
PymmSalinve&monN,PandSatomshasbecatbe 
subject of many expuimeatal and theoretical !JtWiies.’ 
Nii iuvcxsion hss some important aspects ia spec- 
~y~~~~:~sp~of~ 
~~v~of~~*~~~~~~~ 
8Mtf&omkcloc~tbeim~ibilityoffeddviagtbc 
optical isomen, of most Mtiary amines at room 
~fore~pk.Tbedyna&sofnitrogenin- 
vershfortllelattMcompou&hasbeenmainlysmdied 
by*Hor’3CNhfR.‘“TheWtiaryamineswerewedasa 
neat liquid or dissolved in a low-melting solvent. These 
amines should possess either diastaWtopic non- 
eqldvaknt protons that are intcWhaagul through 
nitrogen invasion (as io diiazylmethylamine~ or exist 
undertwointercoavertiogstereo~~AaodBPasia 
the N-methylpii which are examined in this 
paper.LowtallpuYWresareio&ailleccssaryhmost 
careStObhgthCCX~OfWdCitOthCNMR 

~e.~rn~~~~~~~~~t 
convenient for most amines. This medium however is a 
very important opt, eqx+lly io biological systems, for 
whichnitrogeninversionumldbeas@i5cantdynamic 
process. Forhmauly aootl~ method has been deacxii 
bySauo&mdY~s~7uaiagaqucousrcidicsdu- 
tions and mcmurhg nuckiar exchange its a function of 
~pH.~~~~~~~~A~B 
arealmostfullypMooaW(bycu9996armore),andthe 
cations AH+ and BH’ only are detected by NMR. 
Nitrogen invasion takes place on the very small amount 
ofthefreeaminesaculrdingtotbegeneralkinetjc 
!hheme 1: 

AH++A+B+BH’. (1) 

the nuckar site exchange p&abWes &A, km: 

AH’SBW (2) 

maykrelatedtotbenitro9cninvc&onratesL,&by 
the tollowing ajuationse 

ktu - k,JAl/tAH’l = k&h+ 

km = ka@I/DH+l= aNA 

where a* -e-umpH is the activity of the llydroniwll 
ion, 7 tbc activity co&d of a monoelectrolyte, Ki tbc . . * 
mmzanonconstaatof~+ammoaiumsaltaodRthe 
~e~~~ r~~~~ 

a study of the 
I*(c&~~til*~ (3) in which the isomers 
AH’amiBH’anwritteoas 

The present paper extends thh work to five morr! 
pi&&d&s, the l-dr Z4&-urainetlIyl~, tbc l& 
dimethyM2), the I-hzns 2,6-trim&yl_(4), the 1,%2,6,& 
~o~~~* th: 1,~~~ (8) pip&he% 

