Organic reactive intermediate

In chemistry, a reactive intermediate or an intermediate is a short-lived, high-
energy, highly reactive molecule. When generated in a chemical reaction, it will
quickly convert into a more stable molecule. Only in exceptional cases can these
compounds be isolated and stored, e.g. low temperatures, matrix isolation. When
their existence is indicated, reactive intermediates can help explain how a chemical
reaction takes place. Reactive intermediates based on carbon are free

radicals, carbenes, carbocations, carbanions, nitrenes, and benzynes.

A carbocation is molecule having a carbon atom bearing three bonds and a positive
formal charge. Carbocations are generally unstable because they do not have eight
electrons to satisfy the octet rule.
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Carbocation Classification

In order to understand carbocations, we need to learn some basic carbocation
nomenclature concerning the number of carbon groups bonded to the open valence
shell carbon. A carbocation in which the open valence shell carbon is not bonded to
any carbon groups is termed a methyl carbocation. A primary carbocation (1°
carbocation) is one in which there is one carbon group attached to the carbon bearing
the positive charge. (These groups are shown in red below.) A secondary (2°)
carbocation is one in which there are two carbons attached to the carbon bearing the
positive charge. Likewise, a tertiary (3°) carbocation is one in which there are three
carbons attached to the carbon bearing the positive charge.
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Carbocation Stability

The stability order of carbocations bearing only alkyl groups is
3°>2°>1°>CH3s
Cation stability is influenced by FOUR factors:

a) Hyperconjugation Increasing the number of alkyl substituents increases the
stability of the carbocation. This is due to orbital overlap between the ¢ bond
and the empty p orbital on the sp2 carbon.

When an alkyl group is attached to an unsaturated system such as double
bond or a benzene ring, the order of inductive effect is actually reversed.

This effect is called hyperconjugation effect.
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» The more the number of alkyl groups on the carbocation, more is the num
bonds and hence more are the possibilities for hyperconjugation which m¢
more stable. \ !&

B The order of stability of the Carbocations 1s:

3%alkyl carbocation > 2alkyl carbocation > 1%alkyl carbocation
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Stability of Cabocation
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Thus, tertiary carbocation is more stable than

secondary and so on.
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b) Inductive Effects Neighbouring alkyl groups contain electrons that are
polarizable, and these can shift towards the positive charge. (Small
Hydrogen substituents cannot do this as well).
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¢) Resonance Effects Conjugation with a multiple bond or lone pairs of electrons
increase the stability of a carbocation.

Therefore, allylic and benzylic systems are more stable than their saturated

counterparts.

Be aware of the potential for heteroatoms to stabilize carbocations (since they can

have lone pairs).
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¢) Hybridization also influences cation stability. The more s character in an

Benzylic carbocation

orbital, the less stable the cation. Therefore, sp hybrid cations are very

unstable.

Due to the resonance stabilisation, a primary allylic or benzylic carbocation is
almost as stable as a secondary alkyl carbocation and a secondary allylic or

benzylic carbocation is about as stable as a tertiary alkyl carbocation.
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Bridged carbocation formation: for example: bridged phenonium ion
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The Stability by Aromatation:

Carbocation from tropylium bromide compound:

Tropylium cation
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T resonance structures for the tropylium carbocation
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7 resonance structures for the tricyclopropyl carbocation

JANGA
C
B e plus 4 more structures, 2
on each of the other 2
+ cycopropane rings

Due to overlapping of cyclopropyl ring's bond to vacant p-orbital at carbocation.
It is a very special and important case of organic chemistry. They are stable due to
bind bond conjugation. ... So, cyclopropane donate electron to methyl
carbocation and stabilize it.

The bent bonds of the cyclopropane ring can overlap with the empty p orbital without
steric hindrance.
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The positive charge on the carbon of triphenylmethyl carbocation is distributed
uniformly over a number of structures. The aromaticity (i.e you can move the pi
bonds around) of the phenyl groups allow for many possible resonance
structures, and thus more potential for delocalization of the positive charge.

Hence, the triphenylmethyl cation, (CeHs)3C+ is stable because it has many resonance
structures.

However, the resonance overlap of the 11 orbitals is not perfect because steric
hindrance forces the ion to have a propeller shape.



The most stable carbocation

Add the conjugation with cyclopropyl rings, and the most stable carbocation prepared to
date is probably the tricyclopropylcyclopropenium cation.

Arenium ions

Nothing beats the stability of aromatic cations like cyclopropenium and

cycloheptatrienylium (tropylium) cations.
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crwloheptatrienyl ion

tropylium is highly stable due to conjugated system, that being, it is resonance stabilized
and the number of canonical forms of tropylium is more.



III. NON-CLASSICAL CARBOCATIONS FF £2 yt.2% JF % -F

Non-classical ions are a special type of carbonium ions displaying
delocalization of sigma bonds in 3-center-2-electron bonds of bridged

systems.
S. Winstein (1949): Acylation (solvoysis) of norbornyl brosylate

A
cOK i OAc AcOK g H
AcOH H AcOH H
H H H ORs endo-
2

exo- i ﬁ _____________ i o
iAc: H, EBS= 3 Br:

A key observation is that in this nucleophlllc displacement both
isomers give the same reaction product an exo-acetate 2. Also the
reaction rate for the exo-reaction is 350 times the reaction rate for
the endo reaction.

Sigma electrons in the C1-C6 bond assist
by neighbouring group participation with the
expulsion of the leaving group

H 3.1 3.2 3.3
H

3. A non-classical ion: pentavalent, symmetrical

In a non-classical carbocations, the positive
charge is delocalized by a double or triple bond
that is not in the allylic position or by a single bond.




B. NGP BY AN ALKENE (C=C AS A NEIGHBORING GROUP)
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(a different view of the same iniermediates)

EVEN IF THE DOUBLE BOND IS MORE REMOTE FROM THE REACTING CENTER
THE ALKENE CAN STILL ACT IN THIS WAY.
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E. The C-C single bond as a neighboring group

i. The 2-norbornyl
system
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2) Formation of carbocations

a) ionization

Unimolecular ionization results in a carbocation and a leaving group.

If the carbocation leads to a substitution product = Sy1 reaction.
If the carbocation leads to an elimination product = E1 reaction.

In both cases the ionization is the rate determining step.

E.g. Acid catalysed dehydration (loss of water)

The protonation (and deprotonation) occur faster than the loss of water from the
protonated alcohol.
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b) Addition of an Electrophile to a 11 bond

A common way to generate cations is an addition of a Lewis acid (oftena H*)toa 1
bond.

