LECTURE |l UP AC

Nomenclaturef
0]
2 Organic Compounds

N1S9IUTRATOUNTY

pent

oane

Programin General Science, Faculty of Education,

SuanSunandha RajabhatUniversity

This presentation was modified and used for academic purpose only. Picture and material were taken from references
shown in the last page 1



Outline

IUPAC Nomenclature of;

J Hydrocarbon
Alkane, alkyl

Alkene,
alkyne,

aromatic compounds
J Functional groups
Alcohol, ether

carboxylic acid, ester

amine, amide



Nomenclature of Alkanes

55U IUPAC tniaiinaunislauseguiuinidinlul aa. 1892 wazla Yieiusng
ﬂgmﬁﬁﬂﬂ%%um 158A158UU IUPAC (International Union of Pure and

Applied Chemistry)

1A81UIULU L UNI¥INTNSEUINUIUD LA DUV DIANSUBULAZAIVINEAEY L-U

q

(-ane) [eth + ane = ethane] IUIULUNIYINTALNIL

1 = INn3aLun (meth-) 6 = LanT (hex-)
2 = gNWIBLEN (eth-) 7 = 19Un (hept-)
3 = W (prop-) 8 = aann (oct-)
4 = 97 (but-) 9 = luu (non-)

5 = LWUN (pent-) 10 = 1@N® (deca-)



Nomenclature of Alkanes [C H, ,,]

”-\H |_[ 22 Correspondence of Prefixes and Numbers of Carbon Atoms

Alkane Name Number of Carbons Alkane Name Number of Carbons
methane 1 hexane 6
ethane 2 heptane 7
propane 3 octane 8
butane 4 nonane 9
pentane J decane 10
CH,

CH4 CH*:;_CH’; CH’;_CHz_CHq CH1_CH2_CH2_CH3 CHJ,_CH_CHq

methane ethane propane butane isobutane

Wade, L. G. (2012). Organic Chemistry: Pearson Education. 4



Nomenclature of Alkyl groups

n1st3enBany alkyl

dusunyiaada (alkyl group) FaTunyunuNty HNNNITaATILIUBLADL

Yaalalasiauluneaiauad 1 eznau Jellgnsiild CH,

}II }II II{ II{ § : H,C—CH, H,C—CH,
! / \ / \
| | | | | \ / \ /
H H H H : H,C—CH, H,C—CH,
ethane ethyl group | cyclohexane cyclohexyl group

d wijdafaszsuniioudaauudsin —ane aan waahiu -yl savine

Wade, L. G. (2012). Organic Chemistry: Pearson Education.



Nomenclature of Alkyl groups

One carbon Two carbons Three carbons
"
CH;— CH;— CH,— CH;— CH,— CH,— CH;— CH—
methyl group ethyl group propyl group isopropyl group
(or “n-propyl group™)
Four carbons

i I T
CH;—CH,—CH,—CH,—  CH;—CH—CH,— CH;—CH,—CH— CH;—C—
butyl group isobutyl group sec-butyl group (|:H3

(or “n-butyl group™)

tert-butyl group
(or “t-butyl group™)

Wade, L. G. (2012). Organic Chemistry: Pearson Education. 6



Nomenclature of Alkyl groups

(%

vydanauneiienaiilasiasaduneniu

| I I
R—C— R—C— R_cla_
H H R
a primary (1°) carbon a secondary (2°) carbon a tertiary (3°) carbon
I? (|“H: (_|‘H ,
CH,CH,CH,—C— CH,CH,—C— CH—C—
H H CH,
n-butyl group (1°) sec-butyl group (2°) tert-butyl group (3°)

Wade, L. G. (2012). Organic Chemistry: Pearson Education. 7



sec- Vs iso

| =

OANYWNUN 2 NNIEAMITUBUAALINUILLIENIT secondary carbon

Y

D

1
1 I~

0101UYBRUUNYDAARALLYANIN sec UMY sec-butyl

CH3 CHj
| B |
H3C CH; CH CHz% CH3—CH2—CH4§
iso-butyl group sec-butyl group

1 isobutyl group azfingjunuiiuvanuaneanelsy

Wade, L. G. (2012). Organic Chemistry: Pearson Education. 8



Nomenclature of Alkanes

ABADW LNIILSBNTad15U52noy alkane

1) lwenlga1suaunienInandulavan (parent name) Ly

CHCHCH,CH,CHCH,CH,

CH; CH,CH;

