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1. Copper is a required nutrient for all living organisms. In order to solve the problem
of copper deficiency. N—acetylgalactbsamine-functionalized ionophore, Gal-Cu
(gtsm), was synthesized and serve as a copper-carrying “Trojan Horse” that targets
liver-localized asialoglycoprotein receptors (ASGPRs) and releases copper only
after being taken up by cells. The synthesis procedure is described below. Please
write down the structures (A-E, 3 points each, 15 points total)
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2. Please write down the structure of major product in the following transformation.
The structure should include stereochemistry where appropriate. (3 points each, 15

points total)
(a) '
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3. Please provide a reasonable mechanism for the following transformation

(a) \.N/

0 © N 0 '
)LOJ\ T omon /u\ocm " HOJ\ (4 points)

(b) s

HO OH

N
1 \,-s‘-! E/ , Tol _
H ) e e _/—\, + CO, (6 points)

Ph Ph
PH Ph 2)  (MeO)qP, reflux

Z - BIRAE G0 HM2y 0 #£604)

1. What is the IUPAC name of the following compound?

H CHj
CH;3
H H
1 H
(A) cis-1,2-dimethylcyclohexane (B) trans-1,2-dimethylcyclohexane
(C) 1,1-dimethylcyclohexane (D) cis-1,3-dimethylcyclohexane

(E) 1,1-dimethylcyclobutane

2. What is the TUPAC name of the following compound?
CH=CH,
CH4CH,CHCH,CHCH,CH,
CH,CH,CH,4
(A) 3-ethyl-propyl-1-heptene (B) ethyl-3-vinyloctane

(C) 4,6-diethyl-1-octene (D) 3,5-diethyl-1-octene
(E) 4,6-diethyl-7-octene

3. Which of the following are the chain propagating steps in the free radical
chlorination of methane?
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LCy —» 2Cl

ILC, + H ——= 2HCI + Cl
mocacygy + C€l.——» CH; + HCI
IV.CHy + H- ——» «CH; + Hp

V. €H; + Ch ——» CH3C1 + (I

vl «CH; + Cl. —— CH;3Cl

(A) TandIIl (B) IIand VI (C) Mand IV
(D) IlIand V (E) Tand VI
4. Identify the correct IUPAC name of the compound below:
0
H
(A) 4-benzyl-5-methylhexanal (B) S5-isopropyl-5-phenylbutanal
(C) 2-methyl-3-phenylhexanal (D) 5-methyl-4-phenylhexanal

(E) 2-methyl-3-phenyl-6-oxohexane

5. Which of the following mechanistically depicts the protonation of fers-butyl
alcohol by hydrogen bromide?

A A3 B .

) (CH3)3C—p —(;31‘: ®) (CH3)3C—tIi€/_}ﬁBr:
II_I . e i

C ), D 5 .

© (01-13)30—6%“ ®) (CH3)3C—(])f/}—f\Br:
H - H

E .

) (CH3)3c—t[i: H-"Br:

H

6. The proton NMR of a compound, CsHoClO, has the following peaks. Which
compound below best fits the data?
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6241 (1H) broad
singlet
6275 (2H) triplet
6 3.69 2H) triplet
8 7.02 (2H) doublet
6 7.50 2H) doublet

(A)  QCHCHCI (B) o©H (C)  CHaCH,OH
CHCH,4
Cl
Cl
OH
Cl

7. In the dehydrohalogenation of 2-bromobutane, which conformation below leads
directly to the formation of cis-2-butene?

CH; CH, H
H3C Br H3C H H3C Br
H H H Br H CH,
H H H

I I m
(A) onlyl (B) only Il (C) onlyIll
(D) IandII (E) TandIll

8. What is the product of the reaction sequence below?

1) BH3, THF PCC PhsP=CH,

\/\f 2) H202, NaOH CH20|2

(A) 2-methyl-1-hexene (B) 2,3-dimethyl-2-pentene
(C) 2-methyl-2-hexene (D) 3-methyl-1-hexanone
(E) 3-methyl-1-hexene
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9. In the following nucleophilic substitution reaction:

H
H Br  NaOH

H™CoH
CH325

which of the Newman projection(s) can represent the product(s)?

