Alcohols and Alkyl Halides.

SUMMARY

Chemical reactivity and functional group transformations involving the preparation of alkyl halides from alcohols and from
alkanes are the main themes of this chapter. Although the conversions of an alcohol or an alkane to an alkyl halide are both
classified as substitutions, they proceed by very different mechanisms.

Section 4.1

Section 4.2

Section 4.3

Section 4.4

Functional groups are the structural units responsible for the characteristic reactions of a molecule. The
hydrocarbon chain to which a functional group is attached can often be considered as simply a supporting
framework. The most common functional groups characterize the families of organic compounds listed on the
inside front cover of the text.

Alcohols and alkyl halides may be named using either substitutive or functional class [UPAC nomenclature.
In substitutive nomenclature alkyl halides are named as halogen derivatives of alkanes. The parent is the
longest continuous chain that bears the halogen substituent, and in the absence of other substituents the chain
is numbered from the direction that gives the lowest number to the carbon that bears the halogen. The
functional class names of alkyl halides begin with the name of the alkyl group and end with the halide as a
separate word.

C'H_ﬁ_‘. HCH-CH-,CH,CH; Substitutive name: 2-Bromohexane

B Functional class name: 1-Methylpentyl bromide
.

The substitutive names of alcohols are derived by replacing the -e ending of an alkane with -ol. The longest
chain containing the OH group becomes the basis for the name. Functional class names of alcohols begin with
the name of the alkyl group and end in the word alcohol.

CH; (EHCH 5CH-CH-CH; Substitutive name: 2-Hexanol

- Functional class name: 1-Methylpentyl alcohol
O

Alcohols (X 5 OH) and alkyl halides (X 5 F, Cl, Br, or I) are classified as primary, secondary, or tertiary
according to the degree of substitution at the carbon that bears the functional group.

R|.f.l'
RCH,X R'l':‘.HR' R (ER '
X X
Primary Secondary  Tertiary
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The halogens (especially fluorine and chlorine) and oxygen are more electronegative than carbon, and the
carbon—halogen bond in alkyl halides and the carbon—oxygen bond in alcohols are polar. Carbon is the
positive end of the dipole and halogen or oxygen the negative end.

Dipole/induced-dipole and dipole—dipole attractive forces make alcohols higher boiling than alkanes of
similar molecular weight. The attractive force between OOH groups is called hydrogen bonding.

Hydrogen bonding between the hydroxyl group of an alcohol and water makes the water-solubility of alcohols
greater than that of hydrocarbons. Low-molecular-weight alcohols [CH30H, CH3CH,OH, CH3CH>CH,OH,
and (CH3),CHOH] are soluble in water in all proportions. Alkyl halides are insoluble in water.

See Table 4.4

Secondary and tertiary alcohols react with hydrogen halides by a mechanism that involves formation of a
carbocation intermediate in the rate-determining step.

() ROH + HX =— ROH, + X~

Alcohol  Hydrogen Alkyloxonium  Halide
halide ion anion

o + i
L£) ROH, — R + H,O
Alkyloxonium ion Carbocation  Water

fast

3 R + X — RX
Carbocation  Halide ion Alkvl halide

The potential energy diagrams for separate elementary steps can be merged into a diagram for the overall
process. The diagram for the reaction of a secondary or tertiary alcohol with a hydrogen halide is
characterized by two intermediates and three transition states. The reaction is classified as a unimolecular
nucleophilic substitution, abbreviated as SN1.

Carbocations contain a positively charged carbon with only three atoms or groups attached to it. This carbon
is spz—hybridized and has a vacant 2p orbital.

Carbocations are stabilized by alkyl substituents attached directly to the positively charged carbon. Alkyl
groups are electron-releasing substituents. Stability increases in the order:
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(least stable) CH31 ,RCH21 ,R2CH1 ,R3C1 (most stable)
Carbocations are strongly electrophilic (Lewis acids) and react with nucleophiles (Lewis bases).

The rate at which alcohols are converted to alkyl halides depends on the rate of carbocation formation: tertiary
alcohols are most reactive; primary alcohols are least reactive.

