Organic Chem I1-1

Ch. 13 Carbonyl (1) Answers
1. Name the carboxylic acid and alcohol from which each ester is derived.

O,

0 (b) 0 (©)
\)J\o/\ /\)Lo/ i>:O

acrylic acid, ethanol butyric acid, methanol 4-hydroxybutanoic acid
or ethyl propenoate 0

d e
P Q*ﬁ@ O*“
malonic acid, isopropyl alcohol or benzyl dcohol, ethanol benzoic zid
2-propanol cyclohexanecarboxyllc acid

(0] (0] (0]
(9)
- RN /O e
(o]

methanot, cinnamic acid ethanol, benzoic acid methanol, succinic acid

) i (S 0 q

~ 7N )I\ )I\
(0]

ethanol, oxalic acid ethanol, acetic aicd (or ethanoic aicd)  ethanol, formic acid

2. Using an alcohol or alkyl halide to make each of the following esters:
(@) nethyl butrate H*
CHgoH + CH30H2CH2C:OOH E——

A
CHsCl +  CHsCH,CH,COONa ———>

(b) propyl acetate .
H
CH;CH,CH,OH + CHCOOH ——>
A
CH3CH2CH2CI + CH2COONa —_—
(c) Bhyl buyrate .
H
CH3CH20H + CH3CH2CH2COOH —_—

A
CHsCH,Cl +  CH,CH,CH,COONa ——>

(d) Methyl phenylethanoate

H+
CH3OH + C6H5CH2COOH —_—

CH3C| + C6H5CH2COONa —_—
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(e) oayl xetate

+

CHy(CH,);OH + CH;COOH ——>

A
CHy(CH,),Cl + CH;COONa —— »

() isopentyl acetate

/k/\ H+
OH  + CHCOOH ——> /k/\ o
A O)K
o+ CHCOONa  ——>

3. What reagents would you use to convert methyl propanoate into the following compounds?
(a) isopropyl propanoate (b) sodium propanoate  (c) N-ethylpropanamide (d) popanoic &id

A LI

H

(0]
NaOH
/O > ONa

methyl propanoate
CH3CH,NH,

/\H

H;0* \)’k
_—
OH
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4. What products would be formed from the reaction of benzoyl chloride with the following reagents?
a. ©dium xetate b.water c. dmethylamine d. aueous HCI e. agueous NaOH f. cyclohexanol

g. benzylamine h. 4-chlorophenol i. Isopropyl alcohol j. ailine

00
I

i o
COCCH, . Q_CO_O
? 0

' I
o+ Qo)

@?é@
¢

t’f O

e @—Eo 5 @J:'NH—O

5. Starting with acetyl chloride, what would you use to make each of the following?
a. CH3CH2CH20H C. (CH3}2NH e. HO‘</——\>—N02
'ﬁ) —
b. CH;CH,NH, d. CH,CO™ f. H,0

5. The product of the following reactions:

(@) c)

0 (b) 0 ( o
HO\/\)J\ M N H3 Cl
| OH HO
O
(d) (e) 0 (f) o)
OH
HO NHCH, o
0 0]
o)
(9) (H) o o
NH,
ONH, /O)‘\/\COOH + ©f}\/\COOH
i H,C CH,
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O]

(1 )k .\ 0 1)) O
CH,OH HSC\OJl\ \)J\ ~
N
H
() | L 0
0
0 OCH,
(M) (N)
O
;i 0]
0

6. Show how the following compounds could be prepared from the given starting materials. You can
use any necessary organic or inorganic reagents:

(@)

—

SOCI
CHyCH,CH,CH,0H ——%~ CHyCH,CH,CH,Cl SZ8  cH,cH,CH,CH,c=N

HzolHCI A
i
+
NH, + CH;CH,CH,CH,COH
(B)
0 o 1 . AICl 0

Il soc 4 I
CH3(CH2)10COH 4 CH3(CH2)10CC1 E’?‘I—_c)__'.' CHS(CHZ) 10(:‘@

- Hy

Zn(Hg) ' INH,NH
HCL A OrlHO%A 2

H,S0,
. CH;(CH,);, SO;H ~e«—— CH;(CHjy),;
NaOH A
»
| CH‘,S(CHz)n‘@'SOi Na'

©
i . i i
CH.CH,CNH, 'PT};B" CH,CH,COH —2 B CH,CH,CCI

A
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(D)

0 0
CH; COH CC] CNHCH3
CXCESS
Na,Cr;0, Socl, CH3NH,
-__+.___.'..
H, A
(E)
0
i o I
NH, o NHCCH; i NHCCH; NH,
o 1.CH,CCl, . HOL HO
3CCl AICI, . HCL H, _’ﬁ.
Pyr‘idine 2 H20 2. HO
CCH; CCH,4

ll I
0

O H
2% I oo —im Y, el @_NHCCH,
H,S0, Pd/C pyridine

stodl

0 0 0 0

i il PCl, It I
CllSI NHCCH,  ~———=- HOﬁ NHCCH,

()

© CH, CH,Br CH,C=N CH,COOH
NES A H0_
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o) o 7 gani
7. 1 | 0

a. ~  TOH + CH3CH,OH , C
| o ¢. HOCH,CH:CH,CH;,” “OH

b. CH;CH,CH,” “OH + CH;0H

a. The weaker the base attached to the acyl group, the stronger its electron-withdrawing ability; therefore,
the easier it is to form the tetrahedral intermediate. para-Chlorophenol is a stronger acid than phenol
so the conjugate base of para-chlorophenol is a weaker base than the conjugate base of phenol.

