SJABAz

Want more books?
Visit 9jabaz.ng and download for free!!




OBAFEMI AWOLOWGQO UNIVERSITY, ILE-IFE
CHM 407- Fundamentals of Physical Organic Chemistry

2024/2025 Mid-semester Exam Time: 40 minutes
ATTEMPT ALL QUESTIONS

1. a. Classify the following as either specific or general acid-catalysed. Provide a brief
explanation for your choice in each case.

slow fast

; OEt ®
i. CH;CH(OEt), + H* fast. HachﬁgEt —= H,CHC=0Et

CH,CHO +  EtOH

|
H

€]
i CHCOCH,  + HA —I%w ccorer, + A L. chig=ch,
; OH

Starti
material
Free
energy

Reaction coordinate
In the reaction profile above, what do letters A-D represe"nt'?
" . 2.a. In water, phenol has a pKa of 10 while acetic acid has a pKa of 4. In the gas phase, phenol
and acetic acid have comparable acidities. Explain this observation.

b. Arrange the following in order of increasing acidity,

| Tt O
ZNOH * He” NP VoH' COOH OMe

3. a. Write the rate law that would be expected to describe the kinetic behavior for the following
system, where ki, k-1, ks >> ka:

<2 <] <s

s
CoHpBr, + RN ::~—4__—-—— CHBry + RaNH
-1

CHBry —K . cHBr + Br
CHBF # RN =B gHiiR, + CBr

b. Predict the sign of the entropy of activation for each of the following reactions:
i. CHsNO> + H — C2HsNO: in solution

11.
©/OCHZCH=CHZ heat @OH
intramolecular = CH,CH=CH,
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1(a). Which mechanism is involved in the reaction shown below

Ethanol
CH3CH,CH,CH,Br +  NaOH —— CH3CH,CH,CH,O0H  + NaBr

(b) What is the rate expression for the reaction?

(c) Draw the enrgy diagram for the reaction. Label all parts. You may assume that the products are lower in
energy than the reactants

(d) What will be the effect on the rate of the reaction of doubling the concentration of n-butyl bromide?

(e) What will be the effect on the rate of the reaction of halving the concentration of sodium hydroxide?

(f) Will the rate of the reaction change significatly if the solvent is cahnged to 80% ethanol, 20% water?

2(a). In the reaction below, B is the major product. Explain.

Br, , o A B
=24 ot oy

(b). The molecule below reacts through an SN1/E1 pathway in methanol. Draw the mechanism for

each pathway.
/‘<Br‘ HOCH;Z4 )<OCH3 + /g
e P——

3(a). Write a generally acceptable mechanism for the reaction shown below

N
CH3CH,0OH o
H,0 N\ Cl
50 degrees C v We=

(b) The alkaloid coniine has been isolated from hemlock and purified. Its molecular formula is CsHisN .
Treatment of coniine with excess methyl iodide, followed by silver oxide and heating, gives theﬁ?(s).
enantiomer of N,N-dimethyloct-7-ene-4-amine. Propose two possible structures for coniine, and show how
this reaction (write a generally acceptable mechanism) gives the observed product starting with any of the
proposed structures for coniine.

3 Nt



PN

TN e w
NRNYele Ot
LOWO UNIVERSITY, ILE-IFE, NIGERIA
OLAEENT AI‘)?‘]IZ_‘,?’AR'I'NIENT OF CHEMISTRY
B.Sc. (Chemistry) S
CHM UNDAME S OF PHYSICAL ORGANI < CHEMISTRY
A :rmF ttan Semest:rLExamination (2024/2025 Sessmn) ‘
g TN Date: 5 March 2026
Time Aﬂowﬂ," 2 z hours
ucTION:
(i) Answer “ALL” Questions from SECTION A
(i) Answer ANY TWO Questions from SECTION B.

Constants: R = 8.314 JmolTK'; h = 6.626 = 10~ Js; k=138 x 102 JK"!

SECTION A

s Sl?llc‘ﬂate the enthalpy and entropy of activation (AH* and AS?) for the acetolysis of m-
orobenzyl p-toluenesulphonate from the data below:

Temperature (°C) ke % 10% (s)
25.0 0.0136
40.0 B 0.086
50.1 0.272
58.8 0.726

®). The base-catalysed elimination of 1-bromo-2-phenylethane to 2-phenylethene could proceed by
either of the following mechanisms:

slow + OH-" <
I.  PhCH,CH,Br PhCHCHz -+ Br PhCH=CH,
k’h
ii. H
Ph—s"-#—é‘ ———=  Ph—CH=CH, + Br + HO NiE
H H

Outline 2 different experiments to decide which mechanism is actually operating, stating clearly
what results you expect.

(c). Maleic anhydride reacts with furan to give two possible tricyclic products: a sterically crowded

2 endo product P and/or a less crowded exo product Q. Under some specific laboratory conditions,

P is obtained exclusively as the product of this reaction. Using a simple energy profile diagram,
illustrate the reaction paths and explain what type of control is in effect. [20 marks}

2(a). The reaction shown below was used to help clarify the Sn2 nature of the alkylation reactions of
S-adenosylmethionine. Explain what the results tell us about the mechanism. And write a
generally acceptable mechanism (using arrows to show the movement of electrons) for the
reaction.

|



(b). Explain the experimental observations in the reactions presented below (why is the second
reaction faster?).

Resctont  CHOHCHOHONE ¢ NN oo CHOMCHOHOHON + Nub

20h Ti%
Roaction2  CHyCHCH,CH,CHLCl + NaCN %» CHyCHCH,CHCH,CN +  NaCl
9%
20 min

(c). Rationalize the following curious experimental results. When the optically active chlorosulfite (1)
is heated in toluene, the chloride with inverted configuration is obtained along with SOz. However,
when (1) is decomposed in 1,4-dioxane (2), retention of configuration in the resulting chloride is

observed. 8
Hint: One route involves an Sni mechanism, and also think about the differences between toluene

and 1,4-dioxane as solvents. A good Lewis structure for 1,4-dioxane may also be helpful.

(i) 'Which method involves Sx2 and which is Sni?
(ii) Write a generally acceptable mechanism for each method

(iif) How did the solvent facilitate each mechanism? [20 marks]

SECTION B

Ethyl viny] ether is hydrolysed in dilute acid according to the following equation:
|
J; CH3;CH,OCH=CH: + H,0 — CH3;CH:0H + CH;CHO

Given that:

| 5
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(i) The reaction is subject to general acid catalysis
(ii) The reaction is faster in HaO than in D;0 by a factor 0f2.93
(iii) The ethanol obtained by hydrolysis in isotopically labelled water contains no 0.

With reasons, suggest a mechanism for the hydrolysis which is consistent with these
observations. State clearly which step is rate limiting.

Hydrolysis of 1C labeled o-phthalamic acid in water enriched in 'O gives phthalic acid with the
120 label equally located on each carboxyl group as shown below.

“CONH; ® todH EooH
E :[ H,0 EI X (:(
A 10
- OOH COOH COOH

Explain this observation with a reasonable mechanism.

