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USING THE CHEMISTRY CASSETTE

This Chemistry Cassette learning programme has two components - an audio-
cassette and this book. The two are designed to be used together so always have
the book with you as you work through the cassette.

As you listen you will, from time to time, be asked to switch off your tape player
and answer some questions. You should, therefore, have pen and paper ready
before you start.

The material in the book consists of reaction schemes, figures and equations,
each of which is clearly numbered. Dr Sykes will refer you to the appropriate
number whenever he wishes you to locate a particular scheme and to study its
contents. Because some of the questions asked are answered in subsequent
schemes you should use a piece of paper or card to cover any schemes beyond the
one that is being currently referred to.

In addition to the schemes in the book a separate pull-out sheet with schemes 10
and 13 on it is also provided. You will be referred back to these on several
occasions.

This programme has been designed for individual, self-paced learning and you
can work through it at a rate related to your own needs and understanding.
Switch off the tape player whenever you want to think, to write some notes or to
answer a question. Use the rewind control to revise or to repeat material that you
might not fully understand on a first hearing. Whenever appropriate make notes
to supplement the material contained in the book; this will enable you to build
up a detailed set of personal notes which will serve as your own authoritative
guide to the subject.
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Linear Free Energy Relationships

CH,CH,Br > MeCH,CH,Br > Me,CHCH,Br >> ie,CCH,Br

nucleophilic displacement by Et0©
OMe NO,

9 > © > ©

electrophilic "displacement" by NofD (nitration)

a ’ RELATIVE REACTIVITY SERIES

@ Rco,Me + NMe, == Rco? + Pme,

X
@ RCOH + H,0 —= Reo? + 0%

0 FIRST MAJOR STRUCTURE/REACTIVITY CORRELATION

~-log Kpco,me @

.after Hammett, L P and pftuger, H L
J Amer Chem S0c 1933 ,5_5,1.083

-log Kpeow @




©oH

rate -

AG® = =2.303RTlog K

equilibrium constant

|
h k': .
a6* = -2.303RTlog k }?’T] [ Boltzmann constant ] ' on
h = Planck constant | limiting
rate constant 1
” RELATIONSHIP BETWEEN K, k AND AG
: CoH
’ | rate-
; imiting
p-NO,C.“.. J

2-hydroxypropanoic
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ester hvdrolysis

acid dissociation

E- 6 STERIC EFFECTS IN RCO,H DISSOCIATION w RCO,Et HYDROLYSIS
: G
~ p-NO,*
(@)
ot .
ethanoic o-NO,C H,,
o-ch.N.. 5
§“
. M‘
after Hammett, L P and Pfluger, H L, o
p-MeC H, J Amer Chem Soc]933,55,4086 S
'Log cho,“ s m-MeO
phe s after Hammett, L P, Chem Rev , 1935, 17, 131
°PLOT OF DISSOCIATION OF RCO,H v. HYDROLYSIS OF RCO,Er pHe0 o

Log KArCO.H

ACID DISSOCIATION v ESTER HYDROLYSIS:
m- AND p -SUBSTITUTED BENZOATES




Applying this general equation to the straight Lline
in SCHEME £

Logky, = Plogk, + ¢ ...011
where P is the slope of the Line, ¢ the intercept, and
X is a designated m- or p-substituent in the benzene
ring of the species concerned. It is also possible to
write an exactly analogous equation restricted to the
pair of unsubstituted compounds, je where X = H:

logk, = Plogk, + ¢ ...L2]
Then subtracting ...[2] from ...[1]:

Logky— log k, = p (Logky - Logky) ...L3]

which may also be written in the form:

log Xx = plog Kx_ ...[4]
k" K"

0 DERIVATION OF HAMMETT RELATION: (D |

By definition: Log§F==0x (substituent constant) ...[5]
H

. K
ie Llog I_(z“°z = Opno0, , log Ka-te = g, ue !
H Ky

...[4] from SCHEME (8) can thus be transformed into: ;
Log]—{x-= p Oy ...[6]
ky

This is the most common representation of the Hammett
relation.

o DERIVATION OF HAMMETT RELATION:(?)

