Chemistry 41c
Spring 2013
Final Exam Practice Material

Sample problems & answer key

Disclaimer: These sample questions relate most closely
to the chapters covered thus farin 41c: 18
(organometallics), 19, 20, 21, 22, 23, 24, and 26. The
length of this document does not imply the length of the
actual final exam, which is written as a four-hour take-
home exercise. The final exam questions will focus
primarily on 41c material, but material from earlier
qguarters is certainly fair game. You will be allowed to
only use the following when working your final exam: a
calculator, molecular models, Loudon’s text & solutions
manual, and any class notes associated with 41a-c.



1. (63 points) Shown below are six pairs of reactions in which only the first reaction of each pair is successful. First, using
good curved arrow notation, write a complete mechanism for the successful reaction. Then, explain clearly and fully (using
drawings where appropriate) why the second reaction does not occur. Simply stating a fact (such as "acid is required") or
muttering magic words out of context (such as "resonance" or "inductive") is not a clear and full explanation.

a. (@]
NaOEt
NaOEt
(1equiv) H3O" COOEt )\ Lequn) HO*
~COOEt —> —» COOEt (—>q ) — % no condensation

EtOH  workup EtOH  workup

This problem falls
outside the scope
of 41c.

H3O* OH"
€. PhCOOH + EtOH——— PhCOOEt + H,0O PhCOOH + EtOH——— no ester formation


djo04747
Text Box
This problem falls outside the scope of 41c.


1. (Continued) OH H OCHj,

.
d. HON H30"/CH30H Ho\m’\OCH HON’\H (circle the major product and
o+ explain why one product

major? major? is favored)
minor? minor?

(6]
e. Cl Cl
AlCI AlCI .
s 3% no six-membered
N lequiv. N 1 equiv. ring formation

N
J~ph O)\ Ph H

OH Br

HBr HBr
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2. (7 pts each) Show how you would synthesize the following molecules. The allowed starting materials are benzene, ethyl
acetoacetate, diethyl malonate, other organic materials have three or fewer carbons, and any inorganic materials that you
may need. A compound made for one part may be used for another part without your having to make it again. Mechanisms
and explanations are not required. Each of these requires at least two steps. Do any six of the eight parts.

OH
OH CHoPh ﬁ

(@) Ph=C-CHs © (€) HOOC-CH-CH,CH,CHs  (g) CH3-C<>
Et

Cl

O
o H  N(CHs)
H 3)2
(b) (@ (f)/U\>< (h) Ph—CH,~NH
Ph><oj PhXPh CH(COOEY), o



3c. y-Aminobutyrate transaminase (GABA-T) is the key enzyme controlling the metabolism of y-aminobutyric
acid (GABA), a mammalian inhibitory neurotransmitter. In the following synthesis of the hydrochloride salt of a

putative GABA-T inhibitor (G), propose structures for intermediates A-F.

O]

NF Ncoon C )J\OEt

—_—
EtN(i-Pr),
acetone

A (CgH1004)

NaN3
—_—

H,0

base

THF

E (C13H19NOy)

D (C13H20N206)

O;N \/\H/OCH3

A

1. NaOH/H,0/55 °C
E >

2. H3O+/crushed ice

F (C12H17NOy)

HCI/H,0/55 °C CI@
— >
HsN

Indicate relative stereochemistry. (18 points)

B (CsHsN30)

:

1. A
2. t-BuOH

C (CgH15NOy)

COOH




1. Consider (+)-fucopyranose: (a-g, 5 pts each)
a. Write down the Haworth structure of (+)-a-fucopyranose:

HO
CHs

HO @]

HO  “oH

b. Draw the Fischer Projection formula for (+)-fucose:

c. Draw a Haworth structure of B-fucofuranose:

c. Is (+)-fucose a D or L sugar ?

e. (+)-fucose is allowed to equilibrate under the conditions shown below. Unequal amounts of two fucopyranosides are
recovered from the reaction mixture. Write the mechanism for this process and, using chair forms, draw and identify the a-
and B-fucopyranosides you expect to form.

f. Circle the pyranoside that you expect to be formed as the major component.

g. Justify your answer in part f by presenting a clearly drawn structural analysis (invoke steric and stereoelectronic effects,
if relevant to your argument. Use only chair forms and clearly indicate the 3-D relationship of lone pairs and bonds.

