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O produto de adigao em um grupo carbonila
nem sempre € um composto estavel

1EtMgBr H;C o ROH HO OR
)I\ 2. H30® )J\ HO® )Q

ketone tertiary alcohol ketone hemiacetal

Me

Co %\ bR ®0R RO- is a leaving group
OR
Me e \ MeMgBr e
e+—MgBr unstable )J\M
intermediate e

ketone tertlary alcohol




Aon

Acetic acid
(Responsible for
the pungent smell
of vinegar)

Acidos Carboxilicos e Derivados

Carboxylic acid derivatives

Carboxylic acid Derivative of RCO,H
acid chloride or ester acid anhydride amide
acyl chloride*
X S RS S U5 G

E OH R (o] R OR!' R o R' R NH,

*We shall use these two terms interchangeably.

A
0 0 0 o
Methyl butanoate Isopentyl acetate Butyl acetate =~ "N AN
(pineapple) (banana) (pear) -
AN N
Zolpidem
(Ambien™)




® Tetrahedral intermediates

Substitutions at trigonal carbonyl groups go through a tetrahedral intermediate and then on to
a trigonal product.

OD Nu O° 0
AN S V- S
U R /\ X R /\ X Nu”A°R

trigonal planar tetrahedral trigonal planar
starting material intermediate product
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Clisa

R—OH \/@b un stabl e leaving group
as€  intermediate




Como sabemos que o intermediario
tetraedrico existe!?

18p 180 rapid migration of the proton 180H
)J\ H,O )J\ between the oxygen atoms /&
R™ >X anyreasonable. Xt g7 o T R™ Yo
mechanism

o)

rapid proton 188|'|2 0
migration )L ® )J\
—_—— R —» R 180H s R 130H
“ rapid proton
R%x
HO €] 180 M7w | Benden

rapid proton 189 18)0]\
tetrahedral migration 41)
— ®
R Q R OH, e )J\OH

migration

intermediate | =——— R

M In Bender's original work, X

HZO@ |
was an alkoxy group (i.e. RCOX
rapid proton 180° 180 180 was an ester).
migration )J\
180H — R — — R OH

X R™ "X
4\ "'20@b labelled acid
R™/>x

HO
(o)

®
tetrahedral | rapid proton 180H, 0
intermediate migration /U\
R —_— —_— 3
° unlabelled acid




Reatividade dos derivados de acido

Pl e @ e @ . . . .o
CO H{o} :0: C’o' :o(? :OC:9
: (R NT @ s D>
R Cl: R Cl: R Cl R NH, R NH, R NH,
Not a significant A significant
contributor contributor
0] 0]
).k R E, = 88kJ/mol )J\ H
R rr’ R r?l’
H R
(o] Co Co :O
- j\ 9 A
Infrared R %Cl R )éo R R )éOR R %N H, = 0
stretching
frequency very weak weak some strong complete
of the delocalization delocalization delocalization delocalization delocalization
C=0 group
v/cm! 1790-1815 1800-1850 1735-1750 1690 1610-1650
1740-1790 1300-1420
C=0 strongest >  weakest




pK, e a reatividade dos derivados de acido

@ Leaving group ability
The lower the pK, of HX, the better the leaving group of X- in carbonyl substitution reactions.

carboxylic acid derivative leaving group, X~ conjugate acid, HX pKa of HX leaving group?
acyl chloride Cl- HCl <0 excellent
anhydride RCOO- RCO,H about 5 good
ester RO- ROH about 15 poor
amide NH,~ NH; about 25 very poor
alkyl or aryl derivative R- RH >40 not a leaving group
MOST "\ 0 0
. H,0
REACTIVE acid (acyl) 2 .
chloride R)I\CI — R)J\OH fast at 20 °C
acid 0 0 H,O 0
. 2
anhydride — slow at 20 °C
A —
o H.O (o)
ester )j\ ket )J\ only on heating
R OR! R OH with acid or
base catalyst
° HO 0 g needed
LEAST amide - with strong acid
REACTIVE | | R)J\NHz R)]\OH or base catalyst



pH e a reatividade dos derivados de acido

Acidos carboxilicos nao experimentam substituicao nucleofilica em meio basico:

0 NH3, 20°C (0] NH3, 20 °C (o)
X ¥ ) N NH®
H NH B o
NH, 06 3 0

amide ammonium salt
not formed (ammonium acetate)

Catalise acida pode transformar um péssimo grupo de saida em um bom:

/X Y@ H H + H.0
HO OH H%Q—H Y i
)4 _R _R )]\ R =—= /”\ R
o o) 0~ 0
tetrahedral ester product

intermediate




DESAFIO!