Substituent, X Op-X Opx

Me,C -0.10 -=0.20
Me -0.07 -0.17
H 0.00 0.00 (by definitiom
MeO +0.12 -=0.27 °
HO +0.12 -0.37

F +0.34 +0.06
cL +0.37 +0.23
MeCO +0.38 +0.50
Br +0.39 +0.23
eN +0.56 +0.66
NO, +0.71  +0.78

m SOME SUBSTITUENT CONSTANT, Oy , VALUES

CH,CO,Et (:H2(:02e

k
\+eOH — X @ + EtOH
X X

m BASE-CATALYSED HYDROLYSIS OF 2-ARYLETHANOATES

p= 0.82 (slope of straight Line)

r

Log&
kn

(]
k
@PLOT OF LOGEL v. 0, FOR 2-ARYLETHANOATE HYDROLYSIS -
"




Reaction
1) ArNH, with 2,4-(NO,),C.H,CL in EtOH (25%)

2) ArNH, with CeHsCOCL in CoH, (259)
3) ArCH,CL solvolysis in ag. Me,CO0 (69.89)

4) Ar0® with EtI in EtOH (25°)

5) ArCO,H with MeOH (acid-catalysed, 25°)

6) ArCO,Me hydrolysis (acid) in ag. MeOH (25°)
7) ArCH,CO,H dissociation in H,0 (259

8) ArCH,CL with I in Me,CO (209

9) ArCH,CO,Et hydrolysis (base)

in ag. EtOH (309
10) ArCO,H dissociation in H,0 (25°)

11) ArOH dissociation in H,0 (25°)

12) ArCN with H,S (base) in EtOH (60.6°)

13) /ArC0,Et hydrolysis (base)

in aqg. EtOH (25°9)

14) ArNH®  dissociation in H,0 (25°)

SOME REACTION CONSTANT, P, VALUES

CO,Et
<
+ OH
when X = m-NO,
when X‘= p-Me0

X

k
m-NO,

ky

k

P~

ky

Me0
= ?

C029

= 63.5

Type °
k =3.19
k =2.69
k -1.88
k -0.99
k -0.09
k +0.03
kK +0.47
k +0.79
k  +0.82

+1.00
(standard)
Kk +2.01
k +2.14
k +2.51
K +2.73
+ EtOH

BASE-CATALYSED HYDROLYSIS OF XC.H,CO,Et

K peno,
@ Log %, = P Op-no,
e log 22 = o0 P = 2.54
kp—Meo
@ l°g k" =P op-ﬂeo
ko meo MeO
j.e.  log ———— = 2.54 x =0.27 T = 0.21
k“
@ CALCULATION OF RELATIVE REACTION RATE
<) S5-
5. (OH OH OH
O\ OFt (6)- 25- OEt o |
O o'el > 0—>C— OFEt
km—NO2
slow
NO, NO, NO,
— — tetrahedral
trqnsition state intermediate
o) =+0-7 km-No, 635
m—-NO, = *0-71 Pl
S
[ ]
o 8- +
O OFt O~_ is- OFt )
O > O--C—OFt
km—Me
slow
Me Me Me
| — tetrahedral
transition state intermediate
knv—Me
On-me = ~0°07 = 0-66
kyy
@ E F m-SUBSTITUENTS ON ESTER HYDROLYSIS




