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Finaliy the structure of flavones is confirmed by its synthesis.
a. Kostamneckls Syathesis :

O-Hyd roxyscetopheaone

\ o OH
- Ph
| il
5
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c. Baker - Venkatraman Synthesis :
This synthesis involves the Baker - Venkatraman rearrangement.

N‘;COI .
cocH, mhﬂu n.v Rumuemut

2. Hydroxyacetophenone 0-Benzoyloxyacetophenona

O Hydroxy - § - diketens Flaydas

Quercetin

Thie is one of the most widely distributed natural pigment. Thxs occurs as the glycoside quercitrinin

the bark of quercustinctoria.

Quercitrinon hydrolysis with hydrochloric acid gives quercetin and a molecule of thamnose.

Ca HypoOy + H,0 _HCi > CisHyo Oy + CH3(CHOH)sCHO
QUERCETIN

Quercetin — Constitution :

1. From enalytrical data and molecular weight determination, the molectlar formula of quercetin

has been found to be C,;H,,0,

2. On acetylation it forms a pemaacetyl derivative, suggesting the presence of five hydroxyl

groups in quercetin.
Negative zeisel determination indicates the absence of methoxy group in quercetin,

w

4. Postassium hydroxide iinsion of quercetin gives phloroglucinol and protoncatechuic acid. This

reaction is characteristic »f flavylium type nuclei.

5. Pentamethylquercetin, obtaiied by the methylation of quercetin, on boiling with ethanolic potassium
hydroxide gives 6-hydroxy-- w, 2,4 ~ trimethoxyacetophenone and veratric acid. These reactions

suggest that quercetin is 3,3’ 4°,5,7 - —pentahydroxyflavone.
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This structure for quercetin is confirmed by its synthesis.

s. Kostanecki’s, Synthesis :

HS0,

—r

Hydrolysis
Enolisation

b. Robinson’s Synthesis :
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The position of the rhamose residue in quercitrin has been shown to be 3 by Herzing etal.
CAFFEINE, THEOBROMINE, THEOPHYLLINE;:
Introduction

These three compounds belong to a class of compounds called purines. Purines have two condensed

heterocyclic rings. They contain both a pyrirridine ring and an imidazole ring. Two structures can be written
forthem.

(A) ®

The numbering is the same for both the structures. So, whether it is structure (A). or (B) for purine
1s immaterial. Even among purines, the above three belong to a sub-class called xanthines (2,6 —
dihydroxypuriac). Thus, caffeineis 1,3,7 —trimethyl xanthine

Theobromine is 3,7~ dimethylxanthine

Theaphylling 1s 1,3~ dimeihvixanthine

CAFFEINE
Introductisa:
It is present in tea leaves (%), coffee (1-2%), cocoa beans and some other beverages. Due to its
stimulating action on nerves and neart, it is used in medicine. One cup of coffee or tea generally contains

109mg of caffeine. It is used 2s a diuretic and 2 heart and nerve stimulant in the form of its citrate and
hydrochloride.

Constitution

1. From element analysis ard molecular weight determination, the molecular formula of caffeine
has been found to be, c,H ON,

2. Caffeine is found tc have three N — methyl groups from Herzing Meyer estimation.

C,HO,N(N-CH,), + 3HI —C,HON(NH,),+3CH.I
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3 (L'n!‘l'e‘ine is related to uric acid as follows:

a On oxidation with potassium chlorate and hydrochloric acid, it gives equimolecular amounts of
! .3 dimethylalloxan and monomethylurea,

Colin Oy N+ B0 +(§) KO CH.OWN, +  CiNHCONH,

13 -—Dimetiylalloxan monomeﬂ;ylurea.

b. Hydrolyéis of 1,3 — dimethylalloxan yield NN’ dimethylurea and mesoxalic acid. Thus
1,3 - dimethylalloxan is found to be mesexalyl — sym dimethylurea (structurel).

NH Me COH
|
+ H0 e Cco 2 C(K COH
| Mesoxalic acid
NH Me

¥, N* ~Dimethylurea
Dimethylalloxan (1)

c. From the oxidation of caffeineto 1,3 dimethyl alloxan and monomethylures, if follows that caffeine
has the same carbon skeleton as that of uric acid. At the same time it also establishes the position of two

methyl groups at 1 and 3 positions and one oxygen atom at position 2 in caffeine. Hence the part structure
of carffeine may be written as (1I).

2
Me r{/% Zti—-i% H -~ Ll r[ NH
o&k ;j/“C\N}C o N T }0
o

Me

Part structure of cafleine Urle acld
(1K)

Now the problem is to assign the position of the third N — Me group, which maybe at 7 or 9, and
the oxygen atom which may be at 6 or 8.

