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Hints for Passing Organic Chemistry

Do you want to pass your course in organic chemistry? Here is my best advice, based on over
thirty-five years of observing students learning organic chemistry:

Hint #1: Do the problems. It seems straightforward, but humans, including students, try to take
the easy way out until they discover there is no shortcut. Unless you have a measured IQ above 200 and
comfortably cruise in the top 1% of your class, do the problems. Usually your teacher (professor or
teaching assistant) will recommend certain ones; try to do all those recommended. If you do half of
them, you will be half-prepared at test time. (Do you want your surgeon coming to your appendectomy
having practiced only Aalf the procedure?) And when you do the problems, keep this Solutions Manual
CILOSED. Avoid looking at my answer before you write your answer— your trying and struggling with
the problem is the most valuable part of the problem. Discovery is a major part of learning. Remember
that the primary goal of doing these problems is rot just getting the right answer, but understanding the
material well enough to get right answers to the questions you haven’t seen yet.

Hint #2: Keep up. Getting behind in your work in a course thal moves as quickly as this one is
the Kiss of Death. For most students, organic chemistry is the most rigorous intellectual challenge they
have faced so far in their studies. Some are taken by surprise at the diligence it requires. Don’t think
that you can study all of the material in the couple of days before the exam—well, you can, but you
won’t get a passing grade. Study organic chemistry like a foreign language: try (o do some every day
so that the freshly trained neurons stay sharp.

Hint #3: Ger help when you need it. Use your teacher’s office hours when you have difficulty.
Many schools have tutoring centers (in which organic chemistry is a popular offering). Here’s a secret:
absolutely the best way to cement this material in your brain is to get together with a few of your fellow
students and make up problems for each other, then correct and discuss them. When you write the
problems, you will gain great insight into what this is all about.

Hint #3.5: When you write answers to problem, write them. Use the old-fashioned method of a
writing implement on paper. Keep a notebook with your work. Show your instructor; he/she will be
impressed.

Purpose of This Solutions Manual

So what is the point of this Solutions Manual? First, I can’t do your studying for you. Second,
since T am not leaning over your shoulder as you write your answers, 1 can’t give you direct feedback on
what you write and think—the print medium is limited in its usefulness. What I can do tor you is:
1) provide correct answers: the publishers, Professor Wade, Professor Palandoken (my reviewer), and |
have gone to great lengths to assure that what I have written is correct, for we all understand how it can
shake a student’s confidence to discover that the answer book flubbed up; 2) provide a considerable
degree of rigor: beyond the fundamental requirement of correctness, 1 have tried to flesh out these
answers, being complete but succinct; 3) provide insight into how to solve a problem and into where the
sticky intellectual points are. Insight is the toughest to accomplish, but over the years, I have come to
understand where students have trouble, so [ have tried to anticipate your questions and to add enough
detail so that the concept, as well as the answer, is clear.

It is difficult for students to understand or acknowledge that their teachers are human (some are
more human than others). Since I am human (despite what my students might report), I can and do
make mistakes. If there are mistakes in this book, they are my sole responsibility, and I am sorry. It
you find one, PLEASE let me know so that it can be corrected in future printings. Nip it in the bud.

What’s New in This edition?

Better answers! Part of my goal in this edition has been to add more explanatory material to
clarify how to arrive at the answer. In many problems, the possibility of more than one answer to a
problem has been noted. Concept maps have been added at appropriate places to demonstrate the logic
of particular concepts.

Better graphics! The print medium is very limited in its ability to convey three-dimensional
structural informatior, a problem that has plagued organic chemists for over a century.

Appendix 2 on Acidity has been revised, and Appendix 3 has been added as a suggestion (o
students on how to organize reaction summaries to make studying more effective.

Better jokes? Too much to hope for.

Y
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Some Web Stuff
Here T am: http://www.calpoly.edu/~chem/faculty/simek.htmi .
The Publisher (Pearson) maintains a web site related to the Wade text: try
hitp://www.masteringchemistry.com
Two essential web sites providing spectra are listed on the bottom of p. 276.
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SYMBOLS AND ABBREVIATIONS

Below is a list of symbols and abbreviations used in this Solutions Manual, consistent with those used in
the textbook by Wade; see the inside front cover of the text. (Do not expect all of these to make sense to
you now. You will learn them throughout your study of organic chemistry.)

BONDS

LA

ARROWS

P

a single bond

a double bond

a triple bond

2 bond in three dimensions, coming out of the paper toward the reader

a bond in three dimensions, going behind the paper away from the reader

a stretched bond, in the process of forming or breaking

in a reaction, shows direction from reactants to products
signifies equilibrium (not to be confused with resonance)
signifies resonance (not to be confused with equilibrium)
shows direction of electron movement:

the arrowhead with one barb shows movement of one electron;

the arrowhead with two barbs shows movement of a pair of electrons

shows polarity of a bond or molecule, the arrowhead signifying the more negative end of the
dipole

SUBSTITUENT GROUPS
Me a methyl group, CHy
Et an ethyl group, CH,CH;
Pr a propyl group, a three-carbon group (two possible arrangements)
Bu a butyl group, a four-carbon group (four possible arrangements)
R the general abbreviation for an alkyl group (or any substituent group bonded at carbon)
Ph a phenyl group, the name of a benzene ring as a substituent, represented:
/N . @
Ar the general abbreviation for an aromatic group

continued on next page

vii
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Symbols and Abbreviations, continued

SUBSTITUENT GROUPS, continued

0O

I
Ac an acetyl group: CH;—C—

c-Hx  acyclohexyl group: <:>——
O
11

Ts tosyl, or p-toluenesulfonyl group: CHj @ § —

O 0
H
Boc  atert-butoxycarbonyl group (amino acid and peptide chemistry): (CH;);C — O — C~—

Z,or acarbobenzoxy (benzyloxycarbonyl) group (amino acid and peptide chemistry): 0
Chz J N\ Il
CH, = O0—(C~—
REAGENTS AND SOLVENTS
DCC dicyclohexylearbodiimide C>- N=C=N ‘Q
0
DMSO  dimethylsulfoxide g
~ 7N
H,C CH;
ether diethyl ether, CH;CH,OCH,CH,4
: o . EENCRNNS
HA or H—A is a generic acid; the conjugate base may appear as: A~ A~ A
LG feaving group
Cl
\ O

1l
MCPBA meta-chloroperoxybenzoic acid C—0—0OH

MVK  methyl vinyl ketone

\/‘

NBS N-bromosuccinimide OA

Br
continued on next page

viii
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Symbols and Abbreviations, continued

REAGENTS AND SOLVENTS, continued
Nuc or :Nuc or Nuc™is a generic nucleophile, a Lewis base; E or E* is a generic electrophile, a Lewis acid

Y/
PCC pyridinium chlorochromate, CrO;« HCl« N \>

CH,H H H CH;

R R R
Sia,BH  distamylborane H— (lf — (ij —B— Cll — Cll —H

CH; CH,4 CH; CH;

0]

THF tetrahydrofuran g /

SPECTROSCOPY

IR infrared spectroscopy
NMR nuclear magnetic resonance spectroscopy
MS mass spectrometry

uv ultraviolet spectroscopy

ppm parts per million, a unit used in NMR

Hz hertz, cycles per second, a unit of frequency

MHz megahertz, millions of cycles per second
TMS tetramethylsilane, (CH;),Si, the reference compound in NMR
s,d,t,q,m singlet, doublet, triplet, quartet, multiplet: the number of peaks an NMR absorption gives
nm nanometers, 1077 meters (usually used as a unit of wavelength)
m/z mass-to-charge ratio, in mass spectrometry

& in NMR, chemicat shift vaiue, measured in ppm (Greek lower case delta)
A wavelength (Greek lambda)
Y frequency (Greek nu)
J coupling constant in NMR

OTHER

«o oOr ° unshared electron pair

a, ax axial (in chair forms of cyclohexane)

e, eq equatorial (in chair forms of cyclohexane)

HOMO  highest occupied molecular orbital
LUMO  lowest unoccupied molecular orbital

NR no reaction

G, M, p ortho, meta, para (positions on an aromatic ring)

A when written over an arrow: "heat”; when written before a letter: "change in"
o+, partial positive charge, partial negative charge

hv energy from electromagnetic radiation (light)

[alp specific rotation at the D line of sodium (589 nm}

ix
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Students: Add your own notes on symbols and abbreviations.

X
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CHAPTER 1-INTRODUCTION AND REVIEW

1-1

(a) Nitrogen has atomic number 7, so all nitrogen atoms have 7 protons. The mass number is the total number
of neutrons and protons; therefore, 1°N has 6 neutrons, '*N has 7 neutrons, °N has & neutrons, '*N has 9
neutrons, and !”’N has 10 neutrons.

()  Na  1s22s22pf3s! P 1s%25%2p%3s%3p, '3p, '3p,!
Mg  1s22s22pf3g? 5 15%25%2p®3s%3p,23p, ' 3p, !
Al 15%2s22p®3s23p, ! Cl 1s%2s%2p®3s%3p,?3p,*3p,’
Si 1s*2s%2p"3s%3p,'3p, Ar  1s%25%2p®3s3p,"3p, 23p,?
1-2 Lines between atom symbols represent covalent bonds between those atoms. Nonbonding electrons are
indicated with dots. H H H
. v @ |1
(@ H—N—H () H—O—H (¢) H—O—H (d H—C—C—C-—H
I " | S
H H H H H
H H H H H H H H H
.. [ R [ R
€ H—C—N—C—H ¢ H—C—C—0—C—C—H (g9 H—C—C—C~—CI:
R I R R I
H H H H H H H H H
H . . . e 8 L] 0.
| () H—B—H G F—B—E
H :0: H oe
o | H Lo
) H— (,j - (,j - (,j —H The compounds in (i) and (j) are unusual in that boron
s 111 IEi does not have an octet of electrons —normal for boron
H because it has only three valence electrons.
1_3 s & 'K oo ° e o
(a) ‘N=N; (b) H—C=N. (c) H—HO—N=0 (d O0=C=0
H O

. N1 .. e .
() H—C—C=N—H () H—C—0—H (9) H—C=C—CI: (h) H—N=N—H
] E a8 E ] L -]

H H g H H H
| f
(i) H—C=C—C—H (i) H—C=C=C—H (k) H—-—CEC-—(l?——H
I ! !
H H H H H H

1-4 There are no unshared electron pairs in parts (i), (j), and (k).

© ©
(@) ON=NO) ) H—C=NE) (¢ H—0—N=

¢

®

| 9% Q
(e)H—C—(I::N—H (f) H—C——H () H—C=C—CI) () H—N=

@

H H H H
1
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1-5 The symbols """ and "8™" indicate bond polarity by showing partial charge. (In the arrow
symbolism, the arrow should point to the partial negative charge.)

