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waanadaa (Alcohols)
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OH
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CH,—CH,—OH  CH,—OH  CH,—CH—CH,

ethyl alcohol methyl alcohol isopropyl alcohol
ethanol methanol 2-propanol
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O«
2-Phenylethanol
f\/\/\/ OH
(2E,6Z)-Nona-2,6-dien-1-ol
- % #* ' i %
e _.._ : 4
[f . HO O
OH
/\W
Oct-1-en-3-ol 3-Hydroxy-4-phenylbutane-2-one)

10/02/59



Methanol is an industrial chemical

cCO

End uses: solvent, antifreeze, fuel
Principal use: preparation of formaldehyde

Prepared by hydrogenation of carbon
monoxide

i CH30H ~

Zinc oxide/chromia "
catalyst ¥

+ EHE
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Ethanol is an industrial chemical
® Most ethanol comes from fermentation
® Synthetic ethanol is produced by hydration of ethylene

® Synthetic ethanol is denatured (made unfit for drinking)
by adding methanol, benzene, pyridine, castor oil,

gasoline, etc.

;-
H-,0 '
HyC=CH, Hgé—m;’ CH3CH,0H - 2 J
250 °C : .

il
-
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Isopropyl alcohol is prepared by hydration of
propene.

® All alcohols with four carbons or fewer are
readily available.

® Most alcohols with five or six carbons are
readily available.

Isopropyl alcohol
(CH,),CHOH
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(Structure and Classification of Alcohols)

DINANTUTHLANAADIUILATLNYIBTUDR DEADNDANTLAUADIANS
< ~ a & @ a & @
nagasilauslavgruitlunuy Tauslasduiluwuy sp’

* 0.96 A 1.4 A ' 0.96 A
O ’

o B
1045° H :?c\. 108.90c H
water water H H

methyl alcohol methyl alcohol
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1. Monohydric alcohol A4y OH 1 "y

OH

CH.OH CHCH_OH

2. Dihydric alcohol #13] OH 2 %3]

g

OH OH
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3. Trihydric alcohol d#y OH 3 %y

g

OH OH OH

4. Polyhydric alcohol {#%#y OH N9 3 U
CH,OH

HC—OH
HO—CH
HC—O0OH

HC—OH

CH,OH
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NISTILUNULDANDTDANUTNAVDIDLNONVDI UIBNOTIATI ),

A150uea (carbinol alcohol atom) uvseenithy 3 Uszian

1. Primary alcohol (10)

R — CH, OH

o
CH,CH,—OH CH,CHCH,—OH D—CHZ—OH

Y, —

ethanol 2-methyl-1-propanol benzyl alcohol
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2. Secondary alcohol (2°)

CH;

2-butanol

(

R—?H—OH
R

~N

J

cyclohexanol

cholesterol
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3. Tertairy alcohol (30)

4 I? N
R—?—OH
\ R %
ﬁ:H3 P|h CH,
CH,—C—OH Ph—C—OH G<OH
f':H1 P|h

2-methyl-2-propanol triphenylmethanol |-methylcyclopentanol
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m'iﬂ'sznfauﬁﬁmi"laman%a ﬁ'mfaélﬁ’mmmu'aﬂi

N1BIN (aromatic ring) LT LUUTU (benzene) Tmlmq Qg
3an grgilsznaumani 9 “Wuaa (phenol)” 73
arsilsznauilssnniRaN At ataAR AR
LAANDINA UASINANLIABNRAILRENIT bASUANBNANA
AINILNIUAZTTNIFN

OH

OH
(&_ §
OH | ; PR

— CH; HO

phenol 3-methylphenol hydroguinone
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N15LSENT A
1. WUUAINTY

(Fenuy alkyl AW A9N1EA9E alcohol

CH.OH = methyl alcohol
CHCHOH = ethyl alcohol
CHLH,CHLCHOH = n-butyl alcohol
CH3(|3H CH,OH = isobutyl alcohol