— -9
e 8- ¥
5- @H 5- OH
O\C{OE'{ O\.C/OEt

km - MeO
—_—
slow

OMe OMe

. —

transition state

Om—meo = +0°12

km—MeO >kH

OMe
tetrahedral
intermediate

o) B %

(OH (a)H N OH
86 OEt 5(_) :5- OFEt e l
O gNe O-C —OEt

kp—MeO
slow
C:OMe L C:’OMe C_:OMe
transition state tetrahedral

intermediate

Op— meo = -0-27 ky > ko — meo
m EFFECT OFf m- v p-iMeQ ON EﬂER HYDROLYSIS
Ph I|>h ||>h ||’h
| C] (e ]
HNYC=ZO  HN ¢—o HN—C|—(E) HN—C=
& Cl el
slow
X X
m BENZOYLATION OF XC,HNH,: p = -2.69

OEt HOEt

IOEt Cclm R +
HO o -
Ho(ﬂ c=Ld HO—C —(c;@ N o\.c./o
slow =

X
@ BASE-CATALYSED HYDROLYSIS OF XC.H,CO,Et: p = +2.51

Acid dissociation (H,0) P
XC H,CO,H © 0 1.00 S
XC ¢H,CH,CO,H 0.49
XC (H,CH,CH,CO,H 0.21
XC¢H, CH=CHCO,H 0.47
@ P VALUES FOR DISSOCIATION OF XCcH,~CO,H

(@ XCGH,COH + H0 — XCGH,C0.0 + H,0®
@ XCEH,OH + H,0 — XCGH,09 + H,0®

after Taft, R ¥ and Lewis, I C,
J Amer Chem Soc, 1958, 80, 2437 p~CNe

PO, o

K

Lo .L
@ I
m COMPARISON OF AQUEOUS DISSOCIATIONS OF XC.H,CO,H

AND XC.H,OH




Oy_._-OH 0. 2 .0
C C
@ +HO =— + H30
o //{§<£3 e //{§§£3
O O O O
® %
OH
¢Q Q@
®
@ + H2O + H3O
eo/@\ © © /@\”\' 2 /@ /@\Oe

ELECTRONIC EFFECTS IN p-NOZCGH.,COZH AND p-NO,C H,OH
DISSOCIATIONS

——

Substituent, X T p-x =X
C0,Et 0.68 0.45
COMe 0.84 0.50
CN 0.88 0.66
CHO 1.03 0.43
NO, 1.27 0.78

0; v, Oy FOR SOME ELECTRON-WITHDRAWING P=SUBSTITUENTS

MeC= CH2

Me,C—Cl Me,C—OH

solvolysis
90%aq. Meq co

SOLVOLYSIS OF XC.H,CMe,Cl . /

.p-mo

after Brown, H C and Okamoto, Y,
J Amer Chem soc, 1957, 19, 1915

L
k %
@ LOG-}-{-}— \A O‘x FOR SOLVOLYSIS OF XC,H,CMe,CL
1}
Me,C—Cl Me2C / @
fast
s|ow @ MeC—CH2
X
carbonium ion
intermediate
@ Syl SOLVOLYSIS OF XCcH, CMe, CL X
[y
® ®
e,C Me,C Me,C Me,C
'
—
Me - :
m = Me - no :OMe OMe CH2 H CH2
through p- MeO: through p - Me : through

