Chapter 3 Organic Chem: Alkenes & Alkynes
Don’t need to know the following reactions found on summary pages 110-112:
1. Hydroboration-Oxidation
2. Cycloaddition to Conjugated Dienes
3. Alkyne reaction with the combination of H.O, Hg?*, H+
4. Formation of Acetylide Anions
Chapter 3 Alkenes & Alkynes Read Chap 3 (Not Sections11-13, 15b, 17¢c, 21) & p.153-154 & 157-158:
1. Differentiate between alkene, alkyne and diene; molecular formula comparisons, conjugated,
cumulated, and isolated multiple bonds; polymer and monomer
2. Use IUPAC nomenclature to name and draw alkenes and alkynes including:
a. Old names: ethylene & acetylene
b. Cisftrans, E/Z & substituent priorities
c. En-yne & priorities
Determine whether given compounds can display cis-trans and/or (E)-(Z) isomerism.
Describe the characteristics of altkanes, alkenes, & alkynes: relative bond length, geometry, rotation,
relative reactivity of all 3 & why..
5. Know the meaning of: trigonal carbon, sigma (c) and pi (n) bonds, sp® & sp? & sp hybridization, %s &
%p in hybrids, type of bonds & orbitals beiween carbons.
Describe methods to obtain hydrocarbons of desired length- fractional distillation, cracking and
alkylation.
7. Write equations for addition reactions of alkenes and alkynes including the reactants, catalysts and
products for halogenation, hydration, hydrogenation, acids (HX & H2S04).

a. Given an alkyne or conjugated diene, write the structures of products obtained by adding 1 or 2
moles of a pariicular reagent.

b. Given the structure or name of a compound that can be prepared by an addition reaction,
deduce what unsaturated compound and what reagent reacted to form it.

c. Write the steps of electrophilic addition reaction mechanisms involving the following terms:
Markovnikov's rule, , name & drawing of 1,2-addition & 1,4-addition, polymerization,
carbocation (Formation, classification, stability & resonance, type formed as intermediary in
reaction. Example: what type of carbocation is formed when HBr is added to 3,3-dimethly-1-
butene?).

8. Write equations for the reactions of ozonolysis and oxidation with KMnOa.
a. Given the structures of ozonolysis products, deduce the structure of the unsaturated
hydrocarbon that produced them.
8. Describe 2 simple chemical tests that can distinguish an alkane from an alkene or alkyne.
10. Draw structures, with arrow formalism, for the contributors to the resonance hybrid of an allylic cation.
11. Know the steps in the mechanism of ethylene polymerization caused by a free radical chain
mechanism,

Alkenes: C/‘:C CV\ sz\ %= OV\LL,\ -l Ao\ U(){‘[d 1% Qre&QVH
MmO Oo Wem-p T _fay | 4vphs bond s pRese

Example: What are all the structural possibilities for CsHs?
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Unsaturated hydrocarbons: Houe > \ uu\-k'\p'\.e_, \OOV\Q

Bonding Patterns of Multiple Bonds

i
1. Cumulated: O 0 O\NO\% vends next+ X0 owne sl man’s

e
5. ngjugated: W\QL\ \.L \O(_)hds SQ\OOWM o\ QV\L% ?S%\E_JWVQ

3. Non-conjugatedllsolated SQJpOufU—’\’Cd \O >\ SlV\(.‘\L bC/V\(\,
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Sec 3.2 lUPAC Names =International Union of Pure & Applied Chemistry
1. “ene” ending for C=C (diene, triene = 2 or 3 double bonds)

2. "“yne” ending for C = C (diyne, triyne = 2 or 3 triple bonds)

3. "enynes’ ending if both double & triple bonds present

See p 73-74 Nomenclature AND Common Errors

Quick Summary/Overview

1. Select longest chain that inciudesarbons of doubie or triple bond

2. Number from efid nearest multiple bond If muliiple bond is equidistant from both ends, THEN
number from 15! substittent.

