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Chapter 11: Alkynes

¢ General facts about alkynes

* Alkynes contain a carbon—carbon triple bond consisting of a strong o bond and two weak m bonds.
Each carbon is sp hybridized and linear (11.1).

180°
H—C=C—H T Q@ /\ﬁ o
acetylene T T
sp hybridized

* Alkynes are named using the suffix -yne (11.2).

* Alkynes have weak intermolecular forces, giving them low mp’s and low bp’s, and making them
water insoluble (11.3).

* Since its weaker &t bonds make an alkyne electron rich, alkynes undergo addition reactions with
electrophiles (11.6).

¢ Addition reactions of alkynes
[1] Hydrohalogenation—Addition of HX (X =Cl, Br, I) (11.7)

X e Markovnikov’s rule is followed. H bonds
R—C=C—H H—X R—C—C—H to the less substituted C in order to form
(2 equiv) < H the more stable carbocation.
geminal dihalide

[2] Halogenation—Addition of X, (X =Cl or Br) (11.8)

X * Bridged halonium ions are formed as
R—C=C—H X_X_ R—G—C—H intermediates.
(2 equiv) X X * Anti addition of X, occurs.

tetrahalide

[3] Hydration—Addition of H,O (11.9)

e  Markovnikov’s rule is followed. H

R H . .
R—c=c-H 129 omd | —s bonds to the less substituted C in
RS0, | L W order to form the more stable

HgSO, ketone carbocation.
* The unstable enol that is first
formed rearranges to a carbonyl

group.
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[4] Hydroboration—oxidation—Addition of H,O (11.10)

* The unstable enol, first formed after
oxidation, rearranges to a carbonyl

group.

1] BH /
R-c=c—H B c=¢ |—
2IH0, HO™ |/ om

4 Reactions involving acetylide anions

[1] Formation of acetylide anions from terminal alkynes (11.6B)

A — . * Typical bases used for the reaction are
R—C=C—H + ‘B <:’+ HB NaNH2 and NaH.

[2] Reaction of acetylide anions with alkyl halides (11.11A)

~ - ¢ The reaction follows an Snx2 mechanism.
H—C=C: + RX —|H-C=C-R ||+ X . "
U - e The reaction works best with CH;X and

RCH,X.

[3] Reaction of acetylide anions with epoxides (11.11B)

[1] & * The reaction follows an Sy2 mechanism.
H-C=C:~™ —— ‘ H—C=C~—CH,CH,OH | * Ring opening occurs from the back side
[2] He0 at the less substituted end of the

epoxide.
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Chapter 11: Answers to Problems

11.1 * An internal alkyne has the triple bond somewhere in the middle of the carbon chain.
* A terminal alkyne has the triple bond at the end of the carbon chain.

HCEC_CHchchg CHs_CEC_CHchg HCEC_?H_CHa
CHg
terminal alkyne internal alkyne terminal alkyne

11.2

3
Csp—Csp (S)S'D_CSP

(b) l

l OH  Increasing bond strength: a<c <b
\/\/\/\/va
N o}

\(a) santalbic acid
CspP—Csp?

11.3 Like alkenes, the larger the number of alkyl groups bonded to the sp hybridized C, the more stable
the alkyne. This makes internal alkynes more stable than terminal alkynes.

11.4 To name an alkyne:

[1] Find the longest chain that contains both atoms of the triple bond, change the -ane ending of the
parent name to -yne, and number the chain to give the first carbon of the triple bond the lower
number.

[2] Name all substituents following the other rules of nomenclature.

CH,CH,CHg CHoCH3 CHg (Number to give the lower

a. H—C=C—CH,CCH,CH,CHy C. CH,=CHCH,CHC=CCCH,CH,CH, number to the first site of
' ! unsaturation.)
CH,CH,CH, CHy

4,4-dipropyl-1-heptyne 4-ethyl-7,7-dimethyl-1-decen-5-yne
b. CHyC=CCCICH,CHy d.

CHg3 = <—:-;/

4-chloro-4-methyl-2-hexyne

5 (The longest chain must contain both functional groups.)

¢

3-isopropyl-1,5-octadiyne

11.5 To work backwards from a name to a structure:
[1] Find the parent name and the functional group.
[2] Add the substituents to the appropriate carbon.

OH<«—OH on C1 QH

a. trans-2-ethynylcyclopentanol B : -
5 C ring with OH at C1 . C=CH <——ethynylatC2  or Q,CZCH
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b. 4-tert-butyl-5-decyne ~—fertbutyl at C4

10 C chain with N
a triple bond T
triple bond at C5

c. 3-methylcyclononyne

9 Cring with a
triple bond at C1

!

