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1. Give a systematic or a trivial name for each of the following formulas or
write a molecular structure as required for each given name (20 points, 2
points for each name or structure).

M)

CHj3

CH,CHs

)
OOH

OCHj

@ _CN

N

@)

(4)
Ph-O-CH2CH:CH2

®)




(6)

Hs
H3C\C_C/COO_ _CH3
el CH3
K Ch

(7) 2-formylthiophene

(8) 1-pentyl amine (write the most stable Newman projection)

(9) (1S,2S)-1-fluoro-2-isopropylcyclohexane (write the most stable conformation)
(10) (2R,3S)-2,3-dihydroxybutanoic acid (write a Fischer projection)

2. As required, compare physical and chemical properties for each of the following
groups (12 points, 3 points for each problem).

@ @CHO d@cm mc@mo
(A) (B) ©

(dipole moment)

@ @ NH; QNHZ Z:NH
A (B)

©)
(basicity)
B AN A NNV
(A) (B) ©

(boiling point)

(4)
CHgo—@—CH=CHz NC@CH=CH2 @CH:CHz
(A) (B) (®)

(the reaction rate of the above compounds with Br,)
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3. ldentify the following pairs of compounds as identical, enantiomers or diastereomers
(8 points, 2 points for each problem).

1) CH
@) 3 H
H Cl Cl CHs
Cl——H CH——H

HO H 4 :
©)
H  HC CHO Y\
Ha OH

C

4. Give major products of the following reactions, when the reactions are stereoselective,
show the stereostructures of the products by three-dimentional formula (20 poins, 2 points
for each product).

1) H cold dilute KMnO,

N OH"

@ O/\ HCl
—_—
(3)
>:/\ HBr
ROOR
4 ch@ﬁ(CHg)goH@T
(5) CICHZ—@CH:CHQM

AN
=C
Pwp



6) H3C>: C/H CHCl,
N
H CH, NaOH
Ph
' HC——H  NaoEt
H—r—Br EtOH
CHg
CH30OH
ﬁf H,50,
(8) CH3COOH
—»( )_
HsC H NaOCHj
CH<OH

5. Show all steps in the mechanism for the formation of the product (6 points).

Br,

—_—

H>O 0
Br

CH,CH,CH20H

6. Design synthetic routes for the following products from the indicated starting
compounds and other necessary reagents (20 points, 6 points for each product of problem
(1) and (3); 4 points for each product of problem (2) and (4)).

(1) from HC =CH to CH3 i CH>CH3
0]

(2) from PhC=CPh to

r
(3) from  (CH3),CHCHCH; to  (CH3),CHCH,CHO



(4) from CHg?HCHZOH to c:H3|CH(:H2NH2
CHg CHs

7. There are 4 compounds (A, B, C and D) in 4 test tubes, please distinguish each
compound by simple testing methods (6 points).

DY

(A) (B) © (D)

8. Choose correct answers for the following questions (8 points, 2 points for each problem).
(1) Valence bond theory is normally used to explain
(A) the reactivity of molecules

(B) the spatial shape of molecules

(C) the polarizability of molecules

(D) the stability of molecules

(2) For a configuration retention reaction, we can confirm that during the reaction

the of the chiral carbon atom does not change.
(A) relative configuration (C) rotation direction of polarized-light
(B) absolute configuration (D) R/S designation

(3) A pair of enantiomers can be isolated by
(A) distillation (C) sublimation
(B) recrystallization (D) resolution

(4) The characteristics of E2 mechanism is
(A) atwo step, second-order reaction

(B) a one step, first-order reaction

(C) atwo step, first-order reaction

(D) a one step, second-order reaction
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1. Give a systematic or a trivial name for each of the following formulas or write a
molecular structure as required for each given name (20 points, 2 points for each hame or

structure).

)
)
©)
(4)
Q)
(6)
(")

(10)

2 Asrequired, compare physical and chemical properties for each of the following groups

(2S,4R)-4-ethyl-2-methylcyclohexane
(3R)-3-methoxy-1-cyclopentenecarboxylic acid
3-cyanopyridine

allyl phenyl ether
7-methyl-bicyclo[4.2.1]nonane

t-butyl (Z)-2-methyl-2-butanoate

(8) (9)

NH,
H H H
H H m\H
QCHO Pr

CH,CH,CH, F

COOH
H——OH
HO——H
CH3

(12 points, 3 points for each problem).

)

C>A>B (2 B>A>C (3 A>C>B 4 A>C>B



3. ldentify the following pairs of compounds as identical, enantiomers or diastereomers
(8 points, 2 points for each problem).

(1) diastereomers (2) identical

(3) enantiomers  (4) enantiomers

4. Give major products of the following reactions, when the reactions are stereoselective,
show the stereostructures of the products by three-dimentional formula (20 poins, 2

points for each product).

@

OH OH
H\\\\\\" "II[IIIH
Ph Ph
@)
l?r
(CH3),CHCHCH,CH;4
(racemate)
()
NCCHZO(HJZCHCI
()

HsC. c
PH H

Hs
+

its enantiomer

CH;O H

)
Cl
(4)
H3C— >—<
(6)

Cl Cl
+ its enantiomer
HaeW/ ™ \"IH

H CHs

(8)

0
~ . :
<:KH + its enantiomer

CH3

@ + its enantiomer

HsC  OCHs



5. Show all steps in the mechanism for the formation of the product (6 points).

Brz HO H®
— -
N —> & —>
HZO ‘_é_’\‘_/ /CH2 OH 0
NN Br
CH,CH,CHOH oy CHCHe Br

6. Design synthetic routes for the following products from the indicated starting
compounds and other necessary reagents (20 points, 6 points for each product of problem
(1) and (3); 4 points for each product of problem (2) and (4)).

