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Common name (s8)

1. ewmjsana R- (alkyl group)
2. swmasen alcohol
Methyl alcohol; CH;-OH
Ethyl alcohol; CH;-CH,-OH

Propyl alcohol;

\_

CH,-CH,-CH,-OH
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Common name (a®)

Common name (s8)

0.8, 195U on

Cyclopropyl alcohol;

Cyclobutyl alcohol; I:(

Cyclopentyl alcohol; Q/OH
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n-Butyl alcohol; H,C-CH,-CH,-CH,-OH

sec-Butyl alcohol; HC— O — B cH,
OH
CHs
tert-Butyl alcohol; l _-OoH
\ H3C/ \CH3
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Reduction of Aldehydes and Ketones
Aldehydes are reduced to give primary alcohols, and ketones are reduced to
give secondary alcohols.

%? s ﬁ R
[HI [H]
(8 —_— .C C — .C
R/ \H R,'I \H R/ \R, R,'I \H
H R’
An aldehyde A primary alcohol A ketone A secondary alcohol

Many reducing reagents are available, but sodium borohydride, NaBHy,
is usually chosen because of its safety. It is a white, crystalline solid that can
be weighed in the open atmosphere and used in either water or alcohol
solution.
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Aldehyde reduction
Cl)H
I 1. NaBHy, ethanol
CH3CH,CH,CH mof—) CH3CH2CH2$H
H
Butanal Butan-1-ol (85%)
(a 1° alcohol)
Ketone reduction
(0] H OH
I N/
€ Cc
1. NaBH4, ethanol
2. Hz0"
Dicyclohexyl ketone Dicyclohexylmethanol (88%)

(a 2° alcohol)
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Grignard Reactions of Carbonyl Compounds

Grignard reagents (RMgX), prepared by reaction of organochalides with mag-
nesium (Section 7.3), react with carbonyl compounds to yield alcohols in much
the same way that hydride reducing agents do. Just as carbonyl reduction
involves addition of a hydride ion to the C=0 bond, Grignard reaction involves
addition of a carbanion (R:~ *MgX).

Formaldehyde

Aldehyde reaction
CH; O

Formaldehyde reaction

(|:|) MgBr
C +
H/ \H O/

Cyclohexyl-
magnesium
bromide

MgBr

| I
CH3CHCH,CH  +

Ufisenvasansusenaunisusila

CH,0H
1. Mix in ether
2. H30%

Cyclohexylmethanol (65%)
(a 1° alcohol)

CHz OH

fex o+ W ?:{- r\?fx R =1°,2° or 3° alkyl, aryl, or vinylic
= —_— -
9 9 X =Cl, Br, I
A Grignard
reagent
0 OH
I 1. RMgX, ether CJZ +  HOMaX
SO 2R “7 R 9
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Ketone reaction

o OH
+ CHACHoMag, Mixinether CH,CH3
3M2VOET S a0t
Cyclohexanone Ethylmagnesium 1-Ethylcyclohexanol (89%)
bromide (a 3° alcohol)

1. Mix in ether cH (lfHCH (|:H
2. Hz0* 3 2

Williamson Ether Synthesis

R—ODH ( —> R—:O:: + R‘—CHz—CI;r —> R—CH; 0 + Br

R
Alkyl halide
® ©
NaH —» N3 H
o ®
R—O H
Electron+Lover : E*
a. electro+phile
Nucleous+Lover : Nu- b. nucleophile phile=love
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Williamson Ether Synthesis

OCHj

oH
1. NaH
_—
2. CH,1
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Oxidation of Alkenes with Peroxycarboxylic Acids

N1589LA51%% Epoxides
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H\ CHa I H, /O\ St
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CH3 H Peroxycarboxylic Acids CH, H

(e}
/O\
do H (¢}
N o :
Cl

3-Chloroperoxybenzoic acid
(MCPBA) 23

Williamson Ether Synthesis

OH OCH3
1. NaH
—_—
2. CH;-I
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Nal +
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Peroxy+benzoic acid

O—=0

H

H
\O/

‘ Peroxy+acetic acid ‘
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Preparation of Epoxides — Epoxidation: Syn addition