3-methyl triple bond at C1

11.6 Two factors cause the boiling point increase. The linear sp hybridized C’s of the alkyne allow for
more van der Waals attraction between alkyne molecules. Also, since a triple bond is more
polarizable than a double bond, this increases the van der Waals forces between two molecules as

well.
11.7 To convert an alkene to an alkyne:

[1] Make a vicinal dihalide from the alkene by addition of Xo.
[2] Add base to remove two equivalents of HX and form the alkyne.

Na* “NH Na* ~NH
a. BryCH(CH,)4CH; ————2—~ | BICH=CHCH,CH,CH,CH; | —————2—~ HC=CCH,CH,CH,CHj

not isolated
e
b. CHy=CCI(CH,)sCH; —2 NH2 1= GCH,CH,CH,CH;
Cl Na* “NH _
C. CHo=CH(CH,)3CH, 2 CH,CHCH,CH,CH,CHy 2 | HC=CCH,CH,CH,CHg
(2 equiv)

|
Cl Cl

11.8 Acetylene has a pK, of 25, so bases having a conjugate acid with a pK, above 25 will be able to
deprotonate it.

a. CH3NH™ [pK, (CH3NH,) = 40] ¢. CH,=CH™ [pK, (CH,=CHy,) = 44]
pK, > 25 = Can deprotonate acetylene. pK, > 25 = Can deprotonate acetylene.
b. COz2™ [pK, (HCO3") = 10.2] d. (CH3)3CO™ {pK, [(CH3)3COH] = 18}

pK, < 25 = Cannot deprotonate acetylene. pK, < 25 = Cannot deprotonate acetylene.
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11.9 To draw the products of reactions with HX:
* Add two moles of HX to the triple bond, following Markovnikov’s rule.
* Both X’s end up on the more substituted C.

Br
2 HBr |
a. CH30H20H20H2_CEC_H CH30H20H2CH2_9_0H3
Br
Br Br
_ 2 HBr \ |
b. CH3—C=C—CH,CHj, CH3—CH2—C‘)—CHQCH3+ CH3—(|J—CH2-CH2CH3
Br Br
Elir
c. E}CECH 2 HBr E}?-CHs
Br
11.10
M +
a. Cl: Cl: c. (:NH +NH
.o .o /
+
-Q+ +
b. CH3797CH2 CHg_Q:CHZ

11.11 Addition of one equivalent of X, to alkynes forms trans dihalides.
Addition of two equivalents of X, to alkynes forms tetrahalides.

I|3r I‘3r
CHSCHZ_?_?_CHZCHS
Br Br

2B
CHsCHy—C=C—CH,CHs f2

CI\ /CHZCH3
/C:C\ trans dihalide
CHsCH, ClI

Cl

CH30H2_CEC_CH20H3

11.12
Cl, Cl CHs  The two Cl atoms are electron withdrawing,
CH3;—C=C—CHj4 C=C making the xt bond less electron rich and
CH, cl therefore less reactive with an electrophile.

11.13 To draw the keto form of each enol:
[1] Change the C—OH to a C=0 at one end of the double bond.
[2] At the other end of the double bond, add a proton.

H\ /H
CH
a. /\/Y 2 — /\/\H/C\H C. QOH — (0]
OH 0O
H H H
new C—H bond
new C-H bond

OH 0
b. M\/ - /YJ\/
H 4 H__—new C-H bond
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11.14 Treatment of alkynes with H,O, H,SO,, and HgSO, yields ketones.

CH3705070H20H3

H,0 CHyCH=C(OH)CH,CHj
+

H2804, HgSO4  CHLC(OH)=CHCH,CHs

11.15

Two enols form.

o

o)

—»Y\/+\)\/

two ketones after
tautomerization

& 5

constitutional isomers,
but not tautomers

enol tautomers

11.16 Reaction with H,O, H,SO,, and HgSO, adds the oxygen to the more substituted carbon.
Reaction with [1] BH3, [2] H,0,, "OH adds the oxygen to the /ess substituted carbon.

a. (CHs),CHCH,—C=C—H

H,SO,, HgSO,

H,0 CHs

3

O
CH —(ID—CH —C// Forms a ketone. H,O is added with the
35 2 \CH O atom on the more substituted carbon.