indicate the positiorf of multiple bond w/# of Iom.:ésff C of that bond

4. More than 1 multiple bond? # from end nearest the 15 mulii-bond. Double bonds receive lowest # if
equidistant w/triple bond. T e—

w

5. Cyclic: Start numbering w/ both C’s (#1 & 2) of the multiple bond, and add "cyclo” prefix.

Examples: \' bolen
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****See p.74 common mistakes****

Example: Name the following molecule:

CHs CH:CHs
CH:C = CJCHZ(D = CHs uoxadlene
oh
Longest chain with the double bonds: (0 = X /-C,V\Q, C—dbu_,

How many double bonds? Prefix? 72, di-
Number for lowest sum of double bonds? 245 Vv S
Number & name substituent groups: N
2 eyl U(S dimataul LA hoendreng

2™ Example: Write the structural formula for 3-methyl-2-pentene:
: ' Cz(.,’r O M Ny
Example: -en-yne naming: C

nokes end  Ccoaplek
92N\ Uy '\)\ro\oklMS 2 (p
2. O=0~-6=6~C f(ﬂ«‘f\\"% U,a) 7;) S ﬂ,’—\w%

u).
Sec 3.5 Cis-trans Isomerism in Alkenes C \’.)CJ)

\ ¥ This 15 e ke
" (lqzon/zwf‘c ((ompT%U‘(ah%rﬁégonveﬁiblea 50 '\'C stodoensys Q‘:_é_p

2. Each carbon must have \ SUSH 4L enty =\ \_\ attached to it

BN

1. C=C-C-C=C

3. “Cis’- form: substituents on S CANAL side of molecule ‘e P/-{—o() or © M/ E EDL
4. “Trans” form: substituents on @) @5\ €. sides Yop / bottOIA

@
N
5. Draw cis & trans forms of 1,2, dichloroethene ; CA CBR .
o G C\ o ol # \
— Dot . = ot C|
\ ~ N e % / - (6] ¢
<& of N o oy o = L
74 : ¢ ) -—0_1 H ¥ e * 8
- 3. C’ \5 \ / . 4"(“0&\(\ S

6. Cis/trans 2¢bUterer

(N C» C |

\ % C \ : .

C = C 2 E_‘/ \C, - oc o
A S ;. R
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7. Cis/trans 1-butene

Sy

X -
Nno+ — 9’ T a\
goao 0L H H
8. Name:
u\()/\
""’MP/W(J%M 4 b ——-—&( i,
Qi -2 - g fowns - 2 - ganynl

Sec 5.4 E-Z Isomerism in Alkenes, p. 157-158 and p. 153-155

Is the following molecule cis or trans?

(2) | -rono, oo F g (W)

55
7-Plooro, |;udo /%'g\r

| - L ene 3 =)

When 2 different atoms, & neither are hydrogen, are attached to the carbons of a double bond, you
are unable to use cis/trans. Instead, use the E-Z nomenclature.

‘“

JEP
1

TS 8c DCI>

S

——

1. Assign priority to the groups attached

2. Assign (E) vs. (Z) 4 I = 19
: ’ S QAL ©1QX Gk e € EhAas
&Ede 7

)

L T ’ SN -1"‘V\_'«‘:-_
a. (4= rni \r\ Yeiloviry OF

P
Uv

- B)F g pVioriv Yy P @

Priority:

1. Atoms directly attached to the carbons of the double bond are ranked according to atomic number.
A. Higher atomic number = 4\ (- € @rioy VA

S

B. Hydrogen always has _/(,uus St priority

C. Example-rank the following atoms from highest to lowest priority: O, H, C, Cl
o ¥ 1 L3
Cl>0>C>H
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2. If attached atoms are the same element, work outward until reach unalike atoms, and assign priority.
Example-rank the following groups frem highest to lowest priority:

-H B —CH, Uy -CH OCk

6

A S-CH>, O CH=2 S.ew - ¢ Ll Ot
Y i IN_ENT N BN A NS | e P \_T1 o | A .

