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I. Multiple choice questions. (3 points each). Please put your answers on Scantron sheet. Your score will
be graded based only on your answers from Scantron sheet.

How many types of peaks (signals) would you expect to see in the '"H NMR spectrum for the following
compounds in questions 1 and 2?

L. Cly H
@@ 3
H H
: (b) 4
B z (c) 5
HH HH @ p
From 'H NMR (e) None of the above
2.
Br (a) 4
by 5
1
From 'H NMR (c) 6
d 7

(e) None of the above

3. Base on the following enlarged signal from a 400 MHz 'H NMR spectrum, what could be the coupling
constant(s)

2.5 mm
(a) 6.7 Hz and 13.3 Hz
5 mm (b) 6.7 Hz
(c) 13.3 Hz
(d) SHz

400 MHz "H NMR
“ (e) None of the above

integral ratio of peaks:
1:3:3:1

~<~— 15 mm ‘!

3.3 ppm 3.2 ppm

4. How will you describe the splitting pattern (diagram) of the following signal (H,) from "H NMR?
H, (a) sextet
(b) triplet of doublet (or doublet of triplet)
() triplet
(d) doublet
(e) None of the above

integral ratio:  1:2:1 : 1:2:1



5. What should be the major product for the following reaction?

———»  Major product?
AICl3
0}
(@) %, (b) (©) (d)

SE

(e) None of the above

6. Which of the following is not the resonance structure of intermediate from the listed electrophilic
aromatic substitution?

Br2

OCH
—_—
Br
Br ® Br Br ocn
. i _OCHj3 : iooH3 ©§OCH3 ©/OCH3 @(/B 3
Br
I I

- Br D v v
(a) I
b) I
© I
@ IV
(e) \Y

7. What could be the product for the following reaction?

CHj3
Br NaNH2
liquid NH;
——» Product?
CH,
@ ch, ®)  ch, ©  NH, (d)  CHs (e) None of the above
©/NH2 ©0H3
CH, CH, CH, CHsy



8. What should be the product from the following reaction?

1) NaBH,
0 o 2) H*, removal
of water
—————» product

H OH

a) 1 (b) T i (C) ° > (d) (IDH\/\/\

(e) none of the above

(

9. What should be the product from the following reaction?

o)

1) NaCN
2) H*, H,0, heat

CHy ——— > Product

(a) OH (b) o (c) OH (d) OH
/\/%CW /\)\CN M CHs /\/%C%
CoH CN CH,NH,

(e) none of the above

10. What could be the product for the following reaction?

Br

o . product ?

2) H", H,0, heat

) (0]
I I 111 v

\%
(a) I
(b) I
(©) I
(d) v
(e) \%



11. What is the name for the following compound?

OCHs ()
(b)
()

(d)
CHj (e)

p-methylphenol
m-methylphenol
o-methylanisole
m-methylanisole
None of the above

12. What is the name for the following compound?

O (a)
(b)

H (©)

(d)

(e

benzylcarbonyl
benzaldehyde
phenylaldehyde
phenylketone
None of the above

13. What is the name for the following compound?

)

(a) benzyl phenoate
(b)  phenyl benzoate
() benzyl benzoate
(d)  phenyl phenoate
(e) None of the above

14. What is the name for the following compound?

C|32H5

/\/YNH

)

(a) trans-N-ethyl-3-pentenamide
(b) trans-1-ethyl-3-pentenamide
(©) trans-N-ethyl-4-pentenamide
(d) trans-1-ethyl-4-pentenamide
(e) None of the above

15. What is the name for the following compound?

CH,CN

Con

=

H3C CH,CH,CH,

(a) (R)-3-methylhexaneamine
(b) (S)-3-methylhexaneamine
(c) (R)-3-methylhexanenitrile
(d) (S)-3-methylhexanenitrile
(e) None of the above



16. Which of the following compounds are aromatic compounds?

S

O OO O O

VI
0 OH
el lNes
N N Q N\IN/
vl VI
IX X ¥ oxi Sy XII

(@) L ILIIL IV, V, VL, VIII, X, XII
(b) L, IL, 101, V, VII, VIII, IX, X, XII
(¢) I ILIIL VI, VIIL X, XI, XII

(d) L IL IIL, 1V, V, VI, VII, X, XII
(e) None of the above

17. What could be the product for the following reaction?

NH,
NaNO,, HCI CuBr
- »  Product?