0
N

b. The tetrahedral intermediate collapses by eliminatin g the OR group. The weaker the OR group is as a
base, the easier it is to chmmatc it.

Thus, the rate of both formation of the tetrahedral intermediate and collapse of the tetrahedral i mterme—
diate is decreased by increasing the basicity of the OR group.

N S
'o’c\/LC’H E“ ———>7]-i{]“fi

DOW
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10 | U 0
g |
| L
a. ¢’ NoCH; ¢ CHCHCHNH NHCH,CH,CH,
0o 0 o
| ﬂ Jl = (0, + K
b cHO” “ocH, d. #” “oH
11.
a, b.
” o o a o
N )J\OMO)K
.
[
/C\,

b. H;N~  “NHCH,

¢. no :eacﬁon; an amide
will not react with water
without a catalyst
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Ch 14 Carbonyl (1) Answers

1. Show the product expected from reaction of butanal with each of the following reagents:
(@) methylamine

CH;NH,
CH3CH,CH,CH CH3,CH,CH,CH

(b) ethylene glycol and a trace of acid

0
HOCH,CH,OH /
CH3CH,CH,CHO = CH3CH,CH,CH j
\O

H+

(c) sodium cyanide (NaCN) at pH 10

OH
NaCN y
CH3C H2C H2CHO CH3CH 2CH2CH
\
CN
(d) sodium borohydride (NaBH4)
CH3CH,CH,CHO NaBH, — CH,CH,CH,CH,0H

(e) phenylmagnesium bromide

{rwoe T
CH3CH,CH,CHO

CH3CH,CH,CH

(F) ethanedithiol and acid

/S
CHaCH,CH,CHO  FSCRCSH oy oy eh,CH j
\S

+

(9) aniline

{ Hnm, /)

CH,CH,CH,CHO CH3CH,CH,CH

(h) potassium permanganate

KMnO
CHaCH,CH,CHO e CH3CH,CH,CO,H
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(i) hydroxylamine (H2NOH)

N—OH
H,NOH
CH,CH,CH,CHO CH3CH,CH,CH
(Jj) Jones' reagent (chromic acid)
H,CrO
CH3CH,CH,CHO — 2" > CH,CH,CH,CO,H

2. Show the structure of the acetal formed from each of the following reactions, using H2S04 as a
catalyst:
(@) cyclohexanone and ethanol

\/oi fo\/
EtOH

(b) cis-1,2-cyclohexanediol and diethyl ketone

OH 0
: :/ \)J\/ :
OH
O

(c) benzaldehyde and ethanedithiol

@k S e

(d) glucose and methanol

OH
OH

HO e}
HO o) HO
— HO
HO
HO
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3. Show the product of the reaction of cyclohexanone with each of the following compounds:
(@) aniline

O

NH, N

() —~ (O
(b) phenylhydrazine (C6H5NHNH2)
oY () g
NHNH, N
O/\N
> H

(c) hydroxylamine (H2NOH)

O]

N

NH,OH Z on

(d) cyclohexylamine

(0]
NH, N
9 — (O
4. Give the product of the following reaction:
(@) gcloheptanone +  ethylamine

o CH3CH2NH2 ONI

(b) cyclopentanone + diethylamine

CH,CH,NHCH,CH; @N/

(d) acetophenone + cyclohexylamine

10
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5. Show the product of the reaction of phenylmagnesium bromide with each of the following
compound:
(@ cyclohexanone

(b) benzaldehyde

X o-

(c) formaldehyde (HCHO)

o
QMgBr
)J\ Ho
H H

(d) ethylene oxide

A QMgBr Ho\/\©

(e) p-methoxyacetophenone

(@]
- >
MgBr

~

OH

(0]

5. Give the products of the following reactions:

(A) 0 J

HCI
CH3;CH,CH + CH3CH,OH > o/\
(b) @ HO CN
| e
CH3CH,CCH,CH; + NaCN ————>
(© o
1. LiAlH,
” N T + CH3CH,OH
CHsCH,CH,COCH,CH; ————> OH
2. H,0"
o)
(d) | 1. NaBH,

OH

CH3CH,CCHj, > \)\
2. H0"

11
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(€) HCI

0 /\\
|| o o
CH3CH,CH,CCHs + HOCH,CHOH ~——— /\><

NNH,

0
I H'
? QCCHZCH3 * NHNH, ————> O)‘\/

(9) Q NNH,
I HO'
CCH,CH; + NH,NH, ——
I
HO"
CCH,CHs3 + NH,NH, CH,CH,CHj4
A
o} Q
(h) HCI
+ NaCN —>
CH,
CN
CHs
NCH,CHj
i
® HCl
+ CHaCH,NH, ———————>
; 0
()
HCI
+ (CH3CH2)2NH _— )N
() i HO CH,CHs
|| 1. CH3CH,MgBr \><
CH3CH20CH3 2 H3O+ '
(L) o

OH

| 1. CHyCH,MgBr
CH,CH,COCH;  —5 57 - \)\
CH,CH3

(m)
O + (CBHS)ZP:CHCH3 - > CHCHS

(n) CeHsCH=CHCHO + Ph3P:CH2 > CsHsCH=CHCH=CH,
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6. Which of the following tertiary alcohols cannot be prepared from the reaction of an ester with excess
Grignard reagent?

