Lecture 6

Addition Reactions of Alkenes, Alkynes
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Addition Reactions of Alkenes

Hydrohalogenation, Hydration, Hydrogenation, Halogenation,

Halohydrin Formation, Dihydroxylation, Oxidative Cleavage



Addition Reactions

TYPE OF ADDITION REACTION NAME
Hydrohalogenation
>3 > \_/ Addition of H X (X = Cl, Br, or )
A2 TR 2 <
o Mt HY N Ak R /TN Handx
Hydration
\_ / Addition of H OH
/ \ H and OH
Hydrogenafion
\_ / Addition of H H
— Additionof =~ X Y /\  HandH
XandY ~
Halogenation
\_/ Addition of X X (X =Clor Br)
/ \ X and X
Halohydrin formation
\_/ Addition of  HO X X =Cl, Br, orl)
/ \ OH and X
\ / » Dihydroxylation
S Addition of  HO OH
/ \ OH and OH



Addition Reactions
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Hydrohalogenation

- St

-30°C
_\:/_ + H—Br 5 i < this is symmetric...

(76%) Br

?
H—X ?
. . "
for this asymmetric alkene... - .< : f
| |
| |

Vinylic positions Where does X go?



Hydrohalogenation

o TN (Markovnikov’s rule): FZ IS

This vinylic position H is installed
currelmtly bears no H's here

! -
This vinylic positon | H ! H
currently bears one H \\>:< H—Br 5 H \/§ </ Br

n Br is installed

Less | 4 More 4=~ here
substituted = >~ [ 21 L/ .7 substituted H—Br H Br -




Hydrohalogenation

o 2GRN (anti-Markovnikov’s rule): SN

H Br
H—Br , Anti-Markovnikov
ROOR addition

(95%)



Hydrohalogenation

SR LAY X B S

Br

HBr Markovnikov
/ addition
Br |
\ HBr Anti-Markovnikov
ROOR ~ addition

\ 4

>:




Hydrohalogenation

* Practice: draw the expected major product for each of the following

reactions:

HBr _HBr |
RPN, 0 = ?
Br
N e

10



Hydrohalogenation

* The Mechanism of Hydrohalogenation

Proton transfer

+

The alkene is protonated,
forming a carbocation intermediate
and a bromide ion

Nucleophilic attack

:Br: —

The bromide ion functions as
a nucleophile and attacks
the carbocation intermediate

11



Hydrohalogenation

s RNATE

Potential
energy

Proton transfer

Nucleophilic attack

Reaction coordinate
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» XA Z BRIk IEE FEIRE
/—/<\Il-lﬁx — © H Xe

Secondary carbocation

‘XA_H/\ H
A=) &

Tertiary carbocation
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Hydrohalogenation

Potential

energy |

~

Transition state for
formation of secondary
carbocation

Reaction coordinate

Transition state for
formation of tertiary
carbocation

7~
<

Secondary
carbocation

Tertiary
carbocation

14



Hydrohalogenation

* Practice: draw a mechanism for the following transformation:

QL= Q)
s T
NEQ
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Hydrohalogenation ’ ...... llllR

Mirror plane /

\
N
\\

« [RIHHIIZ IR EFFIE

\/ ’C
/Y\ ] )
~~< Chiral center

TSP i

prochiral compound

‘R
HCI
_—

N

R

Cl

7))

Qlll
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Hydrohalogenation

:Cl:

|5

H o

K_/\ — + :Cl

@
H
(e B ~—
@
H
Secondary Tertiary
Rearrangement

product

Cl 40% 60%

17



Hydrohalogenation

* Practice: draw a mechanism for the following transformation:

Cl
\>< Dilute HCI,

18



Hydrohalogenation

S
@
Tertiary
:Cl:
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Hydrohalogenation

