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332 ADVANCED ORGANIC Otmsm TRY

these substrates, though for different reasons (Section 4.2). SNI reactions .proceed through ¢
carbocations which must be planar. Because of rigid cage like structures of the substrates, bridgehead
.carpori atoms cannef assume- planarity, hénce, heterolysis _ga:ﬁ to-the formaticn of S%oom:os is
also prevented. Consequently, bridgehead carbons are resistant towards stbstitution by the. SN1 .
mechanism. For example, 1- -chloroapocamphane does not. react on ﬁn::x_:m with 30% KOH in 90%
- ethanol for 21 hous, -although analogous open-chain systems react readity. However, if the rings. are -
: _qu osocas SNI reactions _should be possible. because nearly planat carbocation may be 96@2&.
there, For example, [2, 2, Bc.@n:o m%vasz undergo SNI reactions miuch faster than smaller bicyclic
systems, though the réaction is s ‘slower than with analogous open-chain systems. Thus. the-
following rates were observed for solvolysis in 80% aqueous ethanol at 25°C -

Br

Br Br "
2.2, (_Enva__n system . [2.2, I]bicyclic system
(¢ _:o_:oc_nva_o?x_ 2Joctane) <« 1-bromo-7, 7-dimethyl !
bicyclo[2, 2, 1] heptane) )
. Rate; -1 =107 - 7t o

mZm _smo_._.pz_m_s

Ono:.&am: system
(¢-butyl bromide)

" Let us S_S the example of alkaline _ddno_v\m_m Om methyl bromide to give methanol.

CH;3Br + OI —, CH;0H + B/®
. (Direct displacement) . ,

- This is an' SN2 (direct displacement) reaction and proceeds z:o:m: the mzm Enogama :
discussed below : N . Y
. SN2 mechanism is a one-step (concerted) process and involves no _EQB&EE In this reaction
the nucleophile attacks the substrate from the Just opposite (back) side (at _mo v to Eo Emszm group.

H_.m C—-OH ro:a is formed as the C—Br bond is broken :

\ & /\ 5 H .
:oyo Br —— :o---n---wﬂ ol + § :
oy _w \q ‘

© - - Transition state’ ,.Wmccm:E:o:Eo%Q,.

n;the i state (TS) the Jitite moE:_m and the _mmS:m Scn ar coE moQo b :ana
bot=bein m:mow& The ::on :o:nnmnszm grolips and ‘the
plana .

ithe ::o_oou:__n m:a the other with the _Ssnm mﬂo% ,
or the SN2 Emo:m:.m.: ‘ , Y

5:3.8 The SN2 reaction is a second- oanq amo:o= ?:oéSm the Sﬁ-_m,s given below:
" Rate = k [substiate] ?:Qoon::& . . . _

ALIPHATIC NUCLEOPHILIC SUBSTITUTION 333

That is, the rate of the SN2 reaction depends on both the concentration of the substrate and that
of the attacking nucleophile. This rate law has been found to apply in many cases. If a large excess
-of nucleophile is present, e.g., in solvolysis, the. mechanism may still be bimolecular, m:ro__a: the

i o»nnzanss_:\ anamn_soa.xsw:nm will be first order :

R=k [substrate] .
m:n: _cso:om are 8:8 F&_E& first ‘order. .EEP the kimetic evidence does :oH necessarily _Sa
to correct conclusions in all the cases.

We have noted that the 2 in SN2 denotes bimolecular. It must be remembered that it is not
always the same as second order.

As mentioned above in the case of solvolysis, the molecularity is 2 but the reaction shows the

. first order kinetics. The-molecularity refers to the-number of species (molecules, ions, etc.) that are

::aﬂmoEmwo:a Snmxsa Ea\oﬁ_uo:amoﬁémzos_sozoman&ﬁ:oRmn:os:mcm:%%m
raté-determining- step. . The anoc_mzc\ is riot mPoan:EoEu:v\ determined @:m::c\, while the order
of a reaction is experimentally determined. The Eo_ooc_m:Q has significance only in 5@ light of the
cm:_oc_mﬂ mechanism chosen for the reaction and .is susceptible to re-evaluation, in the light of
additional experimental information about the reaction in a way that the order cannot be.

