ntene,

able

) ALKENES AND ALKYNES II:

ADDITION REACTIONS

_ SOLUTIONS TO PROBLEMS
8.1 CH3(IJHCH21
Br

2-Bromo-1-iodopropane

Br
TN ST +/_\Br" |
8.2 (a) CH3CH2(‘3:CH2 + H—DBr —'_VCH3CH2(|:_CH3 —""_"’CchHQC’:CH:;
CHj; CHj CHj;
CH, CHz !
N (L |

(b) CH3C=CHCHj3 ¥ [->Cl —— CH3C—CHCHs

K Cl~ \ (|1H3 I

I
CH3([3 — CHCH;

CH; CHj;

Cl
o HC I
(e — (7 ()

123
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Cl;

83 (a) CH;—CH—CH=CH, +

CH,
|

CHj
8" AS I +
H—~Cl —> CH;—C—CH—CH;
|___/

H 2° Carbocation

1,2-hydride
shift

T

CH3_C—CH2—CH3 T CH3—9_CH2——CH3

|
Cl

— T 3° Carbocation

2-Chloro-2-methylbutane
(from rearranged carbocation)

CHj,

| 4
CH;— C— CH—CH,

|
H

Unrearranged 2° carbocation

CH,

™

|
(b) CH3—(|3-—CH:CH2 +

CH;

T

CH;— C— CH — CHj

CH, Cl

CH; Cl

cr
— > CH;—C-—CH—CH,

|
H

2-Chloro-3-methylbutane
(from unrearranged carbocation)

CH,
s (V& |+
H-Cl —> CH;— C—CH—CH;
|
CH; 2° Carbocation

Cy 1,2-methanide
shift

CHj

+
CH;—C—CH—CHj

3-Chloro-2,2-dimethytbutane |
(from unrearranged carbocation) CH;

lq

Cl (13H3
l
CH;—C—CH—CH;3
|
CH;
2-Chloro-2,3-dimethylbutane
(from rearranged carbocation)
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H,0
84 CH,—CH, + H,SO; —> CH3;CH,0SO3H ﬁ» CH;CH,0H + ;504

8.5 (a) Use a high concentration of water because we want the carbocation produced to react
with water. And use a strong acid whose conjugate base is a very weak nucleophile.
(For this reason we would not use HI, HBr, or HCL) An excellent method, therefore, is
to use ditute sulfuric acid.

(from dilute
H)S04)

(b) Use a low concentration of water (i.e., use concentrated H;SO4) and use a higher
temperature to encourage elimination. Distili cyclohexenc from reaction mixture as it
is formed, so as to draw the equilibrium toward product.

(c) 1-Methylcyclohexanol would be the product because a 3° carbocation would be formed
as the intermediate.

CHs CH;
< ot y K_\
+ H—(I)—H _— + =(!)-*"H p—
H H
H
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H H H
2 B cH—Cocn—cny 2B CH;—C—CH—CH; + H;0*

‘f
7CH3 HO CH,

}|I s‘
CH,4 CH, !
H-Q ;- H R
8.6 CH;— C—CH=CH, > CH;— C—CH-—CH; + H,0
| [~ S

methanide
—————> CH;—C—CH—CH,
migration

CH;

8.7 The order reflects the relative ease with which these alkenes accept a proton and form a
carbocation. (CH3),C==CHj, reacts faster because it leads to a tertiary cation,
CH,
H;0" |
(CH3)C=CH; —> CH;— g —CH;y  3° Carbocation

CH;CH= CH, leads to a secondary cation,
O+

H
CHyCH=CH, —— CH;—CH—CHj; 2° Carbocation

and CHy = CH, reacts most slowly because it leads to a primary carbocation,
H,0* + .
CHy=CH; ——> CH3—CH, 1° Carbocation
Recall that formation of the carbocation is the rate-determining step in acid-catalyzed
hydration and that the order of stabilities of carbocations is the following:

