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Organic Chemistry 1 (au 251)

Atomic structure, hybridization, chemical bonding, stereochemistry,
classification, nomenclature, synthesis, reaction mechanisms, physical
and chemical properties of

1) Alcohols and Phenols (7 %)

2) Ethers and Epoxides (7 %)

3) Aldehydes and Ketones (7 %)

4) Carboxylic acids and their derivatives (7 %)
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Overview of Organic Reaction

Kinds of Organic Reactions

* Addition reactions

H H
These two \C CK
reactants . .. VN
H H
Ethylene
(an alkene)
* Elimination reactions
H OH
This one |
reactant . .. H_?_?_H
H H
Ethanol

(an alcohol)

+

H Br
| ... add to give
H—Br —s H—(|3 ‘C|3_H this product.
H H
Bromoethane

(an alkyl halide)

i H

Acid catalyst N / . .. gives these
: : H,C_C\ + H20  two products.
H H
Ethylene
(an alkene)



* Substitution reactions

0 O
These two I _ [ ...give these
reactants... _C.___CH3 + H_ _H Acid _C.___H + H_ _CH3z two products.
H3C O 0 catalyst  H3C O O
Methyl acetate Acetic acid Methanol
(an ester) (a carboxylic acid) (an alcohol)
* Rearrangement reactions
0 H OH
. Il \ . :
This reactant... E—QEPOHC’}CRCJOH E_OEPOHC,#C&C{:HD ...gives this
isomeric product.
YANEVAN /N g
H HH H H H §
Dihydroxyacetone Glyceraldehyde

phosphate 3-phosphate



Problem 6.1
Classify each of the following reactions as an addition, elimination, substitution, or
rearrangement:

(a) CH3Br + KOH — CH3OH + KBr

(b) CH3CH,Br — H,C=CH, + HBr

(C) H2C:CH2 + H2 —> CH3CH3



6.2 How Organic Reactions Occur:

Mechanisms
homolytic S - ) - - .
' vtic ymmetrical bond-breaking (radical):
A \}3 — A+ + B one bonding electron stays with each product.
/N heterolytic Unsymmetrical bond-breaking (polar):

. + B~
A:B —— A" + B two bonding electrons stay with one product.

/NN . Symmetrical bond-making (radical):
) ) ’ one bonding electron is donated by each reactant.

/\, ) Unsymmetrical bond-making (polar):
’ ’ two bonding electrons are donated by one reactant.



6.3 Radical Reactions

S
Rad- + A[:/B ——> Rad:A -+ B
Reactant Substitution Product
radical product radical
Rad
N/ \/
Rad- + /C:C\ - —/ C-\
Reactant Alkene Addition product
radical radical
| |
H—(|3—H + c—c —2 H—(ll—CI + H—Cl
H H

Methane Chlorine Chloromethane



RN

At + :B~ —— A—B

\ The electrons that moved
from :B” to AT end up here
in this new covalent bond.

Electrophile Nucleophile
(electron-poor) (electron-rich)



R I YR - vl“lth’ " 1Rl Il TR = Wil " il as =

il el R "R w“l'-ﬂ'

|on ctional
compoMaicleophi (U Basksaki acceptogsf,
type structtil)'e AEF&S (H+ don o_rs) structure
5+ 6— \34-_5—
Alcohol Leaving Gm/&;rﬂ.") Carbonyl /C—O
3_
N/ 0
Alkene C—C - S+//
/ \ Carboxylic acid C
\ -
- OH
Symmetrical, nonpolar
5_
\ . O
o+ 6— )
: e 5+//
Alkyl halide C—X Carboxylic acid C\a

chloride Cl



H H
C=C
H H
Ethylene
HDBr
HocacgH

Ethylene

)

Br

Hydrogen bromide

:Br:

9,

=0

£ H
®

Carbocation

)

|
H—C—C—H
H H

Bromoethane

Br H
N\ /
L—C.
H"f NH
H H

Bromoethane



Problem 6.4

Which of the following species are likely to be nucleophiles and which electrophiles? Which