CH,

10/02/59
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CH{CH,CHOH
CH,

T
CH3—(I3—OH
CH,

CH3CH2(I3HCH3
OH
sec-butyl alcohol

tert-butyl alcohol

10/02/59

15



10/02/59

. 16 H
2. kU IUPAC
2.1 \@anlduanyenavgn wazding OH Ln1zatl

LALFANLUNBYU alkane NN C NULaztlasy

e 13l —ol

CH, methane” CHOH  methanol
butane butan0|
hexane hexanol

cyclohexane cyclohexanol
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2.2 geUFIULKUUY C NENY OH tnnzatit

Yaafgn
3 2 1
CHCH,CH,OH

4 3 2 1
CHLCH,CHCH,

OH

(]

umaLa

1-propanol (propanol)

2-butanol

CHCHCHCHCHCH, =

I
OH
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2.3 FEUAILNUY C NAUYUNUNAULNIE LazlFenTa uy
UNUNLTEIAINADNES NNHBINEG

CH3(I3H CH,Br = 1-bromo-2- propanol
OHCI:H3
CH3(|3HCHCH3 = 3-methyl-2- butanol
OH
T
@CH (I3HCH3 = 3-phenyl-2- butanol

OH
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2.4 21duy OH 2 w3l AUTBUUL alkane WAILAN diol ARYNE

218Uy OH 3 uy 8 1UTAUULU alkane WAAN  friol ABNE

?Hz_(sz
OH OH
(IZHZ—CHZ—CHZ—(IZH2
OH OH

CHz~CH—CH,
OH OH OH

1,2-ethanediol

= 1,4-butanediol
(ethylene glycol)

= 1,2,3-propanetriol
(glycerol)

19
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2.5 DMAWUSEARLAIE BIUTALLL alkene WARRA —e

AANABALATLNUIABINY OH UAzAI ende — ol

CH=CHCH,OH - Zpropeng-1-o
2 2 (allyl alcohol)

5 4 3 2 1

CH.,CH =CH(|3HCH3 = 3-penten-2-ol

OH
CH.CH,CH=CHCH,OH

{T)-OH

.
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o Y T & . a y
2.6 d1usuaanagaantiluag (cyclic alcohol) azlsandalmsl

NIFLANAIUN U9 cyclo- WATAITLAUTNNNY —OH Fia
1 (- V] [~
agacuulily C1 1@ua

H

HO CH,CH,
OH
L—H
cl
T8 IUPAC trans-2-chlorocyclohexanol 1-ethylcyclopropanol
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29 IUPAC :

{?I—I
H,C—CH—CH,-OH

1,2-propanediol

g
HO OH

1,2-ethanediol

ethylene glycol

22“

OH OH
OH
: “OH
1-cyclohexyl-1,3-butanediol trans-1,2-cyclopentanediol

H,C—CH—CH, OH
HO OH
OH

1,2-propanediol cis-1,2-cyclohexanediol

propylene glycol cis-1,2-cyclohexene glycol

22
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wuiiElnanisi3enta

b) (CH.).COH
(a) A (b) (CH,), B .
(d) (CH,),CHCH,CH,OH

Diol
(a) CH;CH(OH)(CH,),CH(OH)C(CHs),
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ANLUANIINIL NN

L 24
(- =4

Hulaanaiiaa i OH a5 enwuszlalasiaula

| )
O
e, ., 8+
5 + 5+70" &+ O
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~25° C FIgan3IIWFLNY 17 °C WALIAIAINIILANIUARDE DY
103° C

WAAN2TRA awmas
@fO—H-""""""'(BKD—H @fD—R ®fO—R
R \ R R \ R
Aniuszlalnsian Liffusclalngiau
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AALAAR

1 74

WaldFauisuny alkane Nduunlaanalnatagany

MW bp, °C
1-propanol 60 97
butane 58 -0.5
1-butanol 74 117
pentane 72 36

26
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|
® alcohol HAALABAFININ alkane NUUN TaHLANA
lnalAseny

® alcohol ANANNNAALARARAINIT LHA alcohol H ANFTLAY
N

Q L2 Q i
\:/0\:/ j: L=169D \/D\/ ‘t L=130D N L=0.80D
VRN S N\X N
H CH,CH; H;C CH; H;C CH;
ethanol, MW = 46 dimethyl ether, MW = 46 propane, MW = 44
AFLHDA 78° C AALFDA -25° C ARLFAR -42° C
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NNSAZANSUN