3°>2°>1°> *CH;,

(|:H3 (I:H3
88 CH;~C=CH, ——> CH;—C—CH; —
o * CH;—O—H

H-—A -

Y

CH,

CH3_C—CH3 (—HA) | )
| —>» CH;—C—CH,
(>H—0:+ |
_ (/I :0:
CH; |
CH;
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CH; CH; Cl;
| Hg(OAc), | NaBIl, |
89 (a) CH3C =CHy———— > CH3;—C— CH;HgOAc —)" CH3;—C—CH;
THF-H,0 | OH"™ |
OH OH
Hg(OAc), NaBH,
(b) CH3CH=—=CH; ————— CH;CHCH,HgOAc ————> CH3CHCH;
THF-H,0 | GH™ |
OH OH
HO HgOAc OH
Hg(OAc), || NaBH, |
(¢) CH3C=CHCH; ——— > CH3C—CHCHy ————> CH;3CCH,CH;3
| THF-H,0 | OH |
CHj3 CH; CHj
R H*Z
N e —.
0 - /\ . OFD> "A
810 (a)\ - [ gy R—O—H é |
C— + +HgOCCF; —"—C\——?MO > — | —<|3—o
/ \ N [
HgOCCF, HgOCCF;
8+
'
XEL —C—C—
BRI
HgOCCF,
o
CH, I CHj
Hg(OCCFy), | { NaBH,/OH ~
(b) CH3;—C=CH, ——————» CH;— C— CH,HgOCCF; >
THF-CH,OH | demercuration
solvomercuration OCHj
CH;

I
CH3(|3CH3 + Hg + CF4C00~

OCH,

{¢) The electron-withdrawing fluorine atoms in mercuric triffuoroacetate enhance the elec-
trophilicity of the cation. Experiments have demonstrated that for the preparation of
tertiary alcohols in satisfactory yields, the triftuoroacetate must be used rather than the
acetate,
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BH,: THF

8.11 (a) 3 CH;CH,CH=CH, ——— > (CH3CH,CH,CH,);B

CH;
BH;: THF

CH;

|
(b) 3 CH;~—C==CH, ————> (CH;CHCH,);B

BH,: THF

CH,

(¢) 3 CH;CH==CHCH; ————> (CH3CH,CH);B

CH,4
H
BH;: THF
@ 3 syn addition CH; + enantiomer
anti Markovnikov B—
.
CH, (|3H3
BH4: THF
812 2 CHyC=—CHCH; ———» CH3CH—f|3H ,~BH
CH;
Distamylborane
(1) BHy:THF
8.13 (a) CH3CH2CHQCH= CH?_ —»- CH3CH2CH2CH2CH20H
i-Pentene (2) H0,, OH
: (1) BHy: THF
(b) CH3CH,CH,C=CH; —» CH3CH,;CH;CHCH,;0H
I (2) Hy0,, OH |
CH; CH3
2-Methyl-i-pentene
OH
(1) BH;:THF
{c) CH3CH,C=CHCH; — CH3CH,CHCHCH;
| (2) H,0,, OH |
CH; CH;
3-Methyl-2-pentene
OH
(1) BHy:THF
(dy CH3C==CHCH;CHj —» CH3CHCHCH,CH3
! (2) H;0,, OH |
CH; CH;
2-Methyl-2-pentene :
(1) BH3:THF CH3
(e) CH; — +  enantiomer
(2) HpO,, OH H
OH

1-Methylcyclobutene

PR
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8.14 (a) 3 CH3(|3HCH—~——CH2
CH;
3 CH3([3HCH2CH2D

CH;

(b) 3 CH3(I3=CHCH3
CHj
3 CH3(|3HCHDCH3

CH;

03

_BILTHF

CH;
3 {(+ enantiomer)
i H
D

BD4: THF
@ 3 @ .
D
3 CH
T
H

BH3:THF CH3C02D
CH3(|?HCH2CH2 7B ———
CHs
~ B -
BH;:THF l CH,CO,D
———> CHCH—CH—CH; ———
CHj
CH; _ CH,CO,D
(+ enantiomer) —
H
B~
D
CH;CO,T
CH; _
B—  (+ enantiomer)

(+ enantiomer)
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(2)
LM = Ty
| 5t Q :]?'r: @ Q]ir) ®) Br Br

E 5 :Br: Bron"lonium

5 ion \ from (a) from (b)
et
@ ﬁ? Because paths (a) and (b) occur
+ )
at equal rates, these enantiomers
Br Br

are formed at equal rates and in

e@* ) equal amounts.
Racemic form q

T (\
817 CHp=CH, + Br—Br —> HCQ—CH + B

Br™
NU: w Nu= HzO
A__ﬁ+
H2C'\_H“{\/CH2 / orBr~ .
i § Br+ or ClI™
+ -H*
Br-—CHyCH;—O0OH, ——> Br—CH;CH;—OH
Br—CH,CH,—Br
Br—CH,CH,—Cl
i
Cl Cl
=/

