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Chem 2010

Midterm #2 Name KEY

Fall, 2018 (Print your name legibly)
Beauchamp

Problem Points Credit
1. Nomenclature (one structure) 30
2. Explain relative stabilities based on logic arguments 20
of organic chemistry
3. Chair conformations or Chain conformations or 25
Stereochemistry or 2D/3D structures, hybridization
4 Acid/base equations, draw mechanism details, 24
estimate Keq, explain answer
5. Sy and E mechanisms, including stereochemical 40
details
6. Predict products (20) 30
7.Propose short syntheses (2) 30
8. Carbocation rearrangement 15
9. Free Radicals, Predict products provide mechanism 30
Total 244

This is a long exam. It has been designed so that no one question will make or break you. The best strategy is to
work steadily, starting with those problems you understand best. Make sure you show all of your work. Draw in
any lone pairs of electrons, formal charge and curved arrows to show electron movement in mechanism and
explanation problems. If resonance is part of an answer, draw the best resonance structure, plus at least one
additional resonance structure to show that resonance is present. Only write answers in the space available. Do
your best to show me what you know in the time available.

Your mission in life is not merely to survive, but to thrive; and to do so with some passion, some
compassion, some humor and some style. Maya Angelou
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1. Provide an acceptable name for the following structure. Indicate the absolute configuration of any
chiral centers shown in three dimensional form (R/S) and any E/Z stereogenic centers. (30 pts)

n
—- g
;U uu,”/

w

I inserted the stereochemical terms both ways to show how
they could be used. You only have to show it one way.
(1R,2Z,8R)-1R-heptyl-2-cyano-3-(3-ethylpent- 1-ynyl)-4-amido-5-benzyl-8R-mercapto-9-phenylnon-2Z-enyl
(25,4S,10E)-2S-(2-methylpropoxy)-3,12-dioxo0-4S-amino-6-hydroxy-7-(4-methoxycarbonyl-7-chlorocarbonyl-

8-hexylcyclonona-5E,7E-dienyl)-10-formyldodec-10E-en-8-ynoate

2. a. What is the most stable cation? Explain your reasoning, using structures, if necessary. Include curved arrows,
formal charge and lone pairs. Hint: Consider the resonance of a C=N group and a lone pair of electrons. (10 pts)

N T 2 © H
NN N @ The first example is very destatilizing. Two
\C C @ o X
(/ NN -~ C C types of resonance are shown, the resonance
C A\ CH ~c~ \CH2 of a nitrile group and the resonance of an allyl
| | ® carbocation. This places 2 cation sites next to
H one another which would be highly repulsive
H and destabilizing.
CHs T CHj H
’L L ® | | The second example is very stabilizing. The
= - > nitrogen lone pair can share its electron density
HC™ 2% > 7 g CH PN /C\ with the carbocation site, making an additional
ST A HaC C CH : i
3 2 bond and completing the octet of the carbocation

carbon. This is very good resonance.
H

b. What is the most stable anion? Explain your reasoning, using structures, if necessary. Include lone pairs, formal
charge and lone pairs. Hint: Consider the resonance of a C=N group and a lone pair of electrons. (10 pts)

°.N T e O T The first example is more stable because
N resonance puts the negatve charge on
\\C /\ L0 \ . -
C/ _C S C C more electronegative nitrogen.
(1)
H IL The second example is less stable
because anion resonance puts the
CH, H CHs H negatve charge next to another lone pair
| | | | of electrons which destabilizes it due to
N C i
N g\ c. © PN greater electron/electron repulsion. The
Hsc/“\(;/ AN H, H3C c o CH, negative charge cannot be pushed onto
| e | the nitrogen atom because it is sp® and
H H has full octets.
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3. a. Use Newman projections of the C3->C4 bond of 4-phenyl-2-methylhexane to show the lowest energy and
highest energy conformations and calculate the relative energies. Show the most stable conformation first.

Calculate a Keguilibrium between the least stable and most stable conformations. Assume R = 2 cal/(mol-K) and
T=300K. (20 pts)