@
NaNH, BrCH,CHs HgSO, / HyS0O,4
HC=CH—> HC=CNa ———— > HC=CCH,CHz3— > H3C——C—CH)CH3
-NaBr A HO |
)
Br Br
PhC==CPh >—< o .,
N CC| . ph “/Ph
H H
©))
B 1) BH, / THF
t-BuONa - 3
LBUONa =CH 2 >~
(CH3)2CHCHCH3W>(C_H3129M “"2 ) H,0, . OHF
(CHy),CHCH,CH,oH S LBYLHCLBCC)_ oy cpich,cHo

(4)
0

1) CQNK
CH,CHC PBr CH,CHCH,B CH,CHCH,NH
sCHCH,OH__TPTs 3¢ 2Br o) 3¢ 2NH;
CH,4 CHs CHs

-
L

2) NaOH, H,0 , A



7. There are 4 compounds (A, B, C and D) in 4 test tubes, please distinguish each
compound by simple testing methods (6 points).

A,B,C,D
: | KoCO3
A,B,C D (precipitate)
l HCliznCl,
A,B C (turbid)
l Brz
A B (Red color disappears.)

8. Choose correct answers for the following questions (8 points, 2 points for each problem).

LB (B @)D (4)D
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1. Give answers to each of the following questions (15 points, 5 points for (1);
(2) and (3), each 2 points; (4) and (5), each 3 points).

(1) Which of the following compounds are aromatic compounds?

< @
OO QY

A B C D E
(2) Which of the following compounds is the initiator for a radical reaction?

(CH3CO),0 (Ce¢HsCOy), (CH3;CO),  (PhNH),
A B C D

(3) The nucleophilic addition of HCN to an aldose will form two diastereomers,
which are .

A. anomers ( ) C. mesomers

B. epimers ( ) D. enantiomers

(4) Which of the following reagents can be used as a simple testing method to
distinguish pentanal, 2-pentanone and 3-pentanone in 3 test-tubes?

A. Tollen’s reagent and Kl/I, C. Lucas reagent and Kl/l,

B. Tollen’s reagent and 1,/NaOH D. Lucas reagent and 1,/NaOH

(5) Which of the following reagents can be used as a simple testing method to
distinguish CH3COCH; (acetone), PhCOPh (diphenyl ketone) and
CH3COOCHg3 in 3 test-tubes?

A. NaHSOzand NH,OH C. Na,SO3 and NH,0OH

B. NaHSO3; and PhANHNHPh D. Na,SO3; and PhANHNHPh
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2. Give major products of the following reactions (22 points, 2 points for each major
product).

0]

(@]
I I NaBH
(1) HC@C—NMeZ 1 >

I 00 NaOH

(2 PhCH,CCHPh  *  ppé éph A >
H3CH,C OH H,SO

@ e

HsC

CHO

o Q" —

OCH;

Brz
5 ’
© OO FeBry
Q 9
©  on— )t ) orsboon

NO,
e cl NaNH,
NH3
8
C_NH2
Br2
(8) — " >
KOH

CHj
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(9) CH,=CHCOOEt + H

(10) PheH (.C?H HSCH,CH,CH,SH 1) BuLi -
2 e - 2) CHy=CHCH,Br

Raney Ni
R
Ha

3. Show all of the steps in the mechanism for the following reaction and explain why the
aldehyde is formed rather than the ketone (8 points).

MM o !
|

Ph—C—CH _Z—%  Ph—C—CHO + H,0
Ph H Ph

Ph—ICI)—CHzPh not formed

4. Prepare the following compounds using the indicated starting materials and other
necessary reagents (20 points, (1) and (4), each 6 points; (2) and (3), each 4 points).
[

()] from O to
Cl

o O 0

] I
COCH3 CH,OCCH,4
(2) from to
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Cl

3) from and o to
Cl
OH CH;
1 1l
“4) from CH3CCH,COC,H5 to H3C—C|)—CH—CH2Ph
CH,CH3;

5. Compare chemical properties for each of the following groups (15 points, 3 points for
each question).

) 0o O Op O 0pO
no I I I I I I
(1) CH3CCH,  CH3CCHCCH3  CH3CCHCOCH; CH3OCCHCOCH;

A B C D
(stability of carboanions)

OCH3 NO, Cl
« 0 0 O
A B c D
(The rate of Friedel-Crafts reactions, )
CHj;
O O
A B ¢
(The rate of the reaction with NBS) (N-bromosuccinimide, )
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o & -,

H H H H —
A B c
(The acidity of the indicated H)

(5) (n-Bu)MgCl (n-Bu),Culi (n-Bu)Li
A B C

(Activity towards carbonyl groups)

6. Deduce the molecular structures of the following compounds according to the given

reaction phenomena ((1) and (2), each 10 points; 2 points for each compound).
(1) When a neutral compound A (C11H1405) is heated in a dilute HCI solution, compound B
(CgH100) is obtained. The reaction of B with Br,/NaOH and sequential acidification affords
an acid C (CgHgOy). In a solution of glycol, B reacts with NH,NH,/NaOH at reflux to yield
compound D (CgH3). The reaction of B and benzaldehyde in an alcoholic NaOH solution
gives compound E (Cy;H140). Compound D can be oxidized by KMnQO, to form
m-benzenedicarboxylic acid. Please give the structures of A - E.

(2) There are two different D-aldopentoses A and B. They react respectively with
phenylhydrozine to form the same phenylosazone C. An optically inactive alditol D is
obtained when A is reduced by hydrogen and a metal catalyst. Ruff degradation of B gives
a D-aldotetrose E. Oxidation of E by HNO; affords a mesomeric tartaric acid ( ).
Please give structures of A — E in Fischer projection.
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1. Give answers to each of the following questions (15 points, 5 points for (1); (2) and (3),
each 2 points; (4) and (5), each 3 points).
(1)A,B,D,E (2)B (3)B (4)B (5) A

2. Give major products of the following reactions (22 points, 2 points for each major
product).

0
Q Ph Ph
(1) HOH2C C*NMSZ (2)
Ph Ph

o i CHO

Il
(3) CH3CH,C—NHCH3 @ /

OCHj,4

?

e 0 on{ ) tol )

Br

NO, NH,

(7) (8)

NH,

CHs
Q ?

