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Rules for Using Curved Arrows

e The nucleophilic site can be neutral or negatively charged

Negatively charged Neutral

kT B . B
Cli—Dy  + =it —> CH3—(|): + :Br:
H

Neutral Positively charged

H\[ 7 TN N ]

C=C + H—Br ——> +C—C—H + Br
\ /
H H H H

Lone-pair nucleophiles contain atoms with lone pairs. The lone pair is used to
make a new bond to an electrophilic atom. Alcohols (ROH), alkoxides (RO,
amines (R3N), metal amides (R2N"), halides (X°), thiols (RSH), sulfides (R.S),
and phosphines (RsP) are all examples of lone-pair nucleophiles, as are the O
atoms of carbonyl compounds (X,C—O). When these compounds act as
nucleophiles.

T w
RaNL HyC—1 —=  RsN—CH: + I

Hi} Me HO H Me
>—< OH  — + | | OH
HyC Mic H+C H Mec
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[ B
/;I‘\ Br—Br o Br NOT ' H
H:C H;C™ + H:C T

H H H H
CH; +.CH; "'CH
\_/l\ H* NOT ’
H H *TH
H

Enr ix borh more basic and move Rucleopiilic dhan AcO- .

 CHs CH, q FH y CHs
fast H
EtD‘ﬁ‘H>L$<H very fast 4%_]{ E:D-&H Jost_ H>S<H
HiC LB HiC LB o i

CH-
H very stow H

H
.ﬁcﬂﬁ H%&

HyC LI"EI

- &0 the proportion of sucleopfiliciny to basicity is greater for Al ™ than for E0r

e The electrophilic site can be neutral or positively charged
Positively charged Neutral

AN (\]/H H .I/H

H H

b 4 7
C=C + H=Q% —>» FC—=C—H -+ 30
/ \ ’ / 5

\ I
H H H H H H
¢ Don'’t exceed the octet rule (or duet)
Neutral Negatively charged
H ﬁ_\ ‘ H H J
td 4 ﬁ—é}- X—C—n + B
H/ \H = H/ |!|



* Lewis acid electrophiles have an atom E that lacks an octet and has a low
energy nonbonding orbital, usually a p orbital. A pair of electrons from the
nucleophile is used to form a new bond to E, giving it its octet. The formal
charge of E decreases by Carbocations, boron compounds, and aluminum
compounds are common Lewis acid electrophiles.

H;yC . H;C F
Y F e, T _F
l::jr.’/.-—u..\\l 4!:}_5,.-'

* B %
HsC F" ™F HyC F
H H M
— Me._,  Me — fniu
4 mT - }; ~Me
Ay Me N/ H

We ALVWAYS show the electrons moving from ELECTROM RICH to ELECTRON FOOR



There are a surprisingly small number of different types of characteristic
mechanism elements (patterns of arrows) to be considered when trying to
predict individual steps of even complex chemical reactions. For this
reason, you should view the prediction of each step in an organic
mechanism as essentially a multiple choice situation in which your most
common choices are the following:

1- Make a new bond between a nucleophile (source for an arrow)

and an electrophile (sink for an arrow).
Use this element when there is a nucleophile present in the solution as well as
an electrophile suitable for reaction to occur

H_.. .H

/_\ MD"-{

. + |
H—Q—H + CHyCHCH; ——  CHCHCH;

Waler Isopropyl cation Oxomium ion
{a nucleoplule) intermediate intermediate
(an electroplile)

2- Break a bond so that relatively stable molecules or ions are
created

Use this element when there is no suitable nucleophile-electrophile or proton
transfer reaction, but breaking a bond can create neutral molecules or relatively
stable ions, or both.



3- Add a proton
Use this element when there is no suitable nucleophile-electrophile

reaction, but the molecule has a strongly basic functional group or there is a
strong acid present.

* H

HesH .0

HyC—C—0—CH,CH; + HL'HLH ———— HC—C—0—CH,CH; + :0—H

I:Zi];;:‘l_nlti'gtate ) H A protonated H
(a carboxylic esrer Hydronium ion intermediate Waler
(a strong acid)

4- Take a proton away

Use this element when there is no suitable nucleophile-electrophile reaction, but
the molecule has a strongly acidic proton or there is a strong base present.

