ORGANIC CHEMISTRY

Alkanes

Pages 193 - 196

1. Complete the following table:

NAME MOLECULAR CONDENSED STRUCTURAL STRUCTURAL FORMULA

FORMULA FORMULA
_ - H -
methane CHgy CHg |
H—C—H
]
H
H H
{_ethane | { CoHg i i CHs—CH, [ | |

| propane | { GCgHg | [CH3-CH2-CHg

butane [TCg 1| ] CHy CHy-CH,CH, ] T R
, [
- 9-p- - g
H H H H
CeHya [ CHyCHyCHyCHrCHCHy | H HHHHH
[ T R R
499 p=0- -0
H HHHHH
{ heptane | { CiHyg | | CH3—CH2—CHo~CHp-CHo-CH2~CHg HHHUHHHH
| ' A R
| 0 6m 6 0m 6= 0 oo
‘ / HHHHHHH
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2. Draw structural formulas for and name the five isomers of CeH14.

A ey
P T
Lo
HTPTPTOTPTOOH H-Gmc-o-cooon
HoH HHH H HH | HH H | HHH
H=0=C-0-0-C-0-1 H=0-H H=0=H
HHHHHH H H
n-hexane 3-methyipentane 2-methylpentane
l’-l H
!
H—C-H H=C~+H
H o W onow
- H—F 'C Cc- ? H H-(l:—C—P-(F*H
H H l H H I H H
H-C-H H—-C-H
| ]
H H
2, 3-dimethylbutane 2, 2-dimethylbutane
3. Name each of the following compounds: d. CH,
I
a. — — _ — . CH
CH,4 CH, (IZH CH, CH4 7R ’
CHS— CH2 ~C- CH2 - CH2 — CH,
CH3 |
CH,
]
3-methylpentane CH,
b 3,3-disthythexane
: CH 3 :
|
CHa‘CHz‘CH_?HfCHs e. CH = CH, = CH = CH, ~ CH,~ CH,
SHy CH,
| CH2
2,3-dimethylipentane . ' |
CH,
c. ,CHS 4-ethylheptane
CH3 =~ CH- CH2 - CH2 = CH3
2-methylpentane ;
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d. 3-ethyl-4,5-dipropyloctane

CH,

4.

2,2,3,3-tetramethylheptane

e.

b o & W o
|
T
™
I
@)
_ .
H?.
o 2
1 z T
T T 2 i
0-0 o I-O_—T
| [e) |
T £ I-O-T
O - I
| L T-0O-XT
H2 m m |
O b 2 ]
_ & £ o T-O-T
o = L S _
% = = < I-0-T
3 S5y 2 _
_3 £ T o > T
I ° 2S5 £
o M o @
o o
£ E
28

b. 2,4-dimethylhexane

3-ethyl-2,3,4-trimethythexane

f.

T
H:n_YH
I I- n_u..H
T-b— b,
T
T r .T
r-b—bbobox
T T ox
T
HIA_VIIC
rr_box
T
i x
Hln_uvH

3,4-diethyl-3-methylhexane

C.

I

T T T
an_ul.lC:.lln_vvn_va
II-O-Tr t
T-box
T

7
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9. 2,2,3,3,4,4-hexamethylpentane

j-

2,2-dimethyipropane

H H H H.
f | | I
H=C—H H-C-H H-C—H H~-C-H
H , ‘ ‘ H H , H
I I I I
H- ? Cc C c— F H—'C—C~,IC—H
nl ]k i
H-C—H H-C-H H-C—-H H-C-H
| | ! !
H _ H: H H
h. 3-ethyl-4-propylnonane
*,4 Alkenes, Alkynes, Aromatics
H— IC— H :
H=C=H Pages 201 - 204
R
1. Give the IUPAC name for each of the following
M P00 0m0=0-6-0-0-H compounds:
H H H l HHHHH
H=C-H & CHy~ CH,~ CH,- CH=CH - CH,
H-~C-H
! 2-hexene
H—-C—H
|
H b
© CH;-CH= Clt— CH,
i. 4-propyloctane CH,
2-methyl-2-butene
SRR '
H-C-C-C~-C-C-C~C-C~H
1 ! | | | | I C. CH
H H H HHHH T3
H—-C-H CH,=CH-C- CH, - CH,
! I
H-C—H CH,
|
H-C—H ,
}'«i 3,3-dimethyl-1-pentene
d. — CH= CH=— (M- — CH
CH,— CH=CH (IDH CH, — CH,
ik
! CH,
{4-ethyl-2-hexene
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®  CH=C-CH-CH,
I
CH,

