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VALUES for the free energy change involved in moving en 

equatorial subetltuent on a cyclohexene chair into the axial 

poeition (A-values') have, in the past several years, become 

known for almost all the more common substituents.* The one 

important group for which this value remains essentially 

unlmown Is the amino group. Cnly approximate estimates are 

available; according to these the A-value of the amino group 

ie equivalent to, or only slightly larger than, that of 

hydroxy1314; dissocietlon measurements carried out in this 

Laboratory' some time ago Indicated, however, that the A-value 

of the amino group must be considerably larger than this. 

We now report the A-values for the amino and dimethyl- 

amino groups, as Well ee their protonated forms, based on 

S. Winstein end N.J. Holnees, J. Amer. Chem. 
(1956). 

Sot. a, 5562 

Frbanlist of A-values see: E.L. Eliel: 
e 0 om~oundg, B&raw-Hill, Eew York, 

P.Re Jefferlos and E.W. Della, Australian J. Che- 
(1961). 
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A. Streltwleser, Jr.,end C.E. Coverdale, J. Amer. Chem. SOC, 
3, 4275 (1959). 

N. PI&$, J. JonA&, ati J. S&her, Coil. Czech. Chem. Cormp, 
24, 3434 (1959). 
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826 The Ermine and dimethylamino groups No. 13 

accurate measurements of dissociation constants of the 

amlnes I - VIII and the dimethylsmines M - XIV (Table 1) 0 

Table 1 

The figures given in parentheses are values of pKi , 
determined on th8 drochlorides in “80%” methyl- 
cellosolve at 20 . % e values are avarages of 4 to 
10 independent measurements for each compound. For 
the technique of measurement see xwf. 6. 

NHz 

0 
Me 

I (9.44) 

NH2 

0 

Me 
I/ (9.54) 

[? 6 6 fj 

I 

i-R i-Pr i-Pr i-Pr 
IA’ (8.57) x (a67) 

t-Bu t-Bu t-Bu t-Bu 

v (9.31) VI (954) XI (845) xll (8.67) 

6 Y. Svoboda, J. 
QB& y, 1551 

VIII (955) XIII (846) XIV (867) 



No.13 The amino and dimethylamino groups 827 

The compounde III, IV, IX, X, XIII and XIV are new; their 

eyyntheeie, carried out by etenderd methods, will be reported 

eubaequently. 

The procedure used wee quite analogous to that which 

had been developed, independently by St.olon7 and oureelvee5, 

for the determination of the A-value of the carboxyl group. 

Coneider the nyetem of equilibria for a *conformationally 

mobile9 g&g-4-aUgrlcyclohexylamine (Scheme 1). From thie 

Scheme 1 

KNH,/R II 
YH2 

echemo we readily deduce the reletionehipe 

‘e _ ‘R 5 
k;/R = G-i (l) and K’IQi2/R = Ke K$n( ( 2 1 

where XR is the measured acid dissociation constant of the 

*conformationally mobile" &-4-alkylcyclohe*ylemine. For Ke 

and I&, the diesociation constants for an equatorial and axial 

7 R.D. Stolow, J. Amer. Chem* Sot, &l, 5006 (1959). 



828 The amino and dimethylamino groups Nz. 13 

mine, the values of the experimentally determined dissociation 

constants of the "conformationally rIgida trans- and t&-4-4- 

-butylcyclohexylamine (VI and V), respectively, were used; the 

fact that these are in very good agreement with the constants 

found, on the one hand, for II, IV and VIII and, on the other, 

for VII represents good evidence for the correctness of the 

values employed for Ke and Ka. 

:From the conformational equilibrium constants 

KRR;/R and KRR2/R ’ as obtained from (1) and (21, we 

calculate the values of the corresponding free energy 

differences, AFRR;/R and AFH2,R . Assming that 

AFRR*/R = AlFRR2 - OFR , we obtain from the definition 

of A-values , that ARR 
2 
=AFNH2/R +AR (3). 

A completely analogous procedure was used to determine 

the A-value of the dimethylamino group. &-Q-Isopropyl- 

cyclohexyldimethylamine (IX) served as the mobile species; 

the values of Ke and Ka were here obtained from the 

dissociation constants of XII and of XI, respectively. 

Values of KR for two "conformationally mobIlea 

u-4-allrylcyclohexylamines, a-4-methyl aad &-4-iso- 

propylcyclohexylsmine (I and III) were available for the 

determination of the A-value of the amino group; a-4-iso- 

propylcyclohexyldlmethylamamina (IX) was used as the 

%onformationally mobile' cyclohexyldimethylamine. The 

A-value for methyl' was taken as 1.7 kcal.mole-' and that 

for Ssopropylg as 2.1 kcal.mole-'. 

* !Che value of 1.7 kcal.qole'1 
more commonly employed 

is used In preferzfce to the 
value of 1.8 koal.mole (cf. 

footnote 4 in the accompanying letter). 

g R.L,. Allln r, L.A. Freiborg, and S.-E. Bu, J. Am 
a 84, 286 (19621. 

or6 Chm, 
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Table 2 lists values of the free energy difference8 of 

the tYPe AFmP and the values of Am2 , ‘iNH+ ’ 
derived from them wing equation (:I. 

ANMe 
2 

and 'NliMe; 

Table 2 

(Values are given In kcal.mole-'1 lo 

A FwH2/he = 
A Fm2/iFr = 

“Frux~/me = 

AFIqFr = 

0.0 ; AMI = 187 
2 

-0.4 ; Am, = 1.7 
L 

0e3 ; “I% = 2*o 
-0.1 ; Am; = 2.0 

0.0 ; Am = 2.1 
2 

0.3 ; dNHye; = 2.4 

!Phe valw of 1.7 kcal,mole-' may be seen to be In very 

good agrement with the value of 1.8 kcal.mole-l now 

established by a kinetic method by Ellel and coworkers 

(cf. acconparrglng letterll). 

With respect to the cyclohexane chair, the amino group 

is thw - in the aqueous solvent employed - eterlcally 

practically equivalent to methyl, and the dimethylamino 

results shows that 
derived from them 

of the relatively 
in the choioe of the values of $re 

iff this accuracy ie regarded as sufficient. 

1l E.L. Ellel, B.W. Della, and T.H. Willlams, Tetrahedron 
kttera, g, 831 (1963). 

l2 A.& Lewin and S.W. WinsteIn, J. Amr. Che& Sot, 3, 
2464 (1962). 
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group to ieopropyl. Protonation (and the attendant enhanced 

salvation) lead to an Increase of the A-value of 0.3 kcal.mole -1 

for both the amino and dlmethylamino group. The implicationa 

of these findings, which may also have some bearing on 

the interesting problem of the rotational conformation 

of the axial amino group, l3 will be diacusaed in the full 

paper, to be published in Coil. Caech. Chemo Cm 

We are indebted to gr W. Simon, Eldgen&eische 
Technische Hochechule, Zurich, for runnin a 
eeries of pKa measurements on the aminee r; -!GazeL# 
apparatus. 

l3 Y. Tic 
&g& g: h4 F. i!i 06 and J. Slcher, poll. Cs 

2907 P19k2). 
l ch.CW 


