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s Answers, Test 1 Version 1
1

JASPERSE  CHEM 350 TEST 1 VERSION 1  Organic Chemistry I - Jasperse
Intro and Review

Structure and Properties of Organic Molecules

Structure, Nomenclature, and Conformation/Stereochemistry of Alkanes

W-=mW

1. Draw the correct Lewis structure of CH3;CN. (Needn’t show 3-D geometry) (Z 3pt) ')

H 1. Want normal bonding for all
2. G=D (or C=C in other cases) may help

3. lfyouhave any formal charges (not here), they.must.sum
Ju— el o
H C‘: - C: A/' to net charge of molecule (zero, in this case)

4. Organization must match condensed formula sequence
———————

H Metal = ~fovilyl ¢ L’P

2. Draw the correct Lewis structure for HOCH{;CHO.)(Needn’t show 3-D geometry). (3pt)

H-5- : 9
= 3. Draw a 3-dimensional picture for the atoms in CH3;CO,CH,NHCH3, using the - %
= conventlon (Yoglneedn t spi?lfy lone pairs, and orbitals need not be shown). Spt)
‘4 I-L H‘, 1. The Nitrogen is tetrahedral, so the N-H hydrogen must
T "‘C ﬂ = ‘-A/ _C ~H - either be wedged or hashed. (The lone pair doesn't need to
s A ll l H H be drawn in, but it impacts the shape of the nitrogen)
y O, H H 2. Drawing the correct Lewis structure is essential! Do first!
( 3 l,t ” H
ov H Fine if N-H is hashed
= A instead of wedged
H o

4. For the structure shown, what is the hybridization, electron-pair geometry, and approximate

bond angle (90, 109, 120, or 180)nr ative to: (6pt)
3 Hl 2 'J\l
2 ¢ o.} ;

sf w8 .
electron-pair bond electron-pair bond
‘l’ hybridization geometry angle hybridization geometry angle

0-1 sf>  Fehaheldl ~(02° C-5 5/" tug plawr Lo
c2 g It (09 NT P et 07
C-3 Sfp Figendl 70 09 S Wi /lamr 2o

anor

W

5. Assign any formal charges to any apropriate atoms for proline, given the structure shown (one
of the body’s 20 monomers from which protein and enzyme biopolymers are constructred). (3pt)

Lol M =y -«
v o3 e ve
0 2 2 v Lr’
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C_ AV ¢ Ao
Hep.
6. Rank th. of the following, from 1 (most) to 4 (least). (4pt) — ——>Q‘! on [ Wﬁ
= by

71'!-4& O OH OOH /\N/ @ 3 Acidity Factors:

- 1. rge (not relevant here)
Aoy /Y /\1/ /Y & Eneg
dﬂJ( 3. Resonance

/i["’\é//ﬁ/@_:

7. Which of the following represent pairs of resonance structures" (4pt)

' @ Ao atom wored No atoms can move!
>4 /&/)l\ 5"\/& H wowd

i o “ OCH
OCH 3 ,
@"ji:[ 3 ;@ to alond wod
[ Br Br
H H HH

— (4 Botha and T

e. a, b, and c are all resonance structures.

8. Draw arraws to show glectron-movement in the following two steps (draw arrows for each
step). Draw a circle around the atom that functions as nucleophile in step 1, and a square around
the atom that functions as nucleophile in step 2. (5pt)

Explain change in:
Bre ”~ 1. Bonds
" Step2 0 By 2. Charge
> v 3. Lone Pairs

c’9H

9. Rank the series on the basis of boiling point, 1 having highest boiling point, 3 having lowest.

oY & o
- 3 factors:
f("”g A H-bonding No H-bonding Yes - t-bonding
@ es Non-polar 2. London force (# of carbons)
R— -both RAISE BP

3. Polar vs nonpolar

10. Rank the series on the basis o water solublht 1 having highest solubility, 3 having lowest.

"
5\0 /j\/ H-bonding Yes 2 factors:

1. H-bonding (raises solubility)

H -bonding Yes H- bondlng No 2. London force (# of carbons)
ore C's reduces water
2 solubility




11. For each of the following pairs of resonance structures, circle the one that would make a
greater contribution to the actual resonance hybrid. (4pt)

2 Factors:
)K@/ 1. More bonds
'OCHS 'OCHs ; (priority)
‘(anigns) “ 2. Electronegativity

(if bonds are equal)
ex 5’/ Qﬁp

o )()/qp( o > ca Véah/om

12. Cyclopropane is much more “strained” than cyclopentane. Why? (Short!) (3pt)
QAngle strajy. Bonds are forced to be 60°, far from the ideal ~109° angle. A G

Note: angle strain only appears in certain rings;

ForCacyclicy) steric and torsional are the only strains available. Q °
13. For the following acid-base reaction,
a. put a box around the weakest base in the reaction

b. put a circle around the weakest acid
c. draw an arrow to show whether the equilbrium goes to the right or left. (4pt)

Base Stability factors:

g, A PNDH 5 oeg
M L Gresorameed

1. Equilibrium favors the more stable base
2. More stable base is "weaker" base

de“l > z/ 3. "Weaker" acid + base on same side

14. Classify the relationship between the pairs of molecules as either: (8pt)
same compound structural isomers resonance structures
tric isomers  not isomers (different molecular formulas)

cihe C;H—CHth

H
an/
Hm " H OH ANAN
St detund gg;ﬂf/%
CHs CH3H
\Sa/CHg H Br |,
\ \ Br— ZOH
H g H H CH3HC H H H_thOH
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15. Give the name for the following. (7pt)

; t'for di-bgutt?tbed trings 5 1L e
3' Np % elize substiuents ' 2. Alphabetize substituents
4' Kum erng | and t-butvl ~ 3. Number from end near
- Rnow isopropy uy substituent
cis-1-isopropyl-3-methylcyclohexane 4-ethyl-3-methylheptane

16. Identify all the funtional groups in the following molecules. (Do not include “alkane”, since
that isn’t “functional™.) (6pt)

|
/A?; aMine /ﬁ\/\o’\ijH
exter ketoe other aldelpde

qlkeye

17. Which of the following pair will have the larger rotation barrier, relative to the bonds
indicated? (3pt)
2y feri
S$teric  reatan(
1 -
m Ataly echpedt

18. For the following Newman projections, rank them in stability from 1 to 4, 1 being most
stable. Identify the “anti” conformation, the “gauche” conformation, and the “totally eclipsed”

conformation. (6pt)
CH3/ CH3
méfﬁméﬁ

H"p H  H cHf

?auche agn‘ ;}ggz{ 5

19. Draw the Newman projection for the most stable conformation of 1,2-dichloroethane. (3pt)

Cl —\
H H cl ¢l
Best: staggered Worst: Totally
and "anti" eclipsed
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20. Draw the two chair conformations 1-_e_thyl-4-methylcyclohexane. (You don’t have to
draw all the hydrogens). (5pt)

1. Make sure you've really

C% d F'{1H n 1
rawn "flipped" chairs
2. What's "ax" in one chair flip is
H "eq" in the other.
(J-.l3 3. Process_cis-trans
H H

4. Draw in H's on substituted

carbons (easier t0 see ax/eq).

21. Which is more stable, cis- or trans-1-t-butyl-2-methylcyclohexane? Draw the best
conformation of the more stable isomer. (4pt)

H 1. More stable chair has both
substituents_equatorial
t 2. Process cis-trans
¥ A Hy
<

, alicanes
22. Draw as many structural isomers as you can fo@e careful not to draw the same

isomer twice! [ will take off points for duplicating! (6pt

&
Qoche

Q/kqv Alkane Acyclic: CHo, .o
( T~ % Alkane Cyclic: C,Ha,

M

S_ Beware of drawing same
. thing twice!
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Answers, Test 1 Version 2

JASPERSE  CHEM 350 @ Organic Chemistry I - Jasperse

Intro and Review
Structure and Properties of Organic Molecules
Structure, Nomenclature, and Conformation/Stereochemistry of Alkanes

1. " ct Lewis structure of CH;CO,CH,COCH;. (Needn’t show 3-DD geometry) (3pt)
atd! ——— 1. Want normal bonding for all
Ao‘l__d.il—ﬁ/ ‘.G.‘ l"' & > H 2. C=0 (orC=Cin otLegr cases) may help
’1 ‘ { ﬁ | 3. If you have any formal charges (not here), they must sum

»¥ to net charge of molecule (zero, in this case)
R—C—C-g— C—c—¢H
1 9 | A

4. Organization must match condensed formula sequence

2. Draw a 3-dimensional picture for the atoms in CH3CH2CHCHCH2NHCH2CHO, using the hash-

wedge convention. (You needn';t specify lone pairs, and orbitals need not be shown). (5pt)

Fine if N-H is hashed
H H “' B H H instead of wedged

»

1. The Nitrogen is tetrahedral, so the N-H hydrogen must either be wedged or hashed.
(The lone pair doesn't need to be drawn in, but it impacts the shape of the nitrogen)
2. Drawing the correct Lewis structure is essential! Do first!

3. For the structure shown, what 1s the hybridization, electron-pair geometry, and approximate bond
angle (90, 109, 120, or 180) relative to: (7pt, 2 points off for each error)

U
M‘t%;

@ bond electron-pair bond
hybridization ‘seometry ./ angle hybridization geometry angle
C-1 s(’3 tetrahedal MeF° C-4 S/) -f-,«,‘; //om (2C
0-2 S r} “etahalral  |09° NS g 3 et 109
c3  Spr —tgwl glawr (2P sf’ g 2O

4. Assign any formal charges to any appropriate atoms for the structure shown below. (4pt)

or 2 ; "O',@
v o3 " \Hon,
C 4 CH,
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5. Rank the acidity /ﬁ)é‘ ihﬁ ;?}10\}.11% ’iromrl (most) to 4 (least). (4pt) 3 Acidity Factors:

T 1. charge (not relevant here)
= 2. Eneg
/Y Hom)\ ~_~_-OH A~ NH; 3. Resonance
(_l 0] ( 2 3 enz
& e s ECIB)
s 1 Oﬁl/l\@ O
7 o Moof (eort bait

6@(’_ 6. For the following pairs, identify as “isomers” (“I”’) or “resonance structures” (“R”). (6pt)

H Hy H
/'ﬁ/gﬂ .

[lsouer]

o 0 ©0
= )\(/\
= ‘\))\ I\/g\/OH S \FM -
- H
=

No atoms can move!

M evehiogy

7. Draw arrows to show electron-movement in the following reactions. (These are reactions, not
resonance.) (5pt)

M L4 H
H v+"u _»: /\/‘.@ H\ s H-.‘O" \(-J\
L ANEI T L Py

b.

Explain change in:
1. Bonds

2. Charge

3. Lone Pairs

8. Rank the series on the basis o{boiling point ) having highest boiling point, 3 having lowest. (3pt)

= @
.2 factors: @
s‘1. H-bonding @

T

2. London force (# of carbons)
m-both RAISE BP NH, ‘ W

1

I
H "6le cr fo H- Gond
9. Rank the series on the basis of water solubility; 1 having highest solubility, 3 having lowest. (3pt)
~——

2 factors: 5 OH W

1. H-bonding (raises solubility)
O 3
H-

2. London force (# of carbons)
-more C's reduces water H-bondi N
: -pondin (0]
bonding Yes 9
Extra C's

solubility
reduce solubility



Alkane Acyclic: C\Ho, .0
Alkane Cyclic: CHop,

Alkene: CHo, (not expected to remember, but evident if you count)

S Countin
g H's can always double-check on this! 0//?
= 10. Circle whichever of the following could fit the formula C5H109 (3pt) C a/éflp
T )ﬂf;&

= 3"'7 @ ]

'% Alkege
Cotsy

=1 Hl). & QQ

11. For the following acid-base react' Qn, _=, More faho

a. put agoxaround thé 1n the reaction

b put gCirclgaround the
. draw an arrow to show whether the equilibrium goes to the right or left. (4pt)

\[(OH + /\/\NHNa > ONa 4+
Base Stability factors: \[(
1. charge g O A
2. eneg ———
3. resonance
- 4 OKy
1. Equilibrium favors the more stable base ~+
2. More stable base is "weaker" base
3. "Weaker" acid + base on same side e M/(' e
= 12. Classify the relationship between each pair of molecules as either: (10 pt)
T same compound structural isomers resonance structures
stereoisomers .

ey e
[rucho ) " [Hem) ™ [Fictoir7

W
>

e W

B
o
e
1
*
i

11
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trans-1-butyl-3-isopropylcyclopentane

412

14. Gj e name for the following. (7pt)

H 1 1. cis/trans_for di-sut_)bed rings &~ 7 ’\1‘ Longest chain
SN 2. Alphabetize substituents 2. Alphabetize substituents
2 3. Numbering
b 1 4 3. Number from end near

4. Know isopropyl and t-butyl B

5-ethyl-3-methyloctane
)28
16. Identify and write down the names for each of the functional groups in each of the following
molecules. (Do not include “alkane”, since that isn’t “functional”.) For each molecule, try to write
AToS 1 s icyappear from left-to-right in the molecules. (8pt)

17. Circle which of the following pair will have the larger rotation barrier, relative to the bonds
indicated? (2pt) Identify which reason explains why: steric strain, torsional strain, or angle strain?

e law fachyay 4

/\)\ e @ 4 ‘C 1’7‘/0/'(7/

/ / Greater steric strain when totally eclipsed.
(Both will have equal torsional strain when totally eclipsed.)