® alcohol aZANYUNANIT alkane

® alcohol NAANTUAYU 1-3 DLABN RZANYUIANIN LHND
ANSLAULNNNITRZAILAARY

10/02/59

28



29

TABLE 10-3 Solubility of

Alcohols in Water (at 25°C)

Solubility
Alcohol in Water
methyl miscible
ethyl miscible
n-propyl miscible
t-butyl miscible
isobutyl 10.0%
n-butyl 9.1%
n-pentyl 2.7%
cyclohexyl 3.6% L
n-hexyl 0.6% 0
phenol 9.3% H/ \H
hexane-1,6-diol miscible

10/02/59
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AMNLLUNTAARILDANDTAR

(Solubility Properties of Alcohols)

I~ Pt
alcohol tilunansm-Lu4

(4]

R—O: + H;O

R—O—H + H)0

_ EROROT | pK, = -log K,
a [ROH]

10/02/59
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TABLE 10-4 Acid-Dissociation Constants of Representative Alcohols

Alcohol Structure K, pK,
methanol CH;—OH 32 x 10716 15.5
ethanol CH;CH,—OH 1.3 x 10716 15.9
2-chloroethanol Cl—CH,CH,—OH 50% 107" 14.3
2,2 2-trichloroethanol Cl;C—CH,—OH 6.3 % 10713 12.2
isopropyl alcohol (CH;),CH—OH 32 x 107" 16.5
r-butyl alcohol (CH3)3C—OH 1.0 x 107'8 18.0
cyclohexanol C¢Hj; —OH 1.0 x 107'8 18.0
phenol CgHs —OH 1.0 x 10719 10.0
Comparison with Other Acids
water H,O 1.8 x 1076 15.7
acetic acid CH,COOH 1.6 X 107 4.8
hydrochloric acid HCI 1.6 X 10™ 2.2

10/02/59
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(&~ CH;—CH,—OH + H,0 CH;—CH,—O~ + H;0"

ethanol ethoxide ion

(less stable)

Example

K,=13x107"°

Cl—CH,—CH,—OH + H,0 — Cl—CH,—CH,—O0~ + H;0"
2-chloroethanol 2-chloroethoxide ion
(stabilized by CI)

(Cl azaqevinlilaaatuadiesdiv

K,=50x10""

32
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(Formation of Sodium and Potassium Alkoxides)

& R—O—H + Na —» R—O"*Na + 3H,!

Example
CH,CH,OH + Na —>  CH,CH,0"*Na + 71H,!
ethanol sodium metal sodium ethoxide hydrogen gas

(CH3);C—OH + K —  (CH3)3C—O *K + 3H;1

t-butyl alcohol potassium potassium f-butoxide
metal

33
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(Synthesis of Alcohols)

34

LA
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[~3 o -V a o %4 J & v}
azlatlumanadiAgyniinluiaanagasuansaanana
(Intermediate) lunN15qLATIZI
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- ; ;f_
e =

LAANAFRARINITOLAFTLN LALALATIAMNUNNINTUDY 9
a U aaa a a g0 ¥ &
uaatiia uil)nsenisidasunasfacalan bl
waanagaalaalnsanunuy (substitution) wazniTilasu
T~ v aaa a v s
waanuliliunaanagaalneljizennisianmaaun

(hydration) 17)n3en Hydroboration wazif)naen Hydroxylation
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1. dfizeunuinmaiianalaliavrasasilsznay
waapalalan

Ufisenillaeunfezifarunaln S 2 uaziinuisenvdn
(elimination) wisdunae

transition state
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ANBENY
» — - C
SN | SN
H3C- CH,CHj; H3C CH,CHj;
(S)-2-bromobutane (R)-2-butanol

100 % inverted configuration

(+ NARN A ARNUN e a9 s)
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2. N9RLATIZRLAANRERRANNUAAAY (Synthesis of

Alcohols from Alkenes)