A IS

laigniian Ae 3 C 7 agmay AITUMILMaNNISaUTedaAY la

heptane



Nomenclature of Alkanes

Junaulun1sisenadaasusenau alkane

2) Auruasurisuasnsuauaraadlulgvan lnglv fumi
YDIATUBUNINY WU (substituent) TFLavagn 1wy

7 6 5 4 3 2 1
v 1l 2 3 4 5 6 7

CH,CHCH,CH,CHCH,CHj
CHj, CH,CHj
heptane

11U LU IIA AV RN UNIIEA TGN

10



Nomenclature of Alkanes

Junaulun1sisentdaasusenau alkane

3) SEURUAUIVBINY N UNTUMBALATN NVUAIINTD 2 lng
ANUATNLUNUNAIUAIINTNLIBWEAIEY B8 (Y1)

1 23 4 56 7
CH;CHCH,CH,CHCH,CHj

CHj CH,CHj
2-methyl, 5-ethyl

11



Nomenclature of Alkanes

Junaulun1sisentdaasusenau alkane

4) TunanveIn1581uTen U IUPAC 20 UTBNLRNUANDY La7
AUAIETD LYIAN

_ sl,uﬂﬁa‘iﬁﬁmgwuﬁwmwyj ISENENRUNTNAID NS

[ Substituent name + parent chain name ]

I 23 4 56 7
CH,CHCH,CH,CHCH,CHj

CH, CH,CH;

5-ethyl-2-methylheptane

12



Nomenclature of Alkanes

Junaulun1sisentdaasusenau alkane

5) MNAnyunuiineA C-atom 11NN N ITABITEYIIUI

VikNUANIeY di, tr, tetra,...

LagmningunuAviaRgInuNIzogul C-atom EABITEYLAULE AN

1%
o

GNP MUY di, tri, tetra,...

CHj3

CH;CHCHCH;,CHj3

CH-
2,3—dimethylpentane

CHj

CH3;CH,CH,CCH,CHj3

CHj

3,3—dimethylhexane

13



Nomenclature of Cycloalkanes

N15130NYD LYlAALDaLAY LLTUNTINUDILAINULDALAU SNLIULE VONSNYI UDN
PUIUATUUTWIHNIEA DI nLn8A11 Lelaa— (cyclo-)

2 A
gaslaseasng h
fram(H Cyclobutane
CHy=CH, 280
-~ CHy
CH, CH,
\ / Cyclopentane
CH,—CH, .
k3
_CH,
CH, “CH,
lﬁHz /(l_“.Hz Cyclohexane
“CH,
wae




Nomenclature of Cyclolkanes

Aesszydntaninisununnng leevalddnistdusuwmdsndnisunuiles
Jusunuei 1w tuanluausevisluiiameiinlvvgunuiifiauiesign

Q&

1,3—dimethylcyclopentane 1-ethyl-3—methylcyclohexane

methylcyclobutane ethylcyclohexane

15



= o/
LUUNNKA

991UYE1569 [ UN

CH; CI
CH,—CH, ~

| |
1) 2)  CH,—CH—CH—CH,CHj;

CH.—CH—CH—CH,

?) CH,—CH—CH 4 ]|3]r
R s CH;—CH—CH,CH;
CH,—CH,—CH,—CH—CH,—CH,—CH,—CH,

5)
(|3H3 6) 2,2-dimethylpentane

CH,—C—CH,

CH,—CH,—CH,—CH,—CH—CH,—CH,— CH,— CH,— CH,

16



Nomenclature of Alkenes

1) denlgarsuauneningauasinussdedlulgiumeidu dandn

we Tunsainiisiuszauinndn 1 Wuse idenlan dwusse unigaduronan

wiinaslalalgnenngaini

2) Auruaswvansusuesmaululavan Ingliiusyaagludumianiiay dee

=)

Gqn

1%

3) 21

%4 =

usye Liee 1 Wusy awine¥adn - 8u (-ene)

pae))}

018l 2 sWuseld - lndu (-diene)
4) 51 alkane fow udn ane oon ldsmuvisiuszALEURAN ene Muniswos
WusegliseufefiavvesniivoussmeuLsnfiaisiusyaiu seylifumndantv
Issfufiuend uruasuesu WU hexane i ane 0an I8 hex-1-ene