CHj 0 . .
_ 1] BH ! % Forms an aldehyde. H,0 is added with the
—c=c-H [1BHs ~C—CH,~CH,- G
(CHeCHCR, [2] Hx0,, HO CHa=C—CH,~CH, C\H O atom on the Jess substituted carbon.
H
H,O //o . .
b. QCECH 2 QC Forms a ketone. H,0 is added with the
H,SO,, HgSO, \CH3 O atom on the more substituted carbon.
HH
QCECH (1] BHs , Q‘C’ Forms an aldehyde. H,O is added with the
[2] HyO,, HO ‘c=0 O atom on the less substituted carbon.
H/
11.17
b
a H—ocz=o_py _1NaH Hec=Cir + Hy A(CHCHCHCl o GHeH,—C=C—H  + NacC
A
[1] NaH O*C:C:m E>7CEC_CH2CH3 1° alkyl halide
substitution product

b. QCECH —
[1] NaNH,

E}CEG + NH, 21 (CHg)CCl

+ NaBr
CHs
;C=CH2 + NaCl
CHg

+ QCECH

3° alkyl halide
elimination product




11.18
a.  (CHg),CHCH,C=CH
CHa CHs
CHg-C—CH,~§-C=C-H =———> CHz-C-CH,Cl + C=C-H terminal alkyne
H 4 only one possibility
1° RX

b. CH3C=CCH,CH,CH,CHs

CHy§-C=C-§-CH,CH,CH,CHy ———=> [1] CH,Cl + C=C-CH,CH,CH,CH,
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internal alkyne

(2] 2] CHy-C=C~ + Cl—CH,CH,CHyCHy ~ MO possibilities
1° RX
C. (CHg)3CC=CCH,CHj
CH; | CHs
CHy-C—C=C—§-CH,CH; ====> CH;-C-C=C~ + CI-CH,CH; =-| internal alkyne
éHs éHs 1° RX only one possibility
CHa
==X CH;-C-Cl *+ ~ C=CCH,CHs The 3° alkyl halide
CH, would undergo elimination.
3° RX
too crowded for Sy2 reaction
11.19
N @f _ @Hzfgr mf
HC=C—-H ——= HC=C:" ——r H*\?EC*CHzCHs <:C=C—CHyCH3 + H,
+ H2 lT' [\
+ Nat + Na'Br' (CHg),CHCH,C—Br
H
(CH3)2CHCHQCH2_CEC_CH2CH3 + Br_
11.20
9H3 ?HS (|3H3 (|:H3 The 3° alkyl halide is too crowded for nucleophilic
CH3—C|:—CEC—C|:—CH3 _— CH3—C|7—CEC* + X—(|3—CH3 substitution. Instead, it would undergo elimination
CHs CHj CHs CHs with the acetylide anion.
2,2,5,5-tetramethyl-3-hexyne
11.21
CHs 1-:0=C—H CHs Epoxide is drawn up, so the
a o [1]:C= <:|"0H acetylide anion attacks from below
[2] H,O . at less substituted C.
G
~CH
-CH . .
[1]":C=C—H OH C Backside attack of the nucleophile
b. ()O —_— O + Q (TC=CH) at either C since both
(2] H0 "G OH ends are equally substituted.
SCH

enantiomers



Chapter 11-8

11.22
CH4CH,C=CNa*

a. CchHchzBr CH3CH20H2CECCH20H3

CH3;CH,C=C"Na*

i

(CH3),CHCH,CH,CI (CH3),CHCH,CH,C=CCH,CHj;

CH5CH,C=CNa*
il (CH3CH,),C=CHCH; +  CH3CH,C=CH

C. (CHgCHy)sCCl

CH,CH,C=CNa*

d. BrCH,CH,CH,CH,OH CH3CH,C=CH + BrCH,CH,CH,CH,O Na*

O  CHsCH,C=CNa* H,0
/\ CHzCH,C=CCH,CH,OH

)

0 Nt
H-.CH.C=C™N H,O
L\C 3CH,C=CNa 2 CHyCH,C=CCH,CHCH
OH

11.23 To use a retrosynthetic analysis:
[1] Count the number of carbon atoms in the starting material and product.
[2] Look at the functional groups in the starting material and product.
Determine what types of reactions can form the product.
Determine what types of reactions the starting material can undergo.
[3] Work backwards from the product to make the starting material.
[4] Write out the synthesis in the synthetic direction.

?
CH3CH,C=CCH,CHy =——> HC=CH

6C's 2C's

CH3CH,C=CCH,CH; —— CH3CH,C=C  + CH3CH,Br ——— HC=C + CH3CH,Br

_ /\ ‘/‘\7 /-\\ /\
¢ Na' P CHaCH L Br Na* H: CHACH, B
HCEC{)\—H — %+ Hc=cim °2TF CHscHzcz&H CHsCH,C=C:— 372
11.24
0
CH3CHQCH2_C\ > HC=CH
H
product: starting material:
4 carbons, aldehyde functional group 2 carbons, C=C functional group
(can be made by hydroboration—oxidation of (can form an acetylide
a terminal alkyne) anion by reaction with NaH)
Retrosynthetic CHSCHZCHZ—C:/ —— CH3CH,C=C—H ——=H-C=C—H
analysis: H

N~ CHoH,

[1] BH3

Forward direction: H—CEC{\—H - . ~C=c-H =222 7, CHCHC=C-H_-~-"—"°5 CHgCH,CH,—C

[2] H,O,, HO™

CH3CH,C=CCH,CHs

4

H



11.25

a., b. \O/\/O N\w
/O\/\O /N H
HN =Z 1
erlotinib most acidic
C-H proton

shortest C—C single bond
Csp—Csp?

