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4.20: Solutions to Selected Problems

Exercise 4.1.1:
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Exercise 4.2.1:

The electronegativity of carbon (2.55 on Pauling scale) is less than that of fluorine (3.98), chlorine (3.16), bromine (2.96) or iodine
(2.66).

a. On that basis, the carbon attached to a halogen is electrophilic because it has a partial positive charge resulting from the polar
carbon-halogen bond.

b. We would expect an alkyl fluoride to be the most electrophilic of these compounds, based on electronegativity.

¢. Assuming the energy required for breaking the carbon-halogen bond plays a major role in the activation barrier (not
guaranteed), we would expect the activation barrier to be lowest with the alkyl iodide, then the alkyl bromide, then the alkyl
chloride and finally the alkyl fluoride. This prediction contrasts with what we might expect based on electronegativity.

d. The stability of alkyl fluorides towards this reactions suggests that there is, in fact, a prominent role played by bond strengths, at
least in that case. The carbon-fluoride bond is strong enough to hinder nucleophilic substitution in this compound.

Exercise 4.2.2:

a. In mechanism B, the dissociative one, we would expect a higher activation enthalpy. The first step, which appears to be rate
determining, is a bond-breaking step, which will cost energy. In mechanism C, the bond-breaking is compensated by some
bond-making; overall, this probably costs less energy.
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b. In mechanism B, the dissociative case, we expect a more positive entropy of activation. As the bond to the halide begins to
break, the halide and carbocation fragments begin to move independently of each other, gaining degrees of freedom and
increasing in entropy. In mechanism C, the incoming nucleophile appears to coordinate its motion with that of the departing
halide; as a result, there are fewer degrees of freedom in this case.

Exercise 4.2.3:

a. Charged intermediates are present in the dissociative mechanism (B).

b. It seems like a more polar solvent would favor both mechanisms, because both involve the interaction of an anionic nucleophile
with an electrophile and loss of an anionic leaving group. However, the dissociative case (B) involves a build-up of charge in
the intermediate. It is possible that a more epolar solvent could reduce the barrier to that buildup of charge separation,
accelerating this mechanism.

Exercise 4.2.4:

a. The rate-determining step is probably the bond-breaking one (the first one).

b. Because the nucleophile has not yet participated at that point, Rate = k[R — X] , if R-X = the alkyl halide.
c¢. There is only one step; it is the rate-determining step, by default.

d. Rate = k[R— X][Nu] .

Exercise 4.4.1:

Exercise 4.4.2:

achiral

Exercise 4.4.3:
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Exercise 4.5.3:
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Exercise 4.6.1:

Exercise 4.6.2:

Keep in mind that there are other factors that can influence the reaction pathway; what we have here are just the most likely
mechanisms.

a) Sn2 b) Both pathways are very possible ¢) Both pathways are very possible d) Sn2
e) Sn2 f) SN2 g) Sn1 h) Sy1 i) Sn1j) Snl
Exercise 4.7.1:

a. ethanol, isopropanol, trifluoroacetic acid

b. hexane, toluene

c. THF, acetonitrile, DMF, dichloromethane, ether, DMSO, triethylamine, pyridine

d. DMSO > DMF > ACN > pyridine > DCM > THF > ether > TEA, based on dielectric constants. In general, the ones with
multiple bonds between two different atoms are the most polar.

e. pyridine and triethylamine. The lone pair on the nitrogen atom is basic toward protons. The trend in basicity is triethylamine >
pyridine >> acetonitrile; as the percent s character in the lone pair increases, the electrons are lower in energy and less available
for donation.

Exercise 4.8.3:
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Exercise 4.9.1:
Enantioselective Total Synthesis of Epothilone A
Sawada, Kanai, Shibasaki, J. Am. Chem. Soc., 2000, 122, 10521-10532.

1. Synthesis of Fragment A
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3. Kinetic -- to fully deprotonate (not equilibrate or you lose stereocontrol) and for the chelation control.
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Due to chelation effects shown above, the LDA preferentially removes one hydrogen to form only the Z-enolate that will then do
the SN2 to allyl bromide on only one face.

4, Coupling Fragment A and Fragment C to form the final product.

S
— |

N
9-BBN
PdCl,(dppf)

OAc I

Fragment A Fragment C

2,46
trichlorobenzoyl
chloride, DMAP

-

3,3-dimethyldioxirane,
CHzCle,

Epothilone A (R=H)

Exercise 4.10.1:
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Exercise 4.10.2:
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Exercise 4.10.4:

Exercise 4.10.5:

https://chem.libretexts.org/@go/page/200817



https://libretexts.org/
https://creativecommons.org/licenses/by-nc/3.0/
https://chem.libretexts.org/@go/page/200817?pdf

LibreTextsw

I PR
2 Pihy
1 \/\‘JH \/\{“‘urn
! Bl A
A
\ )lf I\ .’" B
S
2 NSO
. -..,_/\‘_.au \(/\ i SEH,
\ ! - \ /
A L
NaHCO,
CH,OH
\/\"JH \/\7‘.0; N
—_— ]
\ Flf ' i'l
1, MsCl
NaC
\_‘//\“DH hf\_‘/\ IIIIII n
4\ fl - "
S W

Exercise 4.10.6:

DEAD acts as an oxidizing agent to convert the phosphorus product to a stable side-product, triphenylphosphine oxide, Ph;P=0.