18. For the following Newman projections: (6pt total)
a. rank them in stability from 1 to 4, 1 being most stable
b. identify the “anti”, “gauche”, and the “totally eclipsed” conformations.

CH, H
H H H H
H L H H H H H4C H
H H HsC H L
CHchs fCHchs HSCHZC

ant' (D ‘fdf“%)'ﬁf” guche(> D
c. Is the energy difference between the gauche and the anti conformation based

torsignatStrain, or angle strain?

d. In the case of ethane (not shown), staggered conformations are better than eclipsed
conformations. Is the difference based on steric strain or angle strain?

19. Draw both the most stable and the least stable Newman projections for 1-bromopropane,

——— T ——

BrCH,CH,CH3, relative to C1-C2 bond. - (3pt)
PP oy s
@ H
H
H v HAU %

Best: staggered Worst: Totally
and "anti" eclipsed
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S 20. Which of the following are correct Lewis structures, including formal charges, for nitric acid,
T HNO:s. (3 pts) -
= =

21 — N———

a.__Aonl
1. Do not exceed octet
— Y 2. If formal charges, must sum to net charge
fl. Oy 3. As much "normal bonding" as possible, given
e.

Both A and C the above constraints.
All of the above

22. Draw the two chair conformations @sopropyl-4-methylcyclohexane. (You don’t have to

P f ol 1. Make sure you've really
draw all the hydrogens). (5pt) (Use “iPr” as abbreviation). - == Hlipped chairs

- p 2. What's "ax" in one chair flip is "eq" in
] 4 the other.

CHy
3. Process cis-trans
4. Draw in H's on substituted carbons
s . H (easier to see ax/eq).
TS 1Pr CHy
= H

23. Draw the best chair conformation of the more stable isomer. Which is more stable, cis- or trang-1-

butyl-2-methylcyclohexane? (4pt)
7,

H 9 :
1. More stable chair has both
_;_7 substituents gquatorial
6!4 2. Process cis-trans
oy B T ayeh <,
24. Draw an@f the 9 possible structural isomers fith form A@ hen deciding “%

whether to draw cyclic or acyclic alkanes, make sure t ou fit the formula™Be careful not to
draw the same isomer twice! I will take off points for duplicating! (You can try to show off by CM{.
getting more than 6, but if you do still be sure you don’t duplicate!) (6pt)

be ‘4
o %

bp

\

Alkane Acyclic: C\Ho, 0
Alkane Cyclic: CHop,

Beware of drawing same
thing twice!

135



14



Answers, Test

=
S JASPERSE  CHEM 350 TEST 1 VERSION 3 Organic Chemistry I - Jasperse
T Intro and Review
= Structure and Properties of Organic Molecules
Structure, Nomenclature, and Conformation/Stereochemistry of Alkanes
1. (12 points) Give the relationship between the following pairs of structures. The possible
relationships are the following:
same compound structural isomers resonance structures
stereo isomers not isomers (different molecular formula)
- (structural 1. Resanance: jﬁO
a. 12-gdibromo vs atoms can move!
" r P 2. Stereo: same
1,3-dibromo. ' :
I J. condensed formula
3. Structural:_different
H H _Same. condensed formula
b. H—t— &H H-C-C—H Bond rotation around
! @6}\ single bonds is
= @ H allowed.
= .
T C. S(\,Br Br
= H 4 FT\/ CH3CHCHBr vs CH2CHCH2Br
trou cl _
d N Trans-cis.
Double bond can't rotate.
CHy CH CHLH,
6
e $q Same. Both are 4-meth@
RER A1 K TEPFINGZ R
. 2
@
Electrons and charge is
H N~y repositioned, but no atoms moved.
S
g 2. (8 points) Draw hne angle structures and names for 4 of the 5 structural isomers of Cﬁlea%/
T é h l._( Alkane Acyclic: (C,\Hop, 0
= /\/\/ exane Alkane Cyclic %

Beware of drawing same
s /k/\ D—Md‘hylﬁmfage 22 of: thing twice!
)</ 'M/ (butane ™
/\I/\ Z'Mcf"‘ﬂ,en'hnf

2 J‘dlme'lfy/ éuﬁr/{p

2,3-dimethylbutane



=
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o H tl-}‘ . 3
L LA 5 .
3. (10 Points) HZ,NJ\g//d]\s/}}?/% /% /& /{/

a. For the above structure, what is the hybridization and approximate bond angles (109, 120 or
180) about:

C2 sp2, ~120° -l-n"ml flanay
C-4  sp2, ~120° -(-n, ,lamy

C-6 {etrahedn/

0-8 L etrahadn/

b. In the above structure, N-1 is actually found to haV (This may seem
unexpected to you at this point, but we’ll learn why later in the course.) What must be the

hybridization of the nitr
( 9 Hybridization, bond anale, and electron geometry are aII interlocked.

To know any one of them is to know the others.
4. (2 Points) Bond rotation around C6-C7 in the above structure hasm:ﬂrier, while
rotation around the C4-C5 bond ha 1 barrier. Explain very briefly why it is so
much harder to rotate the latter bond?

Single bond versus double bond.
A double bond has overlapping p-orbitals.
To rotate a double bond, the p-p overlap would be lost. The full pi-bond would need

By contrast, no bonds are broken when you rotate around a single bond.

5. (4 points) For each of the pairs listed, circle the one with the higher boiling point.

2 factors: 6/?
1._H:bonding (raises solulity)
2. London force (#.of.carhons)
-more C's refilees Water
solubility — fzrer 4 b0

A~_OH Extra carbons, hydrophobic

6. (6 points) Write a Lewis structure and assign any non-zero formal charges.

1. Want normal bonding for all: in absence of metal ions
a. [CH3NH3@ H- - — l4 2. C=0 (or C=C in other cases) may help
3. If you have any formal charges , they must sum
H to net charge of molecule (zero, in this case)

l-} 0 4. Organization must match condensed formula sequence

H—C—C\/
| )
¢. CH;CHO *A¢ H ) 'Ua@

H—g—cf/\} H
1

o 2

b. CH3CO?N£


ybridization

pproximate bond ang


3 17

=
S 7. (5 points) a) Draw the best resonance structure for anion A, and circle the resonance
structure that would make the greater contribution to the resonance hybrid.
= B =
A (=]
o® * C Aﬁ 03 2 Factors:
1. More bonds
4 —_—
i ,"9 - CTT 4 (priority)
2. Electronegativity
(if bonds are equal)
b. For the two resonance structures shown below, circle the resonance structure that would make
the greater contribution to the resonance hybrid.
NH,»
8. (6 points) Rank the acidity of the following molecules, 1 being most acidic, 4 being least
g acidic. Hint: draw the anions! c & oﬁ;‘- ellfz‘
2
3 '\) any
T Thnl\" NH; ¢ CH;CH,0H CH;CO.H (o R %
1¢ charge (not relevant here)
wiort @._Eneg>
k e/{/H. 7 IG 3. R
2 /\Os /lk f C esonance
leatt clafle recenance mot! (lafle
9. (6 points) Draw a line-angle picture for all of the atoms in the molecule
CH;CH,COCHCICH3;, including the hydrogens. Use the hash-wedge convention to indicate
' atoms that are not in the plane of the paper.
I
. /9 H
H—C "’Q —C— / i
l C—c. H
H H / f‘ H >
Cl Ay
g Cl could equally well be drawn in the
T hashed spot
= 10. (5 points) Rank the ring strain in the following, from 1(most) to 3 (least). Explain very
briefly the differences in strain. . . o
A: has large angle strain (60° angles, not
A O Q 109° angles)
A = B: By taking on chair conformation, there
' B is zero angle strain, and zero torsional (no
eclipsing)

C: Ifit has ideal angles, then some
eclipsing and torsional strain destabilizes it



W=mn

11. (6 points) Which of the following are capable of cis-trans stereoisomerism? (Yes/No).

a. 3-ethyl-1,1-dimethylcyclopentane
ro cllfbay
a( ichinchoy

b. Xpentene (name means a double bond is between carbons 3 and 4)

P
@ /tc__é) . ' cu/ Trons

c. 1,3-dimethylcyclohexane 21 .‘
¢l [Hraw
1 3 C'ﬁ ,Cﬂg
ag H

12. (9 points) Identify the functional groups in the following molecules. (Do not include
"alkane", since that is not "functional". And do not specify "cyclic".)

2 HN__~_COH

("GABA: brain neurotransmit

Carboxylic Acid

ster

o Arene or aromatic

Cocalne

18
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13. (5 points) Give the [UPAC name for the following compounds.

1. Longest chain - - :
. . H 1. cis/trans for di-subbed rings
g' ﬁllp;ib?t;fenfu?]sdh;uenrts 5 CH3 2. Alphabetize substituents
a. st et omendnear |:r 3. Numbering
URsirten H'1 4. Know isopropyl and t-butyl
CHLHCH;

4-ethyl-3,6-dimethyloctane cis-3-methyl-1-propylcyclobutane

14. (8 points) a. Draw Newman projections for the tofally eclipsed, the_gauch, and the_anti
conformations of 2,5-dimethylhexane, relative to the C3-C4 bond. You may abbreviate the
isopropyl groups attached to C3 and C4 as "i-Pr" for convenience.

b. Explain very briefly why the rotation barrier around the C3-C4 bond of 2,5-dimethylhexane is

greater than the rotation barrier in butane.

H
and ?auohe

15. (8 points) a.) Draw the two chair conformations of cis-3-methyl-1-isopropylcyclohexane.
(You don't need to show the H's on carbons other than 1 and 3). For convenience, you may
abbreviate methyl as "Me" and isopropyl as "iPr"

b.) Circle the more stable conformation.

c) Would trans-3-methyl-1-isopropylcyclohexane be more stable or less stable than the cis

isomer?

i

H "eq" in the other.
3. Process cis-trans

1. Make sure you've really
drawn "flipped" chairs

4. Draw in H's on substituted
carbons (easier to see ax/eq).

19

Cﬂj 2. What's "ax" in one chair flip is
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JASPERSE  CHEM 350 VERSION 4 )Organic Chemistry I - Jasperse
Intro and Review H

Structure and Properties of Organic Molecules =
Structure, Nomenclature, and Conformation/Stereochemistry of Alkanes C AN O F

eney

C(
Order the following according to increasing electronegativity, 1 being highest, 4 lowest. (2pts)4’

I
N 32 F ( o 2 c 49

Write Lewis structures and assign any non-zero formal charges. (3pts each)

H H
+ | l@ 1. Want normal bonding for all: in absence of metal ions
a. [CH30H,] H-C—C—H or overall charge
[ 2. C=0 (or C=C in other cases) may help
H 3. If you have any formal charges, they must sum to net

charge of molecule (zero, in this case)
4. Organization must match condensed formula
sequence

o A

For each of the following, a) draw its resonance structure, and for each pair b) circle the
structure that would make the greater contribution to the resonance hybrid. (2 pts each)

a. /%l\_ — eneg 2 Factors:
); 1. More bonds

. (priority)
HA . 2. Electronegativity
<> ; (if bonds are equal)

Draw line-angle structures for 7 of the 9 structural isomers o @ (5 pts)

7 e & X o s o

Alkane Cyclic: CHo,

p
6 M />(\ ><K Beware of drawing same

)\'/\ thing twice!