Sugira um mecanismo para esta transformagao:

o

\!he oH OJ\OEt HNJ< RCOCI RJCJ’\NJZ
Y\/

N E N

Resposta:




Acidos carboxilicos, estrutura e propriedades

0 0 0 0O
OH

Acetic acid Butanoic acid Hexanoic acid Lactic acid
(Responsible for (Responsible for (Responsible for (Responsible for
the pungent smell the rancid odor the odor of the taste of

of vinegar) of sour butter) dirty socks) sour milk)

/<O e )J\OH ~oH
R }fR

. Acetic acid Ethanol
FIGURE 21.1 O—H------ ‘Q b.p. = 118°C b.p. = 78°C
The carbonyl group as well as
the two atoms attached to the
carbonyl carbon all reside in a
plane.




Acidos carboxilicos, estrutura e propriedades

o /_\ o Q
)k‘\/H ‘OH —— )J\"@ @ T HZO:: )kO/H o "

.0. O: Na

pPK, = 4.76 pK, = 16
A carboxylate salt : :

@ .’O‘.

)ké\/ H + H2O:: — 6@ + HSO : ﬁu\ .

=
:0:
C/.O::@ «—> /&Q:




Preparo de acidos carboxilicos

REACTION

HO OH
. 1) Og N
—
R—=—/——R 2) 1,0 >:O 0=
R R

Oxidation of Primary Alcohols

O
Na2Cr207 )J\
R~ NoH  HeSO4 H0

Oxidation of Alkylbenzenes

O
Na,Cr,0,
> OH
H,SO,, H,0O

Hidrolise de nitrilas:

0

_ H,O* [

R—C=N 22 C
Heat R/ \OH

Carboxilacao de reagentes de

Grignard:
0
1) CO, I

R—MgBr W "> oH




Reacoes de acidos carboxilicos

Reducao: . H y
LAd | ../
R :0: AP 0
(@) 0]
. 1) LAH H H V. <B r\H/\T\H
)k + >< )k R H ” R H
R OH 2H0 R OH R H H H
H
o
H—Ald—H
II ..O.. H LiG_) ..O..
. /—\ |@
~ + H—AI—H o .. + AH; + H
R)J\.O./ : | F{Jko(:9 Li® ° 2
e o H oo
H H
Alternativa: )J\ BH,- THF | )<
H H .. _AlH, .
~ :0 ‘o

foLENE-. Al 'S
. )k 0 0
A ~— R H - BH,« THF
R™ 70 Conm R —
© ' Aldehyde HaC OH

(80%)




Preparo de Cloretos de Acido

Reacao com cloreto de tionila:

O O
socCl,
)]\ —5 )J\ + S0, + HCI

R OH R Cl
PART 1 & Loss of a
Nucleophilic attack leaving group Proton transfer
O L)\ / ol N
% ./—\“} . /’S'\(Jé]: . /§\".
‘O ae /S N 0 4 .0 0 (.:.I' .0
:Q| Q|: —:Cl* :Q|:
)J\‘[\-o /gu — /go-@ —_— + HCI
R T i
The carboxylic acid H A chloride ion H ‘A proton is Excellent
functions as a nucleophile is expelled as a removed leaving group
and attacks thionyl chloride leaving group
PART 2 7 Loss of a
Nucleophilic attack leaving group
. - . - ..@ : .. - - . .
éOo oOt "@ :o: ﬁ oOo oOo
g =, g‘\m/s\.. —s J.. % e.3 — 80, + P
.. N . .. .
o R ! =07 7 Cl: R™ Cl: :93 GCl: 4
:Cl: =
A chloride ion . A leaving group is expelled
functions as a nucleophile which then degrades to give

and attacks the carbonyl group SO, gas and a chloride ion




Preparo de Cloretos de Acido

Reagao com pentacloreto de fosforo:

acid chlorides can be made

0] 0]
from carboxylic acids with PCls
phosphorus pentachloride OH cl 90-96%
yield
O2N O2N

