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MrMm6pnansaumnsa atoMHbix opbutanen (AO) — rMNOTETUYECKUIA MPOLIECC CMELLEHUS Pa3HbIX

(s, p, d, f) 6AKM3KMX MO 3Heprun opbuTanenm UeHTpasbHOro atomMa MHOMOATOMHOM MONEeKysbl C
BO3HWKHOBEHMEM OAMHAKOBbLIX OpbuTanen, sKBMBANEHTHbIX MO CBOMM XapakTepuctmkam (dopme u
3Heprun).
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BaneHTHbIX yron - yrosa, o06pa30BaHHbIN
HanpaBNeHUSAMU  XUMUYECKUX  (KOBASIEHTHbIX)
CcBA3€eM, NCXoaaWwmMm n3 oqHoro

atoma

Bce veTtbipe C—H cBsi3n obpasytoTcs BAO b
Boob6pakaeMbiX OCEN KOOPAMHAT, TO eCTb
SABNAOTCS O-CBA3SAMM.
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Number

/ Formula of isomers
CegH1a S
C7H1s 9
CgHig 18
CqH»g 35

CHj
| C1oH22 75

CH3CH7CH,CH3 CH3CHCH3
CisHaz 4,347
Butane, C4H1g Isobutane, C4Hqg

L (2-methylpropane) CaoHaz 366,319
CagHe2 4,111,846,763

g
C|H3 CH3(|2CH3
CH3CH,CHoCH,CH3 CH3CH,CHCH; CHj

s Pentane, CgH12 2-Methylbutane, CgHq2 2,2-Dimethylpropane, CsH12
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(a) Eclipsed

0=10°

(b) Staggered

B=6{)‘}/"

Ethane Ethane
staggered conformation eclipsed conformation



KoHgbopmaLunuy aTaHa

Back carbon

H/
H H

H H
H
Front carbon
Sawhorse Newman
representation projection
4.0 kJ/mol
—
HH
Rotate rear A
carbon 60° : H
H
4.0 kJ/mE\ /21/0 kJ/mol
Ethane —staggered Ethane —eclipsed

conformation conformation



Energy

Eclipsed conformations

e

12

N

y

kJ/mol

I I | I | |

H H H H H H H
H H H H
2; H H H H H H
H H H H H H
HH HH ) HH HH ! HH HH ! HH HH

00

60° 120° 180° 240° 300° 360°



KoHdopmauun nponaHa n bytaHa

Staggered propane

Butane —anti
conformation
(0 kd/mol)

6.0 kdJ/mol
N
CHs
H
Rotate rear
carbon 60 HY, NH
4.0 kdJ/mol 4.0 kdJ/mol
Eclipsed propane
6. O kJ/mol
H CH3

Rotate 60°

6.0 kJ/mol

CH3 /4 0 kJ/mol

Butane —eclipsed
conformation
(16 kJ/mol)



Steric strain

3.8 kJ/mol
H CHg //(:;3
Rotate 60° Hat H
H
CHg HH H H
H
Butane—eclipsed Butane—gauche
conformation conformation
(16 kJ/mol) (3.8 kJ/mol)
11 kJ/mol

CHg HaC CH3
2, Rotate 60° /&
_—_—D
H
H 4.0 kJ/moI 4 0 kJ/mol

Butane—gauche
conformation
(3.8 kJ/mol)

Butane —eclipsed
conformation
(19 kJ/mol)



Energy

19 kJ/mol
16 kJ/mol
3.8 kJ/mol
CHa CHs CHs CHa CHg CHs CHs
H CHa H
H H E; CHq H 2; HﬁCHg H H
H: $CH3:H H e R H H: f1A:H :H H 3 & H H T H & CH3H H L H
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Dihedral angle between methyl groups



Table 3.5 Energy Costs for Interactions in Alkane Conformers

Energy cost
Interaction Cause (kJ/mol) (kcal/mol)
H <— H eclipsed Torsional strain 4.0 1.0
H <— CH3 eclipsed Mostly torsional strain 6.0 1.4
CHj3 ¢<— CHj eclipsed Torsional and steric strain 11 2.6
CH3 <— CH3 gauche Steric strain 3.8 0.9

Sight along the C2—C3 bond of 2,3-dimethylbutane, and draw a Newman projection of the
most stable conformation.

Draw a Newman projection along the C2—C3 bond of the following conformation of
2,3-dimethylbutane, and calculate a total strain energy:




Sight along the C2—C1 bond, 2-methylpropane (isobutane) and

(a) draw a Newman projection of the most stable conformation.