A
T

21



= 5. For the following pairs of structures, identify them as either: Resonance Structures, Structural
S Isomers, Stereoisomers, or Same. (2 pts each)
; OH o 1. Resonance: No
a )N struct wrdl atoms can movel!
i, f 2. Stereo: same
2 condensed formula
3. Structural: different
H, WH H;’Q\\CHs cle condensed formula
HCIN2"CH;  H,cTNSH Veo
Cic trang
H H H
o AN fecenance
CREED ([ s
= e. CH,;CH,CH,CH,CH; (CH3),CHCH,CH; 0t £y ctuvy/
=
T NN /k/
=
6. Rank the acidity of the following molecules, 1 being most acidic, 4 being least acidic. (3 pts)
N CH3;NH, < CH;0H A2 ncou | CH;CH; &
+h Y.
diion  CH n CHy0° H/ao6 C:c'ﬁ ~
/l/ 3 Acidity Factors:
0 O + resonayce 1. charge (not relevant here)
—_— 2. Eneg
s 3. Resonance
o) o C w
7. B )Y A T—3,.7%
= " ! %
s A fus Aabify
T oy 7 Mo Shbe
= a) Put a box around the weakest in the above reaction. (1pt)

b) Put a circle around the weakest acid in the above reaction. (1pt)
c) Draw an arrow to show whether at equilibrium the reaction will go left-to-right or right-to-
left. (2pt)



8. Draw the line- angle structure for the following condensed structural formula: (CH3CH2)2CO

(3pt)
C.-’C"C“ c—C \ﬁ/ oy /Y\

o

W=

Z
\ /9
H2N2 4 678

a. For the abbk/e structure, what is the hybridization, electron-pair geometry, and approximate
bond angles (109, 120, or 180) about: (6pt)

A w1 sp? fetahedal  ~(07
g c3 3’3 tetrahedral  ~[0F
2 os gt Yigopd /{aﬂl ~ (20
~ C-8 Sf IMea/ —~ €0
b. Rank the length of the following bands, 1 being shortest, 3 being longest. (2pt
b g é’\ g&a}) ; g : g longest. (2pt)

C2-C3 C4-C5 C8-C9

St ﬁ’/ﬂ Jm"’(’ "lln'ﬁ/e
10. For each of the pairs listed, circle the one with the highe€ boiling point (4pt)

d. 0. @ — 2 factors:
NN H Wy 1. H-bonding (raises bp +
b, solubility)
PaVaVaN 2. London force (# of carbons)
Q‘M CQ Vém'{ -more C's raises bp but reduces
water solubility
dd T
- o dipde 3 P

11. Draw a 3-dimensional picture for all of the atoms (hydrogens included) in the molecule
CH3CHCHCOCH2CH2NHCH3. Your picture should use the hash-wedge convention to
illustrate atoms that are not in the plane of the paper, and should reflect approximate bond

= H angles. (5pt) 0 ”’ [T H H H .- H
[l
u—c— C=¢—C— CH-CH-#—Ch

Huu

9.

W

Note: N-H

hashed or

fine.

23

hydrogen is NOT
in the plane. But
it could be drawn

wedged, either is



W

W

-

12. Draw a 3-D picture of CH20 éowing the & bo;lbas well as the four atoms. (3pt)
H\ G"‘O p-orbitals used to make the pi-
/C=O /-f.., bond are perpendicular to the
H / C—O plane of the atoms. So if we draw

H 9 9 the pi-bond in the plane, the
attached H's must be out of plane.

13. For the following set, rank the solubility in water, from 1 (most soluble) to 4 (least soluble).

(3pt) @ @ . HOH 2 (‘qu H‘ éﬂd/"}

//\/\OH /\/\/\O'H - OH;
S flon polay 3 ‘ 9 v M
- (/
o~ H- berlivg B oy 1wy’ t-lendly
14. Identify the functional groups in the following molecules. (8pt)
O

a. O~~~
Heo  alken ketone

0
b Lo s ~~oH

R
ngzblﬁ? athine alcohd

15. Give the IUPAC name for the following compounds. (6pt)

1. Longest chain

d. { 2 3 7] 2,5- 0“ MQ'HY, he"{ﬂ”e 2. Alphabetize substituents
6 3. Number from end near
) substituent
CH H  tran-
b. |_3|\\ "y, A
CHj3 ',q' dlﬂéﬂ\l ’ Cycwemne 1. cisftrans for di-subbed rings
/2 3 2. Alphabetize substituents
3. Numbering

4. Know isopropyl and t-butyl

24
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CH)-'CH) f‘ C‘fb "“C"{}

16. Draw the Newman projections for the best and worst conformations of butane, and give the
names for these conformations. Briefly explain what “strain factors” make the worst
conformation worse than the best conformation. (6pt)

H 3 H Torsional strain; any eclipsed conformation
H u l§ $ 3 has torsional strain, repulsion beween bond-
pair electrons.
Steric strain: atom are unnecessarily close,
H ' and repel each other
3 -
ank et total echpie

17.a.) Draw both chair conformations of cis-1-methyl-2-isopropylcyclohexane. Draw the
substituents and H-atoms attached to carbons 1 and 2. (You don't need to show the H's on the
other carbons). (4pt)

b.) Circle the more stable conformation. (1pt)

1. Make sure you've really
drawn "flipped" chairs
2. What's "ax" in one chair flip is
"eq" in the other.
= H.'.C' 3. Process cis-trans
= 4. Draw in H's on substituted
T carbons (easier to see ax/eq).
=

18. Draw the best chair conformation for 1,3-diethylcyclohexane, and identify whether it is “cis” or
“trans”. (3pt)

T &

W=

=
= 19. Use the arrow-pushing convention to show the electron-movement mechanisms for the follow
T two reactions. (5pt)
=
Som,
b. /6\”/ s OHy
NH, ¢NH,

Good mechanism must
explain changs in:

1. Bonds

2. Formal Charges

3. Lone pairs

25
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JASPERSE CHEM 350 TEST?2
Ch. 4 The Study of Chemical Reactions; Ch.5 Stereochemistry

=
= Ch. 6 Alkyl Halides: Nucleophilic Substitution and Elimination
T
= 1. Predict the major organic product for each of the following. (3 points each)
/©\/\Br2’ =
—_—
5 /q/\
r
Ol (O
Br A
l (4 S %
' e
NaOCH,CH
a Gk 1 ]
Ation —
= T Sy
=
T

Show an alkyl bromide and some nucle(mhﬂe that you could use to make the following by

(3 poi ﬂlﬂlC
ﬁ & Cormrerf
Mp OCHgCH3

A Good! Oé - 46 R L(//M/

3. For the structure shown, / (3 points each)
a. Draw the majorglimination product
formed upon treatment with H,O/heat. /lm‘l'lﬁl = A / El

g yHens

Zay'l"iev )] Elz po g -
e @\ CHy w“é: 7 A

H +i-tubbed allcers

ormed upon treatment with CH,;CH,ONa.

- A
am°"ﬂb-—/El rd El—> M"{:,/d,l:,ley ‘D’Q

Ct
c. Draw the major substitution product
formed upon treatment with CH;CH,ONa. n
anionc. =9 52
[ Tnversien } CH,y
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(3 points for each multiple choice questio
S 4. Which of the following is egarding a@u‘breaction?
= a. It would be faster at 25° than 50°
T b. It would be faster in ethanol than in pentane ~|
= c. Keeping the moles of reactants constant but doubling the quantity of solvent would
&3‘“ decrease the rate by a factor of 4. /=klL
d. Stereochemical inversion occurs exclusively [:
7
4rut
6. Which of the following statements is true?
a. The rate determining step is always the last step in a reaction mechanism. F
b. The stability/reactivity principle says that the more stable of two chemicals will be more
reactive
c. The reactivity/selectivity principle says that the more reactive of two chemicals will be less
selective. T s yc B
d. The activation barrier for a reaction is the difference in energy between reactants and final
products. F‘
=
= 7. Which of the following statements ibout the chlorination of methane?
T a. In each propagation step a radical is produced [
= b. 6.02 x 10 initiation events are needed to make one mole of chloromethane F
c. Most chloromethane is made by combination of a methyl radical with a chlorine radical /~
d. The overall chlorination of methane is strongly endothermic. F
8. Which of the following statements@
a. Optically active solutions soatigns always contain chiral molecules. [ )
wo diastereomers always have identical melting points £ enant ¢eS, ohetl! o
c. Optically inactive solutions are either racemic or else contain no chiral chemicals at all 7
d. A solution with 60% optical purity would have an 80/20 mix of enantiomers ~{_
=
= 9. When the reactants shown undergo substitution, which of the products A-D will form? (3
T points)
=S

(LosutHt of Corhom

H i CHsgjjatM‘ \ H HACH3 H OH]C;HS H ! gH3 H i’ ]§)H
%
[\
ey \ 7)C s 7
c.AandB—?e"’"‘ QM' (ﬂ? ' CO‘('I*(‘M 0

b.. B only
d. A.B.and C >
ﬁrtdvmy&/ H P

reawm?emcu* H o



= 10. Rank the reactivity of the structures shown toward the reactant(s) indicated on the left (1
being most, etc.) (3 points each)

. 2 & @

&5 S
= aOCH,CH P uinyl o
anionic EL " Jo ! °>2r>3°
L >4 >cl
Br,/hv NF /\( S
-t @ O @ @&
vl g%+ dl‘}ll‘c ?C; 7%
eneg
CH;Br ~NHLi ~ 0L OH =75

S Br
2 e Y (F ¢
L & 9/3%’(’”( VC':E T

11. Carbocations often rearrange, as shown below. Draw in the hydrogens on the two carbons

involved in the rearrangement, and show formal arrow-pushing to illustrate the transformation.

(3 points)
o~
H
H H

12. Draw the mechanism for the following reaction, propagation steps only. (4 points)

T

l;y /B /J(Jr
—Ar

29
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13. Draw (3R,6R)-6- br0120 -3-chloro- 2 methyloctane (3 points) I
A b H
L3 ¢ J Z Coredt
N wiony,
A cCl B
o A Ci
14. Name the following: (3 points)
H
| <z (11,35)-
(optically
active) A [ browo - 3~(Jlkpcydolt eYane
¢ G
15. Classify each of the chiral carbons in the following structures as R or S (there may be more
than one in a molecule). (10 points)
R [Im‘ H CHy  HEl
" CH3 Comy, N
= . -S moﬁ){!‘" Br H KN
= S
T
s 16. a. Classify each pair as diastereomers, enantiomers, or same. (12 points)
b. For the first structure of each pair, circle it if it is not chiral
c. For the first structure of each pair, write “meso” by it if it is meso
“I—\"OH
H H v o4
Wy : i’B\r( Brfl tor .!
dag  "E A
u\
— N|
T - I
= ¢ CJ.,Br BE):
@laﬂwcweﬂ \ HNE o w [ etaut

17a. a) Draw all the unique stereoisomers of 2,3-dichlorQbutang™ Cross out any duplicates.
b) Identify which is meso. c) Identify a pair that are related as diastereomers. (5 points)

cl ¢ oa gl ‘
- A ﬂ 20 : C ’: g o(la.l'lcn’aﬂe’
p(dl‘f ol LYm v AC enantromer

Chiral

30
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W

18. Draw the mechanisms for the following reactions, using formal arrow pushing. Note: in
some case hydrogens that are not illustrated will be involved in bond changes. You would do
well to write them in at the beginning. (12 points total, 3/3/6 distribution)

/\‘é_\ NaOfl -+~ _OH

Avion'C
>

o Xﬁi&entify the slow step)

31
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JASPERSE CHEM 350 TEST 2 @
Ch. 4 The Study of Chemical Reactions

Ch. 5 Sterochemistry
Ch. 6 Alkyl Halides: Nucleophilic Substitution and Elimination