- __. stable
H.® H O=PCl3 < -~ b_5 bond

| ~CI
Cl Cl

s
/lq;——» PCl,
OH cf

0 o tg:l %
\/[)EO/PCM — /(}P(c' im




Reacdes de Cloretos de Acido

Hidrolise do cloretos de acido:

@) @)
H,O
)k - )J\ +  HCI
R Cl R OH
Loss of a

Nucleophilic attack Proton transfer

leaving group

= .
:0: {0 H N 0: ‘0
ol S W S
., = 6 — Bl —— 5

R™ “C R7¢| X R™ 203 R™ “OH

Water functions €l H I

as a nucleophile The carbonyl group is H A proton is removed

and attacks the re-formed by expelling a to generate the

carbonyl group chloride ion as a leaving group carboxylic acid

<\_/N:/+\Hﬁ(:3:|: E— \ /I\GIB—H :@:I?

Pyridine Pyridinium chloride




Reacdes de Cloreto de Acidos

Alcoolise de cloretos de acido:

O 0
)k ROH )J\
-
R Cl Pyridine R OR
Aminolise de cloretos de acido:
Q 0
RNH
)j\ (two e uiv:ﬂents)> )J\ R
Q O R cl q R N
)k s > )k Ill
R c| (twoequivalents) g NH,
R
0O :N—H
R
)J\ i 1 )J\ /R
R cl  (twoequivalents) g N




Reacdes de Cloreto de Acidos

Reducao de cloretos de acido:

O OH
)L 1) Excess LAH )
R™ ~ci  2HO R
Nucleophilic Loss of a leaving Nucleophilic attack Proton transfer
attack group (second time)
/H
el "@ OLiid oo@ _(N M by
‘0 :0: ‘0 :o:/\"'| o :OH
I — e — A — L, —w L
ve :
R/ Ci: = [ R/ H R\ H R\ H
. , H H H ) H
LAH delivers a The carbonyl The carbonyl group After the reaction
| ©  hydride ion, which group is re-formed | (&) is attacked again is complete,
H—AI—H  attacks the by expelling H—AI—H by hydride, the alkoxide ion
carbonyl group a chloride ion generating an alkoxide is protonated

as a leaving group H with an acid




Reacdes de Cloreto de Acidos

Reducgao de cloretos de acido para aldeidos:

) O

1) LiAI(OR)sH\
R)J\CI 2) H,0 " )k

R H

Lithium tri(#-butoxy) aluminium hydride




Reacdes de Cloreto de Acidos

Reagentes Organometalicos:

O OH
)J\ 1) Excess RMgBr
Reagente de Grignard: cl 2 H0 R
R
Nucleophilic
& Loss of a attack
Nucleophilic attack leaving group (second time)
..@ e
0 2O ‘0
. — R Cl: — -
R < Cls R ( R
.. R
‘RO A Grignard The carbonyl ‘RS The carbonyl
reagent functions group is re-formed group is attacked again
as a nucleophile, by expelling by a Grignard reagent,
and attacks a chloride ion generating an alkoxide

the carbonyl group as a leaving group

" O O

A
Cu—Li )}\ Me,CulLi )J\
R -

R Cl R Me

Reagente de Gilman:

Lithium dialkyl cuprate

Proton transfer
g
50 i 14 o
:0 :/\ H @O\ :OH

e il o

After the reaction
is complete,
the alkoxide ion
is protonated
with an acid

20



DESAFIO!

Sugira quais sao os compostos A,B,C,D e E: Resposta:

: OH I:>_/OH
N320f207

l H,S0,, H,0

H,S0,, H,0 C 20: [H'] O /<°
- =
OEt EtOH OH
A

H
D o
lsoc.z
lsom2
O_(O 1) LIAI(OR)3H O_é)
-
£ ) LUA(OR)H H 2) H,0 cl
2) H,0

B
XS l xs NHj
NH3

Cc

0
E>_‘(NHQ
21



Preparo de Anidridos Acidos

A partir do acido carboxilico:
O

A partir do cloreto de acido:




Preparo de Anidridos Acidos

O
O O O
)k R)koe N > )k )k

R Cl R o) R
Nucleophilic Loss of a
attack leaving group
:O:
=9 .0 A+ O
: ..® :0: :0:
C /_\O O(_) — :Cl:
—




