Additions to Carbon-Carbon

Double and Triple Bonds

(o o

= The addition of an electrophile and a
nucleophile to a C-C double or triple bonds

N 1
/CZC —> H (‘: (‘: H
H H H ¢l
H—ClI:
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11.1 The General Mechanism

- Pi electrons
slow | | . Of the dOUbIe
— —C—=C— Step 1 .
|+ bond is a
E .
weak nu
Electrostatic potential Nucleophile Electrophile Carbocation
map of the alkene intermediate
nucleophile
o - o same as the
- as
—C—g,—\vL/:Nu — —(|2—C— Step 2 , second step
E E Nu of SNl

Electrophile Nucleophile

= electrophilic addition reaction
= Faster reactions for the compounds with structural features that
stabilize the carbocation

= As weak nu is employed, strong electrophile such as H* is
needed in the acidic or neural conditions not to destroy

the electrophile.



11.2 Addition of Halogen Halides

= Addition of HF, HCI, HBr, and HIl to alkenes to give
alkyl halides

H Z'Cl.l:
CH;CH—CHCH; + 1Cl —> CH;CH—CHCH;

2-Butene 2-Chlorobutane

H H e
o Lok
5 - CH,CH—CHCH;

= Symmetric alkene; one product (regioselective rxn)

CH,—CHCH; + HCl —> CH,—CHCH; + CH,—XHCH,
Propene 2-Chloropropane 1 Zhloropropage

Only product None of this is formed.
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= unsymmetric alkene; still one product
= Therefore it is regioselective reaction



why? = Markovnikov’s rule

In addition reactions of HX to alkenes, the H bonds
to the carbond with more hydrogens and the X
bonds to the carbond with fewer hydrogens

| 1 CH3 I|' (|:H3
/C + HBr —> H—(|: Cl‘.—CH3
1
H CH* H Br
2-Bromo-2-methylpropane
C-1 is bonded to more C-2 is bonded to fewer
hydrogens (two), so the hydrogens (none), so the
H should bond here. Br should bond here.
F H
no solvent |
examples
CH; CH;
| } no solvent |

Ph—C=CH, + HCI > Pn—c—(|:H2 (98%)
Cl H

& 2008 Brooks/Cole - Thomson



why? = the stability of the carbocation in
the intermediate state

Jr=c — H—(|:—(:—CH3 — H—(li—(|3—CH;
% M-y
H CHs H ol H :Cl:
trgpens A secondary carbocation 2-Chloropropane
Only product
= m 3 H H H H
oS S H— | ]
J=c ———» H—C—C—CH; —— H—C—C—CH,
H \CHﬂ T | .6,'1._ . | . ‘
3 u_]—//-.,.. ‘g.]. H
A primary carbocation |-Chloropropane

& 2008 Brooks/Cale - Thomsan

Examples in p. 409



Stereochemistry; syn

Cl—H L0

Syn H S b
w e addion N/
/C—C\ - uyc_c‘“w
"y, o aadaition »“‘\\\\
C:C o " C_c.‘
4 N vy N
~e s i o
Jaik C]

& 2006 Brooks/Cole - Thomson

= Products are mixtures of syn and

anti addition because the

Intermediate Is carbocation.

= Under some condition

stereochemistry is aissue, while not

HX addition case

or anti addition

3

intermediate

H %
f/
H,C- e |
Ho~C O~g
:J:“’.l‘ t “"x\ H
HO- ot/
qu | \ H
H
Carbocation




Rearrangement

CH, 4 2P B - or Ol
| . (CHLNO: | | | |
CH; k ~ ci, CH,
- W LN ] . - fa"
HLCL o0 a71%) . / (83%)
17% /
CH, v CHj
|~ + 1) + |
H.C—C—CH—CH, —— H,C—C—CH—CH,
7 83% | |
CHx H CH, H
@ This secondary carbocation reacts with chloride (17%) A tertiary carbocation

@ and rearranges to the more stable tertiary carbocation (83%).

& 2006 Brooks/Cole - Thamson \

— mixtures are obtained. More stable



addition to the triple bonds

— Same to the reactions to the double bonds

examples
Cl
CH,(Cl, N\
Ph—C=C—H + HCl ——=» C=CH, (73%)
/
Ph
CH,Cl, B
CH,CH,CH,CH,—C=C—H + HBr ———>» C=CH, (89%)
CH-,CH,CH,CH;

Br H

CH,CH,C=C—H + 2HBr —» CH,CH,C—C—H

|
Br H

@ Brocks/Cole - Thomsen



11.3 Addition of Water (Hydration)

= The rxn of an alkene in water with a strong acid.

