CHEM 256 — Phillips — Apri 28, 2008

Test 4 — Version 1

By signing below, I certify that 1 have neither given nor received any unauthorized help on this
exam, and have followed good test-taking practices

Student Name:

J—

1. Which nitrogen (VI or N2) in the following compound is more basic and why?
[homework problem 25.49 c.] Choose the true statement.

N2

N{CH3),
O/\/ 3

\N/NI

s

dimethisaquin
{iocal anesthetic)

A. The sp® NI is more basic because of hybridization effects, increasing the s
character of a bond increases its acidity

B. The sp® N2 is less basic due to the electron donating power of substituent alkyl
groups
The sp® N2 is more basic due to hybridization effects (less s character) and the
electron donating power of alkyl substituents

D. Both NI and N2 are of comparable base strength

2. What is the correct stereochemistry of the alkene(s) formed from the Hofmann
elimination of the following quaternary ammonium salt? {homework problem 25.65 b.]
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3. In Chapter 25, we learned a long list of reagents which react with diazonium salts to
prepare other structures. Which reaction of those listed will not lead to the product
indicated? [homework problem 25.66]

CuCl Reaction A
® C Cl
Ny CI
cl i Reaction B
Cl HBF,
A e i F
4 c Reaction C
cl Reaction D
H;PO, Q
Cl

A. Reaction A
B. Reaction B

¢ T Reaction T
7 Reaction D
E. All are correct

4. An amine with three different substituents is a stereogenic center, so why do we not have

to worry about there being two enantiomers? [Chapter 25 practice test, question #1]

~There-must be four bonds to have a chiral center. -
B There is rapid inversion at nitrogen, so the two forms mte_rggp@

C Enantiomers only occur at carbon.™

D. Itisn't an alkene.
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5. Which of the following reactions between the carbony! and nitrogen compounds listed
will produce Product 1 using a reductive amination reaction, as shown? [homework

problem 25.55 b.] f/\-
H /\/ f\j =1 N
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Product [
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Reaction C
CeHs + NH

@]
? 1{, N N
k’e{ﬁ Reaction D

H
N
Cobie /\/ \/\

A. Reaction A
B. Reaction B
C. ReactionC

—PReaction D
E. Both Reaction A and Reactlon B B
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6. Why is direct nucleophilic substitution a poor method for preparing secondary and
tertiary amines from primary amines? [Chapter 25 practice test, question #7]

A. A primary amine is not a nucleophile.
B. A primary amine is too hindered.
nce the product is a nucleophile, it can continue to be alkylated (i.e.,
overalkylation).
D. A large excess of the alkyl halide 1s required.
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7. Choose the best reagénts from the list provided to complete the following synthetic
transformation(s). [Synthesis question #1]

Q

/ “OH. H,0

¢ ; (0) Hy, Pd-C ; (c) HCI ; {d) CeHls Cl': (e) LIAIHV/H,O ; ()

(a)
O
/]k @*N%
INHa, NaBH3CN ; (g) HsC OH . (h) ; () 30" ; () CHal

excess)/Ag0/A ; (k) K"OC(CHs)s ; (1) NaNO»/HCI ; (m) H,0 ; (1) HBF; ; {0) HaPO, ;
p) CuCN ; (g) Bry/FeBrs ; (r} KMnOy ; (s) DIBAL-H ; {t) HNO3/H,80, ; (u) Nal ; {v)
0 0
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Choose the best reagents from the list provided to complete the following synthetic

8.
transformation(s). [Synthesis question #2]

Q

/ GH.H,0

o ; (b) Hy, Pd-C ; (c) HCI ; (d) Cetls Cl: (&) LIAIHA/H,0 ; ()

a)
o]
)l\ QNHS
INH3, NaBH;CN ; (g) HaC OH - () ; (i H30" 5 ) CHsl

(excess)/ Ag,O/A ; () K"OC(CHa)s ; (1) NaNOy/HCI ; (m) H,0 ; (n) HBF, ; (o) H3PO; ;
p) CuCN ; (q) Bra/FeBrs ; {r) KMnQ, ; (s) DIBAL-H ; (t) HNO3/H2804 (u) Nal ; (v)