Reacdes de Anidridos Acidos

5 5 S @) @) O
)J\' )J\ )k )k )J\ _R
R R~ Y0~ "R OR NH, N

Leaving Leaving H
group group XS
ROH NH, RNH2 O
H,0 /R

R NH R
O 1) NaOH 2

)k 2) CH,COCI —NxsLAH
OH | oo
XS
\M/v / CuLl\ RMgBr \_ 1) LIAI(OR)zH H
? 2

R ) H,0 2) H,0

O

A% Py




Reacdes de Anidridos Acidos

Acetilagao:
O HO O HO (@)
)k O O
Acetic anhydride
R—OH > R0 on )ko)k OY
0 ' 0
Acetic anhydride )J\ Aspirin
R—NH, > R—N\

H
H NH, )ko)k ) NY
HO HO~ i 0

Tylenol™




Preparo de Esteres
Via S\ 2:

)CJ)\ 1) NaOH_ Q

R OH

Via Esterificacao de Fischer:
0

H+
L+ meoH BN P + H0

R OH R OMe

Via Cloreto de Acidos:

)J\ e )k
Pyridine
R




Preparo de Esteres

Esterificacao de Fischer:

Proton transfer Nucleophilic attack Proton transfer

:OH

O:/\H%’E :g/H 3 3
7 e T e

R OH  Protonation of R OH An alcohol

/8\H The positive charge 0O

the carbonyl group functions as a Me is removed Me
renders it more nucleophile via deprotonation
electrophilic and attacks Proton transfer
the carbonyl group H
@/BCIE The OH group
Pibtaiantes qus of a H Me is converted
leaving group to a better

leaving group

/_\H(: & C)&SH

$95 Me—O—H ~ M
)k‘. )k.. R ..O@
R™ “OMe R™ “OMe o: N
.. .. / P
The positive charge The carbonyl group Me
is removed is re-formed, by expelling
via deprotonation water as a leaving group

27
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Preparo de Esteres

Evidéncia para o mecanismo proposto:

0 - 0 *
e+ medn PR + H0 | 6=1%0

R OH R OMe

Reversibilidade do processo:
0 [H]

(@)
/U\ Excess MeOH _ )J\ -
= +
e

R OH R oM

Can be removed
from the mixture




ReacSes de Esteres

Saponificagao:
O

o)
J\ 1) NaOH | )J\ + ROH

R OR 2 H0" R OH

Nucleophilic attack Loss of a leaving group Proton transfer
<0 5 .65 :0: :0:
)(\ OH - : )J\QH/"'_:O: - )k--@ + ROH
R TOR R7¢| = R™ .0; 3 R™ O: 3
Hydroxide 3QR The carbonyl The carboxylic acid
functions as a group is re-formed is deprotonated
nucleophile and attacks by expelling an alkoxide by the alkoxide ion,

the carbonyl group ion as a leaving group generating a carboxylate ion




Reacoes de Esteres

OW
OW

| - | | 5

Polar group Non-polar group m

(hydrophilic) (hydrophobic) 0
NaOH
0]
Na @O)J\/\/\/\/\
OH
o]
S )W
OH + NGE o
0
or )J\/\/\/\/\
® ©
Na O
Glycerol Soap molecules

30
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ReacSes de Esteres

Hidroélise de Esteres Catalisada por Acido:

Proton transfer

H
Ly

Protonation of
the carbonyl group
renders it more
electrophilic

O O

X, A

—

R OMe R OH

MeOH

Nucleophilic attack Proton transfer

@/H .o /’\
:Om H i H—O—H
ﬂj\.. S ~H ®
R OMe  Water functions R -.0\@ The positive charge
°* as a nucleophile O: H is removed
and attacks the Me/ * via deprotonation
carbonyl group
Loss of a
Proton transfer leaving group
:0: P .05 :
H—Q—H —~MeOH

PN

R OH  The positive charge R OH
is removed
via deprotonation

The carbonyl group
is re-formed, by
expelling an alcohol
as a leaving group

R/f\QH

O:
Me/ oo
Proton transfer

'?? The alkoxy

A group is

H™ " H converted

to a better

. leaving group
(OH

go.. o
Me” @ H

31




ReacSes de Esteres

Aminolise de ésteres:

o) O
. )kOMe NH, - ANHQ +  MeOH
Reducao de ésteres:
o) OH
A )J\OMe ;; E:gess LAR, A J 4 meoH
Loss of a Nucleophilic attack