2. Stereochemistry : The SN2 reaction Eonnn% with inversion of configuration at the carbon
at ,S:o: the m:cmzc_:o: has taken place. SN2, reaction is a stereospecifc reaction. For example :

Me-. - . - Me .
Et0®+ Ph - Cl — Et0 Ph +CI®
100% R . - . 100% §

Thus, in the SN2 reaction an enantiomerically pure reactant leads to‘an enantiomerically pure
product with inversion of configuration. This is a very strong evidence for the SN2 mechanism because
it E&_oa inversion of configurétion in view of the attack of the nucleophile from the backside of the
leaving ‘group in a one-step process. This inversion of configuration is called Walden inversion ( _mouv
and was observed long before the SN2 mechanism was Eomom& by Hughes and Ingold {(1937).

o 3 m,o::mso: of a single m=vm=8:o= v:x_:n SN2 amo:osm EE:« Ena single substitution
0 is evi . ons, Le., i rpceed. via reactive

products. This is evidence 9& .H.:.m

involve carbocation intermediate. -

4. No substitution at bridgehead. Q:&o:m : Zm Eno:&:ma is eorrect, the compounds
with potential , _nm<_=m groups ‘at bridgehead om:vo:m should not‘be ‘able:to react by this mechanism.
This is because ‘the SN2 mechanism requires: thie “backside attact’ by the nucleophile, inversion of

- configuratid; 4fi Emam:Q of the three nonreacting ‘groups in the TS all of which are" “prevented at
the bridgehead carbons due to rigid cage like structures of the- compounds containing the bridgehead
carbons: For example, under SN2 conditions 1-bromo-3,3- 5323_9@&03 2.2]octane is resistant
towards reaction with-ethoxide ion, whereas the opén-chain m:m_omcmm ==an3<o:~ the reactions readily.

(2]
< : :.m~o.. -~ No reaction
SN2 -conditions !

Br g

intermediates. . This is “unlike SN1 reactions “which ‘are oftén- moooswwz_oa 3 ﬂom:.m:mnsg J&a
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336 . ’ ADVANCED ORGANIC CHEMISTRY

intermolecular nucleophilic substitutions. This rate enhancement by neighbouring group participation
is calléd anchimeric assistance and such reactions are called anchimerically assisted reactions.
- The neighbouring group mechanism follows the first-order rate law. shown below :
o , - Rate = k [substrate] RN oL
" “That is, the external 1:&83:0 Azcov uoa.m._@. take part .59@ rate-determining step..”

1. Oxygen as a ncighbouring group @~ The. classic example of. neighbouring - group
participation is the alkaline hydrolysis of 2-bromopropanoate anion to lactate’ anion ir which the
. carboxylate anion participates as a neighbouring group. When 2-bromopropanoic acid is treated with

. dilute alkali, it gives lactate anion with compleie retention of configuration. ’

OH Me 0

Me m../ .
’ " Firstinversion_ "
—_ = )=
yeH intramolecular SN2 0

. Secorid inversion | g——
' intermolecular SN2{ OH

OH.
Net result is retention
(R)-Lactate anion
However, with concentrated sodium’ hydroxide .Axv,‘m..goao?onuso._n ,\mo.a gives (L)-lactate
- anion. This reaction proceeds with inversion of configuration and is a typical' SN2 reaction.

A The hydroxyl group itself or via the alkoxide, ion may. part ipal a neighbouring; group.
Alkoxy groups behavé Similar to hydroxyl goups in‘neighbouring group participation, i.., they;show
anchimeric assistance in the fromation of five-membered rings, and to far less extent in the' formation
of a six-membered rings. For example, the acetolysis of 4-methoxybutyl bresylate is ~ 650 times faster
than that of z-butyl brosylate.y I L .

o Me: . : . .

O

-bromobenzensulphonyl

2. Suphur as u =am?o=wim group : Hﬁw...cmmo..nmﬁ ysed-H Amo_v\mmm‘pa .m“._mﬁﬁn_ gas is an
example of neighbouring group’parti patiori-by’ sulphut. The. tokicity of mustard gas.is because of

neighbouring group participation by sulphur, which accelerates its alkylation aa_&oa. -

I slow Q/\/m\N_ HOH, CIN_ A~ g~ Ol
o o~ 3§ .

I,Qﬁf, i .l.:

[

o &o um.o_.ﬂmap thus, there is no neighbour
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ghbouring mz.:E :

Y a halogen (iodo group) i .