. Match the ! ollowing :—: values with the appropriate reactions below:

ku ,
e 6.1,0.8,1.3 /\/1\/\//
QH. 97
i CHCH'O + HO — HsC‘g;H

St
i G-GH-Cl +  H0 —= HC-GH-OH + HC  Swlmechanism 3
He e

s H-o C

G- oH —= = (CHy,C=C—-CHs
i CH H*—C-CH +
fil. (CH3)C 3 “ 1

dibromotoluene in good yield- Explain your rationale for every reaction step you decide to use,

4(a).) Using equations with reaction conditions, show how toluene can be converted to 3,5-

taking into account energetics and reaction rates '

(b)- Fredict the major products of bromination of the following compounds, using Brz and FeBn in

(©)-

dark.

When the (R,R) isomer of the amine shown below is treated witl an €XCess of methyl iodide, then

silver oxide, then hea;ed, a major product is observed in the elimination reaction. Draw the
su;;m of the major product and a generally acceptable mechanism for the formation of the
Product.

B m 2 - ? ‘
o ST
N o8 Cleard

M oK { +3 <
<\ 2, %

| C%wzﬁif' &_/N . (\}'\-’ /\}\
e G S
{ TR



5(a), The following reaction takes place under second-order conditions (strong nucleophile), yet the
structure of the product shows rearrangement. Also, the rate of this reaction is several thousand

times faster than the rate of substitution of hydroxide ion on 2-chlorobutane under similar
conditions, Propose a mec!

hanism to explain the enhanced rate and rearrangement observed in this
unusual reaction. :

ew‘f\ T e J&

®). @) The‘ diene lactone shown in the equation below has one electron-donating group (-OR) and

one electron-withdrawing group (C=0). This diene lactone is sufficiently electron-rich to

serve as the diene in a Diels-Alder reaction. What product would you expect to form when
o this diene reacts with methyl acetylenecarboxylate, a strong dienophile? Write a generally
: acceptable mechanism for the formation of the product

A
0—C—CPs Mg
(i) The Diels—Alder product X is not very stable. Upon mild heating, it reacts to produce CO,
~ gas and methyl benzoate (PhCOOCH3), a Very stable product. Explain, using arrows to
N Y/ show movement of electrons, how this strongly exothermic decarboxylation takes place.

(Hint: Under the right conditions, the Diels—Alder reaction can be reversible.)
(©). Draw the stru
stereoch

cture of the expected product in the following Diels-Alder reactions and show the
emistry where it is applicable. :

—
i OCH
i & 3 e
CHj3
OCH3
il = + = -
=
OCHg
iii = * ZCN
>

[15 marks]
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OBAFEMI AWOLOWO UNIVERSITY, ILE-IFE
CHM 407- Fundamentals of Physical Organic Chemxstry
Mid-semester Exam Time: 1 hour
ATTEMPT ALL QUESTIONS

1. a. Given the reaction below,
(o]

HoN * eoJJ\ e o Hok
If the Keq is 10°%, predict which direction the equilibrium lies and hence suggest which of the
acid species is stronger.

b. Ammge the following in order of i mgreasmg uudlly 3
ClzCHCOOH CH3CH:0H, BrCH2COOH, CH;COOH ClCHzCOOH CaHsOH

2. a. Explain why the dissociation of benzoic acid exhibits a positive entropy of activation in the
gas phase but a negative entropy of activation in aqueous medium.

b. Write the rate law that would be expected to describe the kinetic behavior for the following
system, where ki, k.1, k3 >> ka:

~ i +

CHaBry  + RN —:‘:—: CiHBry  +  RaNH
1

cHery —k . cHer  + g

CHBr + RgN ka CHNR; + B

3. a. Assuming the following reaction is general acid catalysed, propose a mechanism for it,
indicating the rate limiting step and the fast step.
CHyCH,OCH=CH, + H0 L. GHCH,OH + CHiCHO

b. The decomposition of nitramide is base catalysed:
H,NNO, base N,O + H0
The following rates were obtained for a number of bases.
i) Show that they obey the Bronsted catalysxs law and determme the value of B for this

reaction.
ii) Comment on the magnitude of B for this reaction.

Base [ pKa | ke (Lmol'min’!)
p-toluidine skl 1.16
m-toluidine ' 4169 g 0.64

aniline B T e Ny 0.54
o-toluidine 4.39 PR 0.38

p-chloroaniline 3.98 0.21
m-chloroaniline 3:.34" 0.081

o0- chloroaniline 2.64 0.018

/(Sr(’(J /

-0 éi-(‘J

778 —33y
c 06y
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OBAFEMI AWOLOWO UNIVERSITY, ILE-IFE, NIGERIA
DEPARTMENT OF CHEMISTRY
B.Sc. (Chemistry) Degree Examination PartIV 8
CHM 407 - Fundamentals of Physical Organic Chemistry
Harmattan Semester Examination (2023/2024 Session)

Time Allowed: 2; hours Date: 24® February 2025

N:
(1) SECTION A: Answer “ANY TWO” Questions from Section A
(ii) SECTION B: Answer TWO Question (Question 4 and ANY other Question from 5 & 6).

IF YOU MAKE USE OF A GRAPH OR AN EXTRA SHEET, ENSURE YOUR REGISTRATION NUMBER
IS CLEARLY INDICATED AS APPROPRIATE.

Constants: R = 8.314 Jmol'K"'; h=6.626 x 107" Js; k=1.38 x 102 JK!

SECTION A

1(a). Which mechanism is involved in the reaction shown below:

Ethanol
CHyCH,CH,CHBr + NaOH ————— CHyCH,CH,CH,0H + NaBr
Suh

(b) What is the rate expression for the reaction?

(c) Draw the energy diagram for the reaction and label all the parts. You may assume that the products
i e

are lower in energy than the reactants Q\ - \\R_(/,m(& \(\%,\ N

(d) What will be the effect of doubling the concentration of n-butyl bromide on the rate of the reaction?

(e) What will be the effect of halving the concentration of sodium hydroxide on the rate of the reaction?

W S( (f) Will the rate of the reaction change significantly if the solvent is changed to 80% ethanol, 20% water?

2. Many compounds that are toxic to cells act by alkylating DNA. One such compound is chlorambucil,
which is used in the chemotherapy of cancer, especially for leukaemia, The compound reacts with the
nitrogen on position 7 of guanine, one of the four bases that are part of the genetic code of DNA. The
reaction is helped by the participation of the non-bonding electrons on the nitrogen at position 9 in
guanine.

(2) Draw a mechanism for the reaction of guanine with chlorambucil. Only one of the leaving group is
lost in the reaction.

(b) In DNA, chlorambucil can react twice, linking different parts of the DNA helix together, thus
stopping reproduction of the cell. Draw the structure of the product formed when chlorambucil reacts
with two guanine units.

' |
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'SECTION B

ation teacnon of 2-bromopropane could proceed by elther of the followmg mechamsms
@(cn,)zcnar + qu,,orNa*
Cm’ma!’ \

CHSCH-CHz + czHGOH + NaBr a{ep

n) (cH,),cuar 4'9!!—» (cus)z%n Cz"‘“" CHSCH-CHz + 02H50H + NaBr

Expenmenlally. the primary deutermm 1sotope eﬁ'ect
the 2 mechanisms is correct and why?