E.g. protonation of an alkene:

AT gk — e

E.g. protonation of a carbonyl group:

) o
. L-;:'_ ~H . |
C (ol "T” T
1 . } A\t A
il 0l i D =0,
A H~0Qse ~ = L /)L 3 ,@h‘\ | )0

In acid, carbonyl compounds become protonated on the O, although there is significant
+ve charge on the carbon (activated carbonyl complex towards nuc attack).

Protonation of Esters occurs at the carbonyl oxygen as this leads to an extensively
delocalised cation.

B bR H-Oso0d  ~—> ReC—0-g Hio
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Reaction of a carbonyl compound with a Lewis acid.

The basicity of the carbonyl oxygen allows reaction with Lewis acids such as AICl,,
BF; and SnCl,, leading to complexes which are usually reactive intermediates.

E.g. [ Ema (:,_ ‘:\_‘j
| |'. %" Al'u"s T - ‘LHQH ‘I
o Jﬁul'-ill | R—c~ (& it Q_'.L‘ <
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= T Jﬂdt] (=]
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e N o Al
Frald = T2
{:'RJP) A.*"&C_.ljiﬁr\
c) Reaction of an alkyl halide with a Lewis Acid
E.g. AICI; with 2-chloropentane.
_’,-"’\_\—/_/]\ : | S ’
A A l\(\ { A /,—\\/”J@ %}U%

The LA removes the chloride to generate the carbocation.
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d) Carbocation from diazo compounds

H =} tautarmerizsm
.. HMNOgz, 0° @, [N o
R—HH R—h—hi=al * 2 e | N—fi=0 4._[R—N=N—DH
=0 | H/
i &
H
Alcohols
HzO - Mgz @ 2 - HzO R <
and -—— [REEI] - [R—NEN:] b [R—N:N—OHE]
Alkenes a diazoniurm cation

e) Carbocation from silver ion with alkyl halides

Also applies to Lewis acids y
H, O

'T\Ag@ ‘Z‘a@A ’)
cl: Cl—Ag :Cl—A
H.O » X > )@ S

2

better leaving group ¢
H

,0-H E’:b—f o
X a—— XV

One advantage of Ag+ here with halides such as Cl, Br, and I is that silver
halide salts are insoluble in waler, driving the reaction to completion

FeCl,, AICl,;, FeBr,, AlBr,, BF, are other examples of Lewis acids tha
can be used to make functional groups into better leaving groups
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Reaction of Carbocation
Carbocations are stabilized by neighboring carbon atoms.

The stability of carbocations increases as we go from primary to secondary to
tertiary carbons. carbocations become more stable as you increase the number of
electrons donating groups attached to them. Alkyl groups are a perfect example:

H H H *CHg
3 H 3 12 H a . H
Haﬂ)f&ifi_] HSGJ@\KH Ha{jéﬁl_'
H H H
Primary carbocation Secondary carbocation Tertiary carbocation
(least stable) {most stable)

One rearrangement pathway where an unstable carbocation can be transformed
into a more stable carbocation is called a hydride shift. Look at the diagram

below.

One pathway rearrangements can occur through is a hydride shift.

FOLLOW THIS
ARROW
?, Transition state Form  Break
HG, *}; Ho. 1 CH; Gt Coh
(EH | e - Ao H
HC™ " Y@ Ha® PTCHg HiC'®
CH 3y ] " CH
1 3 3
Secondary carbocation Tertiary carbocation
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Some examples of "allowed" hydrogen rearrangements
(note: "hidden" hydrogens not drawn!)

Py .
Primary —= Secondary D —

Primary ——= Tertiary ;\Q@ /]\
— )

Secondary —= Tertiary H {\

Note: Carbocations with the same substitution pattern can rearrange if it
results in a resonance-stabilized carbocation

Secondary Secondary
(resonance stabilized)

Now we’re ready to show how the rearrangement reaction occurs with the SNI1.
Recall that the first step in the SN1 is that the leaving group leaves to give a
carbocation. In the case below, the carbocation that is formed is secondary, and
there’s a tertiary carbon next door. Therefore, a rearrangement can occur to give
the more stable tertiary carbocation, which is then attacked by the nucleophile (water
in this case). Finally, the water is deprotonated to give the neutral alcohol. So, this

Is an example of an Sn1 reaction with rearrangement.
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Rearrangements can accompany reactions where carbocations are formed,

such as in the Sy1 reaction: . o
Br- Ha0: B
H Br HA “NH
H'y Oy P ® X
1 2 > . '8 ] = — 3 - 1
| ,  lertiary
seconaary carbocation
carbocation (more stable)
Step 1: Loss of Step 2: Rearrangement Step 3: Addition
of nucleophile to

feaving group nucleo
ca cation

y H
RO Ny | ©

H H H—0: r
® © HO: i
H;O Br N - S

Step 4: Deprotonation

Final product
Sy1 with rearrangement

I’ve given some more examples of SN1 reactions with rearrangements below. See
if you can draw the mechanisms! In the next post we’ll talk about a slightly
different rearrangement pathway with substitution reactions.

Some other examples. Can you draw mechanisms?

/7<t::u:H3
—_—

H,0
T
r

The most common situation where alkyl shifts can occur is when a quaternary
carbon (that’s a carbon attached to 4 carbons) is adjacent to a secondary

carbocation.

Br
CH,OH

OH
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Secondary

’ carbocation
H,C
HiC, @ M Alky! shift H4C
—_—
H;C H @
7CH; H 7 CHy H
CQuaternary
carbon

H
H

Tertiary carbocation
(more stable)

In the transition state, there are partial bonds between the carbon being transferred
and each of the two adjacent carbon atoms. Then, as one bond shortens and the other
lengthens, we end up with a (more stable) tertiary carbocation.

How an alkyl shift works:

HH H
H:,C | H Ir-r n‘
B '@CH _-_ HSG * @ % H
H.C 3 >
oy N HyC CH,
" second:
f:-a.vtnérc;:gn Transition state

HaC CH3
— %—FH
H4C h CH,

tertiary
carbocation

Here’s an example of an Sy1 with an alkyl shift (note that the CH3 groups here are

just shown as lines).

19


https://s11452.pcdn.co/wp-content/uploads/2012/08/6-rearr.png
https://s11452.pcdn.co/wp-content/uploads/2012/08/6-rearr.png

Sy1 With Alkyl Shift:

FOLLOW THIS ARROW

Step 1: Loss of
leaving group

®
H40 o

o-x

.0
: ] |-| :
N
4 Secondary
carbocation

Step 2: Alkyl shift

Green bond shows
pair of electrons
that move

e
H.0O =

.