5) oillgnsvissyvinuessftuiuasUsENouLaaLAY
17



A19819N1591UTFE15U52NOU alkene

| 2 3 4 1 2 3 4 5
CH,—CH—CH,—CH, CH,—CH—CH,—CH,—CH,

old IUPAC names: |-butene |-pentene

new [UPAC names: but-1-ene pent-1-ene

1

1 2 3 4 2 3 4 5
CH,—CH=CH—CH, CH,—CH=CH—CH,—CH,

old IUPAC names: 2-butene 2-pentene
new IUPAC names: but-2-ene pent-2-ene

5-methylhex-1-ene cyclohexene

18
Wade, L. G. (2012). Organic Chemistry: Pearson Education.



A19819N1591UYRdsUSZNDU alkene

WU diene Tig1uLUU alkane LaI6e -ne 990 WAILRY -FLAVALAUINUS A

Y

1 (o]

LAY —diene WINHNUSEAAUALNUILAN —triene, tetraene MIUAIAU

Y

2 4 6 2 3
7 i 5 - 3 2 |
/\/Y 7 \.  CH—CH=CH—CH—=CH—CH—CH,
1,3,5-heptatriene

_ hepta-1,3,5-triene
5-methylhex-1-ene buta-1,3-diene

8 3
3 7 4
6 5
2-ethvl-1.3-cveclohexadiene 2§ T rue oty spn e loh
~~CUL Y1 1,970 yLIDTIEAAUIELIC 1,3,5,7-cyclooctatetraene cyclohexene
2-ethylcyclohexa-1,3-diene cycloocta-1,3,5,7-tetraene

19



PROBLEM | Give the systematic (IUPAC) names of the following alkenes.

(ﬂ) CHZZCH_CHZ_CH(CH3)2

CH,

F

(¢) CH,=CH—CH,—CH=CH,

20
Wade, L. G. (2012). Organic Chemistry: Pearson Education.



A19819N1581UVRE15USZNBU alkene

[ many alkenes show geometric (cis-trans) isomerism

CH, CH, CH, H
— — /W
/7N /7N _ o
H H H CH,
cis-but-2-ene trans-but-2-ene cis-hex-2-ene trans-hex-2-ene

1 For compounds that show geometric isomerism, add the appropriate
prefix: cis- or trans-, or E- or Z-.
Cycloalkenes are assumed to be cis unless named otherwise.

21
Wade, L. G. (2012). Organic Chemistry: Pearson Education.



E-Z Nomenclature

H,C, Cl N HsC, Br
/C:C\ /C:C\
H Br H Cl

1-bromo-1-chloroprop-1-ene

Z $91191NN1WEDTHUAIIN Zusammen NUain A28ny/tmlaunu
E g01191A19LU851UAIN Entgegen MLUadn ASINULY

QPR g

=C

2 2 2 b

Zusammen Entgegen

22
Wade, L. G. (2012). Organic Chemistry: Pearson Education.



E-Z Nomenclature

9gflanldszuu Cahn-Ingold-Prelog convention Wlunandifeylunisninun
ANNAIALAD IHNA1sueURENBY (atomic number) VB UNUNTNIET

(Y] i %4

user a1ecnaulniliavesnauginiresdanuaagynia (first priority)

1

H;C " 17Cl H;C . Br
\ ! / | —
== =E C==C -z
(D (ID)
Name: (£)-1-bromo-1-chloroprop-1-ene Name: (Z)-1-bromo-1-chloroprop-1-ene

23
Wade, L. G. (2012). Organic Chemistry: Pearson Education.



Problem

1) Draw and name the cis and trans (or Z and E) isomers of
those that do.