CHchzc_OEt
9)

m PhCH,CH,CH,CH,CH
(10) S><S S><S 2LH2LRLHLHS

PhH,C~ H ~ PhH,C~ CH,CH=CH,
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3. Show all of the steps in the mechanism for the following reaction and explain why the
aldehyde is formed rather than the ketone (8 points).

OH OH H' OH2 OH H,0 o OH <~OH
PhC CH;»PhC CH Ph—G— CH—»PhC CH
Ph Ph H Ph— Ph

®
HoOoH . o0
> PhC—CH—> phC—CH
Ph Ph
OH_, & OH

| |
Because the carbocation PhoC—CHy is Jess stable than Ph2C—CHaz  the ketone

[l
PhCCH2Ph s not formed.

4. Prepare the following compounds using the indicated starting materials and other
necessary reagents (20 points, (1) and (4), each 6 points; (2) and (3), each 4 points).

NO, NO,
(1) @ HNO, Cly
H2804 FeCI3 cl
NH2 |
Fe NaNO, K]
HCI cl HClI,-5°C cl
/. 0O
/_\ I LiAIH
ij/c OCH, o of fo & ook, 4
H+
ij/CHon CH0H CICCH; _ CH,OCCHs

17



oN
0 SeTY
(3) AIC Cery  Zn(Hg)HCI
+ O I O
OH
cl 0 [
Cl G Cl G Cl c
HO™ %y z I
11 1
() CHyCOHCOCH; oot CHBL o oo, m,
EtOH I
CH,
NaOEt  PhCH.Br CH@ gHZPhﬁéOCH 1NaOH
EtOH iy G
CHg 2)H0, A
I CHyCH,MgBr  Hoo OH CHs
CHyC=GHCH,Ph == CHaC—CHCH,Ph
&h Et,0 3C 2
3 CH,CH,

5. Compare chemical properties for each of the following groups (15 points, 3 points for
each question).

()B>C>D>A (2)B>A>D>C (3)A>C>B

4C>B>A (5)C>A>B

6. Deduce the molecular structures of the following compounds according to the given
reaction phenomena ((1) and (2), each 10 points; 2 points for each compound).

0.__0 O\\C—CH3 COOH CH,CH; 0
I
" CH3 i i @\ Q—CCH=CHPh
CH CH; HsC
CHs CHa ’
A B C D E

18



)

CHO

H——OH

CH,OH

CHO
HO——H
H——OH
H——OH
CH,OH

B

HC=NNHPh
C=NNHPh
H——OH
H——OH
CH,0H

Cc

19
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1. Give a systematic name for each of the following formulas or write a
molecular formula for each given name (14 points).

NHCH;

(@)
CHO
O
(b)
(c)
/:l/\)?\
(d)

?H
HC=CCH,CHCH3;

(e)
wCH3
G\COOE’[
(f) 4-oxopentanenitrile

(9) (2S,3R)-3-chloro-2-butanol
(Fischer projection)

20



2. As required, compare physical and chemical properties for each of the following
groups (10 points).

(@)
(A) (B) ©
(acidity)
(b)
)\|/ /\Hok
(A) (B) © (D)
(SN2 reaction rate)
(©
CH3CH,OCH3z CH3COOH  CH3CH,CH,OH
(A) (B) ©
(boiling point)
(d)

CH=CH, CH=CH, CH=CH,

NO,
NO,

(A) (B) ©
(the reactivity towards the addition of HCI)
(€)

UCH3 CECHG O/C(CH3)3
el cl e

(A) (B) ©

(E2 reaction rate)
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3. Give major products of the following reactions, when necessary, show the
stereochemistry of the products (26 points).

@)
H3C\ _ /CH3 H2/ Pt 2Nal
Jc=CL, —>( ) —> ( )
Br Br acetone
(b)
CH5CH,0H
H3C CH3 (@)
I
PhCOOH
—>( )
CH3CH206
CH5CH,OH
(c)
CF3CH=CH, + HCl —— ( )
(d)
HCL _ M KMnO, /OH:
C=C{ — ) + )
H/ CH;  cold, dilute
(e)
CH3CH=CH, + HBr ROOR ( )
®
HaC\C:c/CH3 CHBr, ———» ( )
Z H * s KoH
()]
Ph H hy
>C—_-C/\ + Br, —» ( )
H3C CH2CH3 CCI4

22



(h)
H;0*

e
CH3CHCH=CH2 -

1) BoHg/THF

2) H202/NaOH ( )

4. Determine whether the compounds in the following groups are enantiomers,
diastereomers or the same comopounds (9 points).

(b)
\\\\ IIII,
(c) (d)

CHs H C/P C/,O
H——Cl  Br——CHj, “H H
Br——H H——cl H OH H3C+OH

CH3 CH3 CH3 H

(e)
CHj H
H OH HO H
H OH Ho CH3
CH3 CH3
5. Determine whether each of the following statement is true or false (5 points).
(@) The enatiomers have the same rate of reaction with (R)-2-butanol.
(b) Hofmann eliminations are second order reactions.
(c) The enantiomers can be separated by distillation.

(d) The Syl reaction leads to racemization of an optically active alkyl halide.
(e) The rate of the E1 reaction increases with increasing the strength of nucleophiles.
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6. Synthesis of the compounds from the indicated staring materials. More than one step
may be necessary (24 points).

(a) CH3CHZCHQCHO from HC=CH

(b)
Ho _H
C
H|||-C/—\C-|||H
CH3CH, CH2CH3 from CH3CH,C=CCH,CH3
(©)
HSC\ . H H3C\ /CHS
1C=C{ JSaoN

H CHs from H H

(d)
OTs

SAANS AN

7. Deduced the molecular structures according to the given reaction phenomena (16
points).
(@) Show the structures of A, B and C in the following reaction scheme. What is the
relationship of C and D?