Primary alcohols and methanol do not react with hydrogen halides by way of carbocation intermediates. The
nucleophilic species (Br2 for example) attacks the alkyloxonium ion and “pushes off” a water molecule from
carbon in a bimolecular step. This step is rate-determining, and the mechanism is S\2.

See Table 4.4
See Table 4.4
Methane reacts with Cly to give chloromethane, dichloromethane, trichloromethane, and tetrachloromethane.

Chlorination of methane, and halogenation of alkanes generally, proceed by way of free-radical
intermediates. Alkyl radicals are neutral and have an unpaired electron on carbon.

¢

Like carbocations, free radicals are stabilized by alkyl substituents. The order of free-radical stability parallels
that of carbocation stability.

The elementary steps (1) through (3) describe a free-radical chain mechanism for the reaction of an alkane
with a halogen.

{1}y {initiation step) Xq — 2X-
Halogen molecule Two halogen atoms

(2) (propagation step) EH + X — E- + HX

Alkane  Halogen Alkyl  Hydrogen
atom radical halide

i3} (propagation step) F- + X, — RX + X
Alkyl Halogen Alkyl  Halogen
radical  molecule halide atom

See Table 4.4
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TA.HI.E .4

Corversions of Aloshok and Alkanes to Alkyl Halides

Reactlon (sectkzn) and comments

General equation and spechlc example(s)

Reactions of alcohols with hydrogen halldes (Sectlon
4.7) Alcohals react with hydrogen halldes to yield al-
K:l'l halldes, The reaction s u ul & a 5:|'I'I't|'IE'5|5 af al-
Kyl halldes. The reactiity of hydrogen halldes de-
cregsas In the arder Hl = HEBr > Hl = HF. Slcobes] re-
ai:th"lt:l' dacreasas In the order tEI'ﬂ-alj' =g EE'IIIZII'IIZIEF:I' =]
prirmary = methyl

Reactlen of akohols with thionyl chlorlde (Sectlon

4.12) Thionyl chioride Is a synthetl reagent used to
comvert aloohols to alkyl chilorides.

Reaction of akahols with phasphorus tibroemide
[Secton 4.12) 4s an alternathe to converting aloo-
hols to alkyl bromides with hydrogen I:rmlge, the
Inargank reagent phosphorus tribromids s some-
times us=d,

Frea-radical halogenation of alkanes (Sectlons 4.14
through 4.18) AlKanes react with halogens by substl-
tutlon of & halogen Tor a iydrogen on the alkane.
The reactiity of the halogens decraasss In the arder
Fz = Clz = Brz = k. The @asa of replacing a hydrogen
decreases In the order tertiary = secondany = pri-
mary = methyl Chlornation Is not very salective and
50 15 used only whan all the hydrogers of the alkans
are equivalant. Bromination 15 highly selective, re-
placing tertlary ydrogens much more readily than
secondary or primary ones.

ROH + HX — R& + HO

Alcokal dr n Al Warter
alds halids

_H3 ua “H;
X" =
iZiH il

1-Mathl crcl opsritan of 1-ihboro-1-
mathplorcl opartane (9E%)
ROH + S0z —= RO + 50z +  HCI
Aloskal  Th alleyl suilfur rogan
chlor d'uhh?.ld-a dicaida h:-?lgn-l:-

CHACHZCHCHLCHOH oo CHyCH;CH CHACH,Cl

1-Fartanod 1-Chiloropertars BO%)
IROH +  PEr; ——+= ZRBr + HzPly
Alockal  Phosphorus Al Fhios rous
trlll::h:Paﬂdn bra'llr?l-.tl:h:- f.‘:l-j
CHLCHCH CHLCH, T CH,CHCHCHLCH,
iZH Br
Z-Fantana| Z-Bromopenitans (ST )
RH =+ ¥, —&= RX = HX
alkane Halks Al T
= halids I4{::.'1"
il
=T
Cydedecana Cydedany] dhloride (54%)

(CHLCHOICH, ), —  (CHQCCECH,),
Br

2-Eronmio-2, =, =

zz.2Trimethylbutans
trimethplbotare (@09}
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