 —

He

Hr_\({]:
S R

4

a2
. HeH
H,O: 6
Form Break
. '333 ; C_0) Co—Cl
1
4 tertiary Cz_gﬁ Cr‘j-:ﬁ
carbocation H-CI H-O
Step 3: Nucleophilic
attack on carbocation
Y

& Step 4: Deprotonation

Here’s an example of an Sy1 where an alkyl shift leads to ring expansion.

Step 1: Loss of
leaving group

i

”e HEI{.):
:{E_I:
)
B 3 1 i &

Step 2: Alkyl shift

The green bold bond
shows the pair of
electrons that move

OH

e
HyO Cl

& 4

B

. @ﬁ'ﬂHﬂ

0
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Form Break
Co—0 Co—Cl
2 1 C 2—C4 cg—c.q
4 H-CI O—H

Mow a {more stable) tertiary
carbocation and a (more stable)
five membered ring

Step 3: Nucleophilic attack

:ﬁH2
;

o
Step 4: Deprotonation
]



In exploring reactions that proceed along the carbocation pathway, every once in a
while you might see an example of an addition reaction that looks a little... strange.
The alkene is gone, two new bonds have formed, but the positions of the new bonds
Is a little out of the ordinary. Like in this example:

An addition reaction with a twist

Form Break
" " : H c,—H C,—C, (n)
Hu _‘11 H H-CI cl 1 H L 1=z
- C.—H C;-H
H,C HiC H - 3
“ CH; H CH; H
C,—Cl H-CI
How did that chloride end up on C-37
Step 1 - attack of alkene on H-Cl (arrows A and B)
Form Break
8/y @ ACHH A CCa(m

A
H H—Cl C,-H Cy-H
”;H*}(" afé\g
—r -
CH; H
Observalion. secondary carbocation

Step 2 - rearrangement (arrow C)
Recall the order of carbocation stability: tertiary = secondary > primary
Migration of the C-H bond from C, to G results in a more stable carbocation!

This arrow says, "break the Cs—H bond and form a new C-H bond"

* Form Break
o c® ~
}%\F CF oy AGH ACCM
o
e - CCy—H € Cy-H
H,C H 2 3
CH; H % CHy H
C,—ClI B H-CI
Secondary carbocation Tertiary carbocation

a more stable carbocation
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Step 3 - Attack of nucleophile (arrow D)

Form Break
m/)m H ACG-H  AC,—C, (%)
—_— .
cH3 GHa
D Cy-Cl B H-CI
Tertiary carbocation
Hydration of alkenes (with acid catalyst)
H H 4 Form Break
P WL EPN CH (o
H ———— H
H H,50, HO 'y C-OH H-0
(often written HSD@}
Addition of alcohols to alkenes (with acid catalyst)
H H gy Form Break
/\r)\ R-OH />(\< C-H C=C (=)
H  eeem——-
H,50, H C-OR H-0O

H R-0 H

{”I-i}j" is often written
as the acid here)

Since our nucleophile is neutral, it will bear a positive charge after attacking the
carbocation. This positive charge can be removed through deprotonation by a weak
base. One little assumption here: we are using H,O (or ROH in the second case) as
solvent, so there is a whopping excess around to act in this capacity.

N B Addition of water to alkenes
B A o

H—OH, c_ ..
A - :OH,
H H
/\r)\H R /ﬁ*i)( R />e< /Y(
H H

H-0: H

Carbocation . s
intermediate \,_/ :0OH, H-0 &i'l

Deprotonation
by solvent
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Ring expansion example:

H ¢Hﬁ . %

H LR CH:l

H ne \@ Qo Cl,_ CHy
= 3 CH; CH; CH;

H — ) —_— H —_— H

rearrangement
fring expansion)

One last (weird) reaction to show you with respect to elimination reactions. Can
you see what’s weird about it?

An elimination reaction... but something is weird about it

I H,S0,
—_—

How did the double bond get here?
Eliminations (E1) Can Occur With Rearrangement!
Form Break

Cs—Cqlr) C,—OH
O-H Cy-H

(CE—H Ga—H)

natice the exira set

Well, we start by protonating the alcohol. This allows for water to leave in the next
step, which is going to form a carbocation. Here’s the thing: the carbocation
Is secondary, and we’re adjacent to a tertiary carbon. So, if the hydrogen (and its
pair of electrons) were to migrate from C3 in our example to C-2, we’d now have a
tertiary carbocation, which is more stable. Then, a base (water in this example)
could remove C-H, forming the more substituted alkene (the Zaitsev product in this
case). And that’s how the alkene ends up there.
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How Does This Work? . .
Secondary carbocation

@
Cv_"m*z Loss of H& H
H-0SO;H leaving group @®
.—'_ _b.
Protonation
This is a _secqndaf}r /
carbocation; it can Rearrangement

rearrange here fo
give a more stable
(tertiary) carbocation

H,0: H

® O
HeO HSO, Deprotonation ﬁ

-
Terliary carbocation

(more stable)

Elimination (E1) With Alkyl Shift
Step 3: 1,2-alkyl shift

Step 1: Activation of Step 2: Loss of leaving group
leaving group fo give carbocation
A e © 0SO;H
H, o: (\H—DSDSH H.S.H D
1 ; — 4

_h...

© 050;H

E :

Step 4: Deprofonation to
give alkene

=) I
&

j:mm 2]

&

@ i
Transition state H.O HSO} CH
e >, ) 3

o
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A Wagner—Meerwein  rearrangementis a  class  of carbocation 1,2-
rearrangement reactions in which a hydrogen, alkyl or aryl group migrates from one
carbon to a neighboring carbon. The rearrangement was first discovered
in bicyclic terpenes for example the conversion of isoborneol to camphene.

H3C CHj HsC CHa H3C CHs
CH CH
HO. o 3 3
H—O)- —_— = T -
— 2z ® CH -
HsC HoC HaC b, 3 3

3 CHa

Rearrangement of alcohols under acidic condition
CHg CHy ._-' : "CHS
H+
CHa, GHa - ‘_) CH;
OH COT'lz
CHs CHa
—_— —_—
H
CHg
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Meerwein rearrangement of norbomyl systems:

Dr. OM PRAKASH, M.P. GOVT. P. 6. COLLEGE HARDOI, U. P.