1. Rank the reactivity of the following molecules toward Brp/hv. (1 most, 4 least) (3 points)

L-H
J b CH3-CH3 Q @/ Q/
L. o Xallylc

@@@ &

2. Rank the reactivity of the following molecules toward ethanol and AgNO3. (1 most, 4 least)

(3 points) L_) K
OBr ‘CI Br ﬂ(zz
O/ é% 2  3°>.2° >/ > vl apd

allghe hefpr
Q@ O&: ©$ @ép Leavipy Groy: 17&7 </

c anpgl FP+alyhc

3. Rank the reactivity of the following molecules toward N'(%CH3. (1 most, 4 least) (3 points)

L 502
lo 710 >25 Br |
I>4hr>¢| | } ~ O/l:/ C)\ O/\/
@ > & o

4. Rank the reactivity of the following toward 1-iodopropane. (1 most, 4 least) (3 points)

= S
CH3;0NE  CH3CO.H CH3CONE c @ I—~—

Fr@ v GAC A O /°
5 d)ampneuivd )q\oe o @

> o8 m ')‘
o dm [ enance
5. What is the hybrldlzatlon of a carbocation? (2 points)

e [se]

33
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6. Predict the major organic product (1 major structure is all that is needed in each case) for each

of the following reactions. (Minor products or inorganic side products need not be drawn.)
(3 points each)

(e [ @/\oi

[0

hv 4"
Y\‘( + Bry ——> 7/\[/
Br H Acetone ",! T . .
/\/"’\ + Nal Solveng, p In yer s/en

7. Draw the structures for intermediate A and final product B. (4 points)

Bra. hv NaOCHj
—>'B
y Altion
SA/E2

30

8. Draw the product when the following substance undergm'@" is deuterium,

basically just a labelled hydrogen). If the starting material is optically active, will the product by
optically active? (4 points)

hol %}(y’NH H3 NaOCH; H C’g
./D Adtian'c
M/f.z _

H/,
Cl.( 'l'Vaﬂ _/t‘-;i”éval lg 52

Wt

34
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9. Show an alkyl bromide and some nucleophile that you could use to make the following b
(3 points each) li Vf J
/ 'f’ elfbﬁa ﬁ/
A — - Mo ol g B

6 b~ch o et o 7 )"@,i?
s U,
_7L &+ b i ey Dnvertin % 24/
n"‘ Cly /"(/\ ! H, PCHs
Qﬁ’ olight = T
p el b-cth

10. Draw all possible elimination products that could form from the following reactant. Circle the
one that forms in greatest yield. (5 points) > uzdﬂ/

3
f%er ;
. Error in problem: You
1 7 7

wouldn't be able to
choose between the two

+vi Ja@'ld pk( W ‘W,’_ﬁ/&d tri-substitued alkenes

11. Which of the following would not increase the rate of gfi El)reaction? (3 points)
a. an increase is temperature 4 ajfey

((b.¥an increase in the "activation energy" slows

c. an increase in the concentration of the alkyl halide
d. an increase in the stability of the carbocation intermediate +zHfp,,

12. When comparing the reaction of 2-methylpropane with either C12/hv or Brp/hv, which of the

following statements is true? (3 points) ’]\
bromine i ' and #ore &/ﬁc{,bp
. chlorine is [ES®+=active and m ctive legr reaci e
c. bromine is niomeeeAictive and selechve Bre 4 hob
d. chlorine is more reactive and fgsecselective STt

13. Which of the following statements is true relative to reactions I-III: (3 points)
I CH4 + Bre — CH3s and HBr ~ Me* Sloweart

(2]
I CH3CH3 +Bre — CH3CHpe +HBr
Il CH3CH2CH3 + Bre — (CH3)2CHe +HBr ~° %

a. I has the s@aﬂét energy of activation and the highest energy transition state
b. II has the smallest energy of activation and I has the lowest energy transition state

c. III has the [aPgestenergy of activation and the Bigkest energy transition state
@HI has the grmallest en&yﬁ'l’o activation and th&lowest energy transition staie>




W=

_|
W

W
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14. Classify each of the chiral carbons in the following structures as (R) or (S). (10 points)

v G /%\/\/ . HC<H3_ < Comm,
@ @ @ Cé& ;’&7'./

15. a. Classify each pair of molecules as diastereomers, enantiomers, or same. (12 points)
b. Circle any molecules that are chiral

c. eso" by any structures that are meso

Cl

cl F
Ci's — anf 4’
@‘G}Lefew ! I

4 —

Aiarterouer l

. , W
M/'g:’an lJ::Z: :i) I/‘l;( @’

16. Which of the following statements is true? (3 points) , \
a. All solutions with chiral molecules are optically active §olS0 facemc # yhens
b. All molecules with chiral carbons are chiral L
. A solution that has 50% optical purity has a 50/50 mixture of enantiomers =
g Two enantiomers always have identical boiling points —~

17. Draw (2R,3S)-2-bromo-3-chlorohexane (P points

H ¢
18. Narrlle the following: (3 points)
SN (0)- I,3~olic,l||o/apevrfaue
y
/3




W=

W

19. a) Draw all unique stereoisomers of 2.4-dibromopentane. Label each with a letter, A, B, etc..
Cross out any duplicates. (8 points)

b) Identify any that are chiral

c¢) Identify any that are meso

br ng H,','!:"” b # H A+C enayt

M A Z : A8,

meo chinl chinl Ac diagt
A 8 ¢

20. a) Draw the mechanism for the following reaction. (Draw the propagation steps only.) (4
points)

b) Is your product chiral, and if so is it optically active? (1 points)
H30 Br
Yes, chiral
Mot oﬁde// qQct e
0/S0 K/S PacemC MiX
H m , §o/s /

H—8v

21. a) Draw the mechanism for the following reaction. (4 points)
b) Identlfy the slow step. (1 point)

Br OCHg
é gyl é _H&
] Ay

37
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JASPERSE CHEM 350 TEST?2 VERSION 3
Ch. 4 The Study of Chemical Reactions

Ch. 5 Sterochemistry
Ch. 6 Alkyl Halides: Nucleophilic Substitution and Elimination

1. /4 6. /9 11. /6 16. /4
2. /4 7. /4 12. Removed 17. /6
3. /4 3. /6 13. /6 18. /16
4. /4 9. /10 14. /6

Total /100
5. /3 10. /6 15. R

1. List the following radicals in order of increasing stability (from most stable 1 to least stable 4)

4 32 I

2. List the following alkyl halides in order of decreasing reactivity toward SN1/E1 reactions (from
most reactive 1 to least reactive 4). L_> A

CEP A ¢
g g
&1 %1 —~< /\C‘@(

3. List the following alkyl halides in order of decreasing reactivity toward SN2 reactions (from
most reactive 1 to least reactive 4).

© -] b
Br B "24723 >V}n\/{

AN A Y I> 8¢l

2 3 4

4. Rank the bond strength of the following (from strongest 1 to weakest4).

H-Br H-Cl H-F H-I
3 J ( 4

Sa. Put a 1 by the reaction for which AH® = By, (Egact = activation energy)
b. Put a 2 by the reaction for which Ey¢; = 0. \ .
c. Put a 3 by the reaction for which E,c¢> AH®. 'l'eVM| n q-l- 1ON

T
Br-Br — Bre + Bre p bonJ madel ndnc b’a)(en

mitiation  H3C-H+Bre— HyCe + H-Br
~bond Wreaks H3Ce + CH; — H3C-CHj

nope  made 9 all o‘om\l‘l-”

0\\\\ f _ 1 §sh Nno bay‘ﬂer
W oft=
gt ‘l' ot biealt « make
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6. Predict the major organic product for each of the following reactions. (Minor products or
inorganic side products need not be drawn.)

Kr ‘
/\)\/ +Br, % /\)</ PddlCal

> \/\/OH Sw &

~o~_B" +NaOH
© ani<ni €
Br
/\>< +NaOH — » E:Z

3v ani N L
7. Show the Starting Alkyl Bromide which gave the following products.

d' e of o

Swl

8. Show an alkyl bromide and some nucleophile that you could use to make the followmg d
don't care whether you specify a nucleophile just as the anion Z- or as NaZ with a metal

counterion.)
. )\/\
OH

A~ + Gon
Q/\Kt‘ 4+ Ocw - - O/\CN

9. Optically active (R)-2-bromobutane can be converted to 2-butanol under either conditions A or
conditions B. Describe the stereochemistry of the product solutions for the two different
conditions.

OH NaOH H Br H,O0, heat OH
A e
(Conditions A) k (Co;dltlons B) 2
A/
S” 2 Conditions A SAIJ Conditions B SA/,

a. Alcohol is Chiral or Achiral? chira | | chiral
b. Optically Active or Not? ({es (, wvers an) HU (race ,ﬂ '20.-" '/ﬁ)
c. (R), (S), or both? < bo_,.h 14S
d. Reaction occured by Inversion, - Mi _’_ -

Retention, or Racemization? Inversy= A p\Q cem 2 L ON

e. What happens to the rates if you double
the concentrations of all reactants? X L’I on

40



=
= 10. Draw the major product for the following reaction. Then draw the mechanism for its
Jor p g
T formation. (Draw the propagation steps only.) Is your product chiral? (You may need to add
= relevant hydrogens.) " '
f v [not chiral | [Radi<d]
+ Brp _»hV uecn
A" N br
6 o Be— B¢
> _|. Ar o
P e
11. Draw the major product for the following reaction. Then draw the mechanism for its
formation. (You may need to add relevant hydrogens.)
s HsC ,Br

T } é +NaOH
= cﬂz?’" . \f‘/a\

OH

—> H-oF + ("N 4 4°

x

E?

13. Draw the mechanism for the following reaction. (Don't worry about designating stereochem.)

H3C Br Hs OH
S\ % e

R

W

41
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14. Classify each of the chiral carbons in the following structures as (R) or (S).

HQ H

K S

15. Draw (R)-2-brom0pent%\ Y\/ ’
: - ) = P i S
dr H

"y
CHs

n

16. Draw meso-1,3-dichlorocyclopentane, and mark the chiral C's as (R) or (S). H ,
IR S
“NYeu or other aps o
' dtaw cCis

17. Draw all of the different isomers of 2,3-dichlorobutane, identify each as either chiral or meso,
and classify the relationship between each two as enantiotopic or diastereotopic. (You may use
Fischer projections or zig/zag/hash/wedge pictures, as you please. (If two are the same, cross one
of them off your list.)

a ¢l a a ¢ G Ap dias!

Hoo U e it

. 6 ¢ 5 1
MeSO  piral  chiral C enar

18. Classify the pairs of molecules as diastereomers, enantiomers, or same. For the first molecule
in each pair, circle it if it is chiral. For the second molecule in each pair, put a * next to each chiral
C.
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JASPERSE CHEM 350 TEST 2 VERSION 4
Ch. 4 The Study of Chemical Reactions

Ch.5 Alkyl Halides: Nucleophilic Substitution and Elimination
Ch. 6 Stereochemistry

1. Draw the mechanism for the following reaction, and write “slow” next to the rate-
determining step. Be sure to draw all intermediates, and to correctly draw “electron-
movement” arrows or half-arrows. (Show the propagation steps only.) (4 points)

5& +Bro hv > Bir + H-Br
AT L e, s
A X
+ H=08r + b

2. Draw the mechanism for the following reaction, and write “slow” above the rate-
determning step. Be sure to draw all intermediates, and to correctly draw “electron-
movement” arrows. (5 points)

Br + CH3
X. 5+ HOCH; H* (catalyst) . >£ .+ H.Br

CH3OH (solvent)

l§|0w heat
Hocy SoeH, 42 OCH,
#5283 = X

il +H-8r

3. Predict the major products for the following reactions. (4 points each)

CH3OH (solvent)

2) A~Br +NaOCH;,4

N\ o CH.B S,u 2
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Br CH30H (solvent)
c) ></ +NaOCHg > /K/ Ez

©/\/ + By hV_» @‘\/
d)

e) B+ CHsSNa > /\/S CH3

4. Draw the substitution products for the following reactions. (Do not draw the
accompnaying elimination products). Include stereochemistry in your answer, and if
two substitution products are formed draw them both. (4 points each)

Q +NaOH —0 > '
He ) | ot v o jnwverion
a) HC H anion ’

9‘11 C”3 OH

Q o cat. HCI o
H Cl HQO u\OH + ﬂlCl..l; f&(,ﬁ“lw’m

b) H3C CHj '\e
utyal

(6
ol CH, CcHy  CH OH

5. Draw the E2 elimination product(s) [do not draw the substitution product(s)]. (4
points each)

:I:'| cH NaOCHs CH.S 52/ ‘ffa".{
3 CH3OH . d
Lo B8, i regui
Br

6. Of the following alkyl halides, (3 points)
a) Circle the one that would be the most reactive toward S,2 substitution
b) Put a box around the one that would be the least reactive toward S2 substitution

/><CI A~g /\|CI/ /\l/l

(o] o
¥

leauiny T‘oup wo’m‘ leduinj 9foup
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7. Of the following alkyl halides, (3 points)
c) Circle the one that would be the most reactive toward Sy1 substitution
d) Put a box around the one that would be the least reactive toward Sy1 substitution

< (K (Mcy Y Y

8. Rank the stability of the following carbocations, from 1 (most stable) to 4 (least
stable) (4 pts)

H 2 | 2

9. Rank the stability of the following radicals, from 1 (most stable) to 4 (least stable) (4
pts)

| 3 ¢ 2
10. Classify as R or S (2 pts each)

L, S

a) Cl CHs

Be H
b) A R

d) H CHj



11. Provide the structure and the IUPAC name for the following (3 pts each)

a) (R)-3-chloro-2-methylheptane

l-l: C\
Bf“&l (0)- |- bromo-3- methyl pentane

b)

12. Classify the paris of molecules as not isomers, structural isomers, diastereomers,

enantiomers, or identical, and circle any molecules that are achiral. (2 pts each)

came (achral)

o o enant

b) BrH H Br

H, H, SFHs
c) H3C/(Br Cr)fBr enan+
S A

13. For 1,2-dimethylcyclopentane, (8 pts)
a) How many stereocenters are present 2

b) Draw all the possible stereoisomers, and circle those that are chiral.
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Each of the following multiple choice problems is worth 3 points.