— = >, v

-1

3. Example: Draw (Z)-3-bromo-4-methyl-3-hexene
A. NOTE: May draw out “straight” first and then _place on opposite sides if that helps! But
then must show proper bond angle of_|

\
\V‘

Sec 3.3 Some Facts About Double Bonds

Property c-C c=C C=C
i ’ v L ¥ ~ |\ \ « N i {7
Retation R o (Lot d NO N~
s 12 ’X( vaine O o | — s A . \ k ¢ W\ @
Geometry \ _ o TTVIQ OO Lo W™ W&
k"-—/‘w ()} U‘C.IO "’\" t‘ ‘ _)\ Q P
O s ol Planay
Bond angle O |9 6 & /-0
fPNEr l £l \ O
FLA™] e \ Nl
Bond length ] N—— f a2 oy U Oy L Bk
° L OV ALOT yirg di Ui OOV o
o @ & - [, =k 00 = '
Current/ Old names for | (, —& & (=%
2-C chain o NN e i V\JJ-"’\L; . . ,'— 4A s 1A /
TR € ey \ LN 1 SN LAY)

\ | "
[RCetY (o inx
Sec 3.4 Orbital Model of a Double Bond; the Pi Bond
Sec 3.18 — 3.19 The Orbital Model of a Triple Bond

BondTypes |\ &\«  PFrquee®

1. o bond; M\ é‘) —OonN overlap of orbitals

S
/

2. mwbond;: | O AN overlap of both lobes of a:";b_/c;rbitals

A. More exposed electrons (above & below)

B. Will be attacked by A0 CAVO DN WS andare MOV T24iAT VE  than alkanes
]
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Carbon Bond & Orbital Types

1. Valence shelis of ali atoms contain _l_s & ﬁ_ p orbitals.
2. | i bonds always are made from the lateral overlap of ? orbitals.

a. The Q orbitals involved inthe 1\ bond, are the only original carbon orbitals tha@
hybridize.

N -
b. 1\ bonds are only present in Yoty uboru:is (alkenes & alkynes)

i % \_Q\—y\
3. All orbitals “left over” and NOT involved in _[ ! bonds will hybridize. (5 ¢ 20 oMM

F 2O St

i BT e
e
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Sec Production/Purification

4 Condenser
=== Gasoline vaﬁ%\
ol Jess

T Gasaline 38°
P o
4t | Kerosene 1507

Crude = e it 1 S
oil vapors LA {Heating oil 260°

=g
25| | Lubricating oil
o) | 315-370°

————— Gteam

- Residue |

Crude oft Furnace

{c}

Petroleum: f/l]/_) Cxtune. o { L/L// C/fo (v b(//} S

) & ] \(

1. Fractional Distillation: < ¢ pawaticrn OF  petroleum n+o  Sim pLer =
ANCT WUESQ by (omdensction W+ dIffcrent HMNA
WA. Low molecular weight compounds el o4~ 154+ & (i 4o Hg fo 0

Wor (ol chon (Maraan7 £vne==T. , .
B. Compounds whigh bp o, 12 ns< close e Hae logHen [ oils,
UL, A0, QS el + ) !
C. Location and temp of condensation tube set to collect desired hydrocarbons

D. See Table 3.3 p. 106 for uses of fractions

2. Cracking: Process that \Qyo WS GLL Kanes inio Shgr~ X (Hunes &
allCenes . / U(H\ / (e v QL8 ~K
A. “Cracked” alkane yields Vb Wh  qix . Multiple combinations possible.

