Organic Chemistry




"—-.-‘;'\\ P
G TR AAY
'-.\ -,/I ‘ A W T
\\K _’/’ XIUAN HAOTONG UNIVERSITY
:

Chapter 9
Organic Compounds

—— Alcohols and Ethers



A7\ 5é?ﬁ’4

I “’.‘

@) IFAST BERER
\ _’/V XIAN HAOTONG UNIV

:

—., R IVPPACHBZMUNBEH THH SV FELEZTR, HERBRZIREEH

CH.CH, - Cl
1 YVL 2 HECJ\H‘SH;DH 3) /R-J\/ 4) Q 5) PRE)ELHK

—_ W}ﬁ&}i{z ®
@ HBr
O e L merl e A =
1. > -
Me
Cl
Nal H,0, H,SO, ©/ 2
4 /O‘ SRR 5) o P ) e W
' DMSO HgSO, Y

= ATBEAIT BB L SIREXEMNEETHIE R TILAY

1) H—=——oH —— ., >~2° 2) H——=—H —»/\(\/
OH
e 00 S A0
MeOH

NaOH

NaCN

DMSO

?



‘"" P z :’ }6 ,,‘Q.Z .
; f" e Outline:

1. What are alcohols?

2. What are the characteristic reaction of alcohols?
3. What are ethers?

4. What are the characteristic reaction of ethers?
5. What are epoxides?

6. What are the characteristic reactions of epoxides?



* FFLAAT  Alcohols

The general alcohol structure would be R-OH.

The common system for naming alcohols is :

Name of R-group + “alcohol”

Organic chemicals with oxygen

-
Alcohols Ethers
ROH ROR®’
CH;OH Methanol
CH;CH,OH Ethanol
CH3;CH,CH,OH n-Propanol
CH3?HCH3 Isopropanol

OH



(@) FFALALT 1. Classification of Alcohols

@ &5 - OHEEREFAIREIS . H, H, RES

H 7
CH4CH,CH,0H CH:iHCHB CHsiCHs
Hs
—FEE ({8E) —EEE (IE) =REE ()
Primary (1°) Secondary (2°) Tertiary (3°)

@ #% - OHRYHBAR: —itls. =i, =7TiE.

CH;CH,OH HOCH,CH,OH HOCH2$HCH20H
OH
CF P A= (Hif)

ethyene glycol Glycerin
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Alcohols are named by the IUPAC system as derivatives of the parent
alkane, using the suffix —ol.

/\OH Ethanol

stepl: Select the longest carbon chain containing the hydroxyl group, and

derive the parent name by replacing the —e ending of the corresponding
alkane with —ol;
step2: Number the alkane chain beginning at the end nearer the hydroxyl

group;
step3. Number the substituents according to their position on the chain and

write the name listing the substituents on alphabetical order.
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%H3%H%H2fHéH3

H; OH

4-Methylpentan—2-ol

8. 8§ 4 3. &. 1%
CH;C=CHCH,CHCH,
H, OH

5-methylhex-4-en-2-ol

CH3CH§[ IHCHCH LOH
2CH3 H3

4-Chloro-2,3,5-trimethylheptan-1-ol

6 5 4 3 2 1
CH3CH2§HCH2CHCH3

H H

Hexane-2,4-diol



3. Structure
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Water MNMethanol

The carbon and oxygen atoms of the alcohol group are sp?
hybridized such that the C-O-H bond angle is approximately

108.9° .
,
20y, EALS
) H H I CH, H I
~
\ Makecular Molecular
dipole dipole

BHFRMEAHXTR, BSFPIIC-ORENIEE ROHRNRESF.
C(EN=2.5), H(EN=2.1), O(EN=3.5)
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4. Reactions of Alcohols

(1) Acid-base reactions
ROMH + H,0 <—= RO: + H,0"

 Compound | _pKa | Compound | _pKa _

15.7 CICH,CH,OH 14.3
CH3OH 15.5 CF,CH,OH 12.4
CH,CH,OH 159 CF,CH,CH,OH 14.6

(CH,),CHOH  17.1  CF,CH,CH,CH,OH 154

(CH,),COH 18

CH,OH <1  ROH < 2" ROH < 3" ROH



Alcohols are slightly weaker acids than water.
CH,OH <1 ROH< 2" ROH < 3" ROH

Strongest acid Weakest acid

T

-

Alcohols do not react with sodium bicarbonate or amines, and a stronger
base such as sodium hydride or sodium amide Is required to generate the
alkoxide ion.

