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The correlation of steric hindrance with basic strength has been established 
in »«-«-substituted aryl and alkyl amines. Solvent effect, indicating primary steric 
effect has been determined in the field of o-substituted anilines on the basis of 
increased steric compression. A method was offered for the detection of H bonds. 
Steric effects acting from a and P positions in aliphatic amines have been discussed 
and in connection with that conformational analyses of some saturated amines were 
carried out as well. 

Organic chemists s tudied since long the correlat ion of steric s t ruc tu re w i t h 
t h e s tage of dissociation in organic compounds. In t h e course of inves t iga t ions 
of molecular s t ruc tu re two ef fec ts were t aken into account , i. e. t h e corre la t ion 
of dissociation constants w i th polar ef fec t and tha t of s teric w i t h dissociation 
cons tant , resp. The compar ison of the values of dissociation cons tants of v a r i -
ous organic acids and bases cont r ibu ted marked ly to t h e deve lopment of t h e 
e lec t ron displacement theory. LUCAS studied the changes of dissociation con-
s t an t s in t h e f ie ld of d i f f e ren t ly subs t i tu ted der ivat ives of acetic acid [ la] a n d 
benzoic acid [lb], wh ich led to the numer ica l expression of the induc t ive ef fec ts 
of var ious groups. Ear ly e f fo r t s directed at the de te rmina t ion of the acid 
s t reng th of 0-, m-, p - subs t i tu ted benzoic acids w e r e m a d e by F L Ü R S C H E I M 
12], in 1909, according to which considerable steric e f fec t s w e r e suggested. R e -
cently THOMSON [3], D I P P Y [4, 5, 6], INGOLD [9] a n d B R O W N [7, 8] inves t i -

g a t e d t h e correlat ion of e lectro-kinet ic forces wi th s te r ic ef fects ; f u r t h e r e x p e -
r imen t s on th is subjec t a re carr ied out in the same w a y as well. 

According to INGOLD the steric ef fec t of a cer ta in g roup in the case of a 
one-molecular dissociation is due to t h r ee factors: 
1) a primary steric effect, t h a t is steric compression exer ted in d i f f e ren t de-
grees in the conjugated acid and base. 2) a secondary steric effect, t h a t is, a p re s -
sure-produced twis t ing of the acidic or basic group, w i t h a consequent b r e a k -
d o w n of conjugat ion, and the re fo re a modif icat ion of t h e mesomer ic ef fec t on 
acid s t reng th ; 3) chemically specific interactions of g roups nea r to t h e acidic 
o r basic centre, fo r example : hydrogen br idge or coordinat ion. 

T h e publ ished invest igat ions r e fe r most ly to a romat ic or doublebond sy-
stems. Sa tu ra ted sys tems were,1 however , scarcely s tudied so fa r , except ing tha t 
of c -hexane-carboxyl ic acid. The possibility of d i f f e ren t co r fo rmat ions m a k e s 
d i f f icu l t t he close examina t ion of the steric effect , whi le jus t the knowledge of 
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t h e in te r re la t ion of steric ef fec t to dissociation cons tants r ende r s possible the 
elucidat ion of the f ine s t ruc tu re of the molecule. Invest igat ions on the corre-
l a t ion of ^ - subs t i t u t ed compounds w i th dissociation constants inc luding sa tu ra -
ted systems not ye t discussed, a re the main subjec t of the p resen t work . 

I. The ortho-effect in the field of aromatic amines 

In connection w i th the dissociation of ani l ine compounds FLURSCHEIM 
po in t ed out t h a t in the case of or tho-subs t i tu t ion basici ty is s ignif icant ly dec-
reas ing. This ef fec t was expla ined wi th the over lap exer ted by the ortho-posi-. 
t ioned alkyl group, which corresponds to t h e m o r e u p to da te in te rp re ta t ion of 
the p r i m a r y steric effect [1]. This m a y have r isen f r o m two causes, 1.) in t h e 
an i l ine -an i l in ium equi l ibr ium the ionic f o r m is h y d r a t e d a t a l a rge r scale and 
equ i l i b r ium has been shi f ted towards the »non-pro tona ted« f o r m due to t h e 
increased compression energy, 2.) the e f fec t of s teric res t r ic t ion caused b y an 
or i / io-subs t i tuent , h inde r ing t h e pro ton u p t a k e on t h e amino group. Both effects 
w e a k e n the basici ty of ary lamines . In the f ie ld of carboxyl ic acids t h e disso-
c ia t ion cons tant is expla ined independen t ly of steric e f fec ts — in t e rms cf 
p ro ton activity, t h a t is of solvat ion d i f fe rences be tween ionic, and non ionic 
f o r m , resp. [11]. FLURSCHEIM's over lapping e f fec t is to be considered as one 
of t h e fac tors of pro ton activity. 

