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Arrange the alkanes in each set in order of increasing boiling point:
(a) 2-Methylbutane, 2,2-dimethylpropane, and pentane (b) 3,3-Dimethylheptane, 2,2,4-trimethylhexane, and nonane

(a) 2-Methylbutane, 2,2-dimethylpropane, and pentane
X < < P Va
2,2-Dimethylpropane (10 °C) 2-Methylbutane (28 °C) Pentane (36 °C)
(b) 3,3-Dimethylheptane, 2,2,4-trimethylhexane, and nonane
/\m( - /7<\/\ < NN
2.2 4-Trimethylhexane 3,3-Dimethylheptane Nonane (151 °C)
(126 °C) (137 °C)
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CH,CH,CHj CH3CHyCH,CH; CH5CHyCHyCH,CH;
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1 visible bond to each of these carbons. Therefore, each
is also bonded to 4 -1 = 3 hydrogens (not shown)

hv, \\)(

3 visible bonds to this carbon. Therefore, it is
also bonded to 4 - 3 = 1 hydrogen (not shown)

is loca every 2 visible bonds to this carbon. Therefore,
sl ted at bend itis also bonded to 4 - 2 = 2 hydrogens

1.14 B9 5K (Constitutional Isomer)

€S AFEAAAR CLEIndlR CoH,0)  ABZERIANTE, At BAHZ [R5y Sk A

~ K

CHj
CH3CHyCHyCHg CH3CHCH,
Butane 2-Methylpropane o
(boiling point (boiling point
= —0.5°C) = ~11.6°C)
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Do the structural formulas in each pair represent the same compound or constitutional isomers?

(a) CH;CH,CH;CH,CH,CH; and CHCH,CH, (each is CgHyq)
(|IH2CH2C.H5
CHs CH, CH,4
(b) CH3(|JHCH20H and CH;CH,CHCHCH; {each is C ;Hg)
b b,
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SOLUTION

(a) Each structural formula has an unbranched chain of six carbons. The two structures are identical and represent the same
compound:

1 2 3 4 5 6 L 2 3
CHgCHQCHQCHgCHQCHg and CHgCHgCHE
4 5 [:]
CH,CH,CH,

(b) Each structural formula has a chain of five carbons with two CH; branches. Although the branches are identical, they are
at different locations on the chains. Therefore, these structural formulas represent constitutional isomers:

CH; CHs CH; ) ,
19 3 4 1 N30 5 4 | 9 5 1
CHHCHCHEC‘H and CHscHEEH(‘]Hl?Ha 4

CH, CH,

INGEL: ST R CuHopn (X RHEIER), n=1,2,3,4,58, FESFHEERERN1,1,2,4,8, FELFICHT,
CIRYRTRES

115 ft4a2a, M, &, Fhk
A, primary, HEt/E 1; ff, secondary, Bt/ 2; H, tertiary #f/& 3; 2%, quanternary, & 4
X Wk, st E X NSRBI T
Et i 2° Carbon , BIfPRR, mi2iX Mk EA 2 NS RGE T

two 1° carbons a 3" carbon a 4° carbon H,
CHs—CH,—CH;  CHy—CH—CHj CH;—C— CHy— CH—CHj
Na 2° carbon ’LJ:HS (|:H3 (|]H3
Propane 2-Methylpropane 2,2,4-Trimethylpentane

RE—TER, ATRLEATRR R

Classify each carbon atom in the following compounds as SOLUTION

1°, 2°, 3°, or 4°. 0
0

o .
(a) 1"\)\ {b) y s
tal "J, ge 1°
2* 1* 1®
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Newman Projection, tH 5t & 73 [ 4 1]
PRI TR 0Y staggered conformation; PYIZL% 55 AY eclipsed conformation
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in a staggered conformation,

we rotate along this axis in the bonds on adjacent carbons
the direction shown by the are as far apart as possible
arrow to get this view and
(a) eventually the “End View”
Side view > End view Newman
Turned almost on end projection

1.2: staggered conformation

Hyy
(a) ' (b) !‘ () !
) - HH }PII

Side view Turned almost on end Newman projection

1.3: eclipsed conformation

] F AR, ARSI, WUEASGS], XRE T
Draw Newman projections for two staggered and two eclipsed conformations of 1,2-dichloroethane.

