CHEM 3331 (Richardson) Final Exam — Dec. 20, 2023

Your Name: Question | Score | Out of
1 30
Student ID: 30

Recitation TA (fill in one circle):

O 134 (Alec Kolodziejczyk)
O 135 (Alec Kolodziejczyk)
O 136 (Lukas Gardner)

O 137 (Lukas Gardner)

O 141 (Kyle Fisch)

O 142 (Kajal)

O 143 (Kajal)

O 144 (James Greenwood)
O 147 (Lukas Gardner)
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20 e.c.

Total

200

This is a closed-book exam, except for two double-sided sheets of 8.5 x 117 paper. The use of

calculators or cell phones will not be allowed during the exam. You may use models sets brought
in a clear bag. Use the backs of the pages for scratch work. If your final answer is not clearly
specified, you will lose points. For mechanisms, show all intermediates including correct formal
charges, but do not show transition states.

18
1A VIA
1A .. 8A

g Periodic Table of the Elements 2
H 2 13 14 15 16 17 H e
Hydrogen A (o A IVA VA VIA VIIA Helium
Lo 28 Number 3A 4A 5A 6A 7a Lo
3 . 4 5 6 7 8 9 10
Li || Be Symbol B CI| NJ| O F | Ne
Llslr;:Tn Beryllium “Nan:‘e ‘an;l: (‘Jgr;l‘z;l N&ND%ETH ?gyg:;; Fluorine Z’EQIVGHQ
11 12 — 13 14 . 15 16 17 18
Na M g 3 4 5 [ 7 8 9 10 1 12 Al SI P C | Ar
Sediiim Magnashurn e VB VB VIB viB Vil B g A Siliean Phospharus Sulfur Chlorine Argon
22.900 24.305 35 4B SB sB TB ‘ a 1B ZB 26082 28 086 30.974 32.066 35.45% 30,045
19 20 21 22, 23 24 25 26 27 28 . 29 30 31 32 33 34 35 36
K|Ca||Scf Ti||] V| Cr|{Mn| Fel[ Co| Ni|Cul| Zn| Ga| Ge| As || Se| Br || Kr
Potassium caleium Scandium Titanium Vanadium Chromium Mangansse Iren Cobalt Nickel Copper Zine Gallium Gemmanium Arsanic Salanium Bromine Hrypton
0058 40078 44 156 47.8% 50542 51.4496 544538 55445 58.433 58,693 (13,546 (5.8 (9.723 T2.631 745922 TR.971 T4 B4.TIE
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb|f Sr|| Y| Zr|[Nb|| Mo Tc| Ru|[Rh| Pd||Ag| Cd| In|[Sn| Sb| Te| | || Xe
Rubidium Strontium Yutrium Zirconium Niobium Molybdenum Technetium Ruthenium Rhodium Palladium Silver Cadmium Indium in Antimeony Tellurium lodine Xenon
B5.468 B7.62 B8 906 91.224 92 8906 95,95 98 5907 101.07 102.906 106.42 107868 112414 114818 118711 121.760 127.6 126504 131,294
55 56 57-11 72 73 74 75 76 77 78 79 80 81 82 83 R 84 85 86
Cs || Ba Hf || Ta|| W[ Re|[Os| Ir || Pt || Au|| Hg| TI || Pb| Bi | Po| At | Rn
Cesium Barium Hafnium Tantalum Tungsten Rhenium Osmium Iridium Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon
132.905 137.328 173.4% 180.948 18335 186.207 19023 19222 19508 136.967 200.53 204.383 207.2 208080 203,932 209.987 222018
87 88 89-103 104 105 106 107 108 109 110 11 112 113 114 115 116 117 118
Fr || Ra Db| Sg| Bh| Hs| Mt| Ds|| Rg|{ Cn| Nh|f FI || Mc| Lv|f Ts | Og
. 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71
teraride | |3 || Ce || Pr|| Nd||Pm| Sm| Eu| Gd| Tb | Dy ([ Ho |l Er || Tm| Yb | Lu
Lanthanum Cerium Praseodymiumg Neodymium Promethium Samarium Europium Gadolinium Terhium Dysprosium Holmium Erbium Thulium Yrterbium Lutetium
138.905 140.116 140.908 144.243 144,913 150.36 151.964 1657.26 158.526 162.500 164.930 167.250 168.934 173.058 174.967
B 89 90 91 92 a3 94 95 96 97 98 99 100 101 102 103
femée | Ac || Th || Pa Np|| Pul[Am| Cm| Bk | Cf | Es |[[Fm No | Lr
ey || Ztn || P ||ty || et || P f{ pmmen | cun | et || cotoom || e || i || Meoion | oistun ] e
pKa Values
HI | -10 | CH3COOH | 4.7] ArOH 10 HC=CH | 26
HBr | -8 HN3 4.7 RSH 10-12 H> 35
HCl | -6 H2S 7.0 H>O 15.7 NH3 36
H;O" | -1.7 NH4" 9.3 ROH 16-18 | HoC=CH> | 45
HF | 3.2 HCN 941 0=C-CH | 9-25 CH4 60




Page 2 of 5

1) You perform the reaction below, which proceeds by two Sx2 reactions and some proton
transfers. Show a reasonable mechanism and the product for this reaction. (30 pts)
O

NH; pyridine
Br OCH3 - C12H21N02

Br

2) One enantiomer of mannose is shown below. (30 pts)

CHO
HO——H
HO——H
H——OH
H——OH
CH,OH

a. Circle the terms that describe this compound: L, D, aldose, ketose, pentose, hexose. (6 pts)

Draw the following structures for this compound (you don’t need to show stereochemistry on
parts that are outside the ring). (6 pts each)

b. Haworth projection c. Haworth projection
for B-furanose form for a-pyranose form
d. One chair conformation e. The other chair conformation

for ai-pyranose form for a-pyranose form
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3) The synthesis shown below was invented by Carl Djerassi, the “Father of the Pill”, to convert
estradiol (extracted from the Mexican yam) into norethindrone (a popular contraceptive for

several decades). The steps of this synthesis are labeled A-F. (40 pts)
OH OH o}

OH
HO o ™o ~o

Estradiol
|p

,CH
7/
¢
OH OH OH
F E
~o 0 ~o

Norethindrone

What reagents would you need for each step? (8 pts each)
A: D:

B: E: (hint: if you hydrolyze the ether at the far left
to an alcohol, what would the molecule look like?)

4) Most naturally-occurring carbohydrates are D, but weirdly, L-arabinose is more commonly
found than D-arabinose, and is a component of biopolymers such as pectin (used for
thickening jam). You are attempting to figure out the structure of L-arabinose, which you
know is an aldopentose. You oxidize both ends of L-arabinose to carboxylic acids and find
that the product is optically active. You also know that L-arabinose is one of two sugars that
can be made by performing the Kiliani-Fischer synthesis on L-erythrose, an aldotetrose.
When L-erythrose is oxidized at both ends, its product is optically inactive. What is the
structure of L-arabinose? (30 pts)
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5) Find a way to synthesize the desired product from the given starting material plus any other
reagents containing at most six carbon atoms, or triphenylphosphine, or any transition metal-
based catalyst. (40 pts; 20 pts each)

NH,

O — o
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6) Write out the mechanisms for these reactions, including any major resonance forms for
intermediates. (30 pts; 15 pts each)

= NaOEt
) 0

7) Extra credit! Describe each of the structures below as aromatic, nonaromatic, or antiaromatic.

Assume each structure is planar. (20 pts e.c.)
® ©) == A

O o O & @



