Group learning

If you can help your friends learn and understand
well Organic Chemistry. | will reward you some
bonus marks for your expertise and positive
attitude. You get 1 additional point for each person
you help.

What do you think?

“Hoc thay khéng tay hoc ban”
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Organic Chemistry

CHE 203
Lecture 10: Organohalides
Le Quoc Chon — Duy Tan University

Dan xuat halogens
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Keywords

Alkyl halides
Nucleophilic substitution reaction

(phan &ng thé ai nhan)
Elimination reaction
(phan rng tach)
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Dan xuat halogens

Organohalides

Contain one or more halogen atoms (chta halogens)
Released by algae (tdo), marine organism (vi sinh vat & bién)
Used as solvents, inhaled anesthetics, pesticides

H Cl T Elir F r||
/ |
KCZC\ F—fIS—(|3—H C|—(|:—F H—rlz—Br
Cl Cl F Cl Cl H
Trichloroethylene Halothane Dichlorodifluoromethane = Bromomethane
(a solvent) (an inhaled anesthetic (a refrigerant) (a fumigant)
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Applications

(tng dung)
CH,CI
O O
HOCH, on © P
C| HG CH,CI
HO
Sucralose HO
: HO
(sweetener, 600 times as sweet as sucrose) O o
OH HO
HO O
OH OH
OH
Sucrose
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Organohalides

X 1s halogens (F, Cl, Br, 1)

C C X
(Alkyl halide)
C—C——X

(Alkynyl halide)
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Naming alkyl halide

(doc tén dan xuat halogen)
STEP 1

Find the longest chain, and name it as the parent. If a double or triple
bond is present, the parent chain must contain it.

STEP 2

Number the carbons of the parent chain beginning at the end nearer the
first substituent, whether alkyl or halo. Assign each substituent a number
according to its position on the chain.

STEP 3

If the parent chain can be properly numbered from either end by step 2,
begin at the end nearer the substituent that has alphabetical precedence.
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Examples

?Hs ?r ?r ?H3

CH3CHCH2C|4HCH%H2CH3 CH3CHCH2?4H%H%H2CH3

CHs CH3

5-Bromo-2,4-dimethylheptane 2-Bromo-4,5-dimethylheptane

Cl

BrCH,CH,CHCHCH
%3 434 8 °

CHg

1-Bromo-3-chloro-4-methylpentane
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TABLE 10-1

Bond stren
Bond length ? gth
Halomethane (pm) (k]J/mol) (kcal/mol) Dipole moment (D)
CHsF 139 460 110 1.85
CH3ClI 178 350 84 1.87
CH3Br 193 294 70 1.81
CHal 214 239 57 1.62
Do bén = -
"o 1iA i Electrophili
cia lién p ] B
két
(bond polarity)
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Problem

PROBLEM 10-1
Give IUPAC names for the following alkyl halides:

(a) CH3CH,CH,CH,I (b) {I:Hg (c) {|3H3
CH3CHCH,CH,Cl BrCHECHECHE?CHEBr
CHs
(d) {.|':H3 (e) I|{|3HECH2CI (f) ||3r {I:|
CHg?CHECHECI CH3CHCHCH,CHs CH3CHCH,CH,CHCH3
o
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Problem

PROBLEM 10-2

Draw structures corresponding to the following IUPAC names:

(a) 2-Chloro-3,3-dimethylhexane (b) 3,3-Dichloro-2-methylhexane
(c) 3-Bromo-3-ethylpentane (d) 1,1-Dibromo-4-isopropylcyclohexane
(e) 4-sec-Butyl-2-chlorononane (f) 1,1-Dibromo-4-tert-butylcyclohexane
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Initiation step

Propagation steps
(a repeating cycle)

Termination steps

Overall reaction

Tong hop tir alkanes
Preparing alkyl halides from alkanes

ll:::II_-!,\‘:’Quoc-l(-Zhon Ellj%y Ti

(1) Khoi mao
H—CI
+
"% (2) Tiép dién
+
Cl—Cl

—_— HEE—EHE

T O (3) Két thic

I|'-_|-.
Celled s 5 an
¢
H3C—H
Step 1
+
Cl- ¢
+ Step 2
HaC—Cl
Y A
HEC' + 'CH3
1 Cl- + +CHaj
cl- <+

— CI—CI

—
an University

CHiCl + HCI
14



Tong hop Alkyl halide tir alkane
cho hén hop san pham

hy
CHy + Cl; —— CHsCl + HCI

Cl
2. CHCl, + HCl
Cl
e CHCl; + HC
| cl
CCly + HCI
Vi d6 tinh khiét ctia

san pham khong cao.