H,O/H,S04 1) Hg(OAc),/H,0
B *———— A(CgH12) > D
2) NaBH4/NaOH
optically optically active both optically active

inactive (R-enantiomer)

(b) A cyclic compound A (C;H11Br) reacts with Br,/CCl, to form a tribromo-substituted
compound B. In water A changes to two alcoholic compounds C and D which are
constitutional isomers. D is a tertiary alcohol. Compound A reacts with NaOH in alcohol to
form a conjugate diene E. After E is oxidized by O3 and then hydrolyzed in the presence of
zinc dust, OHCCH,CH,COCHj3; and OHCCHO were obtained. Please give the structures of
A, B, C, D and E (Don’t consider stereoisomers).
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1. Give a systematic name for each of the following formulas or write a molecular formula
for each given name (14 points, 2 points for each name or structure).

(@) 3-hydroxy-5-nitrobenzaldehyde

(b) bicyclo[3.2.1]octane

(¢) N-methyl 4-ethylhexanamide

(d) 4-hydroxy-1-pentyne or 4-pentyn-2-ol

(e) ethyl (S)-1-methyl-2-cyclopentenecarboxylate

CH,
H——OH
0 H——Cl
(® CHsCCHoCH,CN @ CHs

2. As required, compare physical and chemical properties for each of the following groups
(10 points, 2 points for each problem).

(@ ([B)>(C)>(A) (b) (D)>(B)>(A)>(C)

) (B)>(©C)>(A) d (A)>(B)>(C)

) (B)>(A)>(C)

3. Give major products of the following reactions, when necessary, show the
stereochemistry of the products (26 points, 2 points for each product).

HoH HC, _ F
HsC'C—C+ ICH £=C
3 d L 3 H \CH3
(a) Br Br

()
CHj
HiCH,CO H

() CFsCH:CHoCI

25



(d)

HO OH H CHs
HSC\" "'IH HSCHHIHH
H CH; HO OH

(e) CH3CH20HzBr

(f
i
H3C™2 \'CHj
H H
9
Ph . H Ph H Ph . H Ph H
HaC GHCHs H3C; L CHCH;  H,C CHoCHs HC2 7;CHQCH3
Br | 2~ Br
racemate racemate Br racemate
major
(h) (CH3),COHCH,CH; (CH3),CHCH,CH,0OH

4. Determine whether the compounds in the following groups are enantiomers,
diastereomers or the same comopounds (9 points, (a), (c), (d) and (e), each 2 points; 1 point
for (b)).

(a) enantiomers (b) the same compounds  (c) diastereomers

(d) enantiomers (e) diastereomers

5. Determine whether each of the following statement is true or false (5 points, each 1
point).
@F ®T @©F (T (e)F

6. Synthesis of the compounds from the indicted starting materials. More than one step may
be necessary (20 points, 5 points for each product).
(a)

CH3CH,Br 1)B2He/THF

NaNH c
=CH ——% HC= — %» HC=CCH,CH; ————> OHCCH,CH,CH
HC=CH NH, HC=CNa 2CH3 2)H,0,/OH" 2CHyCHg

Pd/CaCO; HBr
HC=CH ———— H,C=CH, ———— CH3CHBr

Hy

26



(b)

H,/Ni,B H H CHal, H £t
HaCH,CC=CCH,CHy —2—25 c=¢ — 'c=c;

H3CHZC/ \CH2CH3 Zn(Cu) H3CH20 CH2CH3

(©
HsC  CHs Br, HsG 2 KOH Na
£=c T—— -'CH ———— CH;C=CCH; ———> >—<
H H ccl H EtOH NH;  H,c H
Br
(d)

OTs  +BuO 1)BoHo/ THF o _PCh
—_— e — T Cl
tBuoH N\ 000 VNV NN

7. Deduce the molecular structures according to the given reaction phenomena (16 points,
(a) 6 points, (b) 10 points, 2 points for each structure).

GHs
\\\\.IC—CH=CH2
(@  HoCHC CH3CH,C(CH3)OHCH,CH,
A B
(2S, 3R)-CH3CH,CH(CH3)CH(OH)CH; (2R, 3R)-CH3CH,CH(CH,)CH(OH)CH;
C D

Compounds C and D are diastereomers.

o D @ ? v

E
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1. Give a right answer to each of the following questions (8 points).

(@ In an aqueous acidic solution, which of the following compounds
undergoes ring-opening reaction at a rapid rate.

N
— O Ph Ph
H,C—CH> \ /
Y W 7
(A) (B) (®) (D)

(b) Which of the following compounds is capable to reduce Tollen’s reagent?

H,C=CHCH,OH CH3CH,CHO CH3CH\—/CH2 CH30CH=CH,
(0]

(A) (B) (©) (D)

(c) Which of the following compounds is aromatic?

28



(d) Which of the following compounds displays mutarotation phenomena in basic solution?

HO  CH,0H CH,OH HO  CH.OH HQ  CH,OH
Q (0] 20 o) H
CH, HO OCH, o C’;:OH
on My on My oy OH on Mp  CHy
(A) (B) (C) (D)

2. As required, compare physical and chemical properties for each of the following
groups (12 points).

(a)
| |
(A) (B) (C)
(Stability)
(b)
COOCHS; COOCH;4 COOCH; COOCH(CHs),
N: 0, CHs CH
(A) (B) () (D)
( The rate of hydrolysis in a basic aqueous solution )
(©

NT O, CH,CH,3 Cl OCH,
(A) (B) () (D)

( The rate of Friedel-Crafts alkylation reaction )

29



(d)

I T n_ 1
CH3CCH; CH3CCH,CCH, CH30CCH,COCH3
(A) (B) (C)

( Equilibrium constant for carbonyl - enol tautomerization)