Ans. (B) (E)

8. How can the following compounds be prepared, starting with a carbonyl compound with one
carbon fewer than the desired product?

a. NaCN H2/Pd
HCHO —— Ho—CH,CN —  HOCH,CH,NH,
b. OHO
OH
NaCN H40"
CH;,CHO—m> ——
3 ch.AHCN CH,CHCOH

Indicate how the following compounds could be prepared from the given starting materials:

OH
CH3
1. excess CH3MgBr
> CH3
2. H0"

(b) o 0
| | DIBAL
H

or

(|) 0O

I A
Q.COCH_ L LiAlH,_ Q-mzoﬂ Fec Ly
2.H', H,0

©)

OH O NCH, NHCH,
NayCr;Q; CH;NH, NaBH{OCCHa)?
H,S0,
d)
0

M : |
CH,CH,CH,CH,Br —E[—%- CH;CH,CH,CH,MgBr ;—C—?-Z—B- CH,CH,CH,CH,COH
2 » Iy

or

0
g H*, H,0 I
CH_;CHZCHZCHzBr%?-CH3CH2CH2CH2{,‘§N ——A—&- CH,CH,CH,CH,COH

13
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10. Using cyclohexanone as the starting material, describe how wach of the following compounds could
be synthesized:

O OH
a. 1. NaBH,
—_—
2.H", H,0
O OH
b. 1. NaBH, H.S0
2.H", H,0 A*i"“
O OH Br
<. 1. NaBH, PBr,
2.H", H,0 >
G NH,
d. H
+ NH; _Ptz_,...
f | CH,NH,
product of ¢
0 CHys - CHs CHi,, ~CHy
f.
+ CH NH —_—
s CH=CH,
B . clher
+ (CH,=CH)CuLi
product of ¢
b C=CH CH=CH,

or _
+ HC=C —a
@ Lmdlar $ @

product of ¢ catalyst

O
h. NH,NH,, HO', A
O
Zn(Hg), HCI, A
OH
1. NaBH, H,S0 1.
2 H". H,0 A Pt

14
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HO_  CH,CH, CH,CH;
1. CH3CH2M§Br

CH,CH,
H50, w
2. H', H,0
or
0

CHCH,

+ CHy,CH=P(CyHy); —— %

11. Describe a simple chemical test to distinguish phenylacetaldehyde & benzyl alcohol

2,4-dinitrophyenylhydrazine will react with aldehyde to give a colored product but no reaction with
alcohol.
12.
CHCH; HO. _OCH,
+
A C=0 + CH;CH,NH; c &
CH,CH;
c|JH ?H _
b. CH3;CH,CCH; d. CH3CH2(|JCH2CH3 f. Z B
N
CH,CH; ' CH,CH3 H
NCH,CHj 0
g i. CH;NH OCH,
CH;CH, CH,CH; 0] 0
Ny
N _
h. Js CH:aO)K/\.ri:/\)LOCH3
CH;
13.
I i
. I OCH:
G L CH MR L e ]
", A ) '- ~
crcy’ gy ST - N HD e
a1y T CH;CH;CEHCH, o0 CHCH, (H, i CEHyCH; ?Z-JJ
¥ = OCH;
14, SR
.
b & | d
\

15
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H;C ~c —=CHaz

HN
d.
16.
CH5CH,CH,CH,CH,OH %QL» CH3CH,CH,CH,CO,H
2 4
b.
ﬁ 1. LiAlH,
COCH,CHj on OH
| 2. H,0 //i\\
CHs
1) ]
C. || 1. LiAlIH,
CH3CH,CH,CNHCH > /\/\N/
2. H,0 :

OH

d. 0
1. NaBH,
2. H,0"
0]
e.
ocn, 1. LiAlH, y
2. H,0"

f.

OH

O
OCH 1. excess LiAlH,
3 > OH
5 2 HZO+ + CH30H

o OH

OCH, 1. NaBH, OCH,
+
2. H,0
o 2 fe)
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17. o 0
Il H,Cro, i socl, I
a. CH3CH2CH e CH3CH2COH —_— CH3CH2CC1
I
CH,CH,COCH,CH,CH,
I o
1.CH,CH,MgB
b. CH,CH,CH,CH,0H 5%  CH,CH,CH,CH ZCHS#J CH,CH,CH,CHCH,CH,
- 12
H2Cf04¢
]
CH,CH,CH,CCH,CH,
NCH; HCH.
KMnO, CH,NH ‘
—t 32 H, |
O/ H,S0,4 Cf Pt
NHCH
PB 3
O/ 5 O/ CH,NH,
MgBr
Mg . 1.CO
O/\ Et,0 —

E, C=N u OH
———-———’
H,0, A O
9]
- OH N 32Cf 207
—_—
H,SO,

17



18.