Staggered Eclipsed
Cl Cl C1 Cl H Cl

H H H Cl
1 H
H H H H H H H H

H

> Cl Cl Cl
H J @H ;Sf'ém

Cl H H H H H Cl

S
:E:
Sl
@
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1.4: eclipsed conformation
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(a) Chair (b) Boat
Flagpole

= A/ Interactions

Twist this
carbon up

One set of eclipsed
hydrogen interactions

BT EAEBEERN, WRFEEZE OERE, 0TS % T nr P E:
STEP 1: Draw two sets of parallel lines, one line in each sat offset from the other in the set as shown.

—— \‘\_
(—.__,_..- -\\\-.

STEP 2: Complete the chair by drawing the head and foot pieces, one up and the other down.

T £

STEP 3: Draw the equatorial bonds using ring bonds as a guide. Remember that each equatorial bond is parallel
to two ring bonds, and that equatorial bonds on opposite carbons of the ring are parallel to one another.
Sets of parallel equatorial and ring bonds are shown here in color.

= -z

Equatorial bonds

STEP 4: Draw the six axial bonds, as vertical lines. Remember that all axial bonds are parallel to each other.
Sets of parallel axial bonds are shown in color.

I (

Axial bonds

1.2 &% E

KRR HCAE BN, WX BTG, e LR RAES I N TR, X5 mRA
B

maE, MREXNAFRPMLEY), AEEANIRERER 44215, 14, 43 IUPAC (International Union of
Pure and Applied Chemistry) 45} 4% 42 5 b

H T2 EAEBARGNIE GGt AMREA~SE, REARARUE), XEA, T2 iE—TFREk

A

/N 2R

REERIK T, TUPAC ARRHI=FE 0 BT (BRicsdB®) + R (EBEERED + 5% CENMFNZO
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HAVE R 2, B2 (EAHE R KEERNT. bikkth—F

B, mANE e, RERKNBRE CBHRATRER, FTRAIRSG], FEET W, Ky
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substituent
parent chain
CHs
1 2 3 4 | 5 6 i 8 -
CH3CH,CHsCHCH sCHoCH5CH 3 S e al U
ANART R AR EEAT 2 KWE? I LR £ ANk
Number of Number of
Prefix Carbon Atems Prefix Carbon Atoms
meth- 1 undec- 1
eth- 2 dodec- 12
prop- 3 tridec- 13
but- 4 tetradec- 14
pent- 5 pentadec- 15
hex- 6 hexadec- 16
hept- 7 heptadec- 17
oct- 8 octadec- 18
non- 9 nonadec- 19
dec- 10 eicos- 20

B, A 4 48, e but-
H AR BB FRATTHE T RIS

122 B=-4: ZHEMHA

T E BRSO, BB B0 R A RRE N “-yl”
Bl n 3 B & C-C-C-C-, &FRulA2 “but- + -yl =butyl”
HFEWATR, ATLAR IS,
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Condensed Condensed
Name Structural Formula Name Structural Formula
methyl —CH, isobutyl —CHE(iHGHa
CH,
ethyl —CHyCHgy sec-butyl — {T“HGHQGHg
CHs
abbreviation for
“secondary”
propyl —CH,CH,CHj tert-buty!| C|H "
—CCH,
abbreviation for
“tertiary” CHy
isopropyl —(|:HCH3
CH;
butyl — CHyCHsCH5CH,

HE, JFHaW KE, “iso” LIRS "tert” AERS, RE N —AMii; ULE FEHER, “sec” M “di”

ZN AECY

123 £=%: ZHEWE

FRREE NPT TT 069 5, SCHEIELESE LA, e B4 FRIIN num-7, BEAN “4-methyl”
o Ji'T BALARITA S AR/ (AR HAh i 2 5 HUIN 2 75 A7 B REE I 45
o FRIEMANEZ A0 3T, e FRZ TR 1L (W0 ethyl 7£ methyl i)

o MLfHN, WA “iso” HETh

CHs CHs

CH3CH,CHCH,>CHCHj, 64 2 1

2,4-Dimethylhexane

1.5: BrA g 5 AR/

CHy
|
CH3CHy;CHCHy;CHCHyCHsy

CH,CHj,

3-Ethyl-5-methylheptane
1.6: A FRIEF BRI H 3

]