 Cationic polymerization and polystyrene

QMHDA );h/\/

Styrene

Ph Ph Ph Ph Ph Ph

PSSP

Polystyrene

Ph Ph

PN
g

Ph Ph Ph

A

zé%‘%?‘—\“/]/‘
&Ny NN
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Acid-Catalyzed Hydration

< H,O" . f OH

(90%)

: H
— + HZO [ 2804] > /—<OH

21



Acid-Catalyzed Hydration

* The Mechanism of Acid-Catalyzed Hydrohalogenation

Proton transfer Nucleophilic attack Proton transfer
oA H T
H_._ \@ Ve H\&a/ ‘e
H H H PO H oxd H H POy H
= \ S : \ %_< \ \
The alkene is protonated, Water functions Water functions as a

forming a carbocation Carbocation as a nucleophile and attacks
intermediate. the carbocation intermediate.

base and deprotonates
the oxonium ion,
yielding the product.

Oxonium ion

FAREWRES FHEF—D3 KM

HO: H

<

22



Acid-Catalyzed Hydration

o« IREZAYIR.

5l i 2 HY 75 ()

Dilute H,SO,

/ (more H,0) \

(less H,0)

HO

23
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Acid-Catalyzed Hydration

* Practice: draw a mechanism for the following transformation:

OH
H,OF
)\/\ > X/\

25



Acid-Catalyzed Hydration

26



Acid-Catalyzed Hydration

s BREILHIKE RN FFTEE

= HERVER R

No rearrangement

[ R R

OH

Rearrangement
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Oxymercuration-Demercura

- SER-BR R

Oxymercuration

e .

OH

/k/ HgOAc

Demercuration .

7

OH

N

28



Oxymercuration-Demercurat

» BHLKINFT

H Hg © B
g \A — - + AcO ~§ —
AcO”~ TOAc AcO il B o

Mercuric acetate Mercuric cation



Oxymercuration-Demercurat

« FORWARBRIRIEREE 4

When a 7 bond S
is protonated: — N ©)

OAc

|
@I_-]g

‘Hg
When a 7 bond [
attacks a mercuric L — >@_K —> 7ﬂ\
cation:

A mercurinium ion

K& (weng)BF




Oxymercuration-Demercura

o« JREH(weng) B FHIR M

OAc

|
8+|—/Ig

/

0+

Mercurinium ion

31



Oxymercuration-Demercura

« Bk

1) Hg(OAC),, Nuc-H
2) NaBH, '

A

1) Hg(OAc),, H,O

2) NaBH, '

OH
(94%)

Nuc H

7

No rearrangement

32



Oxymercuration-Demercurat

* Practice: predict the product for the reaction, and predict the products if an acid-
catalyzed hydration had been performed rather than an oxymercuration-

demercuration:

X 1) Hg(OAc),, H,0 f,
2) NaBH, -

33



Oxymercuration-Demercura

OH

goes here H

|

s

goes here

lf]) Hg(OAC)Q, HQO

2) NaBH,4

>

OH

34



Oxymercuration-Demercura

Methyl
\shift

35



Hydroboration-Oxidation

* fil

.

M

1) BHg - THF

2) H202! NaOH> \/\/\/OH

Less substituted
vinylic position

(90%)

Anti -Mar_kovnikov
addition

REITFE K AR DAL

S L-E L ARSI

36



<«<—— Empty p orbita|—>

Hydroboration-Oxidation ‘

* ke

Carbocation Borane
H\ /H H\ /H\ /H
B—H + H—B —— B B
4 3 H "H  H
H H
Borane Diborane

Bk 22 WA — RAKRU L TR 1E

37



Hydroboration-Oxidation

- fE£F

7 £

SRR (THF){EBR(AF2 E

FR i k5

:b@

THF

tetrahydrofuran

UESIUNE

H
H—|B—®O<j

(BH3 THF)

38



Hydroboration-Oxidation

o 2 NHFE

Hydroboration

Oxidation

pK, = 11.8

a very complicated mechanism...

.
.