"? cHs D+/CD0D
HO (@]

I)

HO “oH

(enter parts e and f here)



7a. What starting materials would you use to make compounds A and B via an intramolecular aldol cyclization? 10 pts

A -
Ph heat
(@]
CH3 (@)
OH-/H,0
B CHgy -
heat

7b. Write a detailed step-by-step mechanism to account for the formation of compound A from C. 10 pts

7c. In your mechanism, label the retro-aldol step and push electrons in the appropriate intermediate to show the retro-

aldol reaction. 4 pts

7d. Use compound A or B (choose wisely--one would work well and one would not!) and reagents of your own choosing to
demonstrate an example of a Michael addition reaction. A detailed mechanism is not necessary--just supply the reagents

and the structure of the product. 10 pts

D

4



1. Where would you expect to find the labeled oxygen if you carried out an acid-catalyzed hydrolysis of methyl acetate in
180-labeled water? Write a detailed mechanism to support your answer. (10 pts)

2. (¥)-Pantethenic acid, an important intermediate in the synthesis of coenzyme A, was prepared by the following route. Give
structures for compounds A-D: 12 pts

0 o K,CO4 HCN HsO+ -H,0
v A (CsH1g02) ——— ($)-B (CgH11NOp) [(£-C (CgH1204)]
H H""H  H,0
0] Q 0
S o X o

HoN OH |

(i-)'D C6H1003) 2 OH H
y-lactone from A (¥)-pantothenic acid A B

What is the 'name’ of the first reaction? (2 pts)

C D

3. The active ingredient of the insect repellent "Off!" is N,N-diethyl-m-toluamide, m-CH3;CgH,CON(Et),. Outline a synthesis of
this compound starting with m-toluic acid. (5 pts)

4. Circle the acids that could be prepared by a nitrile synthesis: (5 pts)

CO,H

OH
COH /\>< COH
©/\g/ /\/ 2 CO,H e N 2

Me



5. Using a decarboxylation reaction, outline a synthesis of the following using appropriate starting materials: (6 pts)

o 0

'COZ -COZ \/\)J\
—_— OH

6. A typical polyurethane (polycarbamate) can be made by polymerizing adipic acid with an excess of ethylene glycol. The
resulting polymer is then treated with toluene 2,4-diisocyanate . (a) Write the structure of the polyurethane. (b) Why is an
excess of ethylene glycol used in making the polyester? (8 pts)

Ho.e”>~C02H  adipic acid
2

O« -0

[ °N N=C
OH \©i
Me

ethylene
glycol toluene 2,4-diisocyanate

7. When polyurethane foams (perhaps the type you are sitting on at this very moment) are fabricated, a small amount of
water is included in the polymerization mixture. The water reacts with one of the monomer molecules to produce a gas, which
causes the polymeric material to have trapped bubbles (foam). Use a highly contracted structure (R groups) and explain this
chemistry with a mechanism. 8 pts

8. Provided here are the 'H NMR spectra and IR data for two acyl compounds. Propose a structure for each. (8 pts)

C10H120; CgH1404
'H NMR data 'H NMR data
triplet, 1.2 ppm, 3H triplet, 1.2 ppm, 6H
singlet, 3.5 ppm, 2H singlet, 2.5 ppm, 4H
quartet, 4.1 ppm, 2H quartet, 4.1 ppm, 4H
multiplet, 7.3 ppm, 5H
IR spectrum
IR spectrum
1740 cm?
1740 cm™t