(b) draw a Newman projection of the least stable conformation.

(c) make a graph of energy versus angle of rotation around the C2—C1 bond.

(d) Since an H<— H eclipsing interaction costs 4.0 kJ/mol and an H «— CHj3 eclipsing
interaction costs 6.0 kJ/mol, assign relative values to the maxima and minima in
your graph.

Consider 2-methylbutane (isopentane). Sighting along the C2-C3 bond:

(a) Draw a Newman projection of the most stable conformation.

(b) Draw a Newman projection of the least stable conformation.

(c) If a CH3¢— CHj eclipsing interaction costs 11 kJ/mol (2.5 kcal/mol) and
a CH3<— CHj3 gauche interaction costs 3.8 kJ/mol (0.9 kcal/mol), make a
quantitative plot of energy versus rotation about the C2-C3 bond.

Construct a qualitative potential-energy diagram for rotation about the
C—C bond of 1,2-dibromoethane. Which conformation would you expect
to be most stable? Label the anti and gauche conformations of
1,2-dibromoethane.



Gauche
8 = 60°

Gauche
6 = 300°



For 1,2-dichloroethane:

(a) Draw Newman projections for all eclipsed conformations formed by
rotation from 0° to 360° about the carbon-carbon single bond.

(b) Which eclipsed conformation(s) has (have) the lowest energy? Which has
(have) the highest energy?

(c) Which, if any, of these eclipsed conformations are related by reflection?

T
Cl ﬁ.} (|L1 Cl
H H

1,2-Dichloroethane
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Number of Formula Number of Formula
carbons(n) Name (Ch,H2p+2) | carbons(n) Name (C,H2p+2)
1 Methane CHy 9 Nonane CaHog
2 Ethane CoHg 10 Decane CqoH22
3 Propane C3Hg 11 Undecane CnHaa
B Butane CsH1o 12 Dodecane CqoHog
5 Pentane CsHqo 13 Tridecane Cq3Hog
6 Hexane CgH1a 20 Icosane CooHa2
7 Heptane CsH4g 30 Triacontane  CagHgo

8 Octane CgH1sg




'r *r '.* 'r
H—(l:—H H—(l:—g— H—(I:—O—H H—(li—?l—H
H H H H H
Methane A methyl group Methyl alcohol Methylamine
(methanol)
Alkane Name Alkyl group Name (abbreviation)
CHa Methane —CH, Methyl (Me)
CH3CHga Ethane —CH3CH3 Ethyl (Et)
CH3CH,CH3 Propane —CHyCH,CH3 Propyl (Pr)
CH3CH,CH,CH3 Butane —CH,CHyCH,CHg Butyl (Bu)
CH3CH2CH,CHZCHa Pentane —CH3CH2CH;CH,CH3 Pentyl, or amyl



CH3CH,CHj CH3CH,CH,p 4 CH3CHCHg

\ Propane Propyl Isopropyl
CH3CH,CH2CH3 CH3CH2CH2CH % CH3CH2CHCH3
Butane Butyl sec-Butyl

CHj
CH3 c|:H3 CH3—CI: -
CH3CHCH3 CH3CHCHy 4 CH3

Isobutane Isobutyl tert-Butyl



Yucnosas npucrtaeka

KonnuectBo 3amectutenen (pagukanos),
KoTOopble 0603HavaeT npucTaBka

MoHo- 1
an- 2
Tpu- 3
TeTpa- 4
MNeHTa- 5
ekca- 6
lenTa- 7
OkTa- 8
HoHa- 9
Heka- 10
YHAeka-, reHgeka- 11
Hdoneka- 12




1. 1ns anKkaHoOB Hepa3BeTB/IEHHOro (HOPMasibHOr0) CTPOEHUS MOXHO MPUMEHSNATb
NPUCTaBKy H-: H-ByTaH, H-OKTaH.