(a) Br (b) @ N2+ N\ . CuBr
r
©/ Br ©/ ©/

(e) None of the above

18. What could be the major product for the following reaction?

OMe o
S
cl HCI, heating

AICl;

@) Q (b) (c) (d)
m /©/\/\
B W , ©/\/\ B
OMe

(e) None of the above

» Major Product?




19. What is the expected product for the following reaction?

Cly (1 equiv.)

(@) ©/C| (b) ©/C| © cl (@) CH, (e) None of the above

Cl

20. For the following compound, which nitrogen is the most apt to be protonated?

. b
.‘N/ N‘/
C/V I\/j[l..\
HYS

[ 2N
d
(a) Nitrogen indicated by arrow “a”
(b) Nitrogen indicated by arrow “b”
(©) Nitrogen indicated by arrow “c”

(d) Nitrogen indicated by arrow “d”
(e) None of the above

21. Which molecular formula has molecular ions ratio as: M'/[M+2]" = 3/1?

(a) C7H18C12

(b) CoH;C1

(c) CioHi6Br2

(d) CiiH4Br

(e) None of the above

22. What could be the product for the following reaction?

1. CH3;MgBr
0 (2 equiv.)

+
/\)J\OCH3 2H, M0 product?

(

a) o (b) oH (©) OH
/\)\ w// /\)VAH /\)J\QH

(e) None of the above



23. What could be the product for the following reaction?

1. NaBH,

o 2. H*, H,0
/\)J\H 27, product?

(a) (b) (c) (d)

OH OH OH
/\)\ /\)VI/ /\/k’”H /\)J\OH
H
(e) None of the above
24. What could be the product for the following reaction?

(0]
1) SOCl,
2) CH;CH,0OH
OH > Product

(a) o (b) (c) OCH,CH3

HyCH,CO_ OCH,CHs
©)KCH3 @ OCH,CHs CHs

(e) none of the above

25. What is the correct order of decreasing acidity (strongest to weakest) for the protons indicated by
arrow in the following compounds?

0O o o
| CH,
H,CO OCH;  HsCO A H—OCH;
it HH \\
\ \ 111
11
- o v HsC._ _CHj
~ J\ Cl—H=— 2
H—0 CHj, _~»H H

VI

(a) V>IV>IISI>>VI
(b) V>IFNII=IV>I>VI
(¢) V>IV>ISIISI>VI
(d) V>III>I>IV>IT>VI
(e) None of the above



26. What is the correct order of decreasing reactivity (fastest to slowest) toward the electrophilic
aromatic substitution for the following compounds?

I 11 111 v

(a) DIV
(b) I[>I>1V>II1
(c) I>I>IV>I
(d) IV>II>11>1
(e) None of the above

27. What could be the product for the following reaction?

@ 9 ®)
Br, (excess) HO’C Br
HO", H,O
— 2= » Product + CHBrs \©/ HO\C

(e) none of the above

28. What could be the product for the following reaction?

SCH, o}

1) Bry, H*, H,0
2) CHyS SCHy (d)
»  Product
SCH;

) none of the above

29. What could be the product for the following reaction?

SCH, o)

(@) SCH;4 (d)
Product
SCH;4

(e) none of the above




30. What could be the product for the following reaction?

1) Hy, Lindlar's catalyst
2) OsO,4 then H,O

»  Product

(e) none of the above

31. What could be the product for the following reaction?

1) Na, NH3
2) PhCO,H
3) H*, H,0

> Product

(e) none of the above

32. What could be the product for the following reaction?

1) pyrrolidine (@ o (b) O
removal of water
2) CH3COCI (1 equiv.)