Nucleophilic attack leaving group

O
@) s0):

| "M
R ug © The carbonyl

.e #
R OMe LAHdelivers
. a hydride ion, H group is re-formed
| which attacks by expelling

a methoxide ion
as a leaving group

the carbonyl
group

H—AI—H
H

H_

/N .

uy)
WA
u

(Second time)

O.

is attacked again H
o by hydride,
Al—H  generating an alkoxide
|
H

Proton transfer

———————
After the reaction

is complete,
the alkoxide ion

is protonated

with an acid

:0: o
S
e 3
The carbonyl group R H

32



ReacSes de Esteres

Reducao de ésteres a aldeidos:

O O

O e L e

R OMe 2 H0 R H




ReacSes de Esteres

Reagentes de Grignard:

O OH
)k 1) Excess RMgBr /&
2)H ! R
OMe ) H0
R
Z Loss of a Nucleophilic attack
i leaving group (Second time)
- & o o Proton transf
20 { @ roton transfer
C Cs . o
oo . UoMe o~ R
OMe A Grignard v The carbonyl R The carbonyl group
°* reagent functions R group is re-formed is attacked again R
‘RO as a nucleophile by expelling ‘RO by a Grignard reagent, H
and attacks an alkoxide ion generating an alkoxide (|)
the carbonyl as a leaving group 17 =y
group After the reaction

is complete,
the alkoxide ion

is protonated

with an acid

:OH

A




Preparo de Amidas

@ Interconversion of carboxylic acid derivatives

most reactive 0 -
acid (acyl) )l\
chlorides — R Cl
IR1770 H-O
pK, of HCI =7 R1cO° 2
2 SOCl,
or
o O H20 PCI5
anhydrides | )I\o)l\ R!
IR 1750 and 1800
pK, of RCO,H 5 R o”l
H,0 Y
o acid or basci O carboxylic
R'OH o acids
esters > R)]\0R1 - acid on|y R)I\OH
IR 1750 1 ®
pK of R'OH 15 NHsl R'OH, H I
NH o
3 H20
id
amides R )J\ NH
IR 1690 strong acid or strong base

pKaof NH3z 30  |east reactive
35



Reacoes de Amidas

Hidroélise de Amidas Catalisada por Acido:

)

)-k + H30@

R

Proton transfer

n
R i T L
'O’ H @0\-
)J\ =
R NHZ Protonation of
the carbonyl group
renders it more
electrophilic

NH, +

NH,
Nucleophilic attack
:%/H ),
R NH2 Water
functions as a
nucleophile
and attacks

the carbonyl group

Proton transfer
® _H
:0: : 103

X, ==

R OH The positive charge

..

is removed

via deprotonation

Proton transfer

“OH /’DQ—H

4 % =
R -.O\@ The positive charge

H/N: H is removed

I-II via deprotonation

Loss of a
leaving group

X, =

R OH The carbonyl group
o is re-formed, by
expelling ammonia as
a leaving group

NH,,

:OH

R+§H

H—N:

|
H

"
(“907\

H/.. H

Proton transfer

The amino
group is
converted
to a better
leaving group

36



Hidrolise de Amidas Catalisada por Base:

Nucleophilic attack

.

X OH
R NH, Hydroxide A Clo-
functions as a NH>
nucleophile

and attacks the
carbonyl group

O

Reacoes de Amidas

O

PR

R”™ “NH,

Loss of a
leaving group

>

<

The carbonyl
group is re-formed
by expelling an
amide ion as a
leaving group

1) NaOH, heat

OH

Proton transfer

.0. The carboxylic acid R O
is deprotonated
by the amide ion,
generating a
carboxylate ion




Reagoes de Amidas

Reducao de Amidas:

o 1)E LAH "/
)k XCess X
R NH, 2) H,0 I:‘><NH2
H H
( i :6: | ."/AIH3
R)LI'\I’H — L. AR (}C{)f
H—'L\l‘l—H Nucleophilic attack
H
- LisAIH;0
o0 H ATI—Q
Amine
Imminium

ion

38




Preparo de Nitrilas

Via reagoes S\2: _
NaCN N

—> R Cx +  NaBr
R™ Br SN
A partir de Amidas (desidratacao):
o)
SOCl, L
—> R—C=N + SO, + 2HCI
R NH.,
Nucleophilic attack Ie:\zis Ofr:u Proton transfer Proton transfer
Cl CE)@ e :0: 10"
oy || I
Cl N U J