CHCVAICL ; (w) NHsCH (x): ,(y)/'.L )J\ : (z) NaBH,/CH;OH

CHyBr ——————>
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9. Choose the best reagents from the list provided to complete the following synthetic
transformation(s). [Synthesis question #3]

[e]
onN /'OH,H30
a) o ; (b) Ha, Pd-C ; (c) HCI ; (d) CoMs Cl; (e) LIAIH/H:0 ; (B
8]

)'L < > N
NH3, NaBH;CN ; (g) HaC OH ; (h) ; (1) H30™ 5 (§) CH3l

excessYAg,O/A ; (k) K"OC(CHs); ; (1) NaNOo/HCI ; (m) H,O ; (n) HBF, ; (0) H3POs ;
p) CuCN ; (q) Bra/FeBrs ; (r) KMnOs ; (s) DIBAL-H ; (t) HNO3/H3S04 ; (u) Nal ; (v)
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10. Choose the best reagents from the list provided to complete the following synthetic

transformations. [Synthesis question #4]
Q

OnN / "OH, H-O

(a) © ; (b) Hy, Pd-C ; (c) HCI ; (d) CeHs Cl'; (e) LIAIH#H,0 ; (f)
0]

)k < > N
INH;, NaBH3CN ; (g) M€ O . (h) : (i) H;0"; (j) CHl

(excessYAZO/A ; (k) K"OC(CHs)s ; (1) NaNOo/HCI ; (m) H,O ;5 (n) HBF4 ; (0) HsPO; ;
(p) CuCN ; (q) Bry/FeBrs ; (r) KMnOy ; (s) DIBAL-H ; () HNO3/H,80; ; (u) Nal ; (v)

O 0]
ICH;CVAICI; ; (w) NHCH, ; (x) 1 (y) o ; (z) NaBH4/CH3OH

NH,
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11. Choose the correct structure for the product produced in the following series of reactions.

T,
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HO™ OH

12. Choose the correct structure for the product produced in the following series of reactions.

2} \'\' - Cjn_._
1 (2) 3 4 (3)
(3 4) N,
HNO, Cl, (excess)  Hy NaNQ; 2
. —— . — -
H,50, FeCly Pd-C HCI
Cl Cl

N=N NH;
Cli
Cl
N= NHZ
Ci
e
7
T LeAT T,
"‘;F‘_ﬁ"‘
v 04 \b




13. What is the correct name for the following amine?

\\/N\/\B
|

A. ethyl, methyl, propylamine
B. diethyl, methylamine

=mgthylpropynamide
D. N-ethyl-N-methylpropylathire

>

14. Consider the chemical structures for dimethylamine and N-methyl-acetamide shown (the
pKa values of their conjugate acids are provided). Which of the following statements
regarding their chemistry 1s FALSE?

ch\N __CHy Q CHy
NH
H HaC
dimethylamine N-methyl-acetamide
pKa=10.73 pKa=0

A. If you were presented a mixture of dimethylamine and N-methyl acetamide
dissolved in ether, it would be possible to separate them from each other using
extraction with acetic acid.

B. N-methyl acetamide is a weaker base than dimethylamine due to resonance and
inductioneffects.

. C. Upon treatment with a strong acid, the nitrogen atom of dimethylamine yieldsa

{ protonated amine of pKa=10.73 and the nitrogen atom of N-methyl acetamide is )

'\ _protonated to give a protonated amide withpKa=0

D Difethyl amine will react with excess CI3] by an Sy2 mechanism to produce an
achiral quaternary ammonium salt.
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15. Which structure corresponds to the conjugate acid of CH3CH2NHCH3?
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16. Which statement considering the following acid-base reaction is more FALSE?

y 3 H
~ ¥ T o : \
NP IV NGy SN c=co -« Pl

HyC H,C

A. The pKa of 1-butyne is approximately equal to 25, that of acetylene [the anion formed
from 1-butyne is slightly more basic due to the e-donating R group]

B. The pKa of dimethyl amine 1s approximately equal to that of methylamine, 40,
considering the same approximation as in A.