Proton transfer

SN Jon ank
A hydroxideion H
functions as a base and

deprotonates hydrogen peroxide,
forming a hydroperoxide

Nucleophilic attack

. © os
RO—B—OR —
I A hydroxide ion
:OR functions as a nucleophile
o and attacks the trialkoxyborane
Loss of a

leaving group

An alkoxide ion is
expelled, removing
the negative
charge from boron

RO—

Proton transfer

™ 6, 3N,
B—OR + RO: —
o The alkoxide ion

is protonated

6H .@/\/ .o
LD HO: ROg- R

The first step is
repeated for

R
each B—H bond |
_S > B R=
R” "R w

A trialkylborane

Nucleophilic attack

R

I
(’\/8\

+ Hgo:: R R

The hydroperoxide H— Q .

PKy =15.7 functions as a
nucleophile
and attacks the
trialkylborane

The first three steps of
oxidation are repeated,
converting the
trialkylborane into
a trialkoxyborane
— —
|
:QR

A trialkoxyborane

ROH

Rearrangement

O
-HO
An alkyl group migrates,
causing the expulsion of
a hydroxide ion

39



Hydroboration-Oxidation

ISRV X SR 14 S 3T IR

H H\ /H :':

————— B /~—-B
> // \ —_— \{\\ ‘/
S | H

H

BN : ZEIRIR T REWSISE IERE

Transition state Transition state
anti-Markovnikov addition Markovnikov addition
Hch /H HCy ...
H™ §\ )
CH3 H CH3 H\BH
\
H
More
crowded

fiPfe: RXWBPAE /], FIRE

BH,
7(
H

40



Hydroboration-Oxidation

- IS - | AL T — 1%

1) BHg: THF
2) H,0,, NaOH ~

~
~
~
~
~
-~
~
~

These stereocoisomers are not formed

syn addition

41



Hydroboration-Oxidation

* Practice: compound A has the molecular formula C;H,,. Hydroboration-oxidation
of compound A produces 2-methylbutan-1-ol. Draw the structure of compound A:

Compound A 1) BHg " THE | OH
2) H,0,, NaOH"

2-Methylbutan-1-ol

1) BH3+ THF

>
/\{ 2) HyO,, NaOH /YOH

42



Catalytic Hydrogenation

- REELS

(100%)

43



Catalytic Hydrogenation

» EALTIBRAR i Rz TR 1L RE

Potential
energy

=== Without catalyst
== \With catalyst

Reaction coordinate

44



Catalytic Hydrogenation

BRI E—®

Xt

Pair of enantiomers
(observed)

‘e,
I//
%

v

Pair of enantiomers
(not observed)

45



Catalytic Hydrogenation

» REELHLIE

46



Catalytic Hydrogenation

IR IR B0 R B T A T

Zero chiral centers
One chiral center

Two chiral centers

Syn requirement is not relevant. Only one product formed.
Both possible enantiomers are formed.

The requirement for syn addition determines which pair of
enantiomers is obtained.

47




Catalytic Hydrogenation

=

= A E R & 48T A R IREn.

\\\\\\
is the same as O
,,,,, ’
_ iz
—~—

Syn addition produces only one product:
a meso compound

SEAOED

48



Catalytic Hydrogenation

* Practice: predict the products of each of the following reactions:

49



Catalytic Hydrogenation

One chiral center

e
Pt

50



Catalytic Hydrogenation

 IFB{E 1. (homogenous catalysis)

H, \
Wilkinson’s catalyst T En
PhsP,PPhg
N PIRBELH: 5 R R TFE—HR

PhsP”  ClI

Wilkinson’s catalyst

ol



Catalytic Hydrogenation

m

=
/Ph /Ph
P, Me rather than :P‘,,,, Ph
\/\ Ph
= F M (lin)BL 4 Chiral Symmetrical

phosphine ligand phosphine ligand

Asymmetric hydrogenation of this 7 bond

COOH (S) coon
n < 0 Several
)k i )k additional steps
0] HN\H/ Chiral catalyst 0 HNY —_—

