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Naming Alcohols and Phenols.
IUPAC Rules for Naming Alcohols.
Common Names of Alcohols.

Naming of Phenol and Another Compounds.

Properties of Alcohols and Phenols

Properties of Alcohols and Phenols: Acidity and Basicity.
Alcohols and Phenols are Brgnsted acids.

Phenol acidity.

Generating Alkoxides from Alcohols.

10 Nitro Phenols.
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Alcohols and Phenols

<Y shdll g <Y gaslf

O Alcohols are organic compounds containing hydroxyl groups connected to a saturated C
(sp°)

L They are important solvents and synthesis intermediates

O Phenols contain an OH group connected to a carbon in a benzene ring

O Methanol, CH;0H, called methyl alcohol, is a common solvent, a fuel additive, produced in
large quantities

O Ethanol, CH;CH,OH, called ethyl alcohol, is a solvent, fuel, beverage

d Phenol, C;H;OH (“phenyl alcohol”) has diverse uses - it gives its name to the general class
of compounds

O OH groups bonded to vinylic, sp2-hybridized carbons are called enols

OH OH
OH

”
-
- —
”
-

An alcohol A phenol An enol
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Alcohols and Phenols
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Naming Alcohols and Phenols
e gLl ¢ e ga8l) dpand

¢+ General classifications of alcohols based on substitution on C

to which OH Is attached \ Dl ol e Jpal el il
* Methyl (C has 3 H's), e e s
¢ Primary (1°) (C has two H’s, one R), Las ¢y J<) 45 591 JaSll 5 CH-
JsasSlly ¢ Gan g )3 (45 )3 5 Jiise de ganay

«* secondary (2°) (C has one H, tWO RS), | 55, gt seaeis g o sl a8 il
 tertiary (3°) (C hasno H, 3 R’s), 22 b ey G JpaSh Ll cBinly m s v

e aalae A o 5 <)

OH OH OH
H

A primary (1°) alcohol A secondary (2°) alcohol A tertiary (3°) alcohol
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Ao gana 0988 O G jilall (e ¢ cyClo-  Aal) aladiody Adlal) cild gasl) drend AT

H HO CH,CH,
:40H ’
A <
H 3 2
Br
IUPAC name:  frans-2-bromocyclohexanol 1-ethylcyclopropanol

_:&m\dﬂd\‘;ﬁMQYJASML@SSJOH kwujs ¢ g8l il ja Slia

CH,OH (|)H (”)
4 3 2 |
CH,—CH—CH,—C—O0H
0

2-(hydroxymethyl)cyclohexanone 3-hydroxybutanoic acid
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Give the systematic (IUPAC) names of the following alcohols.

LAl ey gaslt (JUPAC) dsalail) slac) e

1

HO CH, OH
g/ "

OH
\C\ /4 . 6
b 6 2
(a) CH,CH, - 1 ? 3 7 (c)
Br s 3
4
CH,
4 5 6
4 CH;, H3C\3 /Cl (‘::~12C‘H2C‘P{3
(d) (e) C=C H—-OH
5 f:,,'. / 2\ (f) 2
OH CH,CH, 1CH20H H———Br
6 5 4
CH,
1

2-phenylbutan-2-ol
5-bromohept-3-en-2-ol
4-methylcyclohex-3-en-1-ol
2-methylcyclohexane-1-ol
2-chloro-3-methylpent-2-en-1-ol
2-bromohexan-3-ol
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IUPAC Rules for Naming Alcohols
Y gl dpacdt] AButail] o (Adaall) 48 juall ploasSll Jgall dlady) ao) 58

% 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

£% Number the chain from the end nearer the hydroxyl group

% Number substituents according to position on chain, listing the
substituents in alphabetical order

4
(|)H CH,
S ikes  ReTRST 3]
CH; J)H
2-Methyl-2-pentanol cis-1,4-Cyclohexanediol 3-Phenyl-2-butanol

New: 2-Methylpentan-2-ol New: cis-Cyclohexane-1,4-diol New: 3-Phenylbutan-2-ol
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butanol z+<=3 butane i ol- = Jiadll
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Jazy (EEY) 5 common names 4x3ls s [UPAC names <l s dalaic dadi 08 5 Al (10 le o llla
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7/ 7/ 7/
000 000 000

CH; OH ]
I CH,l | CHy—OH

cH, 3I& ’CH— CH,—— Br

CH,

[UPAC name is
1-bromo-3,3-dimethylbutan-2-ol

Or name 1s _ _
1-bromo-3,3-dimethyl-2-butanol 3-(iodomethyl)-2-isopropyl-1-pentanol

L
CHg— CH, — CH— CH—|— CH— CH
Hj

3-(iodomethyl)-2-isopropylpentan-1-ol
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OH
[UPAC name 1s [UPAC name 1s [UPAC name 1s
frans-2-penten-1-ol 4-chloro-3-buten-2-ol 2-cyclohexen-1-ol
New IUPAC name 1s New IUPAC namei1s  New IUPAC name 1s
trans-pent-2-en- 1-ol 4-chlorobut-3-en-2-ol cyclohex-2-en-1-ol

C, wsle Jans el de gana (3585 O Ui ity CyC10- Aol aladiialy Lalal) Y ga Sl dpani aliy o

HO, CH,CHj
1

3 2

trans-2-bromocyclohexanol 1-ethylcyclopropanol



Common Names of Alcohols
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common name:

IUPAC name:

common name:
IUPAC name:

IUPAC name:

. [UPAC
?H
CH;—OH  CH4CH,CH,~OH  CH3;—CH—CH,4 H,C= CH- CH,— OH
methyl alcohol n-propyl alcohol isopropyl alcohol allyl alcohol
methanol propan-1-ol propan-2-ol prop-2-en-1-ol
OH CH3 CHS
CH4CH,CH,CH, —OH CHy—CH—CH,CH; CH;—C —OH CH;—CH— CH,—OH
CH,

n-butyl alcohol sec-butyl alcohol tert-butyl alcohol isobutyl alcohol
butan-1-ol butan-2-ol 2-methylpropan-2-ol 2-methylpropan-1-ol

OH H OH

CH3_CH_CH20H /1, OH

propane-1,2-diol 1-cyclohexylbutane-1,3-diol trans-cyclopentane-1,2-diol
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JLia
Give a systematic (IUPAC) name for each diol.

diol ds2 S TUPAC 4eldaill dpansill e

(a) CH;CH(OH)(CH,),CH(OH)C(CH;); (b) HO— (CH,)s—OH
OH OH

OH
(c) Q (d) (e)
HO

HO

8,8-dimethylnonane-2,7-diol
Octane-1,8-diol
cis-cyclohex-2-ene-1,4-diol
3-cyclopentylheptane-2,4-diol
trans-cyclobutene-1,3-diol

® o0 o




OH

HO CH,

CH;C CH,CHyCH,CH, € C CHy

7]

H CH,
CIS
CH;
P
AN /N
H H H



Naming of Phenol and Another Compounds
(8 | Sy g Y i) A

Use “phenol” (the French name for benzene) as the parent hydrocarbon name,
not benzene
Name substituents on aromatic ring by their position from OH

\ O ) 31l 1836 Rins b
H; s e phenol Jsid 4K
I o sliiely o 5ul)
CH,OH o T
_ CH:COH ol s I Y G 52 IS 5 e
©/ H,C=CHCH,0H 3 | s S 13 /] 52
CH; A sl S yall g J sl
1S Lpand K3 (5 ,AY)
Benzyl alcohol Allyl alcohol tert-Butyl alcohol SN A (e gy IS 5008
(phenylmethanol) (2-propen-1-ol) (2-methyl-2-propanol) oe "laase Jeasl A
OH 4e 503
HOCH,CH,0OH HOCHZ?HCHZOH
OH
Ethylene glycol Glycerol

(1,2-ethanediol) (1,2,3-propanetriol)



Properties of Alcohols and Phenols

S e 118l g S eaeSHf (o uads
The structure around O of the alcohol or phenol is similar to that in water, sp?
hybridized.
Alcohols and phenols have much higher boiling points than similar alkanes and
alkyl halides.

