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acetylene (ethyne), C,H,
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1-propyne

1-butyne 2-butyne

can use just propyne
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2-hexyne

1-hexyne
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3-hexyne
More examples
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Halogenation—Addition of Halogen

MECHANISM 11.2

Addition of X; to an Alkyne —Halogenation

FPart [1] Addition of X; to form a trans dihalide

iw .1.
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. 1] il z CHy G
CHy;-C=C-CHy - :C C. - =0
s CH, CH, {:I tl iy

frans dihalide

nucleophile —:C1:
bridged halanium ion

Part [2] Addition of X; to form a tetrahalide

CHal 2B - icr: 4] 1z : 01
'y 3] ! |
D=0 * CHar C=Con, B * CHy=C—C=CH,
/ \ slow 2 /I L . o
I CH, 1l CHy #oE:
nucleophile if.';l: tetrahalide

bridged halonium ion

Two bonds are broken and two are formed in Step [1] to
generate a bridged halonium ion. This strained three-
membered nng 15 highly unstable, making it amenable to
apening of the ring in the second step

Nucleophilic attack by CI” from the back side forms the trans
dihalide in Step [2].

Electrophilic addition of Cl" in Step [3] forms the bridged
halonium ion ring, which is opened with CI™ to form the
tetrahalide in Step [4].
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Hydration—Electrophilic Addition of Water

- In the presence of strong acid or Hg?* catalyst, the
elements of H,0 add to the triple bond, but the initial
addition product, an enol, is unstable and rearranges to
a product containing a carbonyl group—that is, a C=0. A
carbonyl compound having two alkyl groups bonded to
the C=0 carbon is called a ketone.

Hydration—General reaction

carbonyl group

R-C=C-R e o=c — ¢~ R
5% |y on H H
HgSO ' ks

9=t less stable enol ketone

H.0O has been added.
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* Internal alkynes undergo hydration with concentrated
acid, whereas terminal alkynes require the presence of
an additional Hg# catalyst—usually HgSO ,—to yield
methyl ketones by Markovnikov addition of water.

Examples
H.O
CH;~C=C~-CH, >
H,SO,
H,O
H-CsC~CH; ——»
& I'{:;SOJ
HgSO,

Markovnikov addition of H,0

ketones

/\
H H
methyl ketone
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 Consider the conversion of a general enol A to the carbonyl
compound B. A and B are tautomers: A is the enol form and B is the
keto form of the tautomer.

¢ Tautomers are constitutional isomers that differ in the location of a double bond and
a hydrogen atom. Two tautomers are in equilibrium with each other.

enol ketone
\C“C/ S— C| C/
2 -« — N
/ T \O¥H b o
enol form keto form
A B

¢ An enol tautomer has an O-H group bonded to a C=C.
¢ A keto tautomer has a C=0 and an additional C-H bond.

 Equilibrium favors the keto form largely because the C=0 is much
stronger than a C=C. Tautomerization, the process of converting
one tautomer into another, is catalyzed by both acid and base.



MECHANISM 11.3

Tautomerization in Acid
Step [1] Protonation of the enol double bond

Ne: (1] L & | i .
C=C — —=C-C —p (G + Hzo:
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‘J OH H 'QH H .QH
/
H-\QHg two resonance structures
A

Step [2] Deprotonation of the OH group
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Q MECHANISM 11.4
Hydration of an Alkyne

Step [1] Addition of the electrophile (H*) to a © bond

H-OH,
(- [1] H |, Addition of H" (from H40") forms an sp
CH;—C=C-CH; *  C=C-CHy + HyOe hybridized vinyl carbocation.
2-butyne CH,

winyl carbocalion

Steps [2] and [3] Nucleophilic attack of H;0 and loss of a proton

H:_._[;l: _H ] is L
B T T Mo 0 i Nucleophilic attack of H;0 o the
; T e Y 13 il 3 carbocation followead by loss of a proton
CH, CHy CH, ¢ CHy  CHy forms the enol.
I anl
nucleaphilic attack loss of a proton
Steps [4] and [5] Tautomerization
™, Tautomerization of the enol to the keto
JH-OH, form occurs by protonation of the double
u . H GBH o ?. N heti H fﬁ'" bond 11:; Tarm: carbocation. Lnss_qfa
c=¢ = CHy~C-C = CHy=G—C - = CHy—G—C proton from this resonance-stabilized
CHI cH [4] | # CH H CH N CH carbocahon ganerates the mora stabla
g | s E o kito form,
anol Wi FESDNANGCE Sinactures ketone
H,O"
protonation deprotonation
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Hydroboration—oxidation is a two step reaction sequence
that converts an alkyne to a carbonyl compound.

Hydroboration—oxidation—General reaction
®)
R R I

oy /C\

BHq R‘\ /’R HQOE' HO' R\

/
R-C=C-R —— C=C » C=C < 20 C R | H,0O is added.
/ \ / \ /\
B H BH, s H OH 4 H H
| |
organoborane anol
hydroboration oxidation tautomerization

¢ Addition of borane forms an organoborane.

¢ Oxidation with basic H,0, forms an enol.

¢ Tautomerization of the enol forms a carbonyl compound.
¢ The overall result is addition of H,0 to a triple bond.

» Hydroboration—oxidation of an internal alkyne forms a
ketone.

» Hydroboration of a terminal alkyne adds BH, to the less
substituted, terminal carbon. After oxidation to the enol,
tautomerization yields an aldehyde, a carbonyl compound
having a hydrogen atom bonded to the carbonyl carbon.

]
CH4 CH, ~
Internal alkyne - Uk o 4 —'LHE“ i
CHy=C=C—CHs o or =& ° AWRLL
atda, i ¥ 1
H OH H H
enol
CH H 0
. (1] BH, X/ Gy, G,
Terminal alkyne  CH,-C=C—H [E]H{;‘ = C=C - - C H aldehyde
20, ;N £\
H OH H H
enol 4

The OH group is bonded to
the less substituted C.



Diels-Alder Reaction
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new C—C bond
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« Acetylide anions are strong nucleophiles that open epoxide
rings by an Sy2 mechanism.

* Backside attack occurs at the less substituted end of the
epoxide.

Su2
~0 backside attack H 0 H OH
T Hal Vi H.0 Hal /
. . “e—¢,, —— “e—d,
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Steric hindrance prevents an Sy2 reaction. The acetylide anion acts as a base instead.
\
\\ » \
\\ C|H3 T ~:C=C—H CHjy
L SR \
CH, (Ij CH, > C=CH, + H-C=C-H + Br
- Br C}'i;
2-bromo-2-methylpropane E2 product

3° alkyl halide