: p) is the acet
times faster than the acetolysis of the Q.hom

. 3. Halogens as nei
participation b

e A very good example of neighbouring

. . . C o HO
lysis of ?n:h.w._oaoowo._o:nxk_ brosylate s:mo:,“m..

el somer in which $he i6do Broud canrot attack -
Ig group participation. BIoup candot attack from -
B o . R BRI T

- o : o] )
I . .
—OBs :
; ok, § _acon
OBs 5 :
OAc

trans-isomer

A cis-isomer

nother example of participati :

. ’ participation of a hal . .

optically active threo-3-bromo-2-butano| is anmww ﬂmw:_ﬂmgo::
- Hu

and §.,§ enantiomers ( ic mi
and 5! lot racemic mixture), i.e i
indicating participation by bromine, ) ben the reacion E

ouring group is 5.& of bromine. When_ -
it gives an equimolar mixture of BR
oceeds with retention of configuration
~Hun QG CHy —HBr_, o

\ 4\. / )

4y, A

~Br
~ £Hy o OH |
< N . i \._, Br Im RV . -
-4 3 R : . *.m_/ﬁ..u //,.. M.m\\\\\\ \ .
¢ RS ‘ _,o ..om.w, + H€ \o o Coni Y
k , CH;. Br o /

Racemic EEERR. ,Q_x.mn.&c_,om:.an R
. butanol also feacts :
dicates the participation o

Optically active ¢

; oPICaly active exythro-3-bromo-2- L :

t0 give the meso-product which indicates vith HBr with teeagion of eonfiguration
o B ‘bromine,; A

; Meso-dibromide
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340 ADVANCED ORGANIC CHEMISTRY

mechanism. Just one SN2 step means inversion of configuration and no neighbouring participation

means a slower reaction.
.Since.the ooEﬂ_mcE:o: i RSE& in the case of the trans isomer (D), and inverted in the case

oﬁ %o -¢is isomer (II), the- %»8_55 of (1) and (1) Emcxm the same an:oﬁ ac 2_5 :a same

: mﬁﬁoo%na_mil e., trans. -

Problem 6. mESS Sm\c:ci:m s S .
(i) Ethoxymethyl chloride reacts with nucleophiles 109 times faster than 1-chlorobutane.
(i) 2-Phenylthioethyl chloride reacts with water 600 tirmes as fast as -chloropropane.
Solution : (i) Even though ethoxymethy! n:_c:an is a primary alkyl halide, it follows SNI
mechanism as shown below. Here the heteroatom onc,mna with unshared pair of electrons is present

T ’ - H

\_/\./z o~ -

., , @.
on the same carbon as the leaving group and this significantly stabilises the carbocation formed
resulting in the substitution by SN1 mechanism at'a faster rate.

. On the other hand, l-chlorobutane, a simple primary alkyl halide without any additional rate
mnn%sn_:m factor undergoes me reaction mﬁ a :o:zm_ Sa which is <aQ low :o@ :Eowv than
ethoxymethyl chloride.

- (ii) In the case of 2- w:ai_?oﬂi_ chloride the rate om Eda_,vaa is 600 times faster than
1- nEoSE.oE:o This is because of the neighbouring group participation by a m:_uran Such'type of

_Ph .
. i
£ 70 Se_

P00 T /X Hor® ph” /\/o: g
anchimeric mmm_masno is not. wowma_n in Eo case of TnEoBEoE:n and it undergoes simple SN2
reaction at a normal rate which is very - low- (600 :Bomv as ooagaa 8 that ‘in- thecase of
2-phenylthioethyl chloride. .
wmmaom Eonazv\ m::ﬁ& atoms of groups having ‘urishared E: of n_nn:onww :o_mgo:::m mnocu
% "and C—C afid C—H o- “bonids are also known.

m Neighbouring w:.o:c ‘participation b T-bonds : ‘The mnmﬁo_wm_m of 7-no
(Big 10! times Faster than iffateof the Sdtirated ana oibi

“onfij z& ; iwhich: gives ' very strong evid

ketentionof
configuration

1)) Nopclassical
cafbocation

co:a: | 8&;»8 :

ALIPHATIC NUCLEOPHILIC SUBSTITUTION M

Invession of
configuration -

In the case of the saturated analogue (II) no such anchimeric assistance is m<w:m.c_9.5.cw its”

acelolysis proceeds through simple SN2 reaction with inversion of config
which is very low’ Co: times) as compared to that in the case of (I).