a NOH

CCH)CH; + H0

0
|

C
¢ CHCHCH/ \OH

Organic Chem I1-1

d. CH,CH,CH,CH,CH,0H

OH 0

o

OH

B

d. CH,CH,0_ OCH,CH;

+ H0

OH

€ CH3CH2(|:CH2CH3
CH,

£ UNH?

|
CH,COCH;

CH,CH,0H
' + CH;OH

?H
g CH;CH;?CH;CH;

C
Il
N
0
g
h, CH3(]THCH2/ ' \CHg
SCH;
(l)H
i ‘T‘Cﬂzf«‘HzCHs
CH,CH,CH;

18
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Ch 15 Carbonyl (111) Answers
1. Predict which compound in each of the following pairs is more acidic. Give reasons for your
choice.

(A) 0

(0]
Cl\\\,//JL\\ or F\\\///JL\\
CH OH

electronegativity of F > ClI, can stabilize extra electrons

® 0 i
M or /\H‘\OH
OH
cl

The position of Cl is closer to the carboxylate

(C) F3CCOOH is carboxylic acid

2. ldentify the most acidic hydrogen atom in the following molecules. draw the significant resonance
contributors for the enolate anion generated by deprotonation of each molecule.

o) o)
" )J\ )}\ /l\

H HC;)C Y H,C H
® 0 0 o SIS
/\)J\H H,C \ H H2C/ 3 H H C/ /
© jJ\ o 3

H4C CH )J\ I )‘\
Hfé CH3 H,C CHs

(D) o] 0

0 0
—_—
/J\*
HsC CHs HsC Q CHs
H o H
H

©o o
H3C///L§§T//JL\\CH3
H
o) o
H3C//JL\\T§§J\\\CH3
H

19
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3. Predict which hydrogen is most acidic in each of the following compounds:

o) o) O
i \2&/ v /\Jk T )L A~ 7 . |
= H o) M
H H H
4. List the compounds in each of the following groups in order of decreasing acidity:
(A) HC—CH > H,C—=CH, > CH5;CHj4
(B)
0] (0] (o) 0 o o o
M g M 2 >
HsC CHs O/ \O O/ HJ
H H H H . CHj

(C) O O O

5. Drew the enol tautomers for each of the following compounds. For those compounds that have

more than one enol tautomer, indicate which is more stable.
a) o] OH OH

(@] o

O
more stable because the double bonds are conjugated

b) 0 OH
Q_/< ©_< only one tautomer
CHg CH,

(0] OH OH

F

more stable because the double bond is conjugated with benzene

20
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6. How would you prepare the following compounds from the given starting materials?

0 o)
I H,0* I CH,NHCH, I

8 CH;CH,CH + Bry ——» CHyCHCH ———— CH;CHCH

Br N(CH3)2

O 0
I H,0" [ HO™ [
b. CH,CH,CH 4+ Br, —— CHiCHCH ~———» CH;CHCH

Br OH

O O 0
+ Br OCH
C. HSO é/ CH.O" é, 3

O

O 0
+BY2 ———e - ———

7. Draw the structural formula for the product of the aldol reaction of each compound followed by
dehydration.

O
a) 0 OH ©
HQ I I H,50 (l
CH,

b)

" HO
Sodanioalniints
o)

c)

o}
o}
o} o]
HO  ch, CH3
©
o - O O o O g O
+

21
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a9 0 i OH
oo Ne-o RGeSy
(e} (e}
e)

(6] (e}
O + (@] OH
\)I\/ \)j\/ G
©
CHs CHs
f)
CH; O
CHy 0o CHy o CHO
H —
H H
©
OH CHj

8. How could the following compounds be prepared from cyclohexanone?

O 0O 0
Br Br _ C=N
a 2 C=N
— —_—
0 (9] 0 o
Br
b Bra tert-BuQ_ -
—_— > C=N
é H;0° (5/ tert-BuOH HCl

C=N
0] 0 0 0
€. é —Brz_‘. o M_-_]?U_O;_ CH3SH
+ _-'+
H;0 terr-BuQH
CH,
0] 0 o) 0
Br Br -
d. é = 2+! tert-BuQ 1(CH3)2CUL]
30 tert-BuOH 2.H;0"
CH,
e.
o O
CH2CH:CH2

1) LDA

—_— >
2) BrCH,CH=CH,

22
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9. Describe how would the following compounds could be prepared using an enamine intermediate?

a)
0 - <N> (I:I) Br
ca C
a. O -y CH,CH,CH,Br__ é{cmcnzcm
+ — - -
N
H
HCllHZO
0
CH,CH,CH,
+
.
/N\ -
" CH Ci
b) ) o
0 0 .
catalytic N
. /:—\/ H CH3CH2CC1 ij,ccrlzc}[a
N
H
HCI [H,0
o

E&CCHZCHg,

10. Draw the structural formula for the product of each crossed aldol reaction followed by its
dehydration.

(a) 2 o Dehydratlon °
CHO e
~ (T -

(b)

