9.8 Addition of water. Hydration

Water adds to the more reactive alkenes in the presence of »¢

alcohols. Since this addition, 100, follows Markovnikov's rule, the alcolds to v

Y
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__CC____ + H:() ___'_{____* _..(|'.,.1i'm.
Alkene H OH
Alcohol

the two-step synthesis just described. Hydration

| hydrogen sulfates, is the principal industrial sour
sistent with Markovnikov's rule,

same as those obtained by

alkenes, directly or via the alky
of those lower alcohols whose formation 1s con

9.9 Electrophilic addition: mechanism

Before we take up other reactions of alkenes, let us examine the mechanis;
of the reactions we have discussed so far. After we have done this, we shall retus
to our systematic consideration of alkene reactions, prepared to understand the:

better in terms of these earlier reactions.
Addition of the acidic reagent, HZ, involves two steps:

L ||
—¢—C— + H:Z —> —C—C—+ :Z HZ =HC|, HBr, Hl,  Sin
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(2) —(l:—-g—- + Z — ——(I:—C__ .Z = ClI”,Br’, 1. fas
H H lZ HSO4—. HZO
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9.12 Addition of halogens

Alkenes are readily converted by chlorine or bromine into saturated com-

|| :
e
|

Alkene (X, = Cl,, Br,) X X
Vicinal dihalide

The reaction is carried out simply by mixing together the two reactants
ysually in an inert solvent like carbon tetrachloride. The addition proceeds rapidl;
st room temperature or below, and does not require exposure to ultraviolet light; in
fact, we deliberately avoid higher temperatures and undue exposure to light, as
well as the presence of excess halogen, since under those conditions substitution
might become an important side reaction.

This reaction is by far the best method of preparing vicinal dihalides. For

example:
CH;CH=CH, + Br, =» CH;—CH—CH,
- Propene gr Blr

Propylene
(Propylenc) 1,2-Dibromopropane
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@13 Mechanism of addition of halogens .
- S ike the addition protic acids, js
sgition of halogens to alkenes, Ii ; ,
d,‘::; ‘::‘decm‘i’hﬂ ic addition, and to involve two steps. _Agam, the first step
;n\\i\v% the formationof a cation. But this cation, in most cases, Is not a Ca_l'bo.camm,
dut \\u;ethmg sew to us: a Aalomium ion. Let us see what a halonium ion is, and
what evidence there is for its formation. .

Let us use addition of bromine as our example. In step (1) bromine is
transferred from 2 bromine molecule to the alkene: not to just one of the doubly
bonded carbons, but to both, forming a cyclic bromonium ion.
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(N B@‘r’l&'/—%-‘-c\ —> Br- —(;f_(;:__

A bromonium ion
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Sm?‘(l)bdm' mdet:: represent clectrqphilic addition. Bromine is transferred as
ncwmly formmmledmbr;;mi (; 1S, without a pair 9f electrons, which are left behind on the
newly for eion. In step (2) this bromide ion, or more probably another

molecule is held by the (basic) x -complex (Sec. 14.10), in which the (acidic)

clo .
N to fOrmarin;i Out:o?x; alkene. Bromine is bonded by

Precursor of the b

Plex of molecular Br, and alkene
romonium ion.
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ng ErOup: and, as we have seen, bromid
what are the facts upon which this mec
(a) the effect of the structure of the alkene

(b) the effect of added nucleophiles on e on reactiviry ;

(c) the fact that halogens add with C()m;;:‘fl;:‘ts obtzlztined;
ereaselectivity : s :
sense: wity and in the anti

(d) the direct observation of halonium ions under o

(e) the role played by halonium ions in neighbor?:;;:;;?e;;:?: o
we shall examine each of these pieces of evidence: N
(@) in Secs. 10.2-10.3, and (¢) in Secs, 29.2.29.4 ce: (a) and (b) now, and (¢) and

First, there is (a) the effect of the Structure of the alkene on reactivity. Alkenes

Shod‘:’eglzeemli::gagf reacuvity towarq halogens as toward the acids already
stu : SIng substituents activate an alkene, and electron-withdraw-
ing subst{t}lents deactivate. This fact supports the idea that addition is indeed
electrophilic—that the alkene is acting as an electron source, and that halogen acts
as an acid. ’

Next, tl.lere. is (b) the effect of added nucleophiles on the products obtained. If
a halonium ion is the intermediate, and capable of reacting with halide ion, then
we might expect it to react with almost any negative ion or basic molecule we care
to provide. The bromonium ion formed in the reaction between ethylene and
bromine, for example, should be able to react not only with bromide ion but also—
if these are present—with fluoride ion, iodide ion, nitrate ion, or water.

The facts are in complete agreement with this expectation. When ethylene is
bubbled into an aqueous solution of bromine and sodium chloride, there is formed
not only the dibromo compound but also the bromochloro compound and the

- € 1on is ;
A very good leaving group

hanism is based? They are:

and

¥ . CH,Br—CH,Br

1,2-Dibromoethane
. CH,Br—CH,Cl
@ 2-Bromo-1-chloroethane
rd Br\ 1~
CH,—CH, —2» CH,—CH, —1—— CH,Br—CH.I
2-Bromo-1-iodcethane

| NO,  CH,Br—CH,0NO,
2-Bromoethyl nitrate

H,0 ®
L= CHzBr_anon

\—“l'—l» CH,Br—CH,0H

2-Bromoethanol

pletely inert toward ethylene;

bromoalcohol. Aqueous sodium chloride alone is com

hlorid . by
ide i the halonium ion has been formed
c e e aftei;mmine and aqueous sodium iodide or

the action of bromine. In a similar way : the beoeno-
sodium nitrate convert ethylene into the bromoiodo compo“ﬂg - s walny
and the bromoalcohol. Bromin

Ditrate, as well as the dibromo compound rareey

o
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this elegant work certainly shows that ethyler.le reacts \yith bromine ¢4
fi z(::;thmg that can react with these other nucleophiles—but it need not be 2
orm : :
bromonium ien. On this evidence alone the interme

diate cation could be the simple
open carbocation BrCH,CH,*. As we shall see in Secs. 10.2-

10.3, it was the
stereochemistry of the reaction that led to the conceptof an intermed

iate bromonjum
ion, a concept that has since been supported by actual observation of such ions.



Hvdm!i,vlatlull. Formation of 1,2-diols

ertain oxidizing agents convert alkenes into 1,2-dlols: dihydroxy alcohols
('ni"li the two —OH groups on adjucent carbons. (They are also known as
) The reaction amounts to addition of two hydroxyl groups to the double

ﬁ“,ls.

or HCO,0H

o é;__é cold alkaline KMnO, . i - (\: -
H (j)H

A 1,2-diol

Of the numerous oxidizing agents that bring about hydroxylation, two of t
xt commonly used are (a) cold alkaline potassium permanganate (KMnQ,), a
) peroxy acids, such as peroxyformic acid (HCO,OH).
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