- Acid Catalyzed Hydration

Markovnikov orientation

10/02/59
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- Oxymercuration — Demercuration

N s
c=C’ + HgOAc),
N

AR LY
H}c\{:gcm
H  cH,

Z2-methyl-2-butene

H,0

- _(lj_,-;:l S
HO Hg(OAg)
. CH; OH
Hg(OAc), |
— H—C—C—CH;
H,0 | |
- (AcO)Hg CHj

NaBH, | |
HO H

Markovnikov orientation

CH, OH
NaBH; | |
H—C—C—CH,
H C Hg,

2-methyl-2-butanol

(90 % overall)

40
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- Hydroboration — Oxidation

1-methylcyclopentene

(1) BH3-THF .

- .
(2)H,0,. 0H |
H OH

syn addition, Anti-Markovnikov orientation

CHy CH;
BH;+THF O:H H,0,, NaOH <IH
- o
= BH —~0H
H H

trans-2-methylcyclopentanol

(85 %)

41
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i

- Hydroxylation : n13daAI= i lnans (diols) QINULEA AL

/ D5D4. HE'D;'_ | |
S AN 1172 KMnO4. OH |
= » HO OH
bADVINY/ LU
syn hydroxylation
AIREY
H\ CH, H3CH2(€ o HgCHzC_; CH,CH;
' KMnO, Hepg—O )7 oH He . ~OH H——OH
(I% _— |1 /Mn\ W | = - -
H 12 H;CH,C H;CH,C CH,CH;
cis-3-hexene meso-3,4-hexenediol
(60 %)

42
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- Epoxidation — Ring-Opening

O
I + | OH
S R—C—0OO0H. H;0 |
HO |
anti hydroxylation
AL
H CH 0 H3CH,C H3CH,C CH,CH;
oE I = >
C R—C—OOH H"“C.._h H;0' He—OH H——O0OH
{Itl_ » |50 —— | =
: C C... HO——H
! en H"'F HO~ \'CH,
H 2 H;CH,C H CH,CH
L3
cis-3-hexene ()-3,4-hexenediol

(60 %)

10/02/59
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1.

Sludlansdunidgamsudunsisiiveanased (Organometallic
Reagents for Synthesis of Alcohols)

ansusenoulanedunsd (organometallic compounds) agiiuszlaL
laudszniNeznsumsusuivovnaulany

C—M bond
C=Li

O )

C=—Mg
0 O

44
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asusenaulavedunsdedviianilaniiusegauuuaisvay

A® sodium acetylide

R—C=C—H + NaNH, » R—C=C:Na + NH;
terminal alkynes sodium amide sodium acetylide ammonia
R—C=C: + R—CH-X = R—C=C—CH-R + :X
acetylide alkyl halide substituted alkyne

45
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46 H
R! R' R'
_ . as— H,O
R—C=C: + KC:E}: e R—CEC—&'—.Q: —_— R—C'E['—é‘—DH
R .
acetylide aldehydes 43¢

1178 ketones alkoxide acetylenic alcohol

Y o w

VINA

vyheand (alkyl) vise nyuweadila (alkenyl) dxulvgiaanudunse
Liilgana®t sodium amide agRslusnausaniule (deprotonated) vy
wiantanunsawasudu “ Gridnard reagent” wag “Oreanolithium

» W ra & | ey ¢ =~ o Y ¢ v
reagent” la Siawausiina a4 Usylewiiann 399 Tunisduasizgriiiaaing
Wusy C - C la

46
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1.1 Grignard reagent

Juansusenaulansdunsdvedansdiion (lithium) was
wunil@ey (magnesium) azilUld Tunisdamsieviueanageduin

Organomagnesium halide

R-Mg-X aw\38nIn“ Grignard reagent”

Victor Grignard
1871 - 1935

47



10/02/59

48“

CH.CHOCH.CH, 5 5
R—X + Mg > R—Mg—X
(X =Cl, Br,orl) reacts like R: MgX organomagnesium halide

(Grignard reagent)