(’\'

- -e - - .|.
10— H?- H—O—H
+
CHE,CHCHS |!| —_— CH3CHCH4 |!|
Oxomium ion : r
intermediate {;‘?1?;" . 2-Propanol Water
(strongly acidic) o
B abase)

Many times, more than one of the four choices occurs simultaneously in the same

mechanism step and there are some special situations in which unique or different
processes such as electrophilic addition or 1,2 shifts occur.
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Common Mistakes in Arrow Pushing

1- Backwards Arrows

This arrow 1s incorrect because it shows
movement of the H atom, not electrons.
An atom cannot be a source. Only a
bond or lone pair can be a source

Incorrect /

HyCHC=CH, H——Br:

This arrow correctly shows H

attack by the m bond (source) + 1
onto the electrophilic H atom H3CHC—CH,

(sink)
Correct /
Ves
H3CHC=/EI;\ H

_'B'r:

2- Not Enough Arrows

Incorrect

/_?L H>_/ T

Correct
/—5::_: >_/

A
\_, H™ ~—— This arrow is muissing in the above scenario.

11
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3- Hypervalency

This arrow is incorrect
because it leads to a
hypervalent N atom

Incorrect
There are five bonds
:C'l): o ) on this nitrogen.
t N \’;\n. oy - fl\: S
HaC™  "O: HaC” T0:
This second arrow
¢ ; prevents the problem
‘orrec
/ e Now there are four
:ﬁ: :(|): bonds on this nitrogen.
t N \’.\.. — — + N
Hoc” ~Ot HeC” SO

Another common way students mistakenly end up with a hypervalent atom is to
forget the presence of hydrogens that are not explicitly written.

This arrow is incorrect This carbon atom now
because it leads to a has 5 bonds so it 1s

hypervalent carbon atom hypervalent and ncorrect

Incorrect - / . H .f\j “ H
A

"Ny N
(4 — 0= "ty

Another common way to make a hypervalency mistake is by forgetting to count all
lone pairs of electrons.

This arrow is incorrect
because making this
bond leads to a
hypervalent O atom )
This O atom has 10
/ o electrons in its
N=C: N

L valence shell
Incorrect '\ ‘b J
+
ig-CHa 2= CHg
]
.C.
HsC CHg H3C’C‘CH3

12



4- Mixed Media Errors

Acids and bases are catalysts, reactants, products, and intermediates in many
organic chemistry transformations. When writing mechanisms for reactions
involving acids and bases, there are three general rules that will help guide you in
depicting the correct mechanism.

+* Do not show the creation of a strong acid for a mechanism of a reaction

that is performed in strongly basic media.

+* Do not show the creation of a strong base for a mechanism of a reaction

that is performed in strongly acidic media.

# Instrongly acidic media, all the intermediates and products will be either

neutral or positively charged, while in strongly basic media, all the
products and intermediates will be neutral or negatively charged.

The reason for these rules is that significant extents of strong acids and bases
cannot coexist simultaneously in the same medium because they would rapidly
undergo a proton transfer reaction before anything else would happen in the
solution.

Incorrect creation
of a strong base in

Incorrect acidic media
i Ho Mo sort ot -
,g\__ —_— \C/-‘-) e (|:| + *0CH,4

HiC™  "OCH; H,0 H,c~ C'QCH3 HsC” ~OCH;4

three steps

Correct f [
0 Ho' Mo e H O H:or 0"
a s \C/ ? g \C/ + 0
D e .o .o T
HC™ "QCH; H0 H,c~“OcH, HisC™ ;(IDCH3 A
three steps o ‘\ This leaves as
methanol in the last
step of the mechanism
H, H, .. )
r H H - Di- )
,1\ LCHy (HL |_cu, _con & =
H 1_1:' (0] H]E (W] + - Et 'J'I\‘ - Et
0. - ol HC™ 0 e 0

13



INCORRECT: Cj\
H.C7p 07

CH.

|
-0—Ft

5- Failing to conserve charge

Incorrect

HaC™ QQCHS
- :10—H

Correct

This side of the
equation has an
overall negative
charge due to the
hydroxide anion

0 good base (pKy = I7)

CH
Hyo 07

.r'D'\-\.
H ** Ei

%é"

good acid (pk = 0)

As drawn there 1s no
negative charge on this

intermediate and this C
48 4 atom has 5 bonds.

ne~<.
— H3C_?_QCH3

:OH

This C atom has only four
bonds and there 1s an

overall negative charge on
both sides of the equation

57

| L~
H3C_?—QCH3

14
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B)

C)

Draw curved arrows to indicate mechanisms for the following reactions:

A)

Br
H—N—H \

Br Br + —— Br +  H—N-
H |

H

Cl

15
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Free-Radical Mechanisms

In free-radical reactions, odd-electron species abound. Not all reactions
involving free radicals are chain reactions, and not all chain reactions involve
free radicals, but the set of free-radical reactions and the set of chain reactions
overlap enough that the two subjects are almost always discussed together.