14. For the reaction shown below, with bond dissociation energies listed below each key
bond, the overall AH is:

(CH;),C-H + CI-Cl — (CH,),C-Cl+ H-Cl
AH (kcal/mol) 91 58 78 103

a) +58 kcal/mol
@ -32 kcal/mol
c) +32 kcal/mol

d) -57 kcal/mol
e) +181 kcal/mol

15. Which factor would not increase the rate of an E1 reaction:

a) Use of a more polar solvent
b) Use of a 3° rather than a 2° alkyl halide
Doubling the concentration of the base
d) Using iodide rather than bromide as leaving group

16. Consider the Sy2 reaction shown below. Assuming no other changes, what effect on
the rate would simultaneously doubling the concentrations of both 1-bromobutane
and KOH have?

CH,CH,CH,CH,Br + KOH — CH,CH,CH,CH,OH + KBr

a) No effect

b) It would double the rate
It would triple the rate
It would increase the rate by four times

e) It would increase the rate six times

17. Of the Sy1/S\2/E1/E2 reactions, rearrangements are likely to occur in:

a) Syl reactions only
b) S\2 reactions only
c) El reactions only
@ Both Sy1 and E1 reactions
e) Both Sy 2 and E2 reactions



48



JASPERSE CHEM 350 TEST 3 VERSION 1
Ch. 7 Structure and Synthesis of Alkenes
Ch. 8 Reactions of Alkenes

1. How many elements of unsaturation are in the formula C;H,NO,? (3 points)

2. 0b. 1 c.2 ed £5 g6 0‘“')"‘(:(”/'/

2. For the three structures shown, which of the statements is true? (3 points)
/\)Niz /\)\ /\)\ Q/\
P
A ~ NO, 2 o

a. A,C,andDareZ; BisE
b. A and B are the only Z compounds
@A is the only Z compound; B is the only E compound
d. B,C,and Dare Z; Ais E
e. B is the only Z compound; A is the only E compound

3. Rank the reactivity of the following toward H,SO,/{ catalyzed dehydration. (3 points)
a. A is fastest; C is slowest heat
b. B is fastest; C is slowest

c. A is fastest; B is slowest
d. C is fastest; B is slowest Z@

. B is fastest; A is slowest
@C is fastest; A is slowest
— ’

4. Which of the following reactants would give exaactly the same products from both (E)- and

Z)-2-butene? (3 points
2) Gp ) If two chiral centers are produced, then
e vd /ﬁ diastereomeric products are produced.

a. Br, But if only one (or zero) chiral centers are
produced, then the two alkenes don't give
b. PhCO.H different products. In this case, with H-OH
) BH;-THF 2) NaOH, H,0, being added, only the carbon to which OH is
d. OsO,, H,0, added ends up being chiral, so you get the
e. DZ, Pt same racemic mix of 2-butanol either way.

5. Draw the alkene that gives the product shown {fy its stereochemistry. (2 points)

The normal "E" alkene would

i OH
have given the wrong product
stereochemistry. If the cis/ 0504 H,0 /\)\/
trans sense of the addition and . H
the cis/trans appearance of the CI £ OH

product match, then "E" 1 e + (4 ns

alkene would have worked.
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6. Draw thoduct for each of the following reactions or reaction sequences. You
needn’t bother 10 show side products or minor products. For chiral molecules that are racemic ,
you needn’t draw both enantiomers. BE CAREFUL TO SHOW THE CORRECT
ORIENTATION, AND THE CORRECT STEREOCHEMISTRY IN CASES WHERE
STEREOCHEM IS FACTOR._(3 points each) 2 chval CY

H

1. Hg(OAc),, H,O
N >
2. NaBH,4

Br

O )
Qe O
) O(@r fO_‘L;[Q/_/

OH

2. NaOH
Flawed problem. Assume E2 in the first step, to
produce an alkene that you can use in step two.
| NaOCH-CH But in reality, since the RBr is 2° and the base is
. a 2 3
_—
gr 2. KMnOy, heat

normal, you'd really get more SN2 than E2 in the
first step. My mistake!
Also, | may have run out of class time and not

required you to know the KMnO4 reaction.

'/?\f/“'\r/f\ou
g

~

oH

Br,, H,O I-!;C
I, Hp %
\ —_— ’ \“&
oy
_— ——
W HBr, peroxides m Af
e
— H
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Text Box
Flawed problem.  Assume E2 in the first step, to produce an alkene that you can use in step two.  
But in reality, since the RBr is 2º and the base is normal, you'd really get more SN2 than E2 in the first step.  My mistake!
Also, I may have run out of class time and not required you to know the KMnO4 reaction. 


7. A single unknown reacts with O;/Me,S to give the following three products. What is the
structure for the unknown? (3 points)

Hy Gt~ ro, fot 2 dod
zC\/\/%’ﬁ =, f\) N

qd C=0

8. Provide the name or structure for the following. (3 points each) \Jl

J alkenes
H—=qllyl- 3'dl%6ydaheyenc

(racemic, don’t do
R/S stuff)

(Z)— U= hulyloct-2 —ere
(2)- U= buty|2- octene

9. Provide a possible structure for a compound with formula C;H,, given that it reacts with
excess H,/Pt to give C;H,,. (3 points) = l

O oToo L, i

10. Fill in the blanks for the following reaction sequence: (6 points)

Br NaOCH /\)\
CH;OH

| PhCOsH

11. Consider how the Se-O bond would be polarized and predict the product which would result
when CH,;SeOH adds to propene: (Selenium is located two rows directly below oxygen on the

periodic table) (3 points)
CH3 e- OH
/\ %
Markovnikov's rule. Electronegativity/periodic
table shows Oyxgen more electronegative than 3

selenium, so the oxygen adds to the more
substituted end of the alkene.

51



4

12. When the following isomeric alkenes are fully burned, rank the amount of heat produced in
the combustions, from most heat produced (1) to least heat produced (4). (3 points)

Stabikly \aw/ (3\( -H;/j]/ \/ﬁ/
heat [ C;'zl

13. Provide structures for starting material A and reactions products B and C, given the formula
of starting m he stereochemical status of products B and C. (5 points)

e r A PhCOsH .
racemic CHg meso I
mixture a‘ :‘ co

With (E)-but-2-ene, C12 would give meso

and PhCO3H would have given chiral. F\

But-1-ene would have given chiral with

both reactions. A me‘ra

14. Draw mechanisms for the following reactions, us al arrow-pushing. Each
intermediate along the mechanism pathway must be shown. (6 points, 3 points, 6 points)

H H,S0,
heat /\l/
h H
+
& o R 2T

ho B
oq HBr
/\/\ H

b”f
> /@\H

Brp, H& )—<

(be sure your mech. is consistent with
the observed stereochemistry)

&

O
<
xT
wQ

qcll;r'al

52
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15. Provide reagents for the following transformations. (5 points each)

/\>£r /\)\/O
/ @H) -THF
/\/\\ 2. MaOH, ]-b_ O)
A ’\O I may or may not have had
> r time to discuss and require
OH 234§ b the KMnO4 reaction.

b, ho
&‘éﬁr o é /75&

53
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JASPERSE CHEM 350 TEST 3 VERSION 2
Ch. 7 Structure and Synthesis of Alkenes
Ch. 8 Reactions of Alkenes

1. How many elements of unsaturation are in the formula CsHoN?

b1 (lhl) —q=IoH
c. 2
d. 3

2. Provide the proper [IUPAC name for the alkene shown below.
Br

- 0 CH 3 G-bromo— [-meHy| Cycldiexene

3
3. Provide the proper [IUPAC name for the alkene shown below.
1
ClCHCH, CH
™ (2~ §-chloro pent-2-ene
\ o CiS
H H

o (2)-§-chlorg-2-pentene

4. Draw an acceptable structure for 4-phenyl-1-butene.

-~

5. Draw the alkene of formula C4Hg which evolves the most he: heat per mole upon hydrogenation

e U L5 least stae
least stahle =

6. Choose the most stable alkene among the following.
a. l-hexene =~ @
(E)-2-hexene

(Z)-2-hexene
d They are all of equal stability according to Saytzeft's rule.
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7. Draw the major product of the following reaction.

Br buly bate
“ (CH ) 3CO_K+ G/
CH3 >
(CH3)3COH

8. Draw the major product and the mechanism.

CH3

SO4

heat

9. Which of the following best describes the geometry about the carbon-carbon double bond in the
alkene below?

CHy

Cl

Z N

either E nor Z

b
S

10. Draw 3 examples of molecules with the formula C4HsQOx

g CREC Y
T o o B
¢ TY @ dozens of

pom’ﬁle anrwers

11. Draw the major product.

H-Br

)
Br

12. Draw the major product.

OCH;
\ 1. Hg(OAc)z,@ > X/\

o —
2. NaBHy

56



13. Draw the major product.

)\/\ 1. BH3 * THF Oy one

S 2. stz, -0oH > /}\,/\ Clﬂl/‘dl C ﬁfﬁdd[m’,
H oy need nol we

HOH hath/wedpe stevec

14. Draw the major product.

CH3 CH3

Cly, Hy0 “+rapt re@wreb’
>—‘—‘*< — > T—-——{
. . a o o \.( % >__./__ or:s__'{

c1 oM OH ¢ o4 (]

15. Draw the major product.

0504
>
Hy05 +

16. Draw the major product.

CHj

Vs I

17. Complete the following reaction and provide a detailed, step-by-step mechanism for the process.

%2— g
HY, H,0 oH
/ [\
H \

(V)

H+
m %

A



18. Suggest a reasonable detailed, step-by-step mechanism for the reaction shown below.
I

- -
- ~

. . 3 2
1 Br
\ "Br Bra o C(\ + HBr

19. Provide the reagents necessary to complete the following transformation. (2 steps minimum).

O ——0C.

H'} \) @ CH_~,C03

20. Both (E)- and (Z)-3-hexene can be treated with D, in the presence of a platinum catalyst. How are
the products from these two reactions related to each other?

a. The (E)- and (Z)-isomers generate the same products in exactly the same amounts.

b. The (E)- and (Z)-isomers generate the same products but in differing amounts.
The products of the two isomers are related as diastereomers.

d. The products of the two isomers are related as enantiomers.

e. The products of the two isomers are relate as structural isomers.

/W—Q/YL/ /\/)/——? )

21. Consider how the I-Cl bond is polarized and predlct the product which results when this mixed
halogen adds to 1-methylcyclohexene.