“ “c Br
¢ 8.18 (a) C/—W\C + enantiomer (b) O><Br

H3 C\‘,.--"/ \” H
H CH,

H H
C

of @ L\ -
H,C'/  \"CH,
H H

® CHBr; Br
8.19 iR
KOC(CHs); Br
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8.20 Q CH3CII,
—

Zn(Cu)

CH .. :LC
821 (a) q 3 (1) Os0,, pyridine, 25°C . (IOH
NSOy ~oH

3 CH;
CH,CH; CH,CH; ‘
(1) OsOy, pyridine, 25°C i wOH -
© 2} NaHSO > + enantiomer
(2) Na 3 g OH
H
/L/ (1) Os0y, pyridine, 25°C
(©) = (2) NaHSO5 > oy + enantiomer
H ©OH

8.22 (a) Syn-hydroxylation at either face of this (Z)-alkene leads to the meso compound
(2R ,35)-2,3-butanediol.

H HQ H
HO 7 -CHs c . HiC AOH

(13 syn-hydroxylation 0 syn-hydroxylation (Ij

- C ol

C ¢

e 7/ e
HO” : “CH, ¢ H Hc” i oH

H H

(2R,35)-2,3-Butanediol (Z)-2-Butene (2R,35)-2,3-Butanediol
T Same meso compound T

(b) Syn-hydroxylation at one face of this (E)-alkene leads to the (2R,3 R)-enantiomer; at
the other face, which is equally likely, it leads to the (25,3.8)-enantiomer.

H H:C H H
HO. 7 .CH; \/ HiC; OH
! syn—hydrog}{lation ” syn-hydroxylation (|:
- C Eoll
¢ ¢
HO/ E\H H/ EHB H/s \OH
CH3 H3 C
(25,35)-2,3-Butanediol (E)-2-Butene (2R,3R)-2,3-Butanediol

!

T Enantiomers
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8.23

8.24

8.25

H,C H HsC H
./ (1) Oy
(a) C=C —_—— C=0 + 0=C
/ \ {(2) Zn, HOAc /
HsC (|3H—CH3 HyC (|3H-CH3
CH, CH;
(b) CH:CH,CH == CHCH,CH 0%, > 2CHACH,CH=0
Ehai e 223 79y Zn, HOAc 32
H H
/ (1) O, /
() =C > 0O + 0=C
AN (2) Zn, HOAc \
H H

Ordinary alkenes ar e more reactive toward electrophilic reagents. But the alkenes obtained
from the addition of an electrophilic reagent to an alkyne have at least one electronegative
atom (Cl, Br, etc.) attached to a carbon atom of the double bond.

X
\ /
—c=c— 2> =(
/ \
H
or
X
X3 N\ /
—c=c— — > C=C
X

These alkenes are less reactive than alkynes toward electrophilic addition because the elec-
tronegative group makes the double bond “electron poor.”

The molecular formula and the formation of octane from A and B indicate that both com-
pounds are unbranched octynes. Since A yields only CH;CHCH,COoH on ozonolysis, A
must be the symmetrical octyne CH;CH,CH,C== CCH,CH;,CHj;. The IR absorption for
B shows the presence of a terminal triple bond. Hence B is CH3(CH;)sC=CH.

Since C (CgHyz) gives HO,C(CH;)6CO,H on ozonolysis, € must be cyclooctyne. This
is supported by the molecular formula of C and the fact that it is converted to CgHig
(cyclooctane) on catalytic hydrogenation.

Answer to the Study Problem related to cholesterol biosynthesis, page 352.

In cholesterol biosynthesis an anti-Markovnikov addition occurs between C10 (once it
becomes like a tertiary carbocation) and C15, forming the six-membered “C” ring of
cholesterol (see the reactions in the text, page 351). This process results in a developing
secondary carbocation at C14, which adds to C18 to form the five-membered “D” ring of
cholesterol. If, on the other hand, Markovnikov addition occurred between C10 and C14
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instead of anti-Markovnikov addition between C10 and C15, as shown in the following
scheme, a developing rertiary carbocation would result at C15, along with formation of' a
five-membered “C” ring. Then, Markovnikov addition of C15 (as it becomes like a tertiary
carbocation) to C18 would lead to a four-membered “D” ring and a tertiary carbocation
at C19.