4 ]

(not 3,5-dimethylhexane)

(not 3-methyl-5-ethylheptane)
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(|]H3 CHyCHs
GHS?CHECHGHEGHB

CHs,

4-Ethyl-2,2-dimethylhexane

(not 2,2-dimethyl-4-ethylhexane)

1.7: RF “iso” HiE ¥tk

XL, R (WA JEH a4 KRR T2 INEACAER T, Tk — MRS Qb InE

T 242 KO

(a)
(e)
isopropyl

(a)

5-Isopropyl-2-methyloctane

methyl

i / ethyl

(<) .

5
methyl

4-Ethyl-2,3-dimethylheptane

1.2.4 BELH

/’\//

M/’

(b)
/’\\
(d) /LI_I/\
5 A 7 )

| 3

(b) propyl

A isopropyl

4-1sopropyl-4-propyloctane

- \l/ \l/ isopropyl (2)
)2\/4\/“\/8\
(d)

1 3 5 7 9

4,6-Diisopropyl-2-methylnonane

TR L EmEE, 70t “cyclo” Bin] (cyclone, g, fG¥—FE)
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H,C— CH, Ol H.C~ CH
| |  or H2C\ /CH2 or i ? i | ® or
HsC—CHy HaC CH
C— 2 2
Hy;C—CH, ~ CH/g
Cyclobutane Cyclopentane Cyclohexane

TR, A ABURERS, <17 WTRIANE, KOy lieie 2 5 e R A —
HARRERE, RIEA RN, A
AR, AL

Write the molecular formula and IUPAC name for each cycloalkane:

. m : d¢ o

(a) m/ / (b)
CoHiq Cy1Hy,

Isobutylcyclopentane sec-Butylcycloheptane

c)
( [><, CoHa

1-Ethyl-1-methylcyclopropane

1.2.5 cis-trans

XTI B AN BREEAEATE R — M f 44, A cis-trans SRIX 7> (24K, JEHIEST/4H R-S T71%)
7€ S : trans FE M (AT DAAIZ — TR EDUCERAA ) s cis $i AR [m) 1)

S, SLOBEAROREIAIAN: REZ R = ARSI T

4 A cis/trans SAERETE, CHRMA, AHRERD, AMEARE EME—T)

CH; CH;  CH, CH,
L J

cis-1,2-Dimethyl- trans-1,2-Dimethyl-
cyclopcnta.ne cyclopc ntane

MR



1.3 B R

Which cycloalkanes show cis-trans isomerism? For each that does, draw both isomers.
(a) 1,3-Dimethylcyclopentane (b) Ethylcyclopentane e} 1-Ethyl-2-methylcyclobutane

(a) 1,3-Dimethylcyclopentane

CH, CH,4 CH; H

m CH3~Q‘CH3 m CH3~Q.\\\CH3

H H H CH;
cis-1,3-Dimethylcyclopentane trans-1,3-Dimethylcyclopentane

(b) Ethylcyclopentane

Because there is only one substituent, cis-frans isomerism is not possible.

(c) 1-Ethyl-2-methylcyclobutane

CH,CH; CH, )j\ H CH, Ek
l N CH,CH; CH, 1 # CHyCHY

CHj;
H H CH,CH; H
cis-1-Ethyl-2-methylcyclobutane trans-1-Ethyl-2-methylcyclobutane

1.3 KN

Beke i B LA R R, AN R B RR AR, AR MR A 1 — SR B AT K
PR T SRMNALER R IR TG, X B AT (R Sttt 40
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=

HTILAPNE RBAR .

(I:“.a CIH_\ ?HJ HyC, CHs
() CH,CHCH,CHL,CHCH,CHyCH; (i) HiCCH=CHCHLCH.CHCH; (i) CHCH,CH;OCH,CHyCH,CHCH,
HyC
CHy
Gl 45 CH HC=CH HC—CH _ HC—CH,
(iv) CH,CCH,CHCH,OH  (v) TL,CT 'CHCHiCHy (i) HC, C-NO,  (vi) HC, JCH (i) HC 0
i, H,C~CH, HC-CH N HC=CH

i

F oo

(ii)
U\ < ;
(iv) J\)\/OH (V) (vii) (viii) 0

(vi) N
H

P LS )v\ow\(

=

BERRP 5T CoHo N (BT A i #  B H .

