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Chem 41c Final Exam

Stoltz, Spring 2005, June 6, 2005
The exam begins when you turn to page 2. You have 4 hours to complete the exam. This is a closed note
and closed book exam with no collaboration. You may use the periodic table on the last page of this packet.
You may not use any other materials. The exam has a total of 180 points and counts for 40% of your course
grade. Good luck.

There are XX pages in this exam packet.

Name:
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1. Predict the major non-volatile products (if any) of the following reactions or sequences. Clearly mark
your answers by placing a box around the compound that you believe to be the major product. (5 points
each).

a.
(o] (o]
\)J\o \)J\Q 0
' 1. NaOH, MeOH, H,0
o]
cl
2 C'J\n’
o
DMSO, CH,Cl,, -78 °C
3. Ef5N, -78°C—23 °C
4. NaHCO3; work-up
hint: one racemic non volitile product is formed
b.
Cl
Cl
PhgP. I Ph3P~Pa
H,C H 80 °C HsC o/ ~H . 5
C.
1. NaH
2. n-BuLi o o
o o -
M 3. OMe
OMe /\/Br _

4. H;0* (workup)
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Br 1. Br
MeO OMe c MeO OMe

2. Et,NH

\

CO,H
07 NEt,

Br (PPh3),Pd A
é

SnBuj 80°C
002Me COZMe

NaBH, =

EtOH, CH,Cl,

—_——
23°C,1h

2 major products
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NO, NO, NO, NO,
HNO3, H,SO,

0 — Q™ O

major minor

NaBH;CN

F F
H\;Q\ Me;NH, AcOH H\J@\/,L
CHO - ~
0

(o) O o

o
)I\NJ]\/\ 1. LDA, THF, -78 OC‘ O)LNJI\E/\
1

\_y PN -

5 point bonus: what is the structure of LDA? )\NJ\
|
Li

1. MeMgBr (excess
O\ gBr ( )=
o 2. H30* OH
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2. Provide reagents for the following transformations. They may be multistep processes, but should not be
longer than 5 steps. (5 points each)

a.
(maybe Clemmenson...not Wolf Kischner)
b.
1.
O OMe "mgBr 0 OMe
: THF 0 °C :
Me. N ' > 2
1
1e° 2. H30%, H,0
C.
N
(o} o
Et;N, CH,Cl,
maybe DMAP
d.
COH (0} OMe
2 HCI (0.1 equiv)
MeOH, 45 °C
_——
or CH2N2

or K2CO3, Mel
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3. Pericyclic reactions are interesting transformations that we studied this term. A remarkable cascade of
such reactions on compound B produces a mixture of racemic compounds C-F simply upon heating.
Compound B is prepared by Lindlar reduction of A. In a related system compound G is reduced to H and
forms products I and J after prolonged stirring at 23 °C (eventually only J is observed). Your task is the
following 1) identify the structures of B and H, 2) Describe a mechanism for the the conversion of H to I
and J, (hint: it may be useful to draw an orbital diagram for H although not neccessary) and 3) As a bonus
provide the mechanism for the formation of E and F. (10 points, 10 point bonus)

H,, Lindlar Catalyst
CH,Cl,, 23 °C N\ /

C and D are
formed at 23 °C COMe
after prolonged MeO,C
stirring
c D
\
: Intramolecular 4 + 2 :
Y Diels-Alder Cycloadditions Y
E and F are t
formed at 100 °C
after prolonged MeO,C, H
stirring during H ~._Ph
which time the " =
amounts of C
and D are H
diminished L
- 7 N
- H,, Lindlar Catalyst
/ A CH,Cl,, 23 °C N\ /
Ph Ph B ———
Ph Ph
G
H
8n conrotatory PhCHj, 23 °C
electrocyclization ,
+
— Ph
pn M
H
| s > J
6n disrotatory

electrocyclization
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4. a) Draw the molecular orbitals for the olefin-containing portions of the following conjugated systems. Fill
in the electrons and label the HOMO and LUMO for each system.. (5 points)

