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Neighboring-Group Participation
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w-Chloro alcohol

CI(CH,) ,OH 2000
CI(CH,),OH 1
CI(CH,),OH 5700

CI(CH,).OH 20







Relative Solvolysis Rates of Some w-Methoxyalkyl
p-Bromobenzenesulfonates in Acetic Acid

,_ /ﬁ CH3(CH2) ZOSOZAr

s CH,O(CH,) ,0S0,Ar 0.28
CH,O(CH,),0S0,Ar 0.67
CH,O(CH,),0S0,Ar 657
CH,O(CH,).0S0,Ar 123

CH,O(CH,).0SO0,Ar 1.16



Relative Rates of Cyclization as a Function of Ring Size

Ring size  Lactonization of w- AH? As? Cyclization of -
bromo carboxylates*  (kcal/mol) (eu) bromoalkylmalonates®
3 8210 220 -2.5
4 0.92 17.7 -5.0 0.58
h) 108 159 =355 833
6 1.00 17.2 —4.1 1.00
7 3.7x1073 174 —-13.5 8.7x1073
8 3.8x10-3 218 -9.2 1.5x10-4
9 43x1073 20.3 —-14.0 1.7x 1073
10 1.3x107* 17.3 -20.7 1.4x10°¢
11 3.3x107* 164 =223 29x10°¢
12 4.1x10™* 17.6 —18.0 40x10~*
13 1.2x1073 I3 -23.0 7.4x 1074
17 29x%x1073
18 20x 1073 15.2 -21.8
21 43x1073
23 2.3% 107 14.5 =223
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Extent of Aryl Rearrangement in 2-Phenylethyl Tosylate Solvolysis
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Substituent 80% Ethanol Acetic acid Formic acid

NO, 0 _ _

CF, 0 _
cl 7 _
H 21 38
CH, 63 71

CH,0 93 94
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Ar*CH,CH,OTs —> —» APCHOHOS + ArCHACHOS
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Structure and Reactions of Carbocation Intermediates

.  Stability of Carbocations |
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L S

_~ "
17

™ .



x+=log

[R']

[ROH

+He

18



Values of pKg. for Some Carbocations

Carbocation pKp+ Carbocation pKr+
A. Triarylmethyl
Triphenyl -6.63 4,4', 4"-Tri(dimethylamino)phenyl +9.36
4,4, 4"-Trimethyltriphenyl -3.56 4,4, 4"-Trichlorotriphenyl -1.74
4-Methoxytriphenyl -3.40 4-Nitrotriphenyl -9.15
4, 4'-Dimethoxytriphenyl -1.24 4,4, 4"-Trinitrotriphenyl -16.27
4,4, 4”-Trimethoxytriphenyl +0.82
B. Diarylmethyl
Diphenyl -133 2,2,4,4,6,6'-Hexamethyldiphenyl -6.6
4, 4'-Dimethyldiphenyl -104 4, 4'-Dichlorodiphenyl -13.96
4, 4 -Dimethoxydiphenyl =571
C. Other Carbocations
Benzyl® <-=20 Triphenylcyclopropenyl® +3.1
t-Butyl* -15.5 2,4,6-trimethylbenzyl -174
2-Phenyl-2-propyl® -12.3 Trimethylcyclopropenylf +7.8
Tropylium (Cycloheptatrienyl) +4.7 Tricyclopropylcyclopropenyl® +9.7
Tricyclopropylmethyl¢

-2.3
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Carbocation AH (kcal/mol) | AH, .. (kcal/mol)

gas

Tropylium ion

Ph,C*

Ph,C*H
PhCH*,

p-NCCH,CH*,




AH for lonization of Chlorides and Alcohols in SO,CIF

I B VT

Reactant X=Cl X=0OH
(CH;) ,CH-X -15

Ph,C(CH,)-X -16

(CH;) ;,C-X -25 -35
PhC(CH;) ,-X -30 -40
Ph,C(CH,;)-X -37.5
Ph,C-X -49

0



MP2/6-31G** optimized structure of t-butyl cation with three *

hydrogens aligned with the p orbital
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O = Deviation of — CH; from the plane of
C(1) —C(2) —C(6) of the cyclohexane ring
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RN d"’H — > H\C
I—I_FrC C\Ill_l )—% “H, { %Cl-b

bridged ethylium 1-propyl cation rearranges to
carbocation 2-propyl cation by hydride shift

CH;
g e a

neopentyl cation rearranges to
t-pentyl cation by methyl shift
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HCO-C'Hy <~ HOD'=CH;
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Destabilization of 2-Substituted i-Propyl Cation by

EWG Substituents

Destabilization
HF/4-31G
(kcal/mol)

~ 1073 9.9

Solvolysis rate
relativetoZ=H

~ 1073 37.3
- 6.1









Direct Observation of Carbocations

Protonation, lonization, and Rearrangement in Superacid |

l A. Alcohols in FSOsH—SbFs—SO,

~60°C

12 ROH RO*H,

R = methyl, ethyl, n-propyl, ipropyl, n-butyl, s-butyl,
n-amyl, Famyl, neopentyl, n-hexyl, neohexyl
°C -30°

