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Test 1 PS#1: Arrow-Pushing/Mechanisms Practice Set

1

= Organic Chemistry
& Jasperse Mechanisms Practice. See Page 3 for a summary of mechanisms principles.
il Arrow-Pushing Practice, Page 1:
s * Draw arrows for each of the steps in the following reactions

e Iwon't require this on tests, but you may find it useful t 1nclude all lone-pairs™n atoms that

react.
Watch for: _won’t require this on tests, but you may find it useful té_draw in all hydrogens on aton%
Changes in:  eact. (It is not useful to draw in all H’s on atoms that don’t react.)
1. Bonds Remember that arrows track the movement of electrons, so an arrow should go from the source
2. Lone Pairs H>f electrons and point directly to the atom that accepts them
3. Formal ﬁra d.'\) Cl'a'fk -(“ ﬂeﬂ 2 Ma, e
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Test 1 PS#1: Arrow-Pushing/Mechanisms Practice Set
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Page 2: Draw the arrow(s) for each of these steps.
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Test 1 PS#1: Arrow-Pushing/Mechanisms Practice Set

S Some Arrow-Pushing Guidelines

=
- 1.
=S 2.
3
4.
5
6.
=
=
T
=
7.

Arrows follow electron movement.

Some rules for the appearance of arrows

. The arrow_must begin from the electron source. There are two sources:
At atomXwhich must have a lone pair to give)

b A bond pair (an old bond that breaks)
* An arrow_must always-peint directly to an atom because when electrons move,

they always go to some new atom.

. Ignore anyQpectator Atoms? Any metal atom is always a “spectator”
* When you have a metal spectator atom, realize that the non-metal next to it

must have(hegative charge—

Draw all H’s on any Atom Whose Bonding Changes

>
. Draw@ll lone-pairs on any Atom whose\bonding @

Y ON BOND CHANGES. Any two-electron bond that changes (either made
orbroken)-musthaveamarrow to illustrate:

* where it came from (new bond made) or
* an arrow showing where it goes to (old bond broken)

Watch for Formal—C’I@a;d Changes in Formal Chgﬁe

e If an atom’s Cmc getsTmoTe positive = 1T s donating/losing an electron pair
=> arrow must emanate from that atom or one of it’s associated bonds. There
are two “more positive” transactions:

* When an anion becomes neutral. In this case, an arrow will emanate
from the atom. The atom has donated a lone pair which becomes a bond
pair.

* When a neutral atom becomes cationic. In this case, the atom will be

losing a bond pair, so the arrow should emanate from the bond rather
ggwf (] than from the atom.
g{(’. * If an atom’s charge gets more negative = it’s accepting an electron pair = an

arrow _must point to that atom. Ordinarily the arrow will have started from a

(d C(.JM bond and will point to the atom.

@su\&\

. When bonds change, but Formal Charge Doesn’t Change, A ‘“‘Substitution”

Involved
Often an atom gives up an old bond and replaces it with a new bond. This is
“substitution”.

* In this case, there will be an incoming arrow pointing directly at the atom (to

illustrate formation of the new bond), and an outgoing arrow emanating from
the old bond that breaks
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Test 1 PS#2: Acid Base Practice Set 7

e Organic Chemistry Jasperse Acid-Base Practice Problems
=

A. Identify each chemical as either an “acid” or a “base” in the following reactions, and
T

identify “conjugate” relationships.
= -You should have one acid and one base on each side

-You should }%

CH;CH,OH +NaOH = > CH,CH,0ONa +H,0
1. AN bd d
acd bdse e aoc
Q . - g
" base ac ciol e
, CH,CH,CO3H FoHMeBr = =" CH,CH,CO,MgBr + CH,
acd base bade acd
4 CH3()/HH_I;O+ Y - m:;OHz-F
bae Qacd hare aad

= 5 CH;CH,NH;* + CH;0H < = CH;CH,NH, + CH;0H,*
= acd base hase acid
T
= B. Choose the More/ﬁsi\c )or Each of the Following Pairs (Single Masable)—Youcaruse

stability to decide. , > Mot

— b len st pOt
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Test 1 PS#2: Acid Base Practice Set
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Test 1 PS#2: Acid Base Practice Set @ c.ha V7’£
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E. Rank the acidity of the followmg sets: Multiple Variable Problems @ /e Son anc e
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F. Draw arrow to show whether equilibrium favors products or reactants. (Why?) Keys:
o o fef 1. Charge
Cgm ’ldm e Iy > H,0 + )k @ 2. Elecronegativity
ha&ej 27. ZH * H” "OH < "W 3. Resonance
Q a
bt 28 00+~ _NH e O + _~_NH,
o} b b q
mon (loble
ene 7

G. For the following acid-base reaction,

Zin the reaction = More .SM/ L

a. put a box around th

b. put a circle around t

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

29 ~OH + \/%HNa < /\/gNa + ~_-NH;
a b b Q
More 2142 Seded acid
= weakev alwg ayC on
Same ‘cide
GJ weakey ba
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Chem 341 Jasperse Ch. 1 Structure + Intro 12
Test 1 PS#2: Acid Base Practice Set
Acid-Base Chemistry (Section 1.13-18)
Acidity/Basicity Table
Acid Base
Entry | Class Structure Ka Strength Base Strength
1 Strong Acids | H-CI, H,80, | 10 A\ o Qo
Cl”, HO-$-0
2 Hydronium H;O", ROH, 10° H,0, HOR
cationic neutral
3 Carboxylic 0 10° 1
Acid J\o
R H R Oe
: -12
! ﬁ???ﬁéfgrléd) REH * .
R™ R R’!\I.‘R
Charged, but only Neutral, but basic!
weakly acidic! \J/
5 Water HOH 10°°
HO@
6 Alcohol ROH 1077
RO
7 Ketones and o 102 0o
Aldehydes Man )J%
. . -33
8 Amine (N-H) (iPr),N-H 10 (iPr),N @Li@
9 Alkane (C-H) RCH3 10 RCH,O

Quick Checklist of Acid/Base Factors

*  When neutral acids are involved, it’s best to draw the conjugate anionic bases, and
then think from the anion stability side.

* The above three factors will be needed this semester. The following three will also
become important in Organic II.

4. Hybridization

5. Impact of Electron Donors/Withdrawers
6. Amines/Ammoniums

10

Base
Stability

1. Cations more acidic than neutrals; anions more basic than neutrals
2. Carbanions < nitrogen anions < oxyanione < halides in stability
onjugation 3. resonance anions more stable than anions without resonance
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Test 1 PS#3: 3-D Structure- 4 Targets; 1. 3-D Drawing
Drawing Practice Set

2. Condensed formula to Lewis structure
¥ Functional Groups S 1
4. Isomers, including structum‘versus stereoisomers P4

MOLECULAR STRUCTURE

For each of the following molecules, draw_their 3-D strucfure. You will usually need to
have converted the condensed structure into a Lewis structure. Draw in all hydrogens.

- For molecules involving lone-pairs, draw_them with the lone pairs shown, While this
may not be required for test questions, VSEPR is impacted by lone pairs, so they
indirectly impact where atoms are located. For this exercise, try to show where in space
the lone pairs will be. To do so, put a “double dot” on the end of a stick (in place), or
wedge (in front) or hash (in back).

Molecular Structure

Guidelines for Drawing Models:
A. 3-D Perspective

¢
-

[ ]
-

v

1. Keep.as.many atoms as possible in a single plane (plane of the paper) b& zig-

[ zagging,) Connections within the paper are drawn with straight lines.
2. Use wedges to indicate atoms that are in front of the plane.
3. Use hashes to indicate atoms behind the plane.
B. For any tetrahedral atom, only 2 attachments can be in the plane, 1 must be in front,
and 1 behind.
-if the two in the plane are “down”, the hash/wedge should be up
-if the two in plane are “up”, the hash/wedge should be down.
-the hash/wedge should never point in same direction as the in-plane lines, or else
the atom doesn’t looks tetrahedral
-for polyatomic molecules, it is strongly preferable to NOT have either of the in-
plane atoms pointing straight up. Straight-up in-plane atoms do not lend
themselves to extended 3-D structures.

-
-
-
- N
Z -
~
~
~

Good! Look tetrahedral

-

-
-
-
- -
N
N
~

Bad! These don't look tetrahedral!