5" & ot & &t & ot & 5 &
{a) C—Cl b C—0 (¢ C—N (d C—S (ey C—B
&t & ot & 6 o o ot A
() N—Cl (g N—O (hy N-—S5 (i) N—B 1 B—Cl
1-6 Non-zero formal charges are shown beside the atoms, circled for clarity. g I|{ H
A4
H H
| L] | @ o0 H\ ] @ Vs H [ ] @
(a) H—C—(I)éH (py H—N—H :CI: (c) H—;C—NMC\—H Cl3
| ' o0 I L]
H H H H /C\ H
In (b) and (c). the chlorine is present as chloride H | H
ion. There is no covalent bond between chloride
and other atoms in the formula.
H ® H
O | e |
(d) Na® :O—“(IZ“"H (e) H—C—H (f)y H—C—H (g) NaGL) H-—B@~H
L ' |
H H H H
If H @ M i
@ J— . \ CAL 7/ e
(h) Naw H—B—C=N. (i) H—/C—O-"C\-\—-H () H=—O—N—H
! 0 =
e 1©..H
H “F—B=F¢ H
H a8 i L]
NP "5 As shown in (d), (g), (h). and (K),
C alkali metals like sodium and
® O.. | /H Ve potassium form only ionic bonds,
(kK- :0—C—C—H (h H—C= OG—)— H never covalent bonds.
s I ~ I
C H H
g
H

£-7 Rescnance forms in which all atoms have full octets are the most significant contributors. In resenance
forms, ALL ATOMS KEEP THEIR POSITIONS —ONLY ELECTRONS ARE SHOWN IN DIFFERENT
POSITIONS. (In this Solutions Manual, braces {} are commonly used to denote resonance forms.)

02 103 :0;
L. O O | o .. .0
@ ]| F—C—37 ——= 0-c=0 <= G=c-3:
106 -u@
[ ‘0. 0% O
{G.. Il .. S, | e 0O
(b) cO—N—0; -=—>» 0—N=0 = =N—O0:
L ad @ a e >0 @ LN L) @ L)
(O ve .. e ee “@}
© {H0-N=8 < ¢=N-3;

Copyright © 2013 Pearsen Education, Inc.



1-7 continued @ @

() {H—CZC—C——H «—» H—C—C=C—H }
[ 1 [ B
H H H H H H

N [
H H H H H H

(f) Sulfur can have up to 12 electrons around it because it has d orbitals accessible.

Iﬂ@ 50@
(e) {H—C:C—*C"—H <« H—C—C=C—H }

JoF 59 o 0;
6.- “ s-@ @-- l (R [X] ] o.@ 20 ” au@
:O_SF_O: = O—8=0 - QO=5—0: e QO0=—8§—0:
-0 I -8 L ll * e s 9 Il - L ) I ae

203 :0: s0s ;92

o S)
:0: :0: /
@C. FI LN ) -] F L
0—S=—0 B O0—S=—0
a8 I 9 aa I s o
:9: :9:
© @
& r H H H )
| I |
H—C—H H—C—H H—C—H
|
Hoo H @) H  :0:
7 I /
< H—C—C® - H—-C——-—C\ — H—C—C >—
l L] ® | L a [ \ L]
H eci)e H u(Ije H @la
H—C—H H—C—H H-—~C-—H
l | |
\_ H H H J
(h) H H H H
J \b': \'O"@ \‘O': \.b“:
| 3 I R | g !
H LR B LXK H H a8 B ve H H B «u H H L B H
[ \9/ \9/ \00,/@\30,/ \9//@\9/ \9/@{\9(_9

[-8 Major resonance contributors would have the lowest energy. The most important factors are: maximize
full octets; maximize pi bonds; put negative charge on electronegative atoms; minimize charge separation—
see the Problem-Solving Hint in text Section 1-9B. Part (a) has been solved in the text.

H H H
\ @ o \ @ .ae \ @ oe@
(b) /C:?_NI':DG - /C:(Ij_ﬁ—g: - @/C_(I::Ii\l'__.’:
H H :0: H H :0: H H :0:
e, . O
major major minor

These first two forms have equivalent energy and are major because they have full octets,
more bonds, and less charge separation than the minor contributor.

3
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1-8 continued
®

—C=0— SPFIE e (= () —
(©) H (I: C% H H (lj -Q H The first structure has full octets and one more
H H pi bond.
major minor
el ® @ LX) @ ° @ e o@ @ .s @
@ H—C—N=O <t+—p [H—C—N—Q,; =—» H—C=N—O0;
[ I [ | N
H :0. H :0: H :0:
minor minot major

All atoms have octets; same number of pi bonds; third structure has negative charge on the more
electronegative oxygen atoms instead of carbon.

©

(e) H—C—C=N: -=——» H—C=C=N: | The second structure has negative charge on the

! : | " more electronegative atom.
H H
minor major
(- L] @ a8 @ Ll -\
) |H—=N—C—C=C—-N—H =—» H—N=C—C=C—N-—H
R [ R I
H H H H H H H H H H
minor ( major
< These two forms are major contributors >
( because all atoms have full octets.
¢ a @ L) L @
H—N-—C:(IZ—C—N-—H <—p H—N—C=C—C=N-—H
| | R
H H H H H H H H H H
o _ _ j
minor major
g H_,. H_.. H_.. )
~0: ~o© o>
| @ < [ - |
© < H\F/C\E)-/H H\ /C\H/H H\F/CQ:O/H e
H 1 et ol oo g @
~ H minor major H major ~
The latter two structures have equivalent energy and are major because they have full octets and more pi
bonds.
X ] @ & @
L0 MO :0; {03 <0 1 O

E IR | l I [ !
H—C-(C—~C~-H «=—» H—C=C—C—H -«—» H—C—(C=(C—H

(h)
© | |
H H H

minor major major
The latter two structures have equivalent energy and are major because the negative charge is on the
more electronegative oxygen atom,

4
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1-8 continued o

00 0.
. .. | @
) H—C—N—H =—» H—C=N—H
l |
major H minor H
(no charge separation)
. ®n ® @9 69
) H—C=C—N—H =— H—C—C=N-—H
. L
H H H
major—negative charge on the minor

more electronegative atom

1-9 Your Lewis structures may appear different from these. As Jong as the atoms are connected in the
same order and by the same type of bond, they are equivalent structures. For now, the exact placement of
the atoms on the page is not significant. A Lewis structure is "complete” with unshared electron pairs shown.

H H H H H H H H H Ill III 0.
1 N N I O H
(a H-C—C—C—C—C—C—H (by H—C—C—C—ClI; (c) H—(iZ—C—C—CEN:
[ T I N L !
H H H H C H H C H H H
n’ [ H T
H H
Always be alert for the implied double or triple bond. Remember that the normal valence of C is four
bonds, nitrogen has three bonds, oxygen has two bonds, and hydrogen has one bond. The only
exceptions to these valence rules are structures with formal charges. (We will see other unusual
exceptions in later chapters.) H

H_ | H
s
H 0. H C :GC. H H :0::0.;
\ i \ P / T T
(d) /C:C——C—H (e) H—/C—C—CWC—_—C\ (f) Hm(lj——C—~C— —H
| I l T
H H H ¢ H H H
/I\H H
Hy |
H H :0. H H H 0. H
[t 1+ 1 beor
gy H—~C—C—C—C—C—H th H—C—C—C—H
(I oo N
H H H H H C H
AT
H
1-10 Complete Lewis structures show all atoms, bonds, and unshared electron pairs.
H H
{(a) H H ) H | | H {c) H H
L ¥ H—c_ clH L
H M C-—H N/ C—C
—C C—H u_ !l LN
| | ~C—C C—H SN
H'_/(C\ae/C\:mH H\/ \/H I!IH H I H
H | H PAENPPASN q
H C6H13N H .Q H C8H160 C4H5N
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1-10 continued *0*

(d) III Iﬁ (e) . H\ /H 1] (f) H\ /H
H .
H‘“‘C—-C/H H—:‘C/C\C/C\H N /C\C//"
Ho/ L.-0-H ; I | |
N7 N, GHO —Co O GHO H=C_ .Cl  CH0
/7N q H H C
H a’ u i
H
IiI 0. H
I
8 g C C—C—H (h) H :O. H H H
~NeT oNeT Lo
1 | H H—C—C—C—C—C—H
gy GsHsO . ol CsHypO
|
H
1-11 Line-angle structures, sometimes called "stick" figures, usually omit unshared electron pairs.
O O
(a) @)\W/ﬁ\g (© UD\V/lfﬁﬂ
CH,, C,H,CH N X o
QO 0 C,Hs;NO N H on C are usually not shown
but this an an exception; it
(€) = = () O clarifies what endspthis chain.
O
- C,H,,0 OH (g) \)J\/
ctier
placement ot as good O GH40; '
C;H, O

OH

~ OH  These two structures
(h) OR 7< are equally acceptable.

1-12 If the percent values do not sum to 100%, the remainder must be oxygen. Assume 100 g of sample;
percents then translate directly to grams of each element.

There are usually MANY possible structures for a molecular formula. Yours may be different from

the examples shown here and they could stili be correct. )
some possible structures:

400gC . _
(a) 120 gmole 333molesC + 333 moles = 1C Il{ |C|) IEI

67cH e C—(C—

66T H _ ¢ omoles H = 333 moles = 1.98 =~ 2 H HO (f c (f OH

1.01 g/mole

ERRISSN S H H
5333g0 . B o
160 g/mole 333molesQ + 333 moles = 10
empirical formula = ::> empirical weight = 30.02

HO OH

Other structures
are possible.

6
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1-12 continued
(by 320¢gC

= 2.67molesC + 134 moles = 1.99 = 2C some possible structures:
12.0 g/mole H H
6.67¢gH oo
m = 6.60molesH + 1.34moles = 493 = 5H H“?“?_Noz
187gN
—_— . — X —
4.0 g/mole — 1.34 moles N + 134 moles = I N H H
42650 _ H O H
W“g%n”ﬁé = 2.66 moles O + 1.34moles = 1.99 =~ 20 vl ;
N—C—0—C—H
empirical formula = = 75.05 H/ }fl
molecular weight = 75, same as the empirical weight —) MANY other structures
. are possible.
empirical formula = molecular formula =
256gC - i
(€) _256gC = 213 moles C + 1.07moles = 199 =~ 2 C some possible structures:
12.0 g/mole 0
432¢gH 1
m = 428 molesH + 107 moles = 4 H H\ /C\N/C}L
379 ¢ Cl -
=B = 107 moles Cl = 1.07 moles = 1 Cl H | I
35.45 g/mole H o
H
DOgN_ _ 1.07 molesN <+ 1.07moles = 1N |
14.0 g/mole 1 o
N TS TN
17250 H
= 1.07moles O = 1.07 moles = 1 O | | H
16.0 g/mole /

[

H H
MANY other structures
are possible.
’ s0Ime possibie structures:
(d) SLEJ L = 320molesC + 1.60moles = 2C P
12.0 g/mole H H
| |
480gH H—C—C=C—C—H
m = 4.75molesH + 1.60moles = 297 ~ 3H | | | |
H CI Cl H
3%64'55 ggole: 1.60 moles CI + 1.60 moles = 1l Ct Cl
| [
. H—C—(C—H
empirical formula = —> empirical weight = 6245 ! |
H—C—C—H
molecular weight = 125, twice the empirical weight PII II{
twice th irical f la = lecular fi la =
wice the empirical formula = molecular formula MANY other structures
are possible.