4. POSITIONOF THE METHYL GROUP

During the perchlorate oxidation of caffeine, another product is also obtained along with
dimethylalloxan and methylurea. The other product is found to be N — methylhydantoin, because it yields
N - methyglycine, carbon dioxide and ammonia on hydrolysis.
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-~ Me

CH,™ N Hydrolysis 1~ NHMe
o“* NH

0,H + C0; + NH,

N -Methylhydantion N-Methylglycine

72 ILUILALTU AUV YO LG UILG ILGULY L EAUUY LAY US TIMIGL at pudiuul ¢ ut 7 auu anu uwnil the above

facts, two structures (II) & (IV) may be written.

0
Me
0 N N“
| I
Me Me

v

Drastic oxidation of caffeine gives sym-dimethyloxamide (MeNH. CO.CO.NHMe) as one of the

oxidation products. Examination of structures (If) & (IV) reveals that the formation of the above product
is possible only with structure (III) and not with structure (V).

POSITION OF THE OXYGEN ATOM:

The second oxygen atom, as stated above, maybe at C , or C,. Based on this, two possible structures
can be written for caffeine (V & VI).

T LL

Me
vl

The correct structure for caffeine is identified as follows. (Fischer etal).

Ch CH, O
CsHiwOu N, CiH, ClO4 N, CiH,; (OCH;) )4 N,
sB O Ny ey _KEI%
Methoxycaffeine

Dil.Hel

3 C;H,(OH)O; N,
Boil

Oxycafleine
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Oxycaffeine is also known as hydroxyl caffeine. Structure (V) could explain the above mentioned
reactions. Oxycaffeine has been found to be identical with trimethyluric acid because oxycaffeine on
methvlation with methyliodide and sodium hydroxide gives tetramethyluric acid.

Thus methoxy caffeine may be (VII) or (VIII) and oxycaffeine (IX) or (X)

MI\ l —nme DAEd S me f\ \[— NMoe
Boll ' /I\
N /Locar_ OH

b Z
o N . o’ Iil /)\ N
|
-Me VI Me IX
Methoxyealfeine Oxycaffelne
cH, OH

Me e . N M @ Me \————_NMC
DilHel OI\ N }
T 3‘-'" /Lo Bokt .

He vin

M X
Methoxycaffeme oxyeaiicing

The structure of oxycompound (IX) was found to be correct, which corresponds to structure
(VII) of methoxycaffeine and hence to structure (V) of caffeine. This has been confirmed as follows:

When the silver salt of hydroxyl-caffeine is heated with methyl iodide, it yields a mixture of
tetramethyluric acid (having four N — methylgroups) and mcthoxy caffeine (having three N — methyl
groups and one O — methyl group). The formation of these produsts indicates the presence of an amido -
imidole imdole triad tautomeric system in caffeine.

|
—-NE~-C=0 ——a -N=C-0H
( Amido ) ~ { Imidole triad system)

This is possible only with structure (IX) for oxycaffeine and not with structure
.

. Based on the above facts the structure of caffeine may be'assigned as structure (V) and all the
above reactions can be explained as foliows.

0 0
NMe o
Me KCl10 e NEM
| 1 -, JE Me N + + TO &
4 B N CO NEMe
0 N 0 N 0. {
| | H

N Dimethyloxamid
Me Y

Me _
Calleine

1,3 ~Dimethylalloxan (1) N - Methylhydantion
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0
Me l ¢ CL . Me
A 3 I\
g N (o) N
e V -
Caffelme Me
Chloro Caffeine
O
Me = NMe
- Me
DILHCl
&, : ,
.’J\, ﬂg\OMe Bofl L
ot A
e (VH)
Methoxycaffeine
SYNTHESIS:

Finally the structure of caffeine has been confirmed by its synthesis,

a.FISCHER® 1S:

: [V
NH > ' NM
M e .
| Mel ¢ PCl,
NaOH POCY
T o 0 lil , 1}( o

N
i
H H Me H
Uric acid - 1,3,7 ~Trimethyluric Actd
0
MJV\
0 N
|
Me
Chlorocaffeine Cafleine
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4. Methylation of the silver salt of theobromine gives caffeine (1,3,7 - trimethlxanthine). That means
that one of the methy! group is in position 7, while the other is at 1 or 3 position. This leads to
two possible structures for theobromine. (1& I).

0

IR
Me l N-Me " /\l N-Me
OL@/\N/J Oj\ NN NA

Structure I is found to be correct on the basis of the following.

Theobromine can be synthesized both from 3-methyluric acid as well as 7 - methyluric acid, but not
from 1 —methyluric acid. '

So, from this it is evident that theobromine is 3,7 — dimethylxanthine.

Finally its structure has been confirmed by its synthesis.