LN g LI g padd) 1ol 5ol A (e Cealudiall JelEl) ¢ oS

A chain reaction consist of three parts: initiation, propagation, and termination.

(hwerall H Br
Fre

Ph—lIIZ'HC'H_; + By —— Ph—IIZHCH.; + HBr

In the initiation part of free-radical chain reactions, a small amount of one of
the stoichiometric starting materials (i.e., a starting material that is required to
balance the eguation) is converted into a free radical in one or more steps. An
initiator is sometimes added to the reaction mixture to promote radical forma-
tion. In the example, though, no initiator is necessary: light suffices to convert
Brs, one of the stoichiometric starting materials, into a free radical by o-bond
homol ysis.

Tevivicrrion

™y [
Br—Br —— BEr+- + <Br
L

In the propagarion part, the stoichiometric starting materials are converted into
the products in one or more steps.

Propagarion:
H.C H;C
Br 'ﬁ Hﬁ—Ph —= Br—H -:C —Ph
H H
rl:Z'H_; FH_;
Ph—C> “ Br—Br —= Fh— C—Br +Br
H H

In the terminarion part, two radicals react to give one or two closed-shell
species by radical-radical combination or disproportionation.

Termination.

CH: CH3
PR—C, | ;Br —= Ph—C—Br
LY
HU H
H H H H
AN, Jo—ph C—H "
; A # H—C—Fh
Ph—C’  HC Ph—C * p
H H

16



Addition of Nucleophiles to Electrophilic # Bonds
Addition to Carbonyl Compounds
daigusl) cilegana () ALY

Sigma-bond nucleophiles such as Grignard reagents (RMgBr):

Fh Ph Fh

y y workup )
H;C—MgBr :._={'.| —= H:,C—C—0} —_— H-,L_.'—IF—(}H

Pl PH “MgBr P

Water and alcohols add reversibly to ketones and aldehydes under basic
conditions to give hydrates or hemiacetals.

Example
0
)k ROH R"><"* .
Ph Ph Ph Ph
B
R(QHF—;‘_‘ RO- + H—B
Ph Ph
v ™ \
RO ’_\,./(‘=o == RO—C—O-
Ph Ph
sic; S Do Fh, R = H: hydrate
RO_;:(‘ —0 H=O0R = RO_;,( —OH R = alkyl or aryl: hemiaceral
Ph Ph

Primary amines (RNH>) also add reversibly to ketones or aldehydes to give
imines (Schiff bases) and related compounds via the intermediate hemiaminals.
The position of the equilibrium depends on the structure of the amine and the
carbonyl compound. With alkylamines, the equilibrium favors the carbonyl
compound, but it can be driven to the imine by removal of H,O. With
hydrazines (R.NNH,) and hydroxyl and alkoxylamines (RONH,), the
equilibrium greatly favors the hydrazone, oxime, or oxime ether, and it is
difficult to drive the reaction in the reverse direction. Secondary amines (R:NH)
can form hemiaminals, but they cannot form imines.

A ae ) 8 Aatiie 0 5V CilineY) pe <l 1l g Chlaaly )

17



Example

0 NE
)L ENH» )]\
Ph Ph Ph Ph
Ph H Ph H Fh
‘e s M | i I
RN;:\L- =0 === R-N—(—0" == N—C—OH
H H H E B hemiaminal
H Py H P Ph R = alkyl or aryl: imine
bl A e — R = NRa: hydrazone
;N—(; LPH -— _,-N — HOH + ..-N =< R = OH: oxine
R H R H B H R = OR: oxime erher