3-methyl-1-butyne

f. —CzZC-CH-
CHy = C= C~ CH - CH,

CH
[

CH

2

3

4-methyl-2-hexyne

9- CH,

S CH,

1,2-dimethylbenzene

h. -
HiC = CH,
H,C ~ CH,

cyclobutane

.
CH,

2
7™ CH,~ CH,

1-ethyl-2-methylbenzene

1 l

cyclohexene

2.

3.

\
s CH, — CH,

gtrans 3,4-dimethyl-3-hexene
}

] - -
CHy=CH, CH,- CH,
c=c

VN
CH, CH,

‘lcis 3,4-dimethyl-3-hexene

Draw the structural formulas and give names for
three noncyclic isomers of CsHqo.

|
H

2-methyl-j -butene

Draw the structural formulas and give names for
three noncyclic isomers of CgHg.

2-pentyne

...cont'd next page
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|
IT-0O-I
T 1
| T IT-0O-T
I-O-~-X T | { ]
I i ® T-0O-0—0O-T T T
ST Py, o c | 1 Lo
® [ { tn I TI-0—0-0-T
c ) I [ | | |
3 /N £ o I =
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L vy 1
g 2 ?
>
£ 3 T
et ©
= <
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ko] ©
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I
I-O-T
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- p_u - z I-O0—0O0-T 1 k=) T_-O-T
- O 1 | = o [
_ a ) T z © T-O
O - " @ =2 i
il '$) E E O-T
®) | ) o \ i
| T 5 T-0-I
T 5 @2 I
m S Hln_u|H
(&)
% 9 *
o™
z
B -
(=) ©

4.

5-ethyl-4-propyi-2-heptyne

f.

b. 2,4-dimethyl-2-pentene

_
O T T T
T
¢}
!
Ir—-0O-I
!
T
T
I
- T-O-T
_ I-O-I T T
TrI-0-T ) | ) \
I I S I-0—0-0-I
I-O0—O-X e v
! ! @ T T
x O-T T < ’
n | w u_.l.
TR L2 O—o-x
, £ _
T-o-T = g I-O-T T
T |
T ? I-O-T
> I
£ I
@
<
0
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g. 1,4-dimethylbenzene i.  cyclopentene

H\C/H H\ /C\
V2NN ,C C—H
H HY /
H H-C— C—-H
N/ | 1
7 C\ H H
H H
j.  cyclohexyne
h. 1,3-diethylbenzene
) H H H\ - C%
N _/ 7 C c
H\C/ C\H H ;
N AN M f
H V2N C/ N § o
H /N H e
H H
H-C-H e
! :
H-C~H ;
, :
H
-5.  Complete the following table:
NAME MOLECULAR STRUCTURAL FORMULA
FORMULA
2-pentense CsHio

{ 1 -pent¥ne Pl CsHe |}

CaH
[ propyne ] |3 "
’ |
H-C=C-C-H
H

... .cont'd next page
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NAME

STRUCTURAL FORMULA

MOLECULAR
FORMULA
[5idimethyl-anexens] | [ Cabre ] HoH OH H oH
’ H-C-C-C=C-C-C-H
1 [ ]
H \ ' H H
CH;  CH,
2-methylpropene
CqH
{ 478 } H }|-1
N
C=C-C-H
-7 s/ I
H H
H—GC—H
|
H
[ cyclopropane | | [ CsHg ] /CHZ\
1,3-pentadiene -
CsHg | HH HH
Heo v v
C=C-C=C-C—H
/ |
H H
1,3-dipropylbenzene 5
| 12" | H H H
ll-1 [
H=0=6=p=H.
H H
b
~omgmgeH
HH H
!
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Hydrocarbon Reactions

Pages 208 - 209

1. Write a balanced equation to represent the
following combustion reactions:

a. Combustion of butane in very shornt supply
of oxygen.