SYNTHESIS (FISCHER) :

i
uH B caumeon “lf; ‘ M roc,
A %{\/?1—#/]@ |

| %
H H
Urle acid CH,
3 ~Metlsyturic acid
Q
H NH ‘H
’ CHy EA :
L i ,)\ Nz0H J\
L 28 N N a o o] 1?
|
Me o Me
H L s ‘ NMe
[ T N )
Me '
Theobromine
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TRAUBE’S SYNTHESIS :

oc/m + e ]
™ NE.CH, m\eooc,m .
Mathylurea Ethylcyanoacetats

Theobromine

: PHYLLINE
INTRODUCTION :

Itisisolated from teal;eaves. 'I‘hxs aiso is used as a diuretic in medicine. I¥s diuretic action is superior
to that of caffeine.

CONSTITUTION :

1. From analytical data and molecular weight determination, the molecular formula of theophyiline
has been found to be C;H,O,N,.

2. From Hezig-Meyer method, theophylline is found to have two N— methyi groups.
3. Onoxidation with potasslum chlorate and hydrochloric acid, theophylline gives dimethylaloxan

and urea.
o
Me 2 &N\
: KCI0,
N
™ Tha 4 o W
Thephyline o rlﬁ!
Me a, Urea

'1,3 ~Dimettiylatloxan
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4.Theophylline on methylation yields caffeine.

Me Me
Chlorotheophyiline Theophylline
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. TRAUBE’S § $ (COMMERCIAL):
HNy, - . 140 -160" C NHMe
00 + 1CHNE, — 05 ouc” NCCH,CO:H
u,n; \NHMe  N-Cyanoscetic scid
reg

Dhethylurea

(1) HNO, .
(i) Za/H,0
0]
' NH.CHO.
AqKOH
l W C )
N NH, '
4
Me
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UNIT-V

ALIPHATIC NUCLEOPHILIC SUBSTITUTION

Substitution of 2 halogen in an alkyl halide by a nucleophile has been one of the most studied reaction
by In gold and others.
_ RX+Z: 5 RZ+X°
Hydrolysis (Nucleophile) of an alkyl halide, formation of a quarternary halide from a tertiary amine
(Menschukin reaction) and hydrolysis of a quartermary salt are to mention a few.
CH,Ci+ OH® — CH,0H + CIY
‘NMe, + RI -»RN“Me +Iv
RN®Me,OH"— ROH + NMe,
The nucleophiles are normaily neutral or negative, and possess unpaired electrons. Kinetic
measurements have indicated at least two extreme types of mechanisms.
S 2 Mechanism
A bimolecular nucleophilic substitution takes place have the attacking fucleophile approaches the
reaction molecule (substrate) from the rear position ina one stcp process.

H Slow H Fast L, H

Ol —?;c ssiad] Sy HO m-_|c ] —3 HO c\
W H +P
Transition State s

The slow formation of a transition state from the two reacting species indicates that the reaction is
bimolecular and second order. During the reaction, the leaving group are 180° to each other and the three
non reacting group (hydrogen atoms) nucleophile and the attached to the carbon are on the same plane.
The resulting product is normally inverted, and this Walden inversion is a stereochemical evidence for this
mechanism. Moreover, lack of reactivity of compounds with halogen at the bridge head, provides another
evidence for this mechanism since a bridge head carbon cannot easily become planar and the nucleophilie
attack is not possible from the rear position as per the mechanism.

——————»  No reaction
OE®/ Acetone

Br‘

S~N1 Mechanism
The hydrolysis of a tert - butyl halide is found to follow a different mechanism.
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In the slow step during the formation of a planar carbonium ion, only the substrate molccule is
involved and hence it follows a first order kinetics. Any factor which stabilized the corbonium ion, will
favour the S,1 mechanism. The attacking hydroxide ion enters the stereochemically same or different
alcohols (if the substrate has an asymmetric carbon). Formation of equimolecular quantitites of enantiomers
in this reaction is an evidence for this mechanism.

Whether the reaction follows the S, 1 or S, Mechanism, depends on several factors such as (2)
Nature of the substrate, (2) Nature of the nucleophile, (3) Nature of the leaving group and (4) The type of
solvent used.

1. Nature of the Substrate (Structure}
a) Polar Effect

It has been generally observed that tertiary alkyl halides undergo hydrolysis at a much faster rate
compared to the corresponding secondary and primary halides under normal conditions. This could be
due to the stabilization of the terth. Carbonium ion by the polar effccts of the alky! groups attached.