Dinghy - D&Y = Dge - D-C

R R R
_ v | i"'"‘_ "
Nu =0 = wn—cfo" = ,F =0 + X
X <X Ny

LS Aad! Ay Apdladl 3 3y5Lak] As gazed| casessd -1
JaigeySIl Ae gazed 09458 5,5 o6 oy Aud g ATV

lole L ob| U il 510559 Juige,SU! As gzl JleasSIl o Liidl 5153, -2
Jed 9890l (o Lrar lea Jouurd

ALl A1 Al 13 ( dlaadl G9a31) 5y0ik] As gazell raeai-3
5yolall Adas el yaudl g RSN 2 930 BaLazaN| IO e LS ST

EtzMN + EOH == ENH® + Eol

R R B
|
Et(r ‘.LEE'E:J = EtD—E‘—@' = =0 + CF
s | /
cl Sl EtO
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Mechanism for Imine Formation:

= ©
HO® O . ®X X" -
0’ H-X ~0: RNH, HO_: NH,;R H,O_ JNHR
——— — n————
J == I = X% = X
R R R R [1.2] proton
protonation addition transfer J
more
electrophilic!
[1,2] -H,0
elimination (=H:0l
y
R . H® R
IN” [-HX] ‘N o

| = ol G
R /I\ R deprotonation R™ R

imine iminium

ligaliy) iy 30 eV ga 053 ) gl Jeli

sl
Secondary amines form iminium ions, which go to enamines
. - R®R O R.-_R
o} " N xe N

H-X H | H

. —_— _—
RaNH [-H,0] [-HX]

2° amine iminium enamine

19



U 5 nell iy o AT gl ALtV ae )l ned) Je sl o) LS
1 Jla

~ ,_;O ~. ,Nx
(|3 +  H,N-NH, — (|3’ NH; + H,O
Aldehyde or Hydrazine Hydrazone
Ketone

o)
0. SN—NH, Hé' s HoN

Me” "H _____ H N—NH, N
Me>< H "><‘*5 S— |
Me H /‘\
k Me H
NH,
':Hz a hydrazine a hydrazone

OS5 ulgaal) e NHOH el (o8558 Jelili (g ity a3 500 03585 Lol

s Il
Rl _O ® R _N
o L aon —Ho - oMo
R2 -2 R2

0. SN-OH G HO
H —OH ~
Me H

Me H

AN X

20
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Addition of Nucleophiles to Electrophilic 1 Bonds
Addition to Carbonyl Compounds

syl Gl gaa ) LiLY)
Sigma-bond nucleophiles such as Grignard reagents (RMgBr):
CH;CH;Br T.:;’;T’ CH;CH;MgBr

CH;CH,MgBr reacts as If it were CH;CH, MgBr
strong base nucleophile

Ph Ph Ph
y N \ workup \

HiC-MgBr\_~» (=0 == H,C-C-0 e H,C=C=0H
n o/ ‘Mghr 5o/

Water and alcohols add reversibly to ketones and aldehydes under basic conditions o give hydrates or hemiacetals.

Example
O i
a2 A
Ph Ph Ph Ph
B
Rl‘fl Hr-.——" RO + H—B
Fh ) Ph\
LY
RO- "'\_.fr:=u = RO—C-0"
Ph Ph
Ph Ph
(Y f"\ D — LY R = H: hydrare
RD—}C—O H-OR = RO_/C_OH R = alkyl or aryl: hemiaceral
Ph Ph
Proton transfer Nucleophilic attack Proton transfer
- _\\, H 4 H 11 H

o HLS S euH 0 5H 0 ”
0 E 8] : | OH

“H - / H 4 H

J\ )’E \\v‘)\ H \)\ %
H H H H H . 0@ H* OH
H - il_l H -



H
o ...H St .5 \
S [} .
(0] (0] | :OH .
)J\_-\H—r‘ﬁ@ ﬂh—\/ R )\ w:,-— —A

'F\/H pa
\\\‘
..C|J®
The carbonyl group The alcohol attacks the R  The tetrahedral Hemlacelal
is protonated, rendering protonated carbonyl intermediate is Proton transfer
it more electrophilic to generate a deprotonated to
tetrahedral intermediate form a hemiacetal |f| e The OH group is
protonated, thereby
converting it into an
H.®_H excellent leaving group
(o}
C’:_ s
1\\\"“' T QH
- Loss of a leaving
group
Proton transfer MNucleophilic attack —H,0
Water leaves to