5
C4H10(g) + 2’02(9) —3 40(5) + SHQO(/)

b. CHzClig + Cla) —

CH30'(9) + Clz(g) el CHQC'Q(g) + HCl(g)

|
H"(IZ—CI
Cl

dichloromethane

b. Combustion of hexene in limited supply of
oxygen.

c. CHgClg(g) + Clog) —

CeHizig) + 602 — 6COp + 6H,Op

¢. Combustion of propane in abundant supply

of oxygen.

GaHgg) + 5029 — 3COyq + 4H0y,

CHZCIQ(Q) + Clg(g) - CHC‘g(g) + HCI(Q)

Cl
I

H- P— Cl
Cl
trichloromethane

d. Combustion of benzene in very shont
supply of oxygen.

d. CgHg(g) + Brorg) ~
(Two possible isomers--show and name
both)

3
CeHe(g) + 70219 - 6Cy) + 3Hz0p

e. Combustion of ethyne in abundant supply
of oxygen.

5
CaHarg) + 2 Oz19 — 2C0z¢ + HaOp

2. Write a balanced equation to represent the
following substitution reactions. Represent
the organic product with a structural formula and
name it. (Primary or next product only)

a. CgHs(g) + Clg(g) -

CaHeg + Clogg — CzHsClg + HCly

e =

i
H—?—;_ —-H

H H
chloroethane

-0

) CgHg(g) + sz(g) e d C3H78f(g) + HBf(g)

1-bromopropane

Sl
Hom om0
H HH
2-bromopropane

Remember, the Br can replace any hydrogen in the
CgsHg reactant. :
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e. CsqHiogg + F2rg) —
(Two possible products--show and name
both)

Cabhog) + Fog = CatFg + HF )

FH HH
(I R R

- G- 0mbmd
H H HH

- 1-fluorobutane
H H HH
[ A

HG= BT gm0 H
H F H H
2-fluorobutane

Write a balanced equation to represent the
following addition reactions. Represent the
organic product with a structural formula and
name i,

a. ethene + Broyg) —

CoHagg) + Bragg — CoHiBrag
H H
1 |
H-C-C-H

T
Br Br

1 ,2-dibromoethane

b. propyne + Clarg) —

CgH4(g) + Clz(g) - CaH4C'2(g)

Cl H
! |

H—C=F—?—H
cl H
1,2-dichloropropene

c. propyne + 2Clz/g) —

%Hd(g) + 2C|2(g) e C3H4C|4(g)

o0y
e
Ct Cl H

1,1,2,2-tetrachloropropane

d. 1-butene + HCl(g) -

(Two possible products--show and name
both)

C4H8(g) + HC'(g) - C4H9Cl(g)

Ay
9= g=0=0-H
HHHH
1-chlorobutane

N
He§= 6= 6= G-
HH HH
2-chlorobutane

e. 2-butyne + 2HCly) -

(Two possible products--show and name
both) ' :

C.gHe(g) + 2HC|(g) - C4H30[2(g)

H HC H

| | [
Hp- o pmg-H

H C HH
2,3-dichlorobutane

N
H-C—C—?—?*H

(.
HC HH

2,2-dichlorobutane

Organic Chemistry
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4. Draw the structural formula and give an IUPAC b,y Ci
name for the monomer that would produce the N c= C/
following addition polymers: PR
H Cl
Tyonananana
-C~C-C-C-C-C-C-C-C~C- o
e IH'(?l)'-iclil
HHHHHHHHHH _F_?_'C_IC~
‘ H Cc H cl
H Ci
I
o=8
-~ H H B

chloroethene

Alcohols, Aldehydes and Ketones

b. Br Br Br Br Br Br Br Br Br Br Pages 214 - 216
~C- (,3_ (,: —C- C': -C-C- C- (,: - C,;’ 1. Name the following alcohols:
H Br H Br H Br H Br H Br :

& CHy- CH,~ CH- CH,
!

