Chem 226 — Problem Set #7 —
“Fundamentals of Organic Chemistry,” 4™ edition, John McMurry.

Chapter 7

Give the IUPAC names of the following akyl haides.

E|>r C|:| Cl: Hs ? Hs
(8 CH3CH,CHCH3  (b) CH3CH,CHCHCH3  (c) CH3CHCH,CH,CI
(& 2-bromobutane, (b) 3-chloro-2-methylpentane, (c) 1-chloro-3-methylbutane

Draw and name al monochloro products you might obtain from radica chlorination of 3-
methylpentane. Which, if any, are chird?

1y 1Y 19
HiC—C—C—C—CH,Cl | HiC— lc-c:"L ?L CHy | HiC—C—C—C—CHs
H ‘ H H Cl H H
CH, CH; CH;
H H H :
I Each of the hydrogens in 3-methyl pentane
H;C—C—C—C—CH; isreplacable by chlorine. Four constitutional
! ! isomers can form.
H H
CH.CI
CH; CH,
H—?ﬁ a | c —c?:’-'- H
H—clzt CHs | H3C>C|:*< H
The boxed structure has two stereocenters and is a chira H—C=H ! H=C=H
molecule. The maximum number of sterecisomersthat is EH EH
possible for a given structure, owing to stereocenters, is 2", 3 ! 3
where n isthe number of stereocenters. If meso structures are \
possible, then the actua number of sterecisomerswill be less ?:'3 CE3
than the cd culated maximum number. Cl= (l.‘,— H H -Cli—CI
. | | H—CXCH; | HyC—CXH
In this case the stereoisomers are shown to theright. There are | ; |
two pairs of enantiomers. Each of the moleculesin either pair of H"C_::‘H ! H"?‘H
enantiomersis a diastereomer of either molecule in the other pair. CH3 CH3



How would you prepare the following akyl halides from the appropriate a cohols?

(& 2-chloro-2-methylpropane,
i
(C) BrCH2CH2CH2CH2CHCH3
Cl OH
I HCI I
(8 CHiCCH; <—— CH3CCH;
I I
CHg CHg
CHs CHs

[ PBr3 [
(o) BrCH,CH,CH,CH,CHCH; <«——  HOCH,CH,CH,CH,CHCH;

Since the compound in () is atertiary akyl chloride it can be made from the corresponding tertiary
acohol usng HCl. Since the compound in () isaprimary akyl bromide it can be made from the
corresponding primary acohol and phosphorous tribromide.

Predict the products of the following reactions.

OH  CH, B CHy
(a) CH3CH2CHCH2CHCH3 + PBr3 _— CH3CH2CHCH2CHCH3

(b CHs CHs
OH + HCI ——— al

HsC

HsC
(© OH + SOC, —» Cl
H,C HsC
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What subgtitution products would you expect to obtain from the following reactions?

Br |
I I

(@ CHiCH,CHCH; + Lii ——> CHzCH,CHCH;
> -

(b) CHsCHCH,CI + HS ———» CH3CHCH,SH

© @—CHZBr +NeaCN ——> @CHZCN

How might you prepare the following substances by using nucleophilic substitution reactions?

KOH
(a) CH3CH,CH,CH,OH <—— CH3CH,CH,CHLBr

Y ou could also use 1-chlorobutane, but the bromineis a better leaving group. Y ou could aso use
NaOH.

What effects would the following changes have on the rate of the S22 reaction between CH;l and
sodium acetate?

(8) The CH;l concentration istripled.
(b) Both CH;l and CH;CO,Na concentrations are doubled.

The rate expression for S\ 2 reactionsis. rate = k[substrate][nucleophil€].
In this case the subdtrate is iodomethane and the nucleophile is acetate ion.

(& Therate would triple since the iodomethane concentration is tripled and the acetate concentration
has not changed.

(b) If the concentration of both substrate and nucleophile are doubled, the rate will increase by afactor
of 4, Snce2x2 = 4.
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What product would you expect to obtain from the S22 reaction of (S)-2-bromohexane with sodium
acetate, CH;CO,Na? Show the stereochemistry of both product and reactant.