Table 1 gives t h e va lues K fo r d i f fe ren t ly subs t i tu ted o-, m- , p-ani l ine 
der iva t ives . 

Table 1 

Basicity of aniline and substituted aniline derivatives in water at 25° C 

Compound log Kj, K,:. 10'-

Aniline 9,42 381 
o-Fluoroaniline 11,04 9,13 
o-Chloroaniline 11,38 4,17 
o-Bromoaniline • 11,40 3,99 
o-Toluidine 9,62 240' 
o—t-Butil-aniline .10,22 61 
o-Anisidine 9,5P 310 
o-Phenetidine 9,53i 296 
m-Chloroaniline 10,68 21 
m-Bromoaniline 10,49 32 
p-Chloroaniline 10,19 65 
p-Bromoaniline 10,09 81 
p-Anisidine 8,711 1950 
p-Phenetidine 8,75' 1780 

The figures unlabelled are due to different authors, values are cited by 
McDaniel and H. C. Brown.: J. Amer. Chem. Soc., 77, 3756 (1955). 

1 Hall N. F., M. S. Sprinkle: J. Amer. Chem. Soc., 54, 3469 (1932). 

Thus, according to the da ta of Table 1, the or tho-ef fec t — as the outcome 
of pro ton act ivi ty and solvent effect — causes the basic s t rength to fa l l g r a d u -
ally wi th t h e increased n u m b e r of o -methy l groups in m e t h y l subs t i tu ted 
der ivat ives , though the induct ive ef fec t of the m e t h y l g roup should increase 
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basicity. Since no steric effect Seems to be operative, the basic strengths 
of p-toluidine increase with the inductive effect, when compared to that 
of aniline. Whereas the dissociation constant of ortho-substituted compounds 
— independently of the inductive effect of various ortho substituents — 
show a decrease on basic strength — the values K for parasubstituted deri -
vatives are governed by inductive effects. This shows unequivocally that t h e 
correlation of the ortho-effect with dissociation constants is very largely 
responsible for the above mentioned findings. 

Solvent effect. Solvent effects r ega rd ing s ter ic compression in p r i m a r y 
steric ef fec ts a re of considerable interest . The size of solvatat ion shell varies-
according to the solvatat ion abili t ies of d i f f e r en t solvents . The size of t he sol-
vata t ion molecule t o g e t h e r wi th t h e dielectric m o m e n t const i tu te t he m a j o r f a c -
tor of th is effect , in t h e ease of a given ion. Dissociation constants , d e p e n d i n g 
upon dielectric m o m e n t s and steric f ea tu re s r ep re sen t d i f f e ren t values. So lven t 
effect , in or tho-subs t i tu ted compounds arises f r o m t w o fac tors : 1.) Gene ra l 
solvent-effect , depending conclusively on the specific n a t u r e of solvent,. 
2.) Specific solvent- effect , being in connection w i t h t he electronic and s ter ic 
n a t u r e of the subs t i tuent . A numer ica l expression fo r the correla t ion of t h e 
dielectric constant w i th ionot ropy was given by B O R N [12]. In the case of 
two d i f f e ren t ly polar solvents hav ing var ious molecu la r bulks, — t h e l a rger 
solvation shell bound by the same energy will be found in the most po lar so l -
ven t — provided t h a t the molecular volume of t h e solvent does not exe r t conc-
lusive ef fec ts on polar i ty differences. 