A positively polarized OH hydrogen atom from one molecule is attracted to a lone
pair of electrons on a negatively polarized oxygen atom of another molecule.

This produces a force that holds the two molecules together.

These intermolecular attractions are present in solution but not in the gas phase,
thus elevating the boiling point of the solution.
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water water
methyl alcohol methyl alcohol methyl alcohol



Properties of Alcohols and Phenols:
Acidity and Basicity

AstalBllg dus oled] s ¥ aiubilg éﬁgﬂgﬂib

% Weakly basic and weakly acidic

% Alcohols are weak Brgnsted bases
X Protonated by strong acids to yield oxonium ions, ROH,"

H

/\ |
0 ) N
R \H M R/ \H X"

An alcohol An oxonium 10n

+
Oor ArOH + HX = ~ ArOH, X




Properties of Alcohols and Phenols:
Acidity and Basicity
dutalBl)g s oledf s ¥ a2sbifg QS%V\J
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An alcohol An oxonium 1on

+
Or ArOH + HX = ArOH, X™
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Alcohols and Phenols are Bronsted acids

diidg 5 smalges (B S ghahll g S oo

X Can transfer a proton to water to a very small extent
%X  Produces H,O" and an alkoxide ion, RO", or a phenoxide ion,

Aro

han s aaa (63 Joasll AL ja (e aal 5 55 deaiuly
Ol s HaO" a5 el 05l oSl elall A5 () Juassy)
o553l (sl L (055 sl Alla 3 13 5 S (1Y)
HeS gl Ol
q H
/H O | +
. e [0)
R—0: + o R—O: +
N HEN
An alcohol An alkoxide ion
\l S SN C\ \l 'V .
H,0. + H;0
Or _ 2% = 3
- A phenol A phenoxide ion -



Phenol acidity
Jeiphl dpusole

Phenols (pKa ~10) are much more acidic than alcohols (pKa ~
16) due to resonance stabilization of the phenoxide ion.

Phenols react with NaOH solutions (but alcohols do not),
forming salts that are soluble in dilute agueous solution.

A phenolic component can be separated from an organic solution
by extraction into basic aqueous solution and is isolated after acid
IS added to the solution.

OH O Na
©/ + NaOH > ©/ + H,0

Phenol Sodium phenoxide
(sodium phenolate)

22 l) 0 glaal) e Je i Y il /] S 5l ¢y o (0o M) (ol o il il sy Y pa Sl (o gl ST Y sl
Leboad AV Al siadl) LS el // 33e il a Jelini Y Y pasl) Lais ffcaiaall all Jslaall 8 2le mSal ()5S0 5 a 333 saall 230 5 ]
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Generating?\lkoxides from Alcohols
&Y 66500 o0 ol olanS ST 04§ 63

» Alcohols are weak acids — requires a strong base to form an alkoxide such as
NaH, sodium amide NaNH,, and Grignard reagents (RMgX).
» Alkoxides are bases used as reagents in organic chemistry.

H3C CH3 H3C CH
§ e N e 3 Ul g (o Y ol
- C\ + 2K —» C\ + H» PUSESIPREET
) Wiy Leie CalaluS &SIV
H;C / OH H;C / 0~ K pfiun leie LSS
S ¢ sac ddll
tert-Butyl alcohol Potassium tert-butoxide GlulsS SV e Joass
(2-methyl-2-propanol (potassium-2-methyl- S Jariad Al dac 8l
2 = -
2-propanolate oLl b il
CH;OH + NaH ———» CH3O  Na + H, ac) sl (e [] A guanll
Methanol Sodmum methoxide , bl Al 4 al)
(sodium methanolate) a4 Y el
o5 pall 2l 5 p 503 pacall
CH3;CH,OH + NaNH, —— CH3CH,O Na ~ + NHj; 2l S Cwdl S

Ethanol Sodium ethoxide

(sodium ethanolate) \

OH O MgBr el yiiay iV 12
. RN .o . .o

+ CH;MgBr —» + CH, Sl EBleld B et
’ (2 il A8l

Cvclohexanol Bromomagnesium Elimination 2
cyclohexanolate




Nitro - Phenols S
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Phenols with nitro groups at the ortho and para positions are
much stronger acids

s a8 se A gl
HSININTY
Qe /f Mas
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Preparation of Alcohols by Regiospecific Hydration of
Alkene.

Preparation of 1,2- diol.

Alcohols from Reduction of Carbonyl Compounds.
Reduction of Carboxylic acids and Esters.

Alcohols from Reaction of Carbonyl Compounds with
Grignard Reagents.

Reaction of Esters and Grignard Reagents.
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Pr;paration of Alcohols
éﬁg@i{@%@?

v" Alcohols are derived from many types of compounds.
v" The alcohol hydroxyl can be converted to many other functional groups.
v" This makes alcohols useful in synthesis.

R R )
N/ | [ s e dlide c¥ el
o /C C\ o B 1Y, S sal) o g5l
R R dS ool Ao gara
(l Alkene g deall O Qe Jeasll
<N N, Lihy galaa B
R on R OR s Vg . el
Carboxylic Ketone omaail) B oada Y gasl)

T|) acid \ / ﬁ

R OR' \ R H oo A g 1)
Ester \ / Aldeh}’de :\:ﬂ:\S i 5 pnlae

RX _ ROH ROR EES Sl oa

Alkyl halide Alcohols Ether




Preparat‘ion of Alcohols by Regiaspeciﬁc Hydration of

S et ABAIHY Laaih) B sho

Alkene

s Y eaS) pudeat

o Hydroboration/oxidation: syn, non-Markovnikov hydration.
o Oxymercuration/reduction: Markovnikov hydration

.CH3
!
BH3
THF
!
]
CHsy
Q/ CHs
hylcycloh : o
1-Methylcyclohexene ;
i X Hg(OAc),
H,0O
| WH
]

HgOAc

Uasla s 5) BH,-THF <ails
shasll 4 axiiiy (558 Ousd
S oaslal JaY 4 geasll
S e el dagajall B pall
Bl & & g -JSY)
JSI 32u8Y a5 pgd) S g 5
d.ch 3 d);s GJ\ u“)}d\
ct..d\ ZAL;J 9 S.Jus\}” 9 u.ut.u?}”
OsSas Aasall 3Vl e

0SS Jle Baell (e 4

.

202

trans-2-Methylcyclohexanol
(84%)

GHs
NaBH4 O’

1-Methylcyclohexanol
(90%)

Lyl Jasi 5
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Mechanism of Oxymercuration/Reduction
B 3S 5o Bual® ps (SR JI598H (Jalal) AEHE 1o

@ S)
HgOAc + OAc

e
s \\ OH
SN @ >
S g Wity Mg
HgOAc

Demercuration Reaction

Hg(OAC)Z

JOH OH
Syt e Cﬁ
HgOAc
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Al Ala) siedyganl) sl A daldy Al
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Mechanism of Hydroboratlon of Alkene
B 4HS jlo Bulal® (uSe ~Aidg ya9g slialf Mﬁsgs@%u@*@

\\\CH3
HOOH, NaOH
Hydroboration-oxidation
\\\\CH?’ ””/
OH
BH,_ uy
\\\CH3
NaOH, I,
Hydroboration-iodination
..M;II/H
I

OslilSy OH™ JauS gt 4o pana ALY addicy ua ¢ 4ypnl) ploasl) (b Giaad Al el aaf g daig) o9 ugd) Bawsy) Jolds
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5 ua¥) daalga & Jolill) 1 Ally H,0,, OH 3alilly ylus gl Al o3 ¢ S ) BH, (B,Hg ) 4la) ¥yl Jeliill ey
JaeiS g )3 A gana; BH, 48 gana 1 s g ) ABl) oy g AW Aoty ) Al 0y 5Sil BH, A g3 A g2 )

[ ——_

[
CH;—C=C—CHj
H--- BH,

0



Preparatlon of 1,2-Diols
Cdphde g JguSg s (Jogages Lo (53 S o B9 - Y gall

O Cis-1,2-diols from hydroxylation of an alkene with OsO, followed by
reduction with NaHSO..