1. ALKANE. butane, CH,CH,CH,CH,
-take the chain and wiggle
around all the single bonds.
-The most stable actual shape
is the one with the carbons
zig-zagged and co-planar.
-Notice the symmetry possible.

g HB

L 4
»

11
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Molecular Structure  Test 1 PS#3: 3-D Structure-Drawing Practice Set 2
uwébr hH
3. HALOALKANE. 2-bromobutane, CH;CHBrCH,CH s

3
-notice that if the 4 carbons are co-planar zig-zagged, H

the attached Br can’t be in the same plane. . H
-try to compare with a partner 2 cases in which H H
Br is in front versus behind. Are they the same H H |
molecule, or isomers? ﬂ{ H r\o I\ez ua
L L
Tsonmey, '\ﬂ,’ Sahe /"4/ " 1;:2; e
Sterecjsomers nd

M Cendrone

4. ALKENE. Draw both: a) trans-2-butene, CH,CH=CHCH,

bl and b) cis-2-butene -
(trans means the two CH, groups are on the opposite sides H "[ H
of the double bond; cis means they are on same side) IJ.G( \Uo /
-notice that not only the 2 double-bonded '
C’s but also the four atoms directly
attached are all co-planar.

H
H .
5. ALKYNE. 2-butyne, CH,CCCH, H ghow ( 'Plea/'/ (45°
-draw Lewis structure first - L .
Li’ 1| NG 2 g-2ag on
g ’}' CEC-GH AN H C=C carbons
H linear 3
6. WATER. H,0 e [ AR 5!,\,"‘ N _f< A
7. ALCOHOL. Ethanol, CH3CH2§):H . H
WoH
IR pe
‘-‘ /\;( H (B
HH

8. ETHER. Diethyl ether, CH,CH,OCH,CH,

Ly

e
HH HH
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Molecular Structure  Test 1 PS#3: 3-D Structure-Drawing Practice Set 4

H \ v
9. FORMALDEHYDE. CH,0. - L=0 “\I‘ [om pairs

-for 9-16, make sure you draw the Lewis H l
structure before you build models and draw ’ " p ane
the 3-D picture. If you don’t know the H

connectivity, you have no chance!
&

HH o

10. ALDEHYDE. CH,;CH,CHO.
H 4 O

s S H
H-C F,cl;~c H A

11. KETONE. CH,CH,C(O)CH,CH,. N H
wh O H

H A H
12. ACID. CH.CH,CO.H. s
LT S 0
C;' C‘. -Q H H N O/l \/“\0@
H : ~ .
H H Y w"] ap M
13. ESTER. CH,CH,CO,CH,. H N u H felionance
u 7 l /'LH
SEA
H 34
14. AMMONIA. NH, . /H "l'
15. AMINE. (CH,CH,),NH HH ’.:; H H
# B H 4 ’ p
Lo | H - H
H-C=C— 1) —CHCH, 3 S
Toa Y H AH
H H ' . H
16. AMID}EﬁCHﬁONHZ. ~o7
: I\
H ~H
WL &Y, Y\/U\
H o



Molecular Structure  Test 1 PS#3: 3-D Structure-Drawing Practice Set 5

SAME OR DIFFERENT? Classify the following pairs as “same” or “‘isomers”. Rules:

= 1. Structures which can be interchanged or made equivalent b§ rotations around sin‘g‘@
bonds are considered to be the same.
2. “Isomers” are things with the same formula that can’t be made superimposable by

simple rotations around single bonds.
(For we will eventually need to be able to distinguish(“structural isomerEDf” rom
‘stereoisomers’ o try to do that if possible. And within stereoisomers, by test two we’ll

istinguish between “enantiomers”, which are mirror image isomers; versus
“dlastezgomers , which arj cis/trans isomers.)

ey\an‘*\omeﬂ mirroer (VM’( Vs, d,ag-fefeomef.s (c&/-fmnx)

NN
o
/4/ @/(@ dercomomer_l (%«v:?;ni:olmg;:g

NG N /;Q/ ctructurdl iSomers (conde(w&’
CHArChch, : C*hc*'”rai cH, of (@ax )

er
/\/ . .
. replSomers >
CACHCHCH, rans c- Stere (diasteriomers)

W=

W

CH; H

~ S same

e |6 s Crine)
Cl H CH Cl
+4rans +rans
O on S stereo diactereomer
HCI Cl CIH Cl
Cis ~trans
Ha & Y h

Cis Cid

14



(v

Test 1 PS#4: Isomers Practice Practice Set

119

Organic Chemistry |
&= Test1 Isomers/Resonance Recognition Practice.
=
T Note: You should be able to practice the first page fairly early during the class lectures. .
= * The second page you won’t be able to process until almost the end, after confgy; at;‘ﬁlf‘;aﬁ?t“be SUpCTTOpOSELTVeR
dealing with Newman Projections and Cyclohexane Chair conformations. (_hysinglebond ratation
Two families:
For the following pairs, classify the relationship between each pair as either: 1. Cis/tr 1 djmgz
* same compound * structural isomers *__sresenance structures stereoisomers
Remember, single bonds can rotate, Different condensed formula, , ormal charge,
but double bonds can't. Different name double bonds, lone pairs may:. o 2 g
N X P 7 U
D > OV N7 Y
! g CoHy, [okructual 7.
CiChH=CHe, Chy 5' w [ € ¢tuctural
P TN /\/\ l«/"\@/\ B @!CHs
4-.“«“4; e N
m M_dzu_y_m’ eimal(e
2
H CHs
= /I P WH
= 7 Z@ - 5 -
T Single bond rotation OK -H
= *&4?& *QQ?'/ S
10. 11. IJ‘Q/ P H
Eml No a’l'ul/ o
g o g 7 /‘Naﬁlll(e /S“"YUC"WRU vowd
> 2 2
OH OH OH OH OH
O OGO A joue.
u
13. 7§ § 4.7 J OH 15. /34 3
chructurd [structurd| )
H
H H %
Sacda G 28 P Ay
16.
= ofr uchum( 17, 18, #
= Z ? elofauce ) m
T
= H[B] H(B) @:H@_ H HBr HBr  HBr BiH iE/Hir HBr
y ; 1, -
19.‘},4,‘_ yy 2 20 1T234e¢ {?5¢ Ay s—ﬁk(\
cis
/ ¢t/ uctunal)
HBrHCI H Cl HBr HBr HCI CI HBr H
22, s_/K/k /% M
SHV eo dowed m

mivrort  upeguof




E /{/ebu“ auv \ Test 1 PS#4: Isomers Practice Practice Set

For the following pairs, classify the relationship between each pair as either:

= + same compound * structural isomers * resonance structures ® stereoisomers
=
T H CH2CH3 CH20H3
= " @ . Stry ctiral
H H H
25. all.'l't ’C 5
— | C.i—C
e ¢ f pestdre 78 6 » S —CH
4
H a*ﬁ H oty §avh? , o 'ecH, Hy  CeHy
\ - |
27. ‘/?'\3/\ /\3%4\ H (Note: review video ~ 28. ‘/\/"\‘fk}/& H 70(1“1!,’.
discussion of this problem in the context of the ar am ""
Newman projections.) awﬂ- au(he /ﬁ‘a'bb"

[stvuctual } on acca;g’ nd ark® el

H—lcr SR S MG,
CH C—ch ¢
|

31 Br m Br 37 Br
ﬁl‘j L4 _ wed X v ucturyf
H‘?O{ A = *;?C}Z 4
HY Hu Br

= H % 5
o y A ]
u‘ 8 4,: oy
Br Br Br H
H- AL WAL
H Br
35. Br B H’ﬁH 3. Br  Br ~—=