» Product

3) H*, H,0O

0 Cl
L { 5 o} (d)
pyrrolidine: (c)
N CH,CH,COCH;4

H

(e) none of the above

33. What could be the reagent for the following reaction?

o) ) 0 (a) PhCO,H (b) PhCOzH
O% Bl (c) 0sO, (d) Na,Cr,0,
(e) none of the above

Ph = CgHs

10



34. What could be the product for the following reaction?

(a) o ®)  cH,0 OH O

0
H CHs
1) CH30"
e

+ product
2) H*, H,0

0 heat +H,0 ©
)]\ x CH,
HaC CH,

(e) None of the above

35. What could be the product for the following reaction?

CHs Cly/FeCl,

1)
2) Na,Cr,0;/heat/H"
»  Product
3) PCly
4) CH;0H
(d) OCH,

OCH3;
[jil\OCH3 Q)‘\OCH3 OCHj4 O)\Cl

) none of the above

H

@?

36. What could be the product for the following reaction?

(a) (b)

1) Cl,, AICI

NG, E6C ©/\

39 OH o
O A » Product (c) (d)

4)H", H0 CH_CI OH

(e) none of the above

;

37. What could be the product for the following reaction?

(0] le) 10 (0]
0} 1) NaOMe () (b) ©)
2) HCI, H;0  product OH
heating + OMe
H,O

(e) none of the above

11

CHj;

CH,



38. What could be the product for the following reaction?

(@)
none of the above

39. What could be the product for the following reaction?

(e) None of the above

40. What could be the product for the following reaction?

-
1) C|2, A|C|3 H
2) Mg, Et,O
3) o thenH,O o)

(e) none of the above

Continue to the next page

12

1) NaOMe 0 0 o) o} )
0 2) HCI, H,0 (a) (b) (c) (d)
heating
MeO —  » product OH OMe
OMe
(e)

A d)
> Product (c) (
O 4) K,Cr,07, H* OH OH
room temp
o



II. Use the provided table and fill in compound structures and reagents for the following synthesis. Make
sure your answer is correctly put in the designated box of the given table. No partial point will be given

for the misplaced answer. (40 points)
H,, Pd/C
X § ——| X1iv
CHCH,
OH

é H,NCH,CH;
CH;CO,H
removal of water

'”O

E
1. pyrrolidine
1.BH OH O 2.CH,=CHCOCH,
e Br ) PCC +
O O/ Ho @ 2.H,0, HQ' @ 3.H,0, H X
1 l Bry, H,0, H l CH3O
SOCl, o)
v (excess) OH 0 removal
HO Br of water
o)
PBr
H,NCH; l 3 NaCN
(excess) (excess) /
VIl l tert-BuO
v | ® 0
0 PhsF’\é_)J‘oc:H3
1.LiAIH NaCN
2 1" H,0 0 lCH3OH ij—» VIII
M(OCH3 X11
CH30

V1 o o

o}
CH;0° CH;0°
l 3 CH3O)I\/”\OCH3

11 IX
l 1. HO" . HO"
2. heat, H" 2. heat, H"
0

I
HO
(0]

Continue to the next page
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A B: C

D E: F

I: II: III:
IV: V: VI:
VII: VIII: IX:
X: XI: XII:
XIII: XIV:

Continue to the next page
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II1. Propose an electron-pushing mechanism for the following reaction. (10 points)

o) 0O 0O

\)j\ CH5;CH,O"
O/\ > O/\

Continue to the next page
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IV. Propose an electron-pushing mechanism for the following reaction. (10 points)

0 1) LiAH,
2) H*, H,0O
H H

Continue to the next page
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V. Propose a synthesis for one of the compounds circled in the boxes using the provided starting
material and any reagents you know: (20 points)

any suitable compounds
from + + that can provide one-
OFEt carbon unit

cinnamic acid

17