Approximate Eclipsing Energy Values (kcal/mole) Approximate Gauche Energy Values (kcal/mole) CAH
Some were estimated by me. Some were estimated by me. —
H Me Et i-Pr t-Bu Ph Br H Me Et i-Pr t-Bu Ph Br| Keq=10 2.3RT
H 10 14 15 16 30 17 16 H 0 0 01 02 05 0z 01
Me 14 25 27 30 85 33 28 Me 0 08 09 11 27 14 10
Et 15 27 33 40 100 38 3.1 Et 01 09 11 16 30 17 12
i-Pr 16 30 40 78 130 81 36 i-Pr 02 11 16 24 35 21 16
t-Bu 30 85 100 130 230 135 9.1 tBu 05 27 30 35 72 39 33
Ph 1.7 33 38 81 135 83 42 Ph 02 14 17 21 39 27 19
Br 16 28 31 36 91 42 30 Br 01 10 12 16 33 19 11
most stable Newman least stable Newman
Conformation conformation
Ph 02 :
0.2 phi-Pr 8.1
H H
- g Et = Et
H 1.5
aal f ! 4-phenyl-2-methylhexane
02 8.1
0'1 1.5
16 A =10.6 - 2.3 = 8.3 kcal/mole 1.0
0'2 10.6
0.0 - 8,300
0.2 Keq=10 1400 =10°°=1.3x10°~ 1/800,000

N
w

b. Derivatives of the antitumor steroidal saponin were recently prepared. The are highly potent and
selective anticancer compounds. They inhibit Na*/Ca*? exchange leading to higher Ca* in the cytosol and
mitochrondria causing cell death (apotosis) (Org. Lett. ASAP, 2014). Circle all chiral centers and any
other stereogenic features in the partial structure below, and calculate the maximum number of
stereoisomers possible. (5 pts)

Z 0]
antitumor steroidal saponin OSW-1 K
CH,

9 chiral centers

There are even more chiral
centers in the sugar(s) here,
ugars «———— but are not shown.

|

. . 9 : : _
Org. Lett. Maximum number of stereoisomers = 2 possible stereoisomers = 512
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4. The reactant acids and bases are given in two acid/base equations below. Also given with each equation are

two pK, values. Complete each acid/base equation including any formal charge, lone pairs and curved
arrows to show how the reactants react. Use the pK, values to calculate a Keq for each reaction. Provide a

very brief explanation for which side is favored. (24 pts)

a.
H H H H
H ,LQH /’H\ ,L pK, values = 6 and 8 |
oo DTN ®
\.O./ ®™ N™** "H H\g/.'\.‘\H H\N/.'\i\H
-
pK, =6 ,L equilibrium favors * H |
K. =106 the right side H
a~ —_— pKa =8
This is the stronger acid because K. = Ko(HONHg+) 106 _ ., ,, K, =108
of the inductive withdrawal of 7 Ky (HoNNHgt) ~ 18 10 This is the weaker acid because of
the oxygen atom. This nitrogen the inductive withdrawal of
'Si less W'”'“O? lo ﬁonafte Its nitrogen is less than oxygen. This
electrons and Is therefore a_ nitrogen is more willing to share its
weaker base, which makes its. electrons and is therefore a stronger
conjugate acid the stronger acid. base, which makes its conjugate
acid the weaker acid.
b.
resonance
H arrows
HeH mt;c;?g\rlvss " 0 o resonance
[ I~ QH. .CI).> arrows :ﬁ:
H C e M o« L C H K,values=15and20  H
>C/ \NQ CEI g PKa \c/C\T\T-@ H\C/C\C/H
o] Lo T W D
H H H H H H " r|| r|| "
pK, = 15 ¢ equilibrium favors
" i e reso;ance the right side reson|a3nce pK, = 220
[ @ K, =10"
P =C|> : a
| T
PSS
A" >T N s
~ ~ H
T Lol
K.= Ka(A) _ 100 _ 10"

Ka (B) 1020

Resonance in the amide anion is much better than the ketone anion resonance because the more electronegative
nitrogen atom (than carbon atom) helps the oxygen atom to carry the negative charge. Since the amide conjugate
base is much more stable, its acid is much stronger than the ketone acid and the equilibrium will lie far to the right.
Acid/base equilibria always lie to the side opposite of the stonger acid and stronger base (right in this reaction).
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5. Use 4S-bromo-5R-deuteriooctane to provide a simple, arrow-pushing mechanism for each of the
following reaction conditions (show curved arrows, lone pairs & formal charge). Fill in the necessary
details to clearly indicate any stereochemical features and/or conformational requirements. If reactants are

not drawn in the proper orientation to show how the reaction must proceed, then redraw them in a more
informative way that shows this. Do not consider carbocation rearrangement possibilities. (40 pts)

a. Draw a 2D structure and then a 3D structure of the reacting molecule. A 3D structure will be provided

for the cost of the points of this part. (3 pts)