B. Example; C19H22—> CL1 H}O + C&, P{!Z
C/‘nH Ny Q H : L
MMz CnHy,
3. Alkylation: (C/m bination of an alkange with an olkens.
o foron o Jon 9 alKane .
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Chapter 3 Alkenes & Alkynes Part Il - REACTIONS
Read Chap 3 (Not Sections 11-13, 15b, 17¢) and p.153-154 & 157-158:

Alkene Addition Reactions

~ Addition in alkenes, rather than substitution as in alkanes

1. Addition of Halogens
o rodaals  Josk \oond%'
venking)

a. No 1'{(13\{\\' o _heat required as in alkanes

b. \0divie or B oML used to test for unsaturation

Gr-6r 6\( lﬁ(
C=C % B —— C,“' C

Brown

2, PolarAdditionofWater) MO —> WY « OH” \r
a. Requires ACid Q_&}(_ﬂgﬂ-_ (Wa.u.l’ tONnTees Yo replau KT cedak

b. Productisan (\co\o\

H oH

&)
o B e

C=C + H-OH

¢ Yaloapn (RO 7 H ®v)
3. Polar Addition of Acids (b@& H-OSOsH which is another way to write H2S04)

ln By
\

C=C + HBr C; =
n S0z

c=c + H-050zH 3
4. Addition of Hydm gnzgenation)

—_—— .

a. Requires appropriate catalyst-metal such as A \ Q'C v Pd »

i. H: sits on metal surface and adds to S QW€ S d 2 of double bond.

IMPORTANT- forms C\s if converting from:

1. cycloalkene to cycloalkane OR

/ ( 174
2. alkyne to alkene (Requires L. i nd lays catalyst,\‘?() isuvied  to
stopat_Qleeine ) w etlee ned
H-H H P a

- Ni, Pd, or Pt ! \
C C b H2 0 C — C
g, =
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Miscellaneous Notes: 5\ E
1. If either the alkene orthe reagent is ‘5umme,+(\ COd (Wllu. \ product is possible.

2. If both are \)V\S\A_W\.W\J:\’Y‘\CO&\ Zproducts are possible. 2ot only \ usuali% forms.

The one that predominates is considered to be “regiospecific”’, and its formation follows [MarkovnikoV’

Rute”]
: ot MU«/JLH @)
A RACH QA RICHER (¢ M one H)Q)

3 Eg)\ QY reactants can be classified as @ 1ukrophlu5 or \W( ( (deV\ Le S

a. Electrophile has af%ggﬂ“ a\ £ charge ()2 CATOQO SSHIVL ) gis
2 (VIR S N

b. Nucleophile: has a e“yﬂ U\ =charge ( QQOHO\U&\(HN&) &is
‘NS (O\M)Ul

c. lLeads to electrophilic additions to double bond site on alkenes.

d. The electrophile ALWAYS adds first. USUALLY, the electrophile is l—_—l*_ but it can be other
things.

Markovnikoff's Rule: Addition of Unsymetric Reagents to Unsymmetric Alkenes
.\.
_eusually w

>€\ﬁ(*‘((00()’m*\\f€_. part of the reagent bonds to the C _ 1, s\ @:QQQAQHJ &H
(euzg;ﬂoohl&\

A H MY W oH
\ \

HCCC+H-OH "-C - C=C
CH, = CHCHy I
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Carbocation Stability
Carbocation: + Chawoe o C/ that is classified as: R ) 1

R) Jd )
ea»é \Q l E*
lu( e el W -[e] | reE]
{ \ i
0 1 o \Q zoo H — ) nNigp\ues
5 Jre/(Maybke-jformedwhendoubgeﬁcor:dﬁ%r ken 1\6 pf;\uok\(\)ﬁ H N \-L\
CoAUwW

2. W/Markinov's rule, =+~ part of reagent bonds IQ", tothe C IA4 (%[Q&“‘C( ;Hg . so

that the N QS S\'&\O&Q CON b(ﬂc(‘(l?svg{oduced,
3. Example: *
H H
HOH @——* W , "
1. Pos (H+) adds first Ww¥ e LBl B G L SE

CHz=CHCH; +

2. Possible cations: ! | “ o y 5 \‘J( -
: i ions: |1 r j
| + _— —
bt b (:'—2.:-(:.. C’ Co C
3. Which is more stable? |
N
4. Follow Markovnikov? <]
L OHN Y
: " \
5. Neg (OH-) adds 2" | | l NOT = &
cC-c-—-C e
4. Restated rule: Electro+ part adds in a way to produce/involve most stable carbocation.
e 8 W % =Ll =2 |
H:
SoH L% 4
VosSWole  caXiaon = - _\Q/fC, il e Ve L
! — 2 0