Good

Le Quoc Chon - Duy Tan University
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Tong hop Alkyl halide tir alkane
cho hon hop san pham

Cl Dichloro-,
hy | trichloro-,
CH3;CH,CH,CH; + Cl; —— CH3CH;CH,CHoCl +  CH3CHCHCH;  + tetrachloro-
Butane 1-Chlorobutane 2-Chlorobutane and so on
30:70
.;jl;|.|3 [|.‘.H3 (|IH3 Dichloro-,
hw trichloro-,
CH3CHCHz + Cl; —— CH3CCHz + CH3CHCH,CI + tetrachloro-
| r
2-Methylpropane Cl andso on
2-Chloro-2- 1-Chloro-2-

methylpropane methylpropane

e

35:65
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Tong hop tir alkenes
Preparing alkyl halides from alkenes

Hé E
X CHs

X=ClorBr

Allylic —
positions
‘\)

H H
H H

Cyclohexene

X5 HX
H CH

-

(markovnikov’s rule) H CH3

X=CIl, Br,orl

0
(N-bromosuccinimide)

N—Br (NBS)

Br 0
0
hv, CCly | @ + iéNH
0]

Le Quoc Chon - DuyqanBl'J-H\%'rgFYclnhexene 17
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Tong hop tir alkenes
Preparing alkyl halides from alkenes

CH3CH,CH,CH,CH,CH,CH=CH,

1-Octene

ho l NBS, CCly

ATAN

CH4CH5CH7CH2CH7CHCH=CHy <+«— CH3EHECHECHECH2EH=CH£IZH2
?r
CH3CH,CH,CHCH,CHCH=CH, + CH3CH5CH;CH,CH,CH=CHCH5Br

3-Bromo-1-octene (17%) 1-Bromo-2-octene (83%)
(53 : 47 trans : cis)
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Preparing alkyl halides from alcohols

Tong hop tir alcohols
\/ we N,
~">0H N ?
H H H H R H R R
\C/ \C/ \C/ \C/
H” “SOH R” “SOH R” SOH R” SOH

Methyl < Primary < Secondary <  Tertiary

I
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Preparing alkyl halides from alcohols

Tong hop tu alcohols
H,C OH H,C CI
HCI (gas)
> +
Ether, 0 °C H20
1-Methylcyclohexanol 1-Chloro-1-methylcyclohexane
(90%)
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Preparing alkyl halides from alcohols

Tong hop tu alcohols
Thionyl

O

Pyridine
O

Benzoin (86%)
EIZ'H (phosphorus tribromide) ?r
PEI'3
3 CH3CH,CHCH4 Ether, 35 °C 3 CH3CH,CHCH4
2-Butanol Z2-Bromobutane
(86%)

Le Quoc Chon - Duy Tan University

chloride Cl ‘
socl,
+ SO, + HCl

+ H3PO3
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Reactions of alkyl halides:
Grignard reagents (RMgX)

Phan trng v&1 tac nhan Grignard

1° alkyl )
2° alkyl [ Cl
3°alkyl f —— R—X <— 1 Br
alkenyl !
aryl Vg | Ether

or THF

R—Mg—X

Le Quoc Chon - Duy Tan University 22



Grignard reagents: RMgX

I **Mgl
I Mg s— | . ——Basic and nucleophilic
/,C ~g Ether /'C N
H-Z H H-7 H
H H
Iodomethane Methylmagnesium iodide
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Tac nhan RMgX rat nhay v&i méi truedng

M H,0
CchHchchchchzBr ﬁ?’ CchHchchchchzmgBr —2 CH3CH2CH20H2CH2€H3

1-Bromohexane 1-Hexylmagnesium bromide Hexane

|

Phan trng acid-
base nay pha huy
tac nhan RMgX
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Problem

PROBLEM 10-9

How strong a base would you expect a Grignard reagent to be? Look at Table
9-1 on page 276, and predict whether the following reactions will occur as
written. (The pK, of NH; is 35.)