Alcohol Ethyne Ammonia Ethane
pKa 15.5-18.0 25 38 50



FFAALT (2) Synthesis of alkyl halides

Nu

(-:O—H /

/ L .o
R R R R \

Poor leaving group

The reagents serve to convert the hydroxyl group into a better leaving group.

H
+
;0—H !
R—C Strong acid R_/C\ Good leaving group
;0—H S
R—C Y —X R_/C\ Good leaving group
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R-OH + HX =— R-X + H,0
¥ Mechanism:

+ _
RCH,0H + HX > RCH,0H, + X
Alkyloxonium
ion

X~ + RCH2C6H2 ——> RCH,X + H,0 (Sn2)

Tertiary alcohols can undergo the S, 1 reaction to produce tertiary alkyl
halides.

oo St 1 + + oo
| ==, /o—$—c|-|3M C—CHs Step3 _:X—C—CH,
E g |
H  CH, H  CH, HaC ‘\/ . - CH,



FFLANE (3) Elimination

Alcohols are dehydrated to alkenes by heating with sulfuric acid.

CH;3-CH,-OH C°"°'H2§°4> CH,=CH, + H,0
170 °

¥ Mechanism

H H H
|3C|3 c!:a ‘H", fast _é_é_ slow (J: J:
o 4 |

iIntermediate
carbocation

.H"' \ /
e— — E1
e (B
¥ Reactivity H ZH
RCR" > RCHR' > RCH,OH

RII
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Primary alcohols react by the two-step mechanism, in which Step 2 is the
rate-determining step.

¥ Mechanism

Step 1.
/\ +/H o
HyCH,C—O0—H + \H— o H === HyCH,C—0{_ * -?—H
H & H
Step 2. Oxonium ion
. |\' (’+/H E, H H
H—O: CH, ——H-— 0 H + \__ + ‘O—H
| | \H | = |
H H H H H H

Alkene
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If a choice of alkenes is possible, the most substituted alkene is preferred
(Zaitsev’s rule).

CH;
| ; HiC_ H H CH,CH3
HO—C—CH,CH; 27225t~ “c=c{  + c=C{
C|IH3 ea H3C CH3 H CH3
Major product Minor product

conc.H,S0,
(CH5),CH-CH,OH = » CH,CH=CHCH; + (CH;),C=CH,
major product minor product
H,C H,C H,C
\ conc.H,80, '3 3
JCH-CH-CHyCHy ——" "~ c=CH.CH,CH; +  CH-CH=CH-CH
HiC  oH H,C H,C

major product minor product



(@) 7#144¢ (4) Oxidation

H 0 0
Primary Alcohol: R—J?a—OH [_O], R—é—H [O] > R ;L\l’_OH

|

H

Primary alcohols are oxidized to aldehydes with pyridinium

chlorochromate (PCC) in dichloromethane, and oxidized to carboxylic
acids with CrO, Iin agueous acid.

R’ o
éoc [O] I
Secondary Alcohol: R—C—0OH —> R—C—R"
!
RI
J:OI [O]
Tertiary Alcohol: R_l_OH — (-)

R"
[O]: K,Cr,0;, CrO,, KMNO, etc.

Secondary alcohols are oxidized to ketones while tertiary alcohols
are resistant to oxidation.
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Ethers are named as alkoxy derivatives of alkanes.
R-O-R’

Aryl ethers are ethers where the oxygen is linked to one or two aromatic
rings (ArOR or ArOAr) in which case the attached carbon(s) is sp? hybridized.

1. Structure of Ethers

Dimethyl ether

In dimethyl ether, two sp3 hybrid orbitals of oxygen form sigma bonds to
carbon atoms. The other two sp3 hybrid orbitals of oxygen each contain an
unshared pair of electrons.




("“{'-/:";Kz\"} ,59’?‘ /{ Z /f ,,‘Q.;ﬁ
imorons v 2. Nomenclature of Ethers

Ethers may be named by specifying the two alkyl groups in alphabetical order as
separate words, the adding the word ether at the end.
When both alkyl groups are the same, the prefix di- precedes the name of the

alkyl group.