> s

_ — 368
A0 BT
T
HOMO ﬁ#— j 8—H—8—HHOMO
Pyt Sy

b) Predict the product of the thermal [6+4] cycloaddition of these two compounds. Is the process allowed
by frontier molecular orbital theory? Hint: Draw the compounds with the appropriate molecular orbitals

first. (5 points)
i‘ﬁi - AR
(0}

(o)

LUMO
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5. In the following complexes, what is the formal oxidation state of the metal, the d”* description, and the
electron count? Feel free to use the periodic table in the room ( 5 points each-no partial credit)

a.
| Co(l)
Co or d® 18 electron complex
Ph Ph Co'*
PH Ph
b.
Rh(l)
(PPh3)3RhCI or o8 16 electron complex
Rh1+
C.
1] Zr(IV)
(o] |l ~H or d° 16 electron complex
: : ZI’4+
d.
/ N\ Rh(l)
~— Cl
| | _ /Rh<CI>Rh< - | | or d8 16 electron each Rh
Rh+1
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6. a) Provide a detailed curved arrow mechanism for the following reaction. What drives the equilibrium to
the product side? (10 points)

0
HCI (0.1 equiv)
O/COOH MeOH, 45 °C dom
——
1 2

Fisher esterification

b) In contrast to part a of this problem, under the same conditions the following reaction (3—4)is extremely
slow. Why do you think this is the case? Provide an alternative method for preparing the methyl ester 4
from carboxylic acid 3 that you believe would be fast and high yielding. Provide a detailed curved arrow
mechanism for your new synthesis of 4 from 3 and explain why the new method should be better. (10
points)

COOH
OMe
—»
CH2N2
or
3 K2CO03, Mel 4
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7. Design a retrosynthesis and a complete forward process for the synthesis of the following compound as a
single diastereomer (in racemic form) starting from fragments of less than 6 carbons (or benzene). (20

o
1

points)

(o]
(=)- o :
\/\/\r\o
(o]
YO
“*Noac

(o]

Ho\/\/\‘/\OH —

SN

| " =

7\
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8. Predict the major aldol condensation product and draw a curved arrow mechanism. (10 points)

O O

0 0
é_}* NaOEt HO
—_— —_—
EtOH
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9. Predict the product of these reactions and provide curved arrow mechanisms for each. (20 points)

H
N,
o) ©/ NH,
N AcOH N
> \
)

a.

Iz

H
R
[3+3] R ) R
—_— NHN R —>»4H, -H HN NH3+ — HN
1 ——
R' R'



(0] 1. A~ MgBr
N LN THF, 0 °C
——
l 2. H;0* workup
Activation
0o-5 Mg

o Brg”] "
N/ ~ —_——
|
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o-—Mg
/,-0\\ H30+
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“.  PERIODIC TABLE OF THE ELEMENTS ...

1A
o |1 1wm hitp:/hown kif-split hriperiodni/en/ 1 4008
5
21
& H GROUP NUMBERS GROUP NUMBERS He
& TUPAC RECOMMENDATION CHEMICAL ABSTRACTSERVICE
HOROGEN |2 [lA R ’\ Y, ) 13 WAL MAIS VA6 VIA 17T VIA| reuw
3oes|4 em2 13 1A 5 108nf6 1201|7 14007|8 1599(9 1808 |10 20180
. ATOMIC NUMBER —4 10 811 (— RELATIVE ATOMIC MASS (1)
 Li | Be B C/N|O|F]|Ne
LTHUM | BERYLLUM SrMEQL __B BORON | CARBON | NITROGEN | OXYGEN | FLUGRINE |  NEON
11 2299 |12 24.305 BORON—— ELEMENT NAME 13 26.982| 14 26.086 | 15 30.974 |16 32.065 |17 35.453 |18 30948
3 .
Na | Mg AL|Si|P| S |Cl|Ar
VIR —
SODUM 1 B4 MBS VEG VIB7 VIB 8 [ 10 1 B12 (B AN SUCON SULPHUR | CHLORINE | ARGON

19 39.098 | 20 40.078 | 21 4495 | 22 47.867 23 50.042 | 24 51996 | 25 54938 | 26 55.645| 27 58.933 | 28 58693 |29 63546 | 30 6539 |31 6972332 72433 74922 | M 7896 |35 79.904|36 8380