Grignard reagent w3edlaaNUfAZe15EnIN woarawelan fu
lavzwuniliden Feujizerlazaesihlufviazatediesinedmedininlu
N3 solvate wagdwyilly Grignard reagent tafieslugUvasiiaiaud

_a\

Grignard reagent 81aw38ulaa1n woaRaglanugugll Renl wie

Y 9q Y
=

mﬁﬂqﬁ (primary, secondary %#3@ tertiary alkyl halides) 52384 vinyl
halides wag aryl halides ¢e

48
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Aedllun1svinuisen (reactivity):

reactivity: R—I > R—Br > R—C(CIl = R—F

98 NUANTEINTMILY Grignard reagent

ether

1odomethane methylmagnesium iodide

10/02/59
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Br : :& MgBr
®< n Mg ether \<
H H

bromocyclohexane

H,C=CH—CH,—Br
allyl bromide

+ Mg

cyclohexylmagnesium bromide

ether

H,C=CH—CH,—MgBr

allylmagnesium bromide

10/02/59
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1.2 Organolithium reagent

R—X +2Li —— Lit™X + R—Li

(X =Cl, Br,or )

organolithium

981U NTeINITMIE Organolithium

CH}CHECHECHE_BT + 2 Ll
n-butyl bromide

H,C=CH—Cl + 2 Li

vinyl chloride

@—Br oL

bromobenzene

hexane
n-butyllithium
pentane -
H,C=CH—Li
vinyllithium

ether ;

phenyllithium

reacts like R: " Lit

EPM of CH3Li

+ LiCl

+ LiBr

10/02/59
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PROBLEM
Predict the products of the following reactions.
(a) CH;CH,Br + Mg —=

(b) isobutyl iodide + Li —=2¢,

(e¢) l-bromo-4-fluorocyclohexane + Mg THF

(d} CHEZCCI—CHECH3 + Li ether

10/02/59
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a o a a ¢ (4 a
19 meaLﬂumﬁawzauwsaaﬁumsﬂssﬂa‘ums‘uaua

(Addition of Organimetallic reagents on to Carbonyl Compounds)

Mechanism:

53
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A G AZGIVSYRIERY Grignard Reactions

Formation of the Grignard reagent: Magnesium reacts with an alkyl halide in an
ether solution.

R—X + Mg — 7> R'—MgX

ether

Reaction 1: The Giignard reagent attacks a carbonyl compound to form an alkoxide salt.

- R’

O 5t R\ ~ |
RRMEX + =0 e [R7(—07 MeX
R ’

R

magnesium alkoxide salt

10/02/59
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Reaction 2: After the first reaction is complete, water or dilute acid is added to proto-
nate the alkoxide and give the alcohol.

R’ R
P e Ul |

R--C—0:~ *MgX o Rf——(|:—§j—H + XMgOH
R’ R
magnesium alkoxide salt alcohol

Addition of phenylmagnesium bromide to acetone.

Formation of the Grignard reagent:

QBr + Mg —— MgBr

phenylmagnesium bromide

10/02/59
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Reaction 1:

CH
i) i P 2ot
RS O S ST P

magnesium alkoxide salt

Reaction 2:

CH3 /’_\ (—k CH3

i o g H—0—H_ // \ |

(|j—O *MgBr = > -(|3—OH + BrMgOH
CH; 5 Vi iR

magnesium alkoxide salt 2-phenyl-2-propanol

10/02/59

56



10/02/59

57“

Addition to Formaldehyde: Formation of Primary Alcohols

H H
M | i H,O* —
E—Mg}( =+ /C—O ther” ’?‘“f‘:—o MgX —— ECHE—OH
H H
Grignard reagent formaldehyde primary alcohol
Q) 1
MDY
H H
CH.CH,CH.CH,—MgBr + c—o  (ethersaent = p oy el C—o0H
L r,ln, g Y (2) Hy0* s nsln, -
H H
butylmagnesium bromide formaldehyde |-pentanol (92%)
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Addition to Aldehydes: Formation of Secondary Alcohols

e} + R + -\,;I_ E' N E!
il 0 ¢ ether . H:0 | ..
R-MgX _» C=0 —— | RC—0: MgX ——— R+C—OH + XMgOH
"-.\-\_. _._____.r-'"’lf :\._,-'
Grignard reagent  LAHR LaA secondary alcoho
(X 1
MDY
- (1) ether - e
H;CCH,—MgBr + f.[‘:[j — H;CCH,—C—0OH
H (2)H;0 |
H
etylmagnesium bromide 2z RAIAR LEF 2-putanol
(B5%)

