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Section I - Nomenclature {1 point. each)
In the space provided, give the best ITPAC name for the compound shown on the right.

Nome as a derivative of aniline.

Multiple Choice ({ point. each)
For each of the questions below, circle the lefter corresponding to the most correct answer.

5. Which of the compounds shown below will react with methyl formate (methyl methanoate) in the presence of
methoxide anion to give a compound, which on treatment with aqueous acid and gentle heating, will decarboxylate
to form butanal?

. b. o . [%
/j\)oLo/ e \[/\Br /\/ﬁ\o/ jxo/\

6. Which of the compounds shown below will react with dimethyl malonate (methyl methy! propanedioate} in the
presence of methoxide anion to give & compound, which on treatment with aqueous acid and gentle heating, will
decarboxylate and form pentanoic acid?

a. b. C d. e
//\/COOH CH3CH,Br CH4CH,COOH CH3CH,CH,Br HOOCCHKCOOH
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10.

An urknown compound reacts with p-toluenesuifonic acid to form a solid which is insoluble in strong base solution,
Elemental analysis indicates that the compound has two degraes of unsaturation. A structure which is consistent
with these data is:

CH.
a. b. [ . d. g3 e H
AN w D
‘cn, CH,

In the tetrahedral intermediate with three possible anionic leaving groups, the best leaving group will be:

a. thestrongest base

b.  the group having the strongest conjugate base
c.  the group with the highest pX,

d. the phenoxy group

e,  the group having the weakest conjugate base

For the mixed Claisen condensation of ethyl acetate and ethyl formate, show the structure of the enclate anion and
the mechanism of the attack step (using curved arrows to show movement of electrons). In the second box, show the
structure of the anionic tetrahedral intermediate, along with the electron movement for its breakdown, and in the
third box show the structure of the final condensation product, ho points for each box)

o]

X

E” TOCH,CH;

i
CHj OCH,CH; show the final product

CH;CH,O

CH;CH,0H

e 3
show the enolate anion and the attack step show the anionic tetrahedral intermediate
and the mecharmism of its breakdeovwn
The native *C NMR, 1-bromao-2-chlorobenzene will have: (hWy P owts )

six singlets

four singlets and two doublets
two singlets and four doublets
one singlet and two doublets
two singlets and two doublets

oo o
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11. Compound A reacts with T, in base to give a preeipitate of iodoform and form benzoic acid. B can be formed from A
by reaction with Br, in acetic acid, Compound B readily undergoes reaction with cyanide anion to give C, which
can be reduced by NaBH, to form 3-hydroxy-3-phenylpropanenitrile. Acid hydrolysis of this compound forms D,
which, on reaction with acidic ethanol gives compound E. Gentle oxidation of K with pyridinium chlorochromate
gives F, which, on treatment with ethoxide in ethanol followed by reaction with reagent G and acid hydrolysis {(and
decarboxylation) gives 1-phenyl-1-butanone. Selected spectral data are provided for compounds A and F. Based on
the chemical and spectral information provided, suggest structures for compounds A-G. Also, in the spaces
pravided on the following page, clearly indicate the information which you obtained from each spectral source. ( 2.5

points for each spectrum,)5Fpoints for each structure)

A B

Br,/CH;COCH
-

l szHO. . N;C?l

. C
©/COOH + CHI;
H BH,
cN .
H'/H,0
3-hydroxy-3-phenylpropanenitrile z
E D
H /CH,CH,O0H
-

i PCCY/CH,LCl,

1. CH;CH,O in
F I CH,CH,0H

3. H'/H,0
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Data for the {H NMR and TR spectrum of Compound A, and for the 13C NMR of Compound F arc given below.
Draw the structures of these compound in the spaces provided on the preceding page. Also, in the spaces provided
here, clearly indicate the information which you obtaincd from cach speetral source.{35 points for each spectrum)

Compound A:
I'H NMR:
- 3
5
7 5 W_g
-1
IR Spectrum: Wave Number, em
4000 3000 2500 2000 1500 1300 1200 1900 1000 %0 800 700
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g : =
A \ '
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- ]
[ i
Lo . :
1 - T I T I T - ! L l 1 I L} I T I 1 T I L] T F
a 4 5 8 7 B 2 G 11 12 13 14 15
Wavelength, micrans
Compound F;

“(C Spectrat Data: singlet, 197.6 ppm; sivglet, 172.0 ppm; singlet, 137.4 ppin; doublet, 132.9 ppm; doublet, 128.6
ppm: doublet, 128.4 ppm; triplct, 59.2 ppm; triplet, 46.6 ppin; quartet, 13.6 ppm

Analysis:
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12. Draw the major product for each of the following reactions; you should assume that "excess reagents” are present, if
appropriate.q i, points each)

-
-
thermodynamic product
H

e o

CH,CH,—CN T -
CrO3/H;8C
e e
/é/\\‘ o CHB/KH -
O,N
H;O'

: o

show all products

J\O 2.9
CHyCH—P(CeHs)s
\i .

(CyHs),CuLi

O

1

(CH3CH,),AICN

Y%( .
A

Hp(CH;COU),/H
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12. con't

1. NaNO,/H"

2. TICT, Cu ,Cl,

HgO, Bry, CCly

heat

H /1,0, heat

1. CH3O

2. H/H,0

0 N—H
A4

1. Bl’z, PBr 3

2. CH30H

H'/H,0

show all products

S

(CHjy),CuLi

-78°C

1. NaNg

2. LIAIH,

(CH,),Culi

o
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13. For the aldol condensation shown below, give the structures of the starting material,

the reactive enolate anion (show the attack step using "curved arrows™), and the resulting B—hydrexy
ketone (Zpoints for each box).

stariing materiels

enoliate anion; show atiack siep B-hydroxy sldehyde

14, For the conjugate addition shown below, give the structures of the starting materials,
the reactive enolate anion (show the attack step using "curved arrows"), and the resulting addition
product (2 points for each box).

starting materialy

O

HOO('\/\)L
--------------- - H

T K /H,0

| <
|

show carbanion and atteck step addition product
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15. For the mixed Claisen condensation shown below, give the structures of the two starting materials,
the reactive enolate anion (show the attack step using "curved arrows"), and the resulting tetrahedral

intermediate (2. points for each box),

starting materials
O O
QOCH,CH
................ - 2 3
CHjy
CH3CH20'l T
enolate amon; show attack step tetrahedml intermediate

16, For the Claisen condensation shown below, give the structures of the starting material,
the tetrahedral addition intermediate, and the resulting condensation product (Zpoints for each box).

starting material

CH3CH20'l T H'/H,0

-

tetrahedral intermediate condensation product
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17, Aminomethy}gclohexme can be prepared from simple starting materials using the four methods shown
below. Provide a suitable starting material for each of the reactions showmn|§ points each reaction).

N, then LiAIF,

LiAIH
NH,

0 \

ol

&)
then, H'/H,0

LiATH,

18. Beginning with acetophenone (phenylethanone) suggest a synthesis of each of the following compounds.
Clearly show all reactants and reaction conditions. h§ points eacti)

CH, -

H,

]

] %0

Q
@)