A special case of carbonium ion rearrangement in camphene hydrochloride
derivatives involving the migration of a methyl group:

@fﬁﬂg ©:GH3 @:éHs
S
CHa
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Addition of Acids To Alkynes

One equivalent of acid gives the alkenyl halide ("vinyl halide")
Two equivalents of acid gives the "geminal dihalide"

H-CI (two equiv)

¢

cl, H cl
R-C=C-H —H1Cl c= H-CI

# clo A
—h.-
Vs N M:C-CHS
(one equiv) R H (one equiv) R
“alkenyl " inal
chioride” {or cﬁgth;ﬁ?fe
“vinyl chlorida")
note: "Markovnikov" addition
(53,“9 for HBr and Hl) (CI adds to most substituted carbon)
How It Works
Mechanism still proceeds through a carbocation
Addition of first equivalent:

N :EI?"}

/» H-CI -
@& H

) cl, __H
R-C=C-H R-C=C_ - /E—C\
H R H
most substituted nalken
(ie. stable) e
carbocation
Addition of second equivalent: o
A :Cl:
/*- H-C r -
Cl
Cl H cCl@® H cl\
;c=c\ —_— /"‘c-c;H ———— =  C-CH,
R H R H
"alkenvi stabilized through "geminal”
chﬁora‘dJ;" resonance with Cl dichloride
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The Carbocation Pathway - Comparing Alkenes and Alkynes
Similarities
« Hydrogen halides add to most substitued carbon of = bond ("Markovnikov”)

= Proceeds through carbocation intermediate

Differences

+ Hydrogen halides can add twice (giving "geminal” dihalides)
+ Hydration [H,0, H,S0,] gives ketones (via the enol)

Pinacol / Pinacolon rearrangement:

Eg: 1,2-dihydroxy compounds

(ZIHEI C|H3 H+ CIHEI CIHZ-I _Hzo li:i—|EI CH,
CH:_TC—(I:—CHEI — CH; C—C—CH,—— CH:_I-E—(I:—CHE
OH OH LOH, :0H OH
Pinacol l_CHE
CIHH:ﬁ L oA oH" CH, :0H
CH; C—C—CH, P CHy C—C—CH; +— CHyC—C—CH,
li:l—lEI li:l—lEI IIZIHZ_I
Pinacolone

Carbocation is already tertiary

Then why should it rearrange?
The lone pair of electrons on the oxygen is another source to stabilize the
carbocation.
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Mechanism:

+
H
H\) _H H. H
OO0 DJC} H,c ©O

+
:\"L‘i‘*
& 3C cﬁa"'B H%%c cﬁaH" cie
pinacol
Hac 3 H3C
CH; CH;
pinacolone
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The carbocation formed as a result of loss of H,O, pulls the migrating group, Lone
pair on oxygen pushes the migrating group

Preparation of Spiro System:

Inacol-Finacolone rearrangemen
- Pinacol-Pinacolone R ; R
[1860]
£ )
HO H© H2O :
Q):@ sl E>O'H <j _H,0 'o' _). QO '_H@ QG
®OH (o]
N
HO 0 H20> =R \ /
; _— ® > S — }—é
AN >f_< = %_:)< nd’ N\ 4© o
pinacol ® pinacolone
k © 2017 Roman A. ValiulinJ
l|>h
{Ph} Ph ¥ {Ph
CH;,— %— %— CH, H 3,3- Dlphenylbulanone
OH OH Ph
2,3-Diphenylbutane-2,3-diol L3¢ s e e CH3
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Me Ph 0 Me

| | H,50,
HO———OH > u-o—'—( — H—Ph

Me Ph Me  pp
A B C
Mc Ph
BT a}—'»nn
Me  ph

D

» Migrating group preference:

It doesn't matter when we have symmetrical diols & epoxides
It doesn't matter when we have unsymmetrical epoxides & diols

0 HO 7
HO 4OH, l o Ph
Ph —» — Ph
e Ph Ph
HO OH h o
Ph

Ph
S H,0 OH ( ||

Only I is formed in quantitative amount because the
carbocation is stabilized by two phenyl groups
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Carbanions:

A carbanion is an anion in which carbon has an unshared pair of

electrons and bears a negative charge usually with three substituents
for a total of eight valence electrons.

Formally a carbanion is the conjugate base of a carbon acid.

Carbanions are units that contain a negative charge on a carbon atom. The negative
charge gives good nucleophilic properties to the unit that can be used in the formation of
new carbon carbon bonds. Carbanions thus act as nucleophiles in substitution reactions, in
carbonyl addition and substitution reactions, and in 1 4- addition (Michael) reactions.

structare:

spa orbital

v sp® hybridized 5
Rlu; - -._F{S - H-I""- ,.,..-Fta
R

@ -rapid epimerization of stereogenic
carbanions, except when R, = OR

(5tll, JACS 1978, 100, 1481 & JACS 1980, 102, 1201)

| ™~ 5p2d065 not easily invert

R—-C=C<3) ~
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I. STABILITY AND STRUCTURE

The stability of the carbanion is directly related to the strength of the
conjugate acid. The weaker is the acid, the greater is the base strength
and the lower is the stability of the carbanion.

Factors determining the stability and reactivity of a carbanion:

o The inductive effect. Electronegative atoms adjacent to the charge
will stabilize the charge;

o Hybridization of the charge-bearing atom. The greater the s-
character of the charge-bearing atom, the more stable the anion;

o The extent of conjugation of the anion. Resonance effects can
stabilize the anion. This is especially true when the anion is stabilized
as a result of aromaticity.

RELATIVELY STABLE CARBANIONS WITH CERTAIN STRUCTURAL FEATURES

( R R R R
Conjugation of the Y:(I:_ cI:e e ;?— (I::é —
unshared pair of qu I|:<
electrons with an & 5
unsaturated bond R—ﬁ=CH—CH2: - R_E=6H=CH2

S
Gz R CH, CH;, CH;
© S)

Carbanions increase in
stability with an increase in Stability:

the amount of scharacter at o e i
the carbanionic carbon. RC=C—> R,=CH- = Ar- > RCH,
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3° < 2° = 1° < allylic, benzylic
5p° < sp° < 5P

[note: these trends are exactly opposite those of carbocations]

O
rsic® < mnc® < Re® Q o <« pic®
R-C—C i
(enolate)
Relative stability of carbanions
<[ increasing staEiN
H H Cﬂé ?HS
H=CO > CHi—CO > cHy—C:O > oHg—C:®
H H H CH3
[ f-'acfors fﬁat confrrirk;ute to carBan{An stdsiiify: i
| + Solvation effects
| * Hybridizatéion (high s character stabilizes neg. chg.)
|+ Delocalization
Q increasing stabili
H
H H H I.I{
CH3—CEC:® > =~ H2c=c:@ > CHa—?Se
= H™ 5 H ' &
£l £
9:CH,  :CH, :CH, ©:CH, ©:CH,
OF[OF[O)[O)-[O
ot S LK Xuh
NO. Cl CH, ‘OCHj;
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The negative charge on a carbanion is stabilized by neighboring electron
withdrawing groups (WEG) such as carbonyl, nitro, and sulfone.