10/02/59
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Addition to Ketones: Formation of Tertiary Alcohols

R’ IT-.I' R.I'
s - o H,O" .
Fi—MgX t =0 {R | (‘:——0 ‘MgX ~—— ELC—OH
R" RH Rn
Grignard reagent ketone tertiary alcohol
TPRIAN
1) ether | .
H,CCH,—MgBr - €=0 :::,,:I —> H;CCH—C—CH
H.C 2)H30 o
3 CH;
Ethyl magnesium bromide |Z-pentanone 3-methyl-3-hexanol
Ses

il -
[Ew L Y
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SOLVED PROBLEM

Show how you would synthesize the following alcohol from compounds containing no

more than five carbon atoms.

CH,

|
(i:—OH

CH,CH,

10/02/59
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AM5LAN Grignard reagent a4lu acid chlorides uagioaves (esters)

4 )
I I 0
. [l
R—C—OH R—C—CI R—C—0O—R’
carboxylic acid acid chloride ester
\_ J

Acid chlorides waziaawas (esters) Asvinuizenriu
Grignard reagent 2 @u3ja (equivalents) Weldadu tertiary
alcohols #84 31N91YINA1S protonation LAIRSANATS

10/02/59
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|
GRIGNARD REAGENT fiu ACID CHLORIDE

O

'R

|| (1) eth Iv 1

2 R—l—Max + R'—C—Cl ) e e, R'—C—OH
(2) H,O |-

acid chloride

tertiary alcohol

nabnnsvinU3e1ues Grignard reagent fiu acid chlorides +{Tusiiid Ag

Atiack on an acid chloride

R’ R’
= ) - =1
| _ ¥ = o
|R.MEX /C '\9 Rrﬁ(f LO
acid chloride i]‘l[E:I'I].'l-E:diu[E:

10/02/59
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GRIGNARD REAGENT fiu ESTER

. 0 £

, " (1) ether solvent ,
2| R-MgX + R'—C—OR ) e, R'—C—OH
[ | [2] qu e
ester : |
R
tertiary alcohol
Attack on an ester
R’ o i
Rbmex Sc—o —  [rRbcrér
e g ]
R.l'f___Q: CO_R-”
ester intermediate
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R’ R’

AN - | SO H,0* |
RyMgx [ =0\ [RC—OroMpx 2% [R-C—OH
R

K| ®

alkoxide tertiary alcohol

ketone
intermediate

Grignard
(second equivalent)
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ADYY

. Oy

[
- lI|II ‘ l..l'll l"." |r.,—' .
CHCHJ Mgbr + p—C—ocH, — ( )—Cgdom, — -
\ ) ) *-.__.. C__ )

methyl benzoate el | 'CH,CH, :OCH,

second equivalent 'CH_?CH2 CH?}CH?
nropiophenone -
]
"\.\\\-
- = H1-0+ "
CH_;'CH2 —'C—Q= MgBr —— CH:J;CH2 C—C0E

cHer, (CH.CH,

3-phenyl-3-pentanol (82%)

10/02/59
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sunalnmMsinufRzevetasselull

i
CH,—C—ClI

acetyl chloride

+ 2 {}MgBr

phenylmagnesium bromide

(1) ether solvent

(2) H,0*

OH

|
CH,—C

1,1-diphenylethanol

66
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N15LAU Grignard reagent adlu ethylene oxide

5 :{lj-_.*r.,»[g}; _ :f_?H
A H30
RMgX + H,C CH, — 2 5 [RJCH,CH, —— » [RJCH,-CH,
Grignard ragent epoxide alkoxide primary alcohol
Q/ 1
MIVEN
(.0 :6:_+MgBr OH
: | 7N | H,0* |
:CH_1(CH2)3__—Pvlh__g:,fr_ff,,CHE——CH2 — CH,—CH, —_— CH,—CH,
butylmagnesium bromide ethylene oxide jCqu. EC*‘H‘?