Cl M £-

Chs
ar - v T
l|'I

T
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22. B-Ocimene is a perfume. Suggest a possible structure for f3-ocimene that is consistent with the

following information.
. H,,P .
B-0Ocimene 2—'t> 2,6-dimethyloctap “ %

(C10H16) 3 £y W

[ 1. 05 g CH O + CH3COCH3 + CH3COCHO
2. (CH3),S =0 =223 qlkener

+ OHCGH—CHO O

23. Fill in the starting reactant.

1. BHyTHF
_
/ ; Aa.‘_ 2. NaOH, H,0, H3
E H oH
(,|S

anh-Mark

24. Fill in the blanks for the following reaction sequence.

1. Hg(OAC)z, H20
0 - A
2. NaBH,4 H

O O lo

H,SO,,
Theat
O3
/"\/\)kﬂ-E /\f 2 MQ'JS
¥
H Cg/ c
5

25. Provide reagents to carry out the following transformation: (3 steps minimum)

Q\&\r,, e o
\' g
dv VE4 cl
O e

or KOC(CH3)3 5

KMI’IO4
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Jasgerse
Chem 350

JASPERSE CHEM350 TEST3 VERSION 3 —T"e 5+ g
Ch. 7 Structure and Synthesis of Alkenes \

Ch. 8 Reactions of Alkene Ve VS$iom 3
The number of points per problem is indicated in parentheses following each problem. A NSeY. g

1. Rank the following alkenes in order of stability, 1 being most stable, 4 being least stable. (4)
@ @ Ol

< 5

[

. Determine the number of elements of unsaturation for CsH7ClO. (3)

3. Give the proper IUPAC name or the structure for the following compounds. (4 points each)

. (E)-2-chloro-3-methyl-2-pentene )\/\

oo

el

b N cis—65- Me‘l’hy[fél"OC‘llM«E
o T

4. Rank the reactivity of the following alcohols towards HBr, 1 being the fastest reactant, 3 being
the slowest reactant. (3 points)

ol e Catiey Sﬂ‘abi@y

5 2 l e




5. Predict the major product for the following reactions. You needn't bother to show any side
products or minor products. Pay careful attention to orientation. (3 points each)

+
AN R H0,H /\ﬁ

H
o

1. Hg(OAc),, CH;0H

AN R
2. NaBHy4

potassium
B tert-butoxide

(KOCMe3)

HO

6. Predict the major product in each of the following reactions. Pay careful attention to
stereochemistry! (3 points each)
Cly

O =8, SO S
= H o
CHy
Brp 6
O - ;V +rans
C\
Cly, H,O oM :
e Y
050y, H,O OH \
e /k{ (s

o
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7. Fill in the starting reactant. (4 points each)

L/\ e E&H(\
— H,0 2

N

H OH

8. Provide the major product of the following reaction sequences. (4 points each)

2. BI’2

/\ﬂ 1. HySO,, A v
A%

Br 1. NEts, heat

2. HBr, peroxides v
N N s /\N 4

3. N aOCH3
b

is has the formula CgHj 5&*2
it reacts with Ho/Pt to give a product with formula CgHj2
upon ozonolysis (O3; Me;S) it gives two products, CHy=0 and a product

PF"F’.\D

What is a possible structure for a molecule A given the following: (6 points)

rd,

yus one CIU@M
HgO.

63



10. Fill in the boxes. (6 points total)

\O\ e Y Ay OH
>
o)

l 1. O3
2. MeZS

o

J

11. Provide reagents to accomplish the following transformations. (6 points each)

(n, Ha-fa‘f/ hf’ﬂ_f - >£r/

OH Hily
. AkCH (Swll b2 Lha
Cf bttt ) o
o BHTHF 3
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12. Draw the mechanisms for the following reactions. Be sure to draw all intermediates, and try
to correctly draw "electron-movement" arrows. (8 points for the first, 6 points for the second) |

H
7 H,S0,, A

J/ H, $Cy

¢
e T

\/J§ TR S \>48r
CH, CHa

13. Draw as many isomers as you can for alkenes with formula CsHjg. (8 points. 2 points off
for each duplicate or each possible isomer not drawn.)

A N

65













66



| Dasgevse
Chéin 35t

Test
JASPERSE CHEM350 TEST3 VERSION 4 UQ /i '0 ,
Ch. 7 Structure and Synthesis of Alkenes /
Ch. 8 Reactions of Alkenes /\V] f e

1. Rank the following alkenes in order of stability, 1 being most stable, 4 being least stable. (3
points)

2. Determine the number of elements of unsaturation for CsHgO. (2 points)

. Give the proper [IUPAC name or the structure for the following compounds. (3 points each)

. 4
4-vinylcyclopentene

& 3

b. 43\/1\}/‘ trans- S‘-—-frof?yf";?-ocfene

e 6 > 9

L

P

4. Rank the reactivity of the following alcohols towards HySO4/A catalyzed dehydration, 1 being
the fastest reactant, 3 being the slowest reactant. (3 points)

l 5

2

Cation stabil Hﬂ




5. Which of the following statements is true for the structures shown: (3 points)
a, AisZandBisZ
(b)AisZand Bis E
c. AisEandBisZ
d. AisEand BisE

I X
A B
/i\/\ AN
OCHs

6. Predict the major product for the following reactions. You needn't bother to show any side
products or minor products. Pay careful attention to orientation, which is important in many of
these problems. (3 points each)

Y%

HBr, no peroxides /I\
a. /\

1. Hg(OAc),, H,0 H
b - ﬁ\

2. NaBH,

Hg, Pt

PhCOsH /d
N K

E9-

potassium
P t-butoxide @

(KOCMe3)

lmlky bae = E-

)

o

68
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7. Predict the major product in each of the following reactions. Pay careful attention to
stereochemistry: stereochemistry is involved in each of these problems! (3 points each)

By
a. Bry, H,O
O\ CEfOH

CHy

b, O 050y @O”
H,0, OH
1. BH3*THF
C.
Q fry C'”‘S
2. H;0,, NaOH
H

H

OH
P CH;CO-H, H,0 /k/
OH

8. Fill in the intermediates in the following transformation. (3 points each)

H,S804, A /\'%\ HBr, /\1/&’
on

Peroxides
A B
l NEt3, A
Me 1. Hg(OAc),;, MeOH
C




9. For the following reactions, fill in the missing starting materials, reagents, or products. (3
points each)

H‘: Br

ci¢

i !_',H:,;'THF
S WG, MaoH

KMnOy, A
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10. Provide the major product of the following reaction sequences. (4 points each)
1. H,0,H* CH

N s
/\/\
2. H,SO4, A =

3. Bry

1. HBr, peroxides
O/ [:Cﬁr N g/“‘“‘” :
2. KOCMe; by
by

11. Provide reagents to accomplish the following transformations. (4 points each)

OLBr |, NEK (or any bas) O/

2 W, M
OLOH o HSC, H Of_:fﬁ
2 08ty Mo 2

12. Provide the product for the following reaction. Be sure to show the stereochemistry of the
product. (3 points)
CH,

By Me Vo NaOH . CH;
5P P /1\\1/

P ;
@Me
OMe
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g reaction, and write "slow" next to the rate determining
nd to correctly draw "electron-movement" arrows or half-

13. Draw the mechanism for the followin
step. Be sure to draw all intermediates, a
arrows. (4 points)

14. Draw the mechanism for the following reaction. Be sure to draw all intermediates, and to
correctly draw "electron-movement" arrows or half-arrows. (4 points)

15. Formula: C4Hg Et=1
Reactivity: reacts with Hy/Pt to give C4Hjg O{IIQ.H (o
DRAW ALL POSSIBLE ISOMERS, INCLUDING STEREOISOMERS.

‘possible!) (5 points)
N /(\

(4 isomers are



JASPERSE 'CHEM|350 | TEST|4 VERSION 1
" Conjugationl Diels-Alder,Aromaticity, Aromatic Reactions

1. Provide the Name or Structure for the Following (7 points)

Y % C@ ]
ML
P Y
m-nitroaniline YA s hi}
A0y

E:[:HZ o—hvoue telu-ei+
o+
T M””"““\:\

2. Circle the aromatic molecules (6 points)
3. Qutline the energies of the n-molecular orbitals for benzene, and draw electrons into the orbitals

/”M """"" ™3
)
that are occupied. (5 points)
— =
| |

Nonbonding line

4. Bromide B has normal reactivity (for a 2° bromide) toward S, 1 substitution, but A has much
higher reactivity and C has much lower reactivity. a) Why is A more reactive toward S,1? b)
Why is C much less reactive toward S,17 (4 points)

S—-Br > Q——Br > ‘:>——Br Kinetic reactivity toward
A B C Sy reactivity (H,0, HY
Sal=7 Cotbion A d j :
’ v i
ey a) A= e a‘ fic Cakey,
ﬁaé (ized

) e= 79 artawighc,
lestalili 2e0/
destayitf 2e


Craig Jasperse


Craig Jasperse


Craig Jasperse
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5. Synthesis Reactions. Draw the feature product of the followin ions h e
byproducts). (21 points, 3 points each) P g reactions {need not show any (

OO e ) B
/
AN+ /\r'—~+- [ijﬁh

Pk with
1. HNO,, H,S0, X
2 €1, AIC —

T
i




o 6. Design sequences for the designated conversions. ¢ pomts each)
2, CL/’\/\ ; AlCig
3, f‘b,o’, h}}-l&-{
iRy {
oter < < 2a(ty), #
{, HUO;, {-ﬁri&/ NH,
@ 2. b, Rery
2 R, H(

7. Dcmgn a synthesis for the following molecule beginning witl( toluene, (6 points)

g oy by <
: i
G é—i- Ol S O
"}".)....\0.; _ . I c.ﬂﬁ
c Ch

CO,H

cd H

8. Draw the Reactants for the Following (6 points)

\.[é‘\/fgi/ B ﬂ,(d?/\\/ | —_—

Via Substitution

on a Bromide
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9. a) Draw the major product for the following reaction, and b) draw the mechanism for its .
formation. c¢) Identify the slow step.  d) Draw all the resonance structures for the cation (
Intermediate and e) circle the most umportant contributor. (7 points)

H:N—@—a = y«@—a
. i
/S,
g\~ ) :
4/"@"' f &7 ,:_};u =

Cl+ct 25 ([C® + A{C{f
#a Hocl

=l
'A/.‘
rb_’f‘ X
H

/@}-ﬂ-g’—?‘iw \ ! +Hete iy
Cl-Alch Cy

10. (9 points total) a) Draw the mechanism for the following reaction, in which a common

mterg:!ediazc gives rise to both products.

Br Br
HBr
Pn*/ LT = *
optically active {: g
fb v '6 /\ 9 e
| \ﬁ-‘/\

v \ A

remmuf‘fﬂ’t’.fﬂ’ﬂ(fﬁ'l((:afbn | IE cu.\ftll ! /E‘f.(\f
b) In the above reaction, is product A chiral or achiral? UMZ (ockin _ny?d) At ey,

¢) Product A is formed preferentially at low temperature, but B is major when the reaction is
conducted at high temperature such that product equilibration occurs. Which is the
“thermodynamic™ product (more stable, so it builds up under equilibrating condirions) and which is
the “kinetic” product (less stable but forms preferentially under non-equilibrating conditions.)

Mere v
Thermodynamic Control Product: @ Cell) Kinetic Product: @ Aaskr,

die © doall hod

d) Draw the 2 relavant resonance structures for the key intermediate (or mark them if you already -

drew both in your mechanism). Circle the one that would make the greater conmibution to the
resopance hybrid. Why is the “kinetic” product formed preferentially under irreversible

onditions? ; . , . )
¢ DS A ‘%\’u{g ‘E.?.D("If [}’E’Caifﬂ —Hie Caﬁaﬂ‘éyﬂﬂ s ﬁ@f&h

echaure

|\



11. Rank the following, with 1 being highest/most. (2 points each)

~{ ) (= ~ = sty
3 e A

0

@ M/\A& Reactivily'l’owardsl

bed ciso .'Zf{

O: O Oy
r r Sx2 Substitution
> | 3
sndopdorgds
¥ sty
: 2 3
avowafic Ca'!/] Ugﬂ"ﬁ{ .\‘ S'O’a M
l 2
O, O~ O =
R 3 [

Oz @gz i b

awitahe 165 pachive

12.  For each nitrogen in the molecule, classify the hybridization of the nitrogen atom, the
hybridization of the nitrogen Ione pair, and classify whether the basicity of the nitrogen is “normal”

or “low”. (5 points)

Nitrogen Lone-Pair Nitrogen
Hybridization Hvbridization Basici
Syﬂ 2 Sf”k Ny ma/
P ;
Jd P p 103-(./

R I &

sp* sp°

H
2 w L a NN '
. ’) Oy
normal F N o ¢
H
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JASPERSE CHEM(350| TEST4 VERSION 2
Conjugatiof, ATomatic Compounds, Reactions of Aromatic Compounds

1. Provide the Name of Structure for the following. (7 points)

a. 3-nitroaniline e

b. o-isopropyltoluene

c - NH [\b' ﬁ%"é*‘i;“f
. - 2 j; .