¢ might be both? r
(a) CH3Cl (b) CH3S™ (c) N,/?'\N,,CH;; (d) |C|}
\—/ CH4CH
Acld
0O
c)
LY e
0]
NO»
(d) Light
+ O09N—NOp; ——— (+ HNO»)



6.23 a Follow the flow of electrons indicated by the curved arrows in each of the
following polar reactions, and predict the products that result:

(a) H/“‘\—@_H (b) N cﬁ'
Oj H—O: H{E},CH — ?
| . CHg
N — ? ay
H3C—/"~0cH,4
HaC

6.40 The naturally occurring molecule a-terpineol is biosynthesized by a route that
includes the following step:

CHq CHq
Isomeric H,0

HoC N carbocation H4C
HoC

CHg3 HaC OH

Carbocation a-Terpineol



6.41 Predict the product(s) of each of the following biological reactions by
interpreting the flow of electrons as indicated by the curved arrows:

(a) HaC (b)




Alcohols and Phenols

OH OH I oH
N =
/ / N\

An alcohol A phenol | Anenol |




17.1 Naming Alcohols and Phenols

E?H ?H ?H
C C C
R4 H R“¢ H R4 "R

H R R

A primary (1°) alcohol A secondary (2°) alcohol A tertiary (3°) alcohol

RULE 1

Select the longest carbon chain containing the hydroxyl group, and derive
the parent name by replacing the -¢ ending of the corresponding alkane
with -ol. The -¢ is deleted to prevent the occurrence of two adjacent vowels:
propanol rather than propaneol, for example.

RULE 2
Number the alkane chain beginning at the end nearer the hydroxyl group.

RULE 3

Number the substituents according to their position on the chain, and
write the name, listing the substituents in alphabetical order and identify-
ing the position to which the —OH is bonded. Note that in naming
cis-1,4-cyclohexanediol, the final -¢ of cyclohexane is not deleted because
the next letter, d, is not a vowel; that is, cyclohexanediol rather than
cyclohexandiol. Also, as with alkenes (Section 7.3), newer [UPAC
naming recommendations place the locant immediately before the

suffix rather than before the parent.



OH -
1 213 4 5 B?H% :
CH3CCH2CH,CH4 o J,CHCHCHS
7 |
CH3 { O
::}:_,.-"'f;
2-Methyl-2-pentanol cis-1,4-Cyclohexanediol 3-Phenyl-2-butanol
(New: 2-Methylpentan-2-0l} (New: cis-Cyclohexane-1,4-diol) (New: 3-Phenylbutan-2-ol)
CH,OH {'|.:H3
HoC=CHCH,OH CH3(|ZOH HOCH,CH,OH HOCHZ{'IIHCHQOH
CHj OH
Benzyl alcohol Allyl alcohol tert-Butyl alcohol Ethylene glycol Glycerol
(phenylmethanol) (2-propen-1-ol) (2-methyl-2-propanol) (1,2-ethanediol) (1,2,3-propanetriol)
HqC OH OH
O5N NO,
m-Methylphenol 2,4-Dinitrophenol

(m-Cresol)



Problem 17.1

Give IUPAC names for the following compounds:

(a) ?H t|:)H (b) ?H
CchHCHZCHtliHCHg CHECH2(|ZCH3
CHjy CHay
(d) H (e) H3C OH
_-Br
Br
“H

(e) HO

(f) @,OH

CHs
CHq



17.2 Properties of Alcohols and Phenols

Figure 17.1 Hydrogen-bonding
in alcohols and phenols. Attraction
between a positively polarized

R R
i 9 OH hydrogen and a negatively
/O‘\\ N O‘\\ polarized oxygen holds molecules
5+ "Hos- 5+ "H_ - together. The el i ial
5+ 0" 5+ 0" ogether. The electrostatic potentia
l|R ||q map of methanol shows the positively

polarized O—H hydrogen and the
negatively polarized oxygen.