9. Suggest reagents (show their structures) for three of the transformations used in Stork's synthesis of Cantheridin: (6 pts)

o) o) o) o)
—_— _— —_—
| | | 1
CO,Me CH,OH CH,OMs CH,SCH,CHs

CO,Me CH,OH CH,OMs CH,SCH,CH,
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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.
i . Om
2 i

2. H;0*
b.
cl
PhsP._/
H,C i H
3 80 °C
HsC up T
C.
o)
|'I|u 1. MeLi
—>

O 2. H;0*
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(o}
1. Et,CuLi
—>
2. H;0*
Br (PPh3)4Pd
+ | —_—
SnBu, 80°C
CO,Me
H 1. LiAlH,, THF;
Then H;0%/H,0
MeO 3 2
OMe 2. (cocl),, DMSO,
H CH2CI2;

o Then Et;N
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cl
Pd(PPhj), (5 mol%)

<j| N K,CO; (2 equiv)

DMF, 80 °C

Y

H,N NO,
NaNO,, HCI
Then, CuCl
NO,
O o
)J\ JJ\/\ 1. LDA, THF, -78 °C
(0] N e
2.
thBr

5 point bonus: what is the structure of LDA?

1. MeMgBr (excess)

0\ -
0 2. H30+
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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.
b.
o] o]
WLT,O\ Me > \(\)LH
C.
(o) o)
d.
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3. Design a synthesis of tetracarboxylic acid 1 starting from maleic anhydride (2) and any other materials
containing 4 carbons or less. (15 points)

HO,C  CO,H o

_)—(_ — °\V\j°
HO,C CO,H —



10. A plant biologist friend who studies nitrogen fixation needs access to a supply of pure gaseous nitrogen (N,) with
molecular weight 29. Propose a synthesis of this molecule and specify the chemical source of the 1°N isotope (assume that
nitrogen is mostly found as the **N isotope). Provide a detailed mechanism for your proposed process. (10 pts)

11. Pomona/Pitzer degree in hand, you happily accept a $100,000 /yr job with the Oscar Mayer Corporation in the "hot dog
development lab." Your first assignment is to work with another new hire and devise a better dog. Your partner hits the
additives book while you review the existing ingredient list. Several days pass by. Your partner presents an idea at a group
meeting: use Gesundheitamine (an anti-sneeze agent) as an additive: "this way, people who are allergic to hot dogs won't
ever even know it", he says. Several minutes pass by as an uncomfortable silence descends upon the room. Out of the
corner of your eye you realize the boss is nodding and smiling, somehow impressed with this outlandish proposal. You want
no part of it, and can provide sound chemical reasoning as to why Gesundheitamine is not an appropriate additive. Start with
the ingredient list and provide a detailed mechanism, incorporating other chemicals likely to be encountered in the stomach
(pH 1.5-2.0), to substantiate your reasoning. This is not an essay question. It is a mechanism question. (10 pts)

Existing Ingrediants: beef, sodium erythrobate, sodium phosphate, sodium nitrite, artificial flavoring.

H
\
N

A

Gesundheitamine



6. You are presented with a sample exhibiting the following mass-spectral characteristics: M+ = 170.13 (100%), M+1
=171.13 (10.9%). Sample name = FRANCES-06. You record proton and carbon NMR spectra (see next page).
What is the structure of the compound? This is not an essay question--use the space provided to show me your

thought processes as you solve this problem. 14 pts

7. Sketch and assign the expected proton NMR spectrum for 2-bromoethanol. 14 pts

S ppm 0 ppm



13C spectrum for FRANCES-06

220 200 180 160 140 120 __ 100 80 60
PPM

TH spectrum for FRANCES-06

integral = 9H

-

integral = 2H

integral = 6H

heptet \'

integral = 1H

PPM

40

20
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I. (63 points) Shown below are six pairs of reactions in which only the first reaction of each pair is successful. First, using
good curved arrow notation, write a complete mechanism for the successful reaction. Then, explain clearly and fully (using
drawings where appropriate) why the second reaction does not occur. Simply stating a fact (such as "acid is required") or
simply muttering magic words out of context (such as "resonance" or "inductive") is not a clear and full explanation.