2. Circle the aromatic molecules. (7 points)

v DU

= —

o acyc?ff’ti

3. The molecule has 3 different nitrogens. For each of them, classify the hybridization of the

nitrogen atom, the hybridization of the nitrogen lone pair, and whether the basicity of the pitrogen
is "normal” or "low". (6 points)

0 = '
))\a - Ne
|
H glkiz
Nitrogen Lone-Pair Nitrogen
Hybridization Hybridization Basicity
SIS P low
03 n ;
NP of S ’ povia]
.

NE g ﬁ & g f/;} Z/f C:/)/ l"/(!{f( t

"y
1

79


Craig Jasperse


Craig Jasperse


Craig Jasperse
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4. Draw the major products of the following reaction (4 points). _ . (“
/I\N (no peroxides) /J\[/v + /‘,\//\(
by br

5. Draw the Major Product of the Following Reactions. Note: I : .
case. (3 points each) & : I want one major product in each

CH, |
Br,, FeBry ) @
e R

{
Y%

R @)
2. Ciz' A]C13 C l

3. Fe, HCI

o . ‘
1. B, hv ( ar“t‘(aI C rgd{:{- —fgr E,Z; g}/l Wit e
@A 2 NaOH @/k V with bewaf’l‘t) r

j’\ oM
1. Ci , AlC13
2. Zn(Hg), HC1 B

r bV
PN G O )Széfe
' CCH
CH; 1. s0,, H,SO Ca
3 2. }m303]:12H234b4 @W}
3. KMnO,

4. H0, H,S0, {L



6. Rank the following, with 1 being highest/most. (2 points each)

g "6 TG
Uo E/ N Sl
@ @} v of i
7 yan :
= i Y
~| | Ao || A Somves
A o~ || AL .
€ & ©
Cation
Stability
maol\de

7. Outline the n-molecular orbitals of cyclopentadiene cation (use a Frost diagram), indicate which
are occupied by electrons, and indicate whether the species is unusually stable or not. (6 points)

Nonbonding line «

. e ek




%

8. Treatment of an alkyl halide with methanolic AgNO3 often promotes ionization, via the
following:

X
R—X Ag" — 3 R*+AgX

When 3-bromo-1-butene undergoes this reaction, two isomeric products A and B are formed.
Draw the structure for product B and the detailed mechanism for formation of product B. (7 pts)

Br AgNO, OMe
\)9 MOH \)A\ Y ™~
B

!

ke

C

9. Draw the product for the following reaction and draw the mechanism for its formation. Identify
the slow step. Draw all the resonance structures for the cation intermediate and circle the most

important contributor. (7 points)

NO, 105,

Br,, FeBrs @
—_—
br

l'\

2 4+ e
I _
O 8% PRt

@@/ It

0N e A0
@#W—MG = :s (4 Hir)
A}e by b
A
v % | " &
=
by 4

AL e



—

&Y

113(; (6 pt) When comparing cyclopentadiene (A) versus 1,3-pentadiene (CH2=CH-CH=CH-CH3,

kd

a. One is much more acidic. Which is it, and why?

A, Gued qromaht anbn

b. One is a much more reactive diene. Which is it, and why?

At Crkom(, »@ fﬁoqu Cl'IOiQ( o f;‘ff/i b!'f‘

11. Draw the Reactants for the Following Reactions (7 points)

Via Substitution e / (or J'yﬂmff Oﬂ/)’
on a Bromide ’ S:{/} u_,ef{ o
hi / rachiv® ally it/ benagh
Py sysRus,

12. Provide reagents for the following transformations. (5 points each)

ly Cl_-/g/ . Alck
2 Cly, AlCh
O 3¢ 20CH), Hel

[ 69; S 0;
O 2 o, Hlcy - EI
3 HMQS/ A Cy , r

. H‘}_c’ f-{}f Cy

cl
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JASPERSE CHEM TEST VERSION 3

Conjugation

Chapter
Electrophilic Aromatic Substitution

Aromaticity

1. Provide Either the Name or the Structure for the Following Chemicals.

minutes)
a. Furan P

\ /

Q;
* 3 ,/\%m“'« l; # "'{
b. p-nitrobenzoic acid : “‘x.*r”ﬁ‘jjf

Lo, /}-
o
NH, '
s othylanilive
c. - et %_(,{iwg[‘xi 4

o
¥

(6 points) (3

2. For the following substituents, classify each as 1) electron-donating or electron-withdrawing
[“D" or "W"], 2) as activating or deactivating ["Act" or "Deact”], and as 3) ortho-para directing or

meta directing ["o/p" or "m"}. (6 points) (2 Hnutes)

O
I
-OCH, -CCHyCH3 _CH, ol
0 W N v
At cﬁ(_ﬁ{p(”{ AcT Pegct

i

C;‘// [) WA

O‘/}? )
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Craig Jasperse



3. Rank the reactivity (rates!) of the following sets of molecules toward the reagents shown, 1
being most reactive, 2 being middle, and 3 being least reactive. (10 pomts) (6 minutes)

Reagent

. OB @, OQ

Br
b. H',H0 (SNUED) /ﬁ/\ /\)\ P AV Yl
Br ) 01

3

- 0,0,

' NO, Cl CH,
e O3 O O
o DO )\/\ Br %/\ Br /\/?r\

L 2 5

(SN2 reactivity)

86



4. Draw the major product for each of the following reactions. (3 points each, 21 total, 7 minutes)

NO, | AR,
e )]
a‘ ———
Cl
o by
. 1.S0s, H;S0, @N@?
' 2. HNO;, H,S0,
3. H,0, H,S0,
OCH,CHj OCEf
;!
1, HNO;, H,S0, >
C. ——— e e
2. Fe, HC1
Br ’4-"]"'

=

oML
B

@

[ess aclive more ackve ' C{
; Br 1. Mg, ether ; =
2. Br/\\/’\
CCy A2
COMe heat / 4)
+ | - e +vans
ﬂeozc E —_—
cGMme

87



5. Provide reagents for the following transformations. (5 points each, 10 total, 6 minutes)

CH L SOE" H}Ic{, .
A
efthag 3 ”JG/ H) {Cq i @:
o #?éqf KMnCy “
C

|, Co~ aichy Y o dhov

O 9. HAG, Hytcy ) onley
b. ‘ =
3, 2nC H?’)/ HCl e thav

4, J:L/ Hel cvoler

Ha

6. Daw the diene and dienophile from which the following Diels-Alder products would have
come. (3 points each, 6 total, 2 minutes)

: CN
a. + ) o
M)
oy Mg Me N 7 TCH,




7. a. Draw the mechanism for the formation of the major product shown, and identify the "slow"
step in the reaction. (6 points, 5 minutes) o

Lo 00 e 0d

D,
3
@\/

o
- ”PC\A. 0
—3 Mo uc+

b. Draw all 4 resonance structures for the cation intermediate in the above reaction, and circle the
most important contributor. (4 points) '

- o G
4
e ng

89
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8. Draw the major product or products that would result from the following reaction, and write (“* |
either "chiral" or "achiral” and "optically active" or "racemic" by each product. Draw a S
mechanism for the reaction, and identify the "slow" step in the reaction. (8 points, 5 min)

QYD + 1.0 HBr e o Q(L"JV .
| Chival
J/ HE W | f‘z::imf(, rarem, C
oz “
' 15
SO

&

-

9. Provide a synthesis for the following molecule, using benzene and anything else you like. .
"Backwards syntheses" are fine, so long as you draw the reagents! (7 points, 5 min) .

A Se
Br L Cli/f H’Log
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10. Circle the aromatic molecules: (6 points) (3 minutes).

11. The molecule below has 3 different nitrogens. For each of the nitrogens, classify the
hybridization of the nitrogen atom, the hybridization of the nitrogen's lone pair, and whether the
basicity of the nitrogen is "normal” or "low". (6 points, 2 min)

N
a N/\Nb/\\/cﬂ2 .

Nitrogen Lone-Pair Nitrogen
Hybridization Hybridization _ Basicity
N gph ® P low

7
<

3] 3 ﬂormqf

12. OQutline the energies of the r molecular orbitals of cyclobutadiene (use a Frost diagram),
indicate which are occupied by electrons, and indicate whether the molecule is "unusually stable"

or not. (4 points, 1 min)

-

At queday'c
(CAdl; queual )



92



93
Answers

JASPERSE CHEM 350 FINAL EXAM VERSION 1
150 points total

1. Provide names or structures for the following. 2 points each. Specify stereochemistry when
appropriate!

Note: Version 1 is relatively
1 I CH trans-4-methyl-1- representative in terms of length.
3 chlorocyclohexane Version 2 is longer than the real test
will be. But provides lots more
or trans-4-chloro-1- practice.
methylcyclohexane
Br
/k/ (R)-2-bromobutane
C[)H
m-isopropylphenol @
Cl

)\/\/ Z-2-chloro-2-hexene
HO
m-butylphenol
or meta-butylphenol

or 2-butylphenol

Or€ne
or Qv oMo

1



3. Predict the major products for the following reactions. Pay careful attention when orientation
is a factor. Draw just one major product in each case. (3 points each)

cA/

CN =
/\]/ + K/CN /&’
OCHj CHO cu

3

Br2 . hv

TG
Oégr xaOCH, @/ 2 o £2
Not S/VZ.

ZG%Jrjeu
2.M928
\/K B, \Xg'f /l/\owlém/m lou

OH

/ ,
OSO4, H202 e §
/\/\ > .

B 0OH
O 1. Bry, FeBry 0
N 2. Zn(Hg), HCI _ —
| = 3. Bry, hv l S

1. H,0, Hg(OAc
o~ 2 a( )3

Br
?H
2. NaBH, - T

94
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4. Classify the pairs of molecules as totally different, identical, structural isomers,
diastereomers, or enantiomers. (2 points each)

5i7 (™ enantomers
Br E r -”'Br
Bru.,Q S'l_fu C‘l'Uf@l
Q . Somers

N \V) 1 dentical

CL cH, cL

H .
Br/-<H Br/l‘<CH3 @Y\QH‘HOW\&”S
Q S

5. Classify each chiral carbon as R or S. (2 points each)

6. Classify the hybridization and bond angles (109, 120, or 180) at the labelled atoms. (5 points)
(0]

4
N0

C-1 g()l C-2 Sﬂl C-3 gﬁl 0-4 3/3

120 109 | 20 | OF



7. Draw the mechanisms for the following reactions. For any radical reactions, draw
propagation steps only. 5 points each.

OCHj OCHj Clﬁlﬂg7 CI@
@,

Cl,

—_—

AICl5

- Cl Draw the resonance structures for the cation intermediate.