, O4 — O
@_{ @_{ dehydratlon
S, y _
©

Q o) o]
O Dehydration
CH,0 —_— _ =
OH
;
OH
0o (0]
< > < S AN
H CHO CHO

/ N

H H

23
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e) o O

i 1

CH,CCH,CCHj;4
(f
o OH CHO .
+ —

CHyCH,CH,C—H  CHaCH,CH,.CH,C-H - CHsCHCHCHTCHCH,CHg

OH CHO OH CHO OH CHO

+
+

CH3CH,CH,CH—CHCH,CH,CHj CH3CH,CH,CH,CH—CHCH,CH,CH; ~ CH3CHCH,CH,CH—CHCH,CHg

CHO CHO
+ - +
CH3CH,CH,CH=CCH,CHj CH3CH,CH,CH=CCH,CH,CH,
A
—_—
CHO N ?HO
CH3CH,CH,CH,CH=CCH,CH,CHj CH3CH,CH,CH,CH=CCH,CH,4
(9
OH O OH
CHgCCHz—C|ICH3 + CH3CCH,—CCH,CH3  +
|C|) CHs CH,CH3
+
CHsCCHs  CHLCH,CCH,CH; —
O OH OH

— +
CHyCH,CCH—CCHs CH3CH,CCH—CCH,CHs

lA

CHsCCH=<|3CH3 + CH3CCH=CCH,CH; +

CHz CH, CHz CH,CHs

O

CHs CH,CH3

CH3CH2C(|:’:(|30H3 CH4CH,CC—=CCH,CH;

CHs CHs CHy CH,CHsg

24
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11. How would you prepare the following compounds?

a) o
o} o
HO
\OMO/
b) o 0 o)
/\o O/\

12. Give the products of the following reactions:
(a) o 9 (B)

Il
docn,cn, CH;CH,CH,CHCOH
Br
O o
(©) [l
CH;CH, COCH,CH,
(D)
NaOEt o= H.O* o
3
2 Etozc/\cozEt - heating \)J\/
EtO,C CO,Et heating HO.C CO.H
(e}
(E) 0O O (F) CH,CH=CH, (G)
Il Il 0 0 O
CCH,COCH,CH, || CH,CH, D
+
+ IN\
H H
(H) O (N ) 0
CH,_ OHO
CH Il |
3 O CCH, ’ COCH,CH,
0
(k)
O O o)
1.CHiCH,0 (lequ) || | 2. CHgBr I
CH,CCH,COCH,CH, > CH3C@|COCH2CH3 — CH3CC|HCOCH2CH3
CHs

25
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(L)
0O 0 0O 0 o o

] 2. CH3Br ||
CH4CCH,COCH,CH, L CHLCH,0 Geau) éHZQ@ﬂOCHZCHs — CH3CCH|2|COCHZCH3

CHj

13. Give the product of each of the following reactions:

(A)
i TSI IRl
. CH3CH2g(|3H(I%OCH3 CH3(I%CH2COCH3 CH,CH,CCH,COCH;  CH;CCHCOCH,
CH; CH,
(B) o 0
Il Il
CCH,C
© T9 (D) 0 ¢
HCEECUCH?‘ CH;CH,0CCHCOCH,CH;
3 CH,
! g
14. C - ) ) . C
: : VAN AN
a. CH3?HCH1 NH-!_ . h- CH}CHJ_?HEHE D'CHg
C C _ , C
| | [l
0 0 )
. 15, 0 O "] 0
| Lo [
C
VAR AN PR AN
a. CH,CH,CH, CH  'OCH, b. CH3{|3HCH1 CH  'OCH,CH,
CHEEH'J' CH3 1|:HCH3
CH,
16 o o 0 9
oA Ly
; ) * c.
a. E!—I;EHECIE CHE'HI}C[-IECEE, b, & E‘-IFH”; EG':?HE
CH, ’ CH,CH,

26



Arnnnin Chem 11-1

17 ﬂ

O HO 0H CCHE-

. 0y, E.C[ %
" L 15 o

~ ()=
0”0 0

19 a The first reaction is an intermolecular Claisen condensation. An intramolecular condensation reacncm
forms the final product.

(0} [\ ) (e} : }E_‘\B
O‘) S /\0 O\/
(0] o)
P 0
/\O/UVYO\/
o]

i
O\/ <(-} 3
(8]

b. The reaction involves two successive aldol condensations.

(I:il O

e Joce
C/H =F _
([I) 5 | [

+ H,O +H,0
¢. The base removes a proton from the ca.rbon that is flanked by two carbonyl groups; this is followed by
an intramolecular Sy2 reaction. .

o 0

27
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d. - A proton is removed from the e-carbon that is ﬂani:ad by a carbnn}’l group and a nitrile; tlmn an intra-
molecular Sy2 reaction occurs. ,

i

19.
)
Il
0 C 0
Il 7N\ [
0 (|3H2CH3 CHs c
a. CH;CH, CH; + CO, d. CH; CH; g CH.CH,CH,CH] “OH
N
C C
[ I
0 0
Br {! 9
/N B
b. CHgCHg(ll H + 2Br e. r
Br
0 0
[ ] ;
o cucHcr; “cu” ochy £ 9 cl
al c
CH,CH;