T ;

Y 0 . = ot A~ | [H307
R—0: + p~ o>y <— R—0: + 7o Ky = [ %][1;1 ] pKy = —log K,
An alcohol An alkoxide ion
Table 17.1 Acidity Constants of Some Alcohols and Phenols ] Ste ric effect
Compound pK, Sterically accessible;
less hindered and
(CH3)2COH 18.00 Weaker | N more easily solvated.
acrd - //
CH3CH,OH 16.00 /
H,0 15.74 I
&
CH;0OH 15.54
Methoxide ion, CH30™
CF3CH,OH 12.43 (pKa = 15.54)
P -AIIIiﬂGphEﬂGl 10.46 - Sterically less accessible;
y L more hindered and
CH3SH 10.3 ;;‘/J Ie?s easily solvated.
p-Methylphenol 10.17 ‘
Phenol 9.89
p-Chlorophenol 9.38
Stronger tert-Butoxide ion, (CH3)3CO™

(pK5 = 18.00)

p-Nitrophenol 7.15 acid



0 . - ot [A~][H307]
R—0O: + - — R—0: + e K. =

pK, = —log K,

An alcohol An alkoxide ion

Table 17.1 Acidity Constants of Some Alcohols and Phenols 2 Elect ron ic effect

Compound pK .
2 - Inductive effect
(CH3)3COH 18.00 Weaker |
acrd Cl)_ (lj_
CH3CH,OH 16.00
F3C"}C"‘“CF3 versus HSCH}CECHB
H,0 15.74 FaC HaC
CH;0OH 15.54 pK, = 5.4 pK; = 18.0
CF3CH>OH 12.43
- Resonance effect
p-Aminophenol 10.46
:0:
CHa5H 10.3
p-Methylphenol 10.17
Phenol 9.89 Ph |
O/ ,\ eno
p-Chlorophenol 9.38

p—NitrophenoI

p-Nitrophenol 7.15 acid






Problem 17.4
Rank the following substances in order of increasing acidity:

(EI) (CHg);-_CHOH HC=CH (CFg)QCHOH CHgOH

(b) Phenol, p-methylphenol, p-(trifluoromethyl)phenol

(c) Benzyl alcohol, phenol, p-hydroxybenzoic acid



HaC CH HaC CH
8 R

2 C + 2K — 2 C + Hy
HaC~  TOH Hoe” o Kkt
tert-Butyl alcohol Potassium tert-butoxide

(2-methyl-2-propanol) (potassium 2-methyl-

2-propanolate)

CH30H + NaH —— CH30™ Nat + Ho
Methanol Sodium methoxide
(sodium methanolate)

CH3CHoOH + NaNHy —— CH3CHp0™ Na® + NHj

Ethanol Sodium ethoxide
(sodium ethanolate)

OH O~ *MgBr
+ CH3MgBr —— O/ + CHg

Cyclohexanol Bromomagnesium
cyclohexanolate



17.3 Preparation of Alcohols: A Review

R XH
O C=C O
c { & c
R~ TOH R™ R
Alkene
Carboxylic Ketone
0 acid _ 0
I \ H // I
C C
R “OR’ \ R™ H
\
Ester N //ﬁ Aldehyde
ROH
S — [}
RX . Alcohols ' ROR

Alkyl halide Ether



Hydration of alkenes

hydration of alkenes

CHja

1-Methylcyclohexene

BH4
THF

Hg(OAc)2

H-20

CHj
| oH
H202
“0OH
| YOH
H
trans-2-Methylcyclohexanol
(84%)
CHq
| JOH
NaBHy4
_—

1-Methylcyclohexanol
(90%)



e | _aOH
0s04 \OS{?O NaHSO4
Pyridine VRS H20
~o" "o ~~OH
H H
An osmate A cis 1,2-diol

