)"‘*"“9 )L'l.>.w L J»S.” 0 99O
‘51‘ W

035 les! (g ol 1y 00
YFV-VFY




R

e JSIT (59, (edexslss syl

S b3silS s S b JdelS s SG o Ll
SP3 (xS &9, °

R +
| R
HO ---C---X —>  HO—C., = X
| H H | H

ransition state
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2. Oxymercuration—demercuration (Section 8-5)

N
74

G

/

C
N\

+

Hg(OAc),

H,O

OH

|
—_ C
|

(AcO)Hg
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C—C
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Markovnikov orientation
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3. Hydroboration—oxidation (Section 8-7)

N\ 7 (1) BH,* THF
(={e >
J/ N (2) H,0,. NaOH

|
I
H OH

syn addition, anti-Markovnikov orientation
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Syn Dihvdroxylation

\ / 0s0,, H,0, |
/C_C\\ or KMnO,, “OH '? [lj

(cold, dilute) HO OH

syn dihydroxylation

Anti Dilivdroxylation
O

I
N\ /' R—C—OOH, H,0* |
T > C—C
/ AN

anti dihydroxylation
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5. Addition of acetvlides to carbonyl compounds (Section 9-7)

r H-r
w - | - HJD*
R—C=C" + c—=0: — R—C=C—C—0+ ———» R—C=C—C—O0OH
TN |
R
H-l'
acetylide ketone or aldehyde alkoxide

amirmahdiimanzadeh.com G
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reactivity: R—I > R—Br > R—CIl = R—F

The following reactions show the formation of some typical Grignard reagents.

€& Cc

ether

CH,—I + CH,—Mg—TI

iodomethane methylmagnesium iodide

amirmahdiimanzadeh.com q



EPM of CH;Li1

o JSII s

CH,CH,CH,CH,—Br + 2Li
n-butyl bromide
H,C=CH—Cl + 211
vinyl chloride
bromobenzene

Sl Sl $5 ) slo 5 2T

Y r-:‘:‘j-;\f)‘ *
7.«.‘5:" ‘)JQ.W* )..)ij.

hexane . CH,CH,CH,CH,—Li + LiBr
n-butyllithium

P H,C=CH—Li + LiCl
vinyllithium

et Qu +  LiBr

phenyllithium
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(a) n-hexane (b) CH;—O—CH; (¢) CHCIl4
(d) cyclohexane (e) benzene (f) CH;OCH-,CH-OCH;
(g) jﬂi (h) [Dj
THF O
(tetrahydrofuran) 1 . 4-dioxane

10-11 The Grignard reaction needs a solvent containing an ether functional group: (b),(f),(g), and (h) are

possible solvents. Dimethyl ether, (b), is a gas at room temperature, however, so it would have to be
liquefied at low temperature for it to be a useful solvent.

amirmahdiimanzadeh.com )
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i
CH,CH,Br + Mg — s

hexane

iy

i1sobutyl iodide + 2Li

THF
|-bromo-4-fluorocyclohexane + Mg ———

, ether
CH,=CCl—CH,CH; + 2Li ———

Li
10-12 (a) CH;CH,MgBr {h})\/l.i + Lil () FOMgBr (d) %\/ + LiCl
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& R
R-MeX £ —s
K‘“w-.f'__ +__ff’:f’ o ether
R
R ]
| / ﬁ\Hfﬂ+—H
Ri‘—C—Q:_ "MegX = >

R

magnesium alkoxide salt

R"_

R
—C—

|
R

l::j:‘ *MgX

magnesium alkoxide salt

|
R*——(lj—{j—H + XMgOH
R
alcohol
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CH,0OH CH,OH

(a) (b) )\/\ (© g
OH
H ether H.O*
(a) MgCl  + C=0 — —> CH,OH

H In this solution, the

H ether H.O* portion of the product
(b) /\\/ MeBr @ \C s <A that came from the

H' OH Grignard reagent is

y <hown in red.
& @/ Mgl . c=o s Hy0 CH,OH

H
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(a) two methods

R H;0" /\r\/
/\'/\ MeCl \ﬂ/ r

O

H .
0

FaS i |
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CH,

H
Q?—GH

CH,CH,
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] ] ]
R—C—OH R—C—CI R—C—0O—R’
carboxylic acid acid chloride ester

3-ethyl-2-methylpentan-3-ol

H,0*
(b) OCH; + 2 CH;CH.Mgl —> >

O OH
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Example
(D’ :E}:‘ *MgBr OH
CH.(CH } B Cﬁ HCH — CH l'.|:H H:O” CH '.'.IZH
3 2 MgBr —Ln, 2, _— 27 2
butylmagsnes ::m thylene oxide I l
uty onesiu romide ethylene oxide C,H, C.H,

hexan-1-ol (615)
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O:CHECHEOH
CH,

2-phenylethanol

amirmahdiimanzadeh.com )4



Sl eS LS 60 puid

s Sl 58,1 6K 0
kS 8 STl o

Show how you would synthesize the following compounds from alkyl halides, vinyl
halides, and aryl halides containing no more than six carbon atoms.