28
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Ch 16 Amine Answers
1. Water and diethyl ether are immisible “~ 7 7 liquids. Charged compounds dissolve in water and
uncharged compounds dissolve in ether. CgH1;COOH has a pKa of 4.8 and CsH1:NH3" has a pKa of
10.7.
(A) What pH would you make the water layer to cause both compounds to dissolve in water layer?
(B) What pH would you make the water layer to cause C¢H1;COOH to dissolve in water layer and the
amine to dissolve in the ether layer?
(C) What pH would you make the water layer to cause amine to dissolve in water layer and the acid to
dissolve in the ether layer?
Ans.
From the Henderson-Hasselbalch equation it can be calculated that in order to obtain a 100: 1 ratio of
acidic form:basic form, the pH must be two pH units lower than the pKa of the compound; and in order
to obtain a 1 00: 1 ratio of basic form: acidic form, the pH must be two pH units greater than the pKa of
the compound.

a. If both compounds are to dissolve in water, they both must be charged. Therefore, the carboxylic
acid must be in its basic form, and the aniine must be in its acidic form. To accomplish this, the pH
will have to be at least two pH units greater than the pKa of the carboxylic acid and at least two pH
units less than the pKa of the ammonium ion. In other words, it must be between pH 6.8 and pH 8.7.
b.  For the carboxylic acid to dissolve in water, it must be charged (in its basic form), so the pH will
have to be greater than 6.8. For the amine to dissolve in ether, it will have to be neutral (in its basic
form), so the pH will have to be greater than 12.7 to have essentially all of it in the neutral fortn.
Therefore, the pH of the water layer must be greater than 12.7.

c. Todissolve in ether, the carboxylic acid will have to be neutral, so the pH will have to be less than
2.8 to have essentially all the carboxylic acid in the acidic (neutral) form. To dissolve in water, the
amine will have to be charged, so the pH will have to be less than 8.7 to have essentially all the amine
in the acidic form. Therefore, the pH of the water layer must be less than 2.8.
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2. aFaxat—(E LA F Rl KOs R B E s IR T i (partition) J77% » I ABNER T & 3 L&Y
(Aniline, methyl ethylketone, hexanoic acid) 7 E&Y757 5 -

NH»
PY |
/\/\)I\OH
methyl ethylketone hexanoic acid
Aniline
+ HCI/H,0O
NH3+ WATER ETHER o
/\/\)‘\OH
O
Ether
WLTER JTHER + NaHCOngZO
NH»
WATER ETHER
@) @)
/\/\)j\O'NafL \)j\
+ HCI
Ether
WLTER JTHER

A~



3. Show the product of each of the following reactions
(a) aniline with excess methyl iodide

CH;
@ _CH3
O/ excess CH3I ~

(b) benzyl bromide with excess ammonia
CH,Br

excess NHg3

(¢) (R)-2-bromopentane with excess ammonia
Br

NH,
excess NHg E
® > ®
(d) trimethylamine with ethylene oxide
o} HsC
\®
CHj N
| _cH HC—
\ otk >

(a) hydrogen chloride

S

NH2 O/\

(b) excess methyl iodide

CH3
NH2 excess CHsl @
CH3

(C) acetyl chloride and pyr|d|ne

@%

NH,

Ci

_—
pyridine O/\

5. Show the product of each of the following reactions
(a) aniline with acetyl chloride and dilute NaOH

O
NH, )k

= Y

¥

, C/ /\/OH

4. Show the product expected from the reaction of benzylamine with each of the following reagents
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(b) the product of part (a) with LiIAIH4

o}
SPW L
N N/\
H H

(c) cyclohexylamine with benzoyl chloride (C6H5COCI) and pyridine

ot ~ Y@

(D)

H CH;
\\ -
. al’ AF ,O
Br 1. N.l( N, DMI - Hy( -
2. LiAIH,. ether

6. Show the products of the reaction of the diazonium salt prepared from p-toluidine (p-methylaniline)
with each of the following reagents:

i) (@)
o

7. Show the product of the reaction of p-methoxyaniline first with sodium nitrite and hydrochloric acid
and then with each of the following compounds:
(A) pheol

(b) N-phenylpiperidine

H3CO N_—::N—@—N )

(c) 2,6-dichloro-N,N-dimethylaniline

Cl
Cl
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What alkyl bromide would you use in a Garbiel synthesis to prepare each of the following amines?
(@) pentylamine (b) benzylamine (c) isohexylamine  (d) cyclohexylamine
Ans. (a) pentyl bromide (b) benzyl bromide (c) Isohexyl bromide (d) cyclohexyl bromide

8. Show the product of each of the following reactions:

@) ﬁ NCH,CH,CHg
QCCHs + CHyCH,CHNH, — > ﬂ:CH3
o H\
(b) I H, /NCHZCHZCHs
CCHg + CHCH,CH,NHy —48M8M8 QCHCH3
Pt
(c) 0
| <O
CH5CCl o2 NH g E>N

(d) aniline with CH3CH,COCI and then LiAIH,4

i v ¢

NH, N

©/ CH,CH,CCI ©/ \H/\ LiAIH, ©/ S~
(0]