Test 1 PS#5: Newman Practice Practice Set 17

Newman Projection Practice 1
= Organic Chemistry [ — Jasperse =~ Newman Projection Practice
= (See page 4 for some summary of operations/steps for handling Newman projections)
T
A. For each of the following, draw the best and worst Newman projection, relative to the bond
S indicated.
pett P
1. Butane, ri;atwf: to the C2-C3 bond H H 3
J aw uh worst
o B Cu e oy
2. 1-chloropropage,relative to the C1-C2 bond J ecl d
. cH 3 CCh ,_(
S ‘? 4&
H
3. 2-methylbutane, relative to the C2-C3 bon bond l [+ H H
} CH D C
W l-l3 _di H 2 3
4. 2.2-dimcthylbutane, relative to the C2-C3 bon - CH =H
g Yest ; l—\ CHy H & fg
T 6“3 C‘& b est V\/R/_
= H H worst wor.
5. 2-chloro-2-methylpentane, reldtive to the C2-C3 bond
Note: Clis smaller than methy] H.C;
cu “}C“s CHaCHy “,g‘“z o
’ K . 5
Cl =
H
i ¥ q
B. Rotation Barriers.
6. Rank the rotation barriers relative to the indicated bonds, with 1 have the largest barrier
* For convenience, Et = ethyl and iPr = isopropyl
= 4 °/ Assume that a halogen, OH, or NH, is smaller than a CH3 or any other alkyl gro@
=
T d {
=

L A o ) e )
Koyt @ © @ @ 6B P @
worst @,

total ec‘(/m’d (hat foud a 7 tolel echp(eﬁ

con-for mah on 't‘dfa(()' 6"/~Wy ,pr %
o— Lavger =  thare SteniC

dies:
/ 515*

ctraup = lav
.10')6+>CH3>Cl>H = QZ'QOV‘
bamer
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Newman Projection Practice Test 1 PS#5: Newman Practice Practice Set 2

C. For each of the following, use the words torsional and/or steric to explain why the first

conformation is more stable than the second. (The answer key and explaining video will be a bit

more detailed as appropriate.)

a. For each, note if any “total eclipse” steric interactions exist (two non-hydrogens eclipsing)
b. For each, note if any “gauche” steric interactions exist (two non-hydrogens gauche)

S

7 H CH3H Hégcm S-l-eﬁc' (( 74“5’[8)
A 'y torsiond| ¢ one is echpteds
H CHsH Fﬁ@d‘% one ;f;‘-l-
o |n ggH gcg Hotsional} @ cape aind
H Ho W (us .
s M rtere) (1 dal eckpe of & rrvgnd
10. |H H é@ t{.ou,' m[
H@H *ﬁ‘ H W
sty edil .
N iy [Seric] shram
11, | HCHH HCHH y .
NI Larger Pr makes 7‘"14“3 storce worse
[ gauche (,geudi(
L G methy - ety us  methyl - opran
T (arger
13. H3}6053H :CH% land\e vs 3 aUdle

18
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o ) Test 1 PS#5: Newman Practice Practice Set
Newman Projection Practice 3

D. Newman Projection Energy Diagrams.
14. Draw a qualitative energy diagram for CH;CH,CH,CH(CH3),, relative to the bond between the

two CH2 carbons. The Newman projections are drawn below, using “iPr” as an abbreviation for the
isopropyl CH(CHs), group. Put “S” (for staggered) by any “staggered” conformation, and “E” (for

echpsed) by an echpsed conformatlono 90([% ]”0 ( 70“d4t’ N

@@@é@ P,

e

W-=uw

0° 60°  120° 180° 240° 300° 360°
15. Draw a qualitative energy diagram for CH3CH2CH(CH3)2, relative to the C2-C3 bond. The
Newman proj ections are drawn below.

CH3
s Hs CH3 @ %
C Hs }-PH3 H

CH3

0° 60° 120° 180° 240° 300° 360°

|
o ThernSdh
16. Draw a qualitative energy diagram for CH3CH2CH(CH3 CH(CHj3))relative to the bond betwee

the CH, and CH carbons. The Newman pI‘O_]eCtIOHS are drawn below, using “iPr” as an abbreviation

= for the 1s0propyl CH(CH3)2 group ov.de }‘40 9" i rr
e & &l d g &
s I_PHa H 3 CH3 3 3 lii' I-PH3
H|ghest
de_; ’r Energy
Me -Ae g
L
&
Lowest|
Energy | | | | ! ! |

0° 60° 120°  180° 240° 300° 360°

c
Sc_cc_('



W=

W

W

Test 1 PS#5: Newman Practice Practice Set 20

Organic Chemistry I Jasperse Newman Projections and Cyclohexane Chairs. Steps.

Steps for processing a di-substituted cyclohexane chair:
Summary: Draw chairs; install sticks; install substituents appropriately
1. Draw both “right-*“ and “left-handed” chairs
2. Draw in "axial" sticks on the relevant carbons; then draw in "equatorial" sticks on the relevant
carbons
* Use the left-most carbon for your first substituted carbon
3. On the left-most carbon, put your first substituent in on both chairs.
* It should be equatorial in the “right-handed” chair, and axial in the other.
4.  Use "upper/downer" logic to decide whether the second substituent belongs eq or ax on the first
chair (then make it the opposite on the second chair)
* Draw in the H’s on the relavent carbons
Are the two substituents eq/eq, eq/ax, or ax/ax? This will help recognize relative stability
If one subst. is forced axial, the preferred chair has the bigger subst. equatorial
The best cis vs trans isomer has both substituents equatorial.
Note: To draw and identify the best cis versus trans, just draw a chair with both groups
equatorial, and then identify whether that is cis or trans

® oW

Steps for Drawing the Best Newman projection

Summary: Draw staggered sticks; install substituents appropriately

1. Draw a staggered Newman projection, with three sticks on the “back” carbon and three on the
“front”. Have a stick up on the back carbon, and one down on the front.

2 Draw your biggest substituent on the back carbon on the “up” stick

3. Draw your biggest substituent on the front on the “down” “anti” stick

4

5

Fill in the other two back attachments on the other two back-carbon sticks.
Fill in the other two front attachments on the other two front-carbon sticks.

Steps for Drawing the Worst Newman projection

Summary: Draw eclipsed sticks; install substituents appropriately

1.  Draw an eclipsed Newman projection, with three sticks on the “back™ carbon and three on the
“front”. Have a stick up on both the back and front carbons.

2. Draw your biggest substituent on the back carbon on the “up” stick

3. Draw your biggest substituent on the front on the “up” “totally eclipsed” stick

4.  Fill in the other back and front attachments.

Note: The more severe the eclipsing in the “worst” projection, the greater the rotation barrier

Tips for creating a Newman Projection Energy Diagram

1 Use the “worst” (totally eclipsed version) as 0° and 360°.

2 120° and 240° will be the other “eclipsed” conformations => energy crests.
3. 60° 180° and 300° will be the staggered conformations => energy valleys
4
5

60° and 300° will be the other two staggered conformations (gauche) => energy valleys.
To compared the relative energies of the eclipsed crests, evaluate the sizes of the eclipsing
substituents (when two non-hydrogens eclipse) and
6.  To compare the relative energies of the staggered valleys, evaluate the number/severity of gauche
interactions
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Test 1 PS#6: Cyclohexane Chair Practice Set

Cyclohexane Chair Practice
Organic Chemistry [ — Jasperse ~ Cyclohexane Chair Practice

A. Draw the two chair conformations for each of the following di-substituted cyclohexanes. Circle
the more stable one - -
* For convenience, you may abbreviate the substituents (Me, Et, Pr, Bu, iPr, tBu, or the like

rather than drawing out methyl, ethyl, propyl, butyl, isopropyl, t-butyl....)
* Assume that a halogen, OH, or NH; is smaller than a CH3 or any other alkyl group.
* Remember to draw in the hydrogens on each of the “substituted” carbons

fy

1. Cis-2-bromo-1-methylcyclohexan
Hue JM@V

(
Wad upper

ethyl Giﬁa
2. Cis-3-isopr’c!‘pyl-'{-me ylcycloﬂexaqle ]
CH} ”,

3. Cis -4-ethyl-1-hydroxycyclohexane EF

H
HO
H

4. trans-2-butyl-1-isopropylcyclohexane

%
H
H
5. trans-3-t-butyl-1-methylcycloh QU
. trans-3-t-butyl-1-methylcyclohexane
s o
+£u
H ']‘ ué—/@;ﬂ'r

6. trans -4-chloro-1-propylcyclohexane

VFI/’ hr
b c
disaster “/WH
Cl
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Test 1 PS#6: Cyclohexane Chair Practice Set 22

‘ *
Cyclohexane Chair Practice nop- H{ =7 66 uator a { 2
B. For each of the following, do two things/
A. draw the most stable chair formTor the more stable stereoisomer for the molecule

B. identify whether the more stable stereoisomer i@@.

7. 1-butyl-2-methylcyclohexane

(W

8. 3-t-butyl-1-methylcyclohexant

9. 1,4-diethylcyclohexane H

y o 1 downer

C. For each of the following, do two things:

A. draw theAtrost stable chaform I'“f lar

B. identify whether the more stable stereoisom¢r would !bg the f1s or the trans stereoisomer

szaller
10. Cis-2-chloro-1-ethylcyclohexa

2 Jros coil g5 <7 )

7
A

t Cq-ox = uf
H gor =
11. trans-3-butyl-1-isopropylcyclohexane

N—

~aqx = "'(an.( Mt b&n‘ |
Jeis wedd Ge best |

e y
l u

12. trans -4-hydroxy-1 -t-butylcyclohﬁ(ane

* =y
4 % <t =




W=

W

W

23
Test 1 PS#6: Cyclohexane Chair Practice Set 1

Organic Chemistry I Jasperse Newman Projections and Cyclohexane Chairs. Steps.