G NM
x&@/&m \ /v<><

for the reachon is 6.9 at 25 °C w]nch of

1 3 CamScanner



] reachoﬁeonstant, p, fort!wreacﬂonshownbelow is -l 31 Calculala how ¥
) solvolyze in water tha.n p-muobenzyl chloride fmm the 5

No. | om

(b). The mechamsm of seuucarbazone formatlon ﬁnm substituted benmldehyde is shown below
N ik :
ArCHO + m-lzunccmu2 T Ar—é—NHNHCONHz —_ ArHC=N-NHCONHz * HO
1

TheHammetplot:sacxddependent AtpH =7.00,p= +007 butatpH 175 b= +091 Exp]mn
thcdlﬂ‘etenoempvalues

©. Explam the wide difference in the values of the substituent constants Gy, and Cp, whxch are +0 337
] and +0.062 respectively for the F substltuent of fluorobenzene. 5

6(a). Calculate the enthalpy and entropy of activation (AH! and AS‘) for the acetolysxs of m-chlombenzyl
p-tolwnwlﬂphonnte from the data below:

1 4 CamScanner






a Assuming the followin ion i i
i g reaction is general acid catalysed, propose a -
indicating the rate limiting step and the fast step. bl

CHyCH,OCH=CH, + H,0 ———= CH;CH,OH + CH.CHO

-
= ~

R s I c/ \
\ b 4 —/
Fron | f\ % \

wergy | \\‘ : \rA :
| : M/%. g
" A € & -
g "o o
- " Cal
In the reaction profile above what do lettegA-D represent ?
3. a. Classity the following as either specific or general acid-catalysed. Provide a biief

explanation for your choice in each case.
OEt

L CHyCH(OE), + H" sl H:CHCT&t Slow _ cHC=0Et — 2t~ cH,cHO + EtOH
. N
i, CH;COCH; + HA L CH,COHCH; + A fast CH3?=CH2 i R4
i p OH e
i b. Calculate the enthalpy and entropy ot activarion "M; d AS) for the acetolysg:al;ms;.{
)‘\ chlorobenzyl_n—lolucncsulphonale from the datasbelow: RS o
3 Temperature (°C) I k,x 10°(s)

.<"

0.0136
0.086



iv)  PhC=CH and PhCZCCH;""
sf 30

~ O (o] 7 3

VA HsC—4 and  Hc—4 s e
" o W 5"‘9
LH - NH™  faes WL e T

: a. . r"" ol . . . 4 . . .
. Explallln why the dxssqc1atxon of benzoic acid exhibits a positive entropy of activation in the
. \%ﬁ@ phase but a negative entropy of activation in aqueons medium.
. Write the rate law that would be expected to describe the kinetic behavior for the following

system, where k;, k.;, ky>> ka:
s T j.sr\i ?—t—j—‘ i Gy o g b,w; EEQT?@
2 C_C'Zﬂu‘“’l@NLiH_Brz _gkz%ﬁ—— (:‘;ZHB.r + e K = %@
e s T D (eils e
% Ak

R e =

-

. N

- : - _ = Ly HE
. a. Assuming the following reaction 13 general acid catalysed, prc[gose a ‘mechanism for it
>

indicating the rate limiting step and the fast step. : -
BH.CH.OCH=CHy >+ H2O CH;CH,OH + CH3CHO \il\(‘-(’_h‘éqsv;}l}!

b. The decomposition of nitramide is base catalysed: _ o
: HaNNO, —0258— W\ WO S AR 5

The following rates were obtained for a number of bases.
i) Show that they obey the Bronsted catalysis law and determine the value of B forithis

L,ka X - P—'—E&H

reaction. -
«_ii) Comment on the magnitude of B for this reaction. ;
- pKa.. ke (Lmol'min”)

A Base b
" p-to luidme o R . ~ ¢
“m-toluidine ; : : |




Gen \abeled

Nace Tn the rn,
“OH ' g
i H oy ’
z Ph——C’—"~¢—BI me—==-2on Ph=(CH=—G ;b HwO 1 step :
\ N H L,“ <2 A g\ % ‘ ‘!{,
P: b ay SN ’

Qutline 2 different experiments to decide which miechanism is
actually operating, stating clearly what results you expect.

. Match the following kyy/kp values with the appropriate reactions belows *
I\H/I\D . l._). 08, —L()(). L 1 L\_‘ \9‘
£ . H' 2 L% “.g{‘
| « -
BN CH.CH O + \WHCN ~—————> CH;-C-OH , J o ﬁ
i | % . cewat PECIAL
3 W ¢ b CN \t (N St %& ]
B PiCH. +  Bry—-—— > PhGEL*Bi i B'_‘_" e
: : 5’3 8 . o o= DU ‘%& s M BE? s Zb
N A ; | oS 2 ]
Sl 3 : Y ,-.( |2b‘ ‘ 5&

he Hydrogen being subsut'utcd] ‘

[ Note 1~ H' indicates t




& ' CH;—%iCHz + HA

4. Predict either an increase or decrease in the rate of each of the
following reactions with i

a. 3
Var' + CHCTLN(CH:) <55 (CH,LN + CH,CH,Br
o Ll -3 ' + CHCHN(CHy);
d. CH,-S(CHY): -~» S(CHs)» + CH:NH, 4

RS

B3 =Predict the sign éf AS for each of the following reactions:.

by y RS -
.
Ro-'%. CHNO, + H ———> CH;NO; in solution SN




Answer all questions in this section (in a separate booklet) r;l; vl>

a. Calculate the enthalpy and entro| e
3 py of activation (AH* and A , P
chlorobenzyl and p-toluenesulphonate from the éata b:;:)w's') for the Mlkofuf-\ "

Temp Q) KX 105§ S hatl
40-0 0.0136 '
. 0.086 5
gg ; 0272 s
i 0.726 X
b. Explain the difference in values of om and o for each of the following groups in y \"’
terms of the electronic character of each group. Q.
Substituent Om Op
NHCOCH3; +0.21 0.00 y{(
F +0.337 +0.062 <5
cl +0.373 +0.227 woi o
\h.

¢. ' Match p values with the appropriate reaction:
p=-3.3, -8.06, +1.00, +2.61

i. ArCH;COEt + OH «-----e- — ArCH,COr + EOH o
ii. ArNMe; + Mel -—----mmm —  ArNMes'T TR
iii. ArCOzEt + OH  —meemeee- — ArCOy + EtOH 72.-b!
iv. ArH + Clp  eseeeeme o ArGl b HE]
—35-3
QUESTION 2

a. Mevalonic acid (shown below) can potentially form two possible lactones, however in nature
just one these lactones is formed.

Ho\/>(0;coor4

i. Show, with mechanism, how lactonization can occur to give both products
dicate which product if not formed and suggest why. ; p
RO

h)fli\'i;xtyl ether is hydrolysed in dilute-acid according to the following equation:cxw
| CHsCH:0CH=CH: + H20 —KZ‘HaCHz f + CHiCHO Or

) tkci .
- Qiven that: g #
o i. The reaction is subject to gerieral acid catalysis %y

ii. The reaction is faster in H20 than in D0 by a factor of 2.93
ter contains no '*0.