OH
B8r Br
| !
o=p |
H Br 2-butanol
1,1,2-tribromoethene
b. .
CH3

|
CHy— CH—CH - CH, -
5. Draw a segment of the addition polymer that ! .

could be formed from these monomers: OH
&R /F 3-methyl-2-butanol
C=¢C -methyl-2-butano
/ \
F F
¢ CH,~ CH~ CH,~ CH- OH
]
FFFFF CH,
R T T T
TETeTETETeT
FFFFF 3-methyl-1-butanol
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d. ,
o
CHy ~ CH, = C = CHy CHy

OH

3-methyl-3-pentanol

e. - - - - —
CHy~ CH = CH,~ CH ~ CH, = CH,
OH OH

2,4-hexanediol

f CH,
R
HO~~CH, = CH,~ CH— CH,~ OH

2-methyi-1,4-butanediol.

2. Draw structural formulas for the following
alcohols:

a. 3-heptanol

xI
-
o

g
: o
II—O—I
I‘('l) —-XI
I"Cll) s

I

o

2-methyl-2-butanol»

el

OH
f. 3,3-dimethyl-1-penianol
b. 2-pentanol H
1 .
H-C—H n
H HHHH H H H H .
| ! [ ! | ! ! }
H=0=¢=0-0-0-H OH=p=0=G=0=0H
H OHHHH H H l H H
H—C—H
[
H
/
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3. Name the following aldehydes:

a.
// O
CHS- CH2 - CH2* C\
H
butanal
b.
(PHs 40
CH3— CH- CH- CH2— C
] N H
CH{?

f. ’
,0
CHy = (CH,)g~ C.
H

decanal

Draw structural formulas for the followmg
aldehydes:

_a. 2,2-dimethyipentanal

3,4-dimethylpentanal

b. heptanal

x
I_('l)—I
I"(') X
T-0-1
T-0-1
I"CI) -
T-0-1

o

c. butanal

C. ' o
Y
CH;—~ CH,— CH, - CH, - C\
H
pentanal
d. '
?Ha 40
CH,-C -C
I N H
CH,
2,2-dimethylpropanal
e.
CH CHS 4 o
CH, - C — C C
CH CH H

I
I"CI) e o
s

e}

2,2,3,3-tetramethylbutanal

| SOLUTIONS MANUAL
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d. 2,2,3,3-tetramethylbutanal : C. 0

o
CH,;~CH-C~ CH- CH,
H H ! !
[ | CH, CH,
H-C—H H-C—H
H
| l ’ 4 0O
H- ?— ] C-C_ i 2,4-dimethyl-3-pentanone
i |
H-C—-H H—C—H
| ] d. o
H H i :
CHy— CH, - °C~ CH,~ CHy
e. 3-ethyl-2>methyloctanal
- 3-pentanone
H HHHHH H
/TR R R R R | 4° :
H—-C-C-C-C-C—C c-¢C e. O CH
Fr o r l ‘ \H vy s
H HHHHW CH,~ C— C— CH,= CHy
H-C—H H—-C—H |
' ' CH
H-C—H H s
|
H
3,3-dimethyl-2-pentanone
f. 2,3-dichloropropanal
f. ?
Lo CHy— CH, = O~ CH= CH,~ CH,
H=G=C-C cH,
H 1
¢t CHG
5. Name the following ketones: 4-othyl-3-hexanone
a. 0
T
CH,-C~- CH,— CH, - CH, 6. Draw structural formulas for the following
' ketones:
- a. 2-heptanone
2-pentanone
0 Py
B A H=0=C-0=0=0=0=0~H
CHS—C-CH—CH3 a H HHHHH
3-methyl-2-butanong
SOLUTIONS MANUAL
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i
i

b. 3-heptanone

HH OHHHH
[ A

H 6= 0-6-0-0=0-H
H H HHHH

¢.  2,2-dimethyl-3-pentanone

H
|

=C-H
| ?
lCC
—-C-

I
I I—O —II
I—O_I
I"O“I
i .
I

H

H

f.  4-methyl-3-hexanone

H},'*IIOHHH
=60 0-6- -
H H H H
H—C—H
!