(a) octane (b) vinylcyclohexane

(e) frans-oct-3-ene (d) cyclopentyl propyl ketone

Li_ Cul /\/\_____>Br RN
(a) /\/\Br e —— (/\/j\CuLi

Ejl
/\ L1 Cul : 5
(b) R e 2~ I'CulLi Tt

amirmahdiimanzadeh.com
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Protonate the Grignard or organolithium: O—H, N—H, S—H, C=C—H
Attacked by the Grignard or organolithium: C=0, C=N, C=N, §=0, N=0

Point out the flaws in the following incorrect Grignard syntheses.

OH
Br CH—Ph
(1) Mg, ether .
@ (\/I/ (2) Ph—CHO ? |\/\/]/
p[.J (3) H;0" 1].1
H H
0] O 0O (0]
(1) Mg, ether .
Br (3) H,0" HOCH,

(a) As the Grignard reagent is formed, it would instantaneously be protonated by the N—H present in other
molecules of the same substance.

(b) As the Grignard reagent is formed, it would immediately attack the ester functional group present in
other molecules of the same substance.

amirmahdiimanzadeh.com AR
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I
R—C—H
aldehyde
NaBH,
'ﬁ' reduces
R—C—R"
ketone )
— LiAlH,
O reduces
R—C—0OR"
esker
I
R—C—0O~
acid {(anion)
ease of
reduction

aldehyde

ketone

alkene

acid anion

ester

R== =003

anion in base

R=CE=—0R]

NaBH,

R—CH,—OH
OH
R—CH—R’

no reaction

no reaction

no reaction

LiAlH,

R—CH,—OH
(I)H
R—CH—R’

no reaction

R—CH,—OH

R—CH,—OH

Note: The products shown are the final products. after hydrolysis of the alkoxide.
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CH, g CH,
| v Raney Ni |
H:CZCH_CHz_ﬁ:_C\ + 2H, - CH_;—CHE—CH:_—?—CHEDH
cy, H CH,
2.2-dimethylpent-4-enal 2,2-dimethylpentan-1-ol (94%)
CH,
NaBH, |

> H,C=CH—CH,—C—CH,OH

(for COmparison)
CH

2.2-dimethylpent-4-en-1-ol
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Each skill is followed by problem numbers exemplifying that particular skill.

1 Draw structures and assign names for alcohols, phenols, diols, and thiols.

2 Predict relative boiling points, acidities, and solubilities of alcohols.

3 Show how to convert alkenes, alkyl halides, and carbonyl compounds
to alcohols.

& Predict the alcohol products of the hydration, hydroboration, and
dihydroxylation of alkenes.

5 Use Grignard and organolithium reagents to synthesize primary, secondary, and
tertiary alcohols with the required carbon skeletons.

6 Propose syntheses and oxidation products for simple thiols.
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OH

Cl

OH

OH

NO

nl

4-chloro-1-phenylhexane-1.5-diol
3-nitrophenol
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3-methylhex-4-yn-2-o0l

OH OH

OH
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Predict which member of each pair has the higher boiling point, and explain the reasons for your predictions.

(a) hexan-1-ol or 3,3-dimethylbutan-1-ol (b) hexan-2-one or hexan-2-ol

(¢) hexan-2-ol or hexane-1,5-diol (d) pentan-2-ol or hexan-2-ol

Predict which member of each pair i1s more acidic, and explain the reasons for your predictions.

(a) cyclopentanol or 3-chlorophenol (b) cyclohexanol or cyclohexanethiol
(e¢) cyclohexanol or cyclohexanecarboxylic acid (d) butan-1-ol or 2,2-dichlorobutan-1-ol

Predict which member of each group is most soluble in water, and explain the reasons for your predictions.
(a) butan-1-ol, pentan-1-ol, or propan-2-ol

(b) chlorocyclohexane, cyclohexanol, or cyclohexane-1.2-diol

(c¢) phenol, cyclohexanol, or 4-methylcyclohexanol

amirmahdiimanzadeh.com Y'Y



10-33
(a) Hexan-1-ol will boil at a higher temperature
(b) Hexan-2-ol will boil at a higher temperature because its molecules hydrogen bon
whereas molecules of hexan-2-one have no intermolecular hydrogen bonding.