a. O
NaOEt
NaOEt -
o~ (1equiv)y  HzO* COOEt /l\ (1 :quiv) HsO" ?\CQ" \‘
COOEt ——™> —— COOEt ——» ——» no condensation

EtOH  workup EtOH  workup
=
e S L

/l{;,o& + G}(OCE /L‘\/ 45/\&05\: —2—9 \/LK?J3

0
;o -
Y143 Codengaion 171 [y o \)Y
dock Cams B g g AT -
EZ’. :t C’(‘:nv"”t':‘" ‘\}/ j — Lormation of
10 Prwraﬁa dﬂk\"ﬂj -pome O FrmeLA
Okv‘uf\nj

b. hv heat
H H — @ H H — no reaction

A L3 hed o\isroh\{-w\, R ¥, %‘H*B t
= T Kb

diy = B

- o 2 S

F|ﬁ heat- :

e d cmrokml—w) '

D wrorb steveockemlshiy,

H,O*
¢. PhCOOH + EtOH———» Ph(é)DOEt +Hy0 PhCOOH + EtOH—> no ester formation
o O~
o ®e [ bDEL
@\‘an = Y{_jtk_,{ﬁ - (/j'\é‘o = (¥oa‘ = @/
36\3‘: <" eyl H
/
1% “}3 H@
w| OHel noke s is T comdiBon e
witl o hydvolyre catens, Z \
o P 0 L

&P _ e
CItg @ @B e @ T e s gyfee con
_r OH S— ~



(Continued) OCH, H
H30*/CH30H lain wh duct
\ﬁ — \MH . Ho\wkocm i(se);gvore% v oneproste
major minor M &{
o g— "‘O..
K c?\—fd ( CH,0H ) O~tHy
% .___'1‘»
\Q/L _ N PO J%H < mmﬁ’ E‘DNL
<= o Ho /_) O
3= A~ ) AVONATL eqeuk
AN OrenTL e?&dr “M".“‘ﬁ
""Uf3 “
) < OcH,
M F;H"f/&u{i‘y OMLr ﬁﬁ—ll\i_/
0@ not stabi el lq
O~ Giled okt amomesic s .
& alcs & ©>\l PICI:’ no six-membered
1 equiv. 1equiv. ring formation
)‘Ph
& Pntﬁlium catron
OF > po(f 0 B it 5 &
b ¥ —Ce— M"C(’ —> p-c= H =0
, { —_
R® - A E H .‘(@
irbamolecolvy F-C o peack sy
X .
j» e © Busic ) ctom R
S I — ~
1<) pe-l _y Z 1Ley Hwup + v
'\\)\/) ¥ L/t"\’ v Lewnn fod e <
¥ _ A 7 -(:»(.ls.
Ce ; (éa\ o ru«‘{"'
OH Br “

f. OH
HBr HBr
—_— —> no substitution

o%t7 0 @
N -y
Ly Fu -~ //L“
@ N @ a8 /E/\ \=/
OANwaLIC
0 RN
2014 H
Q>
anqnmeL
C“‘A_‘Wl Uh)\’n‘ol{?

Wigh WU‘037 el on\\QfZD +o '{\VW‘-



4

2. (7 pts each) Show how you would synthesize the following molecules. The allowed starting materials are benzene, ethyl
acetoacetate, diethyl malonate, other organic materials have three or fewer carbons, and any inorganic materials that you
may need. A compound made for one part may be used for another part without your having to make it again. Mechanisms
and explanations are not required. Each of these requires at least two steps. Do any six of the eight parts.