= The conjugate base of the strong acid is not
nucleophilic (sulfuric acid).

= Then the addition of the elements (H and OH) happens

. H CH, H (|3H3
mechanism >C=(< + HOH L H,C—C—CH;  (50%)
H %3 ;QH
2-Methylpropene ‘f X
H N b‘iH 2-Methyl-2-propanol
. | ! .
Markovnikov’s rule H,0: T
Loss of stereochemistry CH. CH,
HQC_C_CH3 T“ H3C'—’C'—CH3
|+ HOH |

H \/ H—O:+
a
H

=] Brooks/Cole - Thomson



Disadvantages of hydration

= Low yield because of the strongly acidic condition
(nucleophilicity of water, elimination, the reverse rxn )
— Carbocation rearrangement is possible

CH; H H CH;
| .. HS0, | | |
H,C=CHCHCH; + HOH ——— CHQCH(|2CH3
> 3-Methyl-1-butene .OH
N bt
H—O—H 2-Methyl-2-butanol B
| l \ H,0:
H
CH; CH; H H CH;

| | ]

| w{/\ | | + HOH |
H H H H v +:0—H
H

— Not commonly used for the preparation of alcohols

® 2006 Brooks/ (Cale - Thomsaon

from alkenes ;for higher yield, see 11.6



11.4 Addition of Halogens

— Addition of Cl, and Br, to give dihalides

— The other halogens are not commonly used because F,
IS too reactive and |, is not reactive enough

= Inert solvents, such as CCl,, CHCI;, or CH,CI, are used.

Cl Cl
CHCl, | |
CH;CH=CHCH,CH; + Cl, ——— CH;CH—CHCH,CH; (81%)
2-Pentene 2.3-Dichloropentane
O Br Br O
CCl, |

PhCH=CH—COCH,CH; + Br, —> PhCH—CH—COCH,CH; (85%)

€ 2006 Brooks/Cole - Thomson



v Y

2 2006 Brooks/Cole - Thomson

= Bromination; test for the double (or triple) bonds because Br,
In carbon tetra chloride has red-brown color, after rxn (a few
drops of alkene) it becomes colorless

p. 414



mechanism 5«

I o, e

G H,C—CH, .-~ H,C—CH,
Electrophile; H,C==CH, S By
attract bromonium N
electrons of ion
the pi bond

As bromonium ion is
much stable than
carbocation, this step
IS instaneous; stability,
octet rule

Resembles a protonated epoxide
H,C—CH, in both structures and rxns

Stereochemistry; S\2 (related to chirality)

= The nucleophilic bromide approaches from the side
opposite the leaving bromine.

Regiochemistry; S\ 1 (to which carbon ?)

= The nucleophile bonds to the carbon that would be
more stable as a carbocarbon.



the stereochemistry of the reaction of bromine with 2-butene

Br Br

CCl, | |
CH,CH=CHCH; + Br, > CH,CH—CHCH,4

2-Butene 2.3-Dibromobutane

© 2006 Brooks/Cole - Thomson



(Z)-2-butene o

Bi Bres :I:I
-C/—C. g, \C— (f:--CHai
H'o,'u“ f k'u.r H H“ﬂ' 'll
= H;C l\\CHa H.C Br:
:Br: =
[l_) :Br: (2R,3R)-2,3-Dibromobutane
W‘_“) 9, or +
H-f.r.«,, K _“-.-.H ss
H:{C-—-C CH‘CH; R li :j’!'}]':
/Iir\ 9, H‘*c"‘t—c-u,,H
{£)-2-Butene E——C, ‘Brf: \
or H“‘J \WH o4 CH_‘.;
cis-2-Butene H;C CH; (25.35)-2.3-Dibromobutane
:Br:

The bromide nucleaphile approaches from the bottom side,

opposite the leaving positive bromine. The two carbons are identical
so the bromide attacks them in equal amounts.

@ (2R.3R)-2,3-Dibromobutane results from the bromide approaching
according to the green arrow. Note that the two bromines have
added anti to the double bond.

€) (25,35)-2,3-Dibromobutane results from the bromide approaching
according to the red arrow. It is the mirror image, the enantiomer,
of the compound above it. The two dibromides are formed in equal
amounts. The product is racemic, as it must be because the starting
@ Because both of the new C—Br bonds are to the same Br, they materials are not chiral.
must be formed on the same side of the plane of the double bond,
the top side in this drawing. Therefore, the bromonium ion results
from syn addition. Because the bromine has added in a syn manner,

the methyl groups, which were cis in the starting alkene, are cis in — A r aC e m | C m | Xt u re

the bromonium ion.