7
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1-13
1 mole HB

(@ 500gHBr x ———— = 00618 moles HBr
80.9 g HBr

0.0618 moles HBr >  0.0618 moles H;O * (100% dissociated)

0.0618 moles H,O * 1000 mL 0.618 moles H;O *
X
100 mL 1L 1 L solution

pH = —log;q [ H,0*1 = —logy, (0.618) =

1 mole NaOH
40.0 g NaOH

(b) 1.50gNaOH x = (0.0375 moles NaOH

0.0375 molesNaOH —»  0.0375 moles "OH (100% dissociated)

| 3 75 moles “OH
0.0375 moles "OH 1000mL 075 moles "OH 0.75 M

X
50. mL. 1L | L. solution

1x 1074 1x 1071
[~OH] 0.75

= 133x 10"

[H0%] =
(The number of decimal places

in a pH value is the number of

pH = —log;p [H307 ] =~ logj (133 x 10714) = 2 pH valu
significant figures.)

1-14

(a) By definition, an acid is any species that can donate a proton. Ammonia has a proton bonded to
nitrogen, so ammonia can be an acid (although a very weak one). A base is a proton acceptor, that is, it
must have a pair of electrons to share with a proton; in theory, any atom with an unshared electron pair can
be a base. The nitrogen in ammonia has an unshared electron pair so ammonia is basic. In water, ammonia
is too weak an acid to give up its proton; instead, it acts as a base and pulls a proton from water to a small
extent.

(b) waterasanacid: H,0 + NH; =—= OH + NH/

water as a base: H,O0 + HCI —=—= H;0" + CI"
(¢) Hydronium acting as an acid in water solution will have this chemical equation:
(M0 [AT  [H;0 [H,0]

H,0t + H0 === ;0" + H,0 -
= K [HA] [H,07]

HA A

1000 g H,0 1 mole H,0
X = 5555M =K, —> pK, =-log(5555)=-174
ILH,0  180gH,0 e e

[H,0] =

(d) methanol as an acid: CH,OH + NH; =—= CH;0" + NH,*

methanol as a base: CH,OH + H,S0, =—=— CH;0H," + HSO,”

8
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[-15

(8 HCOOH + CN > HCOO~ + HCN FAVORS
stronger stronger weaker weaker  PRODUCTS
acid base base acid
pK, 3.76 pK, 9.22
(b) CH,COO~ + CH3;0H =—=—CH,COOH + CH;O~ FAVORS
weaker weaker stronger stronger REACTANTS
base acid acid base
pK, =159 pK, 4.74
(actually 15.5)%*
(¢c) CH,O0H + NaNH, — CH;0" Na* + NH, FAVORS
stronger stronger weaker weaker PRODUCTS
a(féd ~15.9 base base a;éd 23 Numerical values of pK, higher than water,
p a"'ll ' 15.5)% Phy 15.7, can be variable. See Appendix 2 in
(actually 15.5) this manual for an explanation.
(d) Na* "OCH; + HCN - HOCH; + NaCN FAVORS
stronger stronger weaker weaker ~ PRODUCTS
base acid acid base
pK, 9.22 pK, =159
{actually 15.5)*
(¢}  HClI + H,0 — H,O* + QI FAVORS
stronger stronger weaker weaker PRODUCTS
acid base acid base
pK, -7 pK,—1.7
The first reaction in text Table 1-5 shows the K, for this reaction is 1 x 107, favoring products.
(f) H,0" + CH;0 = H,O + CH,;0H FAVORS
stronger stronger weaker weaker PRODUCTS
acid base base acid
pK,-1.7 pK, =159 (actually 15.5)*

*The ninth reaction in Table 1-5 shows the pK, of a structure similar to CH;OH is 15.9, so it is
reasonable to infer that the pK, value of CH,OH is approximately the same. (Text Appendix 4
gives a value of 15.5.) Using either value indicates that CH;OH is the weaker acid, so products
are favored.

1-16 20! :0:

CHy;—C—O0—H + H* CH,—C-=0—H
e 8 @]
H

Protonation of the double-bonded oxygen gives three resonance forms (as shown in Solved Problem
1-5(c)); protonation of the single-bonded oxygen does not give any significant resonance forms, just
the structure shown; it is not stabilized by resonance. In general, the more resonance forms a
species has, the more stable it is, so the proton would bond to the oxygen that gives a more stable
species, that is, the double-bonded oxygen.

9
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1-17 In Solved Problem 1-4, the structure of methylamine is shown to be similar to ammonia. It is
reasonable to infer that their acid-base properties are also similar.

(a) This problem can be viewed in two ways. 1) Quantitatively, the pK, values determine the order of
acidity. 2) Qualitatively, the stabilities of the conjugate bases determine the order of acidity (see
Solved Problem 1-4 for structures): the conjugate base of acetic acid, acetate ion, is resonance-
stabilized, so acetic acid is the most acidic; the conjugate base of ethanol has a negative charge on a very
electronegative oxygen atom; the conjugate base of methylarnine has a negative charge on a mildly
electronegative nitrogen atomn and is therefore the least stabilized, so methylamine is the least acidic.

(The first two pK, values are from text Table 1-5.)
acetic acid > ethanol > methylamine
pK, 4.74 pK, 159 pK, =40 (from text Appendix 4)
strongest acid weakest acid

(b) Ethoxide ion is the conjugate base of ethanol, so it must be a stronger base than ethanol; Solved
Problem 1-4 and text Table 1-5 indicate ethoxide is analogous to hydroxide in base strength.
Methylamine has pKy, 3.36. The basicity of methylamine is between the basicity of ethoxide ion and

ethanol. Lo .
ethoxide ion > methylamine > ethanol

strongest base weakest base

1-18 Curved arrows show electron movement, as described in text Section 1-14.

A N

() CHyCH,—O—H + CH;—N—H —=—= CH,CH,— 0% + CH;—N—H
o0 LN ] oo |

stronger acid stronger base conjugati base o
- weaker ase conjugate acid
equilibrium favors PRODUCTS more stable anion— wonker acid

negative charge on the
more electronegative
atom
-0 H 0.
WY Ie j Il .0
(b) CH,CH, —C—0—H + CH;—N—CH; —===> CH;—~N=CH; + .LCH3CH2—C——0:
a e | E L

stronger acid H H i
stronger base conjugate acid
ker acid
equilibrium favors PRODUCTS weaker act :b':@

i * 8
CH3CH2 —"C mg

J
o conjugate base
.0s H weaker base

bl /-\ ﬁ' Il b | @ resonance stabilized

(c) CH;—O0—H + H—0—S—0—H——= CH;—0=H +
conjugate acid

stronger base 0
T weaker acid
stronger acid
—_ . qS)
equilibrium favors :0: [0: {03
PRODUCTS .. Il .. R | . 1.

*0—S§—0—H =—>» 0—=S$S—0—H <=—>= O=S§—0—H
o8 il L ] [ X ] l ae @ a9 li - ]

:0: Jo} Je}

conjugate base, weaker base
resonance stabilized

10
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1-18 continued

@ e../’—\\ e

L] @ *e
H—S—H —~—— H—0O—H +Na® .S—H
stronger base stronger acid conjugate acid conjugate base
equilibrium favors PRODUCTS weaker acid weaker base
larger anion—size matters!
(e) H
E@ /'—_\\ L] ..6 L ) * 0
CH3—NJH + CH;—0: ——— CH3;—N—H + CH;—0O—H
I|{ stronger base }l{ conjugate acid
stronger acid conjugate base weaker actd
equilibrium favors PRODUCTS weaker base
() .0 .0s
e WY . ..o
CH;—C—0—H + CH;—O{—== CH;—0—H + | CH;—C—0! NS,
Lot L e 0.
L
stronger acid stronger base conjugate z}md conjugate base \ | ..
weaker acid —(C—
e , weaker base 3 -
equilibrium favors PRODUCTS more stable anion .
resonance
108 0 r0: b'@
(g) o o : : L L L] L]

.0 ] ol |
CH;—C—0—H+4 :0~S—CH; =—> O0=S—CH; =—> p_—S—CH3
weaker acid :IC;: 3.C12é .g.

stable anion—
equilibrium favors REACTANTS weaker base ﬁfgﬁ;ﬁie © anionmore
o e
<0 <0 :0;
—— | I oo I

CH; —C—0O; =— CH;—(C= O + H—0O—S—CH;4
o8 I[

conjugate base 20:
stronger base conjugate acid

TN stronger acid

/ \ .0
0. 0 L0s
1 [ o) | -

(h) CF;—C—0—H + | CH;—C— 0% =—> CH,—C=0

stronger acid stronger base
pK, 0.2 O
from text .0 :0: <03
Appendix 4 .. | .. ..
CF3—C—9: - CF:;—C—‘Q + CH3——C—-9——"H

conjugate acid
weaker acid

pK, 4.74

conjugate base
weaker base

equilibrium favors PRODUCTS
The presence of electronegative atoms like F will make an acid stronger by the inductive effect.

11
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1-18 continued
F :0: :0. 0
I El ﬁ lI .'@ (lj L% ] e ——

L
—— —

() CHyCH—C—0-"H + |FCH,CH, —C— 0% <—> FCH,CH,—

stronger acid stronger base

ee@
F  0: F L0z .0,
| I ..0 | .. I ..
CH;CH—C—0; <=—> CI;CH—C=0 + FCH,CH,—C—0—H
conjugate acid

conjueate base )
Jug weaker acid

equilibrium favors PRODUCTS weaker base

The presence of electronegative atoms like F will make an acid stronger by the inductive effect. The closer
the electronegative atom is to the acidic group, the stronger its effect. The acid with the F on the second
carbon is a stronger acid than the one with the F on the third carbon. From the point of view of the anions,
the anion with the F closer to it is more stable, that is, a weaker base, leading to the same conclusion about

which side is favored.

0 /\\\ equilibrium favors REACTANTS
© ©

CF.CH,—0:  + FCH,CH,—0 Gt = CF;CH,—O—H + FCH,CH,—0:

weaker base weaker acid conjugate acid conjugate base
stronger acid stronger base

The presence of electronegative atoms like F will make an acid stronger by the inductive effect. Three F
atoms will make a stronger acid than just one F atom. From the point of view of the anions, the anion with
three F atoms is more stable, that is, a weaker base. None of these structures has other resonance forms.