(S) ,cooH

NH
HO >

OH

(S)-3,4-Dihydroxyphenylalanine
(L-dopa)

52



Catalytic Hydrogenation OO
PPh,
oy

ST

(S)-2,2’-Bis(diphenylphosphino)-1,1’-binaphthyl

[ ]
Ju

95% enantiomeric
excess

Ru(BINAP)Cl,

53



Catalytic Hydrogenation

SRRV ELSIL

Hy
catalyst

trans

A REF= A I ARG

o4



Halogenation

- Wtk

Cl
(97%)
E i : cl c cl
Petroleum —& \ o \\/CI: — NN /‘\)\/\\/
_____________________ Vinyl chloride PVC

X 14 PR R T4 F2PVCEE R




Halogenation

« AT Wt R IMNA

56



Halogenation

Nuc:

« ARERV R N EE......?

ST r

Syn addition

&= AN R IR RIS 5.

Anti addition

o7



Halogenation ‘

* The Mechanism of Halogenation

Nucleophilic attack

+ o, b
Loss of a leaving group 'Br'B Nucleophilic attack A
e e® .Dr.
> Y\ Tt :Br > §|: ?
The alkene functions as a nucleophile | Bromide functions
and attacks molecular bromine, as a nucleophile
expelling bromide as a leaving group Bromonium and attacks the bromonium ion

and forming a bridged intermediate, ion in an S\ 2 process

called a bromonium ion

L\)

wET

it
o]



Halogenation

 SEERHIEIL B IRV E

cis-2-Butene
Br,
/\/
trans-2-Butene

I
' Br Br Br, Br
: >_ + _<
I

Br

59



Halogenation

* Practice: propose a mechanism, and predict the major product(s) for

the following reaction:

60



Halohydrin Formation

o ¥%

&

Bromonium ion

:é.r:
§‘ ? + En
@

61



Halohydrin Formation

* The Mechanism of Halohydrin Formation

Nucleophilic attack

oo - 5
||3_r§ loss of a leaving group

‘Br:d+
g :) ~B
—
The alkene

attacks Br,, expelling bromide
as a leaving group
and forming a bromonium ion

Bromonium
ion

Nucleophilic attack

Br. e
ZAES \/: O
—_ >
Water functions

as a nucleophile
and attacks
the bromonium ion
in an Sy2 process

Proton transfer

:Br: 2O
H H
+ En —
Water serves
o as a base
H/g\?H and deprotonates

the oxonium ion

62



Halohydrin Formation

- BRI I e

B H _
B
B, s r S EA RS E BT MR
HO ERFT SRS EEaE

FAEIARES AL

Bromonium ion is captured by water

ol o e i ) S it e s i e S i it s et S

. |
g — ° ® I
H—0>y : HO:
. . . \ | oo
Bromonium ion H |

_____________________________________

63



Halohydrin Formation

* Practice: predict the major product(s) for the following reaction:

64



Halohydrin Formation

HO Br
Br,

OH group is placed here
at the more substituted position

65



Dihydroxylation

X
Ethylene

Dihydroxylation

7

OH
HO

Ethylene glycol

66



Dihydroxylation

s RAW=ZEL: MHEMX

@ RCO,H CD H,0" O/
—

An epoxide

“OH

A trans diol

67



Dihydroxylation

* The Mechanism of anti-Dihydroxylation

Formation of an epoxide

H
B 7 \
K_\/H //H\\ O
O\/\\ o — O},Z:o\’ o| — CDO + o:<
04 0= R
R R An epoxide
Transition state
Acid-catalyzed opening of an epoxide
Proton transfer
! H Nucleophilic attack Proton transfer
Vo SN 15 :(|)® - -
i 2 Ha D //’b"\ :OH "o :5H
~ H Z/\i H H
—_— +
The epoxide Water functions Q
is protonated as a nucleophile

and attacks /8? and deprotonates
the protonated epoxide the oxonium ion

in an Sy2 process

H + En
Water serves
as a base .