/ “, iii. The ethanol obtained by hydrolysis in isotopically labelled wa -t

With reasons suggest a mechanism for the hydrolysis which is consistent with mﬂ

ob”wmsmomwhichmpismlimitm *Muv »
20 g o o Y

/
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reaction. .
reacti lar solvents? ’ !
gﬁ:,‘ﬂlne m;n;ﬁ::;:mp:m (showing the structures of the reactants, intermediate and

products) of the following Sx1 reaction:

. !

HaC, HsC A CHy s o),.;: A
OH HO—<’ 4

n >_- Br + OH —— >— ) ’r’/ 3
Ph e

(d).  Draw the Free Energy versus Reaction Progress diagram for t!le Sn1 re.action in p,
showing the activation energy, transition states, ionic intermediate, starting materials and

QUESTION4 o \2—&—3 \":\.‘\1

Give a brief explanation for each of the fol lowing experimental observations:

' % [y W
@ l ) is more reactive than O/\l
o
(b) Average relative Sx2 reaction rates for some alkyl halides: w&**q
R relative rate ot i

CH; 30 o

CH3-CH3 1 sy

CH3-CH;-CH; 04 RS i

Iso-propyl 0.025

(¢) Predict the structure (specifying stereochemistry) of the product in each of the follo
SN2 reactions: N wing _

ok v




SECTION C: Answer any of Question 5 or 6

d QUESTION 5§
(Answer any five) !
Provide detailed mechanisms for the following reactions:

Ha Hy
H,SO,
2504 -
@) H #— H
OH CHa o




- O

S
é&:
dehydration
QUESTION 6
(a). State (i) Bredt’s (ii) Zaitsev’s and (iii) Hofmann’s rules ineli
(b). Give the product or products for any six of the following elimination reacti
product is formed, indicate “with brief explanation, which is the major product:

mination reactions.
ons. If more than one

+NMe 3 H
0] H
iso-pr H heat
H H i
e
HaC, CHs :
i3 EtO
o5
(ii) HsC' CHs _ EOH, heat
a8
. H;,C CHs Eto” HC
i Hy G g
CH —_— M ' e
N heat . o7 \eH; o
NMe s ~ b
okt ——
Br ki e
: aq. OH
(v (V) (vii) é + —_—
EtOH




N - h of the following nucleophilic substitution reactions has been repor
Iiterature, Predict the product of each reaction.

Se W
i Nel NaN PR
@ BrCH,COOCH,CH, —— » A @ CICH,COOCH,CH, —oors__oo B WIBIAEEES
acctone acetone-water " b
CHyCOONa ' o Nal P i
- S S hcoon 0 W g wesone £
TSOH,C 0 ,
C\"Q
NaCN = ® o /\
Gl CHiCH;OCH,CHsBr  ————— C  ( (viy)Nes~~ 0 Br
' & cthanol-water : i / —_—

H,0,HO" | ((viii))  OCHs No
" < > ST 7D 5
(1v) NC CH,CI H3CO cuzcuzcmw -

TsClpyridine acetone
H4CO Y e I —

QUESTION 2 N\
a. Consider the following SN1 reaction (hvdrolysis of 1-chloro-1-phenylethane)

(41 % retention) (59 % inversion)
Explain why there is a slight excess of inversion instead of the expected racemeization

b. Consider the following reaction:
cl b

0socl heat + 50,
———

Propose a general

Predict the eff

ly acceptable mechanism for the reaction




ON1

Calculate the enthalpy and entro otobﬂwﬁ.
py of activati
and p-toluenesulphonate from the data bel‘:)a\avl(m (AH" SR aceto\ysis o m-c\ﬂ

Temp (°C) kx 105, s
e 0.0136 /1 /72 D/q
£ AN 0.086 5, £
ast 501 0.272 M,_ \!‘%\
3315 588 0.726 o

b. Explain the difference in values of om and o, for each of the following groups in terms of the
electronic character of each group.

Substituent Om o -’ s
NHCOCH, %021 0.00 & JZA %
F F0.337 40062 o0 . e
cl +0.373  +0.227 B b N Q" G
¢. Match p values with the appropriate reaction: s qe) v 7 J [@,"
p=-3.3, -8.06, +1.00, +2.61 MDA »
P ArCHZCOZEt + OH — ArCH.COy + EtOH wv v o owet \
ii. AINMez + Mel — ArNMes'l’ e \,\\‘*}:’“ >

iii. ArCOEt + OH — ArCOy + EtOH +.c-
iv. ArH SO S AR ATCISE R HC

QUESTION 2 g
a. i. What are the two main modes of studying reaction kinetics

out.
ii. Which of the two is often preferred and why? .
b. Predict and explain whether normal, inverse, or no isotope effects will be observed for each reaction

? Explain how each of these is carried

below. Indicate any reactions in which you expect Kn/Kp > 2




¢. Classify the following reactions as either specific or general acid catalysis
Ot
fast

i. HyC—CH(OEY), + py* _— H,C—CH_,
\TE(
H
o Hiea s fast “EIOH
sC——F{=OEt + EtOH — ., CH,CHO * 1O
i !
OH
HRECH,COCH, + HA S°¥a- CHyC—CH; + A° =—= CHJT_——CHZ 9
OH o
SECTION B
QUESTION 3
a. Consider the following E2 reaction:
-OC(CHy),
PN

/\/\/\B, (CH;);COH’
i. Draw the by-products of the reaction and use curved arrows to show the movement of electrons
ii. What happens to the reaction rate with each of the following changes?
(a) The solvent is changed to DMF (dimethylformamide)
(b) The concentration of (CH3)3CO- is decreased
(c) The base is changed to HO

(d) The halide is changed to CH3CH2CH2CH2CH(Br)CH3
b. Draw all constitutional isomers formed in each elimination reaction. Label the mechanism as E1 or E2

T s SR, e
-
CHCH,CH,  H,0
& /1/ _CHOH | d. Egu —
~ .

+

., Which elimination reaction in cach pair is aster?
Rty 26




o CHy H
4 —_— Ph
Ph OH ) CH,
H acetic acid Bh
CHy
- acid O
s o (-
OH OH catalyst
H
1

HO.
(o]
(U 5 + HO — g
\/ heat

Sl hiso; CHy CHy
o) i Sk )
/ O H;0 2 Q[CH:
HiC  CHy Hie cHy i
Ha b
H,S04
" e o T
OH CHa o
QUESTION 5 ' . .
Give a brief explanation for each of the following experimental %l;servatwns:
~CH,
() H,C/\\~/\C| affords the same products as H3C
(b) Mustard gas, CICH2CH2SCH2CH:Cl, is hydrolyzed to CICH2CH2SCH
than that expected for a primary alkyl halide. '

In the ‘




HOOC COOH
W o

(n

/QUESTION 6
a. Propose a generally acceptable mechanism for the following reactions:

i.
: 2 Y
/\OJ%\,BI " CHyCH,O Na* D;O
HaCH,OH o]
/\o 0 G O ‘
0

\
e (¢ 1
CH,C00" Na* .
'/rlOTs SREhoH O>/_%-
b. Predict the major products formed when the following amines undergo exhaustlve methylation,
followed by treatment with AgzO and heating,

H
i 2-methylpiperidine  ii. N-ethylpiperidine iii. C(»'j iv. ¢ v.C!/\j
@ N..