O Trans-1,2-diols from acid-catalyzed hydrolysis of epoxides.

CH; CH; leae s Y gall e Juans
~ ! 40 : e 162 ) il 9 162
Pyrldme O/ \O HZO ; .
; : OH Janinaall aeLuall Jalal
. H H alaaiuf aied | Jelaly
3 An osmate A cis 1,2-diol 28 &) ik
> (1-methyl, c-2- cyclohexanediol) . . L%
Jer a9 (o ae (asae)sY)
1-Methylcyclohexene ’ CH, N&HSOs - d‘jﬁ‘i\ ?3
_RCOH Laiw, Jgo 162 il and
T CcHCL ; e lual) Jalall aladinly
PASY) PN . :
/ ' umt; R ‘;;AAM\
1-Methyl-1,2-epoxy- A trans 1,2- d101 8 g RCOgH g“‘s}):‘:‘n
cyclohexane (1-methyl, t-2-cyclohexanediol) o) )ﬂ\ J 5 all LA; Sy

12




Alcohols from Reduction of Carbonyl Co’mpounds
Jha oS0 OAS 0 J1358-1 g0 ol oI

= Reduction of a carbonyl compound in general gives an alcohol.
= Note that organic reduction reactions add the equivalent of Hxto

a molecule

0 OH
! M u.......(|; where [H] is a generalized reducing agent
/\ N\
A carbonyl compound An alcohol by Llis Sl Gl il dde o) gay
led Caliay 4 pemall J) 3aY) O leliiy | &Y <l
' : e S S oal G S s 5 pae])
o) Aldehydeg gives primary alcohols. TR L A Y ol ot g
o0 Ketones gives secondary alcohols. | A0 Y pal L
O - O .
I [H] i 0 I [H] 5,
R "H R "H R R R "R

Aldehyde 1° Alcohol Ketone 2° Alcohol
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Reduction Reagent: Sodium Bo;ohydride
posaguall gyt you s 1558 Lol

—

*» NaBH;j is not sensitive to moisture and it does not reduce other common functional groups.

¢ Lithium aluminum hydride (LiAlHz) is more powerful, less specific, and very reactive with water.
+» Both add the equivalent of H .

—

o 00 Lsholl Mbaa Gl 2 geall Jeﬁ#uy.\
HB + NooH —— N2 H—HE';QH 2w A BB geladl i Y
I Ill ¢ Ao Jily 38 Sl agngall s gl
orane odmm : Al S5 g calay J
Hydride & Wt
7N ,:JDC;D
& & H - H .k
o (:(_): : (:);eNae . : 0%
@ O ||‘ I‘ ‘ then H;0 . - |‘_ ;
Na~ g—B—H + R/C\R' —  ~ R—C| —R > R CI R
o
NG | H

Tetrahedral Intermediate

Advantages to using NaBH,
+» Safe and relatively stable to water
+ Sodium borohydride is chemoselective for the carbonyl in an aldehyde or ketone, does not react

with other reducible functionality R T S T R T TS
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Aldehyde reduction
O

[
CH;CH,CH,CH
2. H;0"

Butanal

H 1. NaBH, . ethanol
'

2. H,0"
O,N .

4-Nitrobenzaldehyde

Ketone reduction

1. NaBH, . ethanol

S8

Dicyclohexyl ketone

2. H;0"

OH

|
1. NaBH, . ethanol » CH;CH,CH,CH

|
H

1-Butanol(85%)
(a 1° alcohol)

H
\C/H
SOH
O,N

4-Nitrobenzal alcohol

H\ /OH

-(J O

Dicyclohexylmethanol(88%)

(a 2° alcohol)



Sodium Borohydride Reduction
| pestgenll ot you s JI3ESHI Jole

(Mechanism AL SIS
5 H
_ C? 1
d .. 3
o g 0"
e C—H ¢—H
6+
o, ISR [T
O?.N k H_'égH | OZN a O 2N
|
H

(Joe i (o (5l 3. 0. ceacid el | — ageand | slaomeSI]
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compounds.

Show how you would synthesize the following alcohols by reducing appropriate carbonyl

Assliall Ji g SIS s )55 ok e 400l Gl sasl juiaat @Sy (2SS i

(a) heptan-1-ol

(b) heptan-2-ol

O O

(¢) 2-methylhexan-3-ol (d)

nriam, OH

1) NaBH,
Or 2)H,0°*

2) CH;0H

NN UH

1) LiAIH,
2) H;0"

1) LiAIH,
2) H;0"

OH

AN

1) LiAIH,

1) NaBH,
Or 2)H,0"

2) CH;0H



1) NaBH, _ D) LIAIH, _

(c) 2) CH,OH Or 2) 1,0
O OH
O O O O
1) NaBH,
(d) >
2) CH;0H

LiAIH, will not give the desired
O OH product. LiAIH, will also reduce
the ester in addition to the ketone.

sthall Ul LIAIH, (aa o
syl Jya Wal o LiAIH,
RPN PRIE IR
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N T HsC C C CHs
HaC C C C H, H,
Ho Ho Ho
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H-C C C C
i Ha Ha ” e e e e,
Hy H,
O
O



Reduction of Carboxélc acids and Eﬁ\j
& fndllg AlanS o9 5 éggégﬁég § 532

v' Carboxylic acids and esters are reduced to give primary alcohols.
v" LiAlH4 is used because NaBHya is not effective.

Al 5o SN el sl J 580 44
P N PO [ P R W
Y o gl saiall 4 Hna Jalad) Ao 5

Carboxvlic acid reduction Sl o il 5
\\ i gl o s sall 2 508 5 50 0
@)

|
CH4(CH,),CH — CH(CH2)7COH; h'AO”j‘l el CH4(CH,),CH = CH(CH,),CH,OH
3

9-Octadecenoic acid 9-Octadecen-1-0l(87%)
(oleic acid)

Ester reduction

CH3CH2CH=CH1LOCH3; l:'AO”jél ether_ CH,CH,CH =—CHCH,OH + CH4OH
3

Methyl 2-pentenoate 2-penten-1-0l(91%)



Reduction of Carboxylic acids- Mechanism
AE LN - Al o9 50 e osd] J1 33241

0 0O
)]\ LiAIH, )]\ + AlH;  + H,
R OH R 3 L®
H\ ;
A1H2 O'.
.
0)
,/—\ R H
O@ Li® Ll H Aldehyde
| _
H addition Expelling Lit-O AlH, H—A[—H Nucleophilic
a carboxylate | attack
H
H ElH
o~ r/_\o v §L®

H/\ <A
) . R H R H

1° Alcohol



e

AE L - el Ji1 55250

Redeechanism J

5+C=0 + H-AlHj;

Oy
R'O \/ R—(|3—\(_)’R'
H

5- Q 8-0”
|

Aldehyde

1° Alcohol

R H
H Aldehyde
I

H—Ar—H Nucleophilic

| attack
H



Alcohols from Reaction of Carbonyl Compounds

with Grignard Reagents
S5k S adileS po Addes SIS M Jolad oo &Y oSl

» Alkyl, aryl, and vinylic halides react with magnesium in ether
or tetrahydrofuran to generate Grignard reagents, RMgX.
¢ Grignard reagents react with carbonyl compounds to yield

alcohols.
j soue ol ae ) Y ae dsm sl il ae Bl s JoyY s SV Cladl Jelin

elone 2 3m 1 S pal gn Jo i S a8 . RMGX. 3 S il (30 5l

& 8" R=1°, 2°, or 3° alkyl, aryl, or vinylic
R—X + Mg —= R—MgX { o g

A Grignard
reagent

CidlS)) juiaat o% U
cilay A ey Y
Al g ) s yall

OH

@)
1. RMgX, ether
)J\ 2. H;0" g )\ t HOMgX
-~ R




ey

Reactions of Grignard Reagenvts with Carbonyl

Compounds
Al g yISH) LS ) @ 0 ylig oS ad oS s lelaF

ﬂ

Formaldehvyde reaction

O
MgBr )]\ 1. Mix in ether CH,OH
+
H H 2 H;0"
Cyclohexyl - Formaldehyde Cyclohexylmethanol (65%)
magnesium (a 1° alcohol)

bromide

Aldehyde reaction

MgBr cle3 ﬁ FH3 ?H
+ 1. Mix in ether

Cyclohexyl - 3- Methylbutanal 3-Methyl-1-phe0nyl-
magnesium 1-butanol(73%)
bromide (2° alcohol)

