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Model expressing the effect on reactivities of nucleophilic(-Nu:) and
electrophilic'centres(-E).
-X: electron-donating subsituents;

-Z: electron-withdrawing subsituents.

-X: REHOMORRS, MR (i) , FRAiEFEE
-Z: FRELUMORRS, MRS (BRI , REMEMEE

2019/9/25 4

4.2 Hammett 52
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2. BUARELH 3 (Substituent constants, o)
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See P,5, Fig. 4.4

2019/9/25

+(large)

Cationic centres with no vacant orbitals —I
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Anonlinear hammett relationship as evidence for
a change-over in mechanism in the alkaline
hydrolysis of methyl carbahilates
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2. igyﬁ;j\:%(ﬁnhanced resonance)
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Fig. 48 Hammett plot of acid dissociation constants of sulphonamides
p-X—CH,—NHSO,Ph + B 5 p-X—C,H ,N—SO,Ph + BH*
showing deviant points of Z-type substituents and their fitting 1o the o~ -scale.
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Table 4.4 N

Some reactions that obey the /4 Ref.
Brown-Okamoto equation,
Eq.(42).(Secalso Table 10.7)  Tonizations

ArCMe,—Cl (90% aq. acetone, 25 °C) —445 56
ArCMe,—Cl (EtOH, 25 °C) ~467 57
ArCPh,—Cl (EtOH/Et,0) -257 58
ArCPh,—Cl (liquid $O,, 0°C) -3 59
ArCPh,—OH (H,80,, 25°C) —-364 60,61
ArCMe,—ODnb (solvent-assisted, aq. acetone) —247 62
ArCMe,;—ODnb (neighbouring-group-assisted, aq. acetone) ~ —707
ArCOOH + H* — ArC(OH), -1 s
Electrophilic attack at a n-system
ArH + ketene/AIC], —66 63
ArH + Br, (liquid SO,) 905 64
ArCH(OH)—CH=CHMe¢ + H" (rearrangement) -297 65
ArC=CH + Cl, -419 66
ArCHROH oxidation -214 67
Ar;C(OH)N, rearrangement -269 68
ArCH=CH, hydroboration —049 69
Rnulion of protonated bithiophenes +48 57
Ar—N + Ny +37 n
ArCHO + CH,(CN), +145 70
Iy Ref.
Reactions correlating with ¢~

Acid dissociation of ArOH +22 M
Acid dissociation of ArNH +289 N
ArCl + OMe — ArOMe + CI~ (MeOH, 50 °C) +85 73
ArS”™ + PhCe=C-COOEt -083 7

Hammett>X &

Table 4.5
Rn:acu‘an parameters fitting Substrate Reaction . r) r
Yukawa-T: i

equation
(Eq. (4.4)* 'ArCOOH lonization (water, 25 °C) 1:000 [

ArCMe,Cl is (907 aq. acetone) —4-52 100
Ar,CHCI Methanolysis (25 °C) =302 123
:r:-—N Ph Protonation (20% aq. ethanol) -229 085

r! Nitration (HNQ,, in MeNO,N) ~-638 090

Brown-Okamoto3X & ArH Bromination (Bry, ACOH) ~106 12

ArSiMe, Protodesilylation (H*) -57 070
ArSiMe, Bromodesilylation (Br,) ~68 079
ArGeMe, Protodegermylation (H*) —44 062
ArPbMe, Protodeplumbylation (H*) —242 063
ArMeCN=NOH Beckmann rearrangement (H*) —198 043
Ar,N, Esterification by P\COOH -157 (3%
ArCOCHN, Acid-catalysed decomposition -082 056
ArC==CH Acid-catalysed hydration -43 031
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Ig ky/ky = pio; + Eg
Ig kyVky = pioy + Eg
Ig kyB/ky® = p/c, + Eg
IngoldiA NERBEILZAF T pio il BN

Ig kyAk

(b)-(2)73,
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Table 4.6

BITaft)5 2. o RAAGK ERBUREREE, RRBE TR

1g kyB/ky® - 1g ky k= p;'oy = p'c”
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Table 4.6

Taft inductive substituent Y a*(Y)  o%CH,Y) a*(Y)  o*(CH,Y)

constants, o*.7
Me 000 =010 OH 0555
Et -010 -010 OMe -022 +052
n-Pr -010 -013 OPh +085
n-Bu =013 OEt
isoPr =019 F +I'l
isoBu =0125 a +105
r-Bu -~ 0300 -0165 Br +1-00
neoPe -0165 1 +085
Ph +060 +0215 NO, +140
PhCH, +0215 +008 CN +1:30
PhCH,CH,  +008 CF, +092

CH,CO +060

3. AL RIS EAER

Yukawa & Tsuno#|FHHammettfc5 [z Bt B B o+
Ro L EXE, RIOHHE:

Ig ky/ky = plg + r(c* —©)]

ERTHETXABARE. BT TRXALRAE,
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FRIRAN . e EER (2-75 - 2- AR 5) A AU RB U ¢

AL FEFRAFEFEAO.
P170, Table 4.5

2019/9/25

4.4 WBHARR: TaftiR

o RBHUAREER) BT 08 . AMTERIBo R ARBKFE T 3t
IR R I BUREE B B, Taf FERR — R 5% SN
BRPLETTR.