I-hexanol (61%)

67



10/02/59

68“
|

UAsensanduvemymiveiia : msduasieiveanases

Uguniluasynend

9q

nseulalase (hydride reagent) azifulossulalase (hydride ion;
H) LﬁaLﬁﬂﬂ’lﬁ'ﬁ’;‘ﬁwyjﬂﬁuaﬁﬂﬁtﬂu alkoxide ion a11nLAAN1S
. [ [ 6 & a [ 6 N <
protonation uaazlaueansgedilundniug lnensildoualaumnie
woan lamiiduteansgadiazidunisiiulalasiau 2 aznaudnlunnuse C
= 0 Fadumsiiia UfAsenIandu (reduction)
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alkoxide ion

X R
H;0 L.
R

primary alcohol

1176 secondary alcoho

R R
| .f/_\u -Gi—H i
H (f_Q:_ - > 11—(‘3—Qll
R R
alcohol

alkoxide ion
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EXAMPLE: Hydride reduction of cyclopentanone to cyclopentanol.

Reaction 1: Nucleophilic attack by hydride ion forms an alkoxide ion.

Nat+ H "'fjj H :0:- Nat
. T
H—pese ol + BH,
| ether
H
sodium borohydride cyclopentanone alkoxide ion

Reaction 2: After the first reaction is complete, water or dilute acid is added to proto-
nate the alkoxide.

H :0: — ~ H OH
H—O0—H_ + -OH

alkoxide ion cyclopentanol

10/02/59
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O
|
R—C—H
aldehyde
]
R—C—R’
ketone

0
I

R—C—O0OR’
ester

0
|
R—C—O"

acid (anion)

ease of
reduction

NaBH,
reduces

t— LiAlH,

o

reduces

71“

H H

| |
Na* H—B=—H Lit H—AI=—H

|
H H

sodium borohydride lithium aluminum hydride
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Uses of Sodium Borohydride

| N
Ce C—H
O/ I NaBH,, CH,CH,OH O/ Ny
cyclohexane carbaldehyde cyclohexyl methanol
(95%)
0 OH
I NaBH,, CH,OH |
CH,—C—CH,CH, > CH,—CH—CH,CH,
2-butanone (%) 2-butanol (100%)

0 0
I NaBH, HO I
0 CH,—C—OCH, — CH,—C—OCH
H

3

10/02/59

72



73

Uses of Lithium Aluminum Hydride

0
I (1) LiAlH, 1o
0 CH,—C—OCH, Gqor> CH,—CH,0H
' H

PROBLEM

Predict the products you would expect from the reaction of NaBH, with the following
compounds.

0O

(a) CH;—(CH,)s—CHO (b) CH,CH,—C—OCH, (¢) Ph—COOH

I I I

0 & & 0 C
" oy \/\ ~
H

@ U (e 1 OCH, ® \j
0
(0]
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17134511 7)71Fe1984 NaBH, waz LiAlH,

MNaBH, LiAIH,
LEl =I £l P ':l:l:l
R—C R—CH,OH R—CH,OH
aaE 0 OH OH
R [ | |
R—C R—}i‘ R—i
LaaR Ne—c” [FUREMARES] (UG EGE Y
o ™~
Acid anion T [GTMERER R—CH,OH
RE—C
A LA
Laamnas T [T FEL R—CH,0H
R—C
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Catalytic Hydrogenation of Ketones and Aldehydes

%ﬁ g
Raney Ni
> —C¢— + H ' —CH
CHy ¢ CH,
‘ V4 Raney Ni ‘
H3C=CH—CH2—(‘:—C\ + 2H, S CH3—CH2—CH3—(;—CHEOH
cy, H CH,
2,2-dimethyl-4-pentenal 2.2-dimethyl-1-pentanol (94%)
CH,
NaBH, |

>  H,C=CH—CH,—C—CH,OH

(for comparison)