If t he increase of size ar is ing f r o m the molecular bu lk of the less p o l a r 
solvent, exceeds the decrease of solvation shell, wh ich may be regarded as t h e 
consequence of lower polari ty, then t he bulk of the solvation shell wil l b e 
app rox ima te ly in propor t ion to molecular d imensions . Obviously, in t he case 
of a sterically h indered solvatat ion ion, the l a rge r solvation shell e n h a n c e s 
steric restr ict ions. This, in turn , increases the compress ion energy, which leads 
to the decreasing of solvation shell belonging to the sterically h inde red ion. 
As the resul t of th is in teract ion an equi l ibr ium b e t w e e n solvatat ion and c o m -
pression energy takes place. Since compression energy is, in general , of a l o w e r 

Table 2 
/fit 1012 data of aniline and its substituted derivatives by variation of the 

percentage of aqueous ethanol 

Compound 30ft/n 
aqueous EtOH 

50 t'/o • 
aqueous EtOH 

Aniline 126 i 1752 
o-Fluoroanifine 2,95' — 

o-Chloroaniline 1,35' — 

o-Bromoaniline l,00i — 

o-Toluidine — 96,5-
m-Chloroaniline 8,511 

— . 

p-Chloroaniline 28.81 
— 

1 Behneth, G. M., G. L. Brooks, S. Glastone: J. Chem. Soc., 1821 (1935). 
2 Thomson G.: J. Chem. Soc., 1113 (1946). . 
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value than t h a t of solvatatiori, the bu lk of solvation shell — of a given ion, will 
be by no means, equiva len t , according to the d i f fe ren t solvents applied, b u t 
exhib i t s some sort of solvent effect . Data of dissociation constants , measu red 
in aqueous alcohol a re compiled in Table 2. 

The da ta of Table 2 show tha t , for example , in w a t e r and wa te r - a l coho l 
relations, the solvation shell of aqueous alcohol raises steric compressions s t rong-
er t h a n pu re water , t hus the increased quan t i ty of alcohol resul ts in a la rger 
a m m o n i u m solvation shell, which, in turn , s t r eng thens steric compress ion. 
T h e rise of s teric compression re la t ing to an i l ine-an i l in ium equ i l ib r ium domi-
na tes in those cases, w h e r e or tho-s i tua ted groups are of l a rge r size. Conse-
quent ly , the dissociation constants of ani l ine and o-subs t i tu ted ani l ine d e r i v a -
t ives are showing smaller d i f ferences in p u r e water , t h a n in aqueous alcohol, 
in which solvent the solvat ion shell induces more p o w e r f u l compression energies . 

Table 3 shows how K a n i l i n e / K s u b s t l t u t e d a n i l i n e values, evaluated, 
f r o m Tables 1 and 2, va ry in pu re w a t e r and water -e thanol , resp. 

Table 3 

The values and the corresponding quotients of 
Kaniiine / Ksubstituted aniline evaluated from Tables 1 and 2 

/^substituted aniline 
H „ 0 
(A) 

Aqueous ethanol 
( B ) B/A 

o-ToIuidine 1,59 1,81 1.14 
o-Fluoroaniline 4 1 , 7 42,7 1,02 
o-Chloroaniline 9.1 ,4 9 3 , 3 1,02 
o-Broiiioariiline 9 5 , 5 126,0 1,33 
ni-Chloroanilirie 18,1 14,8 0,82 
p-Chloroaniline 5 , 9 4,37 0,74 

The quot ien ts clearly demons t r a t e tha t in the f ield of o -me thy l and o - b r o m o 
anilines, the steric ef fects caused by solvatat ion are more p o w e r f u l in w a t e r -
alcohol medium. K a n l i i n c / K s u b s t a n inne values for o - f luoro- a n d o-chloro 
derivatives, measured in w a t e r and. in aqueous alcohol, resp. a re r a t h e r close 
to each other . The deviat ion exhibi ted, however , is due to hydrogen bonds and 
will be discussed more extensively la ter on. Quot ients of m-chloro and p-chloro 
ani l ine show reverse variat ions, which ar ise largely f r o m d i f f e ren t ly po la r 
solvents in the absence of s teric effect . This points also to t h e conclusion t h a t 
in o-subst i tu ted der ivat ives the specific solvent ef fec t is due to s ter ic h indrances . 
T h e method discussed m a y be applied a t least qual i ta t ively to detect ion of t h e 
ment ioned steric effect , ma in ly in the f ield of - I groups, w h e r e basic s t r eng th 
is weakened by polar and steric e f fec ts as well. 