Y-CH,COOEtS_ / Y—CH,COOH + EtOH
OH, K

2019/9/25

2019/9/25




FEWTRISRCOOE R BRAEL K AR R B, X ERARZE I v 2K BL
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& BrCI5t, A EARENESEF N AAE.

o BRERRERSL, AR R ARE 2 E (L CH,COOEHE .
XTI IR R BL:

Ig ky/kye = p0” (+psEs) (Y&HE-CH,)

Taft-Ingeld 588,

2019/9/25

P173,
Table 4.7

31

1 The following table sets out values of the pK, of halogen-substituted
benzoic acids and phenols.

Benzoic acid, 476 Phenol, 1000

o- m- p- Z m-

F 383

Q 348 439 453 '53 913
Br 341 437 449 i 903
I 342 906

Construct a Hammett plot from these values and examine the fit for ortho,
meta and para series. Calculate the i p. and comment upon
its magnitude.
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3 For the elimination reaction,

Y—PhCH==N—C1 + OH~ - Y—Ph—C=N + H,0 + CI",

rate constants for different Y were found to be:

Table 4.7

Some reactions correlating Reaction® o log(ku /s ™)

with the Taft-Ingoid

equation, Eq. (4.13}. 1 Alkaline hydrolysis of esters, Y-—COOEt +248
2 Alkaline hydrolysis of esters, Y —CH,COOEt +097 ~4:536
3 lonization of acids, Y—~CH,COOH +172 ~4:65
4 Hydrolysis of acetals, Y—CH(OE), -365 ~073
S Esterification, Y-—CH,COOH + Ph,CN, +1:17 ~194
6 H* exchange, Y—CH,OH + isoPrO” +1-36 -007
7 Decomposition of NH,NO, by SCH,C0O0~ — 142 0w
8 Bromination of PACOCHYY' (Br,, H;0) +1-59 ~463
9 Acidic hydrolysis of Y~ (‘\H-CH, —183 -252

0/

10 Acetolysis of YY'CHOBros -349
11 Ethanolysis of YY'Y"C—Cl -329
12 Ethanolysis of YCH,0Tos -074
* For identities of Y, see Table 4.6.

¥: p-MeO  p-Me H p-Cl  mBr p-COOEt
10%k/m™ "' s~ ! 431 843 173 100 17 168

Do these rates conform with the Hammett equation and, if so, what
mechanistic interpretation may be placed upon them? Estimate the rate of

reaction when Y = p-CF,.
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2 Using the values above for monochlorophenols and the following pK, values
for polychlorophenols, examine the postulate that substituent effects are
additive, i.c. pK, x ¥ 0.

2,3-Dichloro 2,3,4-Trichloro

2,4-Dichloro 2.3,5-Trichloro

2,5-Dichloro 2,3,6-Trichloro
24,6-Trichloro
34,5-Tricklara

2,34 5-Tetrachloro

1,3,4,6-Tetrachloro

2,3,5,6-Tetrachloro
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4 The rate for b
are found to be as follows:

v d
e

k=32x10" st 78x10° Mgt

Estimate ¢* for the —O~ substi if the ion is med to have
p* = —10.[J. Chem. Soc., 63 (1961); cf. J. Chem. Suc., Perkin 11,1797 (1984).]

$ lodine does not react appreciably with sub d b unless very
highly activating substituents are present. It will react much more readily
under electrolytic conditions:
slectrolysis
ArH + I;/MeCN ————— Atl,

for which p* = —6:27. Suggest a mechanism for this reaction.
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6 The rates of chlorination of arylacetylenes, lﬁl ii

Y—C¢H,C=CH + Cl; = Y—CHCCl==CHCl

S35 \B4E;
are sensitive to substituents: @%5%2 .

Y: pOMe pMe pF H pCl pBr mNO, p-NO, Page 188-189, 1,2,3,6
k. 19500 190 149 106 415 281 00165 000325

logk 4290 2279 1173 1.025 0618 0449 -1.782 -2.488

Determine whether log k is better correlated with ¢ or with ¢* and hence
infer the nature of the transition state. {J. Org. Chem., 45, 2377 (1980).]
A, Miller, Writing Reaction Mechanisms in Organic Chem
1992.
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