& HAEIREREE. KSR,

CH;CH,CH,NH, CH;CHCH; CH;CH,NHCH (CH3)sN
NH,

11
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OH
Il |
CH;CH,CHO CH3CCH; HOCH,CH=CH, CH;C=CH, CH;CH=CHOH
o OH
CH3;0CH=CH, CH;-CH-CH, e CH
0 CH,-0 H,C—CH,

B

CEED) (Al A U - BT G < R0 TR0 G T e 2
A A= R — 1

CHy CHy CHy
CH;CCH,C—CHCH,CH;
|

|
CHy CHCH,
CH,

EES

& AR T2 AN TREE L2 =R 2 NIRRT,
: CH;! CH; - RE—
SOEER | HC-C—-CH,C—CH—CH,CH, | — ket
R ey e
cnecat | CHCHy
" CHy R et

TE . o] P ke 2k . HOREPF 5 E IR,
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1]
—CILCH; —CICHy),  —C(Clly)y  —CHaNH,  —COCH; @ —CH=CH,

—¢CCly; —CH:Br —SCH; —C=C—CH; —CH,CHDCH; —CHO —C=N

EES

1
—SCH; > —CH.Br > —CCl; > —COCH; > —CHO = —C=N > —CH;NH; > —C=CCH;

> @ > —C(CHy > "ﬁ:f“: > —CH(CH3)» > —CH-CHDCHy; > —CHaCHy

=
HHT I AR b4 .

CH;  CHyCH;
(i)

CH(CHy),
(i)

(i) @1 vy H,.,,_O\\..cuzcu,
H,C “H,C
CH; 3 'CH,CH;

CH,CH, CH,CH

HyCH,CH,
K 5 vi) (vii) D—Q—O (viii) O—Q
CH;  CH(CH:)
CH;

(v)

EX

(D) 1-ZRE-3-HEE 5-(2,3- - 1-Z K T3 e l-ethyl-5-(1-ethyl-2, 3-dimethy]) butyl-
3-propyleyclohexane

Cii) M-1-B9 3k-3- 2, B30 T 4 cis-3-ethyl-lI-methyleyelobutane

Ciii) BL-1-F 3E-3-R L5 T e

Giv) (R)-3-WIBE-1,1- = Z 3R I b (R)-1,1-diethyl-3-methyleyelopentane

(v) (1S.2R.48)-4- W 2E-2-Z. JE-1- RN B I O b
cyclohexane

(vi) (1R,3R,55)-1- 3-3-Z Je-5-19 R B C &
cl(;hexanc

(vii) 1-FRp BE-3-3F T SEFF R 6 1-eyelobutyl-3-cyclopropyleyclopentane

(viii) S H 5 cyclohexyleyelohexane

trans-3-isopropyl-1-methyleyclobutane
(15.2R . 48)-2-ethyl-1-isopropyl-1-methyl-

(1R, 3R.55)-1-ethyl-3-methyl-5-propyley

13
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TR AU Newman S 1,3~ R KA0 (RS HIR .

o

H C=Cl
£= H 1
H H Cl Cl
i it Newman 2
2 B
(5155 4-1 ] it 7 F 50 Ak s A ST AR
(i ke S e ¥ oL
s/ T 36.1 28 9
(i) ok 2- W B e de 3-F LR 2,3- "R Th 2,2-ZHRTH
W/ C 68.7 60,3 63.3 58.0 49,7
Ciii) RTh 235 44 2- L T 2,2-"HETHR
WA/ C  —145.0 —159.9 —153.6 —100.0

EX

B DG) BT MRS TN . ERARAF 4 A b b A LR SRR th T LBEM (L
BELAE FE o 40 TR 50 3308 , AP T M R H W . SR 5 M Ch R AR I BT A T B e A 8
5 B DT O I 7 L 0 B B L 2, W L T ARG
Gi) G IER FRA B . © 2F R R K SRR 8RR R R
B AMTFIRLFE F 0 A A 41 T TR R G A A B LA 7 B R 0 > B e A Y A > TR
Brpp s s, FRER AR, T B 500 B 4 SRR B
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