Other factors affecting dissociation constants 

The basicity of o-subs t i tu ted amino-der iva t ives was expla ined so f a r in 
t e r m s of p r i m a r y steric effect . I t w a s ment ioned , however , a l r eady in t h e 
int roduct ion tha t apa r t f r o m the l a t t e r also o ther effects, t ha t is: a secondary 
steric effect and a specific chemical one exist. 
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In the field of o-f luoro and o-chloro aniline also hydrogenbonding exer ts 
inf luence on dissociation constants tha t is, increases basicity [8]. Since the 
format ion of an intramolecular hydrogen bridge is less probable in a less polar 
solvent, i. e. in water , an intramolecular hydrogen bridge increases stronger 
basic strengths in water-alcohol solvent. Fur thermore as the probabil i ty of the 
format ion of a hydrogen bridge is greater in a »solvation shell forming« sol-
vent, consequently Kaniline / Ksubstituted aniline values measured in wa te r 
a n d water-alcohol approximate each other, because of the contrast ing inf luen-
ces. Attempts to distinguish the chloro- and f luoro-compounds by considering 
t h e probabili ty of a hydrogen bridge formation fai led due to the l imited 
exactness of exper imental data. The method of measur ing dissociation con-
stants in di f ferent solvents offers some informations apa r t f r o m the pr imary-
steric effect on hydrogen bridge. 

Considering the above examples,'; the existence of a secondary steric 
ef fect may be presumed in the case of o-t-butyl-anil ine to certain extent . The 
secondary steric effect operat ing in the field of N-dimethyl-ani l ine derivatives 
is, however, of ma jo r significance. 

II. The basic strengths of /2-substituted acridine derivatives 

/5-substituents decrease the basic s t rength also in compounds containing 
hetero nitrogen atoms. The discussion of steric effects is simpler since in these 
cases secondary steric effects may be disregarded and f u r t h e r because t h e 
format ion of a hydrogen bridge is probable only in the field of ¿8-hydroxyl 
compounds. The effect of /?-substituents on carbazol derivatives has been scarcely 
studied. CRAIG [13], on dealing wi th the problem of the proton up take of 1,9 
diamino-acridine and l-amino-9-methyl-acridine, conf i rmed tha t the ionization 
of ring nitrogen decreased stronger by comparison wi th tha t of acridine. This 
is due to overlapping effect of the ring-nitrogen on 1- and 9-groups, as il lus-

III. Basic strengths of saturated 
bases 

The correlation of basicity w i th 
the order of d i f ferent a lkylamines 
has been studied extensively. It was 
confirmed tha t when an alkyl subst i -
tuent is introduced into ammonia , 
the basicity increases according to 
the sequence of pr imary, secondary 
amines, whereas it decreases in t e r -
t iary amines [14]. This may be ex-
plained in te rms of steric effect do-
minat ing over inductive effect. If the 
steric effect is of such a great impor-

tance even m tne suost iuiuon oi amino group, as it has been revealed in the 
case of tert iary amines, then it may expected, tha t a-, or /3-situated groups 

t ra ted below. 

Fig. 1. 
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increase steric e f fec ts more ef fec t ively on account of decreas ing induct ive 
e f fec t . 

As can be seen in Table 4 the conformat ions of the m e t h y l a m i n e der iva-
t i v e s r e f e r r e d are of no de te rmina t ive impor tance . The basic s t r eng th of t e r t i a ry 
b u t y l a m i n e s weakens w h e n compared to t h a t of propylamines , indicat ing 
«clearly the ef fec t of steric h indrances exer ted by « - s i t ua t ed a lkyl subs t i tuents . 
T h i s is in cont ras t to ear l ier conclusions of V E X L E A R S C H I [15] according to 
w h i c h the steric ef fects of /S-substituents m a y be neglected. In t h e field of 
^«-substituted amines, steric in te rac t ion becomes m o r e evident , because of the 
decreas ing induct ive effect. 

Table 4 
lOÄ-/; values of methylamine deri-

vaties, substituted at «—C atom at 
25°C in water 

Compound 10"' K„ 

C H , — N H , 
CH3CH,NH„ 
C H 3 — C H - N H 

43.7 
46.8 
42,7 

1 
C H 3 

C H , 

CH 3—C—NHA 28,2 
1 

C H , 

Table 5 

10"'/̂ /; values of /¡-substituted alkyl-
amines in water at 25°C 

Compound \QR'KI; 

CH.JHOCNH., 
C H , C H , C H ; N H , 
CH.,CHCH.,NH," 

46 ,8 1 

38,1 1 

26,41 
1 

C H , 

CH3 

C H 3 — C - C H O N H J 24,0 2 

1 
CH, 

1 Hall, N. F., M. R. Sprinkle: J. Amer. Chem. Soc., 54, 3469 (1932). 
2 Vexlearschi, G.: Compt. rend., 233, 1630 (1951). 

The conf igura t ion and constellat ion of the amino g roup and the /?-sub-
s t i tuent , respectively, proved to de te rmine steric h ind rance and he reby t h e 
basic s t renght of the molecule as well. The s t ronger ef fec t of th is type is exhi-
bi ted by t h e /3-alkyl subs t i tu ted der ivat ives of amino-c-pentane , b u t exper i -
menta l da ta a re not ye t available. 