(a) CH3MgBr + H—C=C—H — CH4 + H—C=C—MgBr
(b) CH3MgBr + NH3; — CH4 + H,N—MgBr

Acidity of Simple Hydrocarbons
Family Example Ka pKa
Alkyne HC=CH 10~25 25 Stronger
acid
Alkene H,C=CH, 10—44 44 '
Weaker
Alkane CHa4 1060 60 acid
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Problem

PROBLEM 10-10

How might you replace a halogen substituent by a deuterium atom if you
wanted to prepare a deuterated compound?
Br D

| ? |
CH3CHCHCH3 —— CH3CHCH5CH3

Le Quoc Chon - Duy Tan University 26



Organometallic coupling reactions

Eth
2 CHali + Cul ——— (CHg),Cu~ Li* + LiI

Methyllithium Lithium dimethylcopper
(a Gilman reagent)

Ether
—
0°C

Lithium 1-Iododecane Undecane (90%)
dimethylcopper

(CH3)pCuLli  + CH3(CH5)gCH»I CH3(CH5)gCH,CH,; + LI + CH3Cu

Create C-C bond: prepare large
molecules from smaller ones

Le Quoc Chon - Duy Tan University 27



Organometallic coupling reactions

n-C?H\15 H H-C}'H\15 /H
C=C + {”-C4H9}2CUL] — cC=C + H-CngCU + Lil
/ \ / \
H I H ﬂ—C4Hg

trans-1-lodo-1-nonene trans-5-Tridecene (71%)
I CHj

O/ + (CH3)oCuLi —— U + CH3Cu + Lil
Iodobenzene Toluene (91%)

Néi mach C
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' Video Thévi s Goc nhin Thé gicvi Kinh doanh Giditri Thé thao Phap lut Gido du

Giaothong  Nong nghiép sach

I Théi sw

Thir séu, 17/2/2017 | 09:50 GMT+7 FHRa =
L3 b1 LY o A= e i >

Trum man an com vi rudi tan cong @

Lang Son

Sau khi badi rac cach khu dan cw khoang mot km di vao hoat déng, ca

tram hé dan phd Tan Long (huyén Vin Quan, Lang Son) song trong so

hii vi rudi nhiéu bat thwéng.

Khoang hai thang nay, ngwéi dén khu pho Tan Long véi 115 hd dan sinh song

doc qudc 16 1B (thi trAn Van Quan, huyén Van Quan, Lang Son) hang ngay
dong clra im im vi so rudi bay vao nha.

S0 lrong rudi nhigu 1&n bat thrdng khién cudc song ngwdi dan & ddy bi dao
I6n. Chi tay vao nhifng chiéc keo dan den kit rudi, ba ©am Thi Cac thé dai:

“Nha téi ban hang tap héa nén phai mé clra lién tuc, ngay gié rét con di, khi
thévi tié Am va am thi chd nao cling cd rudi, bay khong xué”.

Le Quoc Chon - Duy Tan University 29



Example

Néi mach C

CH3(CH2}?\ f{CHz}-;CHzBr CH3{CH2}?\ /{CH2]12CH3

[CH3(CH5)4]5Culi

/ \ / \
H H H H
cis-1-Bromo-9-octadecene Muscalure

(9Z-tricosene)

Sex attractant: use
for insect control
(st dung trong kiém

soat con trung)
Le Quoc Chon - Duy Tan University 30



Example

CHj
Pd(PPhs), o
CaCO4 3
THF
CHj

A biaryl compound
Ph = Phenyl, (92%)