(e)
0

(0] (0]
Il Il
PhCPh é PhCCH,CH,CH, CH3CH,CH,CHO
(A) (B) (C) (D)
( The rate of reaction with HCN )

()

0
@—CHCICHS Cl—©—0H20H3 CH3CH,CHCICH;  PhCH,C—Cl

(A) (B) (©) (D)

(The reactivity towards an aqueous NaOH solution)

3. Give the major products of the following reactions (20 points).

il (I? 9 NaOH
(@) PhCH,CCH,Ph + PhC-CPh A

(b) Q 1) excess PhMgBr
CH3;CH,OCOCH,CH
3CHy 2CHs oS
H,SO,
© ' \O et
Ph OH
(d) ;C=N, HZSO4
H3C

© @ + HecH —B o

30



+ _  1)Bui
() PhsPCHy Br ———
2) PhCCHy

H>Q<H OH" / H,0
—_—m

@ He 0~CCH;

(h) H H
—

O_ﬁCH:;

NaBH,
(i) CH3CCH,CH,COC,H5 -
11 11
o) o) LiAIH

4. Show all of the steps in the mechanism for the following reactions (10 points).

Q H

(a) \ BF; I
Ph—C—C—H e Ph—-C-CHO
/ \ !
Ph H Ph
0
X W%
® Q09 T‘°’> 0" | + CHCOCH; + Hy0
CH,COOH

5. Synthesis of the following products from the indicated starting compounds and other
necessary reagents (25 points).

OH
1
@ fom  EtOGCH,COEt o PhCHCH,CH,CHCOOH
\
EHy
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O

(b)  from O,B—OH to O/CHQNHCH2CH2CHQCH3

(c) from = I to 11
HC=CCH,CH,CH,CCHg CH3CH,C=CCH,CH,CH,CCH;3
CHs CHa
(d) from o
cl
CN
CH,CH,0H

(e) from © to @

6. Deduce the molecular structures according to the given reaction phenomena (15 points).
(a) Carbohydrate A is a D-aldotetrose. Compound B and E both rotate plane-polarized light.
Show the structures of A, B, C, D and E (7 points).

1) HCN, [NaCN]

2) H,0, NaOH

3) HCI
NaBH,4 4) Na(Hg)

A

NaBH, NaBH,

D
-—

(b) Compound A (C1;H;1,0;) can be obtained by the reaction of an aromatic aldehyde with
acetone in dilute basic solution. Hydrogenation of A catalyzed by Pd/C affords compound
B (C11H1405). The reaction of A with 1,/NaOH and sequential acidification gives CHI3 and
compound C (C1oH1003). Both B and C can be oxidized by KMnO4,/OH™ to the same acid
D (CgHgOs3). Treatment of D with HI yields another acid E (C;HgOs3). Intramolecular
hydrogen bond is formed in compound E. Please give the structures of A, B, C, D and E (8
points).
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7. There are 5 test-tubes. Each contains one of the following compounds .Please identify
each of the following compounds using simple chemical testing methods and write testing
reactions (10 points).

q oH 0 ? 9 i
CH3C_CHCH3 CH3CH20'OCH3 CH3CPh CH3C_CH2CH3 PhC—CHZCH3
A B C D E
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(Band: A)

: () : 2003-1,2
() 2006 7 4

1. Give a right answer to each of the following questions (8 points, 2 points for each
problem).

@ A (b) B © C d C

2. As required, compare physical and chemical properties for each of the following groups
(12 points, 2 points for each problem).

@ A>B>C () B>A>C>D
(cc D>B>C>A (d B>C>A
() D>B>C>A () D>A>C>B

3. Give the major products of the following reactions (20 points, 2 points for each product).

b d
(@) 0 (b) Ph3COH © @

Ph— U\ —Ph
\ / PhFéNHCHg,
Ph
Ph H
M - NP
Hc-CCH2 (9) HAC OH

@
U
ﬁ\j =.

(i) CHgﬁlHCHzCHzﬁOCsz CH;CHCH,CH,CH,OH
OH 0 OH
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4. Show all of the steps in the mechanism for the following reactions (10 points, 5 points
for each mechanism).

®
@ o A H BFs  pn OBFﬁe Ph H H
Ho —
Ph Ph H P OBFS
o H®o® H
Ph Ph+CHO
. BR
Ph Ph
®) >< Hs OH OH P OH
o~ o _e
K)(CHZCOOHA CH,COOH HO  CH,

COOH
-H20 -HZO |
0)
o

5. Synthesis of the following products from the indicated starting compounds and other
necessary reagents (25 points, 5 points for each synthetic route).

(a)
Q 1)NaOEt O 1neOEt EtOOC
EtOCCH,COEt ——— 3= 17 |
i 2)CHy! EtOGCHCOEt ———  EtOGCCH,CH,GPh
OCHj 2)4\H/Ph OCH; O
o)
1)KOH/H,0 CHj ﬁ
——
HOOCCHCH,CH,CPh
2H30, A 2-T2
®) " coon ClNe2© o-NH(n-Bu)

CH,NH(n-Bu)

SOCI2 @ HoN(n-Bu) i L|AIH4 f
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(c)
HOCH,CH,OH I\
HC=C(CH,)3CCHs > o, .0  1)NaNH,
o

_C —_—
HC=C(CHp)y™ “CHy 2) CoHsBr

+
O/\ ,O\ H30
CH3CH,C=C(CH,)5~ C\CH .
3CH,C= 2)3 3 CH3CH,C=C(CH,)3CCHj,3
(d)
CHs CHs CHs T
HNO, Fe (CH3CO),0
—_— e
H,SO, HCI
N02 NHZ NHECHS
CH ?
N 3 CH3
2 NaNOZ CuCN
FeCI3
Cl HCI -5C cl
NHICI;CH:; CN
(e) Br MgBr
o, ve A CH,CH,OMgBr
—_— —_— —_—
(j FeBrj Et,0 ©
'_F;)O CH,CH,0OH