Dihydroxylation

O
Cl O
)?\ o
O
HC~ 07 TH
Peroxyacetic acid meta-Chloroperoxybenzoic acid
(MCPBA)

W& CE 8] IS AR FER

x>



Dihydroxylation

* Practice: predict the major product(s) for the following reaction:

1) CHyCOgH _ ?
- 2) H;O" ] =

HO H H OH

H
1) CH3003H - I/“,,“'. : H + : “\\\\\H
— 2) H,0"

I/o
WO

1
\

70



Dihydroxylation

o Iz E£{L: 0s0,

A cyclic osmate ester

0\ OH
7 Na,SO4/H,0
N
o © NaHSO,/H,0 OH

O




Dihydroxylation

o {5 FH S 157 (co-oxidant) £ 0s0, 5

OSO4 (catalytic)
&)
< \ - 0s0,B|&, BHMi&o=
@ (NMO) O: EREF R FERF0s0,ZT AfET
OH 00, MR, ReAES
\ 0sO, (catalytic) / (60-90%) ARADOOMME, 2z Ba

%»OOH

72



Dihydroxylation

* KMnO, B EEFEITIMT W ER 1L

@

KMnO, &t id5®, Z{E~=4dH—
EEHRE. BREIMEKMNO, A&

. O

.'O.. . 3

O: ; /O..
:Mn\

.o./ \9-‘

Not isolated

NaOI—j

SEMN

TR R

A2

C
OH

(85%)

73



Dihydroxylation

* Practice: predict the product(s) for the reaction. Make sure to consider the
number of chiral centers being formed.

NN OsQ, (catalytic) ?

N

7

NMO =

R\/ OSO4 (catalytlc) D/Q‘/

74



Oxidative Cleavage

« B & {¥(ozonolysis)

75



Oxidative Cleavage

°&}§Z7|‘}HE p/%/) —> Q. 2
57 %5 )

I+ IR )t g ) _,Xyé
7o e % s Q-0
Initial ozonide \/‘O'. Ozonide

(molozonide)

XO% Mild reducing agent > O N O <

:0—0:

Ozonide

76



Oxidative Cleavage

* Example

1) O

N

2) DMS
or Zn/H,0O

R 2 Zmild

reducing agent?

i



Oxidative Cleavage

- RIRE L REANW IR A

/

1) O

e ——
2) DMS

7

9

BT, MRKRNMYIFRIGE

78



Oxidative Cleavage

B R, AR EHRE

79



Oxidative Cleavage

* Practice: predict the products that are expected when the following alkene is
treated with ozone followed by DMS:

o 1) Og O © )\
.
2) DMS O O

80



Reactions of Alkene

194
Br

HsO"

HBr,
ROOR

OH o

1) Hg(OAc),, H,0O

2) NaBH,

1) BHz - THF
2) H,0,, NaOH

2) DMS

10

O

1) OsO,

2) NaHSO,
H,O

KMn04
NaOH, cold

1) RCOGH

2) H0*

Brz, H20

iy

+ En

10.

. Hydrohalogenation (Markovnikov)
. Hydrohalogenation (anti-Markovnikov)