Steps for processing a di-substituted cyclohexane chair:

Summary: Draw chairs; install sticks; install substituents appropriately

1. Draw both “right-*“ and “left-handed” chairs

2. Draw in "axial" sticks on the relevant carbons; then draw in "equatorial" sticks on the relevant
carbons
* Use the left-most carbon for your first substituted carbon

3. On the left-most carbon, put your first substituent in on both chairs.
* It should be equatorial in the “right-handed” chair, and axial in the other.

4.  Use "upper/downer" logic to decide whether the second substituent belongs eq or ax on the first
chair (then make it the opposite on the second chair)

— ¢ Draw in the H’s on the relavent carbons

5 Are the two substituents eq/eq, eq/ax, or ax/ax? This will help recognize relative stability

6 If one subst. is forced axial, the preferred chair has the bigger subst. equatorial

7. The best cis vs trans isomer has both substituents equatorial.

8. Note: To draw and identify the best cis versus trans, just draw a chair with both groups
equatorial, and then identify whether that is cis or trans

Steps for Drawing the Best Newman projection

Summary: Draw staggered sticks; install substituents appropriately

1. Draw a staggered Newman projection, with three sticks on the “back” carbon and three on the
“front”. Have a stick up on the back carbon, and one down on the front.

2 Draw your biggest substituent on the back carbon on the “up” stick

3 Draw your biggest substituent on the front on the “down” “anti” stick

4.  Fill in the other two back attachments on the other two back-carbon sticks.

5 Fill in the other two front attachments on the other two front-carbon sticks.

2 ¢¢

Steps for Drawing the Worst Newman projection

Summary: Draw eclipsed sticks; install substituents appropriately

1.  Draw an eclipsed Newman projection, with three sticks on the “back™ carbon and three on the
“front”. Have a stick up on both the back and front carbons.

2. Draw your biggest substituent on the back carbon on the “up” stick

3. Draw your biggest substituent on the front on the “up” “totally eclipsed” stick

4.  Fill in the other back and front attachments.

Note: The more severe the eclipsing in the “worst” projection, the greater the rotation barrier

Tips for creating a Newman Projection Energy Diagram

1 Use the “worst” (totally eclipsed version) as 0° and 360°.

2 120° and 240° will be the other “eclipsed” conformations => energy crests.
3. 60° 180° and 300° will be the staggered conformations => energy valleys
4
5

60° and 300° will be the other two staggered conformations (gauche) => energy valleys.
To compared the relative energies of the eclipsed crests, evaluate the sizes of the eclipsing
substituents (when two non-hydrogens eclipse) and
6.  To compare the relative energies of the staggered valleys, evaluate the number/severity of gauche
interactions
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Test 2 PS#1: PS1: Radical Bromination Practice Set 1 25
Organic Chemistry [ Jasperse

Test 2, Radical bromination: Extra Radical Bromination Product Prediction and Mechanism
Practice Problems

Note: In each of the following, draw the MAJOR mono-brominated product, and/or draw the mechanism (full arrow-
pushing) for the propagation steps in the radical mechanism. Initiation need not be illustrated..

Q Br,, hv Br
—_—
1.

A
O\(‘/H Gfa S ./\"E-r\— Af O/ dl‘_,, Af'
+ H—4r

)\/\ Bra hv \ iy
/_\%_r\—/\ér dr
— )\/\ > X/\ + B¢

H \\—/4/ +H—A8r

by ARy dr
D



W-=uw

W

Test 2 PS#1: PS1: Radical Bromination Practice Set 5 26

S




. . Priorities: 1. Heteroatom. 2. C-with-heteroatom.
Test 2 PS#2: PS2: 3. C>CH>CH2 > CH3.

Stereochemistry Practice Set 4. Proceed down chain until point of difference. 1
Organic Chemistry [ Test 2 Extra Stereochemistry Practice Problems
Page 1: Designate R/S Page 2: Chiral or Achiral? Page 3: Same, Enantiomer, or Diastereomer?

A. Designate the R/S configuration for any chiral centers in the following molecules.
H Br Bra H < HaN. H
1. é/ R 2. &/ 3. 3
H_Br H OH HOH
HO . . HO g
5. 6.

S
H OH O H on H_oH
7. K 3. ﬂ\
H/’ Br |'L CH3 O\ H H3
10. HO\A/OH 11. /\OAO/\ OX /\‘S
no chival C no dnval C 12.
15CHj H_OH H,-OH
PNEIN " HOéNHZ @H
13. H
K S 1. Og
H CHs
> 18. \/\&\
. 1, HCOH § S
A CH
H OH Br. CHs LN
o TN G
19. 20. v “OH N WM T7Or
C i R,R, error in movie LY
R,R whichsaid R, S.
H%
23, HsC NH, .o
22. > mifloy
W W S
H/ CH3 H/ CH3 H’ CH3
25. > H
o chval C 26/ HO CHs 27,
K
¢l C , L CHzOH
HW'”CI Hsci'\ﬁj Faral ~> HOj@AOH
28. Ho=~ A2
N H
S ~ 29. 0 30.8 mop\H

This one is very hard.

But for each of the 5 chiral C's, the tie-
breaking processes do work.

The upper-left S is harder than the others.



Test 2 PS#2: PS2: Stereochemistry Practice Set 2

B. Identify each of the following molecule as chiral or achiral. (By circling the chiral ones.)

Write “meso” where it applies. (In other words, if it is achiral despite having chiral centers).

One chiral
carbon =>
chiral

molecule 31

H CHj
34, H;CO H 36, H,C H
Two common attachments => achiral
H o]
Cr™ T
37, 39.
Plane of symmetry => achiral
Two common attachments => achiral
40.
e |
Be able to rotate in order to
X #Meo better visualize planes of
42. ClH N
symmetry or lack thereof
4
OH
s OH OH
= »
T 46. OH OH 4N CHj
Meso eﬁudu
OH e%ual.!
H
o7
49. 50

28



Test 2 PS#2: PS2: Stereochemistry Practice Set 3 29

C. Mark the relationships between the following structures as either “same”, “enantiomers”,
or “diastereomers”.

With just
. H cl Q\ H cl cl, H
one chiral 2 2 &
C.ifyou s, /é/ H Cl S enant 52. éi/ \27\ -
can assign 2 A
R/S for
both, you H cl Cl. H H CI H, Cl
tell if Tt 3 @
aaor 53 /</ /S</ €Aan 54, f/ \)A\ Mel
different.
PO LR e

55. L

OH .OH .«.rmf
With two CE O

chiral C's: 57.