I H I H 1
H:$:OH H. -~ CHs ﬂ@:gi{?

R W on 2
v H v H VI H
H:GBIH HO@CgHs HOﬁH
HON ;:zH.j HL :| CHy™*"CoHg
(A) onlyl (B) onlyIl (C) onlylV
(D) ITandIV (E) VandVI
10. The species shown below represents the transition state for the:
([2H20H3
HO ----C-----Br
5 i\ §F
HH

(A) reaction of 1-propanol with HBr

(B) reaction of 1-bromopropane with NaOH
(C) elimination of HBr from 1-bromopropane
(D) addition of HBr to propene with peroxides
(E) addition of Br; to propene in H,O

11. Which of the following stereoisomers gives the exclusive E2 product shown?

NaOCH,CH; e N CH(CH;),
?
CH,CH,0H
H;C (only E2 product)
(A)

CH(CHs), B) QCH(CHa)z
HaC ‘Cl HsC cl

©) ,Q.\\CH(CHs)z D) QOH(CHs)z
HaC el HsC cl

Y

Q
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WCH(CH3),
H,C” ;

Cl

(E)

12. Which point on the potential energy diagram corresponds to the species shown to
the right for the electrophilic bromination of benzene with Br»/FeBrs?

A

Br
@
CIKTEY
¢
13. For the acid catalyzed reaction shown below:
HO  OH H* Q. CHs
HC—H—&CHy ———  »—CHs
HsC  CHj, HC  CHj,
which of the following structure is not the intermediate in the reaction?
A H B ®
@) HO OoH ®) H—O\ CHs
HeC——&CHj - YKo,
H3C CH3 HSC CH3
(C) H-0 cH, D) o cH
HyC =~ CHj; HsC  CHj
E) u  cH
&—CH,
HoC  CHj

14. What is the product of the reaction shown?

O KOH, CHsOH
S it
heat

O
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A @ B) o (C) cHo

O og
(E) O

15. Which of the following syntheses gives 3-methyl-1-hexanol?

(A) 0s0, Na,S0,
3-methylhex-1-ene > >
H,O
B 0
(B) Mg LYV

2-bromopentane

diethyl ether 2y 4+

© 0
Mg DOy

3-bromopentane -
diethyl ether 2y y*

(D) 0

Mg RETRC T
diethyl ether 2y H*

1-bromobutane

(B) Mg 1) HC=0
2-bromohexane

diethyl ether o)+

16. Predict the major product(s) in the reactions below:
1) NaNH, 1) NaNH, Na, NHa(lig.)

HCSCH — ————

2) CH4Br 2) 1-iodohexane

(A) 1-nonyne (B) 2-nonyne (C) cis-2-nonene
(D) trams-2-nonene (E) trans-3-nonene

17. The compound shown below is the cyclic hemiacetal of:

HsC _oH

O

CHyCHs
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(A) S5-hydroxyheptanal (B) 5-hydroxy-2-heptanone
(C) 6-hydroxy-3-heptanone (D) 6-hydroxyheptanal
(E) 2-ethyl-5-methyltetrahydrofuran

18. Which of the following are valid resonance structures for the intermediate species
in the reaction shown below?

OH HNOs [ _ OH
@’ mter?;idlate] /©/
HaSO4 O.N

(1) OH (11) OH

g R

H NO, H NO, H NO,
iv OH \' vi OH
(v M o, (vi)
®
H NO, H NO,
H NO,

(A) (D), (ib), (iii), (iv), (v), (Vi) ®B) (i), (iii), (iv)
(C) (i), (i), (v) D) (i), (iii), (iv), (v)
B @, (i), (iii)
19. Arrange the following in order of decreasing base strength (strongest base first).