EWG = C=0,NO, ,CN, 50,

The stabilizing dispersal of the electrons into the EWG is shown in the examples
below. Carbonyl functions are very effective in stabilizing adjacent negative charge and
when two carbonyl groups are present (as in diethy]l malonate or acetylacetone) a very
useful carbanionic intermediate 15 produced. The intermediate is called an enolate. The
dithane system is capable of stablizing the carbanion by dispersal of the charge into the d
orbitals of the sulfur atoms.

(=]
oV § 7

C—20C - —=

e e
O -\ 0 O O O a
T T Il I I I

0 O g
cH ||(|: cu base -
F= 3———= CHEC-CHE - C'H.E.:!:_CHB
ketone enolate
0 - &: fi
d ¥ B

e : . ) Jf/-\_ f
)L/H — )xx " ﬂﬁH%a"ffN' B-H Y’f

35



F3C\ /®
o’ N
@

o 0
- R D ~ 7S
R
Base
FaC. 1/

107-110 Q

R
Compound R pKa (in DMSQ) pKa (in H20)
107 H 14.62 /
108 NO; 0.46 /
109 SO,CF3 8.85 11.6
110 S(O)(NSO,CF3)CF, 6.45 9.70

5.1 Whiel r - : i > :
( 5.} Which of the following carbanion is not resonance
T Sabilised?

LRl c.-.-
= ':Q'_\

() | l | ) ( < ]

SN0
{c) [—_ j dl L"*]
.\:\(_) e
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Whan carbanions are formed in unsymmetrical ketones, two carbanions is possible.
One , the more substituted carbanion and more stable, is called the thermodynamic anion;
while the least substituted and first formed anions is called the Kinteic anion. LIDA 15 a base
of choice for formation of kinetic products while hydroxide and alkoxides give the

thermodynamic anion.

0 0 0
)'I\_/ — e)j\/ and/or )@7
kinetic thermodynamic
LDA 71 29
t-BuOK 20 80
0 0 0
o (=]
)k.r —_— )H/ and/or )Y
LDA 99 1
t-BuOK 12 29
0 0 0
e e
—_— and/or
LDA 99 1
t-BuOK 26 T4

Stability of Carbanion by aromatization

1. contains a ring of continuously overlapping p orbitals

Il. has 4n + 2 (Huckel's rule) pi electrons in the ring

"o




Solvents and Bases

The formation of carbanions can oceur in several solvent systems. Very strong

bases cannot be formed in protic solvents because they abstract a hydrogen atom from the
solvent to form a hydrocarbon.

Commonly Used Solvents

Water, Alcohols---polar protic

Ether, THF, Hexane--covalent aprotic

DMSO, DMF, HMPA--—-polar, aprotic

The strongest bases are obtained from the reaction of metal with organohalogen
compounds to give reagents known as Grignard reagents or organolithium reagents.

Bases

Organolithium reagents

n-Buli, Phli, MeLi commercially available

t-Buli = sec-BuLizn-Bul.i in base strength

II. THE GENERATION AND FATE OF CARBANIONS

©
a) A group attached to a +
. - _— —_— : +
carbon leaves without its RO B G & &
electron pair. ~EN.O ©
b) A negative ion adds to R—C-0: R: + CO,
a carbon—carbon double ,//\\ & o |
or triple bond. CZC\ + Y —» —C-C—Y
4 [
The first step is an acid-base reaction which produces
—_<—CECH NaNH; CE{EZ Na@ the alkyne conjugate base, or alkynide ion (a nucleophile)
S
CH, Li@ e @
HiC—CECH ———= HC—CSc L +

(a)

&
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) Reduction of ¢ bonds

Any preparation of organic-alkali-metal commpounds is a source of

carbanions. The reaction of organic compounds containing atoms of

chlorine, bromine, or iodine with alkali metals is one of the most often

used methods. This reaction can be expressed:

E—X + 2M —

OIganic metal
halide atoms

Rni* + MHEC

carbanion- metal 10n-
metal ion halide ion
pair pair

in which R is an organic group; X is an atom of chlorine, bromine, or

iodine; and M is an atom of an alkali metal.
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The conversion of one carbanion into another can be accomplished with

either hydrocarbons or organic halides, as shown by the equations
below:

E—X + RIMA* —
organic carbanion-
halide metal ion
pair
E~M* + E—X
carbanion- organic
metal ion halide
pair
E—H + E'7 Mt —
hyrdrocarbon carbanion-
metal ion
pair
Tl + R'—H
carbanion- hydrocarbon
metal ion
pair
Reactions:
R
e © S] Na |
R+ Y —= R—Y R+ © _—» —C—
O |
:Q:@
= "‘. ’/"‘ ’.-“ S
R--*=C~Xx—» R—C" + X ©

) >
| | PhsCCH,: —» Ph,CCH,Ph

_Q S
o O COH
© > { Hy0" {
cz=c: " ™ - C=e : C=C t
Mucleophilic attack on the ketone gives the alkoxide ion,

3% alcohols are produced from the reaction
which is the conjugate base of the 3% alcohaol. between carbon nucleophiles and keiones.
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MaNH, (=] CHal Ma HsC HH Br,

CH3=C=CH ——— CH;-C=C! CH3-C=C—CHa - = —
Sn2 NH; H CH,
trans
Br
HyC WH HyC CH;
Er*H = sr“H"'Esr mese
H Ch H H
NaMH; 2  CHsBr NaMHz o CHgBr

HCECH ——— HC=EC: ———= HCSC—CHy — CSC-CHy ——

Na NH, 3G H PhCOH H CHy _
HaC—C=C—CHs >:< - - H;:,C"“\W(“'H trans epoxide
epaxidation 0

e
o o OH
= @® \)’K/ H,O
CH3-C=C+s L - . a tertiary alcohol
a ketone | | | |
CHsg CHz
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Enolate Reactions with Carbonyl Groups

Aldol Condensation

An aldehyde or ketone that has a hydrogen next to the carbonvl group, an a-
hydrogen, can form an enolate in basic solution, and the enolate can react by nucleophilic
addition at the carbonyl group of another molecule. This process is a very important
synthetic procedure and is known as the Aldol Condensation. The final product from
aliphatic aldehydes or ketones confains both a carbonyl and an alcohol group. The
product is called an aldol.