CH;-O-CH, Dimethyl ether
CH,;CH,-O-CHj, Ethyl methyl ether
CH;CH,-O-CH,CH; Diethyl ether
CH3-0-C(CH3); tert-Butyl methyl ether
@0@ Diphenyl ether

/c/_\o/_ 2L P,
| \O\| /O C\ /O 18 Crown-6-ether
\O\_/O\_/D/ ./',\—/



(&) 7FA4AT 3 preparation of Ethers

conc.H,S0,

2CH;-CH,-OH »C,H5;0C,H; + H,0
140 °C
# Mechanism: T
ROH=<——"=ROH,

/\\ + slow

R-?': + ROH, —= fast
H

=+
R—O—R + H;0 (Sn2)

R—6—R + Hzo
H

+ +
RoH Hi.fast ROH, slow | ot H,0

. + s
R + :?—RE»R O0—R f:sct)>R O0—R + H3;0 (Sy1)
2

H H




@) 7FXLLT williamson Ether Synthesis

The procedure involves the S 2 reaction between a metal alkoxide and a
primary alkyl halide or tosylate.

R—X —NOR_ R_OR’

The alkoxide required for the reaction is prepared by treating an alcohol
with a strong base such as sodium hydride.

CH3CH2C| + CH3ONa —> CH3CH20CH3 + NaCI

Since this Is an Sy 2 reaction, primary alkyl halides react better than
secondary or tertiary alkyl halides.

O\ /CH3 /O\ /CH3
C H,C~ °C - C
HC— + e, — %7 TOch, ‘7% H,C=0 + | >cH,
CH; CH;3
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An alternative procedure is to treat the alcohol directly with the alkyl
halide in the presence of silver oxide, thus avoiding the need to
prepare the alkoxide beforehand.

HOR

R—X » R—OR'
Agzo

Alkenes can be converted to ethers by the electrophilic addition of
mercuric trifluoroacetate, followed by addition by addition of an

alcohol.
H.C H
H5C H HC H ’ 3
Hqg(O,CCF aBH, _ RO H
V=( _Hol0LCFI, RO——(—HgO,CCF; —— > : CHH
H3C H ROH/THF H3C H 3

An organomercuric intermediate is obtained which can be reduced with
sodium borohydride to give the ether.



‘ FFLALY 4 Reactions of Ethers

Ethers, resemble hydrocarbons in their resistance to chemical reaction.
They do not react with oxidizing agents, such as potassium dichromate (&

$ERH) or potassium permanganate (SiEEZH) . They are not affected by
most acids or bases at moderate temperatures.

Weak nucleophilic center

5-:

Ethers are relatively unreactive D’ 5+
since they have weak nucleophilic R/C\ ) \R
and electrophilic centers. TR

\ /

Weak elec\:trophilic centers

Because of their good solvent properties and general inertness to chemical

reaction, ethers are excellent solvents in which to carry out many
organic reaction.
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(1) Oxonium Salts

H
CH3CH20CH2CH3 + CO“C.H2304 _‘CH3CH2$CH2CH3 + HSO4_
+

An oxonium ion

R-O-R + BFy ——> R-i-R
“BF
(2) Cleavage of ether bond ’

Ethers are unreactive functional groups, but can be cleaved by strong
acids such as HI or HBr.

R-OR' + HI —8 5 R“. + R-OH

| H
" heat
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Primary and secondary ethers react by the S2 mechanism to produce the
least substituted alkyl halide and an alcohol.

II+ H
: |

o (o )
HsCH,C~ “CH(CHj), —  HiCH,C. " “CH(CH3),— > CH3CHpl -+ HO—CH(CH;),
(Sx2) \HI
e |—CH(CH,),

The initial protonation is essential since it converts a poor leaving group
(an alkoxide ion) into a good leaving group (the alcohol).




@) #4111

Tertiary ethers are cleaved by the Sy1 reaction under milder conditions.

+ -+
CH3-0-C(CH); i»CH3-(|)-C(CH3)3 — (CH3);C + CH3;OH
H =
| H*
(CH3)4C-l = |

> (CH3)2C=CH2

However, an elimination reaction (E1) may occur in preference to the Syl
reaction resulting in formation of an alcohol and an alkene.

CH
(0] HI 3
/ \ .
(H3C)3C CH(CH,), —>H20 H3C/J§CH2 + HO—-CH(CH3;),

E1 product

roml» H + CHal
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b baie (3) Oxidation of ethers

Most ethers react slowly with atmospheric oxygen by a radical process
to form hydroperoxides(ROOH) and peroxides (ROOR).

(@)
CH;CH,-0-CH,CH; ——> CH5GH-O-CH,CHj
‘ —O—H

a—-H

These products can prove to be explosive if old solvents are concentrated
to dryness.
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Epoxides are cyclic ethers.

A H3CACH3 O

(0)

Cyclic ethers are heterocyclic compounds in which the ether oxygen is
one of the atoms in aring.

1. Nomenclature

Cyclic ethers are generally known by their common names.

