Name:

Part A

Last four numbers of the ID:

. The IR spectrum of which type of compound will not show evidence of hydrogen

bonding?

A) Aldehyde

B) Alcohol

C) Carboxylic acid
D) Phenol

E) Primary amine

. LiAIH4 (LAH) cannot be used to convert carboxylic acids to the corresponding

aldehydes because:

A) LAH is not sufficiently reactive.

B) RCOOH is converted into RCOOL..

C) LAH is too reactive and RCOOH is reduced to RCH,OH.
D) RCOOH is reduced to RCHa.

E) RCOOH is converted into R,C=0.

. A compound with formula CsH100 gives two signals only, both singlets, in the 'H NMR

spectrum. Which of these structures is a possible one for this compound?
A) 0

CH3CH,CCH,CHj
B) Il
(CH3),CHCCHj
C) T
(CHg)sCC=0
D) T
CHaCH,CHC=0
|
CHs
E) H

|
(CHg),CHCH,C=0
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4. What is the final product, Z, of the following synthesis?

1. LIAIH(O-t-Bu),
1. KMnQy, OH", heat SOCl, ether, -78 °C
O-crs - x %,y

2. H30* 2.H,0
i i i i
@CHZOH ©—COCH3 @—CH @—cou @—COH

| I 1 v \Y
A) I
B) Il
c) 1
D) IV
E) V

. An aldehyde results from the reaction of which of these compounds with aqueous base?

A) CH3CH,CH.CI
B) CH;CHCICH,CI
C) CH3CH=CC|2
D) CH;CH,CHCI,
E) CHiCCI,CHs

. The product, K, of the following sequence of reactions

CHs
CH3CHCOCI CH3CH,MgBr H30*
Benzene > | > ]
AICly ether would be:
OH HO )\n/\ OH o
Nong ©oOY oY
| 1] 11 v \Y%
A) |
B) 1l
C) 1l
D) IV
E) V
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10.
7. What, in general, is the order of decreasing reactivity of these carbonyl compounds

towards nucleophilic reagents? The aldol cyclization of CHsCCH2CH2CH2C=0 prodyces which of these?
Il T (l? T 'C,> o) H
CH3CCHs CHsC=0 (CH3)3CCCHs HC=0 (CH3)3CCC(CHa)s Il CH I o 0 e
b e &lo 0 o
| 1l i \V4 \Y Er ﬁ
A) I>1I>V>I1>1IV
B) IV>II>1>1l1>V | 1 11 v \Y
C) V>II>1>11>1V A) |
D) N>I1>V>Il>IV B) 1l
E) M>V>IV>Il>| C) 1
D) IV
E) V

8. The compound C¢Hs-CH=N-NH is produced by the reaction of benzaldehyde with
which compound?

A) Ammonia 11. Which of these compounds would have the lowest pKa?
B) Hydrazine A) o
C) Nitrogen CHACOC,Hs

D) Phenylhydrazine

E) Hydroxylamine B)

Il
CH3CCH,CCH3
C) o
9. What is the major product of the following reaction sequence? Il
CH3CCH3

OCH3 j) HO/\/OH’ HCl ) D) CHiCH
0 i) LAH, Et,0 ]

o iii) H,0, H;0" E) CHsCCH,CH,CCHg

Il Il
OH _0 OH 0 ©
oo o

(e}
v v
A I
B) Il
c
D) IV
E) V
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12. Predict the product of the following reaction sequence.

i. NaOC,Hs
/\n/\n’o\/ ii. CH3CH,CH,Br ,
—_— 7
o o iii. NaOH , H,0
iv. H;0", heat
OH o (o] [e]
<~ AN
(6]
/\P;(OH Io)
o O
1 Il 1"
(o]
Ao A on
v v ©°
A) |
B) Il
C) 1l
D) IV
E) V
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13. What would be the major product of the following reaction?
” _ HA
CgHeCH=CHCCH, TON ———
A)