Lo chcoo
HC—C.  — " s He—C

\ \'o—Cc—

In S\2 reactions the nucleophile, in this case acetate, attacks the carbon holding the leaving group, in
this case bromine, from the sde opposite the leaving group. This backside attack invertsthe
configuration of the carbon that is attacked.

In this reaction a bond to a stereocenter is broken. Y ou may recall that when this happens the
stereochemica outcome is dependent on the details of the mechaniam. In 52 reactionsthe
configuration isinverted.

Which of the fallowing S,2 reactions would you expect to be faster?

(8 Reaction of CN- (cyanide ion) with CH;CH(Br)CH, or with CH;CH,CH,Br?
(b) Reaction of I with (CH;),CHCH,CI or with H,C=CHCI?

(@ In S\ 2 reactions the order of reactivity of substrates is methyl > primary > secondary > tertiary
owing to gteric effects; akyl groups attached to the carbon holding the leaving group block the
nucleophile. In this case the primary 1-bromopropane would react faster than the secondary 2-
bromopropane.

(b) Vinyl halides are unreactive toward S2 nucleophilic subgtitutions, so the primary haide wins.

Rank the following compounds in order of their expected reactivity toward S2 reaction:
CHal, CH,F, CHBr.

These subdrates differ from each other only in terms of the leaving group. Sinceiodineis a better
leaving group than bromine and bromine is better than fluorine, the most reactive compound is
iodomethane and the least reactive is fluoromethane.

What product would you expect to obtain from the S 1 reaction of (S)-3-methyl-3-octanol with HBr?
Show the stereochemistry of both starting material and product.
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CaHs Hel C2Hs CaHs
H—C—=OH ——> Br—=C=H * H=C=Br

(CH,)4CHs (CH24CHz  (CH2)4CHg
inversion retention

McMurry saysthat S\1 reactions proceed with complete racemization (pgs. 234-235). But thisis not
quite true. Typicdly, these reactions proceed with some racemization but net inverson of configuration.
In the present example, this would mean that both products show above would be formed, but more
product with inverted configuration would be produced. The reason for thisis that as the protonated
OH group (water molecule) departs from the newly formed carbocation it blocks attack by the
nucleophile (Cf). Thus, attack is more likely on the side of the carbocation opposite the water
molecule (the “backsde’). This means that more product will have the inverted configuration. The
more stable the carbocation the closer the product will be to racemic. Why?

Ignoring double-bond stereochemistry, what dimination products would you expect from the following
reactions? (Remember Zatsev'srule)

cle3 (|:| cle3 KOH ?Hs |CH3
CH3CHCH2—(|3—CHCH3 _ CHgCHCHZ—C|::CCH3

CHs hest | CHs
P ¢ ¢ PHa
1 CH; 11 CH,

The more highly subdtituted an dkene is (with akyl groups) the more sable it is and the more of it will
formin dimination reactions. In this case that meansthat | > 11 > 111.

What stereochemigtry (E or Z) do you expect for the alkene obtained by E2 eimination of (1R,2R)-
1,2-dibromo-1,2-diphenylethane? Draw a Newman projection of the reacting conformation.



H

CoHe— C= Br CeHs__Br Reactive conformations --
| Br CeHs H and Br must be anti-periplanar.
Br—C—CgHs \FH/ o
: r
H H C6H5 Br
(RR) sawhorse Br CeH H
e 65
projection, H Br CoHs
same H? ™ CoHs
conformation H
as shown to Thisoneisformed _ _
the left by rotating the Thisone is formed
front 60 degrees DY rotating the
clockwie. back 60 degrees
counterclockwise,
. . Br Br
Newman projections H Br
of above sawhorse Ce 5)%*51 Br_L _CgHs
projections. H

CgHs  CgHs H
H H

Asthe anti-periplanar H and Br }  CgHs___Br
depart simultaneously (E2) the ﬁ

molecul e flattens (sp® becomes _CL
o . H CeHs
sp°) giving this dkene.



Tdl whether the following reactions are § 1, S\2, E1, or E2.

(a) CH3CH2CH2CHzBr + NaN3 E— CH3CH2CH2CH2N3

S\2 -- Thisis dlearly a subgtitution and the substrate isa primary
alkyl hdide.

Cl
|
(b) CHsCH,CHCH,CH; + KOH ——» CH3CH,CH=CHCH;

E2 -- Thisis clearly an elimination. E1 would only happeninthe
absence of an aggressve base and usudly only for
tertiary substrates. Hydroxideion, an aggressive base,
pretty much rulesout E1L.