H
O [ j\ Zem n ]

1. orient them meso
the same;
2. look for OH OH OH
all flipped :
(mirror) vs .
some flipped 59 OH 'OH m
(not mirror, '

chlral = aII fllpped => enant

diastereomer)
check for - OH OH .~OH
plane of , e“aH ) SaMe
symmetry ‘OH ‘OH " OH
meso =

3. If mirror, OH
(meso, achiral,

mimnvor

58.

mirror same) 61. OH :
vs not (chiral, chiral => all fllpped => enant achiral => all flipped => same
mirror 18
enantiomer) | H CI Cl,’ H
fo 4 Tenard 25 ¢
R 3 ()
s Mo }_\ 61. Gl e
chive|
H c Clel ¢, H )
A . A §ha A 18
W o HI' 2 = é
= ¢ O H Hoa ¢l ¢y 66. = Cl H
if e H
67. __ClH

OH

N Lz e Eﬁf £ (O [cang

70. m OH

"IOH
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Test 2 PS3: 2 Extra Mechanisms + Product Predict Practice 1

Organic Chemistry [ A
Test 2 Extra Mechanism Practice Problems Nfwerg

Note: In each of these cases, I am asking you to draw the mechanism for the product shown. In some cases where both
elimination and substitution may occur, there may be another product in addition to the one shown. And in cases where
elimination is happening, there may be an additional structural isomer that could form. Regardless, you should be able
to draw the mechanism for how the product that IS shown would have actually formed.

few G
» o7 6c° P
T Atiomc
SUJ I E') Sdg SN2: No intermediates
\(@

OH
A
Heat
B ea ’0; SN1: 3 steps
o )\ 1. Cation formation

©

2. Cation Capture
/‘D @ 3. Loss of proton

—P .
SE @ H
s
gBr LIS bfe

N7
Yl g~ -H& HEA~

. . .
HL\\S ~ Mech explains changes in:
& 1. Bonds

2. Lone pairs

@ 3. Formal charges
5,567

RN H
NS
6. HE '

31



Test 2 PS3: 2 Extra Mechanisms + Product Predict Practice

/’f El:
\l/\ 1. Cation formation

K 2. Loss of a neighbor H

]
\% ~"SOH
sEl 7 H v
I oy

\P<
Q e

J, /v H
e
H

J%

o ‘_\ Radical Bromination:
= 1. Abstract H using Br radical
= /‘2 2. Attach Br to carbon radical
Y

K A K= Ly 2r

/

W

32



Test 2 PS3: 2 Extra Mechanisms + Product Predict Practice @33

= In these problems, both predict the major product and draw the mechanism for its formation. If you
=

expect both substitution and elimination to occur, draw both (bit if there is more than one alkene
isomer possible, just draw the one that would form to greater extent,) and draw the mechanism for
T both. ASSUME ANYTHING THAT STARTS CHIRAL IS OPTICALLY ACTIVE TO START.




Test 2 PS3: 2 Extra Mechanisms + Product Predict Practice

= ») Q@
Y Cahe
- .
s 5. 28~ S

£

o L%;E\; g m

s j\; PRI IoCH;i)H H

SA(El
=
9. (iu Q_’/'-'!f =

: hre =
| H
S 1+

W



Test 3 PS1: Miscellaneous and Mechanisms Principles A nsers 35

Organic Chemistry I
Jasperse Some Chapter 7 Quiz-Like Practice, But NOT REQUIRED. Answer key available:

1. How many elements of unsaturation are present for a ?oleculﬁ‘\!ith formula C;H,NO,?
a. 0 on

agd on N
o //
Theory: 1241313
T3 AC“WI\ j
&H shot = 4 EU

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

E)- 3,(,-o!ime+h~,“\e(rl' J-eneé

3. Which of the following is correct for the geometry of the double bond shown below?

b Z H
c¢. Neither E nor Z

4. Draw and all structural and stereoisomeric alkenes (no alkanes or cyclic compounds) with the
formula C,H;. (stereoisomers included)

5. Choose the most stable alkene among the following. (may help to draw each of them out first...)

l—methylcyclohexene

b. 3-methylcyclohexene ES
c. 4-methylcyclohexene

d. They are all of equal stability

Fri-Subbed Ai-subbed
alkepe

6. a) Draw and circle the major alkene product that would result from the following reaction.
b) In addition, draw any other minor isomers that would form, but don’t draw the same isomer twice.

O< NEts
Br > un =
heat
bull Min Cawme g
Ny




Test 3 PS1: Miscellaneous and Mechanisms Principles

7. a) Draw and circle the major alkene product for the following reaction. (There may be a lot of S\2
product that forms as well, but you need not draw that.)
b) In addition, draw any other minor isomers that would form, but don’t draw the same isomer twice.

Br
\
(e

MmNy

8. a) Draw and circle the major alkene product for the reaction shown. (There may be some Syl
product that forms as well, but you need not draw that.)
b) In addition, draw any other minor isomers that would form, but don’t draw the same isomer twice.

¢) Draw a detailed, step-by-step mechanism for the pathway to the major product.
—_—
heat
$6
l 2304 \H ﬁ
M
N —

H®,C

9. Provide the chemicals necessary for transforming 2-methylheptane (A) into 2-methyl-1-heptene (C),
and draw the structure for the chemical B which you can make from A and which serves as a
precursor to C. Above the arrows write in recipes for the A = B transformation and for the B >C

transformation.

/\/\)\M; /\/\><SV &>M

recipe 2 c

6ul\é
bcu)é

recipe 1




Test 3 PS1: Miscellaneous and Mechanisms Principles

For each of the following reactions, write whether the mechanism would be radical, cationic, or anionic?

HNO; NO o _ ,
© _— ©/ Cationic (The H+ is the active
1. ion. Nitrate does nothing.)
H
Br' NaOH . o
—_— Anionic. The hydroxide is the
5 ON OaN active ion, sodium cation is
spectator.
O  CHgOH, H* o
)j\ ° H30f'><c CHs  Cationic. H+
3. H
B id il
rp, peroxides i i i
W N 2P )\ Radical. Peroxides or hv is clue.

Brp, NaOH ¢ Anionic. The hydroxide is the active ion, sodium
)J\ )J\/Br cation is spectator. Br2 without hv or peroxides does
NOT by itself cause radical chemistry.

H,0, H* OH .
< R J_on Cationic. H+
peroxides a)\/k)\/ . . .
7 5 ™ e Radical. Peroxides is clue.

H3CO, CHs H,0, H*

= Cationic
8.
)J\ LiCH3 OoLi Anionic. CH3 anion is active, highly unstable anion.
Lithium cation 1s a metal cation,
9. CHg

which serves as a do-nothing spectator.

37



Test 3 PS1: Miscellaneous and Mechanisms Principles

Draw the arrow(s) for each of these steps.

2.
wﬂ» /K +H3O+
3. H
29 @
4. ph)\ PN +Br
a_Br @OH OH
M\[» > D
6 PP PN +Br
/) 5
7 pr@/D+Br@ > ph)\/D
©
2 % ]
CHs
AT Ay
(@) O@
D% Lo
N cl
r-Cl
0 pr/\[\JB—> oG+ o N

38
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Test 3 PS2: Test 3 Extra Mechanisms Practice 1

Organic Chemistry [
Test 3 Extra Mechanism Practice Problems A 3 C

Page 1: Eliminations to make Alkenes. Page 2+3: Reactions of Alkenes nwer.

Note: In each of these cases, I am asking you to draw the mechanism for the product shown, even if in some cases there

may be other products formed as well. In these problems I’'m telling you what type of mechanism is involved; I won’t
on a test! ©

Ch. 7 Elimination Reactions

E2,

(\Bﬁ Na%CH3 w)\/
. %v ~ Small/Normal
: Base

eSO

2
KO% E2, Bulky Base
3. éBr E>:
He—
l%/\ NEt ©
¢l 3 N H-VEt, E2, Bulky Base
4. ' using  Neutral
NEt;
B NEt,
N 4 w-dE
5
OH H2S0,4 Py H'-Catalyzed
6. C, @ Dehydration
@0H
i l——ﬁH > @, /%/ " Oe

0,
S S e

39



Ch. 8 Reactions.
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Test 3 PS2: Test 3 Extra Mechanisms Practice

Br Tonic H-X

H-B
/R// = H\/ <\ ©) Addition

/@
H A ,,9
oH H' catalyzed

e &7”—”0» oh ® H,0 Addition
H _®
o 5
H

X, addition

Cl, Cl
— J
/)I “Cl Either the blue or the red
mechanism could explain the product
’ ‘ Cl —C'; l ﬁ') with the stereochemistry illustrated.
i ]z (S

~~—'
Cl

ot c@ "'Cl

40
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14.

15.

16.