(e) 2-butanamine with acetyl chloride and then LiAIH4

O
MH- E H H
/\‘/ CH;LCl /\rm \r LiATH, M —
0

(f) 1-phenyl-I-bromopropane with sodium azide and then LiAIH4

Br Ng NH,

(9) cyclopropylamine with benzoyl chloride and then LiAIH4

Lo I B B
O oy e oy

(h) cyclohexyl bromide with sodium cyanide and then LiAIH4

O/Br NaCN O/CN LiAIH,
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9. Show how to prepare 1-pentanamine using the designated starting materials:
(@) ammonia (b) an amide (c)an alkyl halide + sodium cyanide (d)an alkyl halide + sodium azide

@) P NHs N
(b) LiAIH, ¥
\/\/\N)J\ NN
N
(c) :
NN NaCN N LiAIH, P U
(d)

/\/\/Br NaN3 N3 L|A|H4 NH,
‘/\/\/ /\/\/

10. What alkyl bromide would you use in a Garbiel synthesis to prepare each of the following amines?
(A). Pentyl bromide (b) Benzyl bromide (c) Isohexyl bromide  (d) Cyclohexyl bromide

11. Show the product from the reaction of piperidine with the following compounds:

(@) bazaldehyde (b) acetic amhydride (c) nethyl xetate (d) aetaldehyde (e) acetyl chloride
(f) methyl iodide (1 eq.) (g) methyl iodide (excess) (H) cyclohexanon (1) 1. benzaldehyde, then 2.
sodium borohydride. (J) 1. methyl iodide (excess), then 2. Ag20, heating

(@) bezaldehyde

CHO '
NH NF
OH

(b) acetic anhydride

TG O

(c) methyl acetate
O 0
)‘LO/ + O
N
H
(d) acetaldehyde

< . (Nj HTO

H
H

(e) acetyl chloride

iCI * Q i@
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(f) methyl iodide (1 eq.)

D=

H

(g) methyl iodide (excess)

O excess CHjsl e
> I
N

H /N

(H) cyclohexanone

SEEEN®

H

(I) 1. benzaldehyde, then 2. sodium borohydride.

O
O -

() — 070

N

H
(J) 1. methyl iodide (excess), then 2. Ag20, heating
O excess CHjsl @ e AgO,

N ! _

H PAARN heating

12. Give the products of each of the following reactions:
(a) HO cCH;

+ A
CH4CH,CH,NCH;

CH3CH=CH,

CH3

(B)

CHj

A \

A/\/\

CHg

+ -
NZ
HsC’ o

(©) A

+
HaC  N(CHg); |
HO"
(D)

NaBH,

_

Organic Chem I1-1

O~

She

MN\
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13. Describe a synthesis for each of the following compounds, using the given starting material and any
necessary reagents:
(a)
CH3CH,CH,CHoNH,  + CHsl 2 CH3CH,CH,CH,N(CHg) 3 + Ag20 & CH3CH,CH=CH2

b. CH;CH,CH,CHCH, (CH3):N CH;CH,CH,CHCH,
Br CH3 —I}I_CH3 Br~
| CH,

AgzOl H20

(CH3)3N + CH3CH2CH2CH=CH2 ‘L CH3CH2CH2(I:HCH3

CH3—I~|I‘iCH3 HO™

CH,
CH,I
€[ ) _excess _“}&9, { 5 A { \
N K,CO, ﬁ Ir H,0 ﬁ HO™ N
H /7 \ VRN / N\
H,C  CH; H,C CH, H,C CH,
CH3Il
7\ A \ Ag,0 { \
- % HO® “H,0 R T
s
H,C” | CH H,C” | 'CH,
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14. Show how the following compounds could be synthesized from benzene:

(a) NO, NO, NH,
HNO; Br, 1. Sn/HCI
O H,50,4 FeBr3 @\ 2. HO™
Br Br
. 1 NaNO,
0°C
HBr
+
~Br N=N Br
QL =0
@-___
Br Br
(b) CH, ' CH, CH,
. . 1. Sn/HCI
CH;Cl HNO, 2. HO™
‘ H,, Pd/C
NO, NH,
NaNoO,
HCl |0
'CH, CH;3
@ CuC=N
-
C=N +N=N Cl
(C) NGO, NO, NH,
HNO; " Bry 1. Sn/HCI
© H250, FeBr; @\ 2. HO™
Br Br
NaN°2
0°C
HBr

N=N Br

OH
@ H,0 |
e
Br Br
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N=NCH

d. 1. SWHCI

HNO; 2.HO” HO NaNO, |

H,S0, HCl ¢
H,, Pd/e

lﬂzo
OH ‘ OH
a  a,
-
FCC13

or

c a c
NO;
cl HNO 2 1. SwHCI NH;
—- -
© FeCly H,S0, ) —2HTs
. Hz, Pd/C :
NaNO,
HCI
Oo
cl cl
oH N=N
(e)
COOH COOH
CHCL _HNO;
TAICL H* A H,S0,
: | NO
1. Sw/HCI
2. HO™

COOH
NaN 0,
<—2~— HCl

+N—N
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HNO,
HySO;