(a) hex-3-ene (b) hexa-2,4-diene  (c) 3-methylpent-2-ene

L4



Nomenclature of Alkynes

= A ¢ = o = 1 ¥ A o Yy A & ¢
d nsSundauealal azwliouduwaaduns Tildsusawinedaidu -lev(-yne)

w3 IUPAC vasansUsenaudansnvaswaalall asdudlnid (ethyne)
uRsnteuEenNI azwiiau (acetylene)

H—C=C—H H—C=C—CH;
ethyne (acetylene) propyne (methylacetylene)
1 2 3 4 | > 3 4
H—C=C—CH,—CH;4 CH;—C=C—CH;

but-1-yne but-2-yne

25
Wade, L. G. (2012). Organic Chemistry: Pearson Education.



Priority of Functional Groups in Naming
Organic Compounds

acids (highest) A Highest

esters

aldehydes
ketones
alcohols

amines

alkenes, alkynes
alkanes

ethers

alkyl halides (lowest) lowest

26
Wade, L. G. (2012). Organic Chemistry: Pearson Education.



Nomenclature of Alkynes

 If the double bond and the triple bond are equidistant from the ends of
the chain, number the chain so that the double bond receives a lower
number than the triple bond (because “ene” comes before “yne” in the
alphabet)

HC=C—C=C—CH, CH/~CH—CH,—C=CH
C= _

CH,
old IUPAC name:
new [UPAC name:
. Br
6
1\/3\/ 1 \ 3 /
2 4 5 :

27
Wade, L. G. (2012). Organic Chemistry: Pearson Education.



LUUHNYA

(CH;);C—C=C—CH(CH,;)CH,CHj

I|3r
H3C—§—CEC—CH3
Br

CH,

28



Nomenclature of Benzene derivatives

1) MINANYUNUNAAYIVUIN benzene TlTeanvgununiiuasingndy aa

CH-
f ) H;C

methylbenzene
(toluene) ethylbenzene

(-yl) La2nUA2Y benzene WU

2) mnvigjunundianudugauiiu Tvlenannserudeuuuingnuviyunui
Tu alkane sy

S 49

I, 2-diethylbenzene 1,3-diethylbenzene | ,4-diethylbenzene
o -diethylbenzene m -diethylbenzene p -diethylbenzene 29



Nomenclature of Benzene derivatives

3) n1sszyTenyununaunsassyludlavisadadiuninle wandinteu
TRalvyaniumis

Note: 61LL¥14 ortho meta WLae para

R
N Pl
v 4 \
meta 1 meta

pard

30



Name of functional group

i Aladwasilsznay
SEANVDI
i e ] " G
naanzn %aﬁgﬂanﬁu Ho qas
dsdsznau o
Tassass
laasand
OH WOANATAN | LANIUDA /\DH
(hydroxy)
F= |
R O—R Wnand
= =]
LAAADNTD Jinu o
DiNas R
(alkoxy) (lawufia 7N
= .3
8inad)
D [ = = =3 I
” AMIUBNTA nsadunsg | nsaenmiu o
C——OH (carboxyl) WwIanNIaMm3 | 8n (nNIauD )L
Uangan TAn) OH
D =] [ o I
” LORABNTANTUS e lws
o—o iia ) W lnian o
LENIGH R \)J\ .
(alkoxycarbonyl) (LYNALLE O
=]
TAR)

31



Name of functional group

i’ A1a819815l5=nau
, 5 o SNV
wﬂﬁa AW ﬂawgﬁa oW 3o g0 s
d1sdsznau .
Tassass
O O
|| [ '3 =l (3
o MIvanTad lad | WoRd Lae LU )J\
(carboxaldehyde) H H
O ansuafia O
| | Alan Twsnnluu
C (carbonyl)
—NHM, azdilu . azdilu
1 NIEAERY - ——NH,
(amino) 4Nt
L3
9 o' lue . LUNIU H
|| , 1alud . P
—C——NH, (amide) lud HN" 0

32



Nomenclature of Alcohols

1) denlgmsusunenfganazil iy —-OH group aglulguan
2)  fvuaswriasuauaaaululgvan gl OH egludumianiiay deeias
3) TInanNNISISuNTaLUULALINU alkane UARA —e DBNLAINUMIELAYFIWALIMY OH

LAAL —ol egn

3 1 1 3
N2 oH w ™
CH,—CH—CH,
OH i1sopropyl alcohol
Pr°pan'1'°| butan-2-ol propan-2-ol

33
Wade, L. G. (2012). Organic Chemistry: Pearson Education.



Nomenclature of Alcohols

old TUPAC name:
new [UPAC name:

old [TUPAC name:
new IUPAC name:

1 3 5
P
HO
frans-2-penten-1-ol (Z£)-4-chloro-3-buten-2-ol
trans-pent-2-en-1-ol (Z)-4-chlorobut-3-en-2-ol
OH
o 3 1
4 2
2-cyclohexen-1-ol 4-methylpentan-1-ol

cyclohex-2-en-1-ol

Wade, L. G. (2012). Organic Chemistry: Pearson Education.