ThCpreparatioDOftkproductsaadsOhttiOnS,’aod 

the measurement of pH’s and pK%” have been 
desc&edinpreviouspublhths.Ratecunstantak~,ka 
nsultfrompHvaluesina0.4molaraqueousacklk 
solo&m of each amine at 33“. NMR spectra of 
~rn~s2.3~4~~~~~onaJ~ 
C60 HL qectrometer. A Variaa HA-100 appara~ 
(loo MHZ) was used for the other a&es. The excllangc 
pi&&iWawatderivedfromatotallhbapeanalysis 
appliedtotbclx+scuW ofasymmetrical(!Oorun- 
symmethl(2,3,7,8,9) doable& or of the sum of two 
symmetJ%al doublets (4). The pK% of the amiues, the pH 
~f~~~,~~~Of~~O~~~ 
nitrogen hersion rate co~tants, k,,, kx,, and the related 
free energies are displayed in Tabk 1. Two analogous 
aminea, the pip&dine (3)_ and the l&c& 2&ctra- 
methytpipsnzhw: (9)‘* are also rqnxted for convenience. 

~~~e~p~7~~0~~ 
st8teaMtltaxWhgpipaidiae3:‘niaogeninvarionis 
slowascompaWltotheratemeasuralfort&uy 
acyclic aminal ill similar LxWlihWSJ 2x ld s-’ for 
dhuyhWhybmine (la) at 250 for example, or for 
am&s in v solvents (lo’s_’ for a solution of 

3017 



A
m

in
e 

P
K

 
N

a
tu

re
 

o
f 

th
e 

o
b

se
rv

ed
 

ra
ti

o
 

R
 
of

 
a

n
d

 
si

g
n

a
ls

 
w

it
h

 
th

ei
r 

p
H

f;
y

g
e 

th
e 

tw
o

 
is

o
m

er
s 

k
A

 
k

n
 

ch
em

ic
a

l 
sh

if
t 

d
if

fe
re

n
ce

 
co

a
le

sc
;n

ce
 

(A
G

,k
ca

l.
m

la
-1

 
(A

G
f,

 
A

G
B

, 
k

ca
l.

m
o

le
-’ 

o
n

 
th

e 
2n

d
 

li
n

e)
 

o
n

 
th

e 
2n

d
 

li
n

e)
 

l+
- 

10
.4

7 
N

-m
et

h
y

le
 

(0
.2

5 
p

p
m

) 
8-

8.
3 

2.
33

 
0.

51
 

81
0 

13
.8

6 
10

92
 

13
.3

4 

10
.5

4 
N

-n
et

h
y

le
 

(0
.2

7 
p

p
~

) 
7.

6-
8.

0 
2.

41
 

66
0 

15
37

 
0.

53
 

13
.9

9 
13

.4
7 

4.
13

 
N

-m
et

h
y

le
 

(0
.1

9 
p

p
m

) 
1.

5-
2.

3 
5.

26
 

1.
47

x
lO

S
 

7.
73

x
10

5 
1.

00
 

10
.7

0 
9.

70
 

10
.2

9 
N

-n
et

h
y

le
 

(0
.0

8 
p

p
m

) 
7.

6-
7.

95
 

4.
44

 
12

70
 

ss
90

 
0.

91
 

13
.5

2 
12

.6
3 

ld
 

10
.7

9 
C

-m
et

h
y

le
 

(0
.0

3 
p

p
m

) 
7.

4-
8.

1 
51

00
 

51
00

 
12

.7
4 

12
.7

4 

d
- 

11
.1

3 
C

-m
et

h
y

le
 

(0
.0

4 
p

p
m

) 
6.

7-
7.

6 
:, 

4.
28

~
10

’ 
10

.0
5 

10
.0

5 
N

-m
et

h
y

le
 

(0
.0

4 
p

p
m

) 
6.

6-
6.

9 
sa

.4
 

s1
.3

0 
10

40
 

S
E

74
0 

13
.7

1 
~

12
.4

1 



amine 10 in vinyl chloride: oc lo’-lo’s-’ for pipaid& 
3 ill dimethyl sulpko%ide” of 88 tbc IEat tiquid’>. we 
have d#U?d this pbeaomeoOn t0 0 IlOIl-iIlV_ 8SSO- 

ciatiOndthcfN?erminenabita~catiOn: 

AH+...&H...A on tk ‘basis of an observed propor- 

li 
tionalityofk*torhereciproalofthe-&of 
thCpipddidD88llt.“LfWCtUrlltOtbCdOgOU8 