Organic Chem I1-1

Br
1. SwHCI
—_—
FeBr3 2. HO®
NO, NH,
” .| NaNO,
0| HOl

Br

| guC —N @\
C= E
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Ch 17 Polymer Answers
1. FREERIRFEHE:
" TE EARE 2 B En L TR RS S EER ) SRR T AR EREE (&
RABRE) ZSBREEEEEROCER - BRIHZIARE
B (AEBBN) BiREHM EE—8EEB 2 24545 general structure formula
(1) HIFERE R (PET)

Q 0
:e: 2 0—((:sz2—o]-n-

(2) HHR MG (PS) —#8)6 - [CH2-CH(C6H5)]n-
(3) HHRLIG (PS) —K#/ - [CH2-CH(C6H5)]n-
(3) L&A LM% (PVC) - (CH2-CHCI)n-

(4) T Z¥% (PE) - (CH2-CH2)n-

(5) FMAM% (PP) - [CH2-CH(CH3)]In-

2. "] DA EE 7 AR S R o]
PET PE PVC PP PS PLA

3. "IV % biodegradable HYZE &) Ryfnl
(1) Polyhydroxybutyate PHB

CH;, =
O—CH—CH;C
n

(2) Polylactic acid

O
O
CHj n
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Ch 18 UV, Vis & IR spectroscopy
1. DIgEEH/NE AHEY] UV, visible light, IR, X-ray, microwave, radio frequency
radio frequency < microwave < IR < Vis < UV < X-ray

2. LU EH/INEARHES] UV, visible light, IR, X-ray, microwave, radio frequency
X-ray < UV < Vis < IR < microwave < radio frequency

3. UV S AfrELfEE 2 Hop M EER B T2 AR S AFrELfEE 2 Hoop My [ Ko fm]?
(OAVA

7341 Conjugated double bond

i3 Electron excitation

IR:

A. 47#f: functional groups

b. JF2H: bond vibration, stretching & bending

4. DUNH/INZERFEFIE Amax
D<C<A<B<E

6. LXTEE/J\:J(EF?JEXmaX

érﬁéi

Oy Orgon < O

7. How could you distinguish between the compounds in each of the following pairs using uv
spectroscopy7

c. & > 55 d. (joH ©/O\CH3

phenol: [Jmax at (pH> 11) > [lmax (pH+7)
anisol: no change
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8. AATLL IR EFE L N EEY):

butanol has broad signal > 3000cm™ ".© -OH

(b) ?

MH and P
CHO: 2750 cm™ & 2850 cm™, 1725 cm™, no > 3000 cm™
Alkene : 3100-3020 cm™*

©) QOH and @

pentanol has broad signal > 3000cm™ ".© -OH
Alkene : 3100-3020 cm™

(d) E%O and E>70CH3

ketone: ~1715 cm*

e) o Q
@)&0/\ and y OH
/\O

acid: C=0: ~1710 cm™, OH: >3000 cm™
M SN and O

O

alkene : 3100-3020 cm™
O

C) 0
wH and wOH

CHO: 2750 cm™ & 2850 cm™, 1725 cm™
acid: C=0: ~1710 cm™, OH: >3000 cm™

(h) "~~~ and PR S

alkene : 3100-3020 cm™
alkyne: =C-H: ~3300 cm-1, C=C: 2150 en™

() CDO and O/OH

hexanol has broad signal > 3000cm™ ".© -OH



Organic Chem I1-1
O

)
O/\QH and O)LOH

COOH: C=0 1730-1700 cm™, broad & intense
Very broad O-H (3400-2400 cm™)

NGNS

alkene: C=C-H stretching: >3000 cm™

sharp absorption bands: ~1600 cm™

benzence: C=C-H stretching: >3000 cm™

sharp absorption bands: ~1600 cm-1 & 1500-1430 cm™

8. A solution of 4-methyl-3-penten-2-one in ethanol shows an absorbance of 0.52 at 236 nm in a cell
with a 1 cm light path.  Its molar absorptivity in ethanol at that wavelength is 126000.

What is the concentration of the compound?

A=abc

0.52=126000x1xcC

c=4.126 x 10°M

9. Indicate which of the following compounds is responsible for the following spectra
Q)

~2100 cm-1 C=C —

~3300 cm-1 C=H CH3CH2CH2CHzc=CH

(1

~1750 cm-1 C=0
no >3000 cm-1 no OH, not acid

no 2700 cm-1 not aldehyde CH3CH,COCH,CHj,
~1200cm-1 C-O

O

(111)
Broad band ~3300 cm-1 -OH

No ~1600 cm-1 & ~3100 cm-1 not akene CH3CH2CH2CH20H
No ~1700 cm-1 not GO

(IV) No Broad band ~3300 cm-1 no -OH ﬁ

~1685cm-1 C=0 CCHs
No ~2700 cm-1 not CHO
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(V) ~1700cm-1 C=0; No 3000 cm-1 not benzene enone~1680 cm-1,
No ~2100 cm-1 & ~3300 cm-1, not alkyne

CH,CHs

(VD) CH,OH
(VII)
a
@ 5
CH3CH,CHCH
CHs

B. ~3300 cm-1 & ~3200 cm-1 amide (NH; stretch); no -3050 cm-1, not alkene nor benzene

O
A
CH,CH,CH,CNH,

(¢) No ~1600 cm-1 & ~1500 cm-1, not benzene, no >3000 cm-1, simple ketone

O
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