The neighbouring group participation by -bonds of aromatic rings is more common than that
of simple alkenes. The neighbouring group participation by an aryl group is indicated by retention of

configuration and occurs through the formation of a resonance stabilised phenonium ion. As shown -

sizetam——.

in the following example, the-substitution takes pt
place with retention of configurati
accompanied by a rearranged product (path B).: raton (peth A) end s

i -
ace o_wm_m of A Bnﬁg_vn:ﬁ 3- Qd; 8&:»8 Eonn&m meEm _Noo :Enm faster 5»: that of 23; tosylate.

guration arid at a :o:.:ﬁ rate
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344 ADVANCED ORGANIC CHEMISTRY ALIPHATIC NUCLEOPHILIC SUBSTITUTION . 345

thé 1,2 positions are equivalent and would be attacked c.< the nucleophile with equal facility but from . 00CCE; 00CCFy . /m\
the exo direction in either case. . | | . §r .
. Acetolysis. of I also leads exclusively to the exo acetates IV and V. In this case it has been . . L o:uozoomoow OIwOUnEoP . - CH;—CH—CD--CD;
" postulated wrﬁ a classical ion ,.: ._.m.ma.ﬁ. Bi& and then o.o:«o.:& to more stable IIL m<Em=.nm for. . -7 P .” T i - — i) g O aw
o ‘ ) _=<o_<3 then there should be an SE:G::B E:o:m :ﬁ mo__os_sm four’ Ssosm _nmm_sq not o:q to.
- vz and XII,
(1) % — (Il )
® . . Omuommoonou /HIL OmuomoumOUu 4L| nmwn_uomoou “ Omuocomwo_uw

v .

but also to XII and XIV. The results are most easily compatible with the intermediacy of the U:aana

is in ion is that the product from solvolysis df Il is not racemic but contains somewhat more
fhis interpretation is tha e produc g ion XV-which can then be attacked by the solvent equally at the 2 and 3 positions.

IV than V (corresponding 10 3 to 13% inversion, depending on the solvent), suggesting that, when VI .

is formed. somie of it goes to give IV before it is converted to TI1. Problem 8. Explain why ethanolysis of 2-(p- @&S&%ﬁ%c&:ﬁ bromide in the presence of ethoxide
-(iii) Methyl as a neighbouring group : Similar to other neopentyl systems, neopentyl tosylate - ion is 105 “times faster than.that of 2-(p- E%SQERS&S&E bromide. .
VII undergoes almost exclusive rearrangement on solvolysis, and VI must lie in the reaction path.” """ Solution : The oxygen atom in 1’ is much mare electron releasing than that in I, and so the
Evidence has been presented that under some conditions the methyl group in the neopenty!l system o intermediate (Ia, which has been isolated) is much more stable than Ha. Thus, the reaction involving
does indeed participate. Evidence that VIII is an intermediate is that small amounts of cyclopropanes the- formation la requires lower energy of activation than that involving the mo::m:o: of Ila.
(10-15%) can be isolaled in these reactions. VIII _w protonated Qo_oEo@mzn and would 3<n a ... OOESCQEE. the ethanolysis of I EOnnm% faster than that of II. . :
cyclopropane on Emm of a proton. )
yeoprop . P . OH O 0
. .
s OE X 0 S |
N s YOG CH;~ @ - . EtQ EtOH
CHy—C—CHy LOTs ——> "2 >C—CHy —>  °>C—CHyCHy . o — e
_OI -0Ts O:w (VI Omu °
3 5 -H}HOH CH—CH,—Br CH—CH, CH,CH,0Ft
(VD .
cH ® ) 0]
HsC 3>c—CH,CH, 9
H,C 2 _ —Me \
OH
Rearranged n_.c%z
(iv) Hydrogen (C—H bond) as a neighbourir " There is evidence that a - -hydrogen
can participate through IX. Evidence that IX can be an intermediate in mo?o_vém reactions comes
) CH,CH,OEt
i _ s , (1) .
™ A — .
I%lol > SN _ S XA | THE SNi MECHANISM

ﬁ_ * | (IX)
_ _ There are certain ::o_nou:_:o substitutions which Eogoﬁ_ with retention of oosmmEm:os even
from a study of the solvolysisén trifluroacetic acid of aosasg sec-butyl tosylate X. 5 this solvent ﬁsocmr 10 :szuo:::m group is involved.” These réacti roceed :throu 1gh SN (substitution

mw\m& low m:o_wou:_:n power, the products were an e @aosﬂ mixture of XI and XII, cE no XIII R ==o_8E=__o iriternal) mechanism, and follow the Second-order kingtics. For example, the: conversion
o was foun , of (S)-1-phenylethanol _.E.o (5)-1-phenylethyl chloride on.-freatment with thionyl.chloride: :

OT, OOoQuu :
| CFiCOOH - ] ) 3,/
Omwomwoon_uu —_— omuomwo_uociomuomgumocu _‘. Zolo o: . moo_w Zmlolo_ + 50,
X X o Xu : N . >
If this reaction did not involve neighbouring Ea_amm: at all (pure SN2 or SN1), the E 3t , H s )

would be only XIf On the other hand, if Ednomo: aoo 5=m§8‘ UE only ovoz -chain’ omn_onm e ...,xma_:a o &8...5%_ ration -
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348 ADVANCED ORGANIC CHEMISTRY

The following is decreasing order of reactivity of some substrates in SNI reactions :
|
AriCX > AryCHX > R;CX >  ArCH X > |O|OEOE~N > wNomx > xnmux
. .bim_am_n qu_ group ke Me or Et; Ar = e.g; Ph ; .
.:5 ‘oider of MSE:Q of carbocations can be éxplained. by + 1, +M and :§o~no=._=mm=<o effects.