¢. The ElcB mechanism is involved in one of the key steps in the aidol condensatlon reaction,
specifi cally the step that results in loss of water that leads to the formation of the alkene from the ald
as shown in the following scheme
O OH

A e

- Describe, using arrows to show movement of electrons, how an E1cB mechanism will
Mmm of water in the scheme presented above.




\ fadioaeﬁve
CeHis iodide ion

(s)-(+)-2-iodooctane

Radioactive iodide ion was used to measure the rate at which iodine was substituted in (s)-

iodooctane. The rate at which the starting alkyl halide lost its optical activity, the rate of

racemization, was also measured. The rate of racemization is twice the rate of the substitution

reaction. Explain these observations.

was used to help clarify the SN2 nature of the alkylation reactions of S-

b. The reaction below
Its tell us about the mechanism.

adenosyl methionine. Briefly explain what the resu

®
HaN )
+ co0

NH,
N
i H
R\ o \c/ce\ / PR N

(e] JH\\\\II CH, > R—0 B
'y,
IH fo) N N/ 4

H
HO
OH

3H = Titrium (T)
2 = Deuterium (D)

¢. Consider the following f 1-chloro-1-phenylethane)
CH

SN1 reaction (hydrolysis o
CH3 CH3

HWy



5 cnycnyo
3
e = }\ CH,CH,0"

cncnon. K
CH,CH,OH
(iii)
/Y\ CH,CH,0
CH,CH,0H &
Br

b. Propose a generally acceptable mechanism for the following reactions

(o}
Y CH,CH,0" o
I Ci1,CH,OH ;
(o]

'III//OTs
N
W Mg \/N\(\OH
QUESTION 3
on reactions has been reported in the chemical literature,

Each of the following nucleophilic substituti
Predict the product of each reaction.

NaN
() CICH,COOCH,CH, ————= E

. Nal
BRI C00CH,CHy ——— A
acetone-water

acetone

3 CH,COONa ; °>Z Nl E
L R CH:C! CH,CO0H i V.
. TsOH,C B




' QUESTION 4

~ I?olv.olys;s of bromo methylcyclopentane in methanol gives a complex product mixture uf}the‘w
owing five compounds. Propose mechanisms to account for these products. KRR

Ii;
\ \O 2
CHzBr (0] ..Q‘:
CH;0H o+ E§ % £ £
_—
Heat

b. Predict the products expected from the reaction
HO ‘ /\/
)\/GN heat

Identify the major product, give the reason for your choice and write a generally acceptable
mechanism for the elimination that led to the formation of the major product from the

substrate.




E-alkene

60 90
time / min

Gene!'a'te a simp}e energy profile diagram describing the change taking place in this reaction,
explaining the different types of product.
8. a. Match the following values with the appropriate reactions below:

0.1 0.7, 1.2
. /O
i. Ph,C=C=0 + PhHC=CH," Ph,C-C
|
PhHC-CH,*

ii. H:,C—CIH—CI + H,0 Hsc-(‘:H-OH + HC Sy1 mechanism

H* H*

9 slow 9‘ o> *H-0H

ii. (CH3)CH—C-CHs + OH e (CH3),C=C~-CHs

b. Calculate the enthalpy and entropy of activation (AH? and AS?) for the acetolysis of m-chlorobenzy!

p-toluenesulphonate {-r:l;nptellzliz:ia(gél)ow. e A
25.0 0.0136
40.0 0.086 ;
- 50.1 0272 @
4 58.8 0.726 ol o




nination reaction shown below gives p
nder Kinetic or thermodynamic control? Why?

%

Et Et

¢. Ethyl vinyl ether is hydrolysed in dilute acid according to the following equation:
CH3CH20CH=CH> + H:0 — CH;CH;OH + CH3CHO
Given that:
i. The reaction is subject to general acid catalysis
ii. The reaction is faster in H>O than in D20 by a factor of 2.93 L
iii. The ethanol obtained by hydrolysis in isotopically labelled water contains no '*0.
With reasons suggest a mechanism for the hydrolysis which is consistent with these
observations. State clearly which step is rate limiting.
d. Match the p values with the appropriate reactions. Explain your reasoning.
Reaction constants: +2.45, +0.75, -2.39, -7.29.
Reactions:
i) nitration of substituted benzenes
ii) ionization of substituted benzenethiols
iii) ionization of substituted benzenephosphonic acids
iv) reaction of substituted N,N-dimethylanilines with methyl iodide.
6. a. The base-catalysed elimination of ] -bromo-2-phenylethane to 2-phenylethene could proceed by
either of the following mechanisms:

slow + { OH"
i. PhCH,CH,Br =2 = o Y PHCH;CHz + “.BrS it PhCH=CH,
WL%
ii. H
I}
Ph—?—:—/B:' — .~ [Ph-CH=CH, « + Brsgie
H H

Outline 2 different experiments to decide which mechanism is actually operating, stating

clearly what results you expect.

) b. Predict with reason the AS? for each of the following reactions: ~a
in solution P

anistic hypothesis for the following

i




o
NH

CH;COCI, NaOH

2

e
N

1b. Using the disconnection approach, design a synthesis for the compound below from alcohols with not

g/\/\/

and enolate ions. Give specific structural ev\mp\c in cach

more than 5 carbons.

2a. Enamines are closely related to enols

case in support of this statement. Comment briefly on the nucleophilic character of the alpha

carbon atoms of these nucleophilic reagents. 5 mks

2b. Consider this Reformatsky reaction

0
Br o i 7n

NGBS +
Hac-CHCOCHa HSC-CHZCH

W’M structure and the name of the product (),




— A (major) + B (minor)
c. H;SO,4 0

e,

HN

H,, Pd/IC (i)
A (major) .. (¢ —_—
(paracetamol)

OH {5 marks}
Give a suitable name (as a derivative of phenol) for paracetamol.

3b.  What is functional group addition (FGA)? The strategy of FGA is often applied to the
synthesis of hydrocarbons and functionalized compounds. Using the disconnection

approach, propose a scheme for the synthesis of 2-methylhexane. {5 marks}

4, Draw the product of each of the following Diels-Alder reactions: {2 12 marks each}.

MG Q
@) HZC\ \ e é BT

CH,




SECTION B

(ANSWER ANY TWO QUESTIONS FOR 30 MARKS)

Question 5 (15 Mks)

a. Using equation(s) only, show [.ow you will effect the following transformations indicating the

appropriate reagents and intern iediates.