Alkynes 11-9

C

d. * = sp hybridized C
e.3<1<2

phomallenic acid C

most acidic
proton

11.26 Use the rules from Answer 11.4 to name the alkynes.

1-hexyne 3-hexyne 3-methyl-1-pentyne

_

4-methyl-1-pentyne

__/

2-hexyne

11.27 Use the rules from Answer 11.4 to name the alkynes.
5 3

| l

a. CH3CH,CH(CH3)C=CCH,CH;  5-methyl-3-heptyne

}k

3,3-dimethyl-1-butyne

—

4-methyl-2-pentyne

CH3~— 3-methyl

e. CH3CH2—CI:—CECH 3-ethyl-3-methyl-1-hexyne
3-heptyne CH,CH,CH
5-methyl Pty 3-ethyl PAARPACLRK!
3-hexyne f. CHSCHch?CHz(?ECCHs 2,5-octadiyne
b. CHsCHCECCHCH, 2,5-dimethyl-3-hexyne 5 2
| |
CH; CHs
I .
2,5-dimethyl (2E)-4,5-diethyl-2-decen-6-yne
4-nonyne
CHg ~—7-methyl 6-methyl \
C. CHyCH,CHC=CCHCHCH,CH /1
I h. — -
CH3CH2 CH2CH3 ethynyl
3,6-diethyl-7-methyl-4-nonyne 1-ethynyl-6-methylcyclohexene
3,6-diethyl
d.  HC=C—CH(CH,CH3)CH,CH,CH;  3-ethyl-1-hexyne
1-hexyne STethyI
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11.28 Use the directions from Answer 11.5 to draw each structure.

a. 5,6-dimethyl-2-heptyne d. cis-1-ethynyl-2-methylcyclopentane
1-eth |
2-heptyne W € lyny
C=CH or O"'CECH
~ 2-methyl

b. 5-tert-butyl-6,6-dimethyl-3-nonyne
~—6,6-dimethyl

A e. 3,4-dimethyl-1,5-octadiyne

3-nonyne <—/ 3,4-dimethyl
5-tert-butyl Tlg%/
y diyne T diyne
C. (4S)-4-chloro-2-pentyne f. (62)-6-methyl-6-octen-1-yne

Cl<— 4-chloro ~— 6-methyl
—T<H S configuration J>Tfi\me y
2-pentyne = Z

11.29 Keto—enol tautomers are constitutional isomers in equilibrium that differ in the location of a
double bond and a hydrogen. The OH in an enol must be bonded to a C=C.

—h ——

? OH
C\ = ~
a. CHy™~“CHg and CH2/C GHy c. A~ OH  ang /\/\H/H
«C=0 «C=C «C=C «C=0 0
¢ one more CH bond *OHon C=C *OHon C=C ¢ one more CH bond

keto—enol tautomers keto—enol tautomers

Q OH OH is not bonded
(0] OH 0
b. g and ©/ ‘ d. )K/\ and M to the C=C.
OH is not bonded NOT keto-enol tautomers

to the C=C.
NOT keto—enol tautomers
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11.30 To draw the enol form of each keto form:

[1] Change the C=0 to a C—OH.
[2] Change one single C—C bond to a double bond, making sure the OH group is bonded to the C=C.

W \)\/ [E/Z isomers } (:/[ O[ (i[
CH,CHy CHQCHS CHoCH,

possible
b o) OH
- CH3CH,CHO = \)J\H —_— \)\H

E/Zisomers
possible

11.31 Use the directions from Answer 11.13 to draw each keto form.

SRR oy

11.32 Tautomers are constitutional isomers that are in equilibrium and differ in the location of a double
bond and a hydrogen atom.

(0] (0] OH O (0] OH OH O O OH
M a. )\)J\/ b. )W C')\)J\/ d. )J\)\(
A

tautomer constitutional isomer  constitutional isomer neither
11.33
O: O:o H ~— S O0—H — Q—Q’H + HzO"
\ )
A e B
Hzg\_JH + Hzo + HQO:
11.34
HO + H OH ..
3 Culs
11.35

<:>—NHCH3 QNHCH3<_. <:>: CHy <:>:NCH3 + HO"
+ sz: + H20

enamine +\J |m|ne
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11.36 The equilibrium always favors the formation of the weaker acid and the weaker base.

a. HC=C~ + CH3OH == HC=CH + CHzO ¢c. HC=CH + Na'Br
pK,=15.5 pK, =25 pK, =25
weaker acid weaker acid

Equilibrium favors

Equilibrium favors products.
q P starting materials.