Br D, H
ch—gz—gz—é—i"—gz—gz—cm 3
[ 8 : :
b
H Br

2D structure
3D structure of (4S,5R)-5-deuterio-4-bromooctane

* = chiral center
b. Show a mechanism for each Cg position and simply draw all other possible E reaction products (what
kind?). Indicate if E, Z or neither. You can abbreviate common branch names if they are not part of your

mechanism There may or may not be fewer products than there are numbers. (10 pts)

Pr
S 4H Pr
5 2 HH
D—C W4
B 3 E2
o L/,\ /}. c
H—oO¢ + w$aBre —_— || 4E alkene .
o3 B C, without D mechanism
H AN
H—C; Pr E
\
Et E/Z
Pr configuration
§,H
D—c“ﬁ/ H
0O \c Lees é)CHD-Pr
o o
- VA
G 3E alkene
E

nRE \ H\\\Z *°
( H :
E
H——C; TN
\ H
E/Z

configuration

aT

D/,/ Pr
’E: ", s CHD-Pr
”“ 4Z alkene
< with D G 3Z alkene
HY \Pr Et
1 2 3 4 5
c. Show the Sy reaction (what kind?), indicate the absolute configuration(s) of the C,, center in the product
(6 pts)
pr Sn2
D—C /\v CHDPr mechanism
.Oe \ (1 J (1]
H—08 -~ + =, —Brg _ H—O0—cC
o H\\\L oo OL"///H R
H
Pr Cq
4R configuration
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d. Show all steps of the Sy reaction (what kind?). You can use one intermediate to show all possible Sy

possibilities. Indicate the absolute configuration(s) of the C, center in the product. You can abbreviate
common branch names if they are not part of your mechanism (9 pts)

Pr
$ H oo a
A H,0¢ b o)
D—C 2Ve CHD-Pr S$OH,
ﬁ\ X \ ) | ’/_ ¢ Syl
H—O—H + WS Bre (@YX .
A HY Syl & \ mechanism
H H Pr
H_Ci / carbocation \ E
Et @ CHDPr PrDHC
Lid / \ (1)
H—0—C,., Co —H
[ | \‘) //H H\\\ \ b
Hzo: H H Qb.H
~ Pr Pr T
CHDPr PrDHC
[1J / \ ° +
H30* H—0—C,,, «Ca—O—H H30
[ //H H\\ [
R S
Pr Pr

e. Show a mechanism for two E products and simply draw all other possible E reaction products (you can use

the same intermediate for your two mechanisms). Indicate if E, Z or neither. There may or may not be fewer
products than numbers. (12 pts)

Pr o TN Pr
:S/H H;03 a D\ ’\:\\AH
WA ~ Te i
(1)
H—O—H + wFaBre _— show S, O here are 2 )
M H\L hd two b q}i N n more (extra) mechanism
H —C
c
H—C (X J \ P
i H,0$ Et Hg D/-\ $OH,
Et b Pr\’cc/
e \b o< "
", Vs CHDPr C>1Ca§)
C Him, £ b Etamc 2 H
related alkenes (|:| E a\\c H/ L o
S related & VH b d *OH,
Ho Tpr alkene e
N o/ o\
/ H,//, /Pr P, p D Pr\ ,CHDPr 1 4
e Zp N Hin,
Iz i ‘ N
C | E ” z C
o A ‘
H\\\‘ N Co . \ 5 Et
\\\ \\\ ~N
P H \Pr H Pr H
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6. Write in the major product and type of reaction for each set of conditions below. Arrow pushing is not required

(1.5 each, 30 pts)

—<:>HIIIBr O_H —Q <:>"””Br )J\Oe <:><O
E2 —  enantiomers —  5\2
Br d <)
Ng ? °
Q K
IC=N: /Y Br Z
— > S\2 — B
)\/ f v
- Br—H @S_H No Reaction
= o
OH  rearrangement achlral Br - (17 neopentyl RB)
g o L 3egs NanR, h Y N SH
2Ny = N e,
H :S—H
Br E2 (twice) — SN2
2. L|AIH4 - S PY
H —_—
SN2 (thce) 6H SN2 Br
Q.
gr @ H OH
Br SN2
m
HBr, hV, : Q )\/S
ROOR (cat.
\/k/ —Ea) Br SH )J\CI \ﬂ/
free radical addition —_— acyl substitution O
0 P Br,
/Y PBr, )\/ hv
> racemic free radical
OH Snl Br Br substitution
q r 0 o (0] 0
\_/\ LiAID, )k )J\ )J\ )K
: > OH cl 0
Br D Sn2 — acyl substitution
PN e
o )J\
® v OH (0] 0
Br Na Sp2 Br — Syl \f
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Propose a reasonable synthetic sequence to make the given target molecules using the given starting materials. Show
each step with an arrow and the necessary reagents to accomplish the indicated transformation. If you make a
molecule in one part you can use it in any other part. (30 pts)