CH,CH=0 iﬁ- _CH:._CH:O - CHFCH_O_

_ HO

CH;CH=0 —PCH?,EH-D — CHSII—I-OH
2 H,CH-0 H,CH=0
CH,CH=0 an aldol

Some examples of the aldol condensation from aldehydes and ketones are shown
below.

Aldehyde _

OH _ CH;CH,CH-OH
CH,CH,CH=0 o CHCHCH=O —»

\H—z/ CHJ:HCH:O

Eetone
0] @] 0] 8]

— ,-"'_"“

o N TG

e + |

OH

second
molecule

The aldol products react readily with acid to undergo dehydration and give c.fp-

unsaturated carbonyl compounds that are also very useful in synthetic organic and

&’p H+%”Q
—_— o
OH

Intramolecular aldol condensations are useful in the formation of cyclic o,p-

biological chemistry.

unsaturated ketones.

9 Q 0 0
OH - 2) H
(f\o—-(f;o—'*é—- Q

H,C OH CH;
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Crossed-Aldol Condensation
The main aldol condensation involves reaction between two aldehydes or
ketones of the same structure. But, the procedure can be modified so that the enolate can
react with another aldehyde of different structure. The requirement is that the other

aldehyde has to be more reactive than the first and it confains no a-hydrogens.
Formaldehyde, CH7C=0, and benzaldehyde, PhiCH=0, both meet these requirements and

are useful in this procedure called the crossed-aldol condensation. All three of the o-
hydrogens in acetaldehyde can react in a crossed-aldol condensation with formaldehyde.

SN

OH - CH,=0
CH,;CH=0 — CH,CH=0 g~ HOCH,CHCH-O

HOCH,

OH
CHECH:D + 3 CH2=0 —= HOC CH=0

HOCH,
Aromatic ketones bearing a-hydrogens give aldol reaction products readily, but in
this case the aldol product spontaneously loses water to form the unsaturated ketone.
When benzaldehyde is used in the crossed-aldol condensation the final product is the
unsaturated aldehyde or ketone. Conjugation of the double bond with the aromatic ring is
the reason for the spontaneous dehydration.

O 0
cH,-¢-cH, CH,CH=0 1
PhCH=CHCH=0 -— PhCHO —— PhCH=CH-C-CH;,
OH "OH

Esters

Claisen Condensation

Esters, like aldehvdes and ketones, give an aldol-type reaction. The a-hydrogen of
the ester is removed by base to give the enolate. The enolate reacts with another molecule of
the ester in an addition-elimination reaction characteristic of esters, which appears as
displacement of the alkoxide. The resulting product is a f-ketoester. The reaction is known

as the Claisen condensation.
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0]

0 - 0 |

| CHO _ CH E-DC H,
r,H_,i:-cu::zH5 —»  CH,C-OC,H; 3
(o o 0O o
CHa{ZCHzlE-OCsz — {:HE.,l’E_CH2 -OC,H,

{ OCH;
The c-hydrogens in the product p-ketoester are more acidic than the o-hydrogens
in the starting ester. Thus a new enolate is formed that is more stable than the first enolate,
thus helping the reaction go to completion.

0 _
CHO

et cn,-co,cH— 2 cu b cn co,cH < CH.C=CH-CO,C,H;
O
H* I
— > CH,(-CH,CO,CH,

Crossed-Claisen condensation occurs when a highly reactive ester with no o-

hydrogens reacts with the enolate derived from another ester. Ethyl benzoate and ethyl
formate are two frequently used esters that have no c-hydrogens.

0
_ 0 I
C,H;0 I HC-OC,H;

I
RCH,C-OC;H; — = RCHC-OC,H,

(_‘5') 0 + 0 O

H
CH3CH39—|C—1FH!I—DCZH5—P H—%—?H&—DCZHs
Hr R

Claisen condensation of ethyl benzoate with ethyl acetate affords ethyl
benzovlacetate in the crossed-Claisen method.

0 C@ 0 0
i M -CH,CH; CH,C-OCH,CH, QJK)L o CHCH
CH,CH,0 N#*

Intramolecular Claisen condensations go by the name of Dieckmann condensations

and are useful for the preparation of five and six-membered rings.
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The Dieckmann condensation is the intramolecular chemical reaction of diesters with base to
give B-keto esters. The equivalent intermolecular reaction is the Claisen condensation.

Ethyl fluoroacetate reacts readily in a crossed-Claisen reaction with diethyl
carbonate to give diethyl fluoromalonate. Diethyl fluoromalonate can be used synthetically
just as diethyl malonate.

I

OEt

Dieckmann condensation

) QO
CH,0C__ Q_ocH, _ CH;0
—_— C,H;0
0
% 0) OR O
ORH/\OR OR O
0 >0 OR

o}

OR OR
(O o] o 0 . 9 o]
H
— R — —_
y OR OR OR OR
\_/

Deprotonation of an ester at the a-position generates an enolate ion which then undergoes a 5-
exo-trig nucleophilic attack to give a cyclic enol. Protonation with a Brgnsted-Lowry
acid (H3O" for example) re-forms the p-keto ester.
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Enolate Anion Alkylation Reactions
General Reaction

When strong anhydrous bases such as sodium hydride, sodamide or lithium
diethvlamide LiN(C2H3)2, are used to prepare the enolate anions at low temperatures, the

resulting enolate reacts very slowly with carbonyl groups and can be used as nucleophiles in
the SN2 reaction with primary alkyl halides. In the resonance stabilized enolate, a negative

charge exists on both a carbon and an oxygen. Both sites are possible nucleophiles in the
reaction but the carbon nucleophile predominates because it is a stronger nucleophile but
minor products from O-alkvlation are found.

O

I o 1~~r(t:Hch.3)2
@ OH
—_—

ma]c-r minor

Ethyl Acetoacetate
The a-hydrogens of ethyl acetoacetate are acidic enough (pKa =11) to be removed

by a variety of bases. The enolate anion can be used to displace a halogen in an alkyl
halide. Hydrolysis of the product gives a B-ketoacid which loses CO2 on mild heating. A

derivative of acetone is the final product.