NN S {y
O pf=e  wsed o~ ol /\ 0% Cl
P o, e —E k«\ Base Py /;3¢) R—C=N:

R T‘]Hz The amide functions R Né Chloride is The posﬁwe charge R LN. limination
as a nucleophile, | expelled on the nitrogen atom | of a proton and SO
and attacks thionyl H as a leaving H is removed via H a leaving group 2
chloride group deprotonation affords the product
oo @
:Cl:

39




Reacoes de Nitrilas

Hidrolise de Nitrilas Catalisada por Acido:

o) O
_ H,O* H 0" D
RTC=N Feat” “heat * o NH
ed R NH, n€@ R OH
Proton transfer Nucleophilic attack Proton transfer
/H
HLo" 3 N N S
O\, ® H—O—H H—O0—H
R—C=N: R—C=N—H )J\ H
¥ R™ 200
Protonation of Water ® | The postiive charge
the nitrile group functions as a H is removed
renders it more nucleophile via deprotonation
electrophilic and attacks

the protonated nitrile

Proton transfer

H\N/H H—é):—H H\N/H H\ﬁ/H
R 0: The .positive charge R OE? R 6H
= is removed a -

via deprotonation H

Proton transfer

The nitrogen
atom is
protonated,
forming a
resonance —
stabilized
intermediate



Reacoes de Nitrilas

Hidrolise de Nitrilas Catalisada por Base:

o)
R—C=N 1) NaOH, H,0O . )J\
o 2) H,O* R OH
Nucleophilic attack Proton transfer Proton transfer
Proton transfer
o . _H " . _H or. HJ H_.._H
Oes oo . N7 " N7 & (Mhagone Not
J,  NOH N /—\HEQ—H N /SOH CN N H-LO—H N
R—C=N: —= = )L — /g
A )J\ H 2:H O /g .
R™ 0. R™ .0, R @é R™ ~O: R™ ~0:
Hydroxide The negative charge Hydroxide Protonation
functions as a on the nitrogen atom functions as a base affords the amide
nucleophile is removed via protonation and removes a proton,
and attacks forming a resonance-

the cyano group stabilized intermediate




Reacoes de Nitrilas

O @

I 1) RMgBr _ )k /\G:JR N
- 2) H,0"

Reagentes de Grignard:

Proton transfer Nucleophilic attack Proton transfer

o Qo N o
0] (0] I ‘OH
HLA® < / R Hoo A
\\\\\\\"' ﬁ/
/®H
The carbonyl group The amine attacks R The tetrahedral
is protonated, the protonated intermediate is . )
rendering it carbonyl to generate deprotonated  Carbinolamine
more electrophilic a tetrahedral to form a
intermediate carbinolamine Proton transfer
HLA® The OH group is
protonated, thereby
Loss of a leaving converting it into an
Proton transfer group excellent leaving group
H_® R H.® _H
A /\ N 207

—H,0 T
\\\\\‘ N/
Imine

The intermediate is Water leaves, B
deprotonated, to forming a
generate an imine C=N double bond

42
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Reacoes de Nitrilas

Reducao de Nitrilas:

H H

_ 1) xs LAH
R—C=N >
2) H,0O RXNHQ




Desafio!

Amelfolide € um medicamento usado para tratar arritmia cardiaca. Sugira como ele poderia
ser produzido a partir do acido 4-nitrobenzoico e da 2,5-dimetilanilina.

oY o

amelfolide 4-nitrobenzoic acid 2,6-dimethylaniline
o} o)
[op IR SRy aine
+ —> ®
HyN H3N
O-N 0N react to form a salt
Resposta: l
SOCl,
o} o}
cl base N
* H,N - H
O,N O,N

amelfolide

acid chloride




is this carbonyl group
electrophilic enough?

Concluindo

o)
Y@/\jj\x
R

is Y a good enough
nucleophile?

tetrahedral is this product more, or less, reactive
intermediate than the starting material?
Q'ik I
- - I
> v
Y. Which is the better x°

leaving group: X or Y?




