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PROBLEM 10-9

A nitro group ( — NO,) effectively stabilizes a negative charge on an adjacent carbon atom
through resonance:

R. - +/6: R =+ O R + O
>c—NZ,. «— >N <= cc=nN{ .
R Nom R” 0. R O
minor minor major

Two of the following nitrophenols are much more acidic than phenol itself. The third com-
pound is only slightly more acidic than phenol. Use resonance structures of the appropriate
phenoxide ions to show why two of these anions should be unusually stable.

o QO

2-nitrophenol mtrophenol 4-nitrophenol

10-9 Resonance forms of phenoxide anion show the negative charge delocalized onto the ring only at
carbons 2, 4, and 6:
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Nitro group at position 2
:0: 0 0: 0

Il l Nitro at position 2
- N .. N_..— [ delocalizes
c”+ 0 +70: (7 negative charge.
.. L)

Nitro at position 3 cannot delocalize negative charge at position 2 or 4—
no resonance stabilization.
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Nitro group at position 4

00 )
> Nitro at position 4 delocalizes negative charge.
- N
107 +70:

/

Only when the nitro group is at one of the negative carbons will the nitro have a stabilizing effect (via
resonance). Thus, 2-nitrophenol and 4-nitrophenol are substantially more acidic than phenol itself, but 3-
nitrophenol is only slightly more acidic than phenol (due to the inductive effect).

PROBLEM 10-11

Which of the following compounds are suitable solvents for Grignard reactions?

(a) n-hexane (b) CH;—O—CH; (¢) CHCl,
(d) cyclohexane (e) benzene (f) CH;OCH,CH,OCHj;
O 0]
® (7 . [ j
THF (0}
(tetrahydrofuran) 1,4-dioxane

10-11 The Grignard reaction needs a solvent containing an ether functional group: (b), (f), (g), and (h) are
possible solvents. Dimethyl ether, (b), is a gas at room temperature, however, so it would have to be
liquefied at low temperature for it to be a useful solvent.

PROBLEM 10-12

Predict the products of the following reactions.

(a) CH3CH1B1- + Mg ether
(b) isobutyliodide + Li —=x2
(¢) 1-bromo-4-fluorocyclohexane + Mg —

(d) CH,=CCI—CH,CH; + Li —=

10-12

Li
(a) CHyCH,MgBr (b) */Li + Ll () FO MgBr  (d) )\/ + LiCl




PROBLEM 10-13

Show how you would synthesize the following alcohols by adding an appropriate Grignard
reagent to formaldehyde.

CH,0H

CH,OH
(a) () /L/\OH (©) /\j

10-13  Any of three halides—chloride, bromide, iodide, but not fluoride—can be used. Ether is the typical
solvent for Grignard reactions.

H ether H,0"
(a) QMgCl + p:O —_— CH,OH
H
H\ ether H,O"
(b) MgBr + =0 —» —>
H

H ether H,O*
© @,Mgl +  t=o 3 CH,0H

OH

PROBLEM 10-14

Show two ways you could synthesize each of the following alcohols by adding an appropri-
ate Grignard reagent to an aldehyde.

OH
H\C _OH
(a) /Y\/ (b) ()
OH

10-14  Any of three halides—chloride, bromide, iodide, but not f luoride—can be used. Grignard reactions
are always performed in ether solvent; ether is not shown here.

(a) two methods

H
MgCl \"/ H,0" Where two methods can be
o T > OH used to form the target

compound, the newly

H H.O* formed bond is shown in
w ¢ CHMgl bold
0

OH




(b) two methods OH

MgBr H,0*
—_—— e
@ .
OH
H,0*
+ ]Mg,\/ —
' 10-14 continued OH

(c) MgC] Jo H3O+ O)O

PROBLEM 10-16
Propose a mechanism for the reaction of acetyl chloride with phenylmagnesium bromide to give 1, 1-diphenylethanol.