4 K|Ca|Sc|Ti|V|Cr/Mn|Fe Co|Ni Cu|/Zn|Ga|Ge|As|Se|Br|Kr

POTASSIUM | CALCIUM | SCANDIUM [ TITANIUM [ VANADIUM | CHROMIUM IRON COBALT NICKEL COPPER ZNC GALLIUM ARSENIC | SELENIUM | BROMINE | KRYPTON
37 85468 |38 6762(39 88906 [40 91224 |41 92906 (42 9584 |43 (98) |44 101.07 |45 102.91|46 10642 |47 10787 [48 1124149 11482 (50 11871 51 12176 |52 12760 | 33 12690|54 13129

S'Rb| Sr | Y |Zr [Nb Mo| Tc |Ru|Rh|Pd | Ag|Cd|In|{Sn|Sh | Te| I |Xe

RUBIDIUM | STRONTIUM| YTTRIUM | ZRCONIUM | NIOBIUM  |MOLYBDENUM|TECHNETIUM| RUTHENIUM | RHODIUM | PALLADIUM |  SILVER CADMIUM INDIUM TIN ANTIMONY | TELLURIUM |  I0DINE XENON

T2 17849 |73 16095 | 74 183.64 |75 1862176 190.23| 77 19222 |78 19508 |79 196.97 | 80 20059 |81 204.36| 82 207283 20898 |84 (209)( 85 (210)| 86 (222)

¢/ Cs | Ba |llo/Hf | Ta | W Re | Os| Ir | Pt |Au Hg Tl |Pb| Bi | Po| At | Rn

Lanthanide

55 13291|56 1373

CAESIUM BARIUM HAFNIUM | TANTALUM | TUNGSTEN | RHENIUM | OSMIUM IRIDIUM | PLATINUM GOLD MERCURY | THALLIUM LEAD BISMUTH | POLONIUM | ASTATINE RADON
87 @2)|88 @26)| gojo3 [104 (261|105 (262)|106 (266) | 107 (as4) | 108 (2r7)| 109 (2s) |10 (o) {11 gor2)| 112 (285) 114 (269
T\ Fr| Ra (Aclrl RE | Db Sg | Bh | Hs | Mt | Uun Uno|Uzb| | Uug
FRANCIUM | RADIUM Adhilde DUBNIUM BOHRIUM | HASSIUM UNUNBIUM [UNUNGUADIL
LANTHANIDE Conyigh © 19982002 EnG. (eri@d-spitr)

57 1389158 14012 (59 140.91| 60 14424 |61 (145)| 62 15036 | 63 151.96 |64 1572565 15693| 66 162.50| 67 16493 | 68 167.26 [69 168.93 |70 173.04 |71 17497
(1) Purs Apg. Chem, 73, No. 4, 667-683 (2001)

ot mseemannase | L@ | Ce | Pr | Nd | Pm | Sm | Eu | Gd | Th | Dy | Ho | Er [Tm| Yb | Lu

nucides, he vale enciosed in brackels
indcates the massnumber ofthelongeiived | LANTHANUM)  CERIUN | PRASEODYMUM) NECDYMIUMPROMETHIUM| SAMARIUM | EUROPIUM |GADOLINIUM| TERBIUM |DYSPF

isolopactthe semerd

However three such elements (Th, Pa, and U) ACTINIDE
do have a characteristic terrestrial isolopic
composiion, and lor these an abmic weightis |89 (227) |90 23204 | 91 231.04 |92 238.03 |93 (237)| 94 (244) |95 (243)|96 (247)(97 (47 (98 (251)[99 (252)[100 (257)|101 (268)|102 (259)|103 (262)

- "fAc|Th | Pa| U Np Pu|Am| Cm| Bk | Cf|Es|Fm | Md| No| Lr

Edlor: Adlya Varchan cam) ACTIMUM | THORIUM |PROTACTIMUM| URANIUM | NEPTUNIUM | PLUTONIUM | AMERICIUM | CURIUM | BERKELIUM |CALIF EINUM| FERMIUM |MENDELEVIM| NOBELIUM |LAWRENCIUM

M[ HOLMIUM | ERBIUM | THULIUM | YTTERBIUM | LUTETIUM
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The End



