Organic chemistry background Il



Hydrogen donors and acceptors

 Hydrogen (bond) donors:

An ion or molecule which possesses a hydrogen atom attached to a relatively
electronegative atom such that the hydrogen can participate in a hydrogen bond

 Hydrogen (bond) acceptors:

An electronegative ion or molecule which possesses a lone electron pair in order
to form a hydrogen bond

Hbond

Donor Acceptor



Electron donating and withdrawing groups

e A functional group attached to a carbon atom in an organic
molecule may affect the reactivity of the molecule

ex) Nitration of a substituted benzene

R R
H,SO, L w1
+ HNO; > Q
heat NO,
NO,
ortho meta para
R Reaction rate Product ratio Comments
relative to benzene ortho . para
CH, 25 63% 3% 34% Activated
(ortho/para directed)
CF, 2.5x 107 6% 91% 3% Deactivated

(meta directed)



Electron donating and withdrawing groups

* Electron donating groups
— Increase the electron density of the aromatic ring
— Make the molecule more nucleophilic (activated)
— The molecule tends to react with electrophiles at ortho- & para-sites
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* Electron withdrawing groups
— Decrease the electron density of the aromatic ring

— Make the molecule less nucleophilic (deactivated)
— The molecule tends to react with electrophiles at meta-sites
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Oxygen-containing functional groups

* Alcohols, phenols,

and ethers
Alcohols: R-OH
(R: alkyl group)
— Phenols: R-OH
(R: aromatic group)

— Ethers: R;-O-R,

aicohols (R—OH) and phenols (Ar—OH)

HyC—OH < 0oH HO -~ o ©_ oH

methanol, ethanol, ethylene glycol chlorophonola
(chemical inter- (chemical inter-  (chemical intermediate, (chamlcal inlermediale) ma1-5
mediate, solvent)  mediate, solvent)  solvent, coolant, mﬂ'
antifreeze agent) bincldesf
CH, OH
H o /\/\/\/\/{j o
CHy
2,2-bis-(4-hydroxy-phenyl)-propane 4-nonylphenol 2 B-di-t-butyl-p-cresol
“bisphenol A" chemical intermediate) (metabolite of nonionic surfactants) (DBPC, antioxidant)
sthers (R,—O—R,)
0.
PN [ j /°7< @—o/
O
diethy| ather 1,4-dioxane methyl-f-butyl-ether meathyl-phenyl-ether
{soivent) (solvent) (MTBE, gasoline {(anisole, methaxy-benzene)
additive)
/,
Z A\ % N
o] c{m o - ol cl,
1-chloro-2,3-epoxy-propaneg polychiorinated dibenzo- polychlorinated dibenzo-
(epichlorohydrine, p-dioxines (PCDDs, furans (PCDFs,

chemical intermediate) 175 possible congeners) 135 possible congeners)



Oxygen-containing functional groups

* Alcohols, phenols, and ethers

— Oxygen atoms participate in hydrogen bonds: OH
significant changes in physicochemical properties of “ @
the molecule c,]@a

— R-OH: may act as both H-donor and H-acceptor “

— R;-O-R,: acts only as an H-acceptor pemacméwpmmi

— Dissociation of a R-OH group | H,0

* R-OH group may dissociate in water (renders H*) = act
as a weak acid o
* Especially for phenols C'/T\l;:u o
* Greater dissociation tendency for phenols substituted ct c
with electron-withdrawing substituents c

pentachloro-phenclate ion

ex) pentachlorophenol: mostly dissociated at pH=7.0



Oxygen-containing functional groups

* Aldehyde and keto groups
C=0 bonds

Aldehyde: C-CHO; keto: R;-CO-R,
H-acceptors

Quite reactive

formaldehyde
{disinfectant,
chemical intermediate)

A

acrolein
(chemical intermediate
for polymer production)

X

acetaldehyde

(chemical intermediate,

solvent)

X

acetone

(chemical intermediate,

solvent)

A

isobutylaldehyde
(chemical intermediate,
solvent, desinfection
byproduct in drinking water)

K

2-butanone
(soivent)

Q

=~

benzaldehyde
(chemical intermediate,
solvent)

gi

methyl phenylketone
(acetophenone, chemical
intermediate, solvent)

e



Oxygen-containing functional groups

e Carboxylic groups
— R-COOH
— May dissociate in aqueous solution (pK, in the range of 0-6)
— Both strong H-donors and acceptors