6. Deduce the molecular structures according to the given reaction phenomena (15 points).

(a) Carbohydrate A is a D-aldotetrose. Compound B and E both rotate plane-polarized
light. Show the structure of A, B, C, D and E (7 points, structures A and E, each 2
points; B, C and D, each 1 point).
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CHO CH,OH CHO CGHO

Ho—H Ho—H HO—H H’JEOH
H—{—OH H—{—OH HO—~H o
CHOH CHOH H——OH H=—OH
CH,0H CH,0H
(A) (B) ©) (D)

(b) Compound A (C1;H;1,0;) can be obtained by the reaction of an aromatic aldehyde with
acetone in dilute basic solution. Hydrogenation of A catalyzed by Pd/C affords compound
B (C11H140,).The reaction of A with I,/NaOH and sequential acidification gives CHI; and
compound C (CyoH1003). Both B and C can be oxidized by KMnO,/OH" to the same acid
D (CgHgOs3). Treatment of D with HI yields another acid E (C;HgOs3). Intramolecular
hydrogen bond is formed in compound E. Please give the structures of A, B, C, D and E (8

points, structures A, B and E, each 2 points; C and D, each 1 point).

B G i
HC=CHCCHs CHoCHGCHs  HO=CHUOH Lon

©/OCH3 ©/OCH3 i OCHg f OCH, | OH

A B C D

I
C—OH

E

7. There are 5 test-tubes. Each contains one of the following compounds .Please identify
each of the following compounds using simple chemical testing methods and write testing

reactions (10 points, 2 points for each compound).

H : ilver
PH  Tollens, 9§ ¢SI_

CH3C-CHCH; reagent™ CH3;C-CCH5; + Agy mirror
NaHSO3 QH white

CH3C-CH,CHs CH3CCHCH3 | precipitate

OSO;,Na
? [/NaOH yellow
CHyePh —2——> PhCOONa + CHI3¢  etinitate
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O,N = o
PhC-CH,CHs 2 > Ph/C NN precipitate

O,N

)
NH,N 0N
CH3CHa_ @ l orange

Compound CH3CH,COOCHj3 does not react with any of the above reagents.
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Name: Dalian University of Technology

Student

Numb Course: Organic Chemistry (1) Band: A
umbper:
School (Department): School of Chemical Engineering
Department:
Chemistr Date: January 18, 2007 Total: _6 pages
Class: 1 2 3 4 5 6 7 8 Total

Standard | 8 | 6 |24 |15 |15 | 14 | 8 | 10 | 100

Scores

1. Give a name (either a systematic name or a trivial name) for each of the
following formulas, when necessary, please designate E/Z and R/S
configuration (8 points).

(@) (b)
i C=CH
CH3;CH,CH C—NHCH -
3 2 2_ 3 H CH3
H H CH20H3

(c) (d)
e ®
/
CHs N~ "NH,
2. Write a molecular formula as required (6 points).

(@) (2)-2-phenyl-2-butene (b) (2S,3S)-2,3-pentanediol
(Fischer projection)

(c) (1S,35)-3-methylcyclohexanecarboxamide
(the most stable conformation)
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3. Give major products of the following reactions, when necessary, please give
three-dimensional formulas or Fischer projections (24 points).

(@)

CH;COONa

CHsCHCH, |  DMF

Br EtONa/EtOH

(b)

CH;

O& H,SO, (cons.) 1) KMnO4/OH/A
CHy —— > " >
oH A 2) Hy'0

(c)

HeCG _ CHs o, znicu

H H
(d)
1)NaNH, H,0O
HC=CH
2)CH3CHzBr HgSO4, H2804
(e)
|I

_ Na/NH3 1) PhC-OOH
HsCC=CCH; —» -

2)H30

()

CoHs .
H,c—Br _ Nal _ N
H3C——Br CH;COCH;

CzHs

4. Synthesis of the compounds from the given starting reactants (15 points).
(a)
from H3CCH=CH, to  CH4CH,CHO

(b)

Br
from /\r\ to /j/\

Br
40



(©
from H,C=CHCH,OH to H,C=CHCH,NH, (pure primary amine)

(d)
Cl_ Ph Ph

~ OH
from to U + jts enantiomer

a racemate

5. As required, compare physical and chemical properties for each of the following
groups (15 points).

(a)
Cl
O O @
A B C
(Sn1 reaction rate)
(b)
O@ O@ O@
CN CH,
A B C
(nucleophilicity)
(©)
A
</ >\ | HN(CH),
N —
H N
A B c
(basicity)

41



(d)

H H
H3C-C=CH, CI,HC-C=CH, H3;C-C=CH,

CH;
A B c
(the reaction rate with Cl,/H,0)
(e)
CH3CH,CH,CH,OH CH3CH,CH,COOH CH3CH,CH,COOC,H;5
A B C

(boiling point)

6. Deduce the molecular structures according to the given reaction phenomena (14
points).
(a) Please give the full structures of A, B, C and D in the following reaction scheme.

(CgH1402N32) + H2

Na
KMnO4/OH"
A(CgH1602) B(CgH1205)
A H,SO4(conc.)
—2H,0
H,SO4/H,0 KMnO4/OH
C(CgH12) = = D(CgH1g02) —————\¢
H2804(COHC.),A A
KMnO4/OH"
A

CHsﬁCHchzﬁCHs + HOOC-COOH
o) o]

(b) When compound A (C;HysN) is treated with CHsl, a water soluble salt B (CgHygNI) is
formed. A compound C (CsHg) and trimethylamine are yielded if B is heated in an aqueous
AgOH solution. C can absorb an equivalent of H,. When C is treated with Oz and then
hydrolyzed in the presence of zinc, pentanedial is obeained. Please give the structures of A,
B and C.