CH,

2,2-dimethylpent-4-en- |-ol
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Summary of Alcohol Synthesis

I. FROM ALKENES

1. Hydration
a. Acid catalyzed: forms Markovnikov alcohols;
b. Oxymercuration—demercuration: forms Markovnikov alcohols

s {|:H3

HESCH_, H:O or - = P
S {i DHgOAO, B0 TBC (f Chls

CH3 (2} NHBH4 OH

c. Hydroboration—oxidation: forms anti-Markovnikov alcohols
i (1)BH;  THF A (|j 3
e C\ (2) HyO,, NaOH ~ el < | 3
CH, H
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2. Hydroxylation: forms vicinal diols (glycols)
a. Syn hydroxylation, using KMnO,/INaOH or using OsO,/H,0,

H
0s0,/H,0, —OH
or KMnO,/NaOH ~ L <OH

H
cyclopentene

cis-cyclopentane-1,2-diol
b. Anti hydroxylation, using peracids

@ RCO,H, H*
H,0

cyclopentene

OH .

(+ enantiomer)
H
OH

trans-cyclopentane- |,2-diol

0.
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Il. FROM ALKYL HALIDES: NUCLEOPHILIC SUBSTITUTION

1. Second-order substitution: primary (and some secondary) halides

KOH
(CHy),CHCH,CHy—Br =5 (CHy),CHCH,CH,—OH

2. First-order substitution: tertiary (and some secondary) halides

(|3H3 (IZH3 CH,
acetone/water
Cl OH
t-butyl chloride t-butyl alcohol isobutylene
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III. FROM CARBONYL COMPOUNDS: NUCLEOPHILIC ADDITION TO THE CARBONYL GROUP
1. Addition of a Grignard or organolithium reagent (Section 10-9)

0 O~ *MgX OH
H | H.O* |
—C— + R—MgX ———— —C— — e
ether | |
R R

a. Addition to formaldehyde gives a primary alcohol

(1) ether solvent

CH,CH,MgBr +  H,C=0 CH,CH,—CH,—OH

(2) Hy,OF
ethylmagnesium bromide 1-propanol
b. Addition to an aldehyde gives a secondary alcohol
0 H
eh L I (1) ether solvent / \ |
gBr CHy ¢ il @) H,0" “5) (|j—OH
CH,
phenylmagnesium bromide acetaldehyde I -phenylethanol
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c. Addition to a ketone gives a tertiary alcohol

CH,CH,MgCl +

(1) ether
—_—
(2) Hy,07

cyclohexanone

d. Addition to an acid halide or an ester gives a tertiary alcohol

(|:|} “
G €l
acetyl chloride
or

1
CH,—C—OCH,

methyl acetate .

(1) 2 QMgBr

cyclohexylmagnesium bromide
(2) H,O7

OH

| -ethylcyclohexanol

?H

I,1-dicyclohex ylethanol
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e. Addition to ethylene oxide gives a primary alcohol (with two carbon atoms added)
O
e N
(1) CH,—CH,
(2) H,0*

MgBr CH,CH,OH

cyclohexylmagnesium bromide 2-cyclohexylethanol
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2. Reduction of carbonyl compounds (Section 10-11) |
a. Catralytic hydrogenation of aldehydes and ketones

| ':IjH
R Ni
o 4+ op, RN, gy

This method is usually not as selective or as effective as the use of hydride reagents.

b. Use of hydride reagents
(1) Reduction of an aldehyde gives a primar;l.r alcohol

NdBH
CH,OH

benzaldehyde benzyl alcohol

(2) Reduction of a ketone gives a secondary alcohol

H
2 NaBH,
— OH

cyclohexanone cyclohexanol

10/02/59
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(3) Reduction of an acid or ester gives a primary alcohol

‘\

]
CH;—(CH,)g—C—OH
decanoic acid () LiAlH, ’ CH,— (CH,)¢— CH,—OH
s 3 * 3_ 2 8_ 2_
;lcl) (2) H;0 I-decanol
CH;—(CH,)g—C—OCH;
methyl decanoate -
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