HeC

e |
i L e BEN
0 HyCHC




leae

d. How would you synthesize

(0]
2R =3 ‘\
I | -~ N from ( ]/\ OEt

o
i Q OH o (\j

il /I\/OH from /1 \ \ “1'

Question 6 (15 Mks)

(a) In this Mannich reaction, show how compound A can be prepared from the given

starting. Indicate the mechanism of the revction | :ading to A. (5 mks)

+ N+ HC10 —HC e




(i) CH;CHzCH:CHO

(i) H,0 ot

(ii) In this Knoevenagel reaction: give the structure of compound D

(CHJ)ZN < > CHO b CHyNO, amylamine

100 °C

)
c

(ii1) Give the structure of E in the Perkin reaction below

s
y \ \ CIH,CH,CO,Na
PhCHO + (CH;CH,C0),0 21221 0 g
“ 5 mks :
Question 7 (15 Mks)
: , s

(a) Using the disconnection approach, write out a synthetic route to any one of the ol ‘ ‘

ey

]

compounds (A, B, C):

> i
H4C Ph)

COOEt
F4C

COOEt




AlCI, )

(V) u l J 4+ acetic anhydride —s MW ©
' " NF heat




o oS o N
97,,'/" elimination SR

" 3 % substitution
T (e a—

i C K .
o R 1 sl.order £219% elimination
iy Brv S NCNCS E |

' . conditions 81'_1:} substitution s
Hac CH:, 20 \ cosrl 1.1 s 2 »
e >
. ; . (l“)
T (iv) . 2

S

“(b) ~— Use tﬁe reaction of an alcohol with thionyl chloride to discuss SNi're;_:_’_c,tior\.,.
'.:.' e A ; ,-..: X i r s : ¢ iy ; l
;.j o . gt : s ‘(.\

—--4- (a}-Jhe—selve&ys:seH—ogde—E—l—dimet*
! 'addmon to two substltutlo%% prod ucts as;shown below i )

ey
;
i

i

ol Py WS




 QUESTION

Give short explanations for the following experimental observations:

(a) The reaction of the chloro-alcohol C with base (" OH) gave the epoxide D as the organic
product, instead of a substitution 1,2-diol- or an elimination alkene- produet;

e (e}
. HO s
E—
Q D

(b) 2-(Ethylthio)ethyl chlaride, CH3;CH2SCH2CH;Cl, is hydrolyzed much faster than n-butyl
chloride in aqueous ethanql.

(c) The elimination reaction of trans-chloromaleic acid (1) occurs 50 times faster than cis-
chloromaleic acid (II) to give acetylenedicarboxylic acid (I11):
H COOH
=C —_—
/ B
Hooc' . Cl -Hcl
(')_

———» HOOC—C=C~—COOH A

(1)

HOOC\ - COOH




(a) Draw the Free
/ methylpropane and/hyd x:de ion, showing the activation energy, transxtxon state ionic




 HCs CH,
Hac—T:CHs
CH,

CH,
CHy H,S0, DH? —u—Ch3 ;
(iii) e oty —M ~Clg .
OH \ i
oby, - ;
CH; : ]
CHs H,SO4 ;
(iif) —_—
OH f
4 i
i

(b) mxder compounds of general structure Br,

on rates when



pN

,far the mﬂ,

i €. X
Iphonate frem the data below: =2 Vart
» - Temperature (°C) | ke x 10° ()
/ o 550 0.0136 o= p(\pokv
. 300" . 0.086 Lo‘a
SR E S - . S = Tl L
A SRR > 0726 e
' — "ot - T :
b. Arrange the following in_ order of decreasing acid strength: A’ - s 2 K
2 e @ - @ &
i ClzCHCOOH CH3CH20H, =BrCHzCOOH CH3COOH, ClCHzCOOH CsHsOH ~
e - ot .4 5 a L5
ii. e o g = e
g <o

OOH . COOH’ COOH COOH : :
E N *
é ‘/ y A\
S v @ , © 2 © "& /lyt/&

1 OMe F T Wy =

)x c. Explain why methanol is much more acidic than chloroform in aqueous medium while their

acidities are almost identical in the gas phase.

& d. Write the rate law that would be expected to describe the kinetic behavior for the following system,
where ki, k1, ks >> ka: ¥ B é

2 — g

C,H,Br. i RsN C,HBry + R3NH AQ k.

. RS2t D 3 k.1 \Qh/ / 9
CoHBry Kol . coHer T L

1 k ! !

5 C:HBr + RgN 2 cHAR, +)  BF g e

_ ) A

S _x,r.Cou,s,,:)u,ru u\@T‘* 5
b



- 2nd order
.. conditions : * a9 substltutlon

97 % ellminahqri'

HC el i
> Istorder © 19 elimination
_ Br — ety : 5
HyC CH3' ©_ conditions 81 % substitution
(i) -cmu;cmscuzcrizu is hydrolyzed much faster than cratc N aE
(iv) CH3CH=CHCl is very unreactive toward nucieophiles E B
V) . The reaction of compound | w«th base (EtO°) gave Il as the orgamc product : ! . w)
I : ; g S A p\,o\é g
B L e AN L ?‘Q ©
[ j . - 3 3 . { 3 . e A\
s - o ; Ay >
.) " (b) . Use the reaction of an alcohol with thionyl chloride to discuss Si reaction. =~ k. Nk
¥
4 h) ~The' solvolysss of3 ndo 2,2- dlmethylbutane with ethanol gives three ehmmatnon products i 8 N e |
&QWNbstxtunon products as shown below - ¢ i T

' EtOH




: gu‘“

e

Sulmechmum !
.“, h slow. S =7 )
= P CHzNé e PhCHz*-’ %, SE ¢ g . .3\-‘\;.’_/; -
'PhCH"' 520 : Y B LS o Ak S Talaae )ﬁ L
2 ——=  PRCH;OH," . S , o

g fast -
a
( ) Draw an- appropnate energy dnagramfor the pl‘OCESS’ShOWIl’\‘E:\hE acma'uon er\ergv.

v bv trans:tzon states, ionic intermediate; stamng mate‘na\s and‘ pﬁ'.aduct .
(' ) Ranonahze the observation- that the-rate: of benzyl a\co\\ol fcmahom\‘s . (\f\
- _— (1)—-— Ddc:eased ‘byapara-niwo group— - e L Qﬁ“ :
" Increzsed by a para-methoxy group R A NN : A

(i)

rule in ehmmauon reactions. - 0
the following o f et

. State (1) Bredt s rule (u) Zazitsev's rule (m) Hofmann’s:
ected in each of the. reacnons of

-Predict, with e).planatxons the elimination products exp
compounds with base (e.g-2q 'OH), indicating the minor and ] maJor ones:

CH)CH:CBI’(CH))CH(CHJ):

(CHa)z




E

SECTION A
= g . % -
Answer any three-quesn'on§ in this section.

1. Give a brief explanatlon for the followmg experimental ebservations:
(a) Neopentyl chloride (NP) does not react with hot NaOH in ethanol, but reacts with aqueous ,

silver oxide.