(a} Unsaturation, at-the o carbon : Vinyl, acetylenic and aryl -are ‘very unreactive iri-SN .

reactions because the C—X bond acquires partiat double bond character, i.e., strengthiened through

resonance. Thus breaking of C—X, bond becomes difficult resulting in the i Inertness of these substrates
toward SN reactions. -

-

G [ |

=X —— IOIO I..x.

- (b) Q:SEE:Q: at the B-carbon - SNI reactions are highly favoured if there is unsaturation

at'the B-carbon. This because the resulting allyl of BEHZY1 cations are stabilised by resonance :

CH=CH—CHy—X == menomlmmu > omwhmmn.omu : T
Allyt cation - L

lex CH,

“ 2 Omo Omn . Omw
I
_ .

Benzyi cation
In general, SNI rates at an allylic substrate are increased by any mccmceoa in Em 1 o_.u w.o.mEcz.
s:_o: can-stabilize- he carbocation, ¢.g., m__c._ aryl or halo group. .

Rates of SN2 reactions for allylic and benzylic systems are. also. Eonnmm& vonu_an om resonance:
in EQABEES state, . .

Allyl E:%m:ﬁn more redctive than alkyl halides for SN2 ‘reaction also. As an example, allyl
bromide reacts szm -nucleophile by the SN2 mechanism about forty faster :than , .n-propyl
caaan ,:E rate Sgsooaoa can be explained by allylic delocalisation of o_gqo__m :in the transition
state. When,: _m_E :m_am undergoes SN2 reaction, the. p-orbital - :that is. partially ‘bonding -withthe-
::n_oo_us__n and the leaving group overlap with the pi electrons: of: the' double:bond: “This stabilising
conjugation lowers the Sﬂmw of the Esm_nc: state, increasing the nn»onoz rate.

n c<n=nw stabilising
the SN2 transition staf

e

i

i
A
|
5
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Because benyl halides 8:: relatively stable carbocation, they undergo SN1 reactions fairly
easily. S N . |
" o . .ommmlolex,H,o&mnmix T
. L . e bz__ox .H. | . .
S S CgHs CHyNw
.. Like- m:Q_ halides cm:@_.:m_an :&anm,ma mcoE 100 times as reactive.as primary m:Q_ :m_amm

-SN2 reactions.
" éﬂw: benzyl halide undergoes SN2 reaction, the p-orbital that is partially cosa_zm with the

nucleophile and the leaving group overlap with the pi electrons in the ring. This stabilising conjugation

" jowers the energy-of the transition state, Eonnmmr_m H.:n reaction _.m.,af

stabilising overlap
 overlap stabilising the
transition state -,

> GSQ_ ooanoE.a having o_anng -donating (+R group)’ mﬂo% at drthb ot para or conw mwé:a
SNI1 reaction becduse electron- ao:»c:w group stabilises benzyl ‘catbocation: On the other ban SN«_

oonoSam.:ms:m electron- s::&esnm group on these’ noﬂ:oam {ortho atidor pard) m?@ma@éﬁ
SN2 reactions. Electron-donating groups always mSg:mm carbocation: srnamm n_nn:o: witl Essm

groups always stabilise 5@ transition- msa

8 sNI
CH,;0 omux+2c Fend CHj—0—~O

o s Cprenr.
ome+2= oy owzlglompz,u

::m 9-8;5: SN reactions are highly favoured if there- W

is greatly Soammoa if ¢ _
is mmo__;a& cao use 5 E_m Eoonmm Ea ao_a msm_a increases mBE
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- 352 ADVANCED ORGANIC CHEMISTRY

Me s+ & 5 -5+ Me . S
< [o--.-zm.-,-?ﬂ . |
Me” . Zm - .