1-19 Solutions for (a) and (b) are presented in the Solved Problem in the text. Here, the newly formed
bonds are shown in bold. H

¢) H—B—H + CH;—O—CH, O
, L]
, |
H Lewis base— —_0—
Lewis acid—electrophiie nucleophi]e CH3 9 CH3
Ne,
(d) 0 02
SN—1| Q.. |
CH;—C—H + 0—H =——= CH;—C—H
ﬁéWiS base — The problem asks for the imaginary
Lewis acid—electrophile  pucle ophile . .O. —H E?:—f;mem of electrons in the resonance
(e) Bronsted-Lowry—proton transfer % .0
H :0: H . O H 03
I o.. ol 1 | "
H—C—C—H + 0—H H=C—C—H=—»H—-C=C—H + H=0O—H
1D o I
H ase—
nucleophile
acid-—electrophile CH
3
. . S NS,
(f) CH3_N_H + CHg_""?;[: CH}"""N"’"H + :?1:
i Lewis acid— P[I
Lewis base electrophile
nucleophile 12
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1-19 continued F F

I £ [©)
(g) CH;—C=CH, + B—F CH;—C—C=B—F
H I ® H |
Lewis base — F F
nucleophile Lewis acid-
electrophile
1-20
ae o " I.@ @.ﬂ aae . e [ s & Ly ]
(a) on:S_o.: - :g_S:ne - noa:S:oCZ
@ @
o e oa Dﬂ@ @.9 ° e a e
(b) oe:O_ao: - :Q_O:oo
® @

{c) The last resonance form of SO, has no equivalent form in O4 Sulfur, a third row element, can have more
than eight electrons around it because of d orbitals, whereas oxygen, a second row element, must adhere

strictly to the octet rule.

1-21 {a) CARBON! (the best element) (b} oxygen (c) phosphorus (d) chlorine

2 valence e~ —Fv’ 1 | 2 f 3 I 4 5 6 7 8
H He (2e7)
Li Be | B C N O F Ne
P Cl
Br
I

1-23

(a) ionic only {(b) covalent (H—0O™) and ionic (Na®* ~“OH)

(¢) covalent (H—C and C—Li), but the C—Li bond is strongly polarized

(d) covalent only (e) covalent (H—C and C—O~) and ionic (Na™ “OCH,)

(f) covalent (H—C and C=0 and C—O™) and ionic (HCO,™ Na") {g) covalent only

Yol I FTe S Cl. (s )C1 e
ae\aI;/eo no\P/au (b) ou\f\f./aw ae\N/e_n
P \095 Y Bllu
@) ! 017 Cl: i a1 ek
It ol :Cle ol
CANNOT EXIST

NClI; violates the octet rule; nitrogen can have no more than eight electrons (or four atoms) around it.
Phosphorus, a third-row element, can have more than eight electrons because phosphorus can use
d orbitals in bonding, so PCls is a stable, isolable compound.

1-25 Your Lewis structures may look different from these. As long as the atoms are connected in the
same order and by the same type of bond, they are equivalent structures. For now, the exact placement

of the atoms on the page is not significant. H H H
@ @ L] -] L i I l Gﬂ@
(2) H—N-—-N-—H (b) H—N=N-—H ¢y H—C—N—C—H :Cl;
I N "
H H H H H
13
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1-25 continued

H H :0: H :0: H
l Il I T
(d) H—C—CZ=EN: ) H—C—C—H () -—C—S—C—H
| | R
H H H H
10 H H :0: H
-] !l a9 | L} a6 ' - 2 EI [ I
(&9 H—0—S—O0—H h) H—C—N=C= (i) H—?—OmS—O—?—H
- || °9 I a e ® 8 || e
20 H H 20 H
HIfH
H \C/
BN W N
_ I H7C—§—N=”
G) H—C—C—C—H (k) H C
P[I I!I /I\H
" g
1-26
H O H t0: H :0: H :0:

[ I .. L

() H—C—C—C—C=C—C—0—H (b IN=C—-C—C—C—C—H
i [ h l l

H H H H H H
H—H:?:O: ﬁ: ?
| [I [N [N ]
¢) H—C=C—C—C—C—O—H () H—C:C—C:C#C—O—?—H
[ R B " [ | °
H H H H H H C H H
ﬂr/i\H
Bt

1-27 1n each set below, the second structure is a more correct line formula. Since chemists are human
(surprise!), they will take shortcuts where possible; the first structure in each pair uses a common abbreviation,
either COOH or CHO. Make sure vou understand that COOH does not stand for C—O—O—H. Likewise for

CHO.

(a) \\ﬂ//\\¢;§\\COOH (b NEEC//\\H//\\CHO
0 OR 0
0 0 g 0
©) 45?\7//\\COOH (d) N > coocw,
OR OH OR
4¢\j/»\w/mi N 0.
OH O 0
14
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1-28

H H H H H H H
I I These are the only two possibilities,
(a) H—-C—~C—C—C—H and H=—C—C-—C—H  but your structures may appear
(N N [ different—making models will help
H H H H H /C\ H you visualize these structures.
|
H U H
H H H H
[ T
(b) H—~C—C—0O—H and H—C—0Q—C—H These are the only two possibilities.
l i e I o8 i
H H H H
H H H H H H
[} | These are the only two possibilities,
(c) H—C-—C-—N3 and H—C-—N-—C-H  butyour structures may appear
. P different—making models will help
H H H H H you visualize these structures.
H H H H H H H H H
oo 1 T [ .
(d) H—0—C=~C—N: H—C—0—C—N: H~C—C—O—N?
R N IR I I
H H H H H H H H H

Think of all the ways an oxygen could be added to the structures in (c). There are many more!

(e) There are several other possibilities as well. Your answer may be correct even if it does not appear
here. Check with others in your study group.

H H H H H H H H H
¢ o i E | e ') l I ] I v % } I I
LO—C—C—C—0q5 LO—-—C—C—~0—C~H O O O C—T1
T A T N T R S
H H H H H H H H H H H :0: H
l
H
H 02 ‘0
[ i .. / \ These are the only three
(ff H—C—C—H H—C=C—0—H H—(C—C—H structures with this molecular
[ [ formula.
H H H H H
1-29 H H H H H H H H H
(R foo l I
(a) only three O0—C—C—C—H H—C—C—0—C—H H~-C—-C-—C—H
possible | I [ i I
structures H H H H H H H H O H
|
CH,CH(OH)CH,4
15
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1-29 continued

{b) This is most (maybe all} of the possible structures. H
[
H H O H O H H Cl) II{
R | !
H—C—C—C—H H~C—C—C—H H—C=(C—C—0—H H—(|ZZC—(IZ——H
| | | l | | l
H H H H H H H H H
CH;CH,CHO CH;COCH; H,C = CHCH,0H H,C = C(OH)CH;
""""""""""" oy
H"$:(|:—O_(|2_H H—=0O0—C=C—C—H H—C—0O ([j q
I [ -
H_ 7/ H
H H H H H H H_?_(Ej__H \/C__\C/
— A
H,C=CHOCH; HOCH = CHCH,4 H H H H
---------------------------------------------------------- H,C—O OH
O [ l !
c—C_ _H / \ /A
/| °C H,C—CH H,C—CH,
H H /T H ~
0 CH,

1-30 General rule: molecular formulas of stable hydrocarbons must have an even number of hydrogens.
The formula CH, does not have enough atoms to bond with the four orbitals of carbon.

one carbon: PII PII
I;I two carbons: H—C=C—H H—C=C—H H—C—C—H
e —H [ i1
| CH, Cil, H H CHg H H
H CHy
H H H H H
f ] | | |
three carbons; H—C—=C—C—H H—-C=C—C—H H—C—C—C—H
l [ I
Cyi, H ¢H, H H H CHy H H H
1-31 H H H H /H
| H | R .
el old I A
H_ ~H _C C \ /7
H | /C\../C\ H A H C H
C C N7 el
e e~ H H o0 N C\
H N H }ll I g ! H
c. 1 H
H‘c( Sc—H ?HH
H H H :0: W &
Lo (e) c—c_.. f H
(d) H—T—?“$—?—CWQ—H . é “—C—C%H
& a \
H H H H C—
/N H
16 H H
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1-31 continued H H H H HOMEEEYY

H \/ .. \ / I\ 1 H
\ _C 0. — 202
® B N N AL NN PN
H [ N — C C O0—C—H
! H_"'"C_C C""“""S---O \ / e 0
/C\ H q I\ / | \C-——C—H |
H—c” | >C—H C—C  :0: A H
H°/ H \'H / N H o
H H H H o
1-32 (a) CsHsN (by C;HoN (c) C4HO (d) C;HgNO, (e} C;{H;oNO
(f) CeH 20 (2) C;HgO5S (h) C;HgO;
1-33 (c) some possible structures —MANY
(@) 100% — 620%C — 104% H = 27.6% oxygen other structures are possible:
620gC . B N H ,\C’\ H
12.0 gmole — 5.17molesC + 1.73 moles = 299 = 3C H_(Ij (l:_O_H
104gH H-C_  .C-O-H
B~ 103 molesH + 1.73 moles = 595 ~ 6 H
[.01 g/mole a
H H
27680 . B
16.0 gimole = 1.73 moles O + 1.73 moles = 10 I;I I;I }II I;I I:I (')I
_ H-C-C-C-C-C-C-0-H
. [ N N
(b) empirical formula [—> empirical weight = 58 HHHHH
molecular weight = 117, about double the empirical weight L N N T
H-0-C-C-C-C-C-C-H
—> double the empirical formula = molecular formula = ﬁ ﬁ H H H
HHHHO H
| t | 1 1 E
H-C-C-C-C-C-0-C-H
1 i | I 1
HHHH H
1-34 Non-zero formal charges are shown by the atoms. H
® © e, ® ) H | H
(] H—C=N=N' <= H-——C—N:NZ}_ DI C
| t | N | ..O
H H J H—C—=N-—0:
H H H H |
@ [ @ . e | ae ] /C\
{¢cy H—C=C—C—H (d H—C—N= () H—C—0—C—H a Ty
1 Lo 19D | H
H H H H :0. H /C\ H
e H | H

H

1-35 The symbols "6*" and "5™" indicate bond polarity by showing partial charge. Electronegativity
differences greater than or equal to 0.5 are considered large.

& & 6 & 6 & & & 5t &
() C—Cl ) C—H © C—1i d C—N € C—0
large small large small large
17
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1-35 continued

o of & o o ot & & o" &
(f)y C—B (g9 C—Mg (h)y N-—H (iy O—H (3 C—Br
large large large large small

1-36 Resonance forms must have atoms in identical positions. If any atom moves position, it is a
different structure.