Test 3 PS2: Test 3 Extra Mechanisms Practice

PRl
az“J@

3 41
X, addition

X,/H,0O addition

H' catalyzed
H,O addition

Not Responsible for
this Year's Testing

©

Not Responsible for
this Year's Testing
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Test 3 PS3: Test 3 Alkene Reactions Practice

/ Answ 6/’_&\ 1
Organic Chemistry I
Test 3 Extra Alkenes Reactions Practice Problems. (First half of the alkenes reactions only)

1. Draw the major product for the reaction shown. (There may be some side products or isomers
formed in addition to the major prc:lducts, but you don’t need to draw them.) Draw the mechanism.

{ .
C 1. Protonate on less substituted end to
HCI make carbocation on more substituted end.
> 2. Capture the cation

Y [V

7
H=Cl |
) -

2. Draw the major product for the reaction shown. (There may be some side products or isomers
formed in addition to the major products, but you don’t need to draw them.) No mechanism

W=

required.

HBr, perOX|des / 5@

3. Draw the major product for the reaction shown. (There may be some side products or isomers
formed in addition to the major products, but you don’t need to draw them.) Draw the mechanism.

HY H.0 H 1. Protonate on less substituted end to
r 2 ﬂ make carbocation on more substituted end.
> 2. Capture the cation. Capture by neutral
water results in cationic product.
l @ T ‘-p 3. Deprotonate to get back to neutral.
H,0 \
H

4. Draw the major product for the reaction shown. No mechanism required.

43
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Test 3 PS3: Test 3 Alkene Reactions Practice

5. Draw the major product for the reaction shown. (There may be some side products or isomers
formed in addition to the major products, but you don’t need to draw them.) No mechanism required.

Hg OAC 2, »
2. NaBH,

6. Draw the major product for the reaction shown. (There may be some side products or isomers
formed in addition to the major products, but you don’t need to draw them.)

= H 1. Stereochemistry must be designated
= 1. BHs-THF - CH 2. Either enantiomer is fine.
a}
T 2. H,0, NaOH T3

7. Draw the major product for the reaction shown. Include stereochemistry. Draw the mechanism, and
make sure it accounts for the product stereochemistry.

Br - N 1. Stereochemistry must be designated
A Cﬂad‘mev 2. Either enantiomer is fine.

i > > A 3. Really ugly to draw the stereochem of the
Ar“ 3-membered ring. But for the enantiomer I
drew, you'd need to show the bromide anion

attacking the more substituted end, and
\L you'd need to the original bromine to be in

6 front.
o b o g

/cu\;g-\liv]\gaﬁ

8. Draw the major product for the reaction shown. Include stereochemistry. Draw the mechanism, and
make sure it accounts for the product stereochemistry. Also, make sure that your mechanism really
gives the product that you show. (You may actually want to work the mechanism first, so you make

sure you draw the product correctly.) 1. Stereochemistry must be designated
C\ OH 2. Either enantiomer is fine.
Cly, Hzo N 3. For the enantiomer I drew, you'd need to
K\ / \ show the chloride on the front, and have the
water attack the right carbon. Your
\/ mechanism and product stereochemistry
\_ C\ T H must be internally consistent.

L\@ Hao ('\ o



W-=uw

i

W

Test 3 PS4: Test 3 Extra Synthesis Practice (6 pages) —)
Organic Chemistry | / A NSwevs \
Test 3 Extra Synthesis Practice Problems '

Page 1: Synthesis Design Practice.

Page 2+3: Predict the Product Practice (including some that involve stereochemistry).

Page 4: Cis/trans Stereospecific reactions: which recipe to use; which E or Z alkene to use.
Page 5: Recognizing cationic/anionic/radical reactions, and reasonable intermediates/first steps
Page 6: Elements of unsaturation/hydrogenation problems; ozonolysis puzzle problems.

A. Provide reagents for the following transformations.

oH |, H, S0q o
L. S 2. br, \ér/\
. H, 80
- 2= oH -
\ﬁ\ 2. Hg(OA(S), ;L/ o

2. 3. A/aﬂ”q /K/

L, WEty  (bulk, hase)or KO
e 2. cly, ' o~y

3 Br ’-50 OH

. . WEh, (bulky bose)
\H\ ‘7 Bu T“ F HO/\)\

4, Br

l. MEH 7
. 050y, Hy0, ﬁ

Br

5.
U . &y, hv _ 9
. 2. w/aoH (swail base) M
‘ 3. 0;
4. Me,S

AQ (. @"Jl hv o
2 AaoOH o
7. 3, CH5C03H, H)O Ho

45
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Test 3 PS4: Test 3 Extra Synthesis Practice (6 pages)

B. Draw the major product for each of the following reactions or reaction sequences. You needn’t bother
to 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).

HZSO41 heat &/\
—_—
8. OH
Br NaOH
9.

Br

NEt,
o YT T T
TR e

7 H

HBr, peroxides

ami- Mayle.

12.

1. HBr, peroxides

— > (via )
;. 2. NaOCHg o':.‘\/\ A,/\/\
\‘)\ HOH >§\\
14. H OH

H(OAC), H0 GJ\

/

15. 2. NaBH, iﬂ
(™ pmemne s (vin 7
2. NaBH,
16' 3. 2804
1. BH3-THF
AN =~ N N0H
17 2. NaOH, H202
1. BH3-THF H Note: explicit stereochemistry must
@\ - H be drawn. The enantiomer would
18 2. NaOH, H,0, = have been equally acceptable.
' 1. Hg(OAc),, CHsOH CH3
SN >

19' 2 NaBH4 \/T
CH,

46
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20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Test 3 PS4: Test 3 Extra Synthesis Practice (6 pages)

's
)\(\ . HBr )\r\ (qu )
2. NaOCH,

e 2 \/k/lj"
H
o Brz 0 r

4 Note: explicit stereochemistry must
Bra be drawn. The enantiomer would
- Ch 3 have been equally acceptable. This
—B ’ principle will apply for any of the
Br,, H,O ﬂr [— reactions producing two chiral
el 70 centers. Problems 23-32
H,C 2
4 CH
C|2 . (' I
/ﬁ > K

Cl

B

Cy
PhCOH HC..,
Ph J\/ — . "' CH,

e on P

J\/ CH4COgH, H,0 }L/
Ph~ X " phA

H
| CH4COgH, Ho0
ry OH

Qi
x

2. Megs

's-/\m

| o (
—0 m
- e rher ofy’dw"‘/ oK

47
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Test 3 PS4: Test 3 Extra Synthesis Practice (6 pages) 4 48

C. Draw the alkene that would product the products shown. Make sure to make your drawing clear
whether the starting alkene was E or Z.

cl

- %2 . e

35, +rang 4 Va;SI
Bl’z, HQO OH

36. o  Br
Cg

OH
¢ CH,CO-H, H,O
N 3L03 2Y /'\/ _‘.,mu
OH

37. Hon
OH 8“ OH
- e Iat

38. S OH

1. BHy-THF HeC H

M /% 2. NaOH, H,0, ] Ph;k:/

39. cY OH

PhCO4H o
40, 7= HaC™  “CH,CH,
41. 00/ !

D. What reagent(s) would you use to conduct the following transformations?

OsOy, Uy G T
LIS
Ph™ ™S ‘ and
/w cig Ph™ i
42. OH
CHgz CH CO “ H.Cc OH
3,COH, HO &
ph)\/ —l'v' /L —e > Ph/k:/
43. and OH

—trans
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E. Recognizing whether reaction mechanisms should be cationic, anionic, or radical; whether
intermediates should be cationic, anionic, or radical; and recognizing what could be reasonably
involved in the initial reaction step.