(c) Hexane-1.5-diol will boil at a higher temperature as t has two OH groups for hydrogen bonding.

Hexan-2-ol has only one group for hydrogen bonding.
r molecular weight than pentan-2-ol.

(d) Hexan-2-ol will boil at a higher temperature because it has a highe
All other structural features of the two molecules are the same, so they should have the same intermolecular

forces.
10-34 Refer to Table 10-4 to comp

determined by the stability of its conjugate base.
(a) 3-Chlorophenol is more acidic than cyclopentanol. In general, phenols are many orders of magnitude
bilized by resonance.

more acidic than alcohols because phenoxide anions are sta
he periodic table, and acidity

(b) Cyclohexanethiol is more acidic than cyclohexanol. S is beneath O on t
‘ncreases down the periodic table. Larger anions are more stable because a negative charge on a larger
atom is distributed over a larger volume, with lower electron density and greater delocalization of the

negative charge.
(c) Cyclohexanecarboxylic a

branched than 3 3-dimethylbutan-1-ol.

as it is less
d with each other,

are acidities of different functional groups. The strength of an acid is

cid is more acidic than cyclohexanol. In general, carboxylic acids are many

ordcrsoof magnitude more acidic than alcohols because carboxylate anions are stabilized by resonance.
(d) 2.2-Dichlorobutan-1-ol is more acidic than butan-1-ol because of the two electron-withdrawing

substituents near the acidic functional group.

amirmahdiimanzadeh.com Yy



10-35
(a) Propan-2-ol is the most soluble in water as it has the fewest carbons and the most branching.
for hydrogen bonding.

(b) Cyclohexane-1.2-diol is the most soluble as it has two OH groups
Cyclohexanol has only one OH group; chlorocyclohexane cannot hydrogen bond and is the least soluble.
(¢) Phenol is the most soluble as it can hydrogen bond better than cyclohexanol. Phenol is a stronger acid

and will be ionized to a greater extent than cyclohexanol. Cyclohexanol has low solubility, and
4-methylcyclohexanol has the added hydrophobic methyl group, decreasing its water solubility.

amirmahdiimanzadeh.com Y¥



2 Ph—MgBr +
H,C H
~ /7
C=C
# ™
H CH,CH,CH,

cold, dilute
KMnO,

L
=

“OH

amirmahdiimanzadeh.com
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benzyl alcohol (Ph—CH, — OH) from bromobenzene (Ph— Br)

Br  Me CH,O H;0° (V\OH
» |
ether \/

2

V"

ol OH

- H'EI'D’!
HO-
OH
(1) Hg(OAc),, H,0
(2) NaBH, .

amirmahdiimanzadeh.com A4




Starting from bromobenzene and any other reagents and solvents you need, show how you would synthesize the following
compounds. Any of these products may be used as starting materials in subsequent parts of this problem.

(a) 1-phenylpropan-1-ol (b) 1-phenylpropene (c¢) 1-phenylpropan-2-ol
(d) 3-phenylprop-2-en-1-ol (e) 2-phenylbutan-2-ol (f) 2-phenylbut-2-ene
(a) Mo 0 H,0* o
PhBr ———» PhMgBr + J.I\/ - - )\/
ether H Ph
H,50,
)\/ W
from (a) + H-,0

amirmahdiimanzadeh.com v



H,C H

. Vs HEDEH
(0) L=C H,0"
H CH,CH,CH, _
2 = plus the enantiomer
(CH,=—CH),CuLi + CH,CH,CH=CHCH,Br NN

0
|

0 CH,—C—OCH, HO OR
U + LiAlH, (k)
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Show how you would synthesize the following:

(a) 2-phenylethanol by the addition of formaldehyde to a suitable Grignard reagent

(b) 2-phenylethanol from a suitable alkene

(¢) cyclohexylmethanol from an alkyl halide using an 5§42 reaction

(d) 3-cyclohexylpropan-1-ol by the addition of ethylene oxide to a suitable Grignard reagent
(e) cis-pent-2-en-1-thiol from a suitable alkenyl halide

(f) 2.5-dimethylhexane from a four-carbon alkyl halide

amirmahdiimanzadeh.com Y4



| OH
ether  H307"
@ﬂww + CH,0 > > ©/\/
X BH; * THF H,0, ©/\/OH
o -
HO-
O/\Br NaOH O/\OH
—_—
0
Br Mg Z\ H0* U\/\ OH
F : od ' ol
ether
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(a) @/\/ . @CHECHECHj (b) Q/SH - Q/SDBH
—~H
%
OH

(racemic)

ASR S RANS )

BH, « THF H,0,

@/\/ — HO? i H plus the enantiomer
<1 OH
H
Many strong oxidizing ag-cnts_will
Q/ SH  KMnO, or HNO; or NaOCl SOsH  transform thiols to sulfonic acids.
X —

amirmahdiimanzadeh.com )
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Show how you would synthesize the following compounds from any starting materials containing no more than six car-
bon atoms.