Squalene

(35)-2,3-Oxidosqualene

HO
HsC

which is the same as:

10 15|18

HO

e
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Then, addition of bromine to cis-3-hexene will yield (3R4R), and (35,45)-3 4.
dibromohexane as a racemic form.

¢ H E 7 &
. t H_ i _Br Br. : _H
. ™~ C e Br, ~ C -~ ~ C/
: I — > | + |
| C anti addition — C ~ — C ~
| i Bt Br” [ “H H” . Br
Et Et
(35, 45) (3R, 4R)
N o v

Racemic 3,4-dibromohexane

& 827 (a) CH3CH2C|HCH3 (b) CHsCH,CH,CH; (¢ CH3CH2(|ZHCH3
I OH,
y (d) CH3CH,CHCH; (¢) CHsCH,CHCH;  (f) CH3CH,CHCH;
0S0OsH (l)H l|3r
(2) CH;CH,CHCH,Br (k) CHsCH,CHCHpBr (i) CH;CHCHCHS;
N b b
%& 6 CH3CH2cI;H N HLI:H (&) CH3CH,CHCH,OH (1) CH;CH,COH + €O,
b
(m) CH3CH,CHCH; (n) CH3CH,CH,CH,OH
i on
y 8.28 O () Q ) U
0SOsH oH Br
(d) Q (e) O/ () O/
Br Cl
(@ O/ + enantiomer (h) O/ + enantiomer (1) i—j X
] “OH
OH 0o 0
L %) HC(CHZ)}IH (k) O: M HO(HZ(CHZ)A}IZOH

OH :
(m), () O/ |
i
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8.29 (a)
\)\

8.30

8.31
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Br

d _~_~ &) _~F (H)

() /\{ (©) S
Br

Br Br

N
A
\\

® /\\ and /L [An E2 reaction would take place

when -7\
\'_Na”" is treated with /k ]
Br
@ ~\\\r;¢>\\\\ () Br Br
L P
Br Br —
(d) \f>T/;&<;‘ © /" \
Br Br
@ ()

Br

©) )\(

Br

Cl
) ~__~

iy >

(I) No reaction

(2 molar (2 molar
equivalents) equivalents)
B Br 3INaNH,
2 ——————
(a) NN W \/]\ mineral oil,
4 heat
Br
T + \ H,Cl
7 Na N =
\/ \/
cl -BuOK PR )
(b) ~_ "~ +-BuOH, heat X Then as in (a)

135
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= agat
2NaNH = Na  NH,Cl Z
(©) \/\/Cl —2;» \// —— N Z"
H mineral oil,
; heat
i 3NaNH = Na'  NHCI A
C) S s R M 7
RS \/\'/ mineral oil,
Cl heat
NaNH, -, CH;CHyBr Y
g) == » =: Na —
() lig. NH; ~
v ] )\ H,0", H,0
_—————
8.32 (a) SN AT
OH
i HCl
_————
®) AN
Cl
HBr
EEEEEE—
©) X (no peroxides) -~ E
ﬂ HF
| —_——— .
@ A AN "
F
Cly, HyO /k/
— T ——
(©) Cl
: OH
%
i (1) BH;: THF /J\/
f > CH
RSN (2) HyO,, OH~
| iu:
H H H
833 (a T @ D (c %\ OH
(@) CHj; ®) CHj (©) | CHs
H D D
i .
sf
Problems
8.34 (a) CjoHy (saturated alkane) i
L 3 CigHjs (formula of myrcene)
Hg == 3 pairs of hydrogen atoms
Index of hydrogen deficiency (IHD) =3
(b) Myrcene contains no rings because complete hydrogenation gives CyoHyz, which cor-
responds to an alkane.




A\

A\

OH

L COt-

8.35

8.36
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(c) That myrcene absorbs three molar equivalents of H, on hydrogenation indicates that it
contains three double bonds.

(d) Three structures are possible; however, only one gives 2,6-dimethyloctanc on complete
hydrogenation. Myrcene is therefore

.
™t + HO—CH,CH
s N HECI N O 2CH;

0N CH_ it

ya Cr GO
U

The rate-determining step in each reaction is the formation of a carbocation when the alkene
accepts a proton from HI. When 2-methylpropene reacts, it forms a 3° carbocation (the most
stable); therefore, it reacts fastest. When ethene reacts, it forms a 1° carbocation (the least
stable); therefore, it reacts the slowest.