CHja

1-Methylcyclohexene

OH
CHg
RCO3H Ha0%
CH->ClI2
| TOH
H_
1-Methyl-1,2-epoxy- A trans 1,2-diol

cyclohexane



O[/CHg

1-Methylcyclohexene

1) BH/THF
2) NaOH/H,0,

1) He(Oac),/H,0

2) NaBH,

1) 0504/pyriding

2) NaHSO,/H,0

1) mCPBA/DCM
2) H,0*

CHy

T Q
o T
I

& ZNI

OH

Q

OH

OH

OH

CHa

OH



Problem 17.6

Predict the products of the following reactions:

(a) CHs
1. BHg
. 2
CHECH?“C’?C“CHE 2_NaOH, H,0,
|
H
(b)
1.Hg(OAcl, HO
2. NaBHg4 o
(¢) CHCH>CH,CH CH,CH,CH,CH
aCHaCHaCHy - CHaCHACHaCHy

C=C ?
/ A\

2. NaHSO3, H,0
H H



17.4 Alcohols from Carbonyl Compounds:

Reduction
I (H] [|)H where [H] is a
/CM\ — ’27&,& y reducing agent
A carbonyl compound An alcohol
Reduction of Aldehydes and Ketones
I 8 I P
[H] [H]
C — .C C — .C
R™ H RY ~H R~ TR RY ~H
H R’
An aldehyde A primary alcohol A ketone A secondary alcohol
O on OH
] : | : |
f,,c\{l '7C“H H307, 7(:HH
A carbonyl An alkoxide ion An alcohol

compound intermediate



Reduction of carbonyl Groups by Hydride Donors




Aldehyde reduction

0 OH

CHaCH,C H2{|?|.H > ﬁzg';“‘ ethanol CHgCHECHQ{:IH
H

Butanal 1-Butanol (85%)

(a 1° alcohol)
Ketone reduction

Q H OH
| \ /
C C
1. NaBHg, ethanol
2. Ha0t
Dicyclohexyl ketone Dicyclohexylmethanol (88%)

(a 2° alcohol)

0
1. LiAIH4, ether
2. HaOt

2-Cyclohexenone 2-Cyclohexenol (94%)



Reduction of Carboxylic Acids and Esters

0 O OH
! ow
or — .
R” TOH R” TOR R;f ~H
A carboxylic acid An ester A primary alcohol

Carboxylic acid reduction

O

| 1. LiAlHg, ether
CH3(CH7)7CH=CH(CH»,)7COH

2.H30+
9-Octadecenoic acid 9-Octadecen-1-ol (87%)
(oleic acid)
Ester reduction

> CH3(CH2)7CH=CH(CH>)7CH,0H

O

I 1. LiAlHg, eth
CH4CH,CH=CHCOCH3 L

2. H,0*
Methyl 2-pentenoate 2-Penten-1-ol (91%)

CH3CH,CH=CHCH,OH + CH30H



Problem 17.7

What reagent would you use to accomplish each of the following reactions?

(a) ﬁ ﬁ ?H ﬁ
?
CH3CCHyCHpCOCHy ——  CH3CHCHCH,COCH3

(b) ﬁ ﬁ ?H
?
CH3CCH,CH,COCHg ——  CH3CHCH,CH,CH,O0H

(c) 0] OH



17.5 Alcohols from Carbonyl Compounds:
Grignard Reaction

R—X + M ‘E I‘S1+X R =1°,2° or 3° alkyl, aryl, or vinylic
— . .
7 ’ X =CI, Br, 1

- A Grianard | -

O OH
(|:\|’ 1. RMgX, ether . |
<N 2.Hz0* ~/ >R

o~ - -

- | |
‘R~ H-Ot

/c(—fﬁ C - C
A 7R -7 R

A carbonyl An alkoxide ion An alcohol
compound intermediate



Formaldehyde reaction

~~_ _~MgBr

|
+ C
[ P 0 Sh

e

S

Aldehyde reaction

CHo0H

e
1. Mix in ether .
2. H3D+
T

~. _MgBr CHj CHy OH
Zr | 1. Mix in ether | | //’/ W\
[ + CH3CHCH,CH 2 HaO* CH3CHCH2CH— x>
X -Ha .
Ketone reaction
0 OH
CH3CHoMgBr + 1. Mix in ether CH»CHg
s 2.Hy0*
Ester reaction
ﬁ 1. 2 CHaMgB H3C\ ;,CHE
C . aMgBr | - + ChcHor
CHaCHzCHCHy ™ ~0CHzCH3 2 M5O CHaCH,CHoCH, ™ OH