£ 2005 Brooks/Cole - Thomson



(E)-2-butene

= Only one product, a meso diastereomer

-+- s - “s
/BJ'Q :Hr\i CH;
\ 2] _..nH
P'C—C'- — C C
H‘“J lw’CHg HW"‘
. H;C H H;C 11}.1 .
BI vv'\ o= -
i1Br: (2R.35)-2.3-Dibromobutane
Qh 1 _..0 or ol Identical
H;,,hc > S ﬂa\CH1 o (meso)
H’{C - ) o g H C I-‘I. 1}..;| L
"Br 30
AN
(E)-2-Butene C —C. S 'B [.":
or HY/ \ “CH; - H
frans-2-butene H;C ) (25.3R)-2.3-Dibromobutane
i

@ The bromine has added in a syn manner, the
methyl groups, which were trans in the starting
alkene, are trans in the bromonium ion. The
bromide nucleophile then approaches from the
bottom side, opposite the leaving positive
bromine. The two carbons are identical so the
bromide attacks them in equal amounts.

& 2006 Brooks/Cole - Thomson

€ (2R 35)-2,3-Dibromobutane results from the bromide approaching according to
the green arrow. Note that the two bromines have added anti to the double

bond.

© (25.3R)-2,3-Dibromobutane results from the bromide approaching according to
the red arrow. It is a superimposable mirror image of the compound above it.
The two dibromides are identical—the product

Br Br
is meso-2,3-dibromobutane. If the compound is b Vi
shown in its most symmetrical conformation. the H‘“'f_riwl'i
internal plane of symmetry is apparent.
P Y Y 1s app H4C CH,



Relative Rates of Reaction of Alkenes with
Bromine. (The reaction 1s the alkene plus Br,
in methanol as solvent.)

Alkene Relative Rate
H H 1
c—c”
/ N
H H
H CH,CH; I X 10°
N
c—=c”
/ N
H H
H CH, 2% 10°
C=C
H,C H
H,C CH, 1 X 10°
N
Cc=C
/ N
H,C H
H,C CH; 2 % 10°
v \
c=¢c _
H,C CH, e- donating alkyl enhances

the nucleophilicity of
double bond



examples

H"C\ /H CHCI <A
C=C + Cl, — iy W,C—C"‘CHQCH3 + Enantiomer (81%)
/N HaC% N\
H CH.CH. H Cl
(E)-2-Pentene (25.3R)-2,3-Dichloropentane
Br
CCl,
+ Br, ——» (95%)
%Br
Cyclohexene trans-1,2-Dibromocyclohexane
Racemic
Ph Br

N,/
Ph—C=C—H + B, ——>  C=C_ (%9%)
Phenylethyne Br H

(E)-1,2-Dibromo-1-phenylethene

& 2006 Brooks/Cole - Thomson



11.5 Halohydrin Formation

= The rxn of chlorine and bromine with alkenes in
a nucleophilic solvent, such as water.

— Then the addition of a halogen and a hydroxy
group to the double bond happens.

Cl
H—O—H
£ G0 > 4+ =
“"oH

Cyclohexene trans-2-Chlorocyclohexanol
-+ Enantiomer
(a halohydrin)

€ 2006 Brooks/Cole - Thomson

= Water acts as a Nu rather than the halide anion
because water is the solvent (very high conc. of
water).



mechanism

= S\ 2; stereochemistry
S\l; regiochemistry
= Similar to that of halogen addition

More stable as a carbocation; Sy1

"Br'ib / ‘Br: })h

: B : N > b H
. I ) H 3 C\\““]C C ‘\"rw, H H C - C C
H 3C i, C C e H H ' Ph *()YH 3 l
H™ ~Ph H

Approach from the opposite side; S2 By l
:Br: i
o f T
H

= Only (1R,2S)-2-bromo-1-phenyl-1-propanol is obtaineJa; stereospecific
(Sn2)



Application of halohydrin

= The preparation of epoxide

H.C CH HD'd: CH
’ o o, \. Cs; i
= — C— + HCI
H H H :Cl:
..@
OH | H,0
o
. r :0: CH;
:Clt 4 d—c N
. . | — . — —_—
e H3C"7 vCH_g H3CV‘"/C E:\
H H H [:C

(61%)



11.6 Oxymercuration-Reduction

— Another approach to prepare alcohols by adding water
to alkenes.