(CH3),CHCH,0*H, — (CHa)sC*

2 (CHj),CHCH,OH

F (CH)COH 20  (CHy)C*

36



B. Alkyl halides in antimony pentafluoride
49 CHyCHCH,CHy —M1%°C chH.c*HCH,CHy —2°°C (CHy),C*

I
F

—60°C

8¢ CH30CH,CIl — - CH30*=CH,
C. Cyclopentyl and Cyclohexyl systems

& |:><H SbFs—S0,, —60°C

CH,CI

7d O<CH3 SbFs—S0,, —60°C
Cl

o <:>—cu SbFs—S0,, —60°C
FSOzH—SbFs, —60°C
# ()-on




D. Bicyclooctyl systems in SbF;— SO,CIF, -78°C

Cl

11° <D
s

- DO




Competing Reactions of Carbocations

Reaction energy profile illustrating competition between
elimination and substitution by solvent for a tert-cation.
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. Mechanisms of Rearrangement of Carbocations

" ROCHR ——RC'O-R  dlkyl shift

RzCC+ HR —— R2C+CH2R hydrlde shift

#/
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(HOC-C (G —= (HOLC-OCHy)s"
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hydride —bridged . alkyl —bridged | corner —protonated | edge —protonated
carbocation - car ion cyclopropan ! cyclopropane
T R "y ‘ 7

CH3CH,CH,*  CHgC*HCHg

I MP4/6-311* +19.3

0 8.6
G2 0 8.2
B3LYP 0 16.0



E; =2.5 kcal
E,= 18kcal *CH3C*HCH,"CH3 a—-_._ "CH3CH,C*HCH3 Ea\i P
* *nd
/ | Es=8keal {} E,=8keal (*CHg)s"C

*CHj3)3*C*
( 3)3 \ Ea = 2.5 kcal . ie /
'CHiC*H'CHCH;  ——  CHy'CHC'H'CHy “p _ 1o

E,= 18 keal




H+

CHj3

A

MP/6-311G* 13.4
MP/6-31G** 12.8




AE (kcal/mol)

35.0 -

30.0 -
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Fbc/A:a I—bC/AC% |—|3,c//\c"b

mechanism for C3) - C4) scrarrbllng

Hs 4
o CHs CH;
s MOV T cha
1 H 1 3
mechanism for isomerization to t-butyl cation



G‘bo‘bcl}ma‘la —— CHCH,CHYCH; + CHCHOHMCH,
OTs O,CCH; O,00H;
1% %

CFs00H
CHCGHCDCDs ~ OHOH,CDCD; + CHCHCDHCD;

Os OO0  OOCK
49% 4%

+ OHCDHOHCD; + CHCDCOH,CD;

oom  boos
4% 290



H D" Hr
OHHOHHODIOD; —~ H0C-00D; ~—= HiOC-00Dg ~—= HE-00D;
ST H D H D H
OH{CDHOHOD; + CHCDCH,CD;
OCoR OO0
CHy Ok H H o ot
HC-GC—CHy O <= HiC-C—C-Cry <= HC-C- GOy == kgc:—ckzb—é;cy,3
H " H
7 @L
9 2R
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MP2/6 -31G* 11.7 7.2
B3P86 12.3 10.5
MP4/6-31G* 13.6
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0.00

H
+ + Me +|-|:-' +
MBZC—CHZMG JE—— M%CH—CH—MG — 4, -— A H \
Me—HC—CH—Me Mo M Mo

A B C

Energy surface for the rearrangement of the 3-methyl-2-butyl cation to the 2-methyl-2-
butyl cation.
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Contrasting energy profiles for stable and unstable bridged norbornyl cation.
(A) Bridged ion is a transition structure for rearrangement between classical
structures. (B) Bridged ion is an intermediate in rearrangement of one
classical structure to the other. (C) Bridged ion is the most stable structure.
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corner-protonated
7 complex cyclopropane




reaction: %
AH}=28
kcal mol™!

1 (X=0H,*) /‘. 6

(0.0 kcal mot-1) (0.9 (-2.3
kcal mol~

Computational energy diagram (B3LYP)/6-311+Gx) for intermediates and
transition states in ionization and rearrangement of protonated 2-norbornanol.




|Examples of Bridged Carbocations

KO BO LA

Bicyclobutonium ion® Bicyclo[3.1.0Jhex-3-ylium® Bicyclo[2.2.2Jhex-2-ylium®
Octahydrodimethano- Pentacyclof4.3.0.024.- 1-Methyl-2-adamantyl

naphthylium 032.057-non-9-ylium® cation’
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Heptanes

The Role Carbocations and Carbonium lons in Petroleum Processing

n-Heptane
2-Methylhexane
3-Methylhexane
3-Ethylpentane
2,2-Dimethylpentane
2.3-Dimethylpentane
2 4-Dimethylpentane
3.3-Dimethylpentane

2,2,3-Trimethylpentane

n-Octane
2-Methylheptane
3-Methylheptane
4-Methylheptane
3-Ethylhexane
2,2-Dimethylhexane
2,3-Dimethylhexane
2.4-Dimethylhexane
2,5-Dimethylhexane
3.3-Dimethylhexane
3.4-Dimethylhexane
2-Methyl-3-ethylpentane
3-Methyl-3-ethylpentane
2,2 3-Trimethylpentane
2,2 4-Trimethylpentane
2,.3,3-Trimethylpentane
2,.3.4-Trimethylpentane
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(GB)0OHLC(CH), + HOGH) —» (CH):COHCHOH), + "ACH)s
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=0 (L
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Oerr (=0~

H_ H Y
) CHs
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CHCHCH + Hf — > CHOH + CHy
CHCH" + C=0" —» OHCHC=0"

and

GG + OO0 —» CHCHy + CHCTHCH;
HCHX + 'C=0" —— O0C=0" |

(OH)CH SbD;» (OH)(D + DOHCHOH),

GGt + GG — 0430429—0—&0—@ + H
CH;
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u H e " + CHg
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Representation of C(2)-C(3) and C(1)-C(2) protonation and
fragmentation to an alkane and alkene.