If the m:mz& is increased in the TS relative to starting materi2ls then increase in polarity will
- increase rates of SN reactions. If the charge is decreased or dispersed in H:n transition state relative to the

"+ -*starting material then increase in polarity will decreasé rates of SN reactions. For example, in :a.

mo__oéam SN2 reaction the charge is increased in the TS, hence, polar sofvents will increase its rate :

. S Me;N + CH3l — MezNo* .

e N

In the
decrease its rate . . ° . o

xlzzs — »r zzs
“In: mn:o_.m_ the addition om an onBm_ salt: wmnoa Em Bam of mz_ and SN2 nnun:osm in :a
same way ‘as an increase in solventpo ari mo€o<2 an are nxnnn:osm m_ﬁo:m: thie ratés of mz_

reactions are usually _:oammna 3. mm&no f mmzm E:m. is 8:& En salt effect), waa:_cz of 50 _Ss:m.

group-ion often’ aonamm@m the SH E_n 85:5:-5: nmnnc

‘3. Effect of HmmS:m group: A F»S:m group | 5:% becomes a more stable %«22 mm,e, .:
departs is‘a-better leaving group. Thi is‘Usually the inverse to the cmm_n_q of the _owS:m group, and
the best leaving groups are the sgwam” ‘bases: >Eo=m the ‘hafides, iodide is Sn cnmﬁ _n»<5 mn P
-and fluoride the poorest :

1va ;ervma

@ :m mZ_ _.mmozou Ep n:mqm@ is 9%:2& in Eo TS, hence, polar solvents <==.

ALIPHATIC NUCLEOPHILIC SUBSTITUTION ‘ : 353

o
Br® + R—OH —X— Br—R+OH

wh.;..l.o . i.w.ml..f.ﬁ.@. S

) >:o§2 ,23\ of ._:Q.nmm_:m feaving-group power is: conversion to a.reactive esters,. most
commonly a sulphonic esters, e.g., tosylates, brosylates, triflates, etc. which are better leaving groups
than halides and are frequently used. : .

The best leaving group is Ny from R—N$, which can be generated as follows :

kZIN+mZON —_— %Zw

. - ' RC=R=N+H —s x%:zw : o
For mxman_o thie following mzom-_aco& anm:::w:o: E&Qmonm Enocm: SNT Eoo:mz_ms with .
evolution of Ny.

Me < : NaNO, Zo ® Me 4 oy Me
/omlzmm — 2, ./omlzN _— CH —— ch—on
M~ X Me " . M M - l: Me~"
.. : & e
-H /. X .
Me T
MeCH==CH, Scr-x T
. Zo\ oealo
Umﬂn»m_:m order of leaving ability of some groups is as follows : T

wzu > xox 2> ROSO,CyFy > xOmONQuw >ROT; > RI > x,wnv xomw >RCl>RF > xo: > ROR>RH

e group attached to R is the leaving group.
4. Effect of the attacking nucleophile : Since the nucleophile is not involved in the

“rate- %azz_z_zm step of an SNI reaction, its nature or concentration does not affect the rate of SNI
reaction: In an SN2 reaction the nucleephile is involved in the rate- -determining step, so the nature

} and concentration. of the nucleophile affect the rate of SN2 reaction. The stronger 5@ ::o_non:__o the

faster is the SN2 am&_os
The order of E_o_aog_:o_a~ varies and it a%a:% o: mcvmnﬁo solvent, voEE»E:Q of the
nucleophile, its size, etc. The following main principles govern the rate of the SN2 Emo:oz

@i A :ommcéq osmnmna ::o_nom?_o is stronger Ems its oos_cmﬂn acid, e.g;, Om is stronger

than HyO, ZIM is more powerfui Emn NHj.

(ii) Nucleophiles é:omn attacking atom :is in- the same period of vn:oa_oa table, their
::o_oows___o:w is chr_v, in b:._an % basicity, €g:

ZIN > xo > o: >Ry)NH > >~O > Zmu > Eqasnv m > :NO

(iii) On going aoss in a group om wn:o&o EEa ::n_nonr_:n;w increases, mEEcmw cmm_n@
H 0.9, .9
i decreases, e. m I>Brs> va @m we :m<o seen, this. oaﬂ is in Eozn 829:& w::;ﬁ?

. \ any suiphur nucleophiife-is- stronger than its oxygen analogue, and - E_o%roEm ==o_8v=__o _
. " is more vosn:nc_ Smn :m En.omo: analogue. H_:m is mainly because the. smaller :ommmﬁq : o
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356 ’ ) - ADVANCED ORGANIC CHEMISTRY
Me—CH=CH—CH,0H + mOO_N.Iv Zm|0m CH—CH; — Me—CH=CH\. &
’ 2-Buten-1- o_ - a m_v f//\‘ OIN
.. O o ) O.