44. The transformation shown is common in many o OH

biological systems. Which of the following HO\/\) e Oi
. . 2

statements is definitely, absolutely false?

a. The first step in the mechanism probably T
involves protonation of the carbonyl oxygen.

b. The overall reaction involves an addition T
reaction

@ The mechanism is probably radicgl in nature ﬂe'l'u '\\'\"GIY "( C(ke

45. For the transformation shown, which of the o)
following statements is definitely, absolutely )J\/U\

alse?
he first step in the mechanism probably De# n 'I-aly
age

involves protonation of a carbonyl oxygen.

b. The overall reaction involves a subst1tut1on-r
reaction

c. The mechanism is probably anionic in nature T

d. The first step in the mechanism involves T
ethoxide anion grabbing a hydrogen.

apiomc

5 cohomcC

46. Shown is a reaction, and some possible OH @f o
intermediates along the mechanistic pathway. )\ ) + HNMe,
Given the reaction conditions shown, which of NMe, H0 >~y
the following statements is true?

a. Structures A and B might be plausible O
intermediates; structure C definitely isn’t

b. Structures A and C might be plausible )\NM e
intermediates; structure B definitely isn’t 2
Structures B and C might be plausible
intermediates; structure A definitely isn’t

d. Structure A might be a plausible
intermediates; structures B and C definitely
aren’t

amonc

47.Shown is a reaction, and some possible

0 .
intermediates along the mechanistic pathway. Ph\)J\OCHs = PhM ocH,
Given the reaction conditions shown, which of

the following statements is true? o X ®H H,cO 020

a. Structures A and B might be plausible Ph h. JU Ph
intermediates; structure C definitely isn’t B)J\OCHS \) OCH c

a Structures A and C might be plausible Ph
intermediates; structure B definitely isn’t
c. Structures B and C might be plausible am’ o
intermediates; structure A definitely isn’t
d. Structure A might be a plausible
intermediates; structures B and C definitely
aren’t

OCH
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Test 3 PS4: Test 3 Extra Synthesis Practice (6 pages) ¢ 50

F. Elements of Unsaturation/Hydrogenation Problems. For each problem there will be multiple
satisfactory solutions.

48. Provide a possible structure for a Answer must show one alkene and one ring.

compound with formula CsHs, given (Other structures also meet that requirement). Q +
b e c

. . H2/Pt test
that it reacts with excess H,/Pt to EU=2 fsg?ﬁgﬁim

give CsHio. So the other EU must be ring.

49. Provide a possible structure for a Answer must show two alkene and one ring.
compound with formula C¢Hg, given (Other structures also meet that requirement).

. . +
that it reacts with excess H,/Pt to H2/Pt WG provedm erC
ive C.H EU=3 originally.
give Cgpo. So the other EU must be ring.

50. Provide a possible structure for a Answer must show two alkenes and two rings.

compound with formula CgHjg (Other structures also meet that requirement).
on that it reacts with I /PE H2/Pt test proved 2 alkene. —
give a cacts with €xcess Ho/l't pryy4 originally.

to give CgHia. So the other two EU must be two rings.

51. Provid ossible structure for a Answ ow two alkene and one ring. Oo P same
. /

ther structures also meet that requirement).

o H2/Pttest proved 2 alkenes. al H qq
=3 originally.
t be ring.

G. Ozonolysis: Draw starting chemicals that will undergo ozonolysis to produce the products
shown. In some cases there may be more than one satisfactory answer.
1. O3
> H.t

2
2. M
52, 5 0

0]

uye

53. @

three
answers

Any /u\ \5 v _ 0] (0]
D o” ‘ 0 l’ HW/\/W:J\-FHJ\H

54, © H "0

1. 0 H O O (0]
/\/\’/ FSS.»/\([J( +HJ\/”\H+)]\
55, N - Mez
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Test 4 PS1: Test 4 HBr Addn to Dienes; NBS Allylic Bromination

Practice with HBr addition to Dienes.

Review on predicting products when H-X adds to a diene.
first on an outside rather than inside carbon.
* This will give an allylic rather than isolated cafiofr
2. Is the diene symmetric or asymmetric?
* Ifit’s symmetric, it doesn’t matter which outside carbon you add to first.
* Ifit’s asymmetric, then protonating at different ends will likely give allylic cations of
unequal stability. Thus you should decide which protonation site will give the best
allylic cation. D
3. Is the allvlic cation (once you have protonated ) symmetric or asymmetric?

*Problems 1-3 involve symmetric dienes. [ have drawn the allylic cations that would result from protonation

on either end, but this is only for illustration sake only. On a real test question, either cation would be fine.
*Problems 1 and 2 represent cases where the diene is symmetric, but the resulting allylic cation is not
symmetric. Thus two structure isomers would be produced.

*Problem 3 represents a case where not only is the diene symmetric, but so too is the allylic cation. Thus only

one isomer will form.
H H

,” ya /-' e = @ ew
wepe | Y > Br Br
= \ /(_) (\/ /; X
L. H=pr H 8 2 Ho LYy
aS\/m 2 pmo'vc'ls
4heyme

51



Test 4 PS1: Test 4 HBr Addn to Dienes; NBS Allylic Bromination

=
= Br|-|
T AN p ——= SR _’MPh (\)\
=
“>pp * N\Ph
4 HA- V H H Y
5} 7 I"ad !
conj alkene
+hermo
H H
e S A 7
heq
as
Qsym T K\]/ " (\( Br +herng
s | Y

*Problems 4-8 all involve asymmetric dienes. I have drawn the allylic cations that would result from protonation on either end, and have
T drawn the products that would result. But the yields of products resulting from the "minor" allylic cation may be low.
s *In each case the major allylic cation is aymmetric, leading to two structural isomers.

*Problems 4 and 7 both illustrate cases where the 1,2 addition is the more stable "thermodynamic" product.

‘,2 + ,IY
Q v J7¥ HQ—Br
Br g IWJ thev m;

52



Test 4 PS1: Test 4 HBr Addn to Dienes; NBS Allylic Bromination

Practice with NBS bromination of Alkenes.

Review on predicting products for NBS allylic radical bromination of an alkene.

1. Any allylic spot with an H could give up an H to product an allylic radical. How many
allylic spots are there? I—

2. If there is more than one allylic spot, is the alkene symmetric or asymmetric? In other
words, will the different allylic spots give the same allylic radical or unequal allylic
radicals?

* If there is more than one allylic radical, they may be of unequal stability. So_one
might lead to more product than the other. Still, you should expect to get at least some
product from each of the allylic radicals.

3. Onfyou have made an allylic radical, is it symmetric or asymmetric?

* Ifit’s symmetric, you’ll get one structural isomer from it.

e Ifit’s asymmetric, you’ll get two structural isomers out.

* Note that if you your allylic radicals are asymmetric, you’ll get two bromide products
for each one. So if you have two different allylic sites each offering asymmetric
allylic radicals, you’ll get 2 x 2 = 4 isomer products.

Wi

Draw products following NBS/peroxides bromination. Identify radicals, and draw all resonance
structures for the radicals.

r
Sy 2 | f7 oduct

*This illustrates the simplest case. There is only one allylic position, and the allylic radical is symmetric leading to a single product.

W

S g e S (A
2. Br Br
AY# 5 2 40 Hhernc

*Problem 2 has only a single allylic position, but proceeds via an asymmetric radical which leads to two products.

0 e Qo

ade
2 | /MJ Br

® \
S7M

>

Came

*Problem 3 represents a symmetric alkene.
It has two allylic positions, but due to symmetry they are both equivalent.
The allylic radical formed is symmetric, thus only a single isomer is produced.

53
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Test 4 PS1: Test 4 HBr Addn to Dienes; NBS Allylic Bromination

au_'\. A( )Y HY 2\(

\ - Obym > 2 ,”d-{»kev

*Problem 4 represents a symmetric alkene.
It has four allylic positions, but due to symmetry they are all equivalent.
*The allylic radical formed is asymmetric, thus two isomers are produced.

. +
T erlﬁ Br Srr L‘I rool
ma)c =
TN S
> / O Sy ] -telfer

*Problem 5 represents an asymmetric alkene. C'a-ﬂ)
It has two allylic positions, and they are not equivalent. -rh erme
*Each allylic radical formed is asymmetric, thus each produces two isomers. ——

*2 isomers x 2 products from each => 4 isomeric products.
*The yield of the two products born from less stable "minor" allylic radical may be low, but is not zero.

) -\‘ Br
waor e *%*M

Br
6. — o~ Ther ws
alym
*Problem 6 represents another asymmetric alkene. It has two allylic positions, and they are not equivalent.
*Each allylic radical formed is asymmetric, thus each produces two isomers.
*2 isomers x 2 products from each => 4 isomeric products.
*The yield of the two products born from less stable "minor" allylic radical may be low, but is not zero.