°

CHy

H3C——‘—-\
Cl

CHs

NP

(b) Neopentyl alcohol [(CH3)sC- -CH,-OH] reacts with aqueous HCI to give rearrangement
products with only a low yield of neopentyl chloride. However, with thiony! chlonde (SOCla),

it gives a good yield of neopentyl chloride. -

b i is more reactive than toward aqueous NaOH.

(d) Ethanol does not react with NaBr, but addition of small amount of HaSOx leads to formation

of ethyl bromide.

(©)

L
°

o

g2 8. Draw a well-labeled free energy versus reaction progress di
~ bromo-2-methylpropane and hydroxide anion.

the effect on -eaction rate of the change indicate

prediction:
more polar solvent in an S2 reaction between ethyl wdult 8

agram for Snl reaction of 2-

d in each of the following and give the -




O_K* . aq. ethanol Cl
(S
® WwiCl | R (j/
'B heat )N

' HaC

HaC

CHy . ."

S .Ph CHj e HyC :

@i Ph—-‘(——‘—-CH3 4 Ph Ph ' 7 ﬁ
; OH OH acetic acid (o]

b. Predict all possible products for each of the following reactions:

NH, . )
gld’
Y [0} : + HNO, T AN c\ v
,Citz 7o
; : i : |
: C ‘ ] 25




» 3 . * ¢ .
. - [ 9 . - 4 *
Assume hﬂm of hﬁ*yﬁiomﬁﬂ'ﬁ chibride with water to yield penzyl slcoho
3 i
4 &‘ mechanism: & —— .
o L L gow e &
& il 4PHCH; I3 N§ 0 e
\ : i T . -

PhCH g '.\‘?o : t‘!l“
. s T PICHOM; .
' cl fast -

gram for the process, showing the activation energy.

{a) Draw an-appropnatc energy dia
aterials and product

trangition flates, ionic, m!ermcd‘ale starting m :
. b) Rmcnnﬂn the observation that the rate of benzyl aleohol formation i3 I !
()] ‘Decreased by a para-fitro group \ 3 «
() Increased by 2 glra-methoxy group ) /:
&
2." State () Brtd( s rule (n)/’m!\cv s rule (iii) Hofmann's ¢ ile, in ¢limination reactions .
Predict, with cxplanalmns U elimination produots expect .d in each of the reactions of the following :_,3'
compounds with basg (c.2 aq OR), indicating the { major ones




=
L

e s i
1. ASS\lme that tf\é.j:tachon of bcm‘yldmor m hlondc with “'ﬁ‘c" to Y‘cld benzyl e
. SN mechanism:': L. i e i
2 alow :
PthHzNz N
._HZO ] P, o i . .
PhCHz 7= PhCHOH, ! ‘OR% " !
voey 0 fast =C ‘ . :
(a) Draw an- appropruate energy’ dsagram for the process, showmg the 1cnvahon energy,
. transnllon states ionic. mtermcdlate starting materials and product / ‘.._',
(b) Ranona]::c thc ob<crvanon that the r'\le of bemyl alcohol formation is \‘ { 3
L ""Decreased by a para- nm'o group i v ﬁQ“,
) (ﬁi) : ]nmeased by a pira- memoxy group v ; ‘ \_7 2 "
20 State (i) Bredt s rule (n) Zaitsev's rule (m) Ho!‘m'\nn srule, in chmlmlron reactions: t Sy
Predict, with expl'\ndnons (I elimination produots expccled in each of the reactions of the following ¢ =
co‘ﬁpounds with b'\w (c g.2aq. OH) mdu:'.\'lmg the minor and major ones: 1
3 5 g R £ . 5 ,‘:'
A . ey =~
: H3C'\.. 2 3 [
iy A .\ i _C
S 3_ e %
g Lt bple
' (a) 0 i (b)
Mo '. i ——'-H ) o
5 °
) oo ¢ (,r,‘va) i
“CH C|_| . v
: A ;’.,1::-' 8

S cH,c;u,ca.;(cm__)?;‘HtCH,),




a i. Calculate the Hammet reaction constant

¥ ii. compute the rate constant for p-OCH;
b. a. Match the following :—: values with the appropriate reactions below:

*H.6.1,08,1.3
kp

=
R e
i p + H,O 3C—-C—
i CHsCH 0 . 2 b8
X ‘C‘. .

i. HC-CH-CI  + H.O el HaC-CH-OH +. HCI
> h o HE
< ‘.3 . o e

@] ?
C;‘ iii, (CHa)zCH'-—a-:.CHg + oOH ——— (CH3)20=C‘CH3

= SO

Sn1 mechanism

+ H—OH



| GHCH=CH, ;

+ C,HsOH *+ "NaBr

w ; ok i - ) "
X i —slow _ '(CH332%§‘  CafsONe. CH,CH=CH
o e |
: Experimentally, the primary deuterium isotope effect, %’i, for the
which of the 2 mechgnisms is correct-and why?

reaction is 6.9 at 25 Lol

b. Classify the following as either specific or general acid-catalysed. Provide 2 brief explanation
for your choice in each case. ?‘““ﬁ‘" ""‘Wm
. . O A,?EMA o W€
o eove -
slow D fast CH3CHO + E(OH

tc OEt
H3;CH(OEt), + H* fast HsCHcigEl e

[
H
g,e/w.«,wl. 5
5 ®
i. CHsCOCH3; + HA SIoW _ . CH,COHCHy ++ \A
AH(’M% o Bhd ol A OH

mm‘u«u\,@vw‘c\ .
clic products: a sterically crowded
nder some specific laboratory

_fest | cHyg=CH,

QUESTION 7

a. Maleic anhydride reacts with fu
endo product P and/or a less crow
conditions, P is obtained exclusively a
profile diagram, illugtrate the reaction paths an

L
cid in

b. °Hydrolysis of 13C labeled o-phthalamic 2
with the '80 label equally located on each carboxyl group as shown below.
. 1 8 13

I:C&JNH 18° bObH COOH
¥ H,0 +
. 18 y Al

cooH * ° "COOH : COOH i
Explain with a réasongble mechanism. ‘ .

Al

ran to give two possible tricy
ded exo product Q. U
s the product of this reaction. Using a simple energy

d explain what type of control is in effect.

water enriched in 130 gives phthalic acid




o i 1 acetic acid
= - ° \/\]

4+ 29AgNO3; ——— Ketone . N T

acid - d
(Y Q — aldehyde (ﬁ\ v

OH OH catalyst




4. RN IO cHfrg x0T ) .phenylethene
. e-catalysed efimination of -bromo-2-phenylethane 10 e :
by either of the following mechanisms: ’_Q’H____ prCH=CHz
i PhCHCHpBr  —2— PhCH,CH, +  BF

OH

H »
f H,0
& Ph—é—év/BrW 2 - . Ph=CGH=CH; * B 2

H H
Outline 2 different expenmems to decide which mec

clearly what results y,expect
=

hanism is actually operating, stating

; e B.
" c. Anange the following in order of increasing acid strength: e
i. CH3CH:CH,O0H, CH3CHCICOOH, CH;CH;COOH, Ce'HsOH
ii. 1
COOH  COOH COOH gooH A DM <oyl
F
B— -

& d. Propose two possible mechamshc hypothe51s for the followmg transforma;i_on, showing the

rate law for each

anol is much more acidic than chloroform in aqueous medium wh:le their

¢. Explain why meth

1 +
ax:idities are almost 1dent1ca1 in the gas phase. % Y
0

S* for each of the following reactions:

in solutxon VY 155




= B i . . . » 3 4 of s
JSMs’fy the.follqwmg as either spec{fic‘or.general acifl-catalysed. Provide a brief expl
your choice in gach case. “ s :

X : + "R OFt slow. €] :
CHaCH(OEt), + H fast H:’CHC‘gE‘ HaCHC=OEt fast CHaCHO * EtOH I",
1 s
H 2 ﬂ
! ® / \
5 slow :
ii. CH:COCH; + HA CELCOHGHs 40\ A st CHaP=CH,
OH .