= Two step rxn.
1. The alkene is reacted with mercuric acetate in water
2. Treatment with sodium borohydride in NaOH sol’'n

H H

1) Hg(O,CCHs),, H,0 < OH
" (91%)
2) NaBH,, NaOH ~H
H

H

Cyclopentene Cyclopentanol

& 2006 Brooks/ [Caole - Thomson



mechanism

For simplicity, mercuric acetate is

shown with covalent bonds. Mercury

has a filled 5d subshell. Two of these €@ The mercury electrophile adds to
5d unshared electrons are shown. the double bond in a process very
similar to the formation of a

€ In the first step of the reaction,

p bromonium ion. A species called a
acetate anion leaves to generate the

: mercurinium ion is fermed.
mercury electrophile.

O O 0 O
b g | 1) |+ I
CH;,CO—Hg—+—0CCH; —" CH;CO—Hg;. —» CHSCL.;\

Mercuric acetate H"!'fh. 8 & H3

I-Methyleyclopentene Mercurinium ion
€) The mercurinium ion reacts
e with water in the same manner
Ell H,O3 e
= as the bromonium ion. The
nucleophile attaches to the
{"} H l:"} H more highly substituted carben
P (T .._I,.n‘lr - M -4 H H
HE: CH,COHg ) CH,COHe 1.}/:" t'rcrr_'n the side opposite the
H CH; NaBH, i = _CH, Bt ) 3 S JCH; | leaving mercury. Because a free
H . NaOH H it < i [2) H #u ) carbocation is not invelved in
(5 the mechanism, the reaction is
not prone to rearrangement,
I-Methyleyclopentanol
O Sodium borohydride replaces the mercury with a hydrogen @) A base in the solution, such
by a complex mechanism. In this particular case, as in most as water or acetate ion,
cases, the stereochemistry of the overall addition no longer removes the proton. 1 M r k V n I k V g r I
matters because there are now two hydrogens on the ' a O O S u e

carbon that was bonded to the mercury. 2 . N O rear ran g em ent

& 2006 Brooks/Cole - Thomson



examples

OH H
1) Hg(O,CCH3),, H,0 | |
CH;CH,CH,CH-CH=CH, » CH.CH,CH-CH,CH—CH, (96%)
2) NaBH,, NaOH
1-Hexene 2-Hexanol
H
CH, |
H,C OH
1) Hg(O,CCHs),, H,O
> (99%)
2) NaBH,, NaOH
Methylenecyclohexane I-Methylcyclohexanol
CH; CH; OH H
| 1) Hg(0,CCHj;),, H,O | | | \
H,C—C—CH=CH, » H;C—C—CH—CH, (94%)
| 2) NaBH,, NaOH |
CH; CH,
3,3-Dimethyl-1-butene 3,3-Dimethyl-2-butanol

£ 20086 Brooks/Cole - Thomson

= High yields
— Markovnikov orientation
and no rearrangement



The addition of water to alkynes

= The rxn of mercury (Il) salts with a strong acid (H,SO,)
In water.

= Mercury replaced by hydrogen spontaneously; one
step rxn.

H(|) I-l-i ﬁ)
H,O
CH';CH. CHzCHQC EH T CH@CHQCHQCHz(::CH - * CH3CH3CH2CH2CCH3
2 4
I-Hexyne Hgz* An enol (90%)

2-Hexanone
& 2006 Brooks/Cole - Thomsaon

keto-enol tautomerization in the presence of acid

nnnnnnn

H r\CLUIIC,
00— /\ / more
+ \ye H L\ H .. bl
. o/ / . o/ S, / . o Sta e
00— 0 :0 H,O: ‘0"
|/ | | |
R—C—CH, —=> R—C—CH, — R—C—CH; —=— R—C—CH;
enol LY @
+ H,0: + H;0:

= A good method for the preparation of ketones



Borane

— Valence shell

! P 1 Changed to three sp2 AQO’s

toH 1 with one electron each
}

C

and one empty p AO

S S S S A N h . ol
H He Li Be B ree sp<; trigonal planar

boron Similar to carbocation

el g = = W

three-center,
_ _ ~ two-clectronbond  Octet rule is satisfied; stable
Lewis acid:; e def|C|ent\

N

2 H—B — B

1|{ H H H e
H—B—0
borane diborane | G complex
H

— Borane can be used as a electophile

H H./ H Borane (Lewis acid) + THF (L. base)
ANIANIVS
/ ’B\



11.7 Hydroboration-Oxidation

— Addition of H and OH (elements of H,0O) to alkenes.