OCH,CHj,4

0
= |
(a) (b) (c) @—c— CH,

amirmahdiimanzadeh.com Yy



(a) The goal is to synthesize the target compound (boxed) from starting materials of six carbons or
fewer. The product has 11 carbons, so the logical "disconnection” in working backwards is one six-carbon
fragment and the cyclopentane ring that could be joined in a Grignard reaction. The tetrasubstituted C=C
will come from dehydration of a tertiary alcohol produced in two possible Grignard reactions.

Route I:

Br Q, MgBr bt |l
+ 0
—_—
Mg H.SO
ether \ 2
A

“).
Route 2: H 104- OH HESOJ
- —_—
g Q + BrMg - A
S
Mg

Br

amirmahdiimanzadeh.com ¥y



(b) The goal is to synthesize the target compound (boxed) from starting materials of six carbons or fewer.
The product has 12 carbons, so the logical "disconnection” in working backwards is two six-carbon
fragments which could be joined in a Grignard reaction. The best way 1o make epoxides is from the double

bond. and double bonds are made from alcohols which are the products of Grignard reactions.

Br M Br\
Mg & OH H,SO, -~
ether H.0* /A(
+ r el
O mCPBA
H
7 O

target

amirmahdiimanzadeh.com Y¥



(¢) The goal is to synthesize the target compound (boxed) from starting materials of six carbons or fewer.

The product has 14 carbons. so the logical "disconnection” in working

fragments and the ethyl group put on with a Williamson ether synthesis at the end.

O]
MgBr

backwards is two six-carbon

from (b) no

water!

10-45 All steps are reversible. H

N l HO:
HO_ _OH H0* HO [ of _ H,0 L

amirmahdiimanzadeh.com
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target

OCH,CHj

|
C“CH}

0
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Determine the structures of compounds A through G, including stereochemistry where appropriate.

=

TI{Mnﬂd

(1) CH Mgl
(2)H,0*

warm, concd.

CioHis
G

HES l‘:ll'_:l
heat

(1) Mg, ether

g

(3) Hy0"

CioH, 50
F

CegH,,0 H,S0, CeHyg H,, Pt Q’CH3
A —_— B —
heat
’[stcu
heat
CﬁHIEG (1) CH Mgl
(2) HyO*
CsHqBr PhCO,H CsH;0
o () e
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10-49 When mixtures of isomers can result, only the major product 1s shown.

CH,
O M ' Eﬂ; CH@L CH;
A B
T KMnO, T H,SO,
A A
CH;
plus the enantiomer
‘OH
e D
T “2204 T 1) CH,Mgl
2) H,O07
OH e
F
C
1) Mg. ether
2y cv >
;; ;_!)‘c(l)(lpc.ntanone T PhCO-H

Q/ Br HBr @
-‘
E
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A.\).u\




(K)

Mg, ether

(1) CHy(CH,);CHO

1-bromobutane

lI{DH, H,0
(A)
qua

(B)
lCH3CHEBr

(C)

O

|
(2)H,07

T

> O G > (E)

H,SO,, hea%

(F)

(1)0,, 78 °C
(2) [EHB]V W

CH,CH,CH,CHO (G)
+ CH,(CH,),CHO

(1) NaNH,, 150 °C
(2) H,0

(1) Sia,BH

NHNHE 5 ‘ o {I}
(2) H,0,, NaOH

non-1-yne

ll HBr

(H)
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lNa
1)O

/\/\O Na* B 2) N[M Brzl
|~ ! Br
r
MO G /\/‘\l/\/\
+
OW o

See note below

H T~ NT o ‘)
1) NaNH,, 150°C l 2) H,0 about this reaction.

1) Sia-BH

O v
Y\/\/\/\ =" H—C:—:C-—/\/\/\
2) H,O>. HO™

non-Il-yne

2HBrl

H

et
Jgj-u

Tl

)j\/ Note about the reaction from G to non-1-yne: This

reaction is a rearrangement of internal alkynes to
terminal alkynes similar to what is described in text
CH,CH; Section 9-8." Problem 10-51 does not rely on your

HO — (': —c= g TR AT RS knowing this reaction because the product of the
|}

reaction, non-l-yne, was given to you in the problem.
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Thanks for your attention
Any comments? Questions?