pipcdnhmonodoa9,‘“wcobaaveamuchhigbex 
iaversioa rate t = 1.47 @lSt 0.m % 1d I-‘, a point 

ishkaircktivetotbcpipcdnbm 

oN-Mcdstituentbbroughtfromanqmtorhltoao 
axialposith(tberatcfortbcnvmepmccuiscallul 
t,iatkfollowi@.weoblavetJmttllcratccxmstant 
k.,+=1~X1d8-‘k0fthe~~~&dm@&1hk~ 
tbcconeapo~~forpipaidine3.The~ve 
mixture 2_BH+ conth approximativcly equal contents 
of the Nequto&Msxhl (ea) and NdalCqwrial . 

- IfWC~8UllCthStt!RrateCOll8t8llt 
pia not b from AH’ to BH’ we may derive 
thatccon8taatt,(relativetot&Lisomcr)from 
4=(140+k&2$wbenccL=9.91xld8-‘.Asimihr 
adysiscanbcperformalwitbpipcrkh8(Fii2), 
wbae4~1.0)Xid~~.~i.61Xi0’8-‘.~WC 

ohcrvethattbccqmto&lratcconstantL,isnot 
wositivetothe&grl!cofcl-substihdion. 

troatdc repukion between tbe two podively charged 
8peCkS. 

IfWCllOWCxemine thcothcrpi@line8oftbctabk, 
an&ddihalfaaturcari8cafromacy~riag 
invexsion superimposed to the nitrogen inversion. 
Howevex this process remah fast on the NMR time 
scakBincenolinabrorde~~obacrved~acidk 
8oltiofp~hmctbanolatlowtem~ 
(up to -803. Nitrogen invhoa thua curies o= mixture 
of two chair conformcxa (AH+) into anoth one (BP), 
andtheratcskA,kBohervalrcsultfromaweightal 
mcanofthoacrdativetoeach!JteZeokomerofthecor- 
responding mixture (AH+ and BH+, rcspdvc4y). 

Themainc4nuponentoftAH+@.1)istbcdieqoa- 
torial(ce)isomer,andtisclosctotheratek.q.atwhich 

Tbesolathlofpipaidine4containstwopainof 
opticat St8dRXllerS (pep. 3), in which tbc N-methyk 
lwhtituentbeitbaequatorial(7546of~mixturc. 
AH+andBH+)aaxial(2Y).,ThctwocquaUyabundant 
mixturcAH+adBH+giveriaetoasingkN-Mesignal 
and two C-MC llymmetrical doublets of equal ill-. 
Nitrogen iaversion bringa about tbc coalescence of tbesc 
two doublet.8 into a siq#c one. Tbc apparent rate 
canstantt(=h)reaultafromawcightalmeank~= 
o.7sk4 +0.2sL. This ld8tionship dlows to compute 
k.,. = 1&8008-’ if WC a%NUllC L. = 1270 8-l 8S ill 

pipedhe 2. 
Atlasttbcacidkaolutionsofpiperidinescontaintwo 

mixtures of cadamber (Ag. 4). Although identical on a 
ChUllicalpiOtOfview,thCSCtWOmixtunsgiVCtitO 

t-l 
I+ 
N\ 

(AH+) c% Ring lnvcrrion 
(ee) 4 

2 100% 
# N.H (aal 

n 

I’ 

kcq. kax. 

Nhwgcn lnvcrskn Nbrogcn linvcnion 

1+ 
Ring lnwnion 

(BH+) 
. . 

VJ N/tea) 
=50% ft’ 

H 
I+ 

(AH41 0 
N\ F&g Inversion 

(eel 
J b N/H(cla) 

= 100 % I+ 

keqq. kax. If 
Nitrogen hvcrrion Nitrogen Inversion 



J-1. Dauuaca ad IL N. Jlhmums 

‘I’+ 
Rirg Inversion 

(AH+) - 
PA N/” 

= 25% I+ 

Nitrogen Inversion Nitrogen Inversion 

R-kg hvenion 
r VA 0 

2 75% .f 

m3. Nitrogmmdri~gtnva1ioaiutbul+mm2&trk4bytp&dhdatkm(4). 

b 

kc kax. km+ kax. tl 
Nitrogen Inversion 

Ring Inversign 
. 