— Two step rxn.
1. The alkene is reacted with a complex of BH; and THF
2. Treatment with hydrogen peroxide in basic sol'n

H OH
1) BH; THF | |
CH.CH,CH,CH=CH, ’ > CH,CH,CH,CH—CH, (95%)
2) H,0O,, NaOH

1-Pentene |1 -Pentanol
& 2006 Brooks/Cole - Thomson




mechanism

| |
2 1 1) 2 CH;CH=CH, CH;CHCH,—B—CH,CHCH;
CH,CH=CH, —> CH;CH—CH, o > |
N | | CH,CHCH;

g==h—H H 1|5—H
H

@ Boron, with its empty p orbital, that acts as the electrophile. As
positive charge begins to build up on C-2, the hydrogen, which has
a partial negative charge because it is more electronegative than
the boron, acts as a nucleophile. The C—H and C—B bonds are
formed and the B—H and C—C pi bonds are broken in a single
step. In accord with the mechanistic version of Markovnikov's
rule, the electrophile, the boron, adds to the carbon bonded to
more hydrogens.

& 2006 Brooks/Caole - Thomson

A trialkylborane |
rialkylborane
H

HOOH
QJ'NaOH
|
3 CH;CHCH,-OH + B(OH);

l —Pmpmml

@ Both of the other two B—H bonds also add to alkene molecules.
The overall result is that one borane molecule reacts with three
alkene molecules to produce a boron attached to three alkyl
groups, a trialkylborane.

© In the next step of the reaction, hydrogen peroxide breaks each

C—-B bond, replacing them with C—OH and B—OH bonds.
(An understanding of the mechanism of this step is not important.)

= Regioselective (syn add.) and Anti-Markovnikov addition !




Why anti-Markovnikov?
.— Less sterically hindered

& +
CH;CH— CH;CH—CH,

H----- B—H —> H B—H
e |
more stable H 0 bl
possible
> transition
state

= The hydroxy group replace the boron with complete
retention of configuration
= Anti-Markovnikov orientation and syn stereochemistry



examples

CH, CH;, OH
CH,CH (l:—CH LBH,. THE CH,CH (l}I (I:H (95%)
32 2 2)H0, NaOH > 2 2 0

H,C H H OH
\c—c/ DBH;, THE HC—(IS—(ISHCH (98%)
/7 N\ 2HO,NaOH > ] >
H3C CH3 CI—I3

Syn and anti-
Markovnikov
CH; addition
1)BH 3, THF l CH, 867%
2)H.0,, NaOH gy o (80%)

H




Hydroboration of alkynes

1. internal alkynes; one borane can react with

one l-alkyne more stable

' 0O
CH,CH,C=CCH,CH > CH
3 2 2 3 2) H2 02, NaOH C 3CH2CH2CCH2CH3 (68%)
BH spont
l 3 pontancous ] keto-enOI
R tautomerization
|
B—R H OH
\ NaOH / \
CH,CH, CH,CH; CH;CH, CH,CH,

a vinylborane

— Due to the steric hindrance no further addition of
borane to a vinylborane



2. 1-alkynes

— Two boranes can react with one 1-alkyne because the

are less steric hindrance

R
| '
H B—R
% 3 —
BH /C:C/ -
CH,CH,CH,CH,C=C—H — CH,CH,CH,CH,

1-Hexyne

||
H — CH3CH2CH2CH2—(IZ—(|I—H
H B—R

|
R

& 2006 Brooks/Cole - Thomson

Then how can we make aldehyde form 1-alkyne?
— Use diisoamylborane

H,C H Ty
C=C + BH;, —— | CH _;(’.‘H(i‘H —+}-B—H
I'l:(_h (E], (”, 2

2-Methyl-2-butene

)

Disiamylborane

& 2006 Brooks/ {Cole - Thomson

1) disiamylborane O
(CH;0CH,CH,),0 I

2) H,0,, NaOH

CH,CH,CH,CH,C=C—H CH,CH,CH,CH,CH,CH (88%)



Hu.,,
O

Methylene

' — Electrophilic p orbital

11.8 Addition of Carbenes

Carbene; a carbon with only two bonds and as
unshared pair of electrons, therefore

very reactive.