conjugation hyperconjugation

THROUGH CONJUGATION WITH ELECTRON-DONATING
P-SUBSTITUENTS

conjugation




Substituent, X O px Op=X f,f;f,;f'c‘},‘;',',,'"s,,‘;;1g;g:;g';zz,."m Retal,
CeHs -0.18 -0.01
Me -0.31 -0.17 ‘
MeO -0.78 -0.27 X X
NH, -1.30 -0.66 « -
NMe, -1.70 -0.83 ke o
AcCZ/AcoH =
!
@ o,' v. 0, FOR SOME ELECTRON-DONATING P-SUBSTITUENTS MeCH—CHMe MeCH—CHMe
k | OBs OAc
Logf:—=pE0x +r (o - 0] ... 7] ,
@ YUKAWA-TSUNO RELATION [Bs =p - BrCqH,SO, ] o
. X
@ ETOLYSIS OF 3-ARYL-2-BUTYL BR E
)
e I X X X
—on . + Et,SiOH |
| e 8— >
' OAc OAc OAc
X x" Gl : |
MeCH—CHMe MeCH—¢ H—CHMe
@ BASE-CATALYSED HYDROLYSIS OF XC.H,0SiEt, c CgHMe MeC +
CoBs . 508s ©08s
5- transition state
HO @ Sy2 ACETOLYSIS OF 3-ARYL—-2-BUTYL BROSYLATES
. &--
SiEt; Cl ! ©
. . {
5 : ' :OMe OMe
05 Mezcs-"* (-> . C
(b
p = +3.52 P = —4.54 1 - —
r = 0.50 r = 1.00 wy definition ;
C. { MeCH—CHMe MeCH—CHMe MeCH——CHMe
O | COBs DA OAc
TRANSITION STATES IN WHICH THROUGH CONJUGATION 1 cyclic phenonium
OPERATES | ion intermediate
L @ XCgH, AS AN INTERMAL NUCLEOPHILE




*
Substituent,X Yield of threo product -(:)

p-Me0 100%
b-Me 88%
m-pMe 687%

H 59% * = % of
p-ClL 39% reaction
m=CL 12% proceeding
m-CF, 6% by internal

@ THREQ 3-ARYL-2-BUTYL BROSYLATES p-NO, 1% attack
o VARIATION IN YIELD OF THREO PRODUCT —@WITH
&?Ac X SUBSTITUENT X
Me\- H OAc @
external
nucleophile
Coss Sn2 Me
Me H Me H
threo brosylate erythro acetolysis fhreo acet sis
product - produd—
Xl X
Me H
internal
nucleophile fost
COBS slow Ac
Me H Me H Me“H
(S)
OAc
threo brosylate cyclic phenonium threo acetolysis
jion intermediate product—d

@ HYDROLYSIS OF XC.H,CO,R IN 99.9% H,S0,

INTERNAL NUCLEOPHILIC ATTACK

@ DISTINGUISHABLE PRODUCTS FROM EXTERNAL AND




O:

OH
<|| |

” H® H,0
Ar—C—OMe :’Ar——C——OMe sl—.o_’Ar—C—OMe
moo H,0°
3 ‘l |
®
O OH :OH
| e [ g
Ar——(l'j Ar'—CI - n Ar CT"’SMe
HO "HO HO

@ ACID—CATALYSED ESTER HYDROLYSIS - COMMON (Aac2) PATHWAY

_.9., Ar__c=o

Ar—C=—0
slow | ®
o0 CHyMe O + CH,Me
H H
ethyl cation
intermediate
H,0O: @
—H® ®
HO—CH, Me , H,0—CH, Me
) :

ACID-CATALYSED ESTER HYDROLYSIS = A, 1 PATHWAY

O

. H
Ar—C—OMe Ar—C —gMe

POSSIBLE TAUTOMERIC EQUILIBRIUM IN PROTONATED

@ METHYL ESTER

H,O:
N - o

) ®
Ar—C=0 MeOH {:Ar—-—CEO 4——>Ar-—-C==O:l +MeOH

ol o ™
OMe slow acyl cation
intermediate
protonofed )] H,O:
methyl ester
HO H,0®
.9
Ar—C=0 Ar—C=0
® .
m ACID-CATALYSED ESTER HYDROLYSIS - Asc1 PATHWAY

| @

y4

e
@

after Hart, H and Sedor, F |
J Amer Chem Soc,1967,89,234!¢

obs

log %

/X,Z = Cl

ot ' Xoj




O

© © " o
" —OEt —OF _ Ar—C + OEt

@O +CQ + a0

c——ou C——OH Ar—C—OFE 98, Ar—C

/\u"‘ s ® ] \J &) |

OH OH ‘ OH
ak©)
(O)—O) () .- A—C + HOEH

® VA) X \
C C H =)
N : 09

Ar Ar Ar Base-catalysed hydrolysis (Bac2):p = 2.51

CYCLODEHYDRATION AS DEHYDRATION/INTERNAL ELECTROPHILIC

@ SUBSTITUTION

o: OH " OH

. D ® :
Ar—C—OEt _H o A—C—or 22, Ar—C—OF
O] @
Hch H,0°
ll@
. . . . o) ®oH :OH
I ' @ v
-H® ~EtOH L@
Ar—C Ar—C +HOEt <«—— Ar—C-——OFEt
H
| ® | ®
OH - HO HO
Acid-catalysed hydrolysis (Aac2): 0 = 0.03"