Carboxylic Acids and Esters

Pages 220 - 221

d. 3,3-dimethyl-2-butanone

H
|

—~C—H
| ¥
(IDC—H
o

=OI

I
H
H

T

!
I-O -

O

I

!
H

e. 3,4-dimethyl-2-pemanone

i
H—C—H
H O H | H
[ | S T |
H=0-C-C~-C-C-H
H I H H
H-C—H
1
H

1. Name the following carboxylic acids:

a' .
CH, , 0
CH, - CH-CH-C
3 ; “on
CHy, ©

2,3-dimethylbutancic acid

b,
s o

CHy-C-C |
O-H.
3

2,2-dimethylpropanoic acid

C.
CH, ,0
CH,= CH,~ CH= CH~C
] N\

~H
cHy  ©

2,3-dimethylpentanoic acid
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d. CH c. 2,2-dimethylbutanoic acid
Hg ,0
CHy — CH- CH-CH,-C
’ § h O- H H
CH, I
! H-C-H
CH, HOH
[ ,/O
H-C-C-C-C
. Hou| > oH
3-ethyl-4-methyipentanoic acid
H-C-H
!
e H
' CH .
THs §7% 40
CH, = CH _—? - CHZV_ C. d. 3,3-dimethylpentanoic acid
O-H
CH,
)
3,3,4-trimethylpentanoic acid H-C—H
H H ‘ H
(. ! 2 O
f | =g 6-0-6-0
‘ 20 HH|#n OH
CHy= (CH,)g~ C y H=C-H
© : H
decanoic acid e. 3-ethylheptanoic acid
. H
2. Draw structural formulas for the following |
carboxylic acids: H- ('3‘ H
, ) H=C—-H
a. hexanoic acid H HHH H
T I r 0
H=§=0~6-0-0=0- 0
HHHHH HHHHHH OH
V/,
H-GC-C—C-C-C-C" ;
I A I “o-H
HHHHH {. 3-methylbenzoic acid
b. heptanoic acid
H
1 C//O
HHHHHH H=¢ Yo-H
R I A H
H-C-C-C—-C-C—-C-C
R N S U T A
HHHHHH OH ,
SOLUTIONS MANUAL
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3. Write structural formulas and give the IUPAC
name for the esters formed in these j e
esterification reactions: - C< H H A
- 0-C-C-H i
a.  methanoic acid + ethanol — o
H H
ethyl benzenoate
V/ o ek
H-¢? H N ~
N L ) -
o- P_ (I:__ H . hexanoic acid + 2-butanol
H H - -
ethyl methanoate , ',”*
Py o
. . } N | y —C—
b. butanoic acid +‘2 propanol H",C“F_?_,C_?_Ci H lC H
HHHHH 0—¢C -
H - O
’I—i Iﬁ l'-i Oy ] H " ? "
Y -G
1gmpeg=ol T "
H H H ._O___I -H 2-butyl hexanoate
H-C—H
|
H 4. Name the following esters:
2-propylbutanoate
a. CH
. ' k! y O
c. ethanoic acid + 1-pentanol — -CH;— CH,—CH - (::H - C\
H
O
Het-g? H H H H H
i \ L othyl 2,3-dimethylpentanoate
Mo 07gmpomoond -
H HHHH
pentyl ethanoate b. FHa ,0 o
CHy~ CH=CH=CH,=C
d. propanoic acid + 1-butanol — CH, O CH,™ CH,= CH,
},-‘ }," 40 HHHH propy! 3,4-dimethylpentanoate
H=C-Cc-c_ ' ' ' )
HH  O7§=¢=C-CH
HHHH c
: 0
butyl propanoate 77 CH
— C\ | 3
. s O-CH
e. benzoic acid + ethano} — /
CH,
2-propyl benzoate
SOLUTIONS MANUAL . ‘_ I
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5. Write the equations to describe the making of

a. pentyl propanoate (apricot flavor)