II
CgHsCH,CHCCH;
|
CN
B) (ﬁ
CgHsCHCH,CCHj
CN
() OH
CeHsCH,CH,CCHj
|
CN
D)
CgHsCH,CH,CCN
E) OH

|
CeHsCHCH=CCHj

CN

14. What final product is expected when toluene (CsHsCHs) is subjected to the following

reaction sequence?

i) KMnO,, NaOH;

ii) H30™ ( product = C7H0,);
iii) SOCly;

iv) NHj3 (product = C;H;NO);
v) Br,, NaOH

A) CeHsCONH,

B) CgHsCH:NH,

C) Q-CH3C5H4302NH2

D) Q-CH3CGH4NH2

E) CeHsNH,
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15.

16.

17.

What would be the product of the following reaction sequence?

O i. CHsl )
'}l ||AgzO,H20 :
iii. heat
OH X
SNOSNNF
| 1 1 \Y
A) |
B) Il
C) 1
D) IV
E) landllonly

When an equimolar mixture of ammonia and butyl bromide reacts, which of these
products will form?

A) Butylamine

B) Dibutylamine

C) Tributylamine

D) Tetrabutylammonium bromide

E) All of these

How would one carry out the following transformation: ?

.
HoN Cl (o]
A) NaNOy,HCI, 0-5°C; then HNO3
B) NaNO,,HCI, 0-5°C; then H3PO,
C) NaNOy,HCI, 0-5°C; then Hy,Ni
D) CgHsSO,Cl, OH"; then HCI
E) NaH, DMSO
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18. What reagent can effect the following transformation?
NO, NH,

@~ ©Q
e
cl Cl
A)

Sn + HCI; then OH"
B) NH.CI
C) HsPO;
D) CuCN
E) HONO, then NH3

19. The product, C, of the following reaction sequence,

o
I Hen Hz0
CH3CCHy + CN- ——— C4HNO —— C

Hz504
heat
A) CH3
|
CH3=CC0O0H
B) CH;CH,COOCH;
© CH3CHCHS
|
CH
D) CH;CH=CHCOOH
E) None of these
Page 8
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20. What would be the major product of the following reaction?

o}
| OH™
CgHsCH + CH3CH @ ——
heat
A) o
CgH5CH2CCHy
9
CgHgCCHzCH
) OH  OH
CgH5CHCHz CHz
D) ol
CgH5CHz CHzCH
E) o

CgH5CH=CHCH

21. What would be the product of the following reaction?

HNaCH
CH3CH=CHCO;C3Hy ——M8M 3 2
CzH50H, CH3COOH

A)  cH; CH2(|3HCOZ C3Hs

cH

B) CH3;CH=CHCO,CN

C) CH3CH=CHCN

D) CHCHCHZCOzC3Hs
b

E) (le

CH3CH=CHCOC;Hg
|

OH
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22. What would be the product, C, of the following reaction sequence?

0 0
| [ OH~ Hiot, heat  “:cHz-TE(CgHs) 3

{CH3) 3CCH + CH3CHZCH A E

A)  (CH3)sCCH2CH,CH,0H
B) cl)H
(CH3) 3CCHCH; CH=CH;

© (CH3) 3CCHzC=CHgz
(|3H3
D)  (CH3) 3CCH=CCH=CH;
(|3H3
E) rlc)H

{CH3) 3CCHCHCH=CHg
|

CHs
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23. Which reagents would you use to synthesize this compound by an aldol condensation? 25. What compound results from the aldol cyclization of

o] o [|“_|)
CgHgCH=CHCCgHg CH3CCH2CH2C‘|,HCH2CCH3 ?
A) ‘|5|’ ‘|5|’ CHy
CgHsCH and CgHsCHzCH
CHJ\ C
B) r|:|) 0 —._.0 =\ 0
CgHgCHzCH and CgHsCCH3
CHy s
C) o
I | Il
CgH5CH=CHCH and CgH50H
i, CH
D . b
) ‘|5|’ ‘|5|’ =0 <|:=o
CeHECCH; and CgHsCH CH  ~ CHy CH,
E) a]
: - " CH;
(CgHs) zCulil and CHz=CHCCgHs m v
A) |
B) Il
24. What starting compound(s) would you use in an aldol reaction to prepare 8 :U
o E) Bothllland IV
o