PN G §

3° Cation

—

S S

PSS LN o,
2° Cation
/\‘ 8 _ I
I H=l_ o+ _r _/
slowest e
1° Cation

2,6,10-Trimethyldodecane
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O H

; 8.38 O

i ()05 0\1/\)& 0%

| (2)Zn, HOAc )]\ o U (¢

ﬁ; H H
¥

8.39
e
e
it Limonene
Loss of HyO
H o and
8.40 - 1,2-hydride
LRy ™~ ol shift
C6H5ClH —-CH,—O0H ——> C5H5(lj —CH, T0—H

% CeHs CeHs

| -1 I ‘

CeHs CH; 5
\(l:V > CgHs m(|: — CHy
Cells CeHs

e +
T R

@ H—1 (-H0)
841 CH,—C—CH—CH; —> CH;—C—CH—CH;
3 I 3 3 I
CHj CH;
Ci\ ) e CH;,
CH;— 1 —CH—CHj meﬂ;ani o CH3—(I:_CH——-CH3 - §

2° Carbocation 3° Carbocation

I CH,

CH3—'(|: —‘CH“_ CH3
CH;
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8.42 (a) The hydrogenation experiment discloses the carbon skeleton of the pheromone.

Ci3Hpu0 2y
131124 Pt A OH
Codling moth 3-Ethyl-7-methyl-1-decanol

pheromone

The ozonolysis experiment allows us to locate the position of the double bonds.

0
X sC~op —22
’ / @)Zn, HOAc . O o *
H
0
Y\ OH
H
27)
Iy (
(b) = 2
8.43 Retrosynthetic analysis
CH3(CHp)12 (CH3)7CH3 Syn
\ / —— CH3(CH;)12C=C(CH,);CH3 addition
¢=C . of Hy
/ \
H H

CH3(CHp)yz +-C=C—+(CHp)7CHz; —=> CH3(CHp);|CHxX + HC=CH +
X — CH,(CH,)CHj

Synthesis
NaNH, 2, CHy(CHy)CH,  Br
HC=CH HC=C: Na >
liq. NH; (~NaBr)
NaNH - CHy(CH,),CH, —
HC=C(CH3)7CHj3 _i.__z).. Na' :C=C(CH,)7CH; 3(CHy);CH, — Br .
lig. NH;3 (-NaBr)
H, CH3(CH2)12\ /(CH2)7CH3
CH;3(CHz)1,C=C(CH;};CH3 NB (2 C—C
2 / \
H H

Muscalure
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8.44 Retrosynthetic analysis

8.45

8.46

8.47

Markov- Y\/\/ + HB
¥
W/ —
Br Br addition

Markov-
==~ —> HC=CH + Br~_"~_"\

nikov

addition +
HBr

Synthesis /}
ooy NN mBr

- liq. NH; N’

H
=~ _HBr |\‘/\/\/

HBr Y\/\/

Br Br

Syn hydrogenation of the triple bond is required. So use H, and Ni,B(P-2) or H; and
Lindlar’s catalyst.

Br

(a) HO\ /OH and . (©) /Br and _
c—cC. enantiomer C—C., enaniiomer
CH3" / \""CH20H3 through syn CH3I‘—‘I/ \I:ICHZCH-’* through anti
H addition addition
(b) HO OH and ) (d) Br H and
>C . C/ enantiomer \ / enantiomer
CHz"y \"H through syn CH;‘“}C C\ CH,CH; through anti
H CH,CH; - addition H Br addition

(a) (25, 3R)- [the enantiomer is (2R, 35)-]
(b) (25, 35)- [the enantiomer is (2R, 3R)-]
(¢) (28, 3R)- [the enantiomer is (2R, 35)-]
(d) (25, 35)- [the enantiomer is (2R, 3R)]

Bromonium ion

The bromonium ion reacts with a chloride ion to produce the trans-1-bromo-2-chloro-
cyclohexane enantiomers.




[g_ and

omer
'h anti
m

omer
h anti

\Cr

Joro-

8.49

8.50

8.51
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(a) 1-Pentyne has IR absorption at about 3300 cm~! due to its terminal triple bond. Pentane
does not absorb in that region.