(a) Different compounds—a hydrogen atom has changed position.
(b} Resonance forms—only the position of electrons is different.
(c) Different compounds—a hydrogen atom has changed position.
(d) Resonance forms—only the position of electrons is different.
(¢) Different compounds—a hydrogen atom has changed position.
(f) Resonance forms—only the position of electrons is different.
(g) Resonance forms—only the position of electrons is different.
(h) Different compounds —a hydrogen atom has changed position.
(i) Resonance forms—only the position of electrons is different.
(j) Resonance forms— only the position of electrons is different.

1-37 @
(a) H 0 H :O:
0 .e |
H—C—C—C—H - H—C—C=C—H
| I | |
H H H H
(b) IOD .O. Db‘ﬂe
I N N .9 |
BE—C—(C=C—~(C—H =+—» H—C—C—(C=C—H =—>» H—(C=C—C=C—H

| L] T AR
L H H H H H H 5 H H

@
© ( < — A
/ \ (EDHE - </:):CH2 - }%} CH2
CH, -=—7 & >:

() o ~ When drawing resonance forms with
-« > - l chargzs On Fing a}ionés, it ﬁrelps é{eeph
track by writing the C or N or O wit
el H(_% = = the charge.

18
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1-37 continued
e

.
L

. ~
/m\
£y I@C H
__/
@
CH
) /“ -
9
(h) {H——CZ 0 S @
@ @
L R e i
H H H H H H H H H H
YT
. H H H H H y

(j) No resonance forms— the charge must be on an atom next to a double or triple bond, or next to a non-
bonded pair of electrons, in order for resonance to delocalize the charge.

1-38 One of the fundamental principles of acidity is that the strength of the acid depends on the stability of
the conjugate base. The two primary factors governing the strength of organic acids are resonance and
inductive effects; of these two, resonance is usually the stronger and more important effect. For a more
complete discussion, see Appendix 2 in this manual, especially section IIL.A.

Any organic structure with an —SO;H in it is a very strong acid because the anion has three significant
resonance contributors; see the solution to 1-18(g). An organic structure with —COOH is moderately strong
since the conjugate base has two significant resonance contributors, also shown in the solution to 1-18(g). A
structure with a simple —OH does not have any resonance stabilization of the conjugate base, so it is the
weakest acid. Within each group, inductive effects from an electronegative atom like Cl will have a small

effect.
CH,CH,0H > CH;CH,COOH > CICH,CH,COOH > CH;CHCICOOH > CH,CH,SOs;H
(b) (© (e) (d) (a)

weakes,\/‘ acid Cl further from COCH Cl closer to COOH S!rongesf aczd
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#3

-39
(a) #1 h NH #2

L U | 4

I
o # H + 10 #2
Hy iH+to#3 Y;

H NH ® NH ®
i E i vs NH s 0 I |
@N C—NH, > CH; — N — C— NH;
i CH,—N—C—NH I
H S ¢ 2 H
no other significant H no other significant
resonance forms resonance forms
NH, NH, NH,
@ I L I L - | @

CH;—N=C—NH, <«— CH,—N—

! o
H H

C_NH2 g~ CH3""'N_C:NH2
@ l
H

(b) Protonation at nitrogen #3 gives four resonance forms that delocalize the positive charge over all three
nitrogens and a carbon—a very stable condition. Nitrogen #3 will be protonated preferentially, which we
interpret as being more basic.

()| CH,—C—C=N:<—> CH,—C=C=N: 1

I ! a s

H H

minor major (negative charge

on clectronegative atom)
a8 @
. O ° 207 202
® E I
(b) CH3-—C C—C—CH; =—» CH;—C—C=C—CHy <=—* CH;—C—C=C—CH;,
i | @ 0] P |
L H H H H H H )
minor minor major—full octets,
no charge separation
aa @ a@ e

(c) .02 0. (02 02 ;02 0q

Q1 | I I |

CH;—C—C—C—CH; =—> CH3—C:(E3—C“CH3 < CH;—C—C=C—CH;
| |
H H H
minor k major major /

negative charge on electronegative atoms—equal energy
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1-40 continned

(d) © @ .. RSXC) ® ..0
N N—

CH3-(|2—(’::.([3— = HCHS—Clj:(Ijm(Ij—NI.O- HCH3—(E:(IJMCII:E 0:
I L ! 20 ae
H H H :0: H H H :0; H H H 0.

. ooe ) cc@ ' . ow
minor minor major— negative charge on

electronegative atoms

NOTE: The two structures below are resonance forms, varying from the first two structures in part (d) by
the different positions of the double bonds in the NO, . Usually, chemists omit drawing the second form of
the NOy group although we all understand that its presence is implied. It is a good idea to draw all of the
resonance forms until they become second nature. The importance of understanding resonance Jorms
cannot be overemphasized.

L @ .06 Lo .
CH3—C~—C:C——N——°O.: 3 CH3-—C:C——C—N—_Q_:

bon o bk

. @ ..

e e e

minor \\major— full octets major—full octets/j
1-41 equal energy
(a) @ s e
CH3_(IZ_"CH’; [CHs—(Ij‘“‘“S)o—CH:.; - CH3“—§::9_CH31
H L H H J
no resonance stabilization more stable —resonance stabilized
H
(b) @ @ | @
CH2:$—?—CH3 e CHZ_(E:(;:WCH3 CH2:(F3-—~(]3—CH2
H H H B J H o
more stabie—resonance stabilized no resonance stabilization
L] D@ a .@
(c) H~-—-(!:—CH3 H—(IZ-"-CENZ <«— H—C=C=N:
l (-]
H H H
no resonance stabilization more stable —resonance stabilized

@

@
oo [ H -
C. C.. C no resonance stabilization
H @ H c” TH

more stable —resonance stabilized H
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1-41 continued

(e) H
a o @ l
CH3_""C_CH'.3 CH3_C_CH3 CHS—"‘C_CH?’
®
more stable-—resonance stabilized no resonance stabilization

1-42 These pK, values from the text, Table 1-5 and Appendix 4, provide the answers. The lower the
pK,. the stronger the acid. Water and CH;OH are very close.

least acidic

NH, < H,0~ CHOH < CHCOOH < HF < HO* < H;S0,
33 (or 36) 157 155 474 3.2 ~17 -5

most acidic

1-43 Conjugate bases of the weakest acids will be the strongest bases. The pK, values of the conjugate
acids are listed here. (The relative order of some bases was determined from the pK, values in Appendix 4

of the textbook.)

least basic most basic
HSO, < H,0 < CH;CO0 < NH; < CH,O~ ~ NaOH < "NH,

from -5 from-1.7  from 4.74 from94 from155 from [5.7 from 33 (or 36)

1-44
(a) pK, = —log;p K, = —log;p (5.2 x 107%) = 4.3 for phenylacetic acid

for propionic acid, pK, 4.87: K, = 10 = 135x107°

(b)  Phenylacetic acid is 3.9 times stronger than propionic acid.
52x107
135x 107

(c) \

weaker acid stronger acid
Equilibrium favors the weaker acid and base. In this reaction, reactants are favored.

=39

1-45  The newly formed bond is shown in boid.

a) CH3—~6:\_+/(:H3—(::§; ——> CHy—Om=CH; + :Ci:

nucleophile electrophile
Lewis base Lewis acid

® CH.=O—CH, + H—O—H — s CH;—O—CH; + H=0—H
3@ 3 LN ) = 28 3 @

| i
HyC nucleophile CH;
[Lewis base

electrophile
Lewis acid

22
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1-45 continued

©) 59
0 H ;05
|| | I
H—C—H + :N—H —» H—C—H
[ i
H H—N—H
electrophile nucleophile |
Lewis acid Lewis base H

(Y ol s

@ CH;—NH,  CHyCH,—Cls —= CH3—I¥IWCHQCH3 + IS

nucleophile electrophile H
Lewis base Lewis acid

@

02 .00 :0==H 0.
N LT 1 o. I,

() CHy—C—CH; + H—O0—S—OH —= CH;—C—CH; + .0—S—OCH

nucleophile g .g. R g,
Lewis base e o
_ plus resonance forms
electrophile
Lewis acid

CH, Cl
VAN | . 10
() (CHy);,C=Cl;  + "AlCl; — HL—C@® + :(;elmz?l—Cl
nucleophile electrophile |
Lewis base Lewis gcid CH, ¢l
This may also be written in two steps: association of the Cl with Al, and a second step where

the C—Cl bond breaks.

)
:0: 202
Il ~ I

() CH3—C'1CIJH2 + 10—H — CH;—C=CH, + H=0—H

H-=—"nucleophile
electrophile Lewis base
iewis acid
F

F nucleophile F
electrophile Lewis base
Lewis acid

o @7 TN o )
(l) BF3 - CH2 — CH2 + CH2: CHz — BF3 i CH2 — CH2 == CH2 _ CH2

electrophile nucleophile
Lewis acid Lewis base
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1-46
(a) H,S0, + CH;COO

HSO,~ + CH,COOH

®
(b) CH,COOH + (CH3)N: =—=——== CH,;COO~ + (CH;);N—H
I I
(c) C—O0—H + OH C—0" + H)0

0 0
1

I
(d HO—C—OH + 27OH ‘0—C—0" + 2H,0

(e) ILO + NH; HO~ + *NH,

®
(f) (CHy);N—H + OH

(CH3)sN: + H,O

(2) HCOOH + CH,0" HCOO~ + CH;OH

NH,CH,COO~ + 2H,0

®
(h) NH;CH,COOH + 2-OH

1-47 The critical principle: the sirength of an acid is determined by the stability of its conjugate base.
(a) conjugate bases

W :?;: X :(I?: Y :lcl): 7 :(I?.‘
c.O c. @ c. Qon c. 9
B N N~ r| 70
- = s,

e — e
-
g
a3

"
k-l\ ~ ~ A A ~
ScH, SNH | Xy INT So:
=

{b) X is a stronger acid than W because the more electronegative N in X can support the negative charge better
than carbon, so the anion of X is more stable than the anion of W.

(¢) 'Y is a stronger acid than X because the negative charge in Y is stabilized by the inductive effect from the
electronegative oxygen substituent, the OH.

(d) 7 is a stronger acid than Y because of two effects: O is more electronegative than N and can support the
negative charge of the anion better, plus the anion of Z has two EQUIVALENT resonance forms which is

particularly stable.
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1-48 Basicity is a measure of the ability of an electron pair to form a new bond with H* of an acid.
Availability of electrons is the key to basicity.

@ g oF g0 H
\ /y @\ / \
‘N—C -3 N=C + N—CH,CH
2N 2 / e
H CH,4 H CH;4 H
The electron pair in acetamide is delocalized over many The electron pair in ethylamine is
atoms, not readily available for bonding with H*, localized, not distributed over many atoms.
making it a much weaker base than ethylamine. It is readily available for bonding with H,

(b) Acetamide has two possible sites of protonation, the N and the O. HA symbolizes a generic acid.