OH
OH CHaPh ﬁ
(a) Ph~C—CHy © (e) HOOC-CH-CH,CH,CHy  (g) CHa'C*<>
a cl
o} H  N(CHj) /ﬁ\><
H 32
b) (d) () {n} Ph—CHy—NH
4 . pn><oj 0o CH(COOEN), c
Mo
| ‘M_Z Z | - /\Mj&/ E b) Fﬁ/@r al 1\(\-3‘ Nuj@r
> fom HO ) G
i | T, 7T e
i A  He
=4 o— l\b Mt (08B )y ‘Zu
W | O N
j y MH3 SH i oy o H® o @—‘ il
b—> —> <\ = o 7 \
s T B I AL
e my '00 0 'Z
z\| — @ Heled ks o AU,
— ok d . @ ¢ k= K
VED @"‘”*— .
M52y <\
-HA\') H B HL'H Ll P E ._.N" (0“3)7,“'4
2 wond Lo y Nacw By
h 0/, , 7 |
. \ e [\ & E
O HLD B :
W\ALW\IL tsen S nihesis ) E
§ By pe :
U NaOEt J Lo ,
>y —> e |
E&NKO& 22l S 1M

é’*

0
AN

> B
|

@J




3c. y-Aminobutyrate transaminase (GABA-T) is the key enzyme controlling the metabolism of y-aminobutyric
acid (GABA), a mammalian inhibitory neurotransmitter. In the following synthesis of the hydrochloride salt of a

putative GABA-T inhibitor (G), propose structures for intermediates A-F.

0]
A F Ncooy €7 ot o 08|  NaNg
/ /7 S
— M{ \% —
EtN(i-Pr), ) 2
acetone
A (CgH1004)
0 o
LL_ & /L/ 11 {
W~ N ~ H \ N/\O 0N
O5N OCH
d £ P Rl
C
Co,mt | THF o
CO, ML -
E (C13H19NO4) D (C13H20N206)
2 .
1. NaOH/H,0/55 °C l HCI/H,0/55 °C cn%
= .
E N C'D?_.H HaN
2. H3O+/crushed ice
F (C42H17NOy)

Indicate relative stereochemistry. (18 points)

/\//\3""3

B (CsHsN30)

1. A

Cortos l 2. +-BuOH

H‘,[, /&\o’%'

e

“otd siep in Alis wiea:  elimimation v lss of  NO,

O= N ~0:

Jao K

M

e M.\P

/

v

CK)ZM



1. Consider (+)-fucopyranose: (a-g, 5 pts each)

a. Write down the Haworth structure of (+)-a-fucopyranose:

1

HO
CH; (U4
HO O o O
HO oH
OH o
b. Draw the Fischer Projection formula for (+)-fucose:
C;HO c. Draw a Haworth structure of p-fucofuranose:
H ——OH
Ho——H
N Y H o H
\
H —H— OH oM
W ~—ou OH
CH3 o7\ OH
5
c. Is (+)-fucose r L sugar ?

e. (+)-fucose is allowed to equilibrate under the conditions shown below. Unequal amounts of two fucopyranocsides are
recovered from the reaction mixture. Write the mechanism for this process and, using chair forms, draw and identify the a-

and B-fucopyranosides you expect to form.
f. Circle the pyranoside that you expect to be formed as the major component.

g. Justify your answer in part f by presenting a clearly drawn structural analysis (invoke steric and stereoelectronic effects,

if relevant to your argument. Use only chair forms and clearly indicate the 3-D relationship of lone pairs and bonds.

n
HO o Lt
Oha D+/CD3OD a0 oty
- \ — ? \\\L‘Q q-iL’r{ Mo N—o
nNo~ 2 .
HO "oH D@ ‘*—Eg l’ ) ”__Ga,,
(enter parts e and f here) COJC-H 3
iy ¢
o (orves_ (avowese ebbet)
il i
3. A M 10
- o: w‘,r \/
L
[\ g " K
" h g\H L’le ?o D, b }5 o
- ) by
Lo 770 —% @y\
* e &? -0 ‘CJDJ
0(|Q I D
n ~0~Ch