C. The equihbnum of this reaction favors the Eroducts and Keg>1_

L e Lo

e “Fo show the flow of electrons in thlS reactlon requ;res two arrows as showrp
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17. 1 have provided the mechanism from our text for formation of a diazonium salt from a 1°
amine. Which statement is TRUE concerning the mechanism and products of this class
of reactions?

Q) i M.gchan_isn; 2572 _ “F.'p‘r_f_nation of a Diazonium Saltfrom a:1° Amine

Part[1] Formation of an N-nitrosamineg

T or = In Part [1}, the amine is converted to an
T Filt L . N-nitrosamine by nucleophilic attack of
R—NH; + “*N=0: TR H—i\IJ—N:O-' N H—r;J—N=O: + HCI the amino group on *NO, followed by
H loss of a proton.

Mnitrosamine

Part{2] Loss of H,O to form the diazonium salt

TN e e
FI—I*‘J-N:OI + H-CI BN H—I;JJNTOO—H TR R-N=N-QH * In Part [2}, three proton transfer

H ~H {5] reactions lead to loss of H;O in Step [6]
N-nitrosamine cr and formation of the diazonium ion.

WS + PRt e RS M, + oF
2 | R~N=N: I 6] >
d(azonlum salt

A. The electrophile "NO; is produced from the reaction of NaNO; and HCL

~"The reaction of a secondary amine stops at the N-nitrosamine due to the lack of : an*j

cidic hydrogen.on.nitrogen S s e
C. Ma‘z%z—r;um 1on product may react W1th a substituted benzene ina couphng
reaction to produce an azo compound, provided that the substituted benzene
possesses a strong electron-withdrawing group
D. The substitution reaction of a diazonium salt is hindered by the loss of N3, a poor
leaving group -




18. An example Gabriel synthesis is provided. Pick the statement below that best describes
the mechanistic details of this reaction sequence. '

o
2 H,N
®
Step 1 Step 2 Step 3 o+
NH - ©
0
phihalirnide o 0
A. Phthalimide reacts with strong base to form a nitrosonium ton. This nitrosonium

ion undergoes an Sy2 reaction to form an intermediate product that is then heated
in the presence of base to form the primary amine.

B. Phthalimide undergoes a Sy2 reaction with a primary alkyl halide to form the
primary amine directly.
C. Phthalimide is reacted with a strong base to form a highly reactive anion. This

anion is then reacted with an alkyl halide, followed by reaction with Ag20. This
mixture is then heated to form the primary amine.
D, ..~ Arracid/base reaction occurs to formi the fesonanice stabilized anion of
phthallmlde and then a Sn2 reaction to form a substitution product. The alkylated
. M_}?;de 1s then hydrolyzed to form the primary amine.
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19. Place the following compounds in order of increasing (lowest to highest) boiling point.
(H (2) (3) {4) OH

7
HyC——N
CH,

A, 152<3<4
~B. 1<3<2<4
. =423

D. 2<1<3<4




20. The following represents the N-alkylation reaction of lysergic acid diethyl amide (LSD)
using ethyl chloride. LSD has three nitrogen containing functional groups denoted with
(1), (2) and (3). Which one of the statements is FALSE?

Q

CH;CH,CI
—_—

A. The amide nitrogen (1) is a weak base due to resonance stabilization and the
induction effect of C=0

B. The 2° amine (3) is a weak base due to resonance stabilization of the lone pair
into the extended n system of the neighboring aromatic ring

C. 3° amine nitrogen (2) is the strongest base and most nucleophlllc of the 3 nitrogen
atomns of LSD e T

D. The alkylatlon reactior §hown convez‘cs the nitrogen atom (2) 1nto a quaternary
'ammonlum compound, but we need not consider stereochemistry due to the '
interconversxon of the two enanuomers
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