Ketone reaction

OH
CH,CH,MgBr + 1. Mix in ether> CH,CHj;
T 2. H:0"
- A3

Ethylmagnesium  Cyclohexanone
bromide

1-Ethylcyclohexanol (89%)
(a 3° alcohol)



Jlia
Show how you would synthesize the following alcohols by adding Grignard reagents
to ethylene oxide.

i) S o ) 2yl S Cadl < ddlial e 4l ey | ypcaaiti oS s
) s 5 (Al ol ) B (e A el (A8 g

CH,CH,OH
(a) 2-phenylethanol (b) 4-methylpentan-1-ol (c) O:
CH,

O OH
(a) QMgBr + f E . H;0"

)
() MeCl +A > - )\/\/ OH

Mel O OH
s U A e O
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Show how you would synthesize the following primary alcohols by adding an

appropriate Grignard reagent to formaldehyde.

Al @l ) Culia o) S CadlS ddlia) 30 yk e U A V) Y m Sl jucaa ol CaS g

CH,OH
(a) (b /I\/\

CH,OH
(c)

H
(a) QMgBr + >C:Oe£el HO <:>—CH20H
H

M
(b) )\/MgCl +H/C:O T O ")\/\OH

Mgl \\ ether
(c) i ) —p £50
1/

Q/CHZOH



Reactions of Esters and Gri g§nard Reagents
3 599 oS adifeS @.;egéjé S3lalay

» Yields tertiary alcohols in which two of the substituents carbon come
from the Grignard reagent.

» Grignard reagents do not add to carboxylic acids — they undergo an
acid-base reaction, generating the hydrocarbon of the Grignard reagent.

aidls &R 0292 9a Culs 2319\.;4\ @:\Sﬂ CS\ABA (51; Q’Q}:\;S 5\_}33133\ &"_I\}(};SM cﬁ\}.ﬁ
QJ\ )l S Cadls calizayy Lain | &l iy Jﬁjﬁ\;&&dﬁ&h'ﬁ&\a& C)l S
3ac @ -um\.;u"_t).c\.sﬁqﬁdpdu_um LS o )& joaal gald)

A P
+ 2CH,CH-.OH
1. 2CH;MgBr S

CH;CH,CHCH, - OCHLCH; 2' - » CH;CH,CH,CH, OH
- Hj
Ethyl pentanoate 2- Methyl-2-hexanol(85%)

(‘a 2° alcohol)




Grignard Reagents and Other Functional Groups

in the Same Molecule
A5 e e (5 51 A ool ol 9 9510458 oS

ﬁ Can't be prepared if there are reactive functional groups (FG) in the same

molecule, including proton donors

The Grignard reagent

Where FG=—OH,— NH, — SH,— CO,H  is protonated by these
0 groups.

0O O
FG = —CH,—H‘R, —H‘NRZ )

( The Grignard reagent
—C=N,—NO,,—SO,R adds to these groups.

_ )

u&&ﬂd}@&d@&:\;(ﬁyt:aﬂﬂ\) @Jﬂ\w&:ulc@chﬂ\%}\@ahd\ JPJU\.;QA
LAJ&JU}S}JAHLA‘}”@AM‘&G&JQQHJ@‘ JJM&)S&JJLSZALA\MM@AM\@M Qg g
_JJQ}M\SZ&L&\Q&A@@\&N\E




Mechanism of the Addition of A Grignard Reagent
9558 IS A8l AL

= Grignard reagents act as nucleophilic carbon anions (carbanions, : R) in adding

to a carbonyl group.

» The intermediate alkoxide is then protonated to produce the alcohol.

8_ — —_
@ |
| ]
/5+\ o \R
A carbonyl An alkoxide ion
compound intermediate
_

+
H;0"

OH

|
7 AN

An alcohol

Ao sana A Gl (u:*:uu\s L.J}:’i) Jid ol g0 g\ Bl e dnml e )lS u;;ulS Al S adl & Jae
(i V1 ) S
(Sl Y Jass o) 00 oS ) (0 g 5 Calicay GlI3 aay




. Conversion of alcohols into alkyl halides.
. Conversion of Alcohols into Tosylates.

. Dehydration of Alcohols to Yield Alkene.
. Acid-Catalyzed Dehydration.

. Conversion of Alcohols into Ester.

. Oxidation of Alcohols.

o OB~ W DN B
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dehydration estenfication |
R—OH ———»  alkenes R—OH > R—O—C—R
S esters
R oxdation " . ydes, - E
OH d elor ”v s. aldeh l : 'I:_
e — R—OH e B R—OTs
(good keaving group)
JI ey SIS Y e DN B gl
reduction (1) form alkoxide )
R—OH —— R—H R—OH PR X » R—0O—R
alkancs @ cthers




Conversion of alcohols into alkyl halides:

/7

/7

R
R‘N\
~C—OH
R
A 3° alcohol

o

HCI

or HBr

S~
~ <
~

A carbocation

O\
) S

% 3’ alcohols react with HCI or HBr by S\ 1 through carbocation intermediate

< 1° and 2° alcohols converted into halides by treatment with SOCI, or PBr; via Sy2
mechanism

An alkyl chloride
or bromide

a5 SN ASilSe il 53 0 HB s HCI s el lalla dre Je it 810 Y sl /7 SV culadla ) ol aS) Jy ga
0 ) gl ) 61 Lgtiatlae JBIA (ge lals I Jgad 4 gl 5 A0 g¥) Y pall | o il SIS sl g8 5 a1l S all A

ol o] 0 bl (el a.0.]

. SN2 ASilSua dai) g0 ) sdndl) aa g 3

e el i ] — it gl sl



‘5]\ C'_Nj;ﬁ\
Gl 58

ether

A l1l°or2°
alcohol

=

PBr;
ether

‘5]\ C'_Nj;ﬁ\

Gl g 50

SOCl,
—

A chlorosulphite

_A dibromophosphite_

-

—_—

\

~c—Cl + SO, +CI

/

H

An alkyl chloride

2\

—

“=-c—Br + Br,PO

/

H

An alkyl bromide



* Reaction with p-toluenesulfonyl chloride (tosyl chloride, p-TosCl) in pyridine yields

alkyl tosylates, ROTos.
% Formation of the tosylate does not involve the C-O bond so configuration at a

chirality center is maintained.
 Alkyl tosylates react like alkyl halides.

O O
a1 o7
R H Pyridine - .-
No” o+ + Pyridine. HCI
CH; CH;
An alcohol p-Toluenesulfonyl A tosylate (ROTos)

chloride

|

paind g Jeliil) (e dmiciy 40 Jadi i G| (g pumnll CS all Alen Jal (g0 4 pumall sl 8 202505 Alea Ao gana 4 1OSY] Ao sane
il tosyl chloride ae J Sl Jeli Jaadli | Mg 3 j0las A sana tOSY] 40 sana yuiad Il ity g, 400 o) Cleliall 85 S
3mal o8y tosylate ) (nsSS SIX J/ HCI IS5 e (535l 5 ) 5lS1 Jadl g 8836 sl (S 0¥ &l 53 ) alkyl tosylates

JSIY) ladls s e alkyl tosylates delés /f () Sh S el e el o5 A C-0O




O The S\2 reaction of an alcohol via a tosylate, produces inversion at the chirality center.
O The Sy2 reaction of an alcohol via an alkyl halide proceeds with two inversions, giving product
with same arrangement as starting alcohol.