— HC=C Na' + HBr
pK,=-9

d. CHgCH,C=C~ + CHsCOOH —=—— CH3CH,C=CH + CHzCOO

b. CHsC=CH + CHz <= CHsC=C ™ + CH,
pKy =25 pK, = 50 pK,=4.8 pKy =25
weaker acid _weaker acid
Equilibrium favors products. Equilibrium favors products.
11.37
o)
HCI ¢ [1] BH, &
HC=CCH,CH,CH,CH; | a. CH3—C—CH,CH,CH,CHj e. RO o= H™~  CHyCH;CH,CH,CHg
(2 equiv) él [ ] 22,
Br ; NaH Na*~C=CCH,CH,CH,CH,
HB I :
b. ! CHs~CCH,CH,CH,CH; i
(2 equiv) Br g. WNM2 _ GHyCH,G=COH,CH,CH,CHg
[2] CH3CH,Br
o 0¢
2 _ 1] "NH
c. HE=CCH,CH,CH,CH, h, LN HOCH,CH, — C=CCH,CH,CH,CHs
(2 equiv) Cl Cl 2] A
3] H,O
q H,0 H  OH C (31 Hz
- /C:C\ /C\
H,SO,, HgSO, H CH,CH,CH,CHg CH3™  "CHCH,CH,CH3
11.38
o)
o HBr Br Br o H,0 Pow
a. — . ] =5
(2 equiv) ¢ H,S0,
o)
Br Br
b\ — Bra N [1] BHs
' — (2 equiv) d. [2] H,O,, HO™
Br Br
11.39
?
_ H,O _C_
a. (CH4CH,);C—C=CH (CH3CH,)sC~~ “CHg

H2804, HgSO4

[1] BHs
b. (CHaCH,);C—C=CH CH5CHy)3C— CH,CHO
(CH3CHy)3 2] H,0,, HO- (CH3CHy)3 2
HCI
C.  (CHgCH,)sC—C=CH (CH3CHy)sCCCl,CH
(2 equiv)
[11 NaH

d. (CH3CH,);C—C=CH (CH3CH,);C—C=CCH,CH3

[2] CH3CH,Br
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11.40 Reaction rate (which is determined by E,) and enthalpy (AH®) are not related. More exothermic
reactions are not necessarily faster. Since the addition of HX to an alkene forms a more stable
carbocation in an endothermic, rate-determining step, this carbocation is formed faster by the
Hammond postulate.

H H X H H X
HX It L HX Lot Lol
R—C=C—R' R-C=C-R' —= R—C=C—R R—C|:=C|:—R' R—Clz—clz—R' — R—Clz—(ID—R'
H H H H H H
sp hybridized carbocation sp? hybridized carbocation
less stable more stable
slower reaction faster reaction
11.41

" OH CH
OH

)
I !
Cs -
b. CH3/C\CH3 > CH3/ \CHZ pr— CH3_C=CH

Il ?H
C. Cs C=CH
O/ CH; ——— O/ CH, —— O/

d. /\H/\/ _ /W ——— CH3CH,—C=C—CH,CHj;
O OH

o

11.42 To determine what two alkynes could yield the given ketone, work backwards by drawing the
enols and then the alkynes.

H OH o) HO M

\ / I /
HC=C—CH,CHy | — C=C  —— C ~———  C=C ~—— | CHy=C=C-CH
e VAN CH3™ “CH,CH, Ve 8 8
H CH,CH,4 CHs CHs
2-butanone

11.43

CH,CHO C=CH
a. ©/ — ©/ b. ——— (CHj3),CHC=CCH(CHj3),
o]

11.44 Equilibrium favors the weaker acid. CH;CH,CH,CH, Li" is a strong enough base to remove the
proton of an alkyne because its conjugate acid, CH,CH,CH,CH,, is weaker than a terminal alkyne.