E0Ch,

(2| e
e
@9 < L e
= O
O l H I:I)‘ - HH Br
RRE Y

C\

Br,,H,0 O/Br
— >
“'1OH
Br f v [\ H@
)

96
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8. Draw the products of the following multi-step sequences. (4 points each)

Me  Br  Na E
/i ; EB(:};eromdes g /K > ph/l\/g,, — ph/l\/OCHg

Ph 3. NaOMe

-30 QH’H - gﬂ/z
Marl

CHs 1,50, H,SO,
2. 2-bromopropane, AlCl;

b

3. H,0, H*

B
OH 1. H2804
\O 2. HBr, Peroxides \© — —

3. NEt, bU\\\C\#

9. Draw as many structural isomers as you can for CgH14. Circle any that are chiral. (Note: be
careful! You will lose points for any repeats!) (6 points)

COH,L{ EU=0 ne M\;j onr alkeﬂeﬁ

3 /

SN

/\‘/\ None are chiral
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10. Rank the Following, from most to least. 2 points each.
Cl

a. Reactivity toward S \2 NN Br )\/
@ NN

Lobrrcl | @ NN
© 720 @ @
b. Stability @/ e A~ )\
l 3 o 7
0, a“‘f"'ﬁ>l\&a{a#d & P2t 0

CH3
c. Stability H H CHs,
Me,CH H
ez CH, 1. Equatorial preferred
H Me,CH Me2CH 2. If forces to be axial,
2 H @ worse for big group than for
smaller group

d. Acidity PhCO,H  (CH3),NH HCI CH;CH,OH 4 Apion stability

& | 2 2. HCl by memory is
strong
/ﬁge \/,,/9 C (6 /\&"3 3. Electronegativity factor

4. Resonance factor

y Me Hie Me Meye

o M

e. Stability H /é\ °~S H %\ 1. staggered vs eclipsed
H H H Y 2. Anti > gauche

" 3. Eclipsed > total eclipsed

\ < 2 “
f. Reactivity toward
H,SO,/hcatalyzed 7 2 Cation stability is key
dehydration @ @

OH
g. Boiling Point OH

1. Hydrogen bonding
2. Molecular weight factor



11. Provide reagents for the following transformations. You may use anything you like. Each
can be done within <3 steps. (4 points each)

l, U&S*perox\'dﬁ Cr /5';, hv- o~

©/v 2, Go—~—— N i
|

Br j
\) = P _

/

OH | H) S&L] > O/
O/ . 6f_2 By
Meid

| HUOy, H, CC

/. by, Tedr,
3 FQ, HC\

12. Provide the appropriate reactant for the following transformation. (3 points)

H OH
N CH,;CO;H,H,0 Z
\ l > _
+va o i
a
add [00‘45
+van s

99
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Thecy
13. Suggest a structure for X, given the following info: (5 points) Ac tu al = 12
* Formula: CgHi2 L& C z —_—g
* It Reacts With excess Hp/Pt to produce CgHi¢ —\
*  When it reacts with O;/Me,S, one of the products is CH,= > 2 al (42”’0 $

\ :] ™~ A~ ey | /Imﬁ
@ l I‘H\;
/ c 2 allzéne|
g ete | ot +he alleenss i¢ on

an end, ==cH,

Co(ce) O

Which of the follow are aromatic

15. Draw the products and mechamsm for the following reaction: p;’ a‘f on a‘f‘ )OVI I'Vt?-(
8y y o of mmcmc a/l/v/m
)\/\ T /k/‘\/ + X/\ cc{'hon lea/lry to
6 12 two jtomext, Prstoraty,
L_‘y& %/H /E 9 on left end would

v

have en an IVI7[€"IOV
== /é\é\/’q alyli ?Cm‘wn
16. Rank the following: >%/\\_

) o | @Dbiepopnle-wite
23] [ 2.8 | g

{ w 7/0U/) !
o
. {
@ Nrene-we (01(810{?_9 SR g/\
S methyl had Fcr
$ Clg
/\/\Br@ /\/\CIC ZNpr Combined
+ PRE . ggictivit
y
~—"NON3 \)kONa \)kog




JASPERSE CHEM 350 FINAL EXAM VERSION 2

Note: Good for practice, but significantly longer than the real one will be.
1. Rank the Following, from most to least. 2 points each.

a. Stability

b. Stability A N e )\
| 3 7 Z

cclngn‘c7 (sola {e T2 1°

c. Stability %Cm %H Hﬁcm
H H H CHj H

3
d. Acidity CH,OH PhCO,H  NH, CH,CH,
Me Hue Me Meye
e. Stability H /é\ Me\/éng ii
H H H
M H H H Iy Hl

Me 2 P 9

101
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f. Reactivity toward HBr /\/ /\/

{2 2
SJraéz.y = /\,/\ /@/\

g. Reactivity toward Br ,/hv \/.k @ i Q )
1 2 S

{

Cl

h. Reactivity toward SN2 Ph” N P O Br PR NCl
Ph

1. Boiling Point N OH /\/\OH

3 z

i. Stability O l <>/_2\ Q/Q

2. Provide names or structures for the following. 3 points each. Note: don't forget to specify
stereochemistry!

a. !@\-)cHg ~+rani— )/}-o(ime-My{Cyc/&h eLane

H3C S

S IE optically achwe: (15,35)—1,3’o(ime#zleyclahfxane

b. O/\/ allyl C%C(OAQKQ}M

or 3=C L/C{O'}’I exyl progene



(e}

T ticall t —_ ) —
/g optically actve _S' 2 bM'?l'aﬂO{

¢ Brj\/\/ E- 3"be#\0~'3“”%/0+€}7€

OH

a

5= methy|=2=heptanol
o heptan-2-ol
r
7

; :l, 7

f. trans-1-bromo-3-isopropylcyclopentane

,,(/

3. Classify the pairs of molecules as totally different, identical, structural isomers,

diastereomers, or enantiomers. (2 points each)

i ;1 O same

Bf Br BF Br

Br Br

Br
L P A~ structural jsomers
Br

Br Br

c. : nantiomers

Br

goh-
S

103
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3. (continued) Classify the pairs of molecules as totally different, identical, structural isomers,
diastereomers, or enantiomers. (2 points each)

A NN Aiastereomers

€ NN\ \) fO(en'HCQ(

f- Q Q diastereomers
Br Br

Br Br

OH OH .
N NN AN enantiomers

4. Draw at least four different isomers for CsH1g. (There are lots more than four...) (6 points)

Ls Eu=| r‘fnﬁ or alkene

) |
= =~

L&A =

5. (a) Draw the appropriate number of lone pairs on the oxygen atom,

(b) Assign a formal charge on oxygen if appropriate,

(c) Draw an additional resonance structure for the following, and

(d) Identify which of the two structures would make the greater contribution to the hybrid. (4
points)

S,

104
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6. Draw resonance structures for each of the following:.
/\G)/\ <=7 m > M
@

o &
/\)J\O@ = — O

7. Identify the functional groups in the following molecule. (4 points)

. @@ O/ ) q(cohof

‘ amine
CO/@ox;hC avene
. or .
acd gromahC
8. Classify the hybridization and bond angles (109, 120, or 180) at the labelled atoms. (4 points)

2
/\0/\/3\
1

C-1 gl,l 0-2 sf; C3 S/Z

lOG 109 (AO

9. Draw both chair conformations of trans-1-methyl-3-isopropylcyclohexane, and circle the
more stable one. (5 points.)

Note 1: It will simplify things if you abbreviate the isopropyl group as "R".

Note 2: Make sure that your second chair has the same "configuration" as the first, and is not an

enantiomer. y
A%
(4
CHh, H -
¥ 1 rr



10. Classify each chiral carbon as R or S. (Some structures may have more than one chiral
carbon!) (2 points each)

g, S
“OH
0]
b
..||H
CH;

11. Mechanisms Problem. Draw the mechanism for the following reactions, and write "slow"
next to the rate-determining step. Be sure to draw all intermediates, and to correctly draw
"electron-movement" arrows or half-arrows. For radical reactions, draw propagation steps only.
4 points each.

a. Hz0, H* O/OH
| we &
le
H |

106
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Mechs, continued

. Q Bry, hv
Gy T, i

& o

+ H—Ly

H \BQ H* (catalyst) H OH
—_—

d Ph)k Ph

7
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12. Predict the major products for the following reactions. In each case, pay careful attention to
orientation and stereochemistry. Draw just one product in each case. (3 points each)

Bv
HBr
a. AN —

PN B S

Oh

H ONa CH,CH,I

&

C,
O

a. O3 <j</\>
b. MeQS

c. Q Bry, hv Gr)‘gl/

£ O /\/\ch3

3

O/ 1. BHy THF @/\OH

2. NaOH, H,O»,

h /Y 1. NEt3 /\// — /\‘/\ Cl

Br 2. Cl C1
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13. Draw the substitution products for the following reactions. (Do not draw any accompanying
elimination products.) Include stereochemistry in your answer, and if two substitution products
are formed, draw them both. Assume the starting material is optically active as drawn. (3 points

each) g J
I—l Br QCH.S _ 4 ‘
- NaOMe h/:\/ Anversien,
a. — _ ‘
o P S/ﬂ7/€ [ Lo meér
Me Br o M:ZH/ H O: Me 5l
g ,0, : .
b e ~ + a
Ph cat. HBr V)'l fn Racemization

@ ot eyan ﬁbm@j

14. Draw the products of the following multi-step sequences. (4 points each)

OH
1. HoSOy4
a. —_—
/\Oq /\/ >

2. CH3CO3H, H0

Q mi

H

1. Brp, hv Br
Mf.L. H 2. NEg PhX/ — "’\1 /U\/

g —_—_—m
Ph/l\/ 3. CH3CO:H, Hy0 \
Y
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15. Provide reagents for the following transformations. More than one step is needed in each
case. (4 points each)

Br Br
\)\ [, M E’}g \)\/B
a. > r
2. Brl
b. " tz 304

2, PhCoH

16. Provide the appropriate reactant for the following transformation. (3 points)

needed 2 alkene
By H

/t’ Brp, HO /k( E 1\ (res ‘wfc/n;

17. Suggest a structure for A that is consistent with the following information. (There is more
than one possible solution, but you only need to provide one.) (5 points)

1. O
£u=) A ——» C GH,0
i CHyp, 2. Me,S CsHgO

\ ring  achiral achiral
l Qlk'e'\'e #Hz,Pt
Cbaud on /er?a/
hoth B - CHs
Iy dy em‘h C/Hyy C

\J 07 achiral C\H
oa;ana\Yfl 5\ to 4T e

Clty

;

_~_/
=<,

110
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18. Draw the products for the following reactions:
Flawed problem.
Not clear which /\O 1 H-Br —

allylic cation you,
should use.
Protonation on the

: b
left gives allylic &, |
where both + NES, é\{:j — /\O + 6@
carbons are 2°; AN

—_—
protonation on the

peroxides
right gives a hybrid e e
of a 3%/1° cation. - . /7& + /\/\é
/0 4 v
0]
heat
AN O

b
/Yr\ Draw SUbStItUtlon /\ﬁ\ /7(\ /\,/\‘OH
d. product(s) only
allyh'c
f Br
1. Br,, FeBrg
. /L/02

C

\© 2. KMnO4

1. SO, H,S0,
o

Br\© o Mm +AICl \/S\YJ@

3. H,O, H*
4. Zn(Hg), HCI

1. Bry, hv
~ =

2. NaOCH,



1o M2

cortr bcAfI
19. Which of the following are aromatic d 1y €J 3
.4 T @

3/’€C+cn‘cr
doecn'™+ hurt

20. Classify the lone pair hybridization on the three nitrogen atoms in the following molecule:

o tom lone pair

v e 7
HZNL;GNCC”S oosp? P
a N S/)3 SF

21. Draw the major products and mechanism for the following reaction: protonation occurs on the left-

Br By most carbon, because that gives

Y\ 1 H-Br AN \/\/ by far the best cation. 3°allylic
Ph ( and conjugated to the phenyl as

Cﬂ/ /M PI’\ ﬂ’l a3 well. The asymmetric allylic
R —Ay b./ cation gives two different
\) 7‘ 42 oroducts (1,2 and 1,4 addition).
N [ n /\f\
(h Ph

22. Draw the major product and mechanism for the following reaction. Draw all of the
resonance structures for the key carbocationic intermediate/\

H, &
FiNOs,_ B Ho— w0, ——1= Ge,
O,N H HoS0, 0, = Ao,
&
MO

[ é ! _ <~ e

v Yo o)umwz 7 o)/u/@*m
H H +H

L,
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23. Design a synthesis for the following:

o)
c\/“\/ AICI

., g
© 2. Z.n(H )/ HCl ’ ~02N/©/v

‘ 3. RO, Hy SOy /7

24. Explain why A is more acidic than B, but C is less reactive than D towards Sy1 reactivity

@ Sn1 Reactivity
& . arematiC

antaromatic

aromatc  anharem o C
25. Rank the following

O
Reactivity

©)J\/ ©/CH3 © EleCHS tglz"",a;f%
2 3

L_{
2 oWyl hod

J 0 o
Combined
e [ Diels-Alder
K& + b NN+ NN 4 Reactivity

@ / @ @ /1o
Ercha
?ooo(

W W W W Stabity

auyllc (Col a{-eo( al(yhc ((o/mlpa/
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