H 0: H ok Protonation of the N produces an
:\N— C// g ,,C‘A - @I&FC// + A~ 1onwith no particular stabilization.
/ \ | \
H CH3 H CH3
H o} H O=H H :0—H H :0—H
N2 \ D N7 \ 7
*N—C +H—A ‘N—C =—» N—C@® -=—> @ON=C
/ \ / \ / \ / \
H CH, H CH; H CH, H CH,

minor

Protonation of the O produces an ion with resonance stabilization,
a far more stable product than protonation on N. The O is the more
basic atom in this structure.

1-49

(a) CH,CH,—O~—H 4+ CH;—Li —— CH;CH,—O" Li* + CH,

(b) The conjugate acid of CH3Liis CH, Table 1-5 gives the pK, of CH, as > 40, one of the weakest acids
known. The conjugate base of one of the weakest acids known must be one of the strongest bases known.

1-50 (a) conjugate bases

r 200 ) 00 Y ;02 O 4 00 )
.9 R, R el ¢ 9
H,C™ "0 FC™ O H,C™ 07 *° C” "0
L] LR} ~ LX) ? ]:_I2 ]
< i F- -< i > The negative charge cannot { i >.
o) e be delocalized by resonance o
0 *0° in either of these two °0°
I I structures. I
Pt P l F3C ~ ,C >~
H,C O: E.C™ ~O: c” ~o:
\‘ L) -/ \' () _J k H2 e a -/

CH;CH, — O
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1-50 continued
(b) 202
]

most stable—
delocalization of
negative charge by
both resonance and
induction
(electronegative F)

02 02 292
11 “ o-' DI-
F3C ,C\--@ > ,C\.@ > _C.....00 > CHCH,—O:
I({: oF H;C 0. H5C O
2 delocalization of  weak least stable —no

delocalization of
negative charge by
resonance and a
weaker inductive
effect as I atoms
are farther away

resonance only

negative charge by

delocalization of

delocalization of
negative charge

negative charge
by induction only

(c) The strongest acid will have the most stable conjugate base. The actual pK, values (some from text

Appendix 4) are listed beneath each acid.
o)

I
- C ~ > F3C R C ~ > - C ~
F,C OH I(—:I OH H,C OH
strongest acid 2
pK, 0.2 pK, 3.07 pK, 4.7

1-51
(a) conjugate acids

CH,CH,—N=H

T —

O O
i I

e

H i CH,
H *O—H

) Nt \
< °/l \G') minor'>—
H CH,

H *0—H
\ 7
@HN=C
/ \

H—OH

0
> (. _OH > CHCH,0H
H,C O weakest acid
K,159

pK, 8.2 P

The oxygen is more basic
than the nitrogen in this
/ N\ structure, See the solution to

{-48(b) on the previous page.

H

l®
CH,CH,—O=H H— NI,

(b) order of decreasing stability (pK, values from Appendix 4 in the text)

most stable —
neutral molecule

with less polar
NH bonds, lower
electronegativity

PK, 36

H
l®

H—OH > CH,CH,—N=H >
|

neutral H
molecule

pK,, 15.7 positive charge on less
a 13,

electronegative atom
pK, 10.7

26

¢a H
H O—<H
\ /@ @
‘N—C > CHyCH,—O—H
/ \
H CH,4 least stable—positive

positive charge on more  charge on more
electronegative atom electronegative atom
but resonance stabilized pK,-24

pK, 0.0

Copyright © 2013 Pearson Education, Inc,



1-51 continned

(c) The weakest conjuga

most stable —
delocalization of
negative charge by
three resonance
forms and
induction (F and 8
more electro-
negative than C})

te acid will form the strongest conjugate base.

delocalization of
negaiive charge by
three resonance
Jorms and
induction (S more
electronegative
than C)

negative charge by
Fwo resonance forms
and induction (S
more electronegative

than C)

o o. H /O:
WH, > 0H > CHCH,—N-H > ¢ > CHCH,—O—H
L ] i ./ \ e a
strongest base
§ H H CH,
. weakest base
1-52 (a) conjugate bases
S 100 Y 0 -0 vye
11 @ r H @ r 11 @ ( ” ené\ / 000 \
,C\ue ,C\oo ,S\ae H3C_S_O: ” ae@
H3C 9: H';C NH ch * e °0°: “ " F__S_’g:
.02 f
{ i J i }_4 i . i 0%
o [ e O 5 i o
0 0:¢ O e ot
I I i ., 200
LCu .Cs S -<H3C——~SIO > I ..
H,C” So: H,C” S NH H,C 708 i .<F—s:9 >,
\ Tt o Tt/ o R :0: |1
i -0
oM i
i .. 02
H3C_S: A ” LX)
| ) F_S:oo
.0 |
. e _/ :0;
- O _/
(b) :O: :0: ﬂO. OOI oOo
I .0 ..o n° i i’
F—S$—0: > H,C—S—0: > ,s\,@ > ,C\.@ > ,C\-@
- T H,C =t O H,C 0. H,C NH
MM «0s
delocalization of delocalization of  least stable—

delocalization of
negative charge by
WO resonance
Jorms, although
non-equivalent

negative charge by
twe equivalent
resonance forimns

(¢) The strongest acid will have the most stable conjugate base. The pK, values are listed beneath each acid.

MoK
[

F—S—OH > H;,C—S—OH >

]
.0:

strongest acid
pK, <-5

HON
[
1
HOX
pK,-1.2

:0:
I
,S\no
H,C 7= ~0H

pK, 2.3

27

{0 10N
H I
> Colee > Coae
H,C QH H,C NH,
pK 47 WeakESI aCid
¢ pK, 16
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1-53 1In each product, the new bond is shown in bold.

H
.o o @l NS
(a) CH;—N—CH; + H—(_:l: — CH;—N—CH; + Ci'
Lewis g Lewis I!I
base — acid—
nucleophile electrophile
/"_'\\ CH,
. .. @l NS,
(b) CH3—~—1‘|\I--CH3 + H3C—(;1: — CH3—ITI—CH3 + :(;1:
Lewis Lewis
base— H acid — H
nucleophile electrophile
@®_H
208 :0%
[ . I O
(¢} CH;—~C—H + H=—Cl; — CH;—C—H + (L
Lewis Lewis °*
base — acid—

nucleophile  electrophile

(s
0. 0
I O, 1

(d) CH;—C—H + :0—CH; —= CH;—C—H

. . i
Lewis Lewis -
acid — base — -0 —CH,
electrophile nucleophile
q L) .®
H 20: H 00
|1~ |

= s &% A e s
() H—C—C—H + 0—CH; —= C=C—H + H=0—CH;

Lewis ﬁULewis H
acid— " base —
electrophile nucleophile

1-54 From the amounts of CO, and H,O generated, the milligrams of C and H in the original sample can be
determined, thus giving by difference the amount of oxygen in the 5.00-mg sample. From these values, the
empirical formula and empirical weight can be calculated.

(a) how much carbon in 14.54 mg CO,

1 mmole CO, 1 mmole C 1201 mg C

14.54 mg CO, x X X = 3968 mg C
- 44.01 mg CO, 1 mmole CO, I mmole C
how much hydrogen in 3.97 mg H,O
1 mmole H,0O 2 mmoles H 1.008 mg H
3.97 mg H,O x X X = 0444 mgH
18.016 mg H,O 1 mmole H,O 1 mmole H

how much oxveen in 5.00 mg estradiol
5.00 mg estradiol —-3.968 mg C - 0444 mgH = 0.59mgO

continued on next page
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1-54 continued

calculate empirical formula

3968 mg C
——— = 03304 mmolesC =+ 0037 mmoles = 893=9C
12.01 mg/mmole
0.444 mg H
= 0440 mmolesH + 0037 mmoles = 119=1[2H
1.008 mg/mmole
059mg O
= 0037 mmolesO + 0037 mmoles = [ O
16.00 mg/mmole

empirical formula =

>  empirical weight = 136

1-55 (a) Ascorbic acid has four OH groups that could act as acids. The ionization of each shows that one
gives a more stable conjugate base.

localized negative charge—
no resonance forms

ascorbic acid \

0 localized negative charge —
no resonance forms

continuted on next page
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1-55 (a) continued

-
OH @ OH OH
O O [ ) O . e
0 QEA > ﬁ
OH — OH —_— OH . C\
() HO OH & OH 207 © om
k -] L
@ @ ¢ ~
three resonance forms, two OH
with negative charge on
@ OXxygen 0 oo @ \
OH / -
r OH OH 3 O OH

\

?
>
5

OH — OH /C two resonance forms, one with
HO :0: HO © O negative charge on oxygen
\_ o0 e & & y,

(b) The ionization of the OH labeled "3" produces a conjugate base with three resonance forms, two of which
have negative charge on oxygen. This OH is the most acidic group in ascorbic acid.

(c) The conjugate base of acetic acid, the acetate ion, CH,COO™ , has two resonance forms (see the solution
to problem 1-52(a), page 27 of this manual), each of which has a C=0 and a negatively charged oxygen,
similar to two of the resonance forms of the ascorbate ion. The acidity of these two very different molecules
is similar because the stabilization of the conjugate base is so similar. The strength of an acid is determined
by the stability of its conjugate base.

Note to the student: Organic chemistry professors will ask you to "explain’ questions, that is, (0 explain a
certain trend in organic structures or behavior of an organic reaction. The professor is trying to determine
two things: 1) does the student understand the principle underlying the behavior? 2} does the student
understand how the principle applies in this particular example?

To answer an "explain" question, somewhere in your answer should be a statement of the principle,
like: "The strength of an acid is determined by the stability of its conjugate base." From there, show
through a series of logical steps how the principle applies, like drawing resonance forms to show which
acid has the most stable conjugate base through resonance or induction. Answering these questions is
like crossing a creek on stepping stones. Each phrase or sentence is a step to the next stone. When strung
together, the steps bridge the gap between the principle and the observation.
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CHAPTER 2—STRUCTURE AND PROPERTIES OF ORGANIC MOLECULES

2-1 The fundamental principle of organic chemistry is that a molecule's chemical and physical properties
depend on the molecule's structure: the structure-function or structure-reactivity correlation. It is
essential that you understand the three-dimensional nature of organic molecules, and there is no better
device to assist you than a molecular model set. You are strongly encouraged to use models regularly
when reading the text and working the problems.

(a) Requires use of models.