RCE(27H +  CHaCH,CH,CH,Li* RC=CLi* + CHyCH,CH,CHs

pK; =25 pK, =50
much weaker acid

11.45
Br Br

_ 2 HBr
a. /\/\/CZCH M
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C
2Cl, |

b. (CHg)3sCC=CH (CH3)3CC|)—CHCI2

C

CIG
1] Cl
o OG22 OHO 8 OO
(2 equiv)
[11BH
d _~_~_C=CH —37> /\/\/\C/H
[2] H,O,, HO (||)

CI

o B HCl
: C=CH Ce
(1 equiv) O/ CH,

f.  HC=C + D0

HC=CD + DO
(0]

Ho0 i c
C=C—CH 2 PION “CH.CH
E>7 3 H2804 QCHZ CH3 + G/ 2 3

N, CHaCH,C=C  + CH3CH,CH,—OTs

«Q

CH3CH,C=CCH,CH,CH; + OTs

CH;  HC=C~ »CHs [2] HO-H »CHa
C=CH C=CH
H
Br
[1] Na* H- [21 G

- CHc=C-H ————— CHC=C" @ + CHgC=C-H
2 halide

[1] Na* "NH, _ [ 1 O/
I ©/C C-H [1]Na*H~ C=C [2] C=CCH,CH,0O~ [3] HO-H ©/CEC—CH20H20H

11.46
KOC(CHa) Br oA KOC(CHg)s
CH,CH,Br 2=A118)8 CH=CH, 2 <:>—C—C—H C=CH
I DMSO
Br Br (2 equiv)
A B c D | NaNH,




11.47

11.48

stereogenic center at
the site of reaction

/\/ﬁj/ I HC=C~

stereogenic center NOT
at the site of reaction

/VJ/V HC=C~
CHj H

11.49

/\)g TsClI

OH pyrldlne

most acidic H

/\/YCECH
D H

Configuration is retained.

/\);Ts

/\)iBr

[1] NaNH,
[2] CH,I

H—C=C—CH,CH,CH,0H — X CH;—C=C—CH,CH,CH,OH

NaNH, will remove the
proton from the
OH since it is more acidic.

H—CEC—CHZCH20H2Q?—)
A
CH3_I

0

CHa

HAH
CH;  CHs

D

H D

c

inversion

[1]HC=C™

/N o e

[1]HC=C™

[2] HO

inversion
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H—C=C—CH,CH,CH,0CH; =B

identical
HO | CHS ot l oH
N 3al.
\yc—c\’ + \/ —<
' “CH
CHj C, C H®
A\ y
CH HC
HO\ Hem o /OH
S 3 3
c—c¢” Ne—c,,
H'/ \ / 'H
CHj 2 P, CH3
CH HC
enantiomers
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11.50
—C CCH,0R'
k—/lf\ CHg Li* /new C—-C bond
PBr3 r T C= CCHZOR' C=CCH,0R'
B
OCOR | OCOR | OCOR
A (>
OH OH
0 [1] D= HC=C_ WOR A&OH
OR ——— = H-c=¢C H-C=C
These 2 C's are added. pyridine

OH

OCH,CHj OCH,CHj OH
OTs
o [ NaH [1] NaH . - H—CEC~(K/
CHs C_CT)\/ 21 oy HC=C <~——— H-C=C
e

[2] F = CH;CH,Br

new C—C bond
11.51
(Br H CH3CH2 S\Hﬁ
CH3CH,—C— C—H ‘cid -~ — ~| CH4CH,—C=C—H
L 7"~ iNHy
Br H ), L Br H 1-butyne
HoN:
H B|’7 NH2 2 ,_;
CH3—CJ C CH, \620/ CH3—C=C—CHy major product
/ ) more substituted alkyne
Br CHy  Br 2-butyne
%‘ (E and Zisomers possible)
*NH Reaction by-products:
B H ,:I-H\* H 2NH; + 2Br
CH3CH,— ?Lo H - 2 m C—H CH;CH=C=CH,
CH
H 3 .
Br ?NHZ Ill ED 1,2-butadiene
11.52 Draw two diagrams to show o and &t bonds.
sp®
sz sp Sp3
sp?sp sp°
sp? sp?
+
CH2:C_CH3 ‘ '
. . ) o O
vinyl cation vacant p orbital All H's use 1s orbitals.

for the carbocation  All bonds above are ¢ bonds.

The positive charge in a vinyl carbocation resides on a carbon that is sp hybridized, while in (CH;),CH",
the positive charge is located on an sp* hybridized carbon. The higher percent s-character on carbon
destabilizes the positive charge in the vinyl cation. Moreover, the positively charged carbocation is now
bonded to an sp” hybridized carbon, which donates electrons less readily than an sp® hybridized carbon.
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11.53 A carbanion is more stable when its lone pair is in an orbital with a higher percentage of the
smaller s orbital. A carbocation is more stable when its positive charge is due to a vacant orbital
with a lower percentage of the smaller s orbital. In HC=C", the positively charged C uses two p
orbitals to form two it bonds. If the o bond is formed using an sp hybrid orbital, the second hybrid
orbital would have to remain vacant, a highly unstable situation. See also Problem 11.52.