¢. Maleic anhydride reacts with furan to give two possible tricyclic products: a sterically crowded
endo product P and/or a less crowded exo product Q. Under some specific laboratory
conditions, P is obtained exclusively as the product of this reaction. Using a simple energy
profile diagram illustrate the reaction paths and explain what type of control is in effect.

for the reaction shown below is -1.31. Calculate how

7. a. Given that the Hammet reaction constant, p,
han p-nitrobenzyl chloride from the

much faster p-bromobenzyl chloride will solvolyze in water t

data given.

CH;0H ot

OCHZC' Lo T R /©/ 20 1 s Nl

X i - \flﬂa\‘(
. X I <) KN

H 0.00 — ¥4 ;e,‘@’
i Br 00352 } /'_W S
NO ogad) e A




tim,‘i:‘
hyd! e d»m dilwte acid according to the following equa
TisRydzoly
: ~CH; + o - CH;CH:OH + CH;CHO Lot D(;A,a*fw
M };-9{'}5 -ty O—-Lcﬂ'—cthz_ e e
e . i O*’L LOQKH f’
i. The reaction is suchct to general acid catalysis

ii. The reaction is faster in H20 than in D20 by a factor of 2.93
iii. The ethanol obtained by hydrolysis in isotopically labelled water conta

ins no '*O.

With reasons suggest a mechanism for the hydrolysis which is consistent with these observations.
-State clearly which step israte limiting.

b. Predict with reason the AS? for each of the following reactions:

=5 1 s —\Cz'HIN'OE .;rﬁ*-/s—-rc‘z—HgNoz— —nrsolulion—cs < <5
s = = i

5 \ OH

WO"YCHZ/CHz(:Hz A | C\,\$CH2 : /\’4 A
£y intramolecular G\’\'L

ii. Y (e
d _ . S e
c. Match the fol]owmg = values with the appropriate reactions below: X4 k 6 1,08,13 Yo
i AN N

{ 0-¢ o Cad 9 ! < &N

—- < o ————= Mmoo Csht=a o e——ae— ~~f€

i CHiCH'Q + 2 i \

3 v : OH *Q

i H;C—('ZH—CI + H20 —l—’ liiac—c':H—OH_ + HG Sn1 mechanism V.'i
G g ki -

o
(Cﬂs)zc:_‘.é"c“a s
Bt o




! i)

3 B

©. Predict the effect on rate of the change indicated in each of the following and give the basis
for your prediction:

(i). Change to a more polar solvent in an Sy2 reaction between "OH and ethyl iodide.

(i1). Change of R from CHj3- to CH3C=0 in an Sn1 reaction of

R—C,:H"C‘ q
H3C e |

(d). Explain whether the following reactions follow the Snl or Sn2 mechanism: (Answer any
three).

TS




acetic acid

—_—

Hs¢” CH,

QUESTION 4
(a) Propose a mechanism for the following reaction:

CHj,

Cl— aqueous ‘OH o

H3C SH S

(Answer (i) & (ii) and any other two)

b) P redict (with appropnate mechanism) the structure of the rearrangement product/s in
the following reactions: \ o

L — oM, — cd—,-c&l-i)—g/m}_\o” >0L~cul2_—-a;¥-—eé7.



eiation of benzoic acids in Water or the same reaction j
Fe “or the Teaction in acetone solution at 75°C
PXClCHaCH 4 T~ F-X C¢H4CH Cfl,,l +
" the following data were obtained- '

KM'57

l(l(‘]

NOz 7_62_ 1078 |
L CH; 1-0.17

a) Calculate the reaction congIant s, ‘= 4363
b) Calculate the rate congtant for the reaction with X=CH; O-S»
3. Match the p values with the appropriate reactions.
10, s ArNOS + B20 =28
a
) Ar H + HN 2 . —t

b HISH _____,L..-—»—————-':) Af‘g_ -+ H 'i";f_:__

Af-ﬁ—fw ez AJ"O 1 HE A

c) éH oH

4"’ mfb.,umez fM{Z e /WC\’?M%I'.-“
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Tor cach ol the following reactions.
: £ 5

@ GIUNO- & He 3 CHNOL in solution
] - 3 . \

) OCH-CHE O,

s DN O ~ /7
Intramolecular ~et -1l Ctls
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ge of the table are he most accurate can be meas-  sitrangth
}
2F] Relalive Strength of Selected Acids and Their Conjugate Bases
v S D R b g Conjugate )
Acld Approximate pK; Base
HSbFg <-12 SbFs” Weekest base
HI -10 -
H2S0, -9 HSO,~
HBr -9 Br-
\ HCI -7 (o1 -
CeHsSOH -65 CgHsSO, 2
(CH,3).0H -3.8 (CH,),0
(CHy),C=0H -29 (CH,),C=0
CH;0H, —-25 CH,OH
H;0* -1.74 H,0
HNO,3 -1.4 NO;~
CFaCOH -~ 0.18 CF,CO,~
HF 32 F-
CH,CO,H 4.75 CH\CO," ~
H2CO; 6.35 HC .
CH3COCH,COCH;, 9.0  CHsCOCHCOCH, N
NH,* g.2 NH,
: CeHsOH 9.9 CgHsO— ‘
HCO;~ 10.2 COs*~ ‘-
CH3NH;3* 10.6 CH3NH,
H,O 187 OH~
CH3CH,0H 16 CH3CH,0"
(CHj);COH 18 (CH3),CO"
; CH;CGCH; 19.2 -CH,COCH,
v 25 HC=C-
) 35 H-
38 NH,"
44 CH,=CH~
vost acid CHL.CH;" Strongest base
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: ',Hydro]ysls OfR' ‘bmmOPfOpanmc acxd in aqueous NaOH solutxoﬁ (Sn2)

‘2 PTOdUCt Wlth the same conﬁguratnon as the s&artmg maiena‘ andh

trans- ellmmau
X | “ : / s
4 S 82, Bt :

5 (a) Lists different methods of investigating organic reaction mechanisms, and briefly |

discuss one of them.

(b) Pl"“dlCI the sign of AS*.for cachuef the followingredctions.
0 & 29,4 i
S - i 2

‘(i) CwI-hNOw ,} H"' s TR )soluuonj

-(n

C>H:NO;

)

oL A CH:COCHCH:

°+. g

CHs