34



SOLVED PROBLEM

Give the systematic (IUPAC) name for the following alcohol.

CH,

| : OH
CH,—CH—CH,—OH H,C—=CH—CH,—OH /\/

35



Nomenclature of Aldehydes

ALLSYNVALDARLTAVNNTDUBILDALAY LAULUAIUDNYINAINNEYBULDALAUINN —e
Ju —al wazliiusunismsuouszmanlumy arsuenyiadlen (-CHO) 1u
AU 1 LEND

CH
i I L,
CH O
e e
methanal ethanal H
(formaldehyde) (acetaldehyde)

2-chloropropanal

H C—CH OH 0O
Nerd | ||
HC— CH CH
3 2 /

HSC H 4 3 2
3-hydroxybutanal

2-methylhexanal

“\ CH,—CH—CH,—C—H
|

36



Nomenclature of Ketones

Jd 22B5unTealauantevosweaiai lnuldgusnesNasingdanaatauann —e Wu
—~one lagzABatum LMl C=0 agfumisiaygn
A ueluansidung (g cyclo) agdoatiu C i C=0 (Jusumidad 1 waue

| 2 3 4 1 2 3 4 5
old IUPAC names in blue: 2-butanone 2.4-dimethyl-3-pentanone
new I[TUPAC names in green: butan-2-one 2.4-dimethylpentan-3-one

37
Wade, L. G. (2012). Organic Chemistry: Pearson Education.



Nomenclature of Ketones

old ITUPAC names in blue:
new I[UPAC names in green:

0
A cl o
-+

old IUPAC names in blue: 7-cvelohexenone
new IUPAC names in green: cvelohex-2-en-1-one

Wade, L. G. (2012). Organic Chemistry: Pearson Education. 38



Problem | Aldehyde & Ketone

28

Cl

39



Nomenclature of Carboxylic acids

92138N%D carboxylic IMNTOVBILDALAL lAUlUAUSNEITNaINTDLOALANIN

~e 1 —oic acid wagliiusuniansueussnenluny Arsuenda (-COOH)

< o oA
LWUURALAUN 1 LEUD

Methang Methan + oic acid Methanoic acid

; g
H—C—OH CH;—C—OH CH,—CH—CH,—C—OH
- 3 2 1

[UPAC name: methanoic acid ethanoic acid 3_-methvlbutanoic acid
common name: formic acid acetic acid

Wade, L. G. (2012). Organic Chemistry: Pearson Education.

40



Prefix and Suffix

Functional group

carboxylic acids
aldehydes
ketones
alchols
amines
ethers
fluorine
chlorine
bromine
iodine

Prefix

Carboxy
Oxo or formyl
OXO
hydroxy-
amino-
alkoxy-
fluoro-
chloro-
bromo-
jodo-

Suffix

-oic acid
-al
-one
-ol
-amine
-ether
none
none
none
none

http://www.chem.uiuc.edu/GenChemReferences/nomenclature_rules.html accessed on Aug 2016.

41



Nomenclature of Carboxylic acids

Cl
?ﬁ O
4
CHy—CH—CH—CH,CH;—G COOH
CH, O CH,

ITIHz 0O
CH:—CH.—CH.—E—0hn
¢~ &8 ¥ -
[UPAC name: 4-aminobutanoic acid
common name: y-aminobutyric acid

Wade, L. G. (2012). Organic Chemistry: Pearson Education.

42



nuutindanunaulutiosssu

M4 AITguSomuHan IUPAC yalastolu

COOH

/\)\

COOH
Br

\/\/COOH

43



Nomenclature of Carboxylic acids

J Aromatic acids of the form are named as derivatives of benzoic acid

1 the prefixes ortho-, meta-, and para- may be used to give the
positions of additional substituents.