H HHHH H H H H
I v ,0 "4OHHHHH
e O PRk N I N A N N
HHHHH HH OH HH O C-C-C-C-C—H
H H HHH
b. octyl ethanoate (orange flavor)
HHHHHHHH H H
R R E R R i ,0 "'OHHHHHHHH
HoG=G=0-G0=0--0=CH + H-G=Ol == H=g=Cl "1 110 b L C O
HHHHHHHH H O-H H 0-C-0~C-C-G-C—C~C~OH
HHHMHHHHH
Amides and Amines c. ,0
4
CH,—- CH,~ CH,— CH,~-C CH
Pages 225 - 227 o M TR N T
N
CH,~ CH,

1. Name the following amides:

a. p 0
CHS—CHz-C\ /H
N
\
H
propamide (propanamide)
b. 4 0 .
CH,- CHZ— CH2 - C\ , H

N

AY

H

butamide (butanamide)

d. , O

othylmethylpentamide (pentanamide)

Y
CHy-CH,~C_ H

’
N

\

CH,

methylpropamide (propanamide)

e.
Y

CH,= CH,~ CH, = C_,CH,= CHy
N
\
CH,

athylmethylbutanamide

Organic Chemistry - 86 -
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Vs
CHy = CH, - CH,~ CH, - C_

\
CH, = CH,~ CH,

propylpentamide

2. Draw structural formuias for the fGllowing

amides:

" a. ethanamide

c. methylethylpropanamide

O

el
‘ \i

I
I"O -
I‘O ~-X

/O
I_O —-X
I

CC-
HH

d. dimethylhexanamide

H
e. ethylpropylhexanamide
Ty o Dl
P —_ =
H-¢-C-g-c-c-¢ ,§~§7H
A RTEy
o
- 9-0-
H H H
f.  heptanamide
HHHHHH
LA A A L B
H~C-C~0-Cc-Cc~-¢c-¢C H
IR AR N R N
HHHHHH N
H

Name the following amines:

a. H
/
CHy = CH,~ CH,~ N_

H

propylamine

. ,CH,-CH,
CH,= CH, - N
CH, - CH,

triethylamine

SOLUTIONS MANUAL
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C. H a. ethylmethylamine
P : / :
- CHy—~CH, — CH,— N
CH,— CHy H
CHQ - CHQ =N N
CHs
ethyl-propylamine
b. diethylmethylamine
d. , CH,
CH;— CH, — CH, — N .
CHQ—CHa /CHQ_CHG
CHg =N N
— CH,~ CHg
ethyl-methyl-propylamine
c. tripropylamine
e. -
CH.~ CH,~ CH, — CH,~ N_ o™ s
g~ VT M T M R - -
' CH,~ CH, 2™ GHa™ G
0'13 —CH 2= CH 27 N N
CH, — CH,— CHy
butyl-diethylamine
d. dimethylbutylamine
f. -
,CH,~ CH,
CH,y— CH,— CH,y = N ,
CHZ_ CHZ- CH3 mg—mg—mz—mz“N\
ethyl-dipropylamine
4. Draw structural formulas for the following
amines:
e. heptylamine
. H
C}'lg_ CHz’G“z"G“'z' O“z _CHQ_‘CHz" N\
CHa
f. methyloctylamine
: L
. /‘H
CH; —CH,~ CH,— ‘G‘{Z_OHQ—~G‘12 =CHy—CH,— N\
CHy

Organic Chemistry

.08 -

SOLUTIONS MANUAL

CHEMISTRY 20 - Notes and Problems b\\?



5.  Classify the amines in questions 3 and 4 as primary, secondary, or tertiary amines.
3. a) primary 4. a) secondary
b) tentiary b) tertiary
c) secondary c) tertiary
d} tertiary d) tertiary
o) tertiary e) primary
f} tertiary f) secondary
6 Two monomers are reacted in a condensation polymerization reaction:
H H
H o }ﬁ H O\ 40
,N-C-C-C-N and ,C-C_
I _ -
H  wwn H H-O O-H
1 ,3~diaminopropané oxalic acid
Draw a segment of the polyamide that can be formed by the condensation polymerization of these two
monomers.
H H H
L\ N R
.- N—('Z—IC—?—N\ //O//O HHH
H H H c=¢ v 1+ H
N=P=F=F~N 40,0
HHHH CC
b} ] w ] # # ] ] W %
{
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