42



7. Designate whether the following pairs are enantiomers, diastereomers or identical
compounds (8 points).

€Y
H CHj;
H @CHS H——8r
HsC Br Br——H
Br
CH,
(b)
(©
CH, H
H HsC
H CH,
CHs H
(d)
HaC. H H H
F—~C=C —C=C_
H CH, H,C CH,

8. Choose the correct answer for each of the following questions (10 points).
(a) The E2 reaction is the
A. one step, first order reaction
B. one step, second order reaction

C. two step, first order reaction
D. two step, second order reaction

(b) The enantiomers are different in
A. the magnitude of rotation of plane-polarized light
B. the pH value
C. the melting point
D. the reaction rate with a chiral compound
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(c) The rate of the Sy1 reaction increase with
A. increasing the strength of nucleophiles
B. increasing the content of water in the solvent
C. increasing the number of small electron withdrawing groups on the attacked
carbon atom
D. decreasing the steric hindrance of the alkyl halide

(d) which of the following statement is correct?
A. An optically active alkyl halide retains its special configuration in the Sy2 reaction.
B. The m.p. of the linear alcohols are higher than the m.p. of the branched alcohols
with the same molecular mass.
C. The Syl reaction leads to racemization of an optically active alkyl halide.
D. If there is a symmetric element (a symmetric plane, a symmetric center or an n-fold
alternative axis) in the molecule, the compound has no chirality.

(a) A pair of enantiomers can be separated by
A. recrystallization C. sublimation
B. resolution D. distillation
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(Band: A)

() : 2007 1 18

1. Give a name (either a systematic name or a trivial name) for each of the following
formulas, when necessary, please designate E/Z and R/S (8 points, 2 points for each
name).

(@ N-methyl (Z2)-2-hexenamide

(b) (R)-3-methyl-1-pentyne

(c) 7,7-dimethylbicyclo[4.1.0]heptane

(d) 2-aminopyridine

2. Write a molecular formula as required (6 points, 2 points for each structure).

(@ HCc (b) CHs
Cc¢C H—+—OH
Ph CHj HO— | H
(©) CaoHs
H
H 0

i O o HsC NH,
CH, H
H NH;

3. Give major products of the following reactions, when necessary, please give
three-dimensional formulas or Fischer projections (24 points, 2 points for each
product).

(@) (b)
CH3(‘:HCH3 CH3CH:CH2 CH3 0]
(0]
o X PP
Hy
(©) C
\,C/ \C,,/
HsC' H/ \ “CH,

45



(d)  HC=CCH,CH,4
H CHs

/

©) >C:C\
H3C H
® CHa  CoHs
CoHs  CHs

i

CH3CCH,CHj

(.?H

Hoo C—

H3C/

CoHs

H——CHj
HsC——H
CoHs

CH3

\
OH

CoHs
HaC——H

H—+—CHs
CoHs

4. Synthesis of the compounds from the given starting reactants (15 points, 3 points for
the first problem and 4 points for each of the other problems).

@

CH3CH=CH,

ATA
(©)

|
HoC=CHCH,

(@)

(0]

)BHa. THE o eHacHaCHpoH €03 HCLPY, o cpocHo
2)H,0,, OH

t BuONa HBr
t-BuOH ROOR hv
Br
P/BI"Z

——— > H,C=CHCH,Br

0
NH + KOH ——» @NK
—H,0
0 0
0 0
NK + H,C-CHCH,Br — > @NCHZCHCHQ
o _

H20
H,C=CHCH,NH,
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(d)

ol Ph Ph Ph Ph
' OH \OH
NaOH 1)BzH6/Et20 . o
H,O/EtOH 2)H,0,, OH~

5. As required, compare physical and chemical properties for each of the following
groups (15 points, 3 points for each problem).

@ B>A>C (b) C>A>B
(c) C>B>A (d A>C>B
f B>A>C

6. Deduce the molecular structures according to the given reaction phenomena (14 points,
(a): 8 points; (b): 6 points).

CHs CH3 HsC. OH
OH o)
OH o)

CHs CH,

H3C OH

@) CHs

CH3

A B C D

cis- + trans-isomer

(b) (CHs)z N@ (CHS)SiﬁO{:‘ @

A B Cc

7. Designate whether the following pairs are enantiomers, diastereomers or identical
compounds (8 points, 2 points for each problem).

(a) enantiomers (b) identical

(c) identical (d) enantiomers

8. Choose the correct answer for each of the following questions (10 point, 2 points for
each problem).

(@B (b) D
(c)B (dycC
(e)B
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Name: Dalian University of Technology

Student

Numb Course: Organic Chemistry (2) Band: _A
umbper:
School (Department): School of Chemical Engineering
Department:
Chemistr Date: July 11, 2007 Total: _5 pages
Class: 1 2 3 4 5 6 7 8 Total

S},a(ﬂﬂ"{‘srd 10 (26 |10| 10| 8 | 8 | 8 | 20| 100

Scores

1. Arrange the compounds of each group in order of the indicated property or
reactivity (10 points).

(@) Compare the rate of protonation of the following ketones.
9 i
o 0O
A B c

(b) Compare the content of enol form existing in basic solution.

PP e P 0
GHOHAH, CH COHCaH, GHOHAT;
A B C
(c) Compare the reaction rate of the following compounds with HCN.
GHaO  GkGRGDO 056,70, 0)
A B C

(d) Compare the rate of saponification of the following esters.

N
%Eirmkg H, OHOOOGH, %gém&
A B OC_;g
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(e) Compare the acidity of phenol and its derivatives.