H— -0 - Q”Q

> Above radical is symmetric.
a } oy The above two are actually the same

V\b/e\ﬁ[‘/m —) _l.bg_m Br

—

- E—— —; >
7. Br

*Problem 7 represents another asymmetric alkene, with 3 non-equivalent allylic positions
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Answers
Organic Chemistry I  Jasperse

Extra Practice Problems: Conjugated Systems, Dienes, Allylic Systems and the Diels-Alder Reaction

1. Rank the heats of hydrogenation for the following, 1 being most heat released and 4 being least
heat. (Think: will the more stable isomer release more heat or less heat when it is hydrogenated)?

150

con | ife 4 conj 2 S‘l*"-"'ly
4 4 ’ 3 Heat

2. Rank the rate of reaction of the following toward Sn1 substitution (AgNO3/CH3CH>0OH), 1 being
most reactive and 4 being least reactive. (Think: what determines the rates for SN 1 reactions?)

> A
Br /;\/ /;\/ Ci ctab In(y
“T® -~ T
Br @ @ &
/\lG Ck th
— (eaw Yoy
o @k/ /6,\/ /\\@ " ﬁ&/@ /

P v dlly’l C J° 2° H
3. Products A and B combine to make up over 90% of the product mixture.

a. For each of the structures A-D, attach an H atom to the carbon that in fact added an H.

b. Classify each of the four structures as either a 1,2 or 1,4 addition product.

c. Draw the resonance structures for the cation that leads to both products A + B, and also draw
the resonance structures for the cation that leads to both products C+D.

)\/ HCIH\/\ I/CL\/ JC\/, )Yl
,L()< |2 A yl, )

l
=
o g )@/ e
H
H
4. Draw the mechanism for formation of products A and B above.

d_ L I/k/ ‘)‘\/
H o, C H
iy - Cl

A s A

i A
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5. 14-pentanediene is much more acidic than pentane. Explain why. (Think: what determines

aciditly?) an YoM

/ \ —
é VS. ’ ? N
The diene produces a much more stable
low acidity a million billion times more acidic ANION
/\/\
&

6. Draw the two major products for the following reaction.
* Identify each as either a 1,2 or 1,4 addition product.
*  Write either “thermodynamic” or “kinetic” underneath each one.
* Draw the two resonance structures for thwntermedlate from which both form.

PARY) _
S bow 12 C)ﬂ)n F produc

dr
Q’?/%)
[,4

7. Draw the major product or products for the following reaction. Draw the resonance structures for
the intermediate from which both form.

Bry/hv / Z
7 =
NBS/peroxides gr °
4
@/\ df
@/'

8. Give the reactants (including stereochemistry) that would give the following Diels-Alder product.
oy «
-, _OCHjg = + '/
g
0 CH

9. Draw the major Diels-Alder product.

‘;,u+/\g/ heat ‘ZU\
e
3




Test 4 PS3: Aromatic Substitution Mechanisms (Products Provided) Answers

Organic Chemistry [ Jasperse
Test 4 Extra Practice: Drawing Mechanisms when the Reactants and Products are Given

Aromatic Substitution Mechanism Practice. Product given.

* A subsequent practice set will give additional mechanism practice, but will also require
you to predict the product as well. It will also to have a bunch of other product prediction
problems that don’t focus on mechanisms, and a bunch of synthesis design practice

pI‘OblemS. ) Standard Mechanism:

1. Create cationic electrophile. Use the acid to enable this.
2. Aromatic bonds to cation. Arrow from aromatic to
cationioc electrophile.

3. Deprotonation. Two electrons in C-H bond go to cation.
*At least 3 resonance structures always available for the
cation.

@_ T caihet I >
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Test 4 PS3: Aromatic Substitution Mechanisms (Products Provided

>
Ry, <

Br 2-bromopropane

AICl;

\%

58
S H, (0
HO—A//%\LB—’(%Y@A/%
H
H
&[S = ’”‘5
8_*’/5‘/446( @
P — 2
b
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Test 4 PS4: Aromatic Substitution Product Prediction/Mechanisms/Synthesis Design Practice

Aromatic Substitution Reaction Mechanisms

* Draw the major product and the mechanism for each of the following reactions, using
detailed arrow-pushing.

* Draw the resonance structures for carbocationic intermediate.

Note: See pages 3 and 4 for more production prediction problems. ) _G

See page 5 for some synthesis design problems. @ For matiom ol T

0 O 7‘0‘4 n

C|2 AICI3 - H

W=

— ¢ O/ “ c&a-’“—aé ci6 3(‘:"6—{’3,‘”“
@ ——
&
A% R :
-

<&

Cl C\
noc K ! H

= N Br27’m$ NV~ Nitrogen substituent is a strong
2. H 4 activator, takes preference over

r (3 F= S
e
= Br L8y —f} A

the weaker methyl group

Dfﬂfd_‘ cx‘\'r‘a

N~ ,wm best %Wc
e
- @? H e ‘Ma = H - H
Me

r
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Lr
r 2
/“AlCl
s -0 @—< O 2% &
T
s su stitution)
= H
E L @2/ P
Br /‘\\
r Al
br —=
bromocyclopentane, l
HOZCQ o ’HQC‘% O O’
(Show only one
6. substitution)

B
=X
»
8
o
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3
= Draw the major product for the following reactions.
= 9P
- 1°/gl C Bry, FeBrs c\ ’@__
s b stronqc Br
o
Cly
, HQNH O NO, e H} N O w)
~olp 7 m
Cl
@ 1. HNO3, H,SO,
O}N 2. Bry, IgéBrg HJ ”
3. 3. Fe, HCI
®
r
"2 1. HNOg, H,SO
"b.'{/ @\ 2. Fe HCI I'L/V
4. 3. Bry, FeBrg 6( m
=
= 0, MG, M
T 1. KMnO, 3 ¢ 5 @
2. HNOg, H,S0, > -
= 3. 2-bromobutane, AICl3 = CGC CG}H /\( CGJ”
5. 4. Fe, HCI br )H
A
01/{/ \(r 2. 2ooreo 22Sg4ethylbutane AlCl @A/
3. Fe, HCI
6. % 4. KMnO, % \%

1. SO, HoSO,
2-bromo-2-methylbutane AlCl3 l"|035

= .
—————7
Ts 7. 3. H,0, H* @\ 3 @\

/J

NS T oy W H
é” R H 2 — ”;
8. é @ 4. Fe, HCI Cl Cl

Eras¢

§
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4
(0o Yo,

O O z bromocyclopentane AICl3
0 D

1. AICl, CI

2. AICl3, 2 bromopropane
10 3. Zn(Hg), HCI

1. AICl;,

o)
2. Zn(Hg), HCI

11. 3. AICl3, 2-bromopropane

1. AIClg, |J\)\
-0
2. AICl3, 2-bromopropane

12. 3. Zn(Hg), HCI

1. SO, H,SO,
o)

2. AlCl, CIJ\

o)
3. H,0, H+

13. 4. Zn(Hg), HCI

(j«/

1{ NBS, peroxideg (or Bry, hv)

2. NaOCH,

small

radig|

1. NBS, peroxides (or Bry, hv)

‘

@ﬁ—@«x

j&vL

c:@

Svu2

@)\/

ul|<

LY,
> @i/ (29

[\ "

1. NBS, peroxides (or Bry, hv)

—L s &

[
15 ©/\/ 2. NEt3
©)\/ ( NEt3 ;'
1. NBS, peroxides (or Bry, hv)

N ©/‘L/ HoHman

O

Sy

ot mal

N @/ Zaytisev

3°=¢5;
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5

Design Syntheses for the following transformation:
VO, —>wH
B> et G #
S AlCl, .~
ofp
(S/P l. SCs, H L0, g:;o?sr il-h_) €O, H
r
2. J. ﬂb, Feﬁr_; NI
+ f’“‘a P
erther ¢ b0, H 4] olepra-led
order ¢ 4. KmnOy
Ej"{ l l-m.i» H SG"I o k
S
\ A'CI A/O
A0, 2. /‘\; 3 " (>A/+lz
3, Fe, Hal ,
OIP Moo H, = H
© . KMan 2 &r—)’ Fe ﬁ,z Co, Cﬂ?\ = @0,
. J, WO, , H,50 ‘ Ucl HoN . 0
LN éy L0y o Fg op ol Aif
(& %:H | wH,
o, N

C

2. Zn (Hg\
HC

eroy
P(or Brl,hu'\

©/\/\

22 @/“\ Ve,
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