0
J 1. CH3MgBr
..-""C"M. +
CH3CH,CH, CHy  2-H30 \

2-Pentanone

O H3C\ KCHS
g 1. CH3CH2CH2MgBrJ ,an
HBCj KCH3 2. H30* CHECHZCHE OH
Acetone 2-Methyl-2-pentanol

1. 2 CH3MgBr
C 3ivig

CH3CHaCHy~ ~OCH;  2-H307

Methyl butanoate



17.6 Reactions of Alcohols conversion of Alcohols into Alkyl Halides

H-0O
R [ LR R R| R
N HC! R/ \V/ cr M) |
C—0OH ——— C—OHy —— Cc+ — C—CI (Br)
/ or HBr / SN | or Br /
R R R R
A 3° alcohol A carbo- An alkyl chloride

cation or bromide



SOCly
ether

F‘Br3
ether

A chlorosulfite

Br—
/

- ‘
.
R

\>c-LO—par,
/
H

—

| A dibromophosphite |

H
An alkyl chloride
S—NE} BF—C\ + BI‘EPOH
H
An alkyl bromide



H Br CH3CH,0 H

PBr, b/ CH3CH,0~ Na* Y
Ether CH3(CH,)5” ~ “CHg SN2 CH3(CHy)s™ “CHg
(S)-2-Bromooctane Ethyl (R)-1-methylheptyl ether
HO H
"‘.I[:,
CH3(CHj)s™ ~ ~CHg
(R)-2-Octanol
TosO H H OCH,CH3
p-TosCl 4 CH3CH,0~ Na* 4
Vi Pyridi AN ’ -
- yridine CH3(CH»)5 CHs SN2 CH3(CH»)s CHs
QCH (R)-1-Methylheptyl tosylate Ethyl (S)-1-methylheptyl ether

3

p-Toluenesulfonyl
chloride



Problem 17.12
How would you carry out the following transformation, a step used in the commercial
synthesis of (S)-ibuprofen?

%
Al
" %

H CHjg HyC H

OH ——, CN



Dehydration of Alcohols to Yield Alkenes

CH3 CH3 CH
| H20*, THF \ N
ch—(':—CHECHg o IC:CHCHg + XC_CHQCHE
OH CH:.] CH:.]
2-Methyl-2-butanol 2-Methyl-2-butene 2-Methyl-1-butene
(trisubstituted) (disubstituted)
Major product Minor product
H30*, THF )
50°C CH;
CHj
OH

= 0
1-Methylcyclohexanol 1-Methylcyclohexene (91%)

POCl4
Pyridine, 0 °C




Problem 17.13

What product(s) would you expect from dehydration of the following alcohols with POCl;
in pyridine? Indicate the major product in each case.

(a) OH (b) H (c)
| ! .OH
CH3{3H2CHC|3HCH3
CHa ~
CHs
(d) H3{|3 I|JH (e) cle
CHgCH?CHQCHg CH3CH,CH,CCH3

CH3 CHs



17.7 Oxidation of Alcohols

Primary alcohol OH

Secondary alcohol OH

Tertiary alcohol OH

0
[0] g [0] I .y
T HK ~o0~
An aldehyde A carboxylic acid
I
[O]
H_.-*"C"“-._H,
A ketone
[0] .
——>  No reaction



Geraniol
OAc
AcO
¢ \IIIIII..--’DAC
N\
0
H\ ;H
0
C
HO R

Dess—Martin
periodinane

|
CH2C|2 ‘ MC%D

Periodinane
intermediate

Geranial (84%)