7a. What starting materials would you use to make compounds A and B via an intramolecular aldol cyclization? 10 pts

A B —
Ph heat
(e}
CH; 0O
OH-/ H,O
B CH, B —
heat

7b. Write a detailed step-by-step mechanism to account for the formation of compound A from C. 10 pts

WH -—\'; Hj + "0 — M
o P b
ORI Ces P Reteo
o4 © Coe ALpOL

- D
:0“.2 ’\HP

Ph

Cé Ph

(o]

(LDH 9
L Ot
n S @mf _
"4 Pk
0

!

7c. In your mechanism, label the retro-aldol step and push electrons in the appropriate intermediate to show the retro-

aldol reaction. 4 pts

7d. Use compound A or B (choose wisely--one would work well and one would not!) and reagents of your own choosing to

demonstrate an example of a Michael addition reaction. A detailed mechanism is not necessary-{just supply the reagents

and the structure of the product. 10 pts

Michrae | Reacton: ccmyraa:}r( aourﬁ\)v\ OL an éns

0 Sk
—_—
o ) "
N W, O

v

O

Py,
Ph

lade

4



1. Where would you expect to find the labeled oxygen if you carried out an acid-catalyzed hydrolysis of methyl acetate in
180.labeled water? Write a detailed mechanism to support your answer. (10 pts)

0 HE &30) HO @H o H-8 oy
— —— (= @
ow < /CO% T oy, < ®)§§-CH3
*OH * !
x L ®@o-H H
O% /
£ = Ha 2 16
OH
o %

/U\éH = )kgH

2. (t)-Pantethenic acid, an important intermediate in the synthesis of coenzyme A, was prepared by the following route. Give
structures for compounds A-D: 12 pts

o o K,CO3 HCN H5O+ -H,0
v N A (CsH1002) (#)-B (CgH11NOz) ——=  [(-C (CeH1204)]
H H™ 'H H,0
Woood

/\)L \><’/u\ /\)J\ HT © M o

H,N H
(i)'D CGH1003) 2 OH H H N

v-lactone from A (£)-pantothenic acid A B

What is the 'name' of the first reaction? (2 pts) O
oH \-OH

aldo| ((gosn,w[) oM >

3. The active ingredient of the insect repellent "Off!" is N, N-diethyl-m-toluamide, m-CH3CgH4CON(Et),. Outline a synthesis of
this compound starting with m-toluic acid. (5 pts) "

1
H ™
Sw’- 1 r + M
i —_— N
« | L C)ccmo; ]/ -
0

(.; Z-Q%J'W- lol_c
othhen rovics alcepta

4. Circle the acids that could be prepared by a nitrile synthesis: (5 pts)
CO.H

e &




5. Using a decarboxylation reaction, outline a synthesis of the following using appropriate starting materials: (6 pts)

¢}
o o]

L
d OoH -CO; é ﬁ'\oﬂ "0 \/\)J\oH

6. A typical polyurethane (polycarbamate) can be made by polymerizing adipic acid with an excess of ethylene glycol. The
resulting polymer is then treated with toluene 2,4-diisocyanate . (a) Write the structure of the polyurethane. (b) Why is an

excess of ethylene glycol used in making the polyester? (8 pts)
aAn ULeso ofr
0
/*\/\/COZH adipic acid ‘ ‘SHLO\ NSy D
o /\/ o polymear onds

OH \\C‘\N N,,c’f vl vt OH
C o, N | A

on X
ethylene Me U

glycol  toluene 2,4-diisocyanate “ ! ©
O /\/lK O N //\\/N ﬁg
pooethane —> S \g - \tn)/ w
~