BASE (BA.C_Z) AND ACID (A,-2) CATALYSED ESTER HYDROLYSIS
STABILISATION OF CARBONIUM ION INTERMEDIATE FROM @ '

@ ALCOHOL WITH X = Z = OMe




— _®
[ o $ [ OH $
R— C— OFt R~— C— OFt

T.S. for base-catalysed

T.S. for acid-catalysed
hydrolysis (Bc2)

hydrolysis (A,-2)

mTRANSITION_:S_'_I'_AHTES FOR B,c 2 AND A,c 2 ESTER HYDROLYSIS

l.og [_;::-_]base B l.og [—]]::J_]acid - D*CR* --- 8

EQUATION FOR OPERATION OF POLAR EFFECTS ONLY -
m IN ESTER HYDROLYSIS

log 22— = p*q ... [93
Me

GENERALISED TAFT POLAR EFFECT EQUATION

k RCOI Et ]

L —_— = E e [10]
©9 [ K weco, Et s

acid

EVALUATION OF STERIC PARAMETER, Eg

R in RCO,Et E¢

H +1.24

Me 0 (by definition)
Et -0.07

CLCH, -0.24

ICH, -0.37

PhCH, -0.38

Me (CH,) , -0.39
Me,CHCH, -1.13

Me,C -1.54

Me,CCH, ~1.74

Ph,CH -1.76

Et,C -3.81

Eg VALUES FOR R IN RCO,Et
k
Log-]-(-:-e—= p*oy + 8 Eg ...[113

INCORPORATION OF VARIABLE STERIC PARAMETER, 8Eg

ACID-CATALYSED HYDROLYSIS OF o-SUBSTITUTED

BENZAMIDES




Reaction P

ArCO,H + H,0 == arco® + H,0%H,0)
" "= . " (50% aq. EtOH) 1.60
" " : " " (EtOH) 1.96

ArCO,Et +@OH s ArC0(?+ EtOH (70% ag. dioxan) 1.83
" " —_— " " (85% aq. EtOH) 2-54
@ VARIATION OF P WITH SOLVENT

1.00 .
(by definition)

Solvent, A A/

H,0 +3.49

aq. MeOH (50% H,0) +1.97

HCONH, +0.60

ag. EtOH (30% H,0) +0.59 .
ag. EtOH (20% H,0) ~ 0.00 by definition)
ag. Me,CO (20% H,0) -0.67

MeOH -1.09

EtOH -2.03

Me , CHOH -2.73.

Me , COH -3.26

SOLVENT PARAMETER, Y, , VALUES

P
AFCO.H + ROH = arco® + ROH [ R = H or Et]
2 et 2 H

DISSOCIATION OF ArCO,H IN HYDROXYLIC SOLVENTS

k,
log -E;= mYA eee [13]

GRUNWALD-WINSTEIN EQUATION

5,1 s

Me,c-CL —— Me,c®  ¢C— me,c-s

slow ion pair fast
intermediate

{S = solvent]

@ GRUNWALD-WINSTEIN: STANDARD REACTION AND EQUATION

Halide m

PhCH(Me)Br 1.20

Me,CCL 1.00 (by definition)
Me,CBr 0.94

EtMe,CBr 0.90
CH,=CHCH(Me) CL 0.89

EtBr 0.34

Me(CH,) ,Br 0.33

SUBSTRATE PARAMETER, m, VALUES