H\\C’Br CH3CH20\\C’H
B o CHy(CH )/ \CH CHACHO Na oy coH )/ \CH
Ether s 3 SN2 S :
(S)-2-Bromooctane Ethyl (R)-1-methylheptyl
ether
HO, ,H
/N
CH3(CH,)s CHj
(R)-2-Octanol TosO, H H. ~ 4OCH,CH;,
AN A
; CH,CH,O" Na*
FI)DTOCTCI CH3(CH2)5 CH3 2 S 22 a» CHS(CHZ)S CH3
yridine N
(R)-1-Methylheptyl Ethyl (S)-1-methylheptyl
tosylate ether

AN —

oM Gls 58 S s Aelull (e e Al sl o 3 )50 R s, (JAISH S all 8 "WOE) 3 i) e Jsasll § 2 Jeléimihy O
Al e (Se A,
sl Joal Jia cat il ity "l s Lee ¢ Dl JSIT s e JasU S 2 Jelii Jual sty 0




CH, *'|3H3

|
CH—C—CH,OH + PBr, — CHj—(|I— CH,Br
CH, CH,

nenpentyl_ﬂlccrhﬂl neopentyl Emmide
(60%)

CH,(CH,),—CH,OH + PI, —>  CH,(CH,),—CH.I
(85%)

OH Br
—_—

(90%)

A Jasl ae s IS5 Jemy e i Y ST ¢ Al A5V JSIY) Clalled Bua ol g8 s sl Cilulla gl
st fl) g S 058 e Wlle gl /) sh sl mdas PBIrg o8 cha¥) lel b dardiuall ) shu i) clalla
Jasail o) QU Jumadl aal 2l 5 ) b 8l gy tiny ¢ SISV dsag 0 A (580 5 () JsaS Jasail i3S Juadl
Y @Y pasll Jisad odled ALY easi ¢ JSIVI )58 il Ay JSIV) g0 ) g5l 1 51 J s
Bapdlla 8 V) =y AlS S ALl xie 5 P/ 12 5PBrs = dadledl Gaok e a5 Glaseg o ) Ay sl

S ERP P Pt
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Show how you would convert propan-1-ol to the following compounds using tosylate
intermediates. You may use whatever additional reagents are needed.

) alasin) S ¢ tosylate ik o)) aladiuly 46N CUS yall ) propan-1-01  dissd @liSay (oS g

sl Al Call S
O
O
tosyl group 1
0]
ROTs = R—O—EOCHJ
tosylate ester (||)
O
TsOH = H—()—g—<;>—c]-1J
tosic acid (II)
O
TsCl = Cl—g CH,
tosyl chloride (")
0O

I
“OTs “0—95 CH,
tosylate ion (")



O O

I |
R—O—<+H + HO%S@CH —— R—0— s%_\}cn3 + H,0
alcohol || H —

O
TsOH alkyl tosylate, ROTs
p-toluenesulfonic acid a p-toluenesulfonate ester

TsCl /\/OTS KCN /\/CN

Pyridine

M wmcm
CXCECSS

~_NH, O




. C
: + =S=—=0 —_—
| \*\.___ _f__../ =
| N/
CH, pyndme

p-toluenesulfonyl chloride
TsCl, “tosyl chloride™

O CI~ O

+

s—o — R—O—S—O +

3
= I+ Cl-
=

ROTs, a tosylate ester



Acid-
S il

» Tertiary alcohols are readily dehydrated with acid.

» Secondary alcohols require severe conditions (75% H,SO,, 100 °C) - sensitive molecules
don't survive.

» Primary alcohols require very harsh conditions — impractical.

> Reactivity is the result of the nature of the carbocation intermediate.

CH

N sl e slall ¢ 5 : CH;3 CH,

ASilSe iy AN H;0", THF _

Y1 il H3C—<|3— CHCH; = = C=—CHCH; + C—CH,CH;
Elimination 1

i) 5 B\ wiiy (o2 OH CH; CH;

ﬁyﬁ%‘;‘ i;m 2-Methyl -2-butanol 2-Methyl -2-butene 2-Methyl -1-butene
Y ) 1y (trisubstituted) (disubstituted)

((eaYUL sl Major product Minor product

AT 3ok dllia

"GJJ.E?‘}M@;X\QY};SH&SS//:\HM\QU&)#\QA"@&&JQ})L\&&} 100 °C ) Jaai 3 ) o il ja g
s gl AUal) 8 () oS0l Al ) s oo e il AL Mla ey Camamy Apuld fan




% The general reaction: forming an alkene from an alcohol through loss of O-H and H
(hence dehydration) of the neighboring C—H to give =« bond.
¢+ Specific reagents are needed.

.y

N

protonated

C=C

N\

alkene

+H;0" + HSO,

/\

carbocation

oo S sl Ll Jelal)
OH ghé PlA e @Y sasl)
e ) sle Rida JL8 e H
cMhdie JeaSlloaey o]
30 0o Al C-H oY)
Leia slall Cada (5 a AN s\
o pal) b 3 pal @ 8 g
beds cadall Jelii | (dasad)
O Gy . A S Flia,
Gaall 5 Al Gk @llia of LS
"Ya A g Call S L a0d0
ASilSaays iy sl Gada (e
sasa alaaialy Al Cadal)
diostusdll 358 POCI; st
el iy Laady . cpudly

ey

r




Uasla

S 5 )8
HCI, heat
Benzoic acid Methyl Benzoate
(a carboxylic acid) (an ester)
SOC\ (l? CHgoH
umu\
65“534)\5

Benzoyl chloride
(a carboxylic acid chloride)



Oxidation of Alcohols

A 550 Bl—wsS

O Can be accomplished by inorganic reagents, such as KMnQO,, CrO,, and Na,Cr,0, or by
more selective, expensive reagents.

Primary alcohol

T o) i i
[O]
_--C — C — C
R R/ ™~ R/ on
An aldehyde A carboxylic acid

Secondary alcohol
OH O

Jie ¢ 3o panll e (o) &N Aad g 300KV el (S

| [0] I il £ davl s 5l Na,Cr,0;, 5 CrO; s KMnO,
Ll T /C\ CiliSia )y e g SN S5 e s S (ga Al
R R R’ ohns I JoaSl o) Bl ol Al L)
A ketone Sl (Say) LS S Gada & e Al

LI ( Dess-Martin s Swern 4 yas 3 il aleaaly)

Tertiarv alcohol g -
Y Lol ¢ 30l 485k gl sl Jaagd g gl Jgasl

OH R VY i R PR

| [O] . p2SY) & pimse aushy Llall clud a5 il
R"7C\ " MO reaction oSes allylic ) Js=Ss  benzylic ) JsaS aaig
R K Syl agianS)
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Give the structure of the principal product(s) when each of the following alcohols reacts
with (1) Na,Cr,0; /H,SO,4, (2) PCC, (3) DMP, (4) NaOCI.

(a) octan-1-ol (b) octan-3-ol (c) 4-hydroxydecanal (d) 1-methylcyclohexanol

+ o253 el Jal sl ae Je i Al il sl Ladie At 11 (230 5ill) il a3 Jae]
el <l aala [ el g Sl paals (]

p s yull Clay S5 2

Dess—Martin periodinane (DMP) s2u8) Jale 3

pom geall Sy oS a4

Pyridinium chlorochromate (PCC): AcO ?AC
TN, N I/OAC
+ 5 ..\
‘:\ JrHN—H Cr‘D3C] o
CrQ, - pyridine - HCI O
or pyH* CrO,Cl~ ——



(a

p—g

CH3(CH,)s OH %’ AND _NaOClI CIL(CH,), /j\OH
290y
O

I

(b)

(©)

(d)

DMP /

PN
CH;3(CHp)g on 2££ .~ AND ——— CH;(CHy), H

OH

R L, CH3<CH2>4\"/\
OH o
§ 0]
/\/\/\NL Na,Cr,07 NaOCl /\/\/\II/\)L
H AND OH
OH stO4 O
[O] AN g 4 3N 5 A 5V Y a Sl G lBBERY) JasY

— > NR ( no reaction)

H,C OH
N/
HZC/ \CH2




NamesofPhenols Ve - )il el ¢ 5 dila (5 pmy J il S 5
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——

Because the phenol structure involves a benzene ring, the terms ortho (1,2-
disubstituted), meta (1,3-disubstituted), and para (1,4-disubstituted) are
often used in the common names. The following examples illustrate the
systematic names and the common names of some simple phenols.

para P
meta

ortho (1,2-disubstituted)

OH
_O/ \@/ /@/
ortho
Br H;CH,C cla 2

+z=0

IUPAC name: 2-bromophenol 3-nitrophenol 4-cthylphenol
common name: ortho-bromom phenol meta-nitrophenol para-cthylphenol
The methylphenols are called cresols, while the names of the ol
benzenediols are based on their historical uses and sources rather than meta (1,3-disubstituted)
their structures. We will generally use the systematic names of phenolic ortho

melta 1 pard
compounds.

