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Kinetic Isotope effects




7.1 Introduction
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2. 3l 712 [FAL & RN (Kinetic isotope effects, KIE)

H;C
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Ay =y o

MR kytky RANTFAEKIE, Fky/ky R

ky/kp>1 (mormal); ky/ky <1 (inverse)



Types of KIE:

a. — RN SIAFRNM RN (primary, PKIE)
Bz [F AL 2R R T BB AR Jul B R

b. %3 /17 FALE RN, (secondary, SKIE)
e F i 20 T (0B Y o R

c. a7 [F] AL 2 RN, (solvent isotope effects)
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7.2 Theory of isotope effects: the primary effect
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Fig. 7.1 Potential energy curves for C-H and C-D bonds showing the different disposi-
tions of vibrational levels and the origins of their different bond dissociation energies.
E, = E, at ¥ = 0 = zero point energy. ‘
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Table 7.2
Maximum normal values of
PKIEs

Isolope
Element A B ' f g kosky
H 1 2(D) 0 83
H 1 2(D) 2§ 64
H 1 2(D) 100 47
H i 2(D) 200 34
H 1 2D) 500 21
H 1 3m 25 13
C 12 13 25 1-04
& 12 14 25 107
N 14 15 25 1-03
0 16 18 25 1-02
S 2 4 25 101
Cl 35 37 25 1-01
Some typical kinetic isotope effects
Reaction kyko
Primary Me,C—OH + CrO; - Me,C=0 70
RCOCL,R’ + SeO; -+ RCOCOR’ 7
RCOCL, 4 Bry; - RCOCL,Br + LBr 7
CL,NO; + Br; - BrCL;NO; + LBr 45-65
PhCLCH,Br + E1O™ - Ph(l:-CH, + EtOL + Br~ 7-51
!Jle Me
Secondary R—OTos + AcOH - R—0Ac + HOTos
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FH TR 2R BN ATE 7T J S ATLER 451

a. Elimination mechanisms

+ —OEt
PhCL2CH2NMe3 PhCL=CH2 + NMC3 kH/kD =4.6
L=HorD kxaay/kngs) = 1.009
+ oF oF
\8_ /NMe3 \ //NMC3 \ 6:"_ ) //NMC3
& —/,C—C\— S5 _,,C:C\_ 7C—C\—
EtO--L EtO--L L
Elcb E2 E1l
ke lkey \ \ X
kN(14)/ kN(l 5) X \/ \/

ky/ky = 4.6, kya/knas) = 1.009 2 Vi [F ;e RIS AR (E2) KA I IESE -



+ —OEt
CL;CH;NMe; CL,=CH, + NMe;  kylkp=1.1
L=HorD kN(14)/ knas) = 1.009
+ oF &t
\8_ /NMe3 . //NMe3 N 6:"_ ) //NMe3
§ LT 5 —C—=CC —ce-
EtO--L EtO--L L
Elcb E2 El
kylkyp X X \/
knaayknas) X \/ \/

ky/ky = 1.1, kyqa/knas) = 1.009 2 EINLE A JTIE .
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b. Aromatic nitration

L RIR DI
L NO,
_I_
+ NO; L=HorD
o-EY)

kylky =1.0 BB PKIE, C-HESTER AW,

c. Decarboxylation

»° R

»0 ¥
PRCT_ 4. 4. | T T BAC_
\Cﬂg" CO;

kio/kiy = 1.04



d. Heavy atom isotope effects

+ B
PhCL,CH,SMe, — PhCL=CH2 + SMe, + HB" kg3r/kg34 = 1.072
kgyy/kgyy = 1.072 U C-STE 2T FE H Wi R PKIE

R
R-Br — R"--Br]+—> R* + Br  knolkg = 1.00310, 1.00169

R =#-Bu, 1-Pr



7.3 Transition-state geometry

kw/kp

The position of the transition state along the reaction coordinate:
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Fig. 7.2 a,Calculated curve showing the variation of isotope effect (primary and secondary)
for proton transfer from a carbon acid as a function of the degree of bond-breaking. b,
Experimental curve of the observed isotope effect versus difference in pK, between acid

(MeNO, (1) or Me;CHNQ, (11)) and base for the reaction CHNO, + B: —~ \C'NO, +

i
BH*. The acid—base pairsare: 1, I 4+ H;O; L1 + CH,OCO0 ;3,1 + OAc™ 4,11 + OAc™;
5,11 + pyridine; 6, | + OH™; 7, 1 + OH".
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7.4 Secondary Kinetic isotope effects
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2. M%K% &
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n-ESEERH T _1HA:
S-C-HEE AT F2pHliERt, SKIER K (B KES, AR AIHEER)
SC-HEEE T2pHlER, SKIER/D (B/PNES, A&/ EHERD