® & )
HC® < CH; =+ CH;® < CHy» %H < CH; - C«CH;

CH, CH,
The hyperconjugative effect as well as the electron releasing inductive effect of the methyl groups

are found to disperse the positive charge over the carbon, thereby stabilizing the carbonium ion in the give
order. Hence SN1 mechanism operates in tert. Halides.

b). Steric Effect

SN2 mechanism s virtually inhibited in tert halides since due to steric overcrowding of the molecule
in the transition state with 5 gl'oups attached to the cabron, hence formation of a transition state s not
possible. However the steric effect does not affect the stability of the carbonium ion iri‘'the SN1 mechanism
since formation of a planar intermediate is favoured with only
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3 groups attached to the positively charged carbon. Hence, in the primary alky] halides the mechanism is
predominantly SN2 and in tert.alkyl halides it is SN, whereas it is both SN1and SN2 in other alkyl halides.
Accordingly it is found that the isopropyl and ethyl halides resist hydrolysis compared to methyl and t-butyl
halides.
¢) Resonance Effect

Comparison of the rat: of hydrolysis of methyl, phenyl, methyl, diphenyl methyl and triphenylmethyl
chloride shows that SN1 mechanism predominates in the order.

PhsCC1>PheCH CI>PhCH: C1>CHsCl

Swl

Delocalisation of the positive charge has drastically increased due to a number of phenyl groups
attached to the carbon, where resonance operates.

660 “’6-@)*

The triphenylmethyl carbonium ion intermediate has been considerably stabilized due to resonance
and it hydrotyses 30 x 10% tinics asfast as that of benzyl chloride.
2} Nature of the Nucleophile

Under SN2 conditions, nucleophiles with a negative charges are always more efficient than their
conjugate acids. Accordingly ©OH is more powerful than H, O and NH2 is better than NH3. Larger
atoms are more nucleophilic than smaller ones as observed in the following nucleophiles:

PhS© > 16> - Et00> Bro > PhOO©> CIo

(47€,000) (3,700) - (1000 (500) (400) (80)

The relative rate of their reactivity is given in brackets. However, the order of nucleophilicity depends
upon the nature of the solvent used. In aprotic polar solvents,. The smaller negatively charged nuclophiles
are more solvated, hence the observed orderi s CIOS> Bro>[©,

Since the attack by the nucleophile is not the rate determinng step in a SN reaction, it cannot affect
the rate of the reaction. However, when there are several nucleophiles in the reacting medium, the product
is decided by their relative nucleophilicity, as in a SN2 process.
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3) Nature of the Leaving Group
Best leaving groups facilitate the nucleophilic attack and they are usually weakest bases. Thus, I©

is better than FO and the observed order is [O> BrO>CIO>FO

Strong bases such as ©OH, ©OOR etc have never been the leaving groups in nucleophilic substitution
reactions. Best leaving group such as 1© has a high polarizability which makes it a good entering as well as
leaving group.

4) Nature of the Medium (Solvent)

lonization of a neutral molecule to an ion pair is strongly favoured by polar solvents especially in Sn1
reactions. t-Butyl Chloride solvolyses 300,000 times faster in water at 25°C compured to that in ethanol.
Highly polar solvents with high dielectric constant interact specifically with the reacting molecule in ethanol.
Highly polar solvents with high dielectric constant interact specifically with the reacting molecule in separating
the ion pair and stabilizing them as well, through salvation. Protic solvents such as water and ethanol also
stabilize the carbonium ion through hydrogen bonding, which is not possible in polar aprotic solvents such
as Dimethyiformamide (DMF), Dimethylslphoxide (DMSO), Acetone etc.

Under SN2 reaction conditions, the solvent polarity has a lesser effect, However it differs from one
reaction to the other. In the Menschukin reaction where neutral molecules react, the charge separation
state is grater, hence the transition state is solvated effectively, the energy of activation reduced and the
reaction rate is enhanced.

R~
R——N: +.R - X —> RN" LLR.LLXF s RNTXE

R On the other hand, displacement of dimethyl sulphide from trimethy! sulphonium ion by ethoxide ion,
is retarded by polar solvents, as the starting materials are more charged than the transition state.

Et0® + CH; - $°(CH;),—> Et0®....CHs.... ¥'S(CH:),
CH; SCH; + EtOCH;

This reaction is favoured by less polar solvents.
Change of solvent from polar hydroxylic (methanol) to polar non-hydroxylic (DMF) has a profound
effect on the SN2 reaction of methyl Iodide with azide (N -)at 0'c

CHil + N3 - CH3N; + IO

The attaciungﬂucleoplnle N3O isstrongly solvated in methanol through hydrogen bonding, but the
unsolvated N3© in DMF is a much more powerful nucleophile, raising the reaction rate by 4.5x10* times
than with methanol. Use of DMSO in this reaction has raised the reaction rate 10° times.