ditfcrentcbcmidahiftsfortbcindi~c-Mcgronps 
(bandconthe6gurc)asarc8llltoftwomWual 
w&htedmeansofequptoriaalKlaxiaichemicalsbifta. 
Twocloselyspacaisingktsofequalintedtiesarethnr 
obaavcdwhiclrafec&acingintoasiugklincastbc 
pHislai8cdllptoca7mlits.l%eappnrentratcconstant 
kA(=~)8&oisawei&tedmean 

k*=pUL.+p&U. 

w&RCp,aadp,~thCllUkUownpropoatio~oftbC 
twostaeoisomersw&eretheN-Mcsubstitucntiscitbu 
axialorcquWialrespectively.Tlueqnatoripl~is 
likdytobeprcdo~sothatka.huanordcrof 
magnitd of ld. a value which is rnd largcz than 
thoseobtaiMdforallthcotkpiperidinesin~ 
TbeoVgpllfateco~tantt=4.3xlds-‘kcloretothe 
oneobservdfofpipcdnc9,tlmssuggcstinptbatthe 
as&ationoftbepipaidhSwithitsconjq@ecathi 
a& impossibk, presumably on account of stcric 
hilhDCC~dtheNrtom.AnothareaMMCotibe 
thenatncssofthepipdinhrin&whichmaybe . . chuachdbytheang&C~,C,=lll.~ 
m: the N+ncthytp~“and theMEi+ 
cations; ad 113.50, 114.4 for adoguea of 5. This 
fhtlK%EVeal,lUlW 

inversion could thus accompcmY~Uof@ 
pipdhiumring.Suchanexplad4mhowevaisnot 
coasietentWith~deaeaseOftk~illVenioarate 

fromnto3. 

The N-lxwocyclic aaakwes of cyclohcxane sub an 
abn~yslow~invcrsioninaqucouSsolutioml 
(&.~lds~‘),exceptiftlepresumdaasociathoftbe 
aminewithitnconjugatccationi8forbiWnforstdca 
ck&osMk groands &=lds-1). The invanion mte 
ofaN-Mcs&athntissmaIlerandrclativclyamstant 
whthiallabdWtieinitienyequataipl,thiafatcis 
fasterandvdablewitha~~fortbcnvc!r8c 
pM=&-as a +tl PrewmablY, of stmag l-3 fmd l-5 

mMackms. The prcsel?ce of rr-b& subs- or 
of a simultaneous cyclokxane-& ring invenion do not 
scemtobcveryimporhntfactor!8*Atlastnitrqen 
invcrsionsdmstobcf~whenitcarrksoncisomer 
oramixturcofstereoi8omun into another ollc of the 
samcelWgycontcnt(4andsfastexthan2and3). 

~cknowMganenf~-Ik. M. N. Dcacbmpt thanka Prof. Bo& 
far I stay ia bia lnbonmy. 100MEz amm wae tiadly 
a&iedbyProfesor(3a&re’r~. 

‘Far I review ‘J. B. Lm&rt, Tu&s ia .StemckddV 4. 19 
(1971);‘A.~LC.MentndK.~.~.~Int. 
Ed. 9,400 (1970); ?. M. Ldm, Top. cm. chm 15.311(1970); 



‘il. J.-S. Ibwar and W. B. Jam& Ibid n, 401(1971). 
%.-dP.YlmdrIMk78.51~11956). 

ftw.(i,232ii969). _ 
‘3-J. Ddpwb nod Y. lafdor& TclnJkdrorr 27, MI9 (1971), 
‘9. Binida, TLwrir, Uatwnity of Nancy I (lJn4). 
MV.M.~P.J.B~UdEWyblQQ#,J.ClbnSoc. 

P&in II, 1642 (1975). 
‘YM. N. Ikrbmq#, lkis, lhivw&y d OnmoMc (1976). 
“E.J.SdlmdO.M.tW&ik,Actacllrf.B29,2M7~1973). 
“C. Lecomtt, J. Pram. B. Bii ad JJ. Ddpuwh, Opt. 

*ct. comah I, 477 (l!m). 
*A. capiomont, Ado ctysr. Btl, 2296 (1978). 
“A. cqiomont and J. Lajzcmrkz-w iba B2& 2160 

(1974). 
3. F. Khcaid and F. C. tksu@q Ir.. f. Am. Chm. Sw. rZ;, 

1474 (1940). 