Exercise 4.11.1:

Exercise 4.12.1:

KOBu
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Exercise 4.12.2:

Exercise 4.12.3:
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a. products of cation rearrangement via hydride shifts: 2-heptene instead of 3-heptene.
b. The absence of rearrangement suggests the absence of cations. The mechanism for the reaction shown must be concerted rather
than via the ionic intermediate.

Exercise 4.12.4:

a) very strong b) strong c) weak (resonance) d) very strong e) weak (neutral)

f) weak (polarizable) g) weak (resonance) h) very strong i) weak (polarizable) j) weak (neutral)

k) medium-weak (C anion but sp) 1) weak (neutral) m) weak (resonance) n) weak (polarizable) o) strong
p) weak (O anion but delocalised) q) weak (polarizable) r) very strong s) weak (polarizable) t) strong

Exercise 4.13.1:
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Exercise 4.13.2:
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Exercise 4.14.3:

Exercise 4.14.4.
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Exercise 4.14.7:

(3]

Exercise 4.15.1:
Cation stability is important in an E1 reaction.

Exercise 4.15.2:

(]

Any tertiary alkyl halide would be a good example. Benzylic alkyl halides would also be good examples if they are either

secondary or tertiary.

Exercise 4.15.3:

Protic solvents could promote E1 reactions.
Exercise 4.15.4:

A strong base could promote an E2 reaction.

Exercise 4.15.5:
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Exercise 4.16.1:

Exercise 4.16.2:
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Exercise 4.16.3:
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Exercise 4.17.1:
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Exercise 4.17.2:
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Exercise 4.17.3:

a. 2 HO™ 1 HS™ 3 H,O; the anions are more nucleophilic than the neutral, but sulfur is more polarizable than oxygen
b. 2 H,0 3 H30" 1 NHj; the neutrals are more nucleophilic than the cation, but nitrogen is less electronegative than oxygen
¢. 1 CH3CH,NH, 2 (CH3),CHNH; 3 (CH3)3CNHpy; steric effects

Exercise 4.17.4.

a)
R H
| C::ﬁ\ Q Rcy 9
ﬁf‘NH <'}l ﬁ &>
Y
<N NI’,)\NH I R N
DNA DNA
Guanine
b)

¢) Ring strain promotes opening of the ring.

Exercise 4.18.1:
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Exercise 4.18.2:
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Answers may assume aqueous workup after the reagents shown. Only one answer shown per box; similar answers may also work.

Exercise 4.19.1:
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Synthesis of (+)-Cassiol

Stoltz (Caltech) 2008
Cassiol is a natural product of Cinnamomium cassia that displays potent antiulcerogenic activity in rats.

1. LDA, CHsl,
O (9] CSQCOG o) 0

0 o]
=
ﬁ CI)LOW \iij,)'Lo/\/ ﬁ/uxof\/
- = —_—
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O O 1 0s0, KsFe(CN)g o PdCI5(CHZCN)p o

ﬁ)LH 2. Pb(OAc), Py 80 °C P
- -
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OH OH

cassiol

Answers may assume aqueous workup after the reagents shown. Only one answer shown per box; similar answers may also work.
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Synthesis of (-)-Aurantioclavine
Ellman (Berkeley) 2010

Isolated from Penicillium aurantiovirens; thought to be an intermediate in the biosynthesis of communesins, which

display cytotoxic activity.

Ko Lo
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1. HCI
2. Mg An alternative route didn't work because of a competing nucleophile.
Identify the desired product and the product that was observed instead.
o Yoo
H i OH [
> NH PPha, |
= DEAD _ N
N AN X A
N N
H H N
H
{-)-aurantioclavine desired product
PPhg,
DEAD
K o
= - =
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(o] S
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Z N
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Exercise 4.19.3:

Answers may assume aqueous workup after the reagents shown. Only one answer shown per box; similar answers may also work.
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Total Synthesis of (-) Lepistine

Yokoshima & Fukuyama (Nagoya, Japan) 2014

Natural product of the mushroom Clitocybe fasciculate. With no known biological properties, the synthesis was
undertaken because of its unusual structure.
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Exercise 4.19.4.
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Argentilactone

Carretero and Ghosez. Tewrahedron Leir., 1988, 29, 2059,
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Argentilactone

Exercise 4.19.5:
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(+)-Dolabellatrienone

Exercise 4.19.6:
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Synthesis of janoxepin
Richard Taylor et al, University of York, 2012
A fungal metabolite from Aspergillus janus effective against the malaria parasite Plasmodium falciparum.
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Exercise 4.19.8:
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Exercise 4.19.9:
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Exercise 4.19.11:
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Exercise 4.19.12:
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