. _.%.a_.a

) zolp_umlmounmw + S0,
fol
100%.

95:2? 3-buten-2-o! (McCHOHCH=CH}) gives _ooﬂwe Zoomlomomwo_

An allylic. rearrangement in wkich the nucleophile is the same as the .leaving group ; an

isomerisation, e.g., *
R—CH=CH:-CH,—¥ == R—CH—CH=CH,
o mm ) |
S Iy
This - type of isomerisation may proceed by SNI', SN2, or SNi. At the BE:EEB
thermodynamically controlled isomer (stabler isomer) will predominate. More substituted alkenes are
more stable, hence, in the above example the.i isomer T will E&oa_ﬁa at equilibrium. .

/\E_ NUCLEOPHILIC SUBSTITUTION AT AN ALIPHATIC TRIGONAL CARBON
. —

Ooauocz% oomgs_sm a trigonal A%Nv S&S attached to an’ oxygen, a mEEE or a nitrogen
undergo nucleophilic substitution-through tetrahedral mechanism, often called ‘as addition-elimination
(Ady—E). The reaction follows second-order E:gow but the mechanism is not the same as simple
SN2 mechanism. In the tetrahedral mechanism first the fuicleophiile attacks to give a tetrahedral

intermediate, and then the leaving group (X) departs : :

e D
v“. , [T __v\}®  Slow Fast __

o
i

—C=X+.Y ——— R~ OI.N —> wlol<

.C‘

DE NUCLEOPHILIC wcwm:::_oZ 5 A <_z<_._o o%moz

o Pyt

ALIPHATIC NUCLEOPHILIC SUBSTITUTION 357

® . The tetrahedral mechanism is supported by the second-order kinetics, and isotopic labelling
(e.g., see A4c2 and B4 2 mechanisms of ester hydrolysis, Section 4.14). In a few cases, the tetrahedral
585@9&8 :mé been isolated or detected spectrally.

—

* Nucleophilic m:cmmazoz at'a vinylic S&o: is &EEF but 3»3\ aﬁ.BEnw are known. It may’
take place through: addition-elimination (Ady—E) mechanism, the closcly related tetrahedral
mechanism, elimination-addition mechanism, or SNI mechanism. For example, the
addition-elimination mechanism has been demonstrated for ethoxide ion catalysed reaction between

I,1- a_ozoﬁonﬁ:ﬁgn and thiophenol. Mm/v
O

/ .\Q ArSH B - m/oﬂo \.mm

———> ArSCH,CHCl) ——

m\ /Q %z i -—HCI, >ﬁm.\. /Q , .
>nmI- o - ﬂl‘!’/ o | ’
_ B2
_ —fal
m>n i
/ol : © ASC=CH -
- /m? Y %
I f .,,. o Ady >am: ©
| .
: T SAr e
/q\lo\ C
NS \'A

The product is not I but the “rearranged” V. The isolation of II and III i is.a m:osm evidence moﬁ
the above Ady—E mechanism. =) g4 N ~ethran

The tetrahedral mechanism, often called addition-elimination (Ady—E) takes v_moo s:: :En:
less facility at vinylic carbon than with 8385% containing C=X (X=0, S,0rN) group _uanmcmo
the negative charge of the tetrahedral intermediate is borne by carbon in the case'of SE; mccmqma
which-is less electronegative than O, S, or N. Remember, the greater aﬁ electronegativity Om the mnoa.
bearing a negative charge, the more is the msg:mm:os of the anion.

_ Y

A AR S 0 A O
= —_—p =X —>» _ O=(C—
Ui §f U

mrasm:o?ma%_oz Am.lizv mechanism- has m_mo been observed in SE; mwmaam. mon
example, the Rmosoz of: cis-1,2- a_o:_onoogo:n with thiophenol.and EtQ° - : G

H H B, sy H H mN
S pmoe 2, mlololo_HIV / 2,
Q\ /Q A as”T  Ng
_ 4 vi vil
Y J | ArS—C=C—H 20, /nlo\
My s /ma
B} v :

1 Ol
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ADVANCED ORGANIC CHEMISTRY

energy sound waves (
bubbles (cavitation). Col
the temperaturés_end pressute
. Ulirasound technique is advantage

most often 20 kHz, but sometimes higher). This results in the formation of small
tapse of these bubbles ?oacoom powerful shock waves that greatly increase
s within these tiny regions, resulting in. an increased reaction rate.
ous because it 33\ :..o:wwmo yields, Hoacon side reactions, and vn::;..