* _OH
OH 0O
O
O
X, o o
Cl ol

Cl
acetic acid trichioroacetic acid - benzoic acid (food (R.S)-2-(4-chioro-2-methyl
(herbicide, atmospheric preservative, phenyl) - propionic acid
breakdown product of additive, chemical ((R,S)-mecoprop, herbicide)

chiorinated solvents) intermediate)



Oxygen-containing functional groups

* Ester groups
— R;-COO-R,; -OH of a carboxylic acid is replaced by a —OR group

— Act only as a H-acceptor (smaller impact on a compound’s water
solubility)

ex) phthalates: often used as plasticizers

7 "krfio‘f\ln’\/o% 7 o
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X o)
(acetic acid ethyl ) (R, R;=C,,t0C,,,
ester, solvent) (roof protection agent) plasticizers)
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Nitrogen-containing functional groups

Table 2.5 Some Important Nitrogen-Containing Functional Groups Present in Anthropogenic Organic

Compounds
G Name G Name
roup (oxidation state of nitrogen) roup (oxidation state of nitrogen)
Flb
Ry—N=—Rq ammonium (-IIT) Ry—NH—NH—R, hydrazo (-II)
Ay
R . Re
A _N/ amino” (-I1I) N=N" azo (-I)
1 : 4
\ (amine) R
As
j\ _Re carboxylic acid n—n’OH hydroxyl-amine (-I)
RN amide? (-I1T) “H
Rs
P .
R—C=N cyano, nitrilo (-I11) R—N nitroso (+I)
o -
““NJ\N’“’ urea (-III) n-nﬁ;‘; nitro (+111)
ho Rl
X '
R _R carbamate (-I1I P nitrato (+V)
TN o : R=0-Ns6 (itrate)
Rz

“Primary if R; = Ry = H; secondary if R; = H and R; # H; tertiary if R, # Hand Rz # H.
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Nitrogen-containing functional groups

Amino Acid Structure

e Amine groups ; T 0
— Types: primary/secondary/tertiary him—mN—ﬁ—CC;,g;'
Grou Grou
— Natural/synthetic compounds " R i

Side Chain
e Natural example: amino acids

* Synthetic example: anilines (intermediate for synthesis of dyes,
pharmaceuticals, pesticides, antioxidants, ...), atrazine (pesticide)

— Acts as both H-acceptors and donors
® H-acceptors: to a lesser extent
e H-donors: only for primary and secondary amines

— Slightly basic: acquire a proton in an aqueous solution to form a
cationic ammonium species N

HE
Cl
=~
@ Sy
/LTJ\N.;\W

H H
aniline and substituted

anilines {chemical
intermediates)

atrazinge
(a triazine herbicide) 12



Nitrogen-containing functional groups

* Nitro groups
— Widely used in the chemical industry

» Explosives (ex: TNT), agrochemicals (ex: DNOC), dyes (ex: Dispersive Blue
79)

— Strong electron-withdrawing characteristics
» Significantly affect the electron distribution in a molecule
 Significantly affect the chemical properties of the compound
— Explosives: multiple nitro groups in the molecules
* Nitro group as built-in oxidant
* Very fast oxidation of the molecule

0
CH, H Br Hwh}- f<°

DEN\(?/NDE s Oz OzN Mo @7 /__/

N N
\
NO, —
0 o

) NO, / Y

NO

2 4 B-trinitrotoluens 2,4-dinitro-o-cresol Dispersive Blue 79
(TNT, explosive) (DNOC, herbicide) Hextile dye) 13



Sulfur-containing functional groups

Table 2.6 Some Important Sulfur-Containing Functional groups Present in Anthropogenic Organic Compounds

Name G . Name
Group (oxidation state of sulfur) Iy (oxidation state of sulfur)
i
R—SH thiol, mercaptan (-II) n—ﬁ-—on sulfonic acid (+IV)
0
i
Ri—S—R; thioether, sulfide (-1I) Ru—ﬁ—O—F‘z sulfonic acid ester (+1V)
o}
I o Ifonic acid amid
. i s sulfonic acid amide,
R1)J\ Ry thiocarbonyl (-I1 o ﬁ N\R sulfonamide (+IV)
0 3
i .
Ry—S—S—R; disulfide (-I) Fh—o—lsi—o—nz zgg:tréc(:c\:};i)ester,
o}
i
S sulfoxide (0)
Ry R
i
Fh-’S'-Rz sulfone (+1I)
0
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