% g The wedge bonds represent bonds coming out of the plane of the paper
H /C H toward you.
\C \C The dashed bonds represent bonds going behind the plane of the paper.
HH HH
2-2 (a) The hybridization of oxygen is sp? since it has {(b) The electrostatic potential map for
two sigma bonds and two pairs of nonbonding electrons. water shows that the hydrogens have
The reason that the bond angle of 104.5° is less than the low electron potential (blue), and the
perfect tetrahedrai angle of 109.5° is that the lone pairs in area of the unshared electron pairs in sp*
the two sp? orbitals are repeH1ng each other more orbitals has high electron potential (red).

strongly than the electron pairs in the sigma bonds, . .
thereby compressing the bond angle. /—’“\h]gh electron potential (red)

e a¥s

OH“, ‘==
N H _ HH
o H COMpTEession “— low electron potential (blue)

2-3 Each double-bonded atom is sp? hybridized with bond angles about 120°; geometry around sp? atoms
is trigonal planar. In (a), all four carbons and the two hydrogens on the sp® carbons are ail in one plane.
Each carbon on the end is sp® hybridized with tetrahedral geometry and bond angles about 109°. In (b), the
two carbons, the nitrogen, and the two hydrogens on the sp? carbon and nitrogen are all in one plane. The
CH, carbon is sp* hybridized with tetrahedral geometry and bond angles about 109°,

sp?
“ m H RN
H C)IZOO - "—No
H_ . /-.../[200\ ,ﬂ Ho A0
109.5° 109.5°\. 4%
Iﬁ?\ 40
sp’

2-4 The hybridization of the nitrogen and the triple-bonded carbon are sp, giving linear geometry
(C C—N are linear) and a bond angle around the triple-bonded carbon of 180°. The CH, carbon is
sp? hybridized, tetrahedral, with bond angles about 109°.

sp
H
Y, 4N
109.5° (€ EAN
A TR
sp?
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25 o_—_"C:O

(a) linear, bond angle 180° $ $
sp> sp sp?

(b) All atoms are sp’; tetrahedral geometry and bond angles of 109° around each atom.

not a bond —shows

I 1not abond—shows ., . e oA zoing
one pair comin s >
| .. | out of paper 8 \,\ § behind paper
H—C—0—C—H H 0 H
l a0 ; . Q/ ~ C -~
4~ 4~
H H LT L

(c) All atoms are sp’; tetrahedral geometry and bond angles of 109° around each atom.
H
H H . H
H B, C ~

H—C—O0—-C—H
d | h I not a bond— shows
. lone pair going behind paper

H

(d) trigonal planar around the carbonyl carbon (C=0), bond angles 120°; tetrahedral around the single-

bonded oxygen and the CH;, bond angles 109°
02

Hoidr T I
RO N sp all atoms in one plane
4 H_ -~ ¢ e H except for the two H on

3
sp- [l

Ly

H
(e} tetrahedral around the sp? carbon; the other two carbons

sp H
sp° ’\If /\

H—C-—C—C—H 4
I H H

H
(f) trigonal planar around the sp? carbon and nitrogen, hond angles 120°: around the sp? carbons,

)t
tetrahedral geometry and 109° bond angles ‘
2 H
&) z
P A3 mps

H
H
| v H C—H
H—C—C—N-—C—H \ /
3 C—/—N

i | | SPr\‘/ .o X

@)

C

H
oth sp, linear, bond angle 180°

S ]
gy

cr

\ —_
C—C—C—H all three carbon atoms in a line

H
H H H—C, sp
(g) linear, 180° bond angle, around the H )5t H
central carbon; trigonal planar, 120° \C —C— Y
bond angles, around the sp® carbon Pt % —. ,4\)
21
sp sp sp*
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2-6 Carbon-2 is sp hybridized. If the p orbitals making the pi bond between C-1 and C-2 are in the plane
of the paper (putting the hydrogens in front of and behind the paper), then the other p orbital on C-2 must
be perpendicular to the plane of the paper, making the pi bond between C-2 and C-3 perpendicular to the
paper. This necessarily places the hydrogens on C-3 in the plane of the paper. (Models will surely help.)

model of perpendicular m bonds

H
| 2 3/
C=C==C
v N\
H 4 I
Sp

2-7 For clarity, electrons in sigma bonds are not shown. Part (a) has been solved in the text,

(b) Carbon and oxygen are both sp? hybridized.

H 120° H H H
\ \
120"( C— 0. - C=—=0.,
/® _ /@
H (top view) g
@ { j. -( ; One pair of electrons on oxygen is
H "',Q-) - H H ", w H always in an sp? orbital. The other

in a pi bond in the second resonance
empty g form.

porbital ¥ (side view)

1 et C== @ T e ¢ @O pair of electrons is shown in a p
O [\ m 2 orbital in the first resonance form, and
sp

(c) Oxygen and both carbons are sp® hybridized.

f H  120° H h
L \ @ a@
200 €20 - c—0;
< o / >
cO H—C
\¥’\ (top view) \
L 120 H H y

2
= c\ 5P H—C
(side view)
P
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2-7 continued
{d) All atoms are sp?* hybridized except the C labeled as sp? (and H which is NEVER hybridized); all bond
angles around the sp® carbon are 109°.

(side view)

(e) The nitrogen and the carbon bonded to it are sp hybridized; the left carbon is sp?.
o 180° H

Copyright © 2013 Pearson Education, Inc.



27 continued
(f) The boron and the oxygens bonded to it are sp? hybridized.

(g)

e & 99

-] o3 e
-]
¢ o EB

All oxygens are sp? with bond angle 120°.

’/\ This electron pair is in an sp?
orbital behind the central oxygen. '—\

0 O ' SPQ "'0% 5
O O O Q0

35
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2-14 continued I

{e) Each end oxygen has ()
/ s olllle—half nggati}\;e e
et charge as it 1s the e
04@ \O composite of two H C—=N
resonance forms; see |

I ‘ ‘ I net solution o 2-7(g). ot
’ y ’ E small dipole (0.52) large dipole (2.95)

(&) ‘

Y X " g
‘ N large dipole
. large dipole (2.72) ”

14 P

C\ H H

N

/= \

HT Scp, m net
(i) — --
W H H
AN /
small dipole (0.67) /C == C.\ /
s N}‘ Cl / H
H3C - &k 'CH3 net net
CH; large dipole (1.45)
(k) F o ==+ (m) H
\ Cl—Be—C(l ¢ |
B—F net dipole = 0 WNr::’fT
/ H7OR
e In (k) through (m), the symmetry H
' of the molecule allows the )
netdipole = 0 individual bond dipoles to cancel. net dipole = 0

2-15 With chlorines on the same side of the double bond, the bond dipole moments reinforce each other,
resulting in a large net dipole. With chlorines on opposite sides of the double hond, the bond dipole
moments exactly cancel each other, resulting in a zero net dipole.

™ & A .
i \\ /Ll j H\ )//f(jl

large net dipole C—=—C c—=cC net dipole = 0
(2.40) S AN S AN
H H Ci / H
2-16 .
a ~ of b
( )CH 6" S H ®
5CH, _'",Q\ 5+ I 5+ o N.,,’” I(_SI+

- e
Hwan 0 é\ St CH;CH,CH, \H N, Y, —~
CH,CH,
. 6+ Sk 8+

(hydrogen bonds shown as wavy bond) H N‘;’ \CH2CH2CH3
38 H &*
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?C)lﬁ Contined Q 0
0 © o /O_\ ot
g >y e JJJH 0 HEL’

(g—\ H
&t 5 0 i _ H.r" HS+ St @
(> 5 < Q
O H3C “lr|§N 6— 6+
H3C/ &~ CH, H3C¢’ \ & 5 g‘N — CH;
5t 5t " CHj ¥ g
B:C _cH
o3

2-17

(2) (CH,),CHCH,CH,CH(Cls); has 168 pranching an

() CHg(CHQ)SCHQOH can form hydrogen bonds and will boil at a mu

CHy(CH,)CHs. which cannot form hydrogen bonds.
(©) CHgCHgCHQCHZOH can form hydrogen bonds and boils at 2 higher temperature than CH3CH20CH2CH3.
onds at both ends and has no branching; it will boil ata much

g? hHOCHz(CHQ) ,CH,OH can form hydrogen b

(e% er temperature than (CH3)3CCH(OH)CH3 :

" (CH,CH,CH,),NH has an N.—H bond and can form hydrogen b

( an (CH,CH,);N,, which cannot form hydrogen bonds.

v? _The second compound shown (B) has the higher boiling point for tWO reasons.
eighi than A; and B, 2 primary amine with two N—H bonds, has more opportuni

bonds than A, a secondary amine with only one N—H bond. q
/

A { N-H B Q N
\

o more soluble than CH3CH2CH2CH2CH3

d boils at a higher temperature than (CH3)3CC(CH3)3 .
ch higher temperature than

onds; it will boil ata higher temperature

B has a higher molecular
ty for forming hydrogen

2-18

E;?l CH,CH,0CH,CH; can form hydr
(b)lCh cannot form hydrogen honds with water.

(C CH,CH,CH,OR 15 mote soluble in water because it has one fewer carbon than CH3CH20CH2CH3 .

) CH,CH,NHCH; 18 more water soluble because it can form hydrogen bonds with water, CH3CH2CH2CH3

c(:gnn()t form hydrogen bonds.
) CH3CH20H is more sotuble in water. The polar O—-H group forms hydrogen bonds with water,

0 S . .
ereoming the resistance of the nonpolar CH,CH, group toward entering the water. In

Cu E .
chas hffTQCHQCHg_OH, however, the hydiogen honding from only one OH group cannot €
ain into the water; this substance is only stightly goluble in water.

water at the double-bonded oxygen, but only the smaller

S;) Both compounds form hydrogen bonds with
olecule (CH,COCH3) dissolves. The cyclic compound has 100 many nonpolar CH, groups 10 dissotve.

ogen bonds with water and 1

arny a four-carbon

2-19 H H

p-c BORE i} qH 3 i

@ HB-C  C°B ) H-C-CzC-C-CoH (O q-G-czC-C-C-C-H
H-C-CoH ke GhonuH H 1 H
H- c-H alkene alkyne

FAY
H H (Usually, we use the term Ualkane”
only when no other groups are present.)

continued on page 41
pag 39
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2-21 continued

JLH 0 i H H g
. N
(@ HCHHO ) H _C_ i H__C_ H G B el
I B T C” o C - H-C N-C~-H
o &~ P A
HCHH I i"H HI H C7 7y
HpyH carboxylic acid H H M H H
cycloalkene and cyclic ketone i .
cyclic ester and ether Ccyclic amine
o) 0
T < H H og i
(k) H\ /C\. ! ) H\ ,C\ I ! (m) H\ ,C\ :
H‘“'(lj N-C-H cyciic H-!C II\I—C—(E-H H-—(|3 o cyclic ester
H—/C\C,C\“HH amide H'—/C\C’C_H H H—/C\C,C"H
H H II-I H H H amide H H H
TP HoH op
my HG N_ HI (o H_c_ 7
HopThe—Con S e
H“;C\C,C\—H cyclic amine H,(;—C\H H
u \H H and aldehyde H cycloalkene
and ketone

(a) 3 : aldehyde

_"'C'_OCHg - T —
0O

I
) RXC—0—H

% carboxylic acid

R is the symbol that organic chemists use to
amide tepresent alkyl groups. Sometimes, when the
identity of the Zroup does not marer, aryl groups or
others can also be included in the R abbreviation.

