident in the region 

d6 2.62 2.40 
Iawr mid* of 

d9 3.94+ 3.03+ 

t=Wl a-w d10 2.03 I.62 

dll 3.66+ 3.70+ 

Eoro do ir dofind ” the dimtmco ktwon . &a~ cubon atom amI . limo 

pqmldiculu to tlm oco plmna pami* tbroulb_t~ cmbonyl carbon (9i9.2). 

(Tba t*lwv8ut data for TMPA .r. I.67 ma I.80 A). 

+ TbD*e atOY cantribut~ bat rli6lMy to th aterie l ff*ct ” they li* 

in tba oal plamm. 
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WhCthCkVdlhgCffCCtbOklSOttdhCVCtl~~Sti- 

kgIyportraycdbytbciavaxioneR~Iathccaacoftbe 
acid i-P&c&H extensive dccukr diatoltioll, 
produced by tbc high,&grcc of ahtiMioll, results in 
tbebe~~~Pr&mgamo~positiveEAvahetlmn 

_ 
lbepnxalig-&ckosesatopoIogkalapproach 

dir&d pIincipdy towarda tin? p!rdcen of steric 
&cts.Thepfcucatoncosesavarktyofcompkmcntary 
appmechwlmaeaialistkintap~tfonofatcric 
cdkts. None of the approaches used is sdickntly 
poworfd to give, by itself, a comprcbataive picture of 
dericc&ts.1tisamcdamx of reds which givea a 
cohaentgcnadpkturc.Thequantitativeuscofthc 
mokdu mechanics metid for modera@ to extremely 
hidrcdgroups,bothilltamsofgfo~statcsalKl 
appropriatdy chosen tramition state models, must wait 
tmtilsaitabIyparamctrizcdforccfk4dsbcconteavaikbk. 

tcdtotbclsn&ukr 

cxyat&aphy. The variou approaches ddimxted ill 
tbcprevkuaartick,aswelIastbcprescntone,constitutc 
avahdkpdktabkandintaprctativeprobcforstcric 
c&c& 

Itishopatthatourrdtsandvkwsonhighlysub 
dtutaIandcoqededcompoundswiIlstimulatcfm-tber 
progreu towards the compreheasion of stcric &cts. 
anoIdandintuitiveamceptaboutwhichtbelastwod 
basydtobCS8id. 
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