. Acid-catalyzed hydration and

oxymercuration-demercuration

. Hydroboration-oxidation
. Hydrogenation

. Bromination

. Halohydrin formation

. Anti dihydroxylation

. Syn dihydroxylation

Ozonolysis

81



Alkynes

Nomenclature of Alkynes, Basic Physical & Chemical Properties, Preparations,

Reactions of Alkynes



Alkynes in Industry and Nat

.
on | M
H
H\§ _

Ethynylestradiol

Histrionicotoxin

CIRIGHE EOE=-Lic = ORI — %

83



Nomenclature of Alkynes

- KRUZ B B
» SIEBRXBAER
» PG -yne

i N

Pentane

N

1-Pentene

=
/\//

1-Pentyne

84



Nomenclature of Alkynes

iy R T AT AR

N

Terminal

Internal

85



Structural Properties

o RIS AV LR FFFIE

BHAE R = sp Al

86



Structural Properties

» BRI A FLTTER

Cyclononyne

87



Acidity of Terminal Alkynes

o Ui R A S 1
Ethane
H H
H \> </ H
H H

pK, = 50

Ethylene

Acetylene

88



Acidity of Terminal Alkynes

A1 i < —
* ImfR 51 B FRIZE
) .
: o
Hoc=dhy — uBase {H—GEC:
Acetylene Acetylide ion
H

H H H H
H H >¥
© ©
H H
sp? ——

sp—>
spZAL BV F B ABER
AlEERETECE ot

AN
AN

‘ ©

Sp ——>

89



o 5 fiE AT 12 (jue) Bum R BY R F

T N
.
/N:@ Nga =+ H—{\CEC—H —
H
Stronger base Stronger acid
NaNH, (PKa = 25)
RN

H
N
IN—H NS | Gc=c—H
H
Weaker acid Weaker base
(PK, = 38)

Equilibrium favors formation of
weaker acid and weaker base

Lo
HO: N§  + hLlt=c—H

Weaker acid
(PK, = 25)

Weaker base

Equilibrium favors the
weaker acid and weaker base

Stronger acid

H/.O.\H + NPCc=c—H

Stronger base
(PK, = 15.7)

90



Acidity of Terminal Alkynes

PKa,

CONJUGATE ACID

Acid Strength

=
45
3 4

- BRTERYEES

o o T} o) oo} © e
To) ™ (40) Al ~— -~ "nlu
a
| 1

E=CO == _

_ L. T
I—O—I ® = :0: SeH
|1

| z © o 2
10=—(O)=ar oo _ I
| ar
Io=(O)=ac
|
I
e e s e G GES SES WSS W GG S NS S D NS G GHD. GED S CGED GHD S GHN NN G NN M M SEES SN SMNSGNN GHNN SEN M Hu““u“ﬂﬂu
yibuais aseg
@..
10— (O)=—ac
| TSN
I-o-T o o, 00 98
| ~ v o :0:
I-o-T S I || 2
_ O
I—O—T _
_ T
A5
S R PR
Y Y
o O [0}
m e " & <
S © 0L
2 85 585
2T E %..mm
= o Q9 £
T E £ &
= ©
3
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Preparation of Alkynes

 [FRAE Z ML =K RS EHRIZ (E2 mechanism)

Br H
- Strong b
geminal dihalide  R—C—C—R o e, R—C=C—R
B Br H

An alkyl dihalide

Br Br

| Strong b _
vicinal dihalide R—Cl)—cl)—R ongRes B—0=G—AR
PRI H H

92



Reduction of Alkynes

- REHELSHER i)

IR R IHE R L ...
IGRPEIEAG TS !

93



Reduction of Alkynes

, Pd / BaSO4, CH3OH

\\ H
2 - -
S ~.  Poisoned” / \ >< N
catalyst

. AN

=P EEMLF: 1. Lindlars catalyst =
2
N

Quinoline

2. nickel-boron complex (Ni,B)

94



Reduction of Alkynes ‘

s RNATE

This step
is catalyzed
This step
is NOT catalyzed

—— Without catalyst
—— With catalyst
Potential
energy
HyC—IC=C—CHj
o -
HsC CHj |l4 |'4

Reaction coordinate



Reduction of Alkynes

- ERER ®EITER (R

|
)

NH; (1) (80%)



Reduction of Alkynes

o JLFIEJRAYRTEL

A\ 4

v

97



Reduction of Alkynes

* Practice: identify reagents that you could use to achieve each of the following