the use. om _oéﬂ SavoBERm Ea\oq vawmc_.nm

Nucleophile
are called ambident nucleophile

AMBIDENT zco_.mo_u::.mm me_Omm_.moq_<_._.<

s which can attack the mccmqan through two or more atoms to m_<n different products
<. When a reaction is capable of giving two or more structural isomers

(e.g.» ROCN or RNCO) but, actually gives only one, the reaction is called regioselective reaction and
this phenomenon is- known as Rm_omn_ng

nucleophiles :
L

:;Q -The following are some _Bco:usﬁ ambident

?rﬁo esters, m diketones, elc. are resonance 3&:%
- O@ . O@
: 0 __. i __ __ _
—C-—CR—(C— ¢3—(=CR—C— & —C—CR=C—
Ea can attack through their catbon atoms (C-alkylation) or through their oxygen atoms
o- m_@_w:o:v to give three an:ﬁm i case of ::&532:& jons.

fons’ ao:<na from an:_n esters,

- Compounds of the type Omwno\omwl\ooul can form a dianion on treatment with a

mnozm base : o .
0 0O . .0
' __ __ 2 moles Q. : __
Omwihrunmnlol _— OI~|:O|OI|OI.
of base

Such ambident ::o_novr__nm can attack through two carbon atoms besides Eo attack ::o:m:

oxygen. In suchcases the- »nmow is always through the -more basic (nucleophilic) carbon.

.;o negative charge of |Oml is delocalised o: two C=O groups, E:Qnmm that of

Omul on only one C=0 maocm Consequently, .|OE| is less basic than Omw} and the -

attack takes place through nm~| Thus, such ooawo—:am eg., QE; acetoacetate, can be

_.nm_omo_oo:ﬁq m_@_wﬁ& at-either Eo BQE: or the 523._26 group :

| . o
Omw|_ﬁ_ OI.IOOOm" |v OEuIO —CHRCOOE! -
_So-n m.mEm mons& first’ e

1mole

More stable,”
more reactive  less reactive

onoooEooom

W Qﬁo@.ﬁ:. m,?o ‘RCN 9.@6.& or RNC c,m,oow\asammv
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_ O-alkylation

C- m__Q_m:oz — - . - .
_The nitrite ion NOS ¢an give R—O—N=0 (nitrite esters) or aIZON (nitro 85355&

Phenoxide ions (which are analogous to enolate ions) can undergo. C-alkylation or
O-alkylation :

Factors governing the regioselectivity in ambident nucleophiles
Although exceptions are there, the following general rules are useful in E&.S:m E:_& atom
om an ambident nucleophile would attack”the substrate under the given conditions : ’

L.

As the character of a given reaction changes from SNI like to SN2 like, an maaawa
nucleophile is more likely to attack through its fess electronegative atom. This is because in
SNI nucleophile attacks a harder carbon and in SN2 a softer, the more electronegative atom
is harder and the less one is softer, and hard-hard’ and_ soft-soft interaction is prefersed
according to the HSAB principle. Thus, changing from SN1 ta SN2 conditions should favour
C attack by CN, N attack by NO,, C attack by. enolate or wr&oxam ions, etc.

If the positive counterion of a negatively o:m_.maa nucleophile kelps'in removing the leaving
group, e.g., Agt, Hg?" or HgJ* rather than Na* or K*, then. the TS is more SNI; like and
the attack through a more m_nn:.ozommsé atom is favoured:For ox.&:v_o alkyl halides on
treatment with NaCN generally give mostly -REN; 9: the ;usé-of AgCN increases the yield
of RNC.

R—Br+Ag®(CN)°> —> >mwa+x|zo .

An increase in the electron-withdrawing character of X.in. R—X m_<mw the S&o: atom a
higher positive charge, making it a harder acid. Thus,-such a change increases the extent of
attack ::ocm: the more n_nn_uo:omw:é mﬂoa mQ. axma_u_o, o\n 1atjo increases in the order
E <RBr<RCI<ROTs for  a

CH3COCH;COCHj3 (acetylacétone).
In many cases solvent affects the position’ of m:mow ,_,:o freer the nucleophile, the more
likely it is to attack through its more electroniegative atom, but, more this atom is either
solvated or is close to positive counterion, the more likely is attack through the less
electronegative atom. In protic solvents the-more a_oozo_.ammcé atom is better solvated by
hydrogen co:a_:m than the less n_nn:oznmm:é atom. H= ﬂ_ﬁ aprotic solvents neither atom

mo:am of - alkylations of the sodium salf of

ZSmO
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