_ + +
HCECT;* CH2=CT)H HC=C CH,=CH
sp hybridized sp? hybridized sp hybridized sp hybridized
higher % s-character ~ lower % s-character Vacant orbital has 50% s-character. Vacant orbital is a p orbital.
more stable less stable less stable more stable
11.54
CH; Cl
N \CZC/ CI~ attack on the opposite side
Gl /o N\ to the H yields the Zisomer.
N (8 CHg H CH,
CHeC=CCH; ——»  C=C—CHy — CHy  CHy
H/ ‘c=c CI” attack on the same side as

/ N\ the H yields the E isomer.

—0

11 55

[ menry

C
111
¢
/\
\_' H,cb H
H \*
CH3CH2 Lit + CH3CH3 H— OH
+ Li*
/HQ)SOgH ,’\
A + .. HSO,4 oot
Z(l)H ?H2 N H,O H-— O H
b. CHa—Q—CECH CH3—C|)—CECH —_— CHS—Q—CECH CHg—c|::C=§H CH3—C|):C:C—H
H H H H H
+ HSO47 resonance structures
HSO,
CHy-CH=CH +GH <:OH ‘0-H
c=0 CHg-CH=C— c’ CHy-CH=C—C} CHy-CH=C=C—H
+ H,S0, H/ 4H 4H A

H-OSOgH
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11.56
H\ n
/C:C:QCH3
CH5CH,CH +
+ s o H—OH,
H=-OH, H HO Y
\s < - .
H 4 H :OH H :OH
.. \ .. \ /+ \ /
CH3CH2CH2CEC—OCH3 /C:C_OCHs ; = . ! = .
CH3CH,CH, ) CH3;CH,CH, OCHj3 CH3CH,CH, OCH3
H,0 ‘
o +//O_H o] (OH
CHQCHQCHQCHQ_C\“ - CHgoHQCHQCHQ_C\“ -~ CHgoHQCHQCHz_Ci
OCHg OCHj,4 OCH,4
i - -~ e
+ .o
H—OH, + HQ
11.57
a. H
M Y N _ J
CH3—C=C—CH, * ":NH, —— CH3—C=C-CH, = CH3—C=C=CH, —— CH3—C=C=CH + ‘NH,
tl. oo I
\JH H
2-butyne . 2
T iNHg :NH,
H20 > 7
| R;\‘Hz ‘NH;
— . N\ = N —
CHsCH,—C=C: + ‘NHj CH3CH,—C=C—H CHS—CI;—CECH ‘—’CHS_?:C:.QH + :NHg
acetylide anion H H U

1-butyne
b. A more stable internal alkyne can be isomerized to a less stable terminal alkyne under these reaction
conditions because when CH3;CH,C=CH is first formed, it contains an sp hybridized C—H bond,
which is more acidic than any proton in CH;—C=C—CHj. Under the reaction conditions, this proton
is removed with base. Formation of the resulting acetylide anion drives the equilibrium to favor its
formation. Protonation of this acetylide anion gives the less stable terminal alkyne.

11.58
Cl
/\/\)\ 2 NH /V\
a cl N
Cl KOC(CHa)
NN 2 3/3 /\/\
b Z WCI N
Cl (2 equiv)
DMSO
POCI, _ Ch KOC(CHa)s
C. OH - Cl
pyridine (2 equiv) %
Cl DMSO
11.59
OC(CHy); Br, aNH,
CegHsCH=CH, —— CgHsCHBrCH,Br CgHsC=CH

o

CgHsCH,CH,Br
excess



KOC(CH,)s NaNH,

excess

Br.
b. CgHsCHBICH; CeHsCH=CH, —2= CgHsCHBICH,Br

H,SO NaNH,

excess

4

Br
C. CgH5CH,CH,OH CeHsCH=CH, —2 CgHsCHBrCH,Br

11.60 The alkyl halides must be methyl or 1°.
_ 7 )
a. HC=C-$-CH,CH,CH(CHy), === HC=C: + Gl CH,CH,CH(CHY),

G Qo
b. CH3-§—CEC—(|3—CH20H3 _— CH3©C| * :C=C—C—CH,CHs
CH, CHs
~
C. QCEC_g_CHQCHchg — C=C: + (fl/_CHchQCH3
11.61
B Na* H- __— (CHg3),CHCH,—CI
a. HC=C-H——— HC=C e ® (CH3),CHCH,C=CH
Na* H- — CH3CH,CH,—CI NaH
b. HC=C-H HC=C il CH4CH,CH,C=CH
1]1BH
C. CH4CH,CH,C=CH [11B8M, —  CH3CH,CH,CH,CHO
(from b.) 21 H0,, HO
_ H,O0 I
d.  CH4CH,CH,C=CH 150 C
2504 CH3CH,CH,~  ~CH
(from b.) HgSO, svizvi2 8
2 HCl
€. CHCH,CH,C=CH CH4CH,CH,CCI,CH,4
(from b.)
o)
H,O
f.  CHaCH,CH,C=CCH,CH,CHy — —2° o
H,SO4, HgSO4  CH4CH,CH,~  ~CH,CH,CH,CH,4
(from b.)
11.62
o
Cly I | 2 "NH,
a. CH3;CH,CH=CH, CH3CH,CH—CH, CH3CH,C=CH
HBr
b. CHscHZCECH CHsCHzCBf‘zCHs
(from a.) (2 equiv)
|
C. CHaCH,C=CH (2:2“/) CH3CH,CCI,CHCI,
(from a.) au
Br.
d. CH3CH,CH=CH, 2 CH3CH,CHBrCH,Br
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CgHsC=CH