]
(d) CH;--C—NH

aromatic

(h) (1)

— ketone
nitrile
alkene

alcohol

42
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2-22 continued

. aromatic
i) ketone X
also includes two
(d' b EﬂCOhOl) (In later chapters, you will
adjacent carbons} learn that the OH group on a

benzene ring is a special
functional group called a
"phenol”. For now, it fits the
broad definition of an alcohol.)

alcohol

alkene
This group is represented by C5H 35 in the problem.

2-23
L @ e _9 e _© @ L]
(@] -0l _CH, 20l _CH, ® -0 _CH, /O" CH
‘ HC
CH
® major: all atoms have
e octets, maximum pi bonds
( ° O o ] L] :O : “
(b) i
S major: negative charge
CH ~
< | ! | °, I > on more electronegative
. N atom
ST N, CH, N,
\ Y,
©
CH2 CH, @ CH,
(C) /\f HN HN
L ~ I N - t
o F )

major: all atoms have
octets, maximum pi bonds

2-24 The examples here are representative. Your examples may be different and still be correct. What is
important in this problem is to have the same functional group.

{a) alkane: hydrocarbon (b) alkene: contains a (c) alkyne: contains a
with all single bonds; can be carbon-carbon double bond carbon-carbon triple bond
acyclic {no ring) or cyclic
H H H H H
[ | |
H~C-~C—C—H H—C—C=C—H H—C—C=C—H
R I |
H H H H H H H
43
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2-24 continued

(d) alcohol: contains an (e) ether: contains an (f) ketone: contains a carbonyl
OH group on a carbon oxygen between two carbons group between two carbons
H H H H H O H
i1 f [ T
H-C-C-0O-H H-C-O0-C-H H-C-C-C-H
i I | | I I
H H H H H H
(g) aldehyde: contains (h) aromatic hydrocarbon: (i) carboxylic acid: contains a
a carbonyl group with a a cyclic hydrocarbon with carbonyl group with an OH
hydrogen on one side alternating double and single group on one side
H H O bonds H O
i i i P
H-C-C-C-H O H—(IE—C—O—H
ol
H H H
(J) ester: contains a carbonyl (k) amine: contains a nitrogen (1) amide: contains a carbonyl
group with an O—C on one side bonded to one, two, or three group with a nitrogen on one side
HO H carbons g 1 or R group H O HorR group
I o Il
H- C Cc-0- C H H-C—-N-HorR group H-C—-C- N H or R group
| I
I—I H H H

(m) nitrile: contains the carbon-nitrogen triple bond: H;C-—C=N
2-25 Models show that the tetrahedral geometry of CH,Cl, precludes stereoisomers.

2-26 H H

(a) \C/ (b) Cyclopropane must have 60° bond angles compared with the usual sp
H— C/ \C _ 1  bond angle of 109.5° in an acyclic molecule.
/ \
H H

(¢} Like abent spring, bonds that deviate from their normal angles or positions are mghly strained.
Cyclopropane is reactive because breaking the ring relieves the strain. , -

227 "t
(a) @ (b) @ (C) H i,
_=Ou,, HYSAY Q
B\ LND
H Y

sp?, = 109° sp® , no bond angle because
oxygen is bonded to only one atom

C=C has sp” carbons, =120° angles;
nitrile has sp C and N, 180° angle

H m H behind the plane
ol of the paper H H o0
(d) | ) () | ® ® sp ~ _sp?
N H Nfl'n“rH \\CI,”

sp?

H -]
~ ~ H g "=
c” N c” N 3 Ch—0
H H "»H H H Sp300\ sp
H both sp?, all = 109° H ), p g

allsp?, all = 109°
angles around sp” atoms = 109°

angles around sp? carbon = 120°
44
Copyright © 2013 Pearson Education, Inc.



in front of the
(h) plane of the

2-27 continued ,
(2)
' H paper
N
| T
C/
Ho o g
sp’ /.—-VJ 3
H H

angles around sp? atom = 109°
angles around sp? atoms = 120°

behind the plane

N

H VN
sAH H H

=0

\

‘ both sp2, all = 120°

both sp?, all = 109°

2-28 For clarity in these pictures, bonds between hydrogen and an sp® atom are not labeled; these bonds are

s-sp> overlap.

"‘\ ©) 120°
(2) N + p p \ H

co@

H all angles =120°
all bonds to H are sp>-s

H'© H
< 109°
120°
109° gsp-sp?
NNV
(d H—C—C==C___=sp™s
| 4 T N
H
H/H
2 ol
sprs PP
+p-p
109° 180°

: sp-sp +
sp-sp® sp>-sp two p-p

2 o3
SpT-3p o
H 109

H——C—N—-C—--H

ZIBN

sp 2_g ‘;p sp 120°
+p-p

Sp-sp + 120°
(e) tWOPP( oy

P

| | «——sp®sp* + p-p

120 sp*-sp?
() gl 03/ *pP
RN
H—Com 7 O H
A | ~
109° H | 109

sp>-sp?  sp?-sp’

Resonance forms show
(i) sp*-sp’ spi-sp?  that the O is sp?. All
sp-s fH\ \ / atoms are sp” except the
o top C which is sp>.
, Angles =120° around sp?,
~109° around the sp* C.

H

45
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2-29 The second and third resonance forms of urea are minor but still significant. They show that the

nitrogen-carbon bonds have some double bond character, requiring that the nitrogens be sp? hybridized
with bond angles approaching 120°.

@l. L
208 sp? 20: :0: p?
a8 || LN ] \@ I a0 e | @/
H—N—C—N—H «— H—N=C—N—H <=— H—N—C=N-—
| | E I | |
H H H H H H
2-30

(a) The major resonance contributor shows a carbon-carbon double bond, suggesting that both carbons are
sp” hybridized with trigonal planar geometry. The CH; carbon is sp> hybridized with tetrahedral geometry

H :0: H :0:

L0 .. i 'l;//

H—C—C~— C@ H <«—» H—C—(C=C—

| I 3 l |

H H H
minor major

(b) The major resonance contributor shows a carbon-nitrogen double bond, su

, suggesting that all three
carbons and the nitrogen are sp? hybridized with trigonal planar geometry.

8 @
H—-N—C=C—C—-H =—% H-—-N—C—C=C—H ==— H—-N=C—C=C—H
[ [ T .

H H H H H H H H H H H H
minor ninor

major

{c) The nitrogen and the carbon bonded to it are sp hybridized; the other carbon is sp?. This ion has
linear geometry. See the solution to 2-7(e) in this manual for an orbital picture

H H
J' NO \ @l
:/C—C:N: - /C-—-ng\{:

H  minor H major

2-31 In(c), (d), and (e), the unshadowed | p orbitals are vertical and parallel. The shadowed p orbltals are
perpendicular and horizontal.

@) H3C,,!O’O

(d)

46
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2-32
{a) " s (b) The coplanar atoms in the structures to the left and
H, H below are marked with asterisks.

@ @I
. iy NG
H, ~CH,CH;4 — * (0

‘s, * # 1 H (i: I |
C—CL & trans
* Ty —
H3C H H /C \é /E:;\ *
H 7N H
H H
There are still six
coplanar atoms. H H: QH H
2-33 Collinear atoms are marked with asterisks. e e o
- C C—C C ~ H
* #* S E
H 9\
234 HiC CH, H ,CH; 0 H
(a) C=cC and c=cC
v AN / N
H . H H:C o pgns H

(b) no cis-trans isomerism around a triple bond

(c) no cis-trans isomerism; two groups on each carbon are the same

(d) Theoretically, cyclopentene could show cis-trans isomerism. In reality, the frans form is too unstable
to exist because of the necessity of stretched bonds and deformed bond angles. trans-Cyclopentene has

never been detected.
/\ M

cis \ // I "trans"—not possible because of ring strain
[

(e) CH, CH,CH,4 and H CH,CH; Thgse are cis-rm_ns isomers, but the. .
‘o= C/ \C — C/ designation of cis and trans to specific
/ N / N structures is not defined because of four
H CH,CH,CH,4 CH;4 CH,CH,CH; different groups on the double bond.
H;C CH; H CH,
R s Ve
® Se=n M o=y
/ . s .
H  cis H3C frans

2-35

{a) constitutional isomers— The carbon skeletons are different.

(b) constitutional isomers—The position of the chlorine atom has changed.

{c) cis-trans isomers— The first is cis, the second is trans.

(d) constitutional isomers— The carbon skeletons are different.

(e) cis-trans isomers--The first is trans, the second is ¢is.

(f) same compound—Rotation of the first structure gives the second.

(g) cis-trans isomers— The first is cis, the second is frans.

(h) constitutional isomers— The position of the double bond relative to the ketone has changed (while it
is true that the first double bond is cis and the second is frans, in order to have cis-trans isomers, the rest
of the structure must be identical}.

47
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2-36  CO, is linear; its bond dipoles cancel, so it has no net dipole. SO, is bent, so its bond dipoles do not
cancel.
<t—t o @ - ° P oS-\
h=C=0 0 @\ii -~ Zf/@\oe*—*’:sz/ ~o:

net dipole moment = 0 net dipole moment

2-37 Some magnitudes of dipole moments are ditficult to predict; however, the direction of the dipole should
be straightforward in most cases. Actual values of molecular dipole moments are given in parentheses. (The
C—H bond is usually considered nonpolar.)

(a) f # CH, CH?}
j j /

Hj \(

large dipole moment large dipole moment
+— ﬁr '
® cH—Cc=N ) € o d) L
£ R S — . : ! C B W”" O )
PP\ I
Br
net C
large dipole moment (3.96) net dipole moment = 0 CH TN CH net
Electron pairs on 3 3
bromines are not shown. large dipole moment (2.89)

® n\//\ (® e

/CH') Cl
N N S ol e
C\C =C /C T 3 net ’ ! /
y C/ \C . CIH (LH; CHz\ C -
NN S e,
N NN CH,
<~/ / x\‘:\) moderate dipoie moment moderate dipole moment

Electron pairs on

net dipole moment = 0 chlorine are not shown.

2-38 Diethyl ether and butan-1-ol each have one oxygen, so each can form hydrogen bonds with water
(water supplies the H for hydrogen bonding with diethyl ether); their water solubilities should be similar.
The boiling point of butan-1-oi is much higher because these molecules can hydrogen bond with each
other, thus requiring more energy to separate one molecule from another. Diethyl ether molecules cannot

hydrogen bond with each other, so it is relatively easy to separate them.

CH,CH, — O — CH,CH; CH;CH,CH,CH, — OH
diethyl ether butan-1-of
Can hydrogen bond with water; Can hydrogen bond with w