B regenerate the
Td . —
r—m / ngfﬁ H\?:_ @fjfn C=0 double bond
- | A: uy R \)Ji
- e —_— ‘.,u" . —_— -
[ “or N )\ OR
Lk i | =

Acetal The intermediate is The second molecule of the
deprotonated, alcohol attacks the C=0
generating an acetal double bond to generate

another tetrahedral intermediate

[HaS0,]
Exoeas EtOH

—H2

H

é’f\ 95" HG. SO2 HO, OE
mH — t
Yo 7 5 P OTEt L H 2Nk

~ :
"Don't forget the second curved armrow Hemiacetal
L that shows release of the proton



(a)

[HzS0.]
excess MeOH

>

-Hz0
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Example
) NR
)l\ RNH: )L
Ph Ph Ph Ph
H Ph H Ph
. . | . A 1
RNH, #C=C| —_— R-N—IF—D —— N—I;:—OH
S I . P
H H H B H Fremicminal
H QII’h H Ph o8 Ph R =alkyl or aryl: inine
N = & — R = NRy: invdrazone
;N_E_".PIH N ;N-< ~ HOH + ;N=< R = OH: axime
R H R H R H

R = OR: axime ether

D =D& 2 D - D

R R
WA | \
Nu ’LC=0 — Nu—C-/O.\' - (=0 + X
/ ¢l /
X X Nu
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Mechanism for Imine Formation:
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Secondary amines form iminium ions, which go to enamines
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Imines and Enamines from Reacting Aldehydes and Ketones with Amines

ketone \9?\/
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Protonation of H* n H* 11
the OH
L
H= H
N

Loss of water Tl n

Protonation of

the OH

Loss of warer

HEﬁ,J %ﬁ)
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of the nitrogen.

. ¢
H,0: n Hal: Tl

imine enamine

There is no H on
the N, therefore, H
is removed from
the carbon.

No proton on the
nitrogen to continue

Which of the following does not form enamines with a
secondary amine?

(1) C4H,CHO (2) HCHO
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The Reaction with amines

In an aqueous acidic solution, an imine can be hydrolyzed back to the carbonyl compound and the amine.

This reaction is irreversible because the amine is protonated in the acidic solution jso it is unable to react with the
carbonyl compound to reform the imine. An enamine 1s also hydrolyzed back to the carbonyl compound and secondary
amine in acidic solution.

R R

\c Hd \: " An imine undergoes acid-catalyzed

/ =NCH,CH; + H;0 i / =0 + CH;CH;NH3 hydrolysis to form a carbonyl compound
R R and a primary amine.

Ha An enamine undergoes acid-catalyzed
N + O * hydrolysis to form a carbonyl compound
H

N
4 ‘\H and a secondary amine
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] Ph_ .
Ph—C—Ph  + H,N-OH.HCl 228 SC=N__
Ph OH
Benzophenons Hydroxvlanune hydrochlornde Benzophenone oxime

Mechanismi:-

1) NH,OH.HCl+ NaOH ——— NH-OH + H-O + NacCl

=
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2) Ph—C—Ph + NH,OH Ph + PT ——R
: —C—N-OH Ph—C—N-OH
st - |
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Ph H H™ OH

Benzophenone oxime
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Attack of cyanide on aldehydes and ketones

R)j\ H H,0, HCI RX H
aldehyde product
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Cyanohydrins are also components of many natural and industrial products
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Write the mechanism for the addition of HCN to propanone: CH, t AL Jelisl Ak, bt [

N~
_C=0
CH,
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The Addition of Sulfur Nucleophiles

Aldehydes and ketones react with thiols (the sulfur analogues of alcohols) to form thieacetals. The mechanism

for the addition of a thiol 1s the same as the mechanism for the addition of an alcohol.

O SCH;4
| Hal |
_C_ + 2CHSH == R—C—R + H0
R R methanethiol | :
a thioacetal

¥ m
HCl
@ + HHNV"SH — é + H,0
1.3-propanedithiol
a thioacetal

Thioacetal formation followed by L".
desulfurization provides a way to
convert a carbonyl group into a H H

methylene group. ij

Thioacetal formation is wuseful in
organic synthesis because a thioacetal
is desulfurized when it reacts with H2
and Raney nickel. Desulfurization
replaces the C—S bonds with C—H
bonds.