2 3
O /
f E 10 O4
[ > N\
e 6 5
Ethylene oxide  Tetrahydrofuran (THF) 1 4-dioxane



FFLALT 2 Preparation of Epoxide

They can be obtained from alkenes in a two-step process. The first step
Involves electrophilic addition of a halogen in agueous solution to form a

halohydrin. Treatment of the halohydrin with base then ionizes the alcohol
group, which can then act as a nucleophile.

R R R R - /0\
>=< X,/H,0 o X > < OH a X R—/C—C\—R
R R R R R R
:0—H
R :0-tH/ ' R,ﬁo‘ ' !
S\2
R R — Rﬁ—éf R|—~ » R—C—C—R + :X
X R :X: R R R

intramolecular Sy2 reaction
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Epoxides are three-membered cyclic ethers which are more reactive than
other cyclic or acyclic ethers due to the ring strain inherent in three-
membered rings.

O------ Nucleophilic center

R '\ / R
Electrc‘>philic centers

Reactions with nucleophiles can result in ring opening and relief of strain.

Nucleophiles will attack either of the electrophilic carbons present in an
epoxide by an S 2 reaction.



@) 7111

r Ha0 — M > HO-CH,-CH,-OH

CH;OH —— HO-CH,-CH,-OCH;

N
+
A HX ——HO-CH,-CH,-X

\HNH,——HO0-CH,-CH,-NH,

The reaction involves an S2 mechanism with the incoming nucleophile
attacking the epoxide from the opposite direction of the epoxide ring.

Epoxides can be ring-opened under acidic or basic conditions.



(@) 77 x84 %  Acid-Catalyzed Epoxide Ring Opening

Under acidic conditions, the epoxide oxygen is first protonated,
turning it into a better leaving group.



&

7 4L%  Base-Catalyzed Epoxide Ring Opening

Good nucleophiles attack the ring by an Sy 2 mechanism and show a
stereoselectivity for attack of the nucleophile at the less hindered carbon of
the three-membered ring.

Sreic hindrance

HZC\—/CH %
o H,0MH;07, HO\)\
OH
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Under acidic reaction Nucleophiles will attack unsymmetrical
conditions, nucleophiles will epoxides at the least substituted
prefer to attack the most carbon when basic reaction conditions
substituted carbon atom. are employed.

This is because the positive charge in the protonated intermediate is shared
between the oxygen and the most substituted carbon. This makes the more

substituted carbon more reactive to nucleophiles.


李老师高护医用有机化学/isobutyl oxide.pdb
李老师高护医用有机化学/isobutyl oxide.pdb

@) 741447 Summary

1. BER945H. ap R RAEXIERR;
2. BARYESHS. anR AAEKIERR;

4. RANSYNIGEE., andRBEXTER.
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ROH + Na —= R-ONa + H,

@ SFENERIRMN

R—OH + HX ——> R—OH, + x°

OH ONO,

HO\)\/OH + 3 HNO;, OZNO\)\/ONOZ

iHERHH

+

3H,0

38
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® 5@fkskRm  ROH + HX  —— R=X + HO
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R R R F
R"‘}—{}H SiCIN }—OH2 — Vi mo = R“}—Br
R R
{REZIRERS \ 2 R R BTEHTT
CHoH L
CH3CH,OH + HBr Br---t:--0—H - CH3CHyBr + H,0
H H

39
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ZnCl, S5iRELESAS, BkJaLlucasitil, ATLAGES S PIRE S
ZnCl,

CH4CH,OH + HCI CH4CH,Cl + H,O

AREHEAEHREE (C<6) SlucasitfIRMATE=RAR, XKBAREERNGHS:

ZnCI2

A~OH o Y =ERTARM
o ZnCl, \ :
P - AN 8% NP R
HCI

o L i
ol ZnCl, /}\ NEE: MEPRRL
/™ HCI
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BZR953 FIRIAR 7K R R
H,SO,
2 CHaCHZON = CHiCH,OCH,CH; + HyO
130-140 °C

¢ ZRTFHIEXITRIERE ¢ ERFAEE ¢ (FEE. WNEEZRESDFARRK
ERNS VIR (RAERIBFRS RXiZ)
o O~ O
+  — + NaCl

(CH3)3C'OCHQCH3 + KBr

(CH3)sC-OK  +  CHaCHyBr
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O. OH
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O 5 LewisiRRMtE & SEEMRZMAE :

O. CH,Cl, OH
O/ CHs | BBr; _— Q/ + CH3Br
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