OH 0 o o] (4] 4]
[l I I I

| I
CH3CHCHRCH CCHy  CHRCCHyCHyTCH;  CHyCOH, CHy CHp CH

a a =0
Il l(l | + HC=0
HLC H, CHy CH, CH, CH

[\ W
A |
B) Il
c 1
D) IV
E) V
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26. f|:|3 u}

When CH3CCHzCHzCHzCHz CHz CCHa cyclizes in basic solution, which of these

compounds will be formed?

/CH3
4 o=c

CHye, J _CHs CHy

) T Ty

s Q\ o

b/

Ckb - 'd {/

() ()

AN NI

W v

A |
B) Il
o) 1
D) IV
E) V

27. What is the final product, C?

o

MH 3 (excess) Hz0*
éo —— NHCHMNO, e CHND,

o

o]
HO\/\(O HQNJK/\COZ' -OZC\/“NHZ oL

MH,
I II II1
A I
B) Il
c) 1
D) IV
E) V
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o]
Br
\/\\H,NH2 h—Br
S )
I W

28. Which of the following compounds would be the strongest base?

]

I vV

29. Which would be the weakest base?
A) p-Methylaniline
B) p-Methoxyaniline
C) Hexylamine
D) p-Nitroaniline
E) Dipropylamine

30. LSD is a common abbreviation for:
lead stroncium dichromate
least square differences method
lecithin sulfonium dichloride
lithium sulfodioxide

lysergic acid diethylamide

o

Il
A correct name for CeHsCH2CHCH g9
A) 3-Benzylpropanone
B) 3-Phenylpropanal
C) 3-Benzylpropanal
D) Nonanone
Nonanal
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32. The product, E, of the following reaction sequence,

33.

CH3CH,COOH

q o
©—CH2CHZCH3 ©—COCHZCH3 ©—CHCH2CH3 @—c
|

A 1
B) Il
o
D) IV
E) V

PC|5 CeHe NaBH4

D E
AlICl3 CH30H would be:
o

]
CH,CHj @—CH(CH3)2
\Y

|
1 11 [\

(¢]

Which of the following procedures would not yield (CH2)2CHCH a5 3 product?

! )\/OH
I )\002H

mo

v L _on

Y% [Z>—<
|

A)

B) Il
c
D) IV
E) V

PCC
—_—
CH,Cl,
SOCl, LiAIH(O-t-Bu)z
ether, -78 °C
O3 Zn
HOAc
KMnO4
(heat)
H;0*
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34. Which product can be obtained via the following generalized reaction?

35.

36.

(e}
R-l + NaOEt ”
£0P N EtOH '

0
SWPL
EtOJ\l/\N oA oN
v \Y
A) I
B) I
c) m
D) IV
E) V

Which compound would be formed when 2,3-dimethylhexanal is treated with a solution
of NaOD in D,O?

A) D
A)Ygo

B) D
/\)>(¥O
D
C) D
A)QAO
D)
WO
D
E)
A~
D

Which reagent could be used to separate a mixture of aniline (PhNH,) and toluene
(PhCHa)?