Allowed starting materials Br
2
CHy / /\ /v O/\ )J\OH )J\CI

Br, HBr R20; Na@ N2 )\ J\
® o ®o e N39 /\/CH2® -H @ @O R,N
Na H Na ~OH -CN sodium  n-butyl lithium LK ®
sodium sodium  sodium 5 i4e Na
..MNydride __ hydroxide cyanide . di '!3_99[993_"_3_@'_‘?_ - _'-_A_"_' ________________________________________
a.
/— 1 NaOH LDA
1. LDA,-78°C 8
Q 2. /L )\ J\
\/\'\)J\ )\ \/\Br Br )J\ ®Ne
o) - OH Li
2 given f mbuy
lithium
HBr hV Brz
ROOR
\/\Bf / /}\ )\ - )\ J\
free radical f dical N
used above ree radica I
addition used above substitution  given H
b.
1. LDA,-78°C (made above)
N 2 Br N
Ph \/\\/C% Ph \) /C/é Nech Br E(’Z
d HaC ™™ - CH,
Sy 2 SN2 free radical .
N substitution ~ gIven

) Br
Br Her,hy N @ T Br
ROOR K hy
Ph - -~
free radical B E— free radical
E2

used above addition ituti i
substitution given

Propose a complete arrow-pushing mechanism for the following transformation. (15 pts)

..O %
R/ \H
O
Br e T E1

l O

H
3° carbocation
H 2° carbocation 3° carbocation with resonance
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a. How many different types of sp® hydrogen atoms are present in 2S-bromopentane? Show all possible products
when 2S-bromopentane is brominated with Bry/hv? Use Fischer projections. Put a dot by any chiral centers. If
stereoisomers form, specify what type of isomerism is present (enantiomers, diastereomers, meso compounds, achiral,
etc.). Indicate the approximate relative amounts of each product formed if the relative rates of reaction of a bromine
atom with an sp® C-H bond are: primary = 1, secondary = 80, tertiary = 1600 and bromine substituted carbon = 2000.
(21 pts)

CH;, HZC/Br CH, CHj CHj CH, CH, CH,
H— Br H—4—Br Br——Br H—*—Br H—*—Br H—*—Br H—*—Br H—*—Br
H H H——H H—T1—H H—1—Br Br—A—H H—F—H H—1—H H—T1—H
H H H——H H—T1—H H—F—H H—1—H H——Br  Br——H H—T1—H
CHj CH, CHg CHj CHg CHj CHs H,C
(2s) (2R) achiral (2S,3R) (2S,3S) (2S,3R) (2S,39) (29) Br
starting A B C D E F G
structure
relative amounts = (# H)(rel. reactivity)
enantiomers = none A=(3)(1)=3 .
diastereomers = (C,D (E,F) C=D=E=F=(1)(80) = 80 each B = (1)(2000) = 2000 = main product

b. Provide a complete arrow pushing mechanism to explain formation of the major product from the above reaction
(show proper curved arrow conventions, lone pairs as two dots and single electrons as one dot). Clearly label each
distinct part of the reaction mechanism. Calculate an overall AH for each step of your mechanism using the given
bond energies. (15 pts)

CsHy

Br—B 46 Il T3H7 $Br—Brs —»hv HaCliinC H—Br 8

r—Br Overall reaction eBr re sClimC_ —Brg

for main product ~ HeC""C_ o o A" b
H—Br 88 B H Br
............................................. S ... S
CHz-H 105 i ;\ /} use half-headed arrows ’ 48
. initiation 0o \/ oo o2 o AHgiep1 =+
1°C-H 98 $Br—pBrs hv $0re i (energy supplied by light)
20 C-H o) T P 4.':'..:. j-.4.'6 .........................................................................................
2a propagation  (2g) S CsHy
3°C-H 92 | /\ PYs | oo |
HSC"'"'-C\,{ eBrg — » \‘C ° H—.Es.’r _ B
C,Br-H 88 H ** acS AHgto 5 = +88-88 = 0
e Br 3 Br AH = -88
CHaBr 70 | oo T8 achiral sp? .
2b propagation C.H . .
s CsH;  adds to both sides, but achiral

0. ’
e L/ o
20 C.Br &7 KN oBr—mBrs OO, &3 Ao = +46-64=-18

M T Bf repeat
3° C-Br 66 achiral, sp? AH = +46 AH = -64
C,Br-Br 64 | 3. termination ﬂ (\
Re R —— R—R
ﬂ [\ AHgtep 3 = Very negative
Re [ .B.r : —_ R—Br
(1]