7. When polyurethane foams (perhaps the type you are sitting on at this very moment) are fabricated, a small amount of
water is included in the polymerization mixture. The water reacts with one of the monomer molecules to produce a gas, which

causes the polymeric material to have trapped bubbles (foam). Use a highly contracted structure (R groups) and explain this
chemistry with a mechanism. 8 pts

Ul O
I K
_\/-"'_,C. K"/
H ( H /
R H

8. Provided here are the "TH NMR spectra and IR data for two acyl compounds. Propose a structure for each. (8 pts)

C10H1202 53500 ¢ inpr CaH1404 £, LLee”
"H NMR data ) l "H NMR data 4
triplet, 1.2 ppm, 3H ~7 triplet, 1.2 ppm, 6H N 0)&/\( O
singlet, 3.5 ppm, 2H 0 0 singlet, 2.5 ppm, 4H Tt 0
quartet, 4.1 ppm, 2H zldf“ff"“ quartet, 4.1 ppm, 4H s 25 1:44"‘”‘
multiplet, 7.3 ppm, 5H T i (4
1%p f"“('“‘) IR spectrum
IR spectrum
1740 cm’
1740 cm™’

9. Suggest reagents (show their structures) for three of the transformations used in Stork's synthesis of Cantheridin: (6 pts)

L S - Q O
LAl H¢ s CHs CyCH, S8 (@
I |
COzMe CHon CH,OMs CH,SCH,CH;
CHQOMS CstCHchg

CO,Me CH,OH

=6
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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
1. CO,Me

+ ZADcoMe —»

2. H;0*
b.
Cl
Cl
Ph3P\Pa Ph3P~Pa
HsC H 80 °C HsC o/ ~H . 5
C.
Me OH

‘ 1. MeLi ‘
_—
O 2. H;0* O
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(o]
1. Et,CulLi
—»
2. H,0* Et
Br (PPhy),Pd R
+
SnBuj 80°C
002Me C02Me
H 1. LiAlH4, THF; i
Then H30*/H,0
MeO ens 2 - MeO
OMe 2. (COCI),, DMSO, H
H CH2C|2; H
o Then Et;N o

PNAS, 2004, 101, 12073-12078
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cl
Pd(PPh;), (5 mol%) i
+ K5CO3 (2 equiv)
g ®
cl

DMF, 80 °C

cl NO,

HoN NO
2 2 NaNO,, HCI
Then, CuCl
NO,
Can. J. Chem. 2005, 83, 213-219

0 0O o
1. LDA, THF, -78 °C )L J\/\
> 07 N7

Ph

/Ill

2.
thBr

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

1. MeMgBr (excess
N gBr ( );
o 2. H;0* 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.

1. HS” " sH
H30* CI-

L
-

2. Raney Nickel

o

(maybe Clemmenson...not Wolf Kischner)

o 1. DIBAL, THF o

'il Me 2. H;0* H

H

o] o]
Et3N, CH,Cl,

maybe DMAP

1. HCI (cat.)

Om]/O\ THF /H,0
C |

o o] 2. NaBH,
MeOH
3. H,0*

o
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3. Design a synthesis of tetracarboxylic acid 1 starting from maleic anhydride (2) and any other materials
containing 4 carbons or less. (15 points)

HO,C.  COH

o, = O
HO,C CO,H =
1 2

NaOH, H,0 HO,C  CO.H
T el
HO,C CO,H

1

Alternative:
0=° 0=_9%__0 HO,C.  CO,H
0,3, then MeOH NaOH, H,0 2 2
MeO,C CO,Me HO.C COH

Warren p. 113



10. A plant biclogist friend who studies nitrogen fixation needs access to a supply of pure gaseous nitrogen (N,) with
molecular weight 29. Propose a synthesis of this molecule and specify the chemical source of the "N isotope (assume that
nitrogen is mostly found as the "N isotope). Provide a detailed mechanism for your proposed process. (10 pts)