—(|3—$—(|3—Br """ > —?—(lj—C\i + Br
L, Ly Lo L, Ly Lo
Isotope position ky/kp Percentage effect per D
o 1.1-1.2 10-20
B 1.15-1.25 15-25
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Isotope effect

1 1 L
0-2 0-4 0-6 0-8
Fraction of bond cleavage

Fig. 7.3 Calculated curves showing the variation of the isotope effect with differing degrees
of C-H bond-breaking in the E2-climination transition state for the f-H PKIE and for
SKIEs at a-H, «-C and p-C.



7.5 Solvent isotope effects
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AR AL S N R BRATIB B, o 144 -

Jast + slow

A—L + B A~ + BLT —— products

A ERER TR, FALRKSER 5 R/ KRR
R Bltn: ¥EFIK, OfEAZEZ A L

Lzo/\H

\C ‘\\\CN
t-Bu” )
CN

_|_ —
— = L,0H + #-BuC(CN),



7.5.1 Fractionation factors (775 2 £0)
% MH,02ID,00 2% 5| #2 RN AT LA [FIALER 7078 R EBOR Tl

BT
RO—D + SH # RO—H + SD

THERE

on [SDI[RO—H] _  [SDJ/[SH] (7.13)

[SH][RO—D] [RO—DJ/[RO—H]’
Bl 715 [FIAL R RN T B 5 FE R A 5
- —all o 3
Ky/Kp = n ¢‘/ l_[ ¢, [7.14]
i

N ) AR, FE. A HEFEE TR PILA A L F

AR AEZPHNEIAR 5T (isotopic fractionation) -




Table 7.5

H/D fractionation factors, ¢,  Bond type I
relative to water, for various
types of bond —0—L 10
\
- 069
/0
o—L 03
N 0-84-1-18
. Sl P -
d
==C—L 09
a=C—L 069
SN—L 092
7/
_.}"0_]_ 097
F
—f 042

H-L e




AOL (&4 ) 7EH,0F tLIED,0OF iRt 58

L L

O +LOA — \6—1.4-6—-&

L/ L/

Kuw/Kp = ¢ dor/9d+L = (1/069°) = 3-04. [7.15]
OD B 1% ELOH- 3% :

L—O0" +L—0OA#L—-0L +0A~;

K./Kp = "'“L‘z' bor _ 0-5/1 = 0-5. [7.16]
doL

H,OLLD,07 5 F.55

IL,0 == L,0* + OL":

Kw(H)/Ky(D) = (Qf’&(b(zn)."(qbéu dorL-) = 1/0'69" x 05
= 61 (experimental value 7).

Hence pKy(D) = 1484,
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(b)

L,O
S—H ——— S—L

X + S—L Slow xt + -

L,0 + PhCOOH === HOL + PhCOOL
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L

eyl =7 l Jast

0
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Predict the type and magnitude of kinetic isotope effects associated with the atoms
ringed(if two or more positions are ringed consider each separately):

H
Ph. @ Ph_e /
(a) C—=C_ — ~C—C—H SKIE
@ H H \
o CH;,
o
OH 0—CrO,0OH
/ 2
b M SO ol — + Mec-o  PKIE
fast slow v
@ H (+Cr "O(OH),)



(e) PhCHZ@ — > PhCH, + N=N + CH,Ph PKIE
N—CH,Ph

@ @HZOH CHZOH

O o ——= kylky, PKIE; ky/ky3, n0o KIE
(i) == o hylky, KIE; kyy/ky3, PKIE
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_ Ph
C=C + H-C —— ~C—CHj SKIE

H |
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O_SOZCF3
Q) AcOH L —
o AT HH + 0—so,cr; SKIE
H
"
_C—OH 2
(k) H,C —_— + CO
OH _C 2 PKIE
H;C OH



ol e - = i = = = - - L
1-10 * TEATMEALFEER. AR ENTLWN RS TSEAMECS. Am. Chem,
Soc. 1953, 75,6011).,
Ph
=0
’ . i ¥
0 H 100°C H\‘ 1 h i h‘.. Ph
1 1.” e , I " ——
L = /=\
H 3 \ I’h H i [
Ph Ph
Ih:l:llil'LI !ﬁ”"
I*h
O D 400°C H H H Ph
\ 1 S e e S \ ff \ J
W, | — f ——
'_'-'I X .-"r.. '.l"' -"rjll_ _'lll-"
H \ Ph Ph Ph B

2018/11/21




2018/11/21