T OH OH OH OH 2 .
. ortno
4 a_u‘->! ) para ! 3meta
diol CHj, OH HO
OH

para (1,4-disubstituted)

TUPAC name: 2-mthylphenol benzene-1,2-diol benzene-1,3-diol  benzene-1,4-diol
common name: ortho-cresol catechol resorcinol hydroquinone



AC1d1ty of Phenols

Qo

% Phenol is nearly 100 million 10° times more acidic than cyclohexanol.

% Why??7??

% There must be something special about phenol that makes it unusually acidic. The
phenoxide ion is more stable than a typical alkoxide ion because the negative charge is
not confined to the oxygen atom but is delocalized over the oxygen and three carbon

atoms of the ring.
o Apamds KT e dm

OH (o}
HO a_ - + H;0*

909} 13l 8
cyclohexanol alkoxide ion

dany aee o8 i K o
s gale e JSG Luadls sl

OH o Osl e W S aSgdl o
K,=1010 AL il Y ¢l sl ylul

Hzo + ~— - + H30+ . (NI X “a
OGS ¥) 853 e Wasay paiyy Y

phenol (pﬂiﬂgﬂfee)ii%? (sl ¥ ) dal)
P S b S sl A ) eyal)




O Zﬁi :ﬁ: 0
|
H —
\C/CQ/H H\C/C\C H H /C\C/H H\-E/C\C/H
= = __C C C
e \(f/ N4 e \(fj Ng I >N o e Ny

Phenoxide anions are prepared simply by
adding the phenol to an aqueous solution of
sodium hydroxide or potassium hydroxide.
There is no need to use sodium or potassium
metal. Phenol was once called carbolic acid
because of its ability to neutralize common
bases.

N ‘O Na*
Qm—H" ™\ Q- N ilia) Gk oo Al S il ¢l mat o )
NI = O HO ol popipeall 2S5 08 G4 il dslaa Ml

Ge aladin¥ dala Vs asnlball 2wSsam

phenol, pK,=10.0 sodium phenoxide pK,=15.7 pul Jsidll e Gl (S aspulisdl ) 6 s guall
aledll Jalad e 4y s Gl S aes

N ny




Reactlons of Phenols

/7

% The hydroxyl group is a strongly activating, making phenols substrates for electrophilic
halogenation, nitration, sulfonation, and Friedel-Crafts reactions.
¢ Reaction of a phenol with strong oxidizing agents yields a quinone.

/7

“ Fremy's salt [(KSO,),NO] works under mild conditions through a radical mechanism.

OH 0 i A a (S 5 gl e ,m\
ale Lt 3aleS Y sudll e Jaadig
(KSO5),NO Aaalul) 5 45 il 5 Lalel) COle\E as
.0 bl S dyyh o el "l
2

s saSl dale aa Jsudll Jelss
Cosusl o sl g
O mw‘chﬁ‘)«s“ﬁchdw
dalsall el g e
Altine Ci g yla a3 (A sill 30 3l
K_s);s\”;g\@tsud);

Phenol Benzoquinone (79%)
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Ketones and Aldehydes csluiglgaaddg culs gi S

Carbonyl Compounds (J.igs yIS3 SIS y0

Common Classes of Carbonyl Compounds

Class General Formula Class General Formula
I
ketones R—C—R’ aldehydes R—C—H
| I
carboxylic acids R—C—OH acid chlorides R—C—Cl
I I
esters R—C—0O—VFR amides R—C —NH2




Carbonyl Structure | gs yISH tsS 53

length energy
) ketone C=—=0 bond 1.23 A 745 kJ/mol
R.. \/ \/ —~ (178 kcal/mol )
120° 1; ”i/ (\’)"_v |
Rﬁ/ ) alkene C=Cbond  1.34A 611 kl/mol
S o W, (146 kcal/mol)

s+ Carbon is sp2 hybridized.
“+C=0 bond is shorter, strong, and more polar than C=C bond in alkenes.

x —

Oe "Ladind JEYI 5 5 BV ¢ pualV) & C=0 o_pa!
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Ketone Nomenclature ¢ ¢3S dpand

O O
1 [ (| R
H;C C—C CHj H,C C C CH,OH
2 | 2 3|
CHs CHs
3-methyl-2-butanone 4-hydroxy-3-methyl-2-butanone

s Number the chain so that carbonyl carbon has the lowest number.
** Replace the alkane —e with -one.

. —0ne & -e O Jlagiul o
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Ketone Nomenclature(Continued) e
O

3-bromocyclohexanone

3
Br

U For cyclic ketones, the carbonyl carbon is assigned the number 1.
S~

1 a8 alat i s IS e gane 50 IS 353 ¢ Agalal) il giST]




Aldehydes Nomenclature Mg e

O

“ Hj
H C C

1 2

CH;
L& ey
S 4 5 0

3-methylpentanal

¢+ The aldehyde carbon is number 1.
“*IUPAC: Replace —e with -al.

|

18 33l el i g0 S de sane (g5 S 30 o
c—al & e Y Jlasial o




Carbonyl as Substituent 4 ge ds gaa 1S Jiiga JISY 4o gana

» On a molecule with a higher priority functional group, a ketone is an oxo and an aldehyde is a
formyl group.
» Aldehydes have a higher priority than ketones.

O TS T I
1 COOH | &5 an ) e o
0 CH; 0 OS¢ Gl Al
| H ] oo e oSl
H (lj g 3% g (53H3 2 e S|
3 Ac sana (o BLe
; .da-wgé

CHO Loyl cluaalyl »
i il g e

3-methyl-4-oxopentanal 3-formylbenzoic acid



Common Names for Ketones < ghSli daili) slauy)

* Named as alkyl attachments to -C=O. I 5o Sl e pena pe gmadia JSI S Cues O
= Use Greek letters instead of numbers. LY e MY Al ) Ca el aadiil o
O O
I H H || H
H;C—C (lj CH; H;C (lj (lj CH;
CH3 Br CH3
methyl isopropyl ketone o.- bromoethyl isopropyl ketone

cili gt Lpand A Lol dja) Jsa L) o Al




il gt pacd (b 4l oal) i o) Joa Zliad) g AL

o' ‘o :BH _.0..
b N o P Y 0 p o o P Y 0 b o o P Y 0
Ketone, with the A "B-hydroxy ketone"  An "a,f-unsaturated ketone"

carbons labelled

L Y
i

Ester, with the A" pB-keto ester" "Iactone" An "a,fp- unsaturated
carbons labelled (cyclic ester) lactone”



Historical Common Names 25 A3 Aot elandt

g? O
“~ [
CHs HaC——C——CHj
acetophenone acetone

benzophenone



Boiling Points il cia, 5

O O

H |
CH,CH,CH,CH, CH—O—CH,CH, CH,CH,—C—H  CH~—C—CH, CH,CH,CH,—OH

butane methoxyethane propanal acetone propan-1-ol
bp0°C bp8°C bp49°C bp 56 °C bp97°C

v Ketone and aldehydes are more polar, so they have a higher boiling point than comparable alkane
or ethers.
v’ They cannot hydrogen-bond to each other, so their boiling point is lower than comparable alcohol.

AN IV LA e el leglle da jo a1 ¢ dpudad ST cilaleaal) s ikl e
Jasll 4 i il agille da 50 Gl AN i 5 jaell 5 jea¥l (anill pgmnn Bl Y agi€a ¥ 1A o






Oxidation of Secondary Alcohols to Kefone <ishs 3 & o3t cif gah baues

H 0
NazCr207 .
OH H,SO,

borneol camphor
(88%)

O Secondary alcohols are readily oxidized to ketones with sodium dichromate ( Na2Cr.0O7) in
sulfuric acid or by potassium permanganate (KMnQOa).