+ 2 HOAc



i
CH,(CH,)<CH

CH3(CHo)sCH,0H —
1-Heptanol Heptanal (78%)
|
p-tert-Butylbenzyl alcohol p-tert-Butylbenzaldehyde (94%)

pyridinium chluruchrnmate {PC_C}, CsHsNH™ CICrO;
pyridinium dichromate (PDC), (CsHsNH),** Cr,0,°~



O

I
Cr0s CHa(CH,)gCOH

H30*, acetone

CH3(CH,)gCH,0H

1-Decanol Decanoic acid (93%)
O=
I~ i :Base |
OJ,CTQ}O [
| _ _
| k, 0 O O
H... HO S Cre \Cr_ 0
0: ;07 o 0" I
e B R — A
- — -2 N
R\ R\ H RN H ™. R H
Y Y H Base
i Chromate intermediate |
CHj CHq
G OH NegCraO7 - o 0
3 _| H,0, CH3CO5H, heat 3 _|
CHj CH,

4-tert-Butylcyclohexanol 4-tert-Butylcyclohexanone (91%)



Primary, RCH,OH
Primary, RCH,OH

Secondary, R(liHR'
OH

I
Aldehyde RCH

i
Carboxylicacid RCOH

@)
Ketone RCR’

PCC* Dess-Martin
PDC  periodinane

Nazcrzo?, H;SD.:;, H20
H,CrO,

PCC

PDC

Na,Cr,05, H,50,4, H,0O
HQCng;



Problem 17.14
What alcohols would give the following products on oxidation?

(a) @] (b) (I':HS (c) GO
CH3CHCHO

K,Cr0; _
H,S0,, H,0~

(a) CICH,CH,CH,CH,OH

NHECFED; -
H,50,, H,0~

(b) CH;?HCHECHECHECHECHECH;,
OH

(9 CH3CH,CH,CH,CHACH,CH,0H ———
212



17.8 Protection of Alcohols

OH
(CHz)3SiCl HaO*
(CH3CH2)3N H3C CHg

Cyclohexanol Cyclohexyl
trimethylsilyl ether (94%)

OTMS

(: N{CHECHglg

H.C  CH HaC  CH
Rt R 8

" ______—=Si —— R___Si +
AT “‘N-.O,-'" RCH‘S

An alcohol Chlorotrimethyl- A trimethylsilyl (TMS)
silane ether

OH
+ (CH3)3SiOH

Cyclohexanol

(CH3CHZ)aNH* CI



C|JH

HOCHoCH2CH9Br > HOCH,CH,CH>CHCH34
] o
Mg | LCHSCH 0 CH,CH,CH,CHCH
HOCHZCHZCHBr gy > HO CHRE,CHaMgBr 5= 5 »CH,CH, 3
(CH3)3SiCl
(CH3CH,)3N
. SEOM
(CHg)gSIOCHzCHzCHzBI‘
Mg
Ether

O OH
I |
(CH3)3SI0CH,CHyCHyMgBr ﬁ”gﬁ” , (CH3)3Si0CH,CH,CH,CHCH3
. H3




17.10 Reactions of Phenols

Electrophilic Aromatic Substitution Reactions
OH OH OH
= - 47
E E
Oxidation of Phenols: Quinones

NapCry07 SnClz, H0
ng::: "~ NayCry07

O OH

Phenol Benzoquinone (79%) Benzoquinone Hydroquinone



17.65 lIdentity the reagents a—f in the following scheme:

0 OH Br CH,OH

OH
CHO S
d O/ o f



17.3 Preparation of Alcohols: A Review

R XH
O C=C O
c { & c
R~ TOH R™ R
Alkene
Carboxylic Ketone
0 acid _ 0
I \ H // I
C C
R “OR’ \ R™ H
\
Ester N //ﬁ Aldehyde
ROH
S — [}
RX . Alcohols ' ROR

Alkyl halide Ether