OH OH OH
5 &
B

Hs

2. Give major products of the following reactions (26 points).
(a)

OH OH
CH3—&—&7CH3 H2SO4

(b)
@
@—CHO+CH3CH2NOZ—MOE HQ
o EtOH A
(c)
H., Phgi(}i
H S )
(d) o
S
Rl )
(e)
1) excess
Ol e
“QOH 2) HO
U}
OJBO'C': —oﬂ»( )
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(9)

a
5/I\Q+© Feds )Fe/AI—CI

( )Nal\Q.HJ NaCH ( )
0-5°C
(h)
9 HSCH,CH,CH,SH Raney Ni/H,
CH3CCH,CH > -
0)

Brs (1 equiv)
—_—
hv, ROOR

3. Show the missing structures (A-E) in the following reaction sequence (10 points).

A na > B Tollen's
(GH2) 2)HQzn~ (GH,Q) reagent > (GH.Q)
Zn-
1)|Zi NaCH m"g
0 2) HO
/O‘lz_< “Ho E D
@]

4. Deduce the molecular structures of the compounds A-E according to the given

reaction phenomena (10 points).

Oxidation of an L-aldohexose (A) by HNO; affords an optically active product
(B). When (A) is degradated by Ruff degradation, an aldopentose (C) is obtained,
which is also optically active. But after (C) is reacted with NaBH,, the reduced
pro-duct (D) is optically inactive. Treatment of (C) by Kiliani-Fischer synthesis (the
sequential reactions are: the reaction of (C) with HCN, followed by acidic hydrolysis,
and then the reduction of the obtained carboxylic acid by Na-Hg within the range of
pH value 3~5) gives L-aldohexose (A) and its epimer (E). Oxidation of (E) by HNO3

forms an optically inactive dicarboxylic acid.
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5. Show all steps in the mechanism for the following reaction (8 points).

\ CH3COOH _ H2804
CH,CH,CCH,CH, + NH,0H = "5~ > ——> CHscHngHCzH5

6. As required, answer the following questions (8 points)
(a) Designate which of the following compounds will be aromatic.

o 0,0

(b) Indicate which of the following compounds will react with Tollen’s reagent.

HHC CH HHC CHH HHC oH,
H H L H
A B

C

(c) Indicate which of the following compounds cannot be used for synthetically
application of Friedel-Crafts reaction.

(0]

Il
?CCH?, NO, OCH3
A B C

(d) Indicate which experimental procedure is proper for the following reaction.

1] NaCH Il
PhCHO+ CH,CCH WPhC]—FO{IZH; +HO

A. To drop benzaldehyde into the basic solution of acetone.
B. To drop acetone into the basic solution of benzaldehyde.
C. To drop a basic solution of benzaldehyde into the EtOH solution of acetone.
D. To drop a basic solution of acetone into the EtOH solution of benzaldehyde.
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7. There are 5 test-tubes. Each contains one of the following compounds. Please
identify each of the following compounds using simple chemical testing methods (8
points).

H
CH3C-CHCH3 PhC-OCHsz CH3CPh CH3C-CHCH3 PhC-CH;CHs

A B c D E

8. Show syntheses of the following compounds using the indicated starting materials
and other necessary reagents (20 points).

@
H
H el
from @ to
HAHH
(b)
gé—&a-l:ﬂ-b
from to
(©
0 o Ph
from CHg,‘C‘:CHg and Ph‘(‘DCH:CHPh to @O
Ph
(d)

from CH,=CHCHO, CH3(|(3?CH3 and @ to ///%
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(Band: A)

: () : 04-1-2
( ) 2007 7 11

1. Arrange the compounds of each group in order of the indicated property or reactivity
(10 points, 2 points for each question).
@ C>A>B () C>A>B (¢) B>C>A (d B>A>C
(&) A>C>B

2. Give major products of the following reactions (26 points, 2 points for each product).

(@) ()

0 {D-onc

CH5C-C(Ph),CHj

© )
» CH G N
GH
© 0
0 M O
@ bo o o
% @q ),

v OO 00

(h) (i)

Br

N CH3CH,CH,CH3 é
CHaC-CH,CH;,
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3. Show the missing structures (A-E) in the following reaction sequence (10 points, 2
points for each structure).

‘(‘3 Hs | CH3
D, CH3CCH§3I-CH£;HO CH3CCH§:HCHZCOOH
A B c
CHs CHj
CHscHZCHZEHCHZCOOH HOOC CHZbHCHZCOOH
D E

4. Deduce the molecular structures of the compounds A-E according to the given reaction
phenomena (10 points, 2 points for each structure).

a0 COH ao
H—+—t H—— o o Ty
H——H Ho——H HO>—T—H HO——H HO—T—H
HO——H HO—T—H HO H HO H HO H

CHH GHH CHH GHCH GHCH

A B C D E

a7 O\ Ha O

Cz,_t)@o + HNH—> Cz&)d('\;H —H0
Gt Gt @
CZI-L)C;MCH H QHQ)C:MOJE ~HO _ GHC=NGH
@

HO CZH;E=NCsz ) CZHS&ZNCZH’tautor’merization

f
GHONHGH,

6. As required, answer the following questions (8 points, 2 points for each question).

@ A, Cand D (b) A (c)B (dB
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7. There are 5 test-tubes. Each contains one of the following compounds. Please identify
each of the following compounds using simple chemical testing methods (8 points, 2
points for each reaction).

H ' ilver
? Tollen's (R ? Sty
CH3C-CHCH3 reagent™ CH3C-CCHz + Agy mirror

NaHSO3 (PH white
CHsC-CH,CHy — > CHGCHCHs | precipitate
OSO,Na

?  1/NaOH

yellow
CHatph —2—— > PhCOONa + Cngl

precipitate

NH,N 0,
CH3CH orange
? O-N 3TN A~ A
PhC-CH,CH3 2 > Ph/c NNE Z > l precipitate

OoN
Compound PhCOOCH; does not react with any of the above reagents.

8. Show syntheses of the following compounds using the indicated starting materials and
other necessary reagents (20 points, 5 points for each target compound).

@

(b) H,GH
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©

(d)

@ + CHp=CHCHO ——» A?H
CHO

NaBH, OH  pg Cl Mg MgCl
— 4 ] Pl ] — s
CH3CCHs CH3CHCH, CH3CHCH;  Et,0 CHCHCHs

+ ] —_— 2 H
4 CHsCHCH,

CHO OH/CH\(
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