0 - o, ™~~~ O

|- C,Hs0 - R-X |
CH,CCHCO,C,H; CH,CCHCO,C;H; —— > Cch?HCDngHj
O 0
H,0* I heat I
- CHSC?HCOEH —» | CH,CCH,
-CO, ﬁ
substituted acetone
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Double alkylation of ethyl acetoacetate in sequential steps can provide a synthesis
of highly branched derivatives of acetone after the hydrolysis and decarboxylation steps.

i cmo 0 S 9
CH;CCH,CO,CHy — =~ » CHJ‘ECH{ZOECEH, LB- CHscFHCD”C”H:
- OCH; 0 C,H;s
1) G,H;0 Il | H,0* I
———» CH;C{COCH; ——» CH,CCHCH;
2) CH;Br heat
C,H; C;H;
The Michael Reaction

Enolate Addition
Enolates may also be alkvlated with o.f-unsaturated carbonyl substrates. The

enclate adds in the 1.4 fashion to give a unit extended by three carbon atoms in a process
known as the Michael reaction. Many o, f-unsaturated carbonyl systems may be prepared

by the dehydration of aldol products. Examples of the Michael reaction using methyl vinyl
ketone and acrvlonitrile, two common units in the reaction, are shown below.

Michael Reaction

o
/(—\;}\)LCHB 0O 0

Il -
CszDJ?CIJ&UCij CzHS{)!jﬁJHJ&DCEHi
CH,CH,(CH;

2)H*

o m .
i 1) CH,=CHCN i

CH;CCHCO,C;H; —— > CH,CCHCO,C,H;
2) H,0
H.CH.CN
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Robinson Ring-forming Reaction

A unique reaction that produces a new ring containing an a b-unsaturated ketone is
the Robinson reaction. When an enolate derived from a ketone reacts with methyl vinyl
ketone, the enolate adds in the Michael reaction, then a second enolate in the kKetone product
iz formed that cyelizes in an Aldol condensation to give the final product.

Robinson Reaction -

o
- _
O o (So b

Michael CH;
(0]
2)HF
k‘*--._..-' O
Instead of forming the enolate from an w-hydrogen, an o-bromine atom can also be

aldol

Reformatsky Reaction

used. Zinc reacts with ethyl c-bromoacetate to form a zinc enolate that reacts at the
carbonyl function of aldehydes and ketones to produce o, f-hyvdroxyester. The method is

made easier by addition of the bromoester to a mixture of zinc and the carbonyl compound.
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Reformatsky Reaction

BrCH,CO,C,Hj L BiZn ‘CH,CO,C,H,

Kik /;Zn\ CH,CO,C,H; . BiZnQ CH.CO,CH,

H,C” ~CH, H,C CH;

+
H,0 HO_ CH,CO,C,H,
H,C” ~CH,

Ethvl bromodifluoroacetate is used frequently in Reformatsky procedures to give
high yields of alcohol products.

_,),o BrCF,CO,C,H; ___}(o N/
D\)\CHO Zn  ether

0 CO,C,H;
OH
Benzoin condensation
OH O
;henzeldehyde Benzeldehyde Benzoin
Step land 2 as in other condensation reactions.
Step 3, loss of CN” ion -
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N H

-/ - |
C,,H,—-C-‘—\H_:’/CN" — O = CH; %—
CN CN

HO9Y Gy

CH, (Il—C6H, = CH; * <f—c JH,

A 1

O OH

CGHS—C—(IZ——-CGHS +CN

H

A 1,4-addition is also called a conjugate addition

e
—Q =™ R,C—CH—/—C——0

R.C=—=CH C—p ——==» R C—CH—C|‘-
FPh R Ph R
5 T -
Ph R Ph R
1.3-H shift (keto form)

(Enol form)
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Perkins reaction

Step 1-2 as in others

Step 3: protonation of the alkoxide ion to form an aldol type compound.
Step 4: dehydration, the hydroxyl group and neighbouring hydrogen are
removed as water.

Step 5: hydration

CH,CO
@CHO oot = e g SO CH—CH,CO~,
CH,CO/ 180° 3
Acetic OH CH,CO™
Benzaldehyde Anhydride :
~CH,.COOH
2{-————) CH = CH COOH

Cinnamic acid

U
570k 3] i1
C"H’_fvi}y CH’—A\ £} ot C6H5—1I?——%

T G

"
|
8|
1
i

I CHC~
e
CH,———(ll
o §
H H
| (0
o H0 0
10 H—-CH—C\O o%
CH—C o
" cH—c” i
0 | i
0

1}1,0 (0)
|

e
CH,—CH = CH—C—O0—H + CH,C00

Cinnamic acid
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Knoevenagal reaction

H -
[t CoOC 5
R
Acetaldehyde COOC,H; \COOC ,H,
Malonic ester l H,0, u T
2 and heal

CH,CH = CHCOOH

Crotonijc acid

CH, CH,
R S
Acetoacetic és}t{esr Ho,1  COOC,H
CH,
CH,—C = CHCOOCH,
i 4 COOC,H,
Mechanism

Step 1-2 as explained in other reactions
Step 3: protonation: - alkoxide accepts a proton to form hydroxyl compound.
Step 4: involves dehydration

) _~COCH = COCH
B: + H,C e\ GO 2w
COOC,H, ™ cooc,H,
H
RﬁJ}+Hc// NS
\\COOCH — CH—COOC,H,
: O COCH,

H

+
Jn
H,0

5 |
R—CH=C—COOC,H; «—— R—C—CHCOOC,H;
COCH, OH COCH,
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Witting’s reaction
Reaction occurs between an aldehyde/ketone and phosphorous yhides to

form substituted alkenes.
Phosphorous ylide is prepared by reacting a base with an alkyl triphenyl

phosphonium halide as shown below

J + - CH,Li(Base)
(CH, P + CH;I —— [(C4Hy),PCH;I >
I'ripheny! Methyl
) iodide
JH,); P =CH, + CH, + Lil
Viethylene triphenyl
phosphorane (ylide)
. s oL S . R
§>C=0+(CH)PSCRR —— >C=
__________ Alkene R’
+(CH;); PO
Triphenyl phosphine
Oxide
CHO + (CH,), P=CH, ——> CH=CH,
Methylene triphenyl
Phosphorane Styrene
+(CHy), PO

CH
CH”"

™S c=0+(CH,), P=CH—CH,
Ethylidene Triphenyl Phosphorane

CH_
ey C = CH—CH, + (C(H,), PO

CH,/

2-Methyl butene-2
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Rearrangements of Carbanions