CliSia y ol ity €l Gada 8 NapCro07  asdsall clag S A ae CligiS ) de o 450000 @ asll ausls
.KMnQO4 ej.-.'-wujén



dats ; Aldehydes cutgatl 3 48 1 ¥ o<l Gacus]

CH,OH <O N™-H CrO;CI CHO
PCC

cyclohexylmethanol cyclohexanecarbaldehyde
(90%)

s Pyridinium chlorochromate (PCC) is selectively used to oxidize primary
alcohols to aldehydes.

L Cilaglgaaly)




QOzonolysis of Alkenes  <l_—_tsBl4___534)

, R’
Lo, - R\c—o + o—c/ H:C),S=0
@SCHy), /7 =t WO

H RH

>

RH

The double bond is oxidatively cleaved by ozone followed by reduction.
L Ketones and aldehydes can be isolated as products.

LAY Lemty (55 sY) Al 5 5208V Lg8lads) 2y A 50 3all 5 V) o
c Slalgaall 5 b S 1S Lagd e SV ClaleaalV) 5 il gisl) o



Friedel — raf;ﬁaﬁn <) S s

I I ?
R—C—CI + (DAL, G@C—R + Qg—
(2) H,0
G

R is alkyl or aryl; G is hydrogen, an activating group, or a halogen

(ﬁ O
C—Cl
(1) AICI,
+
N T O
2 02N
p-nitrobenzoyl chloride p-nitrobenzophenone
(90%)

» Reaction between an acyl halide and an aromatic ring will produce a ketone.
/

C OsSY aii (oal) dle 5 YY) dBladl 5 ) alla G Jeladll 3>




Hydration of Alkyne S| Ly«

Hg?*, H,SO R Hl s (I? II{
R—C=C—H S22 \— | H_
O e N |
H
alkyne enol (not 1solated) methyl ketone
Example
H — -
7 O
C R H
K4 “e=c’ 1
TN + ~
Hg™ H,S0, _ H H CH;
H,0
ethynylcyclohexane enol cyclohexyl methyl ketone
(90%)

o S0 € e Laatl Y i) v/
Sy ds oy @l (Je N
S e M Jeathg & e sl

O OSaYL Al sy v

ol oS5 s

058 L "Wl e sl
Al

v' The initial product of Markovnikov hydration is an enol, which quickly tautomerizes to its keto form.

v" Internal alkynes can be hydrated, but mixtures of ketones often result.



' LS ) — Al 05000

_—

e

R—Cc=c—p 1)5iaBH

(2) H,0,, NaOH
alkyne

Example

(1) Sia,BH
(2) H,0,, NaOH

ethynylcyclohexane

0
R H - I
>=< OB, R—C'-C—n
H OH

enol (not isolated) aldehyde

Sia,BH

- ﬁ Di(secondary
2 -
C -C—H isoamyl)borane,
called
disiamylborane
cyclohexylethanal

(65%)

= Hydroboration — oxidation of an alkyne gives anti — Markovnikov addition of water across the triple bond.

=
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Solved Problem 1 1 Jslae Jua

Show how you would synthesize each compound from starting materials containing no more than six
carbon atoms.

@ N \(,\ (b) /\/CH;{»CHI—C—H G I le 5 it dlsliloa (s
\. //! ! I O S G G
\\7_' ‘—--‘--J l'.". -""I

oy

Solution
(a) This compound is a ketone with 12 carbon atoms. The carbon skeleton might be assembled from two six-
carbon fragments using a Grignard reaction, which gives an alcohol that is easily oxidized to the target
compound. :
21333l 52 S D e i (e Se)Sl ISl maent Sy 0 S B3 12 4 S (e Buke Sl 13a ()
(o staall S el A gy auSly JgaS any 535 ¢ ok S Jelis
O

o ” 1) eth Hy()H

//:f‘:-.\L . ' g r { eter -~ \:\ A .

7 N\Y ™ N solvent N YT Na,Cr,0,

( | + H — T ( ,JJ > larget (a)
\::-\_-:/,-‘ \ / (< ) H?\ O \\—-.;f/l./ H :SO 4






An alternative route to the target compound involves Friedel-Crafts acylation.

Gl S Ja s Al Gy Cogllaall S jall aad) lesall

(b) This compound is an aldehyde with eight carbon atoms. An aldehyde
might come from oxidation of an alcohol (possibly a Grignard product) or
hydroboration of an alkyne. If we use a Grignard, the restriction to six-
carbon starting materials means we need to add two carbons to a
methylcyclopentyl fragment, ending in a primary alcohol. Grignard addition
to an epoxide does this.

OH
| 0,
t PCC ,,,.---‘”":‘\“\,-v--"CH3_CH3_CHZ (1) Z_\, ether
tareet (D € = [ y— .
| - [~ M | ) ( : ' H -‘.O +

el ge ske SOl 1 (Q)
Oe Al b 8 g e K il jh Sl
GAS e @b L) Jeasll saus]
13 S o sagmed) ) (b S
2l i S (RS Laddind (i
S Al Wil ey a8 @l h ddu
s GO e Y Al
Jsals ey ¢ Jin Sl Jdl)
Sk S @il dila)

Al a5 O (e 1S 50Y)

_~_ _CH,MgBr

)
|V



Alternatively, we could construct the carbon skeleton using acetylene as the two-carbon fragment. The resulting
terminal alkyne undergoes hydroboration to the correct aldehyde.

[ - (1) Sia 2 BH ;///\\""I CH 2 C=C—H H—C=(C:"Na + (”"KA\\‘Y""{C H > Br
areet (b) < — \ / < \ /

- ( : J H \O ~e OH "._7 ‘-" . '.‘
Jsais i) 55 uel) Al IV ey Led s |0 s IS A0l AdadS bt aladinly s ) ISl ol LiSay ¢ lld (0 Wy

Zeall aleatyl )



?H

. 6 5 (§) 6 1

ACH,—CH,—CH, ) A N ot CH,MgBr
(2) H,0 ’

3

£

3l

8
O s A=ty ¢l A
gl ® <) 1,0, -0H \_ ‘ Q/
» p

6 5 6




'° e Acids dilseon ) (sad sl (10 UGS it

i
L1 B -
CTO @ OLi . OH
phenytithium i i QUJ:QY\ ‘AG e,J.\.\ﬂfﬁ \ Cj\.ﬁi (Eﬁ

A s i) ) Al g L)

cyclohe?iane. dianione i hvd ) LA\ @m‘ C’_al_'\j:\.'q Y @"" Adiy =
carboxylic acid ydrate . - . .
¢ Qs S ey Sl gl
'H O -~ e »,
0 l 2 ;;Uacy 4c s ;-,l.d\ Jdaa’ U_\:\A
” R
C—0 (I) O 5sl)

|
. O
(S g S Gmalall ¢ gl O/ Q

cyclohexyl phenyl ketone

= QOrganolithiums will attack the lithium salts of carboxylate anions to give dianions.
= Protonation of the dianion forms the hydrate of a ketone, which quickly loses water to give the
ketone.



() ° ° a‘& R 0!‘.¢au R sl‘ L) *®R

R'—Mg—X
\‘ R’ MgX R’ H R’
R—C=—=N: — \C:N./ H* \ — ./ H,O" \ o
. —_— C N: 3 5 C=—0
R R’ R
nucleophilic attack Mg salt of imine imine ketone
+ NH,"

A Grignard or organolithium reagent can attack the carbon of the nitrile.
¢+ The imine is then hydrolyzed to form a ketone.