The correla t ion of the steric h indrance of /?-substi tuents w i th basic s t rength 
m a k e s possible, in t h e knowledge of basicity, a cer ta in dist inction of the var ious 
steric positions. This is in connection wi th conformat iona l analysis qu i te impor t -
ant, since the g round s ta te of molecule is no t inf luenced energet ical ly by t h e 
m e t h o d discussed. For example , on t h e g round of basicity, the conformat ion of 
: i-butylamine m a y be de termined, as follows. The ro ta t iona l i somers of neo-
p e n t y l a m i n e a re identical , wi th themselves, t hus only one conformat ion m a y 
be ascribed to the molecule. 
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In the f ield of i -bu ty lamines two steric s t ruc tu re s m a y be considered. I r t 
one of the cases the (b) conf igura t ion of both m e t h y l and a m i n o g roups are-
ident ical wi th t h a t of neopen ty lamine . As to the o ther »c« conformat ion , on ly 

one me thy l is s i tua ted in t h e v i c i -
n i ty of amino group. The decrease-
of th is type of s teric h indrance-
m u s t resul t in an enhanced bas i -
city. On compar ing ' the dissoci-
a t ion cons tan t of neopenty lamine-
With tha t of i -bu ty l -amine , t h e 
»c« confo rmat ion of the l a t t e r 
seems to be suppor ted . C o n c l u -
sions r ega rd ing the c o n f o r m a t i o n 

(Q ' of p ropylamine , m a y be d r awn . 
f r o m t h a t of i -bu ty lamine . Of t h e 
two possible conf igura t ions t h a t 
m a y domina te in a solut ion in 
which the t e r m i n a l me thy l and. 
amino groups f o r m a 180° a n g l e 
i. e. in th is case steric h i n d r a n c e 
exer ted by t h e only me thy l g roup , 
becomes i r reve lan t . C o n s e q u e n t l y 
the basic s t reng th has been found . 

•pi ? to increase. 

Whereas the fa l l ing basic i ty 
of p ropy lamine in compar ison to t ha t of e thy lamine is a t t r ibu ted la rge ly t o 
steric ef fects — an increase of size in methyl , e thy l sequence as »basic i ty 
weaken ing fac tor« m a y be exp la ined only by t h e presence of an »a« con f igu -
ra t ion to a considerable degree. The de te rmina t ion of the numer i ca l p r o p o r -
t ions of var ious conformat ions requi res exact m e a s u r e m e n t s of dissociat ion 
cons tants a t d i f f e ren t t empera tu res . Act ivat ion energies of t h e t rans i t ion s t a t e 
m a y be calculated f r o m the l a t t e r as well. 

Dissociation cons tants of 2 -
amino-cyclohexanol a r e : 

K cis = 9,6, K t r a n s = 9,5 [16]. . 
Confo rma t iona l a l t e r n a t i -

ves of th is compound wil l b e 
seen f r o m the fo l lowing f i g u r e . 

K va lues — as it has b e e n 
shown above — lie r a t h e r close 
to each other , consequen t ly 
amino and h y d r o x y g roups a r e 

Fig. 3. equa tor ia l in the trans c o m -
pound, wich is in f u l l a g r e e -

m e n t wi th the expe r imen ta l data. In the equ i l ib r ium of cis compounds , t h e 
con fo rma t ion wil l domina te in wh ich an equa to r ia l amino g roup is p r e f e r r e d . 
Namely, in the case of an ax ia l amino g roup basici ty should decrease, o w i n g 
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4-J-OTJ5 

9,5 

C I S 

9,6 

Fig. 4 

-to the operative steric hindrance between the amino and the two adjacent 
methylen groups. The effect of the steric hindrance of axially placed methylen 
.groups may be seen below: 

Fig._ 5 
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