Increase in solvent polarity has also found to change the mechanistic pathway from Sx2 to Sx1.
Similarly, transfer from polar protic to non-protic solvents has resulted in the change of reaction mode from
SN1 to SN2, due to singnificant rise in the nucleophilicity of the reagent.
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SYMPHORIA

Apart from the above factors such as polar effects, steric effects, solvent effects etc., another structural
feature merits consideration. That is, when the reactant and the reagents are brought together and held in
exact positions, the proper spatial relatiqaship dwe[oepedrbetﬁfem the molecules, is found to accelerate
the reaction at abnormal rates. This factor which makes the process of bringing of reacting molecules
together into proper spatial relationship. Is called symprfioria. The symphoric factors include the effect of an
atom or group adjacent to the reaction center which may temporarily serve as a free to facilitate either the
attack by the reacting species or the expulsion of a part of the substrate molecule or both. This may result
in the acceleration of reaction rates or enhancement of stereo selectivity, as illustrated under:

The nucleophile Z: attacks the molecule and superficially it appears as

G G .
b P
~C =Coet Z: ———> --Cl -(i‘,-’-d' 85
P
L Z

However when the reactant and reagent are taking proper spatial positions, the course of the reaction
changes, resulting in a mixture of products.

G: G

1W- c/e.é‘ Z:
..C - - ey L:+ - - e 3

! i1

Nei Participation
' The rates of certain miclophilic substitution reactions are found to be unusualty high without inversion
or racenmisation, when a neighbouring group, normally B to the leaving group acts as a nucleophile pushing
out the leaving group. The participating ne;ghbomng group is found to provide anchimeric assistance. It
follows a first order kinctics, since the formation of abridged of non-classical ion is the slow step. In either
casc, the pon bonding electrons of the neigh boring group or the electrons of a phenyl group are involved
in the formatien of a symmetrical or non— symmetrical intermediate.

Thus for example Erythro — 3 bromo - 2 butanol an reaction with hydrogen bromide gives meso -
2,3 dibromo butane, This reaction involves the participation by neigh bouring bromine atom in the departure
of the leaving group. i.e - OH as H,0.
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Ethanolysis of the following phenolate occurs 10° times faster compared to the corresponding
aryl bromide, due to the participation of 7 electrons in the aryl system in the formation of a bridged
intermediate.

CH;

Formation of a cyclic sulphonium ion is found to provide anchimeric assistance to the leaving
halogen atom.

i b
/S‘:\ -cP /Se\ HO0 5

CH; - CH; ——> CH; - CH; Cl,

Cl RS. CH; CH; - OH

The reaction rate is accelerated enormously, compared to the corresponding substrate without
the - SR group.
SNI Mechanism (Substitution, Nucleophilic internal)

Certain nucleophilic substitution reactions occur with retention in configuration, but
do not belong to either Snl or SN2, The reaction of o - phenylethanot with thionyl chloride
proceeds as under:

U I B S

H— .- _ H~— —
1!1 Cl/ l c/
Ph Ph 0
SO+ ca,};—}c —a < [cHs P-!-bac <c1\> § m—0
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It is a four centre type of reaction where the nucleophile attacks internally resulting in total retention
of configuration.
Evidence for this Mechanism

The same reaction when carried out in the presence of pyridine, the product & - Chloroethylbenzene
is found to be inverted, since SN2 mechanism is operating, due to the formation of a pyridine complex from
the alkyichloriosulphite.

CH3 Ph
- O CHN \C/

CH S=0—> | Cl.....C...... OSON® CH;
H7‘ aZs ;
H
Transition State
CH3
/
Cl—C— Ph
H
(Inverted)

1S°N1%,1S°N2’ and 1S°N i’ Mechanism

When an allyl halide is acted upon by a nucleophile under Sn1 conditions, an allylic shift occurs
givingrise to a rearranged product along with the normal product.

CH;-CH==CH-~CH;-Br—+ CH;-CH=CH-CH,?

CH;. CH==CH. .CH-CH==CH
3.CH +CH CH,;OH EO[‘@ CH; C 2 2
CH.,. CH - CH==CH,

!

OH

The % of the two products depends on the polarity of the medium. The nature of the products
indicates the formation of an ion pair which undergoes some amount of internal retum, This mechanism is
known as §'n1".

Itis possible that allylic rearrangement can take place under ISN2’ conditions, when they- carbon
is exc!usxvcly attacked by the nucleophile. The reaction is perfectly second order. It occurs when the o -
carbon is sterically crowded which does not allow o - substitution under IS’N2” conditions as shown:

180



D.D.C.E M.S. University DCH 11

(\ CH, Clil3

CH;.CH=CH- Cl ~——I—> CH;-CH-CH=C

CILU L]

Nu Nu CH,
This mechanistic condition is under IS'N2’

A leaving group in amolecule (like thionyl chloride) attacks the y - position of an allylic system, the
raction resembles an internal nucleophilic substitution and this mechanism has come to be known as SNI’
e.g: Reaction between 2- buten-1 -01 and thionyl chloride in either.

CH,

CHy. CH ==CH.CH,OH 50C; H —

S0, + CH;. CH~CH=CH;

|
a

Reactions in which a leaving group gets detached from the allylic system to from an ion pair and
reattacking the molecule not at the same position but at the allylic system, are also known.