0 ‘ stereospecific reaction
MCPBA

Hzc_c

CHj
CHs
2-methyloxirane
Cl

Cl

3-Chloroperoxybenzoic acid 0

(MCPBA) ) Q
e} OH
X

CompoundE ——mm>

MCPBA Q
HQC_CHZ

oxirane

cZ H
/ H HSC/
H,;C
(2-methyloxirane)
Organic Chemistry (8th Edition) by L. G. Wade Jr »
Preparation of Epoxides — Epoxidation
‘ stereospecific reaction ‘
H H H : (
m-CPBA 9 O, NN
7 —_— + : : \Y/\ H
H H H
G (enantiomers) : H
two hydrogens @ J two hydrogens 0 X two hydrogens
are trans are trans are cis
not formed
oM o
CPBA o0 : (o)
4 H m—> \P\/ + \i)\/ : 2
H H :
Hh a4 (enantiomers) . 2
two hydrogens
are cis X two hydrogens ‘/two hydrogens
are trans are cis
not formed
hgtps://wwwvmasterorganicchemistry.co(n/ZOj1/06/17/reagent— 27

stereospecific reaction ‘
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. N [0}
A Cug-0 i

CH, CH; . “Ha (0] ~Ha cl sasi 5ECs /Hl
N L\/ MCPBA cHy O\ Ot RE 52 ﬂ/ i
ol 7

N CH,CI,

O H
[
Qs Cn i 0
CHj, H | MCPBA cH, O H
\C:C/ \\\/CH o / \ (+ enantiomer)
4 N\ 22 H CH;

trans trans
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Preparation of Epoxides — Epoxidation

EXAMPLE: Epoxidation of propene by peroxyacetic acid.

H\ /H H\ /H
C/\ /\O/\C/CH3 cq O§C/CH3
R — [0 ]
C" O —0
Z ! /N, H
H,C© H H:C© H
propene peroxyacetic epoxypropane  acetic acid
(propylene) acid (propylene oxide)
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Regiochemistry of Epoxide Reactions with Strong Nucleophiles

q y HO
2 Nu AN H ho H
Hzg/—\c/ —_— HzC—\C/ M Hzc—é:\/
e) \R Nu/ R Nu/ R
Nu
e HO
Q o 1 Nu \/H
HZC—C/ — HZC—C\
\R 2.H,0 Nu/ R
Nu

Nu™ = NaC=N, NaN;, RMgX, RLi, LiAlH,, RSNa
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Regiochemistry of Epoxide Reactions with Strong Nucleophiles

® o
(/0\ Na OEt \_H HO H? H
He—o & — H;C—C\/ — HQC—C\/
eHe EtO CHs EtO CH,
EtO
HO
Q 1. NaCN \
H
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https://www.chem.ucalgary.ca/courses/353/Carey5th/Ch16/ch16-6-1.html

https://www.chemistrysteps.com/ring-opening-reactions-of-epoxides/

The Regiochemistry of Epoxide Reactions with
Strong Nucleophiles

QO\ H 1. NaCN HO\ H
o —_— HQC_C/
e 2H0  /
j Nercre y: CH,CH,
©-
CcN Nd
o\ L 1. NaCN H? H 2HIN | 5
Hy —c —» H,C—C —
Nopp o2 120 /" eh,cH
CH,CH3 C 213
o 7
CN N
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lemandwas (Cyclic Ethers)

(0)
o) —O0 < 7
Ethylene oxide Oxitane Tetrahydrofuran : THF

(Oxirane)
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o HO
1. NaCN H
[N 0 C—é)/
e 2.H,0 ;N
-2
CH,CH ///C CH2CH3
N
e Thiol

e Thioether w3e Sulfides
e Sulfonic acid

H—O—H
R—O—H Alcohol CH;—O—H

R—O—R CHe—0—CH,
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H—0—H

R—O—H Alcohol CH;—O—H
R—S—H

CH;—S—H

CHy—0—CH,

Thio+Ether CH;—S—CHs

R—O—R

R—S—R

37

Sulfides - Sulfoxide, Sulfone

I I
S — S ——> R—S—R
R/ \R R/ \R |
Sulfoxide Sulfone
.. RCOH I
S —_— S
g \R v \R

[¢]
2 eq. RCO;H ||
R—S

Sulfides =2 Sulfoxide, Sulfone

e Sulfides more reactive than ethers

e One equivalent of peroxyacid (RCO3H) or of
hydrogen peroxide (H,O,) = Sulfoxide

e Two equivalent = Sulfone

Phenyl vinyl sulfide > ?

Sulfides > Sulfoxide, Sulfone

. CH3CO3H
'S —_— =
CH3/ \CH3 CH3/ ™~

n=—"0

Dimethyl sulfoxide (DMSO) |

0
2eq. CH;CO3H i
S ™ CH;—S—CH;
CH3/ \CH3 I
0
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Sulfonic Acid: RSO3;H

® wi3aul@anujizen oxidation a8193uKse Va4 Thiol

® Reagents 1@ KMnO,, HNO,, %38 bleach (NaOCl)

KMnO,
—— —_—
2 R—SH R—S—OH  gyifonic Acid

[0}

@ HN03 | |
SH ——— S—OH

(boil) | |

(0]

‘ Benzenesulfonic acid ‘

11