Homoallylic rearrangements

The structures below represent allylic, homoallylic and homobenzylic. The “homo™ means
that there is one additional carbon atom. Some interesting rearrangements occur with the

homoallylic systems.
© e
allylic homoallylie homobenzvlic

The examples below show a homobenzylic rearrangement where the carbanion interacts
with the aromatic ring. The carbanion appears to insert between the ring and the carbon
containing the two methyl groups. The mechanism of the rearrangement is proven by
isolation of the cyclopropane structure when a para phenyl group is present.
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CG‘
N T —
HaC © HECE HyC ©
CH,

CH, CHa
1) CO,
—_— COOH
2) H*
H,C CHs
Ph Ph
COOH
e
K—-’B
HEG — H3G
CHy CHy
3 A

HO

O
benzil I

benzilic acid

KOH

OH
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HO /(% g

Coo
oH

1, 2 aryls shift an adjacent carbon atom (carbon 1)

H
Ph o Ph
Na o earr
N; \ R { ROH ‘
Phy ——C——CH,Cl —Fas? th-—-C-—CHNa ——»Ph,——C—CHy—= Ph,C ——CHzPh
Na

lcoz

Phy——C——CH,Ph
@®
o,c NNa
S

1, 2 alkyls shift from N to carbanion

Me
PhlL1
Me;NCH,Ph —— . Me,NCHPh
T %)hL{i}) ® O .
Me; N@——CHPh > Me; N——CHPh — ™ Me; N——CHPh
[ Me Me

Me
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1, 2 alkyls shift from S to carbanion

OH ®
MeTCchoph—p MeSCHCOPh
PhcH, Ph

H
=)
® OH © 9 5
Me——S——CHCOPh ———— Me——S——CHCOPh Me——S——CHCOPh

PhH,C PhH,C —/‘ PhCH,

1, 2 alkyls shift from O to carbanion

PhLi
MeOCH,Ph — g ©OCHPh
Me
H ITe
PhLi © S
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Nitrene

Structure & hybridization
Nitrenes are nitrogen analogues of carbenes. The nitrogen atom possesses only six
valence electrons; in nitrenes the triplet state is lower in energy than the singlet state.

. 0
R—N- RN
' )
- Additionally, nitrenes can be protonated to give
nitrenium ions that are isoelectronic with

carbenes.
0 - U 4
l'.' . \
R——N" R—N‘
O\ . O\
[ ]
singlet nitrenium ion

Singlet and Triplet States

QQfY O O u-Y O@ )

"‘f@ 0/ TH TR,

Singlet Singlet Triplet Trlplet

+ sp? hybridized carbon
* non-bonding electrons have

opposite spin - occupy an sp?
orbital

* XCY angle 100-110°

+ sp? hybridized carbon (or sp?)
* non-bonding electrons have
same spin — occupy an sp” and p

orbital

* XCY angle 130-150°

n
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* Formation of nitrenes
» from thermolysis or photolysis of azides,
» from isocyanates, with expulsion of CO.

O N

I = N2
S e

(I)I CgHs

tosyl azide
S0 .
R=N=C =0 R—N:
;i"E”%N_: — INNENG a) heat
R e ek b) light
@ ® 0 singlet

R-N
N — \D
/N—NB:NI N O
R ?& Y/‘ R/NI

@® ©
o N
RT & B R_Q@

triplet
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NﬂN3 N
OH5C C Cl - ch—O—C /”GL{F;
N’/
[ Acyl azide
0 ﬁ' e}
N
® Z
N Hy,C——O0——C
)Li'l .1—2 “‘\.\‘G)/CE
OH,C NS .
Nitrene has only
6 electrons
From 1,1-elemination
H
{ ,'qqibase N- N
R —» ReX | — R/
nitrene

REACTIONS OF NITRENE

o Nitrene C-H insertion. A nitrene can easily insert into a C-H
bond vielding an amine or amide.

H
|
R'*C*"N + R3C—H —> R'"*(lili—”N—CR3
@)
O-N
HaC NHzOH_ )\© Ac,0
xylenes, 135°C, 2d
oxln'le Isoindola
—ACOH
_“_D"-
N CH, CH,

I
HC - AcOH N - H—N
c” .\C A
: Wl O

60



o Nitrene cycloaddition. With alkenes, nitrenes react to

aziridines.
R
RN+ \C_ C/ . N
/ % 7N
aziridines
N | ;
Me
| i e /N .\\\Mc N
| A
®N + —_— N —_—
| N s
M N Me %
ON ¢ Me Me
Rearrangements
Hoffman rearrangement
0}
Sy NHp  NeOH.Br; S b
-~ e -
= N THF, 70 °C F N
Mechanism
) Br—Br (o] 0 0
{9  » " Base {0/—‘ o ¥ " Base
H ~_H - - = ™y
Hk\u/ HANH —_—— 'R)J\I;\I HJ\T HJ\J:N
& (Br nitrene
isocyanate



Curtius rearrangement

>k O 0 Toluene ﬂ\ O
—_—
O/U\”/\)J\N 65 °C. 10 min OJ\H/\/N“C\

Mechanism

{ Q +_ N_.' CO_ +- N* O
r\/ <A 2 N// N N
H)L N e L RJEN &> —Ny RJ\J: !\l.: R™SC

Y

Lossen rearrangement
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Schmidt Rearrangement of Ketones
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Benzynes

Derivatives are called benzynes or arynes
EQ:
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CH,

If each triply bonded carbon atom in a benzyne molecule is sp-hybridized, as is typical of
triply bonded carbon atoms, there would be severe angle strain in the molecule. It is more
likely that each triply bonded carbon atom in a benzyne molecule is sp*-hybridized, in
which case two sp?-hybridized orbitals that are not parallel to each other overlap laterally

to form the pi bond that is not part of the loop of pi electrons (2).

r ~
.,
J
Normal 77 bond abnormal T bond
two p orbitals inside ring two sp2 orbitals outside ring
- > |
$P7F st/2—- sP,,
Sp> g g
i boud. due
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GENERATION 0F BENZYNES
e 00
H NaNH,.

X~ Ha&'ma%
9?1’

acidic h\af\'foaem .

= (=

N
0-5¢ gy
COOH v~ &)

O —CF

Penagyrne -
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In either case, the pi bond in a benzyne molecule that is not part of the loop of pi electrons
would be very weak, which is consistent with the observation that, despite being aromatic,
benzynes are extremely unstable and reactive. If generated in isolation, benzynes undergo
rapid dimerization.
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