, ®
CH]_;CH:CH-‘CHth—H) CH;. CH‘-GICH:

cP

CH;.CH-CH=CH;
!
Cl
ELIMINATION REACTIONS -
Reations in which two groups are eliminated from neighbouring atoms, result in the formationof a

double bond. In most of such reactions, an atom of hydrogen is eliminated from the B - position to the
leaving group.

H R R, R
>l
‘R IXN R/C +HX X

The elimination is accomplished by at least three different mechanisms.
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E1 Mechanism

H R
R\C .C! R > R——\C-—--%C/
YR

R R

S N
Cs

R < R

When an atkyl halide is acted upon with a strong base (alcoholic), the halogen leaves along with the
bonded electrons to form a carbonium ion intermediate. The f - hydrogen is abstracted by the base in the
second step resulting in the formation of an olefinic molecule alone. Hence it is a first order reaction.

Factors which stabilize the carbonium ion as in'an 1SN1 process, promote this mechanism of elimination.
E2 Mechanism

B—H

ey, =
R- -crf, —>| R-CH = CT‘ ==
gx X

RCH =CH;

+BH®
The most common type of elimination occurs through one step concerted process when the abstraction
ofthe proton by the base and the expulsion of the leaving group takes place simultaneously. Since the
substrate molecule and the base are involved in the formation of the transition state, it follows a second
order kinetics, and known as E2 mechanism. Observation of primary kinetic isotopic effect when the f§ -
hydrogen is replaced by deuterium, proves the fission of a C-H bond in the rate determining step. Hence

the solvent which normally acts as the medium for the base, as well as the strength of the base playsa
leading role in the mechanism.

E1CB Mechanism

Anothermechanism consistent with the second order kinetics involves rupture of the B-H to form an
intermediate carbanion with the subsequent loss of the leaving group. -

- H

PhS CE‘! 0§ Phsoz%}fﬂz SlowE PhSO,CH = CH,
® B <

Me;S—CH; fast %gcz

]
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Such reactions are rare as the substrate molecule must have the following requirements: 1)
Electronegative atoms or groups on the 8 carbon to make the B-hydrogen acidic 2) Stabilization of carbanion

through electron withdrawal. 3) Poor leaving group, preferably a positively charged substituent at the a -
carbon.

Another example is the hydrolysis of a cyanohydrin to ketone.
R

(?J:C—R i an— >C-O+C§
ﬂw}l gCN ‘R

In such reactions, elimination from the intermediate conjugate base occurs, hence the mechanism is
known as E1CB.

Factors Affecting E1 and E2 Mechanism
1. Nature of the Substrate

The yield of olefin decreases steadily from the t-butyl to methyl halide under E, conditions.

(CH,), C> (CH,), CH>CH,CH,>CH..

Since the respective carbonium ion stability falls in the given order. The hyperconjugative stabilization
is maximum in t-butyl group. Moreover, the formation of an SP? carbon (bond angle 120) from an Sp’
carbon (bone angle 109.5) in the rate determining stage, relieves the steric strain in the substrate molecule
and favours elimination. The steric strain is further relieved when a proton is lost from the carbonium ion.

Resonance stabilization of the carbonium ion could also favour the E1 mechanism, as observed in
the elimination of phenylmethylcarbinuyl chloride compared to isopropyl chloride.

CH;,
®
c-~CH3<—>©=-—-c/ <> et
| ' N
H H

Stereochemical orientation of the leaving group as well as the {3 - hydrogen in the substrate decides
the course of E2 eliminations. The two groups are found oriented in trans position (anti) in fast elimination

since an anti periplanar geometry is a favourable prerequisite in the transition state attained under E2
conditions.

M i o H R
Ny ®3 P

%<
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However cis orientation will lead to ecolipsing of the two group which will not allow a smooth
elimination. Accordingly, the threo form of 1-chloro 2-methyl-1, 2 dlphenylethane undergoes elimination
rapidly, compound to the erythro form.

The debronination of meso dibromobutane in the presence of 1, in acetone occurs twice as fast as
the d, 1-dibromide for the same reason.

l) %— H CH,

2. Strength of the Base (Basicity)

Stronger bases are found to favour E2 processes as expected from the mechanism, as protén
abstraction is effective with such bases as Nh:, OR‘3 etc compared to OHQ, X° etc. the rate of E2 reaction
falls sharply as under. 7

NH@ >t-BuO@>Et0>00ACO>BroO.

The decrease in concetitration of the base will also tilt the mode of elimination from E2 to E1.

3. Effect of Léaving Grou D

The rate at which leaving groups depart, depends on their anionic stability. Best leaving groups are
anions of strong acids. Accordingly the following rate has been observed in the elimination reactions off -
phenyl ethyl compounds in EtONG EtOH, under E2 conditions.