2. 3a OCHOBY Ha3BaHWUs coeanHeHUs 6epyT HasBaHWE YrneBoaopoaa, KoTopoe
COOTBETCTBYET YMCNY YrNepoaHbIX aTOMOB rMaBHOM Lienn. MaBHOW LEenbo YrnepoaHbIX

aTOMOB CUYMTAKOT: a) CaMyto AJIMHHYIO; 6) CNoXHyto (C HanboNbWNM KOSTMYECTBOM
pa3BeTBIEHUN):

H3C—(|:H—CH2—CH2—CH3

CH,

|
CHs

3. PazBeTBneHns, KOTOpble He BOLWW/IM B COCTaB raBHOM LEenun, Ha3blBaloT alKUIbHbIMU
3aMecTuTensaMmn unun pagukanamm (3aecb —CH3). Mpy HaNM4YMM ABYX UN HECKOJIbKUX
Lenen ogMHaAKoOBOW AJSIMHbLI 3@ rMaBHYO BbIGMpatoT uenb ¢ HanbonblIMM KOMYECTBOM

pa3BeTB/IEHUMN.
4. [locrnie yCTaHOB/IEHUS rNaBHOM Lenn aToMbl yrnepoaa HyMepyroT (yKa3biBatoT

NTIOKaHTbI):

3 - 5 6
H3C—CH—CH,—CH,—CH;

2CH,
1

CH;



a) HYMepauuto HaYMHAKT C TOro0 KOHLA, K KOTOpPOMY 6/1m>Ke BCero pacnosioxeH f1tobown
aNKWUNbHbIN 3aMecTuTenb (MPUHUMN HAUMEHbLINX JTIOKAHTOB):

1 2 3 4 5 6 6 5 4. 3 2 1
H3C—CH2—?H—CH2—CH2—CH3 H3C—CH2—$H—CH2—CH2—CH3
CH;3 CHs

6) ecnn ankunbHbIE rPpynnbl pa3MeLlleHbl Ha OAMHAKOBOM PAaCCTOSIHUM OT KOHLOB, TO Mpw
BbibOpe HyMepaunm nosib3yTca andaBuUTHOM NOPSAAKOM (MeTUn —3TUnN ...):

B) eC/in Ha OAMHAKOBOM PACCTOSAHUWN OT KOHLOB pa3MeleHbl OANHAKOBbIE aJIKU/bHble
rpynnbl, TO HyMepauuio HAaYMHAIOT C TOFO0 KOHUA, rae ecTtb 60/blie pa3BeTB/IeHUN:

5. HaszBaHne coegMHEHUS COCTaBNAOT:

a) 3aMecTuTenun, nepeyvyncineHHole B asipaBUTHOM NOpsgKe;

e[lepes Ha3BaHMEM 3aMeCcTUTesNS YKa3blBalOT HOMEP aToMa yriepoaa, Bo3sie KOToporo
pasMewaeTcsa ankun;

*eC/IN HEOH6XO0AMMO yKa3aTb HECKOJ/IbKO OAMHAKOBbLIX 3aMecTuTenen, To MCNoJb3yoT
UMCNOBblIE NPUCTaBKU: an-, Tpu-, TeTpa- (UX y4nTblBalOT B onpeaeneHmnmn andaBnUTHOro
nopsaaka);

*/IOKAHTbl OAMHAKOBbIX 3aMeCcTuUTeNIen 3annucbliBaloT B NOC1eA0BaTEIbHOCTU UX
YMCITIOBOI0 YBEIMYEHUNA N OTAENAT APYr OT ApYyra 3andaTbiMU; €CNU ABE OANHAKOBbIE
aNKWUNbHbIE FPYyNMnbl pa3MeLlleHbl Y aToMa yrnepoaa, To YMC/I0 NOBTOPSETCA ABaXAbl;
NIOKAHT OT Ha3BaHus ankuna (U HaobopoT) oTaensarT aeducom;

sHa3BaHWe nocnenHero aakuna NUWyT C/IMTHO C Ha3BaHWEM r/1aBHOW Lenwu;

6) Ha3BaHWe ankaHa, KOTOpOoe COOTBETCTBYET r1aBHOW yrnepoaHOW Lenu:



1 2 3 4 5 6
H3C—CH2—C|ZH—CH2—CH2—CH3
CH3

3-MeTunrekcaH
6. [IpncTaBkM U30- N HEO- YUUTBIBAIOT NMPU onpeaeneHnn andasnTHOro nopsaaka
3amMecTuTenen.CTpyKTypHble NMPpUCTaBKN BTOP-, TPET- HE YUUTbIBAIKOT MpuU onpeaenieHnm
andaBuUTHOro nopsiaka 3amMecTuTenen.