It is in your moments of decision that your destiny is shaped. Tony Robbins
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™ PERIODIC TABLE OF THE ELEMENTS ...

g 1 1008 2 10020
E 1l H GROUP NUMBERS GROUP NUMBERS He
woRooEN |2 R e gy T e 13 (5 14 A IS VA 16 VIA 17 ik | ves
3 &M(d4 ooz 13 A 5 1we|& 12om|7 14007|8 15989|9 18990|10 200180
2| Li Be ATOMIC NUMBER — 5 10,p11|— RELATIVE ATOMN MASS {1) B C N 0 F Ne
umnas | BeRvLLILM SYMBOL B BORON careon | MTRocew | cvoen | ALUORRE
11 2280012 24305 EORDH —— ELEMENT NAME 13 6082 14 2808515 20074|16 3208|17 3545|18 20048
3| Na | Mg - Al | Si P S Cl | Ar
BODAN | MAGNESAM | 3 4 W38 VG 8 B vilz & I 9 18 1 B 12 5| Awumsess | sucon |mosvous| samue | cwomse | aseoe

31 sa723|32 7284|33 74822|34 78871|35 70.004 |36 B37ER

pa 30 6538
4 K |[Ca| S¢c ([Ti | V |Cr | Mn|Fe |Co | Ni ([Ca|Zn |Ga|Ge | As | Se | Br | Kr

POTAESIE CALCRR ECAMDILM TITANILEL WRNADEES | CHROMILR GAMES] RON COBAIT MICKEL COPPER Fal o EALIEE | GERBRANAR

37 85468 (38 ov.62| 39 80806 | 40 91224 (4] 02006 |42 9505 |43  (©6)|44 10107 |45 10291 |4é 106.42 |47 107.67 |48 112.41| 49 11482( 50 1671|351 121.76| 52 127.60| 53 126.00|54 128

SIRb| Sr | Y |Zr Nb| Mo | 1 | Ru | Rh (| Pd (Ag | Cd | In | Sn | Sb | Te | I | Xe
55 13201 | 56 197.33| s7.71 :217&#9731“ m751u.21761so.23ﬂ1w_22781m - 81 2438|82 2072 |83 20808| B4 2om |85 21| 86 (=22

74 18384 7’1“:;:;
6| Cs | Ba |[LaLlu| Hf | Ta | W | Re | Os | Ir | Pt | Au | Hg | T1 | Pb | Bi
! o 1 15 o T4 [ 05 o 116 a7 o] 18 20
Cm M

camgant | paun |Lenthandde) s | pemaie
87 (2z)|88 (26) £0-103 104 (267|108 (268)| 106 ¢27n) | 10T 272y (188 (2rp) | 109 (27e)| 118 (281)| 111 (2e0)

7| Fr | Ra |AcLr| 127 | Dy | S | o | B | | Ds | By Wi | 8 Ly | 15 | Og
FRANCIS RADRN W'lmm CUEMIL | SEARORGIN |  BOHRIUN HASSLN | NETHNERLN | DARSSTRITLE | ROSNTGENLUE HHONLIM FLERR TENNESSINE | OGANERRON
Copyright © 217 Enl Genaralt:

LANTHANIDE
57 13091 58 14042 5 14091 |60 14424 |61 (145)| 62 150,36 | 63 15106 | 64 157.25| 65 15090 | 66 162,50 | 67 164.93 | 6B 16726 | 69 16009 |70 172.05| 71 17497
La | Ce | Pr |[Nd | |Sm | Ea |[Gd | Th (| Dy | Ho | Er | Tm | Yb | Lu
_UNTHHI.I PRASEOIYEIUN | NEQDAMIUM |PROMETHIURS | GAMARIUE | EURDPIUE | OADCUINIUG | TERBILA |DYSPROSIUM | HOLLEUS ERBILM THULLE YTIERGAM | LUTETIA

ACTINIDE
e periodnl.com B 2090 zzzoa]91 2104 [92 2208193 (M 4]0 2% em[97 e @0 el gl 102 o103 pe
Ac | Th | Pa | U | Njp | Pu | Awu | Con | B | CF | B | B | MG | No | 1Lr
“)“*“mml ACTRELES THORLES |PROTACTINLG | LFANELEE AAEERICIUM CLRA FERMILES | MENODELEVIUN | WOBELLN | LRARENC

Pore Appl. Chom , B8, 265-791 {F016) hEﬂ.l." m.‘LEm“