(b) 1-Pentene absorbs in the 1620-1680 cm™! region due to the alkene function. Pentane
does not exhibit absorption in that region.

(c) See parts (a) and (b).
(d) 1-Bromopentane shows C-Br absorption in the 515-690 cm™~! region while pentane

does not.

() For 1-pentyne, see (a). The interior triple bond of 2-pentyne gives relatively weak
absorption in the 2100-2260 cm™" region.

(f) For l-pentene, see (b). 1-Pentanol has a broad absorption band in the 3200-3550 cm™!
region.

(g) See (a) and ().

(h) 1-Bromo-2-pentene has double bond absorption in the 1620-1680 cm ™! region which
1-bromopentane lacks.

(i) 2-Penten-1-ol has double bond absorption in the 1620-1680 cm ™! region not found in
1-pentanol.

Because of the electron-withdrawing nature of chlorine, the electron density at the double
bond is greatly reduced and attack by the electrophilic bromine does not occur.

The index of hydrogen deficiency of A, B, and C is two.
CeHia
CeHio
H, = 2 pairs of hydrogen atoms

This result suggests the presence of a triple bond, two double bonds, a double bond and a
ring, or two rings. The fact that A, B, and C all decolorize Br,/CCly and dissolve in concd
H,S0, suggests they all have a carbon-carbon multiple bond.

A must be a terminal alkyne, because of IR absorption at about 3300 cm L

Since A gives hexane on catalytic hydrogenation, A must be 1-hexyne.
2H,
CH;3(CH,)sC=CH T’* CH3(CH32)4CH3
A
This is confirmed by the oxidation experiment

... (1Y KMnQO,, OH ", heat
CH;3(CH2);C=CH DHO" > CH3(CH,)COH + COpT
3
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Hydrogenation of B to hexane shows that its chain is unbranched, and the oxidatio:
experiment shows that B is 3-hexyne.

(1) KMnQy4, OH ™, heat
CH3CH,C == CCH,CHj - » 2 CH3CH,CO.H
5 (2) H30

Oxidation of C shows that it is cyclohexene.

(1) KMnO,, OH~, heat
> H02C(CH2)4C02H
C (2) H0

8.52 (a) Four

{(b) CH;(CHy)s CH, (CH,);CO;H + enantiomer
AN C/ Ne—c

\

H + enantiomer

CH3(CHpy)s
N /CHQ\ y

C C=C

7 ~
- }{ H (CH,);CO,H

8.53 Hydroxylations by OsO, are syn hydroxylations (cf. Section 8.16). Thus, maleic acid must
be the cis-dicarboxylic acid:

HO,C
H._ ., COH (1) 0504, pyr o O
ﬁ (2) NaHSO;3/H,0 (|3
C syn hydroxylation C C
Maleic acid meso-Tartaric acid
Fumaric acid must be the trans-dicarboxylic acid:
HO,C COH
H.  COM  (1)0sOy pr Hoo 00 HONLH
(2) NaHSO3/H,0
llj syn hydroxylatiorjk (Ij " (1:
HO,C” H "/ ~ou Bo” \'H
HO,C CO,H

Fumaric acid (%)-Tartaric acid
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8.34 (a) The addition of bromine is an anti addition. Thus, fumaric acid yields & meso com-

pound.
HO,C HO,C
%, Br % Br
H . -COH _ Helpn" Hoiln
C anty C C
| + Br I = |
C 2 addition C C
HO,C~ TH Br”” \N"H HOC"/ ™Sp;
CO,H H
A meso compound
(b} Maleic acid adds bromine to yield a racemic form.
CHj
| AICH
8.55 CH,—C—CH,CH; + CHyCH==CH, -———>
|
Cl
CH; CH;
A1C13 CH3CH2 —C _CHchCH3 + CH3CH2 —C—CH =CHCH3
|
cH, 1 CH,
CH, +
| CH;
/E\ | —
ol en,cn, - CH,CH, —-(Ei—-CHZCH—Cl{z
- -H
cl CH,
CH3CH = CHZ
CH, CHj CH,
+ hydride | crr
CH;CH, —C— CH— CHCH, ——> CH,CH, — C— CHCH,CH; — CHyCH, —C— CHCICH,CH;4
| shift | ;
H,C H CH; methanide CH,
shift
CH, CH,
i Ccl
Cl CH, CH,
—~H*