0 OH
“ (1) ether solvent |
CH,—C—Cl + 2 Mgy ————— (H—C

acetyl chloride phenylmagnesium bromide

1,I-diphenylethanol

10-16 f) 0. oK
12

[l e 1] ketone
CH;—C—Cl + Ph—MgBr — CH, —(ITDCI — CH;—C—Ph intermediate
' Ph
(This is just a nucleophilic substitution where Ph— MgBr l
Cl is the leaving group. The unusual feature
is that it occurs at a carbonyl carbon.)
OH /\ :0:
| H,0* |
CHy;—C—Ph <«—— CH;—C—Ph
i work-up |

Ph step Ph




PROBLEM 10-19

Show how you would synthesize the following alcohols by adding Grignard reagents to
ethylene oxide.
(a) 2-phenylethanol (b) 4-methyl-1-pentanol

CH,CH-OH
oI
CH

3

10-19 Ether is the typical solvent in Grignard reactions.

H3O+ OH
) @—Mgﬁr - i ‘j —

PROBLEM 10-24

Predict the products you would expect from the reaction of NaBH, with the following
compounds.

I
(a) CH;— (CH,);—CHO (b) CH,CH,—C—OCH, (c) Ph—COOH

T i
0 . _C C - 0 C ’
(d) (e) ; ®
0]
0
10-24 Sodium borohydride does not reduce esters. OH

(a) CH,(CH,)3CH,0H (b) no reaction (¢) no reaction (PhCOO™ before (d)
acid work-up)

(0]
0]
(e) HO OCH, (D eqer OH
0]
OH




PROBLEM 10-25
Repeat Problem 10-24 using LiAIH, (followed by hydrolysis) as the reagent.

10-25 Lithium aluminum hydride reduces esters as well as other carbonyl groups. OH

(a) CHy(CH,);CH,0H (b) CH,CH,CH,OH + HOCH; (c) PhCH,OH (d)

HO
(e) HO OH (0 OH
+ HOCH, HO

OH

PROBLEM 10-26

Show how you would synthesize the following alcohols by reducing appropriate car-
bonyl compounds.

O 0]
(a) l-heptanol (b) 2-heptanol (¢) 2-methyl-3-hexanol (d)
o
10-26 .
NaBH
(a) /\/\/er abtly - S OH OR D L'AIH“,
I CH;OH 2) HyO*
OR
ou 1) LiAlH,
/\/\/\r —_—
o 2) H;0*
OR
OrR 1) LiAlH,
/M —_—
5 2) H;0*
(0] OH

(b) /M NaBH, M 1) LiAlH,

CH,0H 2) H30*




NaBH, 1) LiAlH,
(c) - OR —»
CH,0H 2) H0*

0] OH
) 00  NaBH, OC  LiAlH, will NOT give the desired
CH.OH > product. LiAlH, will also reduce the
3 ester in addition to the ketone.
0] OH

Reactions of Alcohols

PROBLEM 11-2

Predict the products of the reactions of the following compounds with chromic acid and
also with PCC.

(a) cyclohexanol (b) I-methylcyclohexanol
(¢) 2-methylcyclohexanol (d) cyclohexanone
(e) cyclohexane (f) acetic acid, CH;COOH
(g) ethanol (h) acetaldehyde, CH;CHO
11-2 O OH 0O
(a) H,CrO, C PCC é
OH
(b) ‘ H,CrO, PCC '
no reaction - ————— ———— 1o reaction

O

OH 0
(©) H,CrO, G/ PCC é/
B J— ——r—i




(d)

(e)

()

(g)

(h)

no reaction

no reaction

no reaction

0]

H,C-C-OH <———— CH;CH,OH

0O

H;C-C-OH <———— H,C-C-H

H,CrO,

H,CrO,4

R

H,CrO,

~———— H,C-C-OH

H,CrO,

H,CrO,

c L

0]

PCC

PCC

PCC

PCC

PCC

no reaction

no reaction

no reaction

9
H,C-C-H

no reaction