Nucleophilic electron pair

-« , i
in sp~-hybridized AO

= a g
sp--Hybridized carbon

—>Similar to the rxns of Br, and
mercury species (both
nucleophilic and
electrophilic); forming three
membered ring

= difference; rxn stops after
forming three membered ring

H H
Fl e > [1 N
4 Gl C 4
Py /
H”lh,,“ C_\v ) \H /_\
H /C — C ~ H —_— H\\\\‘“]C C{‘fﬂlH
H H

Cyclopropane



Preparation of a carbene or carbenoid
1. Elimination of N, from diazocompound

heat (A)
(\ or H
Y .
\cﬂ ='/-;I P \c N=N: BV N e
/ ~ or /
H H Cu2t H

Diazomethane

& 2006 Brooks/Cole - Thomsaon

— Heating or irradiation with metal cations such as Cu?*

example
. H H
" o C
e = | . HsC H
. p o e /\
. fC—{;\ 4+ I]_Nz P H;C"“?C'—C{""H + NE EE"_- 70)
' H Ph H Ph
(£)-1-Phenylpropene + Enantiomer

trans-1-Methyl-2-phenyleyclopropane

£ 2006 Brooks/Cale - Thomson



2. Elimination of a proton and a leaving group (chloride
or bromide) from CHCI; or CHBr;; 1,1-elimination or a-
elimination

Cl: .o Jaik
. I g | . e
Cl—C| H — Cl—C| - — :(;_1—C|: + :Cl:
et et :Cl:
Trichloromethane o HQO . Dichlorocarbene
(chloroform)
- NaOH Cl
examples + CHCl; ——— (83%)
Cl
Br Br
H,C
LY t-BuOK  H,C
C=CH, + CHBry —— - (65%)
# - - t-BuOH



3. Formation of carbenoid by rxn of dilodomethane with
zinc metal from Zn/Cu alloy

= Then Simmons-Smith reaction is employed to
produce a cyclopropane ring.

CH,I, + :Zn(Cu) ——> I1—CH,—Zn—1I

Diiodomethane A carbenoid
Reacts like CH,

& 2006 Brooks. (Cole - Themson

examples

H CH,

L 2008 Brooks/Cole - Thomsan



11.9 Epoxidation

— An oxygen atom is analogous to carbene; 6

valennce electrons 2 T
= Then similar rxn might be possible .. +. = /.
\ v N \\“‘"/ \'ww
An epoxide

02008 Bocka Coe - Thomaon

= The problem is oxygen atoms are not available
— Therefore we are using peroxycarboxylic acids

\ 4 b, A percarboxylic acid A carboxylic acid
R\
R .
X ) /C O
C=0, :0 H
.._/ w LR
’S')\ﬂ,.-H i
SE —# o
£\ \
/\
Ho.,, O C""“H C’f \C ,
H, ; \H H‘,\y \””H _ N
H H
Ethene odrane — — SyN stereochemistry

(ethylene oxide)

= See examples in p439.



11.10 Hydroxylation

— Osmium tetroxide (OsO,) and potassium
permanganate (KMnQO,) can add hydroxy groups to
both carbons of a carbon-carbon double bond

— syn addition to form cyclic and then give 1,2-diol

Osmium O .O.: 6 6

tetroxide >O < \OS/ N2.SO
a L ]
1 f;\ . 1%% H}{r —>7> HO: :OH
SC—C / \ { AN
An alkene Osmate ester A 1,2-diol

Sodium sulfite is used for the cleavage
the Os-O bonds

OH

oample (") ona, o
2) NaQSO3

OH

& 2006 Brooks/ /Cole - Thomson



Advantages and disadvantages using OsO, and
KMnO,

— 0OsO,; high yields while toxic and very expensive
= KMnO,; cheaper while yield is low

using OsO, with some additional oxidizing agent,
such as tert-butyl peroxide

= high yields
= Peroxide cleave the ester to the diols and oxidize
the osonium back to the tetroxide; only small amout
of osonium tetroxide is needed.
HO OH
[050,]

\H
\/\/\/\ %‘.II_Q/\ 3%
-BuOOH \/H/ L)

(E)-4-Octene Racemic
(d,1)-4,5-Octanediol

& 2008 Brooks/ ICole - Thomson



11.11 Ozonolysis

— Rxn of o0zone(O;) with alkenes to produce aldehydes
or ketones

= O,; nucleophilic and electrophilic

= Structure determination of alkene (see p443)

..+

O — O
Ozone 0./ -'(j/' '\'O'-
\ / * I\"\. ,-f :
H,C | [ H —— |H,c—C—C—H
il CH; CH;
H,C CH;

2-Methyl-2-butene A molozonide

i spontaneous

H,C H 0—0:

S Y cH,scH, PO/ N\ A
/c:o: + :o:c\ « p \__/C\
H,C CH; [ H,C O CH,
Acetone Acetaldehyde An ozonide

© 2006 Brooks/ iCole - Thomsaon

reducing agent



11. 12 Catalytic Hydrogenation

= Rxn of an alkene with hydrogen in the presence of
metal catalysts such as nickel (Ni), palladium (Pd),
and platinum (Pt).