1 (26,000), Br (4, 100), OTs (392), C1 (68), F(1).

Presence of positive charge over the leaving group could retard the reaction rate under E2 process
e.g. - NO (CH,),

4. Polarity of the Solvent

Increase in the polarity of the solvent must shift the mechanism of elimination from E2to E1, as the
carbonium fons are more stabilized in the polar medium. However non-polar solvents facilitate spreading
of charges inthe transition state and better suited for E2 reactions. depending on the nature of the solvent,
the nature of the solvent, the strmgth of the base can alter and therebyult the mechanism. For instance, use
of bipolaPaprotic solvent such as DMF and DMSO in the place of H,0 or EtOH, is found to shift the
mechanism from E1 to E2, since the strength of the base (OH or OR) is profound]y enhanced and the base
in no longer bound by hydrogen bonding.

The abxhty ofleaving group is also influenced by the solvent due to hydrogen bonding or salvation in
. the transition state in the E, mechamsm. Therate of reactivity of - phenyl ethyl compounds (Ref. effect of
leaving group) in ETOH/EPNA is found to be different with a non-hydroxylic solvent.
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Such reactions are rare as the substrate molecule must have the following requirements: 1)
Electronegative atoms or groups on the B carbon to make the B-hydrogen acidic 2) Stabilization of carbanion

through electron withdrawal. 3) Poor leaving group, preferably a positively charged substituent at the ot -
carbon.

Another example is the hydrolysis of a cyanohydrin to ketone.
R

R
GJIC—-R —_— \c-o+c§
a&.eé glcl:N R

In such reactions, elimination from the intermediate conjugate base occurs, hence the mechanism is
known as E1CB.

Factors Affecting E1 and E2 Mechanism
1. Nature of the Substrate

The yield of olefin decreases steadily from the t-butyl to methy! halide under E, conditions.

(CH,), C> (CH,), CH>CH,CH,>CH,.

Since the respective carbonium ion stability falls in the given order. The hyperconjugative stabilization
is maximum in t-butyl group. Moreover, the formation of an SP? carbon (bond angle 120) from an Sp’
carbon (bone angle 109.5) in the rate determining stage, relieves the steric strain in the substrate molecule
and favours elimination. The steric strain is further relieved when a proton is lost from the carbonium ion.

Resonance stabilization of the carbonium ion could also favour the E1 mechanism, as observed in
the elimination of phenylmethylcarbinuyl chloride compared to isopropyl chloride.

CH,
5]
C——CHy<> C>=C<<% etc.
H H

Stereochemical orientation of the leaving group as well as the § - hydrogen in the substrate decides
the course of E2 eliminations. The two groups are found oriented in trans position (anti) in fast elimination

since an anti periplanar geometry is a favourable prerequisite in the transition state attained under E2
conditions.

/
7|\
"

E
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Hofmann Rule

Similar to alkyl halides, quartarmary ammonium salts, sulphonium salts and tosylates undergo
climination reaction, when heated with a base, under E2 conditions.

CH;-CH= CH- CH3

A B (Say tzeff product)

CH; - fH CH.:
© NMe; CH;.-CH;-CH CH
(@Hofmann product)

In the given example, two B- Hydrogen atoms are present, but the more acidic - hydrogen is
eliminated by the base, to form butene-1 as the major product. The acidity of the B- hydrogen partially
neutralized by the electron releasing methyl group. Hence, according to Hofmann to Hofmann rule, ‘when
more than one olefin is possible from an onium salt, the olefin bearing less number of Alkyl substituents
predominates in bimolecular/eliminations’. However, in such reactions, the Hofmarn product is not formed
exciusively but minor quantities of the other olefin are also formed.

Savtzeff Rule

[t states that, in the dehydrohalogenation of alkyl halides where more than one olefin is possible, the
olefin with more number of alkyl substituents predormnate&

H —
l D
CH;*CH-CH-CH; - CHJ-CH =CH-CH3
+ - (81%)
g‘ Br CH;»CH;~CH =CH;
(19%)

The product ismomdc;idad by the stability of the resulting alkene. When there is more number of
methy! groups across the double bond, there is greater stability due to hyperconjugation. Hence butane-2
predominated in the given example.

Saytzefl Vs Hofmann Prodnct 7

In the given example under Hofimann rule and Sattzeffrule, the substrate is same, only the leaving
group differs. Still, the products are strikingly different and this apparent contradiction is explained by the
acidity factor of the §-hydrogen, under Hofmann rule and the hyperconjugative stability of the olefin under
Saytzeff rule. However, other factors also play vital role in deciding the percentage of the two products.
Steric Effect

The steric factor is more pronounced in E2 mechanism and accordingly the % of the Hofmann
product progressively increases with increase in the bulkyness of the leaving group in the following reaction.
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CH3;.CHx<CH =CH . CH,

cu,;cﬁkcu,.gzin-cn, ..Esf_< (Saytzeft)

X CH3CH;CHiCH = CH,
(Hofmann)

‘ ®SMe, ®NMe;
[Hoﬁnam . 0.45 6.7 > 50

Increasing size of the substrate as well as the base molecule also promotes Hofmann elimination
over Saytzeff.