Suzuki-Miyaura reaction
a must-used in Pharmaceutical industry

(phan irng nay dugc dung rong
ra1 trong cong nghi€p duoc)
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% Haneimei %

o0 T 0104 chn kot et A1 01

{2} CHINHTRI XAHOI KINHTE THEGIGI VAN HOA THE THAO GIAODUC TRUYEN HINH PHAPLUAT KHOA HOC B0

TINMOL . van khin rim thana Giéna chudn nht Tét Nauyén dan Mau Tut 2018
Ty Ié ngwoi bi tang huyét ap o Viét Nam dang o
murc bao dong do

SUPC KHOE | 18:26 Thir Hai ngay 15/05/2017 Ar Ar- E % cChase
(HNMO) - B6 1a théng tin dwoc dwa ra tai hop bao truyén théng va giao
duc vé phéng chong ting huyét ap (THA) nhan Ngay thé giéi phéng

chéng THA (17-5) do Quy Vi sikc khoé Tim mach Viét Nam phoi he'p V&  Tra xanh khang hoan
Vién Tim mach Viét Nam té chirc chiéu 15-5 tai Ha Noi. toan tot nhur moi nguréi

= "
wvan nnhi =

POCNHIED  PHAN HOI

MOdi nam trén thé gidi c6 9 triéu
nguoi chét vi bénh ting huyét ap.
O Viét Nam, ctr 10 ngudi trudng
thanh c6 4 nguoi bi mac bénh ting
huyét ap.

Le Quoc Chon - Duy Tan University
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Huyet ap

For most adults, normal blood pressure at rest is
within the range of 100-130 millimeters mercury
(mmHg) systolic and 60—-80 mmHg diastolic.
For most adults, high blood pressure is present if
the resting blood pressure is persistently at or
above 130/80 or 140/90 mmHg
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https://en.wikipedia.org/wiki/Millimeter_of_mercury

Example in Pharma

(vi du tong hop thudc trong
cong nghi¢p duoc)

H3C\©\
B(OH),

H,C O H  CH(CHy)
para-Methylbenzene- 3 G CHCH ,}LN )(CO : 2
boronic acid Pd catalyst s ?
K>,CO
+ 2LU3 B
Cl
C Valsartan
N,;;,; [Diovr:n}
ortho-Chloro- D 10van

benzonitrile

antihypertensive agent

(thuoc tr1 cao huyét ap)
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Oxidation and reduction In
Organic Chemistry

(su oxy hoa va khur trong Hoa hitu co)

Oxidation  Decreases electron density on carbon by:
— forming one of these: C—0 C—N C—X

— or breaking this: C—H
Reduction Increases electron density on carbon by:
— forming this: C—H
— or breaking one of these: C—0O C—N C—X

How different it 1s to normal definition?

Le Quoc Chon - Duy Tan University
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Oxidation and reduction In
Organic Chemistry

(su oxy hoa va khur trong Hoa hitu co)

H Cl
| | Oxidation: C—H bond broken
N T S and C—Cl bond formed
H H
Methane Chloromethane
Cl H
r,:l; 1. Mg, ether {I: Reduction: C-Cl bond broken
H( H‘H 2. H,0" H/ “‘“H and C-H bond formed
H H
Chloromethane Methane

Le Quoc Chon - Duy Tan University
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\
/ \
H H

Ethylene

/
C=C + HBr
/ \
H H

Ethylene

Example

Br Br
\C Cf"
H;?’ "CILI‘H Oxidation: Two new bonds

formed between carbon and a
1.2-Dibromoethane  mgore electronegative element

H Br

\ / . . . .
—_— H*‘?C_C‘C‘H Neither oxidation nor reduction:
H H One new C-H bond and one
new C—-Br bond formed
Bromoethane
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L evel of Redox

Mitrc do oxy hoa khtr
CHaCHy  H,C=CH, HC=CH
CHZOH H,C=0 HCO,H co,
CH4Cl CH,Cl, CHCl3 CCly
CHaNH, H,C=NH HC=N

Low oxidation High oxidation
level level
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