Summary of CH 13 Alkynes

I. Nomenclature

* Common name:
* [UPAC name:

acetylene

Alkane --> Alkyne
Alkane --> Alkenyne
Alkane --> Alkynol
II. Structure of alkyne

Pi bond
sp hybridized C
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Pibond Sigma bond
* C=C is viewed as consisting of one ¢ bond and two 7 bonds
* Linear geometry of C=(results from the two sp carbon atoms
* The terminal alkyne H is considerably acidic (pKa 25)

* Internal alkyne is more stable than terminal alkynes
III. Synthesis of alkynes by elimination reacitons

» From vic dihalide
H H

| | NaNH,/NH; H;C H
H;C | | CHj,4 %
H
X X haloalkene
vic dihalide
NaNH,/NH;
X, (X=Br, Cl)
Retrosynthesis ~ H;C—==—CH;
H;C-HC——=CH-CHj;
alkene alkyne

* Dehydrohalogenation requires strong bases and occurs in two steps of E2
reaction.

* Halogenation-dehydrohalogenation provides a synthesis of alkynes from
alkenes.

* From gem dihalide

Cl
t-BU+CH3 1) 3N3NH2/NH3
2)H,0 t-Bu——H
cl alkyne
gem dihalide

* Dehydrohalogenation requires strong bases and occurs in two steps of E,
reaction

IV. Synthesis of alkynes by alkylation of terminal alkynes

R—X

RC=CR'
internal alkyne

(prefer 1° alkyl)
RC=CH NaNH2/NH3 RC=CNa

Terminal alkyne

epoxide alkynol

alkynol
ketone or aldehyde

* RC=CNaacts as a nucleophile to react with electrophiles such as RX,
epoxide, carbonyl compounds.

V. Reduction by catalytic hydrogenation

» Complete hydrogenation to alkane
H H

HyC—C=C—CH;  Hy (2 eq)catalyst HacAQ—'—CHg

H H
alkane

Catalysts:  heterogeneous catalysts: Pt, Ni, Pd

homogenous catalyst: (Ph3P);RhC] (Wilkinson's catalyst)

* Partial hydrogenation to cis alkene

HsC CHj

H, S=(
Lindlar's catalyst H H
cis alkene

H3C_CEC_CH3

Lindlar's catalyst = 5% Pd-CaCOj3, Pb(CH3CO5), quinoline, @

VI. Reduction by dissolving metals

N HyC___H
H;C—C=C—CH; ———2&
NH;(1) H CH;

trans alkene

* Synthesis of trans alkenes from alkynes via a stepwise single electron
transfer mechanism (complementary to partial catalytic hydrogenation)

VII. Addition of Br; or Cl,

X X
X3 HsC X X ||

HyC—C=C—CH; __ "% >:< HsC T CH,
(X=Br,Cl) x CHj X X

trans dihaloalkene tetrahaloalkane

*Sequential addition of Br, or Cl, to C=C via a trans dihaloalkene intermediate.
* Partial addition to prepare trans dihaloalkenes from alkynes

VIII. Addition of H-X

X H
H-X Et H
Et—C=C—H——> >—< HX_  Et H
(X=Br,C) -
X H
haloalkene gem dihalide

« Sequential addition of H-X to C=C via a haloalkene intermediate to yield a gem

dihalide

« Partial addition to prepare haloalkenes from alkynes

* Regioselectivity: Markovnikov addition (i.e. more stable C+ intermediate)
* Anti Markovnikov addition can be accomplished via a radical mechanism

H-Br
Et—C=C—H

Et-CH=CH—Br
ROOR/A (both cis and trans bromoalkene)
* Alkenyl organometallic reagents from haloalkenes

R H Mg/EL,0 R H

o o lL.LiE,bo R H

= = > Tcu >_& ,
H MgX H X H > CuLi
vinyl Grignard haloalkene alkenyl cuprate
-vinyl Grignard reagent (and reactions of Grignard reagents)
-alkenyl cuprates and their coupling reaction with RX (prefer 1° alkyl and
alkyl iodides)

IX. Addition of H-OH

. ngJr - catalyzed hydration

Et H O
Et—Cc=c—H Hg80s | SN— _—— )k
H,S04,H,0 HO H Et CHj
enol ketone

-hydration of alkynes in H+/H20 requires Hg2+ as catalyst
-regioselectivity: Markovnikov addition (i.e. more stable c intermediate)

- terminal alkynes give methyl ketones

* Hydroboration-oxidation 0
_ 1. R,BH Et H ___
Et—C=C—H >:< =
2.Hy0,,NaOH g OH Et-H,C  H
enol aldehyde

-regioselectivity: B adds to the less hindered C and hydroboration-
oxidation sequence gives a net anti Markovnikov addition of H-OH
- terminal alkynes give aldehydes