J Numbers are used if there are more than two substituents on the

aromatic ring
COOH COOH
H,N" i i :OH

COOH p-aminobenzoic acid o-hydroxybenzoic acid

(salicylic acid)

COOH

COOH
Benzoic acid
H,C
Br

p-methylbenzoic acid
(p-toluic acid)

44
Wade, L. G. (2012). Organic Chemistry: Pearson Education.



Esterification

' =
N1391UYD ester
1) erunmuiiduseanssednaulnganeldssnlg -yl
2) 91UMUMTUNIAAISUBNTANAIMNEAELAES -oate
O Ht O

J J
CH;-C—OH + CH3CH,OH| =—= CH,-C—0CH,CH,

ethyl ethanoate

+ H,0

45



Nomenclature of Carboxylic acids
derivatives

O
? |

I
<:>—o—c—ﬂ (CH,),CH—O—C—H

[UPAC name: cyclohexyl methanoate I-methylethyl methanoate
cOommon name: cyclohexyl formate isopropyl formate

O
C”) /\/\’_r

cyclohexyl methanoate

[UPAC name:
cyclohexyl formate

common name:

Wade, L. G. (2012). Organic Chemistry: Pearson Education.
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Nomenclature of Carboxylic acids
derivatives

Wade, L. G. (2012). Organic Chemistry: Pearson Education.

47



Nomenclature of Carboxylic acids
derivatives (Amide)

N1581UFBUUU IUPAC ¥89a15U52nau amide
d Tdndninasiieniu carboxylic lagliisin —e yinetpuaaiauean Lai —
amide

J Tisuansueulumyielus (CONR,) u sumdad 1 tawe

H O O O
/K j NH2 /\)‘\ )\/H\
H2N O NH2 NH2

methanamide ethanamide butanamide 3-methylbutanamide
(formamide) (acetamide)

48



Nomenclature of Carboxylic acids
derivatives (Amide)

] 1] ]
R—C—N—H R—C—N—R’ R—C—N—R’
primary amide secondary amide tertiary amide

(N-substituted amide) (N,N-disubstituted amide)

d wnezseululasiauiivgunud 1 vg 19 Weou N udhaoans Svgunud 2
vy 91 ey NN

| |
CH;—C—NH—CH,CH, H—C—N(CH,),
[UPAC name: N-ethylethanamide N,N-dimethylmethanamide
common name: N-ethylacetamide N,N-dimethylformamide

Wade, L. G. (2012). Organic Chemistry: Pearson Education.

49



Nomenclature of Carboxylic acids
derivatives (Amide)

d mﬂmmmuma MOUVDI N Lﬂwyj AN BIUAILLER

O

O
H)‘\N/ \/\)LN/ (|_'|) (EHECH-"I
k k (CH,),CH—C—N—CH,

N-ethyl-N-methylmethanamide N-ethyl-N-methylpentanamide

‘ NH
T O
H O
N,N-Dimethylmethanamide N-methylbenzamide

Wade, L. G. (2012). Organic Chemistry: Pearson Education. 50



Nomenclature of Amines

Amines are classified as;

B CH; CH;
NH, NHCH; | |
| | “ CH;CH,CHCHCHCH;
. CH;CH,CHCH
CH;CH,CHCH; ;CH, 3 N(CH,),
butan-2-amine N-methylbutan-2-amine  2,4,N,N-tetramethylhexan-3-amine

J The IUPAC nomenclature for amines is similar to that for alcohols.

 The -e ending in the alkane name is changed to -amine, and a
number shows the position of the amino group along the chain.

1 Prefix N- is used for each substituent on nitrogen.

Wade, L. G. (2012). Organic Chemistry: Pearson Education. 51



Nomenclature of Amines

A NH,
- NH N/ O/
|

propan-1-amine N,N-dimethylpropan-2-amine cyclohexanamine

~ J\ CH,CHCH,CH,
N
H

3-methyl-1-butanamine

v -methylpropan-2-amine 3-methylbutan-1-amine

Wade, L. G. (2012). Organic Chemistry: Pearson Education.

52



LLUUHNIR

3-methylbutanoic acid

Pent-3-en-1-ol

CH,

v

CH; NH,

| | ) .
CH,CHCH,CH, N-ethylethanamide

acid > ester > amide > nitrile > aldehyde > ketone > alcohol > amine > alkene, alkyne
53




Priority of Functional Groups in Naming
Organic Compounds

acids (highest) A Highest

esters

aldehydes
ketones
alcohols

amines

alkenes, alkynes
alkanes

ethers

alkyl halides (lowest) lowest

54
Wade, L. G. (2012). Organic Chemistry: Pearson Education.
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