= not electrophilic but catalytic.

/ metal surface metal surface
H’rC“-CH':
R B VA= LU v
[ I l
g
\
H H H H ,CH,
— 2

IS S



— Selective hydrogenation of C-C double and triple

bonds are possible in mild condition (RT & a few atm).

The double bonds in the aromatic rings and C-O
double bonds are not hydrogenated.
= Syn addition is the major rxn.

examples
@) @)

[ [
CH=CH—C Pt CH,—CH,—C
+ H> »
- CH;CO,CH,CH;
(95%)
Pd
+H, ——» (88%)
EtOH

"':':”CH‘;

CH;

Major Minor



The rxn of alkyne H, with metal catalysts yields alkane.
Then how can we obtaine alkene for alkyne?

= Use Lindlar catalyst!

— Lindlar catalyst is a deactivated form of palladium

1 H, oo A
CH3(CH2)4CEC(CH2)4CH3 » C=C

Lindlar / LY
catalyst CH3(CHy)4 (CH»)4CH3

(87%)

A cis-alkene

& 2006 Brooks/Cole - Thomson

= Syn addition of hydrogen
— Then cis-alkenes are obtained.



11.13 Addition to conjugated dienes

= Rxn of a conjugated diene with hydrogen halide.
— 1,2-addition and 1,4-addition are possible.

CH;, CH, CH;
| HCI ] |
! > 3 4 ether B |
4 @ s e G

2-Methyl-1,3-butadiene
(isoprene) 1,2-Addition 1.4-Addition

\ (55%) Y (20%)

+

H H

The 1,1-dimethylallyl carbocation

Electrostatic potential map
of the 1,1-dimethylallyl carbocation *"

2008 BrosksCale - Thamson

= 1,2-addition is major rxn due to carbocation stability



= Proton is added to carbon 1, not 2, 3, or 4. Why?

* g
(oG CH=CH, — CH,—C=CH—CH, addition to carbon 1
H H
CH,
CHQ—(IE—CHZCHZ addition to carbon 2
°
CH,
CH2=(|J—(IIH—CC+>H2 addition to carbon 3
H
(|:H3 (|3H3
CH;<CrGH—CH, — CH,—C—CH—CH, addition to carbon 4
H H

= The proton should add so as to produce the most
stable carbocation



|.2-Addition |.4-Addition

H Br H Br
H—Br | | | |
CH,—CH—CH=—CH,

———> CH,—CH—CH=CH, + CH,—CH=CH—CH,

1,3-Butadiene 3-Bromo-1-butene 1-Bromo-2-butene

At -80°C 80% 20%
At 45°C 15% 85%

& 2005 Brooks/Cnle - Thamenn

H

& _

g Br H Kinetic product
8 + I I.2-Addition
i3 CH, —CH=CH—CH,

CH,—CH—CH=CH,

Br H
H—Br Allylic carbocation

| |
CH,—CH—CH—CH,
I i
CH,—CH=CH—CH,

I.4-Addition
Thermodynamic product

Reaction progress ———»

& 2006 Brooks/Cole - Thomson



11.4 Synthesis

_ Target Starting
Retrosynthetic arrow compound ——  material

T

Retrosynthetic
arrow

o)
I
Example  cH,cH,CH,CH,CH,CCH; from HC=CH

2-Heptanone Ethyne

O
|
CH,CH,CH,CH,CH,CCH; ———> CH;CH,CH,CH,CH,C=CH ——> HC=CH

& 2008 Brooks/Cole - Thomson

0
, 1) NaNH, . H,O 1I|
HC=CH — > CH;CH,CH,CH,CH,C=CH ———> CH;CH,CH,CH,CH,CCH,
2) CH3(CH,);CH,CI H,SO,

Ethyne HgSO,4 2-Heptanone

& 20086 Brooks/Cole - Thomson



HO OH
Example \ /

H\“““} C— C‘.,,,,,, q from CH;C=C—H
H;C CH; Propyne

meso-2,3-Butanediol

© 2006 Brooks/Cole - Thomson

HO\ /OH H\ /H
Hwﬁ...)c—c.\..u,,j,H — /czc\ ——> CH,C=CCH; ——> CH,C=CH

H;C CH; H;C CH;

& 2006 Brooks/Cole - Thamson

H 1" HO OH
ey DNaNH o e o [050,] N
= - =( — — —— > e, (e
’ 2) CHj ’ *  Lindlar /° "\ tBuooH H"/ “\"H
Propyne catalyst H;C CH; H;C CH;

meso-2,3-Butanediol
£ 2006 Brooks/Cole - Thomson



Table 11.2 Addition Reactions Following a Carbocation Mechanism

These reactions proceed by initial addition of a proton to the alkene to give a carbocation
intermediate. The nucleophile adds in the second step.