Give IUPAC names for the following compounds:

(a) ?H3 (b) ?H3 (c) H3$ ?H3
CH3CHCH7CH2CH3 CH3CH2?CH3 CH3CH?CH2CH2CH3

CHj CHj

(d) C|3H20H3 (|3H3 (e) <|3H3 <|3HzCH3 (f) HsCI C|3H3

CH3CH,CHCH7CH,CHCH3 CH3CH2CH2CHCH2?CH3 CH3?——?CH2CH2CH3
CHj3 H3C CHj



H3C—CH—CH—CH, (|:H CHs
CHs CH—CHs Chs

n

1 2 3 4 5 6 4 3 > 4
H3C—CH—CH—CH,—CH—CH; H3C—CH—-CH—CH,—CH—CHj3

[CH—CH3 CH; | CH—CH;
5 6

B Monekyne c TpeMda 3aMecTUTensaMm BO3MOXHa U gpyras HyMepauus uenu (cnpasa
HaneBo). O4HAKO B 3TOM C/ly4ae cyMMa JIOKaHToB byaeT paBHa 2+4 = 6. B nepBoM xe
cnydyae (HyMmepauus creBa Hanpaso) CyMMa filokaHToB 2+3 = 5. lNpeanoyteHne otaaeTcs
TOMY BapuaHTy HyMepauuu, B KOTOPOM CyMMa JIOKAHTOB MUHMMaJIbHa. C y4yeToM
BblLLleCKa3aHHOro, Ha3BaHWe asikaHa:

2,5-anMmeTnn-3-3TuJireKcaH.

Taknum 06pa3oM, MOXXHO COCTaBUTb €AUHbIA anropuTM COoCTaBNeHNs Ha3BaHWUN afIKaHOB:
JlokaHT- 3amecTuTtesnb - HazBaHue rnasHoun uenum -Cyddumkc



CH Colis
- | C,Hs—CH, CH;

St s H C—(|:—CH—(|:H—CH—CH
CHs CHa Cs H3C—CH2—(|IH—CH—CH;_—CH3 ] iR | .
CH; H3;C—CH—C,Hs CH3 CyHs CHs
CH; C|2H5 (|:H3 C|:H3 Cl:H3
H;C—C—CH,—C—CH;—CH—CH;—C—CHjs H;C—CH—CH—CH—CH;
C|H3 C|2H5 C|H3 <|:H3 c||-|3
H3c—<|:H2 CHs CH- H3C—(|:H2
(|ZH3 (|ZH—CH3 (|:H3 H3C—(|Z—(|Z—(|ZH—CH3 (|:H3 (|:H—CH3
CH2—(|:H—CH—CH2—(|:—CH3 b G, G cHz_(l:H._c|+__c|-|2__c|-|3
H3C—CH—C,Hs CH | H3C—CH—C>Hs

CHs



a) 3,5-ammeTnn-4,4-anaTUNrenTaH;
6) 3,6-anmMeTnn-4,5-AN3TUNOKTAH;

B) 2,3,5-TpMeTnN-4-3TUNIOKTaH;
r)2,2,6,8,8-neHtametmnn-4,4-AN3TUNHOHAH;
n) 2,3,4-TpUMeTUNINeHTaH;

e) 2,2,3-TpUMeTuN-3-3TUNreKCcaH;

X) 2,4,5-TpuMeTnn-3-aTunrenTaH;

3) 2,5-anmeTnn-4,5-AN3TNNOKTAH;

n) 4-sTop-6yTKn-2,2,6-TpUMETUN-5-3TNNOKTaH;
K) 3,3,4,5-TeTpamMeTnn-4-aTunArenTaH.

B Monekyne ankaHa MMeloTCA TO/IbKO NepBUYHbIE N BTOPUYHbIE @aTOMbI yrnepoaa.
BTOpu4YHbIX aTOMOB B ABa pa3a 6onblle, 4eM NepBuUYHbIX. YCTaHOBUTE QOPMYY ankaHa,
Ha30BUTE ero no cmcremMatTnyeckon HomeHknatype IUPAC.

B Moniekyfie aflkaHa coaep>aTcd TONIbKO NepBUYHbIE U TPETUYHbIE @aTOMbI Yrnepoaa.
[MepBNYHbLIX aTOMOB B ABa pa3a bosblle YeM TpeTUUHbIX. YCTaHOBUTE (POpMY/y ankaHa,
Ha30BUTE ero no cmcremMatTnyeckon HomeHknatype IUPAC.

Hanuwwute dopmyny 2,4-ammeTun-3-atunrekcaHa. NMpmeeante dopMyny ero roMmosnora,
MMEIoLLEero Ha OAWH aToM yriepoaa 60/blle U coaepXXalllero To/IbKO NepBUYHbIE U
YeTBEepPTMUUYHbIE aTOMbl Yrnepoaa, Ha3oBUTE ero No CUCTEMAaTUYECKOM HOMEeHKaType
IUPAC.