C\ussx%

Cxvoss of€ \wush stuble
£
e Lc\j C
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3

. —0
@@ene (diene) addition— Symmetrical - 1 mole of addition reagent -

Obtain 2— products in FQOUCL\ portions
1. 1 mole of addition reactant will produce 2— products, each LA % docyo\L b@‘\)d

2. 2 moles of addition reactant will produce ___%_product oo anu dgg 793 \OOV\d-

3. Example w/1 mole Brz:

C=C~-C=C + 1Bn C-C=C-C (1,4-addition)
Blr Br VU de rOAMA0
72 - oulenk
—» (C-C-C=C (1,2-addition)
| kg, UL oro O
Br Br
Carbocation Resonance of conjugated diene above:
C=C~C=C + 1B, —
Be-d¢C 6V
: ¥ 1 S
1. Br+ adds: “b + K™ N Ll :
SN
2. Double bond resonates:
3. 2™ Bradds to both carbocations: -
@r %f ?r \
L § G . Yy
W 2 addifion =L = =y s . i = C 'citd,d{ﬁurv
4. Overall reaction equation: &y |6r
\
o wf. % APy, - C-C-C=C +
C - C- - C - 6(’ B'r
[|

Conjugated alkene (diene) addition — unsymmetrical - 1 MOI€ of addition reagent o, _ ¢ = ¢ _ C
1. Again obtain 2 products in equal portions

H Br
H-©r | |
C=C-C=C + 1HBr —_— 5 C-C-C=C or CH;CHBrCH=CH,
by = crdditiun,
H Br
= C—C=Cl§ or CHsCH=CCH.Br

Outline Ch 3 Alkenes 2017-18 11- 712712017 oy add {how
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Carbocation Resonance of above konjugated &ene:
\'"-—

C=C-C=C + 1HB€r> > v
H-YOC
H \ il
1 *

+
1 H+ adds: o —C _@ - c.—C=C-~-C

2. Double bond resonates: /
BV H B¢
3. Br- adds to both carbocations: 1 \ ' !

4. Overall reaction equation L{ El>r @r
3 L sespal b G ~SSL-
C g~ C= *hile L2 add{+idn Vi el
H

*;’;xemple w/conjugated cyclodiene:

. H
& i K(Wd’&&%
b R S o (o
.Q + WBr -
A

\\, i o | 0 rudch
{
S SUAAL

5. Show resonance forms for carbocation formed from the following: 3 _\p¢,uu0 )
\>

Wy [ Cycwnek nl
=, -+ Hr T -EHeFe

!
NUT COMIVGATED — cant e sunait (Too &ar
Coniugated alkene (diene) addition w/ 2 moles addition reactant, O-WHY

6r ‘5 er 6( 6(‘ \)L‘\

Overall Equation: i g -
Lo~ =, * 200G ~nd -4 54 .5 add (Flor
‘ £ NAY
1. 1%tstep as above w/1 mole, then adds to 2™ double bond ( 9 Wik
\a,)f %( 6“ 6((
|of O e -¢-C=c e
;3 e L. = =%, ~ C.
bl RRRREVIGSa (T add—r‘(—l(JV]‘

?N %r 6( BW

:
r/

br B 3 Br \7'gr 3, B Br
' \ . l o { ) |

Cine!
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yO U9
Oxidation w/KMnO.

resttotell_AKOLS s Aiane S (I\)O recectton  Occurs
> Produces compound w/_2- Ctd‘\TCLLUf\"r*Q—‘( (?’(Cqb uAHN QL\KOU«OS)