7y

transformations:

\

g
|

A\ 4

98



Reactions of Alkynes

- Rig=pat (SRR

X
/ = M
\/\// —

(60—-80%)

X X
// Excess HX_ M
NN >

99



Reactions of Alkynes

- RIEF I (RSN

zZ :
T N = RgBOR \/WBI’ + M

A mixture of E and Z isomers Br

SEE/zARTHIABIRRE

100



Reactions of Alkynes

c RIZRIIKE

H,S0,, H,0

HgSO, ~

(Not isolated)

OH

AN

Enol

I

101



Keto-enol Tautomerization

* Mechanism: Acid-Catalyzed Tautomerization

Proton transfer Proton transfer

A
) (\ / ) H . H /\ »
o /_\ Y < 02 o o
/& H = )\ )J\ d i - )k
—> <
) The resonance-

The 7 bond of the enol is
protonated, generating a ~  Resonance-stabilized - stabilized intermediate  atone
resonance-stabilized intermediate is deprotonated to

intermediate give a ketone

Enol

102



Keto-enol Tautomerization

* Practice: under normal conditions, 1-cyclohexenol cannot be isolated or stored in
a bottle, because it undergoes rapid tautomerization to yield cyclohexanone.

Draw a mechanism for this tautomerization:

OH O

103



Keto-enol Tautomerization

104



Reactions of Alkynes

- RIZTREL-FL
'H  OH 0
___ 1)BHgTHF -
R—™= 31,0, NaoH > / 2
R R H
iz
Rt SR 1

e Rk G EE EHE?

105



Keto-enol Tautomerization

* Mechanism: Base-Catalyzed Tautomerization

Proton transfer Proton transfer
oo /__\ o o@ K
H :O—+—H SN H 0. H O:

: o : .'O'.
> <U OH >l\ < H L /< H\f H H > /<
< : : @ <
The hydroxyl group of the The enolate ion

R H enol is deprotonated, R H R H is protonated R H
enerating a resonance- g to give an aldehyde
An enol gstabilizeg enolate ion - An enolate ion = 4 An aldehyde
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Reactions of Alkynes

* 7

MR I SE RIS R = L

Atk ok

Disiamylborane 9-BBN
(9-Borabicyclo[3.3.1]Jnonane)

(L FER R B E— 5 — RN Bk

1) Disiamylborane H
\/// 2) H,0,, NaOH = W

O
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Reactions of Alkynes

« RIZRI R 1L

X X
R—c=c—r ==X, o [l {_q
(X = Cl or Br) X X
(60-70%)

X, ( valent) X R X X

> (one equivalent)

R — R cel, > >:< + >:<
R X R R

Major Minor
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Reactions of Alkynes

« RIZRF
R—C=C—R LS N R—ép 3 Q%—ﬂ'
o 2) H,0 \ /
OH HO
1)0; //o

R—C=C—H —po>
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Reactions of Alkynes

o UmR kTR
©
R—c=c 1y M, p_c=c®

An alkynide ion

[N
o s
R—CEC:/\M R—C=C—R

2)/\I> — \

1his process is only efficient with methyl or primary alkyl halides.
. ERXRRBREREGETFRNE, SE%IHRRN
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Reactions of Alkynes

» ZIREVRU BT EAL

o 1) NaNH, - - 1) NaNH, - _
1) NaNH 1) NaNH
) 2, ) 2> Et—C=C—Me

H—C=C—H —gr > Et—C=C—H —yq
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Reactions of Alkynes

* Practice: identify reagents that can be used to convert acetylene into
7-methyl-3-octyne.
2

1 3
/\\\4 ] .