The mechanism of this transformation is directly analogous to acetal formation, with sulfur
atoms taking the place of oxygen atoms. If a compound with two SH groups is used, a cyclic
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Aromatic Substitution of Anilines via Diazonium Salts

The NH2 group of arylamines can be replaced by other groups by a special set of aromatic substitution
reactions. When an arylamine is treated with sodium nitrite (NaNO2) and acid, an aryldiazonium ion (ArN2)
is formed. The mechanism of the reaction begins with formation of the electrophile N-O from HNO?2. The
aromatic amine attacks N-O, and then dehydration occurs to give ArN2.

Example
Q HCI 0
) N. 6 @——— + NaCl
Q_NHE m‘; @_ﬁz \0 " MGH
o)

0 H+ CEO .0.+ ” j \H_._ _O‘bﬁ 'rH.“ -H0 - HI‘F ‘;ﬁ
] r! A T acid-pase Cﬁ heterolysis 0% to=

N —— B N

OH o OH,

O P Ol = O
OH OH_‘+ DH»
o+ I =+
O™ Ol E Q& - O
H J

nitrosonium ion

Specific reactions of diazonium salts

Halogenation

Aryl iodides can be prepared simply by treating the diazonium salt (chloride or sulfate) with iodide ion, usually as a solution of sodium or
potassium iodide. A copper(l) catalyst is not essential, though it is sometimes used.

N

(i) NaNO,, 0

NH, .
aq. HCI, 0-5 5C I oKX NN x
(i) KI ©/

Diazonium salt

For preparation of aryl bromides and chlorides, the Sandmeyer reaction is used, since the reaction is sluggish without copper(l) cataly-
sis. The corresponding copper halide is used — CuBr for Br, and CuCl for Cl, for example!:

NaNO,, aq. HCI

OsN NH . ON Cl  +N
? 0-5°C sy
then CuCl
NH; N
, X N X
© H°N° ©/ @ sXCuX N, — 2,

-CuX
X Br, Cl,CN
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Cyanation

Another use of the Sandmeyer reaction is for cyanation which allows for the formation of benzonitriles, an important class of organic
compounds.

NaNO,, aq. HCI,

QL5 X
NH; then CuCN C{ﬁq

Diazonium salt

@ Y @

ON o 20, Heat i o

\ OH @7”5" —_ﬁ?—h- s+ O\H
1) HEF, :

\i} heat Phenol l
HLEF. F —
F +BF3 +N @/ \H
Leat oH Cl -7
= « BF, +N, ~ho

Aryl fluoride H

Diazonium coupling reactions Eles¥) Bl
Although most reactions of diazonium salts involve loss of nitrogen, there are some useful reactions where the
nitrogen is retained. The most important of these is where the diazonium salt acts as an electrophile in an
electrophilic aromatic gubstitution (EAS), forming an “azo compound”. The reaction only occurs where the aromatic
nucleophile is highly activated, and the azo group is attached at the most activated position(s) — usually ortho or para

to a hydroxy or amino group. The resultant azo compounds are brightly colored and used very widely used as dyes,
since they provide a conjugated system involving both aromatic rings.
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The EAS mechanism is shown here, in this synthesis of the dye Methyl Red from 2-aminobenzoic acid and N N-dimethylaniline:

NaNO,, o (\ ‘OH,
aq HCI, Q—N
coon 05°C coon 8 COOH C
Wheland intermediate Methyl red

Diazo Coupling

o™
N - X N:N
———

+ HX

"Azo Compound"

QNENH+ @—oﬂ _— @7"% -
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“on A

OO
The related dve called aniline yellow is produced from the reaction of aniline and the diazonium salt. Naphthols
are popular acceptors. One example is the synthesis of the dye "organol brown" from aniline and 1-naphthol:

()

G )
2 HCI A
NH, ++NaNO N* Ns O
. N
Q/ -2H,0 ©/ - HCI

- NaCl
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Diazoaminobenzene
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Azo coupling

@—ﬁ-ucr + H—@—Nm —_— NH: + CI™+ H:0

Banzenadazonium chiorida Aniline

NaNO; A CuCN B .
HE rali
NH,
I HEF,
haat
c D

Draw the product of this reaction.
N |
G)lwlf' N
+* —_—
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NH,

NaNO, + HC
w0 K

X and Y in the reaction are SiharBosrdSolutions.com

3535
B, &R,

> X B _ 5y

17