0
cl Il

© <:>< + CHsCOOH — » O—C—Chs
CHS CH3

Sul-- Thisisatertiary substrate so Sy2 is out of the question. Also,

acetic acid isnot an aggress ve nucleophileand is not basc.
The lack of a strong basein the reaction mixture is important;
astrong base would cause E2 dimination.

Describe the effects of the following variables on both S2 and S 1 reactions.
(a) subgtrate structure, (b) leaving group

(& The more bulky the substrate the less S 2 isfavored. Thisisageric effect. Alkyl groups atached
to the carbon holding the leaving group block backside attack by the nucleophile. Syl isfavored by
akyl groups attached to the carbon holding the leaving group because the carbocation that needs to
form will be more gable.

(b) A better leaving group will speed up both §1 and S 2 mechanisms. In each of these mechanisms
the leaving group leaves in the rate limiting step.  The better the leaving group the faster this step.
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Which akyl hdide in each of the following pairs will react fager in an S22 reaction with OH?

(&) bromobenzene or benzyl bromide?
(b) CHCl or (CH,);CCI
(c) CH;CH=CHBr or H,C=CHCH,Br

(& Benzyl bromide. Benzyl bromideisaprimary dkyl hdide. Bromobenzeneisan aryl hdide. Aryl
halides are unreactive to S 2 conditions.

(b) Chloromethane. S22 backside attack is easy on the methyl group. It isimpossible on the tertiary
carbon of 2-chloro-2-methylpropane.

(c) H,C=CHCH,Br. Thisisprimary hdide. Backsde attack iseasy. CH;CH=CHBr isavinyl hdide
and is unreactive to S5 2.

Order the following compounds with respect to both S 1 and S 2 reectivity.

C|3H3 CH,CI Cl

CHj
Sy1— The gahility of carbocation that isformed isthe issue here. [Actudly, it isthe sability of the
trangtion Sate leading to the carbocation that isimportant, but, as we have seen, thisusudly paradles
the stability of the carbocation.] Chlorobenzene would need to form a phenyl carbocation; these
species ae very undable. Benzyl chloride will form a carbocation that is primary but o benzylic;
these guys are about as stable as ordinary secondary carbocations owing to resonance stabilization. 2-

Chloro-2-methylpropane would form atertiary carbocation. So, in decreasing order of reactivity: 2-
chloro-2-methylpropane > benzyl chloride > chlorobenzene.

S\2— Stericinteractions are key here. Alkyl groups attached to the carbon bearing the leaving group
block attack by the nucleophile. Also, aryl hdides are unreactive for this reason. In the ingtant case
chlorobenzene and 2-chloro-2-methylpropane are unreactive. Benzyl chloride is a primary hdide and
would react quickly.

Although radica chlorination of akanesis usudly unsdective, chlorinaion of propene, CH;CH=CH,,
occurs dmogt exclusively on the methyl group rather than on the double bond. Draw resonance
sructures of the dlyl radicd, CH,=CHC °H,, to account for this result.
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Widl, OK, herethey are. Thedlyl radicd is H,C=CH-CHj
stebilized by resonance. Thevinyl radicd that v inylic dlylic

would have to form to replace one of the hydrogens hydrogens
vinylic hydrogens s not resonance stabilized
and s, infact, quite ungtable. HZCZCH—éHZ - Hzc':_CH:CH2

How can you explain the fact that trans-1-bromo-2-methylcyclohexane yields the non-Zaitsev
elimination product 3-methylcyclohexene on trestment with base?

In the presence of a strong base we would expect an E2 dimination. The E2 requires that the halogen

and a hydrogen on a carbon adjacent to the one holding the halogen be in an anti-periplanar
conformation.

CcH C koy  Noreaction. Thereare
H CHy ——> MO hydrogens anti-periplanar
Bf to Br, only ring carbons

H H (shownin red).
ring L flip
H
H CH, KOH W
H — > H
H H
Br

In this case the carbon of the methyl group and the hydrogen in
red are anti-periplanar to the Br. In an E2 elimination the red
hydrogen and Br would be eliminated giving the anti-Zaitsev
product.