CeHsC=CH

CH4CH,CH,C=C

CH3CH,CH,—Cl

CH3CH,CH,C=CCH,CH,CHg
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_ NaH - CHsoHQCHg_Br _
e. CHyCH,C=CH CH3CH,C=C CH3CH,C=C—CHyCH,CHj
(from a.)
O
1/
f. CHyCH,C=C 210 CH3CH,C=C—CH,CH,OH
(from e.)
O
_m @ ot
g. CHaCH,C=C o
2 i~
(frome.) [21H C=CCH,CH,
(+ enantiomer)
11.63
a. no=cy __NeH oG~ CHaCHaGHZCH,GH,CH,Br CHyCH,CH,CH,CH,CH,C=CH
_ CH3CH,Br
b.  GHaCH,CH,CH,CH,CH,C=CH —var B hl s

(from a.)

1 A

[2] H0

C.  CH3CH,CH,CH,CH,CH,C=C™
(from b.)

d.  CHzCHyCHyCHyCHyCHyC=CCH,CH,OH

CH3CH,CH,CH,CH,CH,C=C

CH3CH,CH,CHoCH,CH,C =CCH,CH,0H

HINaH oy GH,CH,CHoCHyCHyC= CCHACH,OCH,CHs

(from c.) [2] CH3CH,Br
11.64
- Br
K*“OC(CHy) Br NaNH NaH -
- 2 OHp=CH, — 2~ N\ MW gy A" . He=c
Br (2 equiv)
~Br
0 c=C “c=c NeH po=c
/W H,S0,4, HgSO, /- A\ A\ A\
11.65
H2SO, _ Br, 2 "NH, CH.—G=CH NaH CH.—C=C
& "oy \/4>\ﬁ8r—> 3—C= 3—C=
Br }— CH3—C=CCH,CH,CHs
SOCl,
\/\OH \/\Cl
Cly NaH [1]CHs—C=C~ OH
b. & ——— cl —————— CH3C=CCH,CHCHj
H,O o (froma)
(from a.) OH

[2] H,0

CH3CH,CH,CH,CH,CH,C=CCH,CHg
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H,SO Br. Br NaNH -
a. ~ SOH —— . GHy=CH, — > — NaNH, - o=cny —NaH _ He=c

(2 equiv) PRI
;
~pr = on
[1] NaH
c=C HC=C
21 O
wo—/ N\ o \
[3] H,0
Br NaH o)
H,SO, Br.
OH —2 4 CHy=CH, ———> AN
Hz0 OH
C=C NaH C=C CH3CH,Br C=C
b. \ _ \ 3LHp \
HOI O—/_ (from a.) CHSCHz—OI
(from a.)
11.67
:Br=Br: RIS .. . ..
T Br+ CH B :Br: CH; :Br
L 2 <A 3. B LN S+ ]
CH;—C=C= CHs—C=C—H +_,/C=C\H .. ,C=C_ /C—CI;—H
8/ S ) H-giD
+ Br D O ; + H,0
H,0 H=-0OH, I
CHj Br
HoH N |
c /¢
CH3~  “CH,Br ng: H
+ H36+ Hzo\
11.68

Only this carbocation forms because
it is resonance stabilized. The
positive charge is delocalized on oxygen.

O /\ TsOH Oi O/ { not resonance stabilized

TsO <H

i + TsO™ not formed

| re-draw

__H OCH,

0 r\ ooH3 .07 “OCH, 0
CHyOH CHSOH X Y

+
+ CH3QH2
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11.69
CHs
C
/
? @\JC//
AT ’ Oy,
- CH CH C+ 2%
CH 3 l 8
0\3 C/ ’ (%HZ ///C + ! + /9/ ~—
+ HQ CHs + \ 0
C/OH I
o .
/ H 70”7 H
~_—Y
Z(“)! ‘
CHsg CH gz CHs (G CH
o= . _o7yH 0 “c-OH o0
c=0—H : c c-OH

+ HCOOH resonance structures enol