n
H;Nu m Nu H

+ | «Nu | |
R—CH=-=CH, ——» R—CH—CH, —> R—CH—CH,

Reagent Product Comments

H—C] Cl H All of these reactions proceed with Markovnikov
| | orientation and random stereochemistry. VWatch

(HF, HBr, HI) R—C[—I—C]—[2 for carbocation rearrangements.
(Section 11.2)

OH H

| |
H,O* R—CH—CH,»

(Section |1.3)

£ 2006 Brooks/Cole - Thomson



Table 11.2 Addition Reactions Proceeding

through a Three-Membered Cyclic Intermediate

When the elactrophile also has an unshared pair of electrans, addition initially preduces a
threa-membered ring. If the ring is uncharged, the reaction stops hare, If the ring has a positive
charga. a nucleaphile atmcks and opens the ring

()

R—CH=2CH,

Reagent
CH.N,
(CHXJOH ")

(CHaly. Zn/Cu)
{Section 11.8)

R'CO.H
(Section 11.%)

Cl, (Br,)

Cl/H0

:liI:J’H:UI
(Secticn 11.4)

1) Hg{OyCCH ), HD

2) NaBH,, NaOH
{Saction 1 1.8)

Hg**, H;0, H:S0,
(Section | 1.8)

CF
— R—A—\CHE
|

Syn widition

Stops here iF netml;

mdds Nu il E has +,

Product
Ha
R—CH—CH;
4]
LN
R—CH—CH:
Cl
R—?E—CH;
Cl
)
R—\!i‘H—lZI.‘[-];t
OH
|
R—(i‘:E—CHJ
OH
O

|
R—C—CHs from R—C=CH

E

|
R—(|?]-]—C[—[:

MNu

Anil addition

Comments

Carbenes add to give
cyclopropane dariva-
tives. Those are syn
additions. The
Simmons-Smith
Feaction generates 1
carbencid that reacts
like mathylens

Parcarboxylic acids
add to alkenes to give

epoaides in a sym
addition.

Chlorine and bromine
add with antl steras-
chamistry.

In water as solvent.
Ch and Bryadd 1o
give halohydrins,
wath the OH on the
more subsoruted
carbon and anti
stareachemisery.

The cogrmercuraon

reacton is a method
for the Markownibey
addinan of warar
withoUt rearr angement.

The initial praduct, an
IBHEI-L TAUDcmanIas 1o
a karons,

& 2006 Brooks/Cole - Thomson




Table 11.4 Addition Reactions Where
the Nucleophile and Electrophile Are Linked

When the electrophile and nucleophile are part of the same molecule, concerted additions
occur with syn stereochemistry.

sNu E
S N E

R—CH=CH, —>» R—CH—CH,

Syn addition

Reagent Product Comments
1) BH;. THF I‘|[ {|1H The hydroboration
reaction results in anti-
2) Hy( _]!3- NaOH R—CH—CH; Markovnikov addition
(Section 11.7) of water with syn
stereochemistry.
1) Disiamylborane O The reaction of
2) HiO». NaOH R—CH,—CH from R—C=CH | | -2lkymeswith the
(Section 11.7) produces aldehydes.
0s0)y. -BuOOH OH OH Osmium tetroxide and
or | | permanganate result in
KMnO,. H,0. NaOH | R—CH—CH, the syn addition of
(Section 11.10) hydroxy groups to the
alkene.
1) O, O 9 Ozone can be used to
I I cleave the alkene to
2) fCH?}gS R—CH + HCH two carbonyl
(Section [ 1.11) compounds.

© 2006 Brooks/Caole - Thomson



Table 11.5 Catalytic Hydrogenation Reactions

Reagent Product Comments
I
H,, cat. R—CH—CH; Catalytic hydrogenation results
(Ni, Pd, Pt) in the addition of hydrogen to
(Section [1.12) the alkene.
H H
N / N
H> C=C_ from R—C=C—R  Addition of hydrogen to an
Lindlar catalyst ¢ N\ alkyne using Lindlar catalyst
. R R :
(Section 11.12) produces a cis-alkene.

& 2008 Brooks/Caole - Thomson



Summary

) E Nu” E
’ ’ //// e — \\\\“ G . ,///
Nu'

~
N
<

Nu

+ -
E Nu: E
Nl WY/ \ Y ",

regioselective

Not stereo-
selective

regioselective
anti addition

regioselective
syn addition
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