CwgelHe=¢C --d’gt

CHy H e
OEt )
V] 27 R
CH;«CH;.C —CH; CH3«.CH; -

f ! Me;CO® (78%)
Br

It is clear from the above examples that, any over —crowding in the transition state due to the
substrate or the base supports only Hofmann elimination.

Bredt’s Rule

The double bond at the bridge head of a bicyclic system would involve a lot of strain in the molecule
and according to Bredt’s rule, ‘Irrespective of the mechanism involved in a elimination reaction, a double
bond is not formed at the bridge head carbon atom’. Hence the following bicyclic bromide g;ves only
productinotILCompodeII,doesnotundagnanyrwtxonatal}

CEQ
> z Cgk

i

-

- No reaction
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Aromatic Nucleophilic Substitution
Direct substitution at a H-in aromatic nucleus by a nucleophile seldom occurs, since H —is not a

good leaving group. However, whenever a good leaving group is attached to the ring, substitution takes
place.

SN2Ar Mechanism

It has been often observed that preserice of an electron - withdrawing group in the aromatic nucleus
facilitates micleophilic substitution even under mild conditions. (e.g.) p-Nitrochlrobenzene, where the halogen
is replaced by hydroxyl group.

Cl

AN
O
‘The reaction proceeds through an Addition — Elimination mechanism, The reaction is clearly second
order, as the formation of the intermediate - complex has been proved through isolation in similar cases.
{e.g) The intermediate also known as Meisenheimer complex has been isolated as a red crystalline solid,
when 2,4,6 ~ trinitroanisole isheted upon by E.E.O

Meisenheimer complex

‘The 3 nitro groups present in the nucleus stabilize the o complex through electron withdrawal.

But 2 number of unactivated halides could be made to proceed at a faster rate using aprotic bipolar
solvents such as DMSO. Since there is no hydrogen bonded envelope around the nucleophile, the latter
can function more effectively in DMSO and the energy of activation for such reactions are much lower.

(e.g).
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OCMe;

_t:m!9°__> 7+&l6

DMSO
The SN1 Mechanism -
Unmolecular mechanism has been proposed for reaction involving diazonium salts.
@

Among the evidence for the IS"N1 mechanism with aryl catious as intermediates is the following.

1. The reaction rate is first order in diazonium salt and independent in of the concentration of Y.

2. When high concentrations of halide salts are added, the product is an aryl halide but rate is
independent of the concentration of the added satls.

3. The effects of ring substitutents on the rate are consistent with a unimolecular rate —
determining cleavage.

4. When reactions were run with substrate deuterated in theortho substrate deuterated in the ortho
position, isotope effects of about 1.22 were obtained. It is different to account for such high
secondary isotope effects in any other way except that an incipient phenylcation is stablished by
hyperconjugation, which is reduced when hydrogen is replaced by deuterium.
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i

That the first step is a reversible cleavage was demonstrated by the observation that when

15
ArN=N® was the reacting species, recovered starting material contained not only

ArN=N®» but also ArN, but also Aqqen® . This could arise only if only if
the nitrogen breaks away from the ring and then retumns. -
Benzvne Mechanis_lg !&!IE. e Mechanism)

When unactivated benzene nucleus s in chlorobenzene undergoes an elimination addition type of
reaction in the presence of a strang base which also acts as the nucleophile, substitution occurs through the
formation of a symmetrical intermediate.

by
‘ 2

-’..

Chlorobenzene labeled with C* is found to give aniline where C'* is equally distributed between the
ortho carbon atom and the carbon attached to chlorine, Moreover, p-bromoanisole under similar conditions
give p - anisidine an m-anisidine. Formation of the NH? group at the ortho position of the leaving group is

surprising. These results could be rationalized by postulating the formation of an aryne intermediate in these
reactions. |
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U] : .
The unsymmetrica! intermediate could be acted upon by the nucleophile at eitner of the two carbon
atoms giving rise to different products.
Evidence for this mechanism has been provided through the trapping of the Benzyne intermediate to
form Diels — Alder adducts.

Aryne intermediate is also formed when 0 - bromofluorobenzene is treated with Li orMg.

Inthe presence of naphthalene tryptycene is formed as before.
Yon Richter Rearrangement

Aromatic nitro compounds when treated with eyanides, the nitro group is displaced ard the cyznide
entqsﬂnorﬁnpodﬁmhnnevmhcmm«pmposiﬁmm&ﬂ:w@ecttomelaa\‘finggmup;
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