CHy,  ,CHCHy;  CHCHy, CHCH; |
Cc=C + c=cC

. / N\ / \
CHyCHy ,  CH;

RER T

8.56 The catalytic hydrogenation involves syn addition of hydrogen to the predominantly less hin-
dered face of the cyclic system (the face lacking 1,3-diaxial interactions when the molecule
is adsorbed on the catalyst surface). This leads to I, even though II is the more stable of the
two isomers since both methyl groups are equatorial in II.
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8.57 The bicyclic compound is a trans-decalin derivative. The fused nonhalogenated ring
prevents the ring flip of the bromine-substituted ring necessary to give equatorial bromines.

CH3 Br CH3
—
H Br H

Diequatorial conformation

8.58 Though II is the product predicted by application of the Zaitsev rule, it actually is less stable
than I due to crowding about the double bond. Hence I is the major product (by about a 4:1
! ratio).

8.59 The terminal alkyne component of the equilibrium established in base is converted to a
salt by NaNHj, effectively shifting the equilibrium completely to the right.

RC=CCH; RCH==C=CHj, RCH,C=CH — RCH,C=C"

%ﬂ NaOH is too weak a base to form a salt with the terminal alkyne. Of the equilibrium
i components with NaOH, the internal alkyne is favored since it is the most stable of these
structures. Very small amounts of the allene and the terminal alkyne are formed.

8.60 RC==CH is initially converted to RC=C" by the sodium amide. The negative charge on
this species discourages the donation of an electron by Na, the first step in a dissolving
: ﬁ! metal reduction (p. 297).
' When (NH,),80y4 is present, the alkynide ion is protonated and the now-neutrai species
d will undergo a dissolving metal reduction to an alkene.

H,C H,C Br H,C CH,
8.61 HBr +
CH, —
Br Br CH,

f

Br Br
¢ ) A B C
: (optically active) (a meso compound)
Br H,C : |
(CH3);COK - ‘
B 1 molar eq HZC - CH2
' CH, Br

- HA (+) A
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H,C CH,
CH3),COK
¢ (LsCOR DN:H2 + Hch

1 molar eq. Br Br
HA : A
Tmolareq. . CH2 CHz (2) Zn, HOAc
> I
+2 HCH
H, M
C==C=C
=0’ \
HC=C—C=C (CH==CH),CH,CO,Hl

(CH=CH),CH,CO,H

H,
C=C=C
—c—c=c”
HC=C—C=C H
CH.
i
% Pt
D E /
\
Optically active Optically inactive )
(the other enantimoner is {(nonresolvable)
an equally valid answer)
(a.b)
—_— —_— +
o S S R R
H OH H OH o H
A (and enantiomer) B racemate C

(¢) C,in contrastto its cis isomer, would exhibit no intramolecular hydrogen-bonding. This
would be proven by the absence of infrared absorption in the 3500- to 3600-cm™ ! region
when studied as a very dilute solution in CCly. C would only show free O—H stretch at
about 3625 cm™!
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Challenge Problems
s8¢s [ H H ]
N
LoH
CH; >C -C,Hq4 CH;CH B -Ci~ CH;CH; H
oo A= N D el NS
| /r‘q——c\ AN PANEN
CH;3;CHy Ci:H?_ Ci CH;CH) Cl CH;CH; Cl
E
|_ CH3 - H20
¥ D
" CH;CH, H CH;CH, P‘I cmcl, N u
; vc” - Yl o | f—c—07
* /X < / N N
CHyCH, o~ |cmch, GO H CH;CH, Cl H
-H*
%{% CH3CH2 H
. /
/N L
CH,CH, © s
F

$.66 The HOMO and LUMO orbitals of ethene and BH; are shown here. In our discussion of
the mechanism of hydroboration we mentioned the importance of the “vacant p orbital” of
the boron. This is the LUMO of BH3 in actuality, and it is this orbital that interacts with the
pi bond of ethene as the HOMO.

?g HOMO of ethene LUMO of ethene

LUMO of BH3 HOMO of BH;
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8.67 The LUMO of the BH;:THF complex has a lobe (in red in the Chem3D version} which

§.68

8.1

extends outward from the boron, much like the p orbital that is the LUMO of a hypothetical
BH; monomer. This orbital is in position to accept the donation of electrons from a Lewis
base such as an alkene pi bond.