A) KMnOj,in H,0

B) Dilute NaOH

C) Dilute NaHCO3

D) Ag(NH:),0H

E) Dilute HCI
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39. NH,
37. What compound is likely to be obtained via the following reaction sequence? ©/\
NH i. HONO, 0-5°C Which is the best method to prepare ?
2 A)

" o]
Bf\©/3f ii. CuCl NH;(excess)
—_— —_—
iii. Fe/HCI ? ® Ha, Ni

NO, . B) Br
iv. NaOH, H,0 ©)\ NH,
v. HONO, 0-5°C
. C) N CH3NH,
vi. H3PO, ©/\o HZ,T»
D) NO, NH, HONO
Br Br Br Br cl Cl ©/ + ©/\ 2 — 5
LCAIR S A S S e : os'C
O & DO o,
Cl NO, POH H,, Ni
| 1 i v \%
A) |
B) I Name Last four numbers of the ID
c) m
D) v Part B
E) V
40. (10 marks) Prepare hexane-2,5-dione from acetone and acetoacetic ester
38. Which of the following pairs represent tautomers? (CH3C(O)CH,CO,CHs). Show a mechanism of either the first or the last step. (A tip: a-
A) ) bromoacetone can be a possible intermediate).
CHsCH=CH—0:~ and CHsCH—CH=0
B) CH3—C =CH; and CHa—C—aHz 41. (10 marks) Complete the following reaction sequence, giving structural details of all
000 ‘(|;|>‘ © significant intermediates and the mechanism of the first step.
c b . i. EtMgBr i.0, )
R L ii H,0", heat 112N, CHCO,H
HieH
I
H

D) All of these
E) None of these
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42. (10 marks) When phthalimide (1) is treated with a strong base and 3-bromopentane,
two products (2 and 3) are formed. Compound 2 is a liquid with a molecular formula of
CsHa that showed an infrared peak at 1620 cm™. Compound 3 has the molecular
formula of C13H1sNO,. When 3 is heated with hydrazine, compound 4 is isolated
(CsH13N) and its expected *H NMR spectrum (with integrated peak areas) is shown
below.

0]
NH
O 1
(a) Show structures for 2, 3 and 4.

(b) Give an arrow-pushing rationale for the formation of 2 and 3.

(c) Assign the HNMR signals for 4.
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43. (10 marks) Show the final product and all intermediates of the following reaction
sequence (remember that DIBAL is AlIH(i-Bu), and NH4CI is weakly acidic). Show the
arrow pushing mechanism of step (111). What intramolecular cyclization could happen in
the last step (show the structure for 1 extra mark)?

[¢]
| CH30H (excess) IH* DIBAL NH,NH,
heat -78°C (ether) (ethanol) NH,Cl / H,0

| 1" 1l v
0”7 OH
44. Benzaldehyde was treated with nitroethane and dilute base. When worked up, the
product A (CoHgNO5) showed 7 signals in the 3C NMR spectrum.

Compound A was then subjected to hydrogenation over a platinum catalyst to give B
that showed an exact mass measurement of the parent ion of 135.1049 and gave the *H
NMR shown below.

C 12.0000
H 1.0078
N 14.0031
o} 15.9949

a) (7 marks) Justify the formation of A with curved arrows and show structures for A
and B.
b) (4 marks) Justify the splitting pattern in the 3ppm region of the spectrum.

T T 3T 2 T
—~ — Sk i
5 2 111 3
i
3
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Answer Key 40. 6 o o o
i i/
—_— Br _— [e)

1)NaOH
2) H+

o
heat
o - ;j)k

41. /Q i. EtMgBr o
)'\/\/\n/\
ii. HyO", heat ii. Zn CH4CO,H
[e] HO
42. (0]
e 2N CE:EN HoN
e}
2 3
N,
\O CHSOH (excess) I H* Q DIBAL
heat %O _7T8°C (ethen) (%\ (ethanolg ol
oo~

O~ OH N7
NH,
NHACIIHZO¢
[ I ~o
=N
\ P —
N
©© N7
|
44. mNOZ @A(NH2

NH,
B

A
The splitting is due to unequivalent protons in alpha position to Ph group (diastereotopic
protons) which are next to the chiral centre (amino-substituted carbon)

CONOT~WNE

nN
o
>OOMMP>»PUOTTMUOUWO>PMUUUUMP>PPOMPMWUOTOMTEOTTOOO>

unstable intermediate
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