Acetylene 7-Methym
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Reactions of Alkynes

. 1) NaNH, - L
H———"H —5E&x 2 e H
PN 1) NaNH, L A
\\\ 2) I\/\( \\
H \/Y
1) NaNH, PN
_ 2) Etl . Sl
H—=——H 3) NaNH, g \W
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Reactions of Alkynes

xs HX >: >‘CH3

/ R R
HQSO4
1 X A 1) xs NaNH,
/ 2) H,0 \
R

1) RoBH
2) HgOg, NaOH

I X5 (one equiv.) X\
— Gelg /\
« R
1
)\/ X 1) xs NaNH, \
R 2) H,0 1) NaNH, 1) O3 CCl, ¥
2) RX 2) H0 RX{ X -
12) //\ e i o @ 0 X
= R—=—R

Lindlar's cat. + C

Vo Lot §

11

R OH
R J \L ~_ _R
R/\/ R/\/ 10

Pt NH; ()

1. Elimination

B O R

. Hydrohalogenation (two

equivalents)

Hydrohalogenation (one
equivalent)

Acid-catalyzed hydration
Hydroboration-oxidation
Halogenation (one equivalent)
Halogenation (two equivalents)
Ozonolysis

Alkylation

Dissolving metal reduction

. Hydrogenation

. Hydrogenation with a poisoned

catalyst
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Synthesis Route Design

One-Step Transformation, Multiple-Step Transformation, Transformation of Hydrocarbons




One-Step Synthesis

Y
Substitution reactions )\ )\
—_—

X

Elimination reactions

— AL

Addition reactions >:< — 5 X Y
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One-Step Synthesis

* Practice: identify the reagents that you would use to accomplish the

following transformation:

SAICA
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One-Step Synthesis

1. Which two groups are being added across the double bond?—H and OH.
2. What is the regioselectivity?—Markovnikov addition.

3. What is the stereospecificity?—Not relevant (no chiral centers formed).

OH

If rearrangement were possible, then oxymercuration-demercuration would have been the
preferred route.
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Br
Br

~F
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Multiple-Step Synthesis

Br
Br

Elimination /ﬁ/ Addition /\ﬁ
Br
/NaOMe) /ﬁ/ Zaitsev HBr _ /\f
Br

— 4
— R 218 R R X i
E2 >S,2

\ tBuOK | /\( Hofmann
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Multiple-Step Synthesis

/>{\
OH

OH

Addition of

/>{\ Elimination /\H/\ H and OH
OH

Al EEIEHITIEMRR L ? E1 always produce Zaitsev Product!

\ 4

OH

Conversion of OH into a Elimination Addition
good leaving group

__TsCl t-BuOK 1) BH; - THF
yr|d|ne 2) H,0,, NaOH
OTs
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s WEENAE

Br

A 4

/\( Addition Elimination /ﬁ/
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Multiple-Step Synthesis

* Practice: identify the reagents you would use to accomplish the

following transformation:

b -
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Transformation of Hydrocar

Br

Addition _ Elimination _

1)HBr
2) t-BuOK ~
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Transformation of Hydroca

« NBFIR @B L

A Lindlar’s catalyst H,, Pt \
/ or N\ / .

Na, NH,
Z _ >

Alkyne Alkene Alkane
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Transformation of Hydrocatrt

TR ] N IRFIIREE 1L

Z - -
\?/ \?/

Alkyne Alkene Alkane

B,  Br_ < 1)xsNaNH, ~_~
= ccl, B 3o > &
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Transformation of Hydroca

TR ] N IRFIIREE 1L

H,, Lindlar’s catalyst H,, Pt

/ Na,o l:‘lH3 \ / \‘

gz Zz
/ 1) Br,, CCl, 4 “J

N\ 2)xsNaNH, N /

3) H,0 free radical reactions
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Multiple-Step Synthesis

* Practice: propose an efficient synthesis for the following transformation:
/\O \/\O
—
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Multiple-Step Synthesis

4
AN
455\\1:::::] \\\[::::]
e
AN AN

& 1) Br,, CCl, 1) NaNH, _
2) excess NaNH2 2) Mel
3) H,0
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