CJill (5008 5 )3 daalge 4lSaly (5 sazanl) o gdilll gl o iy S CRSIS
O5S A ) Joat s "Lile Jlaty Ndie Gaa¥) o



Synthesis of Aldehydes from Acid Chlorides (sastall cilay 1516 cia ciligga) yuuans

O O
| Li" "AIH(O-1-Bu), [
R—C—CI » R—C—H

lithium tri-fert-butoxyaluminum hydride

acid chloride aldehyde

» Lithium aluminum tri(t-butoxy) hydride is a milder reducing agent that reacts
faster with acid chlorides than with aldehydes.

laleaalW () sS Graaladl 4y 55 aa a o IS Jeliy Jaina J) 30 Jale oo tri(t-butoxy) hydride asidll a0 >



Lithium Dialkyl Cuprate Reagents  aeflll adadll SN A8 (i) ¢

Olabis CallS o gl ([CuC|4]2—) Sl JE) A LS | ) Galasl) ga gl y o8I Caldil S

T I
RzCULi + Rr_yj_cl ——> R'—(C—R + R—Cu + [L1Cl

a lithium dialkylcuprate
(Gilman reagent)

QO A lithium dialkylcuprate ( Gilman reagent) will transfer one of its alkyl groups to the acid chloride.

omalall 3 I8 ) S palaa Jiy G gus el 23S >






The Wittig Reaction d—iib Jelds

R’ R Ph R’ R
\C= 0O N +/ \ 7/ -
+ JC—p—Ph — — =c  + PhyP=0
./ / N\ J/ N\
R H Ph R’ H
ketone or aldehyde phosphorus ylide alkene

v' The Wittig reaction converts the carbonyl group into a new C=C double bond
where no bond existed before.
v" A phosphorus ylide is used as the nucleophile in the reaction.

J8 e o pal Al (Syal Cua saa C=C 4a 50 e 0 sl (N i o S Ao gane Jpap il el v/
Jelall (8 b alSi 1S axdliy 5 ) sdaadl) s V7



Prepartion of Phosphorus Yli : F -

Br

H, H, I + H-
Ph;P: + Ph—C —/]3:*—> Ph;P—C —Ph 24—l PhyP—C—Ph

benzyltriphenylphosphonium salt ylide

O Prepared from triphenylphosphine and an unhindered alkyl halide.
O Butyllithium then abstracts a hydrogen from the carbon attached to phosphorus.

C Sl e JSIYI Al triphenylphosphing (s ssasi v/
D508l J e Cran g (Al G5 )85 50 e G s ped) paliion e o olll S g0 v



M Jlanim fth’ ittin Rati’q

Betaine formation

+ ..
, PPh; :O:
+ —/H R\ .. | |
R r7 L Lol
ylide ketone or aldehyde a betains
Oxaphosphetane formation
PPh :0° Php—0
H (l: é R —H (|3 C—R
L R R

a betains oxaphosphetane




PhyP=0'

Ph3P_OZ ,
S| i AN
H—C C—R'" — C=—C
| | R Np/
R R’
oxaphosphetane triphenylphosphine oxide
+ alkene

¢ The oxaphosphetane will collapse, forming carbonyl (ketone or aldehyde) and a
molecule of triphenyl phosphine oxide.

O o i g (e o 0sAS ) Ji el de sana STy ¢ el Cgn i LS GV
triphenyl phosphine oxide




Hydration of Ketone and Aldehydes  <ialgsat! o cild i<ty Lyas
O HO OH
| \ /

H,C—C—CH; + H,0 =<——= H;C C CH;

acetone acetone hydrate

¢ In an agueous solution, a ketone or an aldehyde is in equilibrium with its hydrate,
a geminal diol.
s With ketones, the equilibrium favors the unhydrated keto form (carbonyl).

ipls 1) 4 guanll aalaall a5, O (AU Jlimanad) ¢ Ll pa 3155 (A 8 2V 5l o 5l ¢ Al Jolaall & o
. OH aadlaall (pe QU Lead (50 )81 3 )3 a3 Al
(S8 ) Laiall e i€l dapa o Jumdall ) il el il a3



Sl g el 1) L Ligy05 0

+ H Lo
A . :0—H :0—H
T
i~ —— R—C—R ~ R—C—R
R/ \R R/ \R A .
H,O H~ H H30*

= Hydration occurs through the nucleophilic addition mechanism, with water (in acid)
or hydroxide (in base) serving as the nucleophile.

OSes (B2l 3) 2 5 el o) (Gaelall 3) oLl ae ¢ Al 5 ol ALY ASAS 30 YA (po oy Lol
(a8 9alS 503 Al 4l



Cyanohydrin Formation (s eibudl ¢y oSS

((I? (l)/—\ = :(l)—H
C
|

<« T~:C=N: H—C=N:
/C\ C=N: > R R’ > R—C—R
R R C=N.: C=N.:
ketone or aldehyde intermediate cyanohydrin

» The mechanism is a base — catalyzed nucleophilic addition: Attack by cyanide ion
on the carbonyl group, followed by protonation of the intermediate.
= HCN is highly toxic.

ﬂd@:\:\ ¢ d...u}.l‘)&\ :\.cjméc .J...uw\ Uﬁ‘ :\.Lb.uj.t ej&@J\ : adclsjb a)s;.d\ 2:‘5:\53:\55):\.\5\ 8Lyl S :\:\S:\JIS*J\ [
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ﬁ . RO_ OR
oy sp—on e Y+ o
R/ \H R/ \H
aldehyde acetal
(”) i R”O\ /OR”
L+ 2R—oH == PeS + 1,0
R R’ R R’
ketone acetal(IUPAC)

ketal (common)



10O W I|{
™ CH;
H——0Ts Q—CH;
_ Ny - =
ketone protonated(activated) ketone u
HO OCHj;
hemiacetal

0 Must be acid — catalyzed.
o Adding H* to carbonyl makes it more reactive with weak nucleophile, ROH.

Dl (5 O
smaala

S Osisd L
SS) alany Jii 0 S
o 5alS 55 e Alled
ROH ¢ v

(0]

(0]



i
H—C—C—H
O / \
I N
C< H H O
H || H H
+ H /C C\ s + H,O
HO OH
benzaldehyde ethylene glycol benzaldehyde ila Jliial 225 i gun ALY

cthylene acetal

N _ st 8 addien Jelall Jaa
» Addition of a produces a cyclic acetal. d:jw@ﬁ;m@ S ja

 The reaction is reversible. Jelil e
» This reaction is used in synthesis to protect carbonyls from reaction.



Oxidation of Aldehydes  cailgail .|

O O
| [O] |
R—C—H — » R—C—OH
(oxidizing agent)
Examples
O O
O N . e e L s
3 ? dilH80, 3 ?
CH; CH;
isobutyraldehyde isobutyric acid 90%)
O o)
[ [ Oe gy
C C 1S 4] }@.ﬂj\
~ ~ L
H  ag,0 OH .
THF/H,0 Ll g <)

(97%)
Aldehydes are easily oxidized to carboxylic acids.



Deoxygenation of ketone and Aldehydes  clyjgaa s clishh (ya Cupua 1 £ 31

o R S

deoxygenation
m HCI or szm
O H OH H H
I NaBH, \/ (1) TsCl \/
R—C—R —am, ~ R C—R 5 am, (—KR
ketone alcohol methylene grpup

d The Clemmensen reduction or the Wolff- Kishner reduction can be used to
deoxygenate ketone and aldehydes.

Al 5 O 5ASY (ge CpanS oY) @ il Aaladin) QYL JiaS Calg s JI AT ) i€ J) A




Clemmensen Reduction -

Q

‘0&0‘

c —CHj




Wolff - Kishner Reduction LS il g g J) 354

0 NNH,
KOH, 175 °C o
_|_
HOCH,CH,OCH,CH,OH N2
(diethylene glycol)
propiophenone hydrazone n-propylbenzene (82%)

» Forms hydrazone, then heat with strong base like KOH or potassium tert-butoxide.
» Use a high — boiling solvent: ethylene glycol, diethylene glycol, or DMSO.
» A molecule of nitrogen is lost in the last steps of the reaction.

sl ) WS i gy SO S KOH Jie 4 68 82c 8 pe Leiudoad oy elld aa ¢ (31 )] a3
DMSO. i ¢ JsS3S cliiy) S5 5l ¢ b J oSS idle e a5 (63 qude padind 3
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