L CH:CH,0 1IL CH;CH, 1L NH, IV. HC=C:

(A) IV>II>1I>1 B) II>M>I>1V (©) I>10>IV>1III
(D) I>1I>IV>1 (B) I>Iv>1I>1I
20. Which of the following carbocations would most readily undergo a 1,2-hydride
shift?
CH35C®
(A) (CHys (B) 8HCH3
©) ® D) 9
CH,CHC(CH,), CH,CHCH(CHS,),
(E) ®
(CH3),CCH,CH;
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21. What is the correct Newman projection for the following molecule?

HsC, Cl

HsCH,C Br
Pr P Et
(A) Meﬁﬁ[CI (B) CIEEIME ©) cnfanne
" Et Br Et Br Et Br
Me Me Me
Pr Pr
(D) Cl Me (E) Clﬁl\lﬁe
Br Et Br Et
H Me

22. Identify which one of the following isomers of CgHi4 has the °C NMR below.

l TMS
|| ]
I I |

l [ | { I [ I

180 160 140 120 100 20 &0 10 20 0 &
(A) CH;CH,CH,CH,CH,CH; (B) CH;CH,CH,CH(CHs),
(C) (CH3)LCHCH(CH:), (D) CH;CH,C(CHs)s
(B) , Gt
H3C_?_E_CH3
CHs

23. What is the product of the following Diels-Alder reaction?

+ —
/
/\/ H H
(A) H3C\O[COQCH3 (B) HSCUCOQCHs
CO,CH, /CO,CH,

© HaC CO,CH B) o,
3 \EI 23 ~CO,CH,
CO,CHg [ I COCH,
/

cannot undergo Diels-Alder reaction

-9.
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24. What is the major organic product from the sequence of reactions shown below?

HoS04 FeBr; 2)NaOH HCI, cok;
(A) Q/NHZ B) ¢ (S) oY
o[ ; QL
Br Br
(D) N (E)

Br
Cl

25. Which of the following compounds fits the proton NMR shown below?

2H
L
4.0 3.0 2.0 1.0 ppm
A (':') B I
(A) CH,CH,CH,—~C—0OCH, B) CH3CH;—C—OCH,CH4
©  on-2-ocme D) oyt
CHz—C~OCH,CH,CHg CH;—C-CH,CH,OCH4
O CH3

®) Ej’%

26. Which of the protons indicated will be observed as a doublet in the "H NMR

spectrum of the molecule shown below?
A ¢ ¢ ©D)E

|

HaCO CH,CH,OH

H H~=—(B)

- 10 -
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27. Compound A, C¢H, 20, is readily oxidized with K2Cr,O7 in H2SO/H,O to give
compound B, CsH;00. Compound B has four peaks in its *C NMR (broadband

decoupled). Which one of the following fits the data for compound A?
YR (B)  cH,OH (€) 0

e O e

(D) oH (E) Ho cH,
oo

28. Rank the following compounds in order of increasing acidity:

0 COOH () COOMe (111 OH
av) 8‘” V) go Cr

(A) (D), @), (V), @V), @) B) @), av), dn), (v), ()
(C) @, dV), D), D), (V) (D) D, (V), A1), Av), @)
(E) (V), D), (1D, (IV), ()

29. Which of the following reagents react with 2-butene by sy» addition?

i) Cl (ii) Bn (i) Hp/Pt
(iv) 0OsO4 (v) Br./HyO
(A) @), @) (B) (id), (iv) (©) (id), (iv), (v)

O @, Gi), (v) (B) only (iii)

30. Which of the following would be the starting reagents needed to make the
compound shown below?

NH, NH, OH
HO C,Hg C,Hg
I 11 III v

\Y

(A) 1+1I (B) IM+1I1I C) M+1V
(D) IV+V (E) I+V

-11 -