Ni‘hﬂ WAD S D A bj m!ao{- of alﬂanIJW\ salt deco mpos}ﬁm

/
H Bl H
b@ ‘.— =D l_
NH Tk O M
T By, — Ty
= _ : OH \
IN=ZO e
B¢ L e
Hy© p PIREI R
U-& =0 Z3
f
g
ol L;Sl_;;,ﬁb-h
g0 "Ho g
=% " [/{:T
H@[I\ t/)HZ/O

86 ¢ vz Lbaltal SNG) By
- * sopwa\ nu%R —

11. Pomona/Pitzer degree in hand, you happily accept a $100,000 /yr job with the Oscar Mayer Corporation in the "hot dog
development lab." Your first assignment is to work with another new hire and devise a better dog. Your partner hits the
additives book while you review the existing ingredient list. Several days pass by. Your partner presents an idea at a group
meeting: use Gesundheitamine (an anti-sneeze agent) as an additive: "this way, people who are allergic to hot dogs won't
ever even know it", he says. Several minutes pass by as an uncomfortable silence descends upon the room. Out of the
corner of your eye you realize the boss is nodding and smiling, somehow impressed with this outlandish proposal. You want
no part of it, and can provide sound chemical reasoning as to why Gesundheitamine is not an appropriate additive. Start with
the ingredient list and provide a detailed mechanism, incorporating other chemicals likely to be encountered in the stomach
(pH 1.5-2.0), to substantiate your reasoning. This is not an essay question. it is a mechanism question. (10 pts)

H EX|stlng Ingredlants beef, sodium erythrobate sodium phosphate sodium nitrite, artificial flavormg
\ . CThmEeee e — — : == ™
N

Lb Na® O=R-0 ¢ P*He (me SWLL\ aua{\
e add v . _pN=P
Gesundheitamine ll \{\T-d Wd'g P ?

20 aminL ‘ “/ 0@ 4o "PD'/WVV*"M a(’ ™ >\
O=N~—QM a luL3 Co\rcmd‘(fﬂ

H H/Q: /‘
@ i

\ 44
/\> =0 A sonm 197 [D

N ~nihesoamineg



6. You are presented with a sample exhibiting the following mass-spectral characteristics: M+ = 170.13 (100%}), M+1
=171.13 (10.9%). Sample name = FRANCES-06. You record proton and carbon NMR spectra (see next page).
What is the structure of the compound? This is not an essay question--use the space provided to show me your
thought processes as you solve this problem. 14 pts

M+l daka soﬁﬁwba |0 cavbon  atoms lOxiz = 110 rrars o ts

Y\EwQ SO addi5onal mory onts : ?rv‘rm ‘SPGC‘h\JM Su@ao&fﬁff | 8
(20 + | = 129 nard vnifs acw_:n+w{ {ov Y rﬁqﬂrﬂ‘e{

—\’WO G‘L\f%@“g

CoHig0y THD = 2

4 0
laC, spechrum suc)obﬁ/x/c'j +wo dhq«’/\&\*o M 402 @S |
U Q@%mq(ﬂwmA% ¢wbwig Iy - Kdm@ﬂbm@

CH;

l/\a,(;h} 3.2 pown  AH -@
‘;\\ncb\.d' .5 ”W“ Z/H @
dokler U ppm GH

3\»'\%4}5’ 0A4 ppwr C‘) H l: l@]@q

y Tisolated ' CH,

P%s}'\oke strvdbaen :
o Ot 5 O

H \ iy
M’\% CH) OV n/p YM

7. Sketch and assign the expected proton NMR spectrum for 2-bromoethanol. 14 pts

g Hg

B ~C—C—0OH
I

e Hp

@) @) &)
il A

>pem Hn Hﬁ OH 0 ppm




13C spectrum for FRANCES-06

220 200 180 160 140 120 __ 100 80 60
PPM

TH spectrum for FRANCES-06

integral = 9H

-

integral = 2H

integral = 6H

heptet \'

integral = 1H

PPM

40

20