Y

> If alkene, changes from purple soi'n to brown ppt

C=C + KMnO4y + HO0 - C—-C + MnO; + KOH

|

OH OH
Purple sol’'n Brown-black ppt
o
< \> 3 \/\\N\u OL[ —) O + k{m O?_
Rurp W Brovons oot
soluriune: e , »
Ozonolysis: Oxidation of alkenes w/_OEONg S Q\\\-\\ (\JQ\\] i 16 Cﬁ\m(ﬂ
1. Used to e M g \DCOKJ‘"\QJBJf double bond ¢ OMW({S

2. Requires: ’
N\
3. Forms aldehydes — C = O A AALS QJ\)('\_ AN ".Q_E\-

4. If only 1 aldehyde produg"t formed, the original reactant was 1 of the following:
a. (\u\\ C)Q\V\,@(\ Q. . Product will be a “dial”.
b Sy etiicol \(Xch,\\c A\ A e
- prmnc

> Qverall reaction summary:

» Example w/ 1-butene: C)
Q= ~C-C == C=0 + G=C-<¢-¢
Exan:pie w/2-pentene 6 N
C-C=c-C-C $2cc=0+0p=ccC
» Other examples: SAME

C-C4e-c B =020
Aoy o Sgmmidac “—‘QD* c& _Qrodulh
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Alkyne Additions:

Similar to alkene reactions, with the foliowing exceptions:

2 5
1. Needs 2- Cl&'\,(\,\‘\i\(m SJ"e'ato go to alkane.

a. Requires 2, WMO\LS of the addition reagent.

b. )\&CWUQO\J nN\Lovus L followed in each of the 2 steps.

2. May stop at alkene

a. If_on\y | aJ\L of the addition reagent is available

b. Forms v S isomer, with 1 exception
c. Exception: H\/Ld/(o W\V\UN

i, Forms_C\S  alkene

i, Use L1 nalav's C oy S l to stop at o\ et

i OMae skl catalgsis (01 P 90
2 SYOS YU alkune
3. Symmetrical addition (not H2) w/o catalyst (X2):

- 0
a. 1ststepforms_Leowns —AQ (e K (TVOLVIS WVU%CL).

i.  Stopshereif_Anlu | Mo\w R available

(Pox‘swwd Po)

b. 2" step forms alkane

L f_ 7 Mo\eS ?D (2 available 2\~ d Sy o 6r
5 Y@ > \or skr & M gadbre Yoo - H
e Mlrge Q a8, == e |
e %( o 6(‘
H Feand
al\ene . e
"
e
| e — - o W Iee
ifouw&’\m - + 2L b, — C’(\f‘: C%Z
OV( (Z_,M(Ju- C:Q = \ ]
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4. Symmetrical addition of H, w/ catalyst:
a. 1%t step forms %—- V)V\VJU/\JL .

(DOESN'T matter the number of moles of H2)

b. 2%siep_PesamS ok aVe, p a,LLouuo,c.l

L NLRY PR used u‘na,\a\f's C e
\
(- C=C -C »/‘H’L’_%’ C =0
- L
A H -\
Mo\L CAS  adlkeng
Ny, Pi
. =il = C —C 4'1\?'\1 “"93 C—-—C—c —(C,
S. Unsymmetrical addition: Follow Markovnikov's rule in each step.
w8
Example Equation: CH3C=CH + -E_HBr—+ QHSCBY ZC iz
B
Asy  Hbv R T T

6;/ @

-\
@ @
Free —Radical Additions: Polymerization

> Polymer: Laro\lp_ wm Y C)\Q fQ_ﬂ,QUTHﬂO} MOoNg IS

> Radical mechanism of @0 g to form \{QO\,\,! 'Q'\-’(/lu\\U/LQ i
( Ly lune)

iniation R — @_/g_g mk—> Z_R ,JO .

C—_\\""‘ O rc)om,i S
— i W — m i &/L
pro pogod"\o"‘\ —~

c-0f ¥ ¢c¥¢ — R-C M S

OuﬂineChSAlkienes 17 arz o (_-—C ; n{fzzq}é 5 ety i "-'C."C“‘C'
TenanhN < e e
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