K

2
S

N
A
N
Al

(2

It is the LUMO of diborane that interacts with the HOMO of an alkene (the bonding pi
molecular orbital) or other Lewis base. Inspection of the LUMO for diborane shows that
its lobes include part of the region between the partially bonded bridging hydrogen atoms
and each boron atom, but that the major portion of each lobe is oriented away from these
hydrogens and the boron such that electron density from a Lewis base could interact with the
LUMO without hindrance. In a sense, the LUMO appears almost as if it is a "squashed” p
orbital similar to what would be available with BH3 as a monomer. The HOMO of diborane,
on the other hand, has lobes localized about four of the boron—hydrogen bonds. As occupied
orbitals, they are not available for bonding with the occupied orbital of a Lewis base.

)

RS &
0 K ]
AR

HOMO of Byl LUMO of B,ig

A hydrocarbon whose molecular formula is C;Hj,, on catalytic hydrogenation (excess
H,/Pt), yields C;Hjs. The original hydrocarbon adds bromine and also exhibits an IR
absorption band at 3300 cm™!. Which of the following is a plausible choice of structure
for the original hydrocarbon?

(a) CHj (b) Cil, (¢) CH;CH=CHCH=CHCH,CH;
U U (d) CH3CH,CH,C= CCH,CH;

(¢) CH;CH,CH,CH,CH,C=CH
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8.2

8.3

8.4

CH; OH

Select the major product of the dehydration of the alcohol, CH;C—CHCH;
|

CH3
CH3 CH; CH,
(a) CH3(|3—CH=CH2 (b) CH3(II————CHCH3 () CH3C=(13CH3
(|:H3 ‘CH3 (l3H3 |
CHj CH3
(d) CHg,(lZH—(IZﬂCHg (€) CH2=CI‘,*—(IIHCH3

CHj CH;

Give the major product of the reaction of cis-2-pentene with bromine.
(a) CH3 (b) CHj (c) CH; (d) CH; (c) A racemic

mixture of
H-——Br Br——H H——Br Br——H (c) and (d)
H——Br Br——H Br—r—H H-———D0Br
CH,CH; CH,CH3z CH,CHj3 CH,CH;3

The compound shown here is best prepared by which sequence of reactions?

CH,
OLC =C—CH,CHj

CH,
() C=CH + NaNH, ——> then CHCHBr —— product
CH;
(b) CH3CH,C=CH + Na;NHz ——— then —— product
i\ Br
CH3
() + H _ Pt product
CH—_—'CHCH2CH3 e
CH;
(d) NaOC2H5

roduct
CHT—(‘ZHCHQCH3 Con P

Br
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8.5 A compound whose formula is C¢Hip (Compound A) reacts with Hy/Pt in excess (o give

8.6

8.7

8.8

a product CgH;,, which does not decolorize Bry/CCls. Compound A does not show IR
absorption in the 32003400 cm ™! region.
0O

]
Ozonolysis of A gives 1 mol of HCH and 1 mol of Q:O. Give the structure of A.

() O (b) CH3CH,CH,C == CCHj (d)
Do

(¢) CH3CH,CH,;CH,C=CH
(e) CH,=CHCH,CH,CH=CH,
Compound B (CsH,p) does not dissolve in cold, concentrated H,SO4. What is B?

(a) CH,=CHCH,CH,CHj (b) CH;CH=CHCH,CH;

oD o0

Which reaction sequence converts cyclohexene to cis-1,2-cyclohexanediol? That is,

H
?
O - L
H
OH
(a) H20, k (b) (1) 05 (2) Zn/HOAc
" I
(© (1) 0sOs (2) NaHSO43/H,0 (@) (1) RC—OOH (2) H;0+/H,0

() More than one of these

Which of the following sequences leads to the best synthesis of the compound
CH;CH;C=CH? (Assume that the quantities of reagents are sufficient to carry out the
desired reaction.)

Br. NaQH
(a) CHy;CH,CH=CH, > 2 >
H,0
Bry NalNH,
(b) CH;CH,CH==CH; ——>» ———>
H,80,
{¢) CH3CH,CH,CHBr, —
d) CH3CH,CH,CH g Natity
(d) CH3;CH,CH,CH; ght >
O3 Zn,HOAc
(e) CH3CH2CH:CH2 > >




