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(2Z,47)-2 4-Hexadiene is unreactive in Diels-Alder reactions because it is prevent-

ed by steric hindrance from assuming the required scis conformation.

Methyl groups would be
forced closer than allowed
by van der Waals radii

s-cis conformation
(Higher in energy)

s-trans conformation
(Lower in energy)

(2Z,4Z)-2,4-Hexadiene
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150 Although they are not dissolving-metal processes, several other mportant
CHAPTER 4 means for effecting reduction of a carbonyl group to methylene can be conveniently
REDUCTION discussed at this point. -Ki ion i -

- o at this point The l\jolff Kxjs_hn‘er reactzog involves the base-catalyzed
ono:urs decomposition of hydrazones.” Alkyl diimides are believed to be formed and then to

collapse with loss of nitrogen:

r
R,C=N-NH, + OH = R,C=N=NH + H,0

|

=N
RyCH, +—— RJE_N?\B—H

The reduction of tosylhydrazones by LiAIH, or NaBH, also converts carbo
groups to methylene.> Itis believed that a diimide intermediate is involved, asin the

NaBH, HAH
R,C=NNHSO;Ar ——» R,CHN2N=-S0,Ar — R,CHN=NH — R,CH,
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Wolff-Kishner reaction. Excellent yields of carbonyl-to- methylene reduction pro-
ducts have beer reported using the mild reducing agent sodium cyanoboro hydrlde
This reagent is added to a mixture of the carbonyl compound to be reduced and
p-toluenesulfonylhydrazide. Hydrazone formation is faster than reduction of the
carbonyl group By cyanoborohydride. As the hydrazone is formed, it is reduced to_
the hydrocarbon by NaBH,CN. Carbonyl groups can also be reduced to methylene
via thioketal intermediates. The preparation of the cyclic thioketals derived from
ethanedithiol is common. Heating the thioketal with excess Raney nickel causes
bygmgeno!ysis of the C-S bonds.
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I. Choose one correct answer for the following questions
[B:E2) #3814 > 537604 > $4 1BE- 0254 > HIrT 2 X BEEFL 5L - A1FE
FELTER ok o
(E) 1. According to atomic theory:
(A) The nucleus is positively charged
(B) The nucleus contains both charged and uncharged particles

(C) The electrons contribute very little to the total mass of the atom
(D) The electrons are located in the atomic space outside the nucleus

(E) All of the above.
(B) 2. A coenzyme frequently encountered in transamination reactions is
(A) Tetrahydrofolate (B) Pyridoxal phosphate
(C) Thiamine pyrophosphate (D) Biotin (E) NADH

(D) 3. Which one of the following structures represents a different compound from the other three?

S PRP 5“%

(A) 1 (B) 2 ©) 3 (D) 4 (E) All of the above are the same.
(E) 4. Which of the standard amino acids is achiral?
(A) Lysine (B) Proline (C) Valine (D) Alanine (E) Glycine
(C) 5. Which of the following Newman projections does not represent 2-methylhexane?
CH, CH[CH'\)z CHQCH'\
CH,CH;CH‘ CH,CH; CH,CH;
(A) 1 B)2 © 3 (D) 4 (E) both 2 and 3

(E) 6. 2,3-Dibromobutane can exist three stereoisomers as shown below. What stereoisomers would be formed
by the following reaction?

Me Me Me
/= Bra . H——Br H——Br  Br——H
Me Me : H——Br Br——H H——Br
Me Me Me
1 2 3
(A) 1 only (B) 2 only (C) 3 only (D)1 and2 (E)2and 3
(A) 7. In the following structures, the protons pointed by arrow (on C2) which belong to diastereotopic
hydrogens.
}4_“£Hi \H_""ZEH/ \ e \ e~
W adn  ® i © #fHoo "
CoHs CzoHs CHs

(E) None of the above.

(C) 8. What is the correct IUPAC systematic name for the following compound?
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e

(A) 1,2-Dichlorocyclohexene (B) 2,3-Dichlorocyclohexene  (C) 1,6-Dichlorocyclohexene
(D) 1,2-Dichloro-2-cyclohexene (E) None of the above.
(C) 9. What is the formal charge on the nitrogen atom indicated with the arrow in the following compound?

s

CHy— CH,—N—N=N:

(A)O (B)—1 (©)+1 (D)2 (E) +2
(E) 10. Which of the following nucleophiles reacts with Mel in greatest rate in an aqueous solution?
e e e e
(A) MeO (B) MeOH (C)HO (D) CH;CO, (E) MeS

(C) 11. Which of the following compounds would have a greater dipole moment than you expect?

@ ®) © ®)

(E) None of the above.
(C) 12. Compound A: M" = 86, IR absorption: 3400 cm™',
*C NMR spectral data: Broadband-decoupled *C NMR: § 30.2, 31.9, 61.8, 114.7, 138.4,
DEPT-90: 6 138.4; DEPT-135: 6 138.4, negative peaks at 6 30.2, 31.9, 61.8, 114.7.
What is the structure of compound A?

W) NN @) [Don (© i () I AN

(A) 13. In the following, which one is the most acidic compound?

o 0 0o 0 O O
0:N"NO, M ElOJ\/LLOEt /“\/ILOEt
1 2 3 4
A1 (B)2 3 (D)4 (E)2=3
(E) 14. Compound | has a molecular formula CsH;,0, and "H-NMR data shown below: & 0.95 (d, J =7 Hz, 6H),
2.10 (s, 3H), 2.43 (m, 1H). What structure fits compound 1?

o] Q
(A) )\of\ ® M~ © N ) HOT N )l\(

(E) 15. What is the coupling constant for the H, and H, protons in the 'H NMR spectra of the following
compound?
Hp >=<CDQH
c’  H,
(A) 0 Hz (B)3 Hz (C)7Hz (D) 10 Hz (E) 15Hz
(D) 16. Which of the following orbital represents the HOMO of 1,3-butadiene in ground state?

(E) 17. Which of the following dienes would not react with a dienophile in a Diels-Alder reaction?

w =N @ (0 © O o CCD

(E) None of the above.
(D) 18. Arrange the following compounds in order of increasing reactivity to electrophilic aromatic substitution
reaction.

O O O O O
1 2 3 4 5
(A) 2<3<4<1<5  (B) 1<2<4<3<5 (C) 2<4<1<3<5 (D) 2<1<4<3<5 (E) 2<4<1<5<3
(D) 19. Which of the following reactions could not produce the desired product?

34
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A o
(A) CH3CHoCH=CH; + HBr ——= CH3CH;CHCH3

cl ROOR
(C) CHiCHCH=CH, + HCl —— CHgCHzéHCH3 (D) CH;CHoCH=CH, + HCl —— CH3CH;CH;CH,CI

ROOR
(B) CH;CH,CH=CH> + HBr —— CH3CH,CH,CHoBr

(E) None of the above.
(C) 20. Select the most reasonable formula for the compounds with the following mass spectral data: M" at m/z
101 with a minor M+1 peak.

(A) CsHyCl (B) CsHiaN» (©) CHisN (D) CoH,20 (E) CeHoS
(E) 21. What reagent should be used for the following reaction?
?
WI D —— \/\W
(D) CH;CH,B(OH), (E) (CH;CH,),CuLi

(D) 22. Which of the following alkenes is most reactive toward ozonolysis?

@ = ® ~ © /= o =" ® U

(A) 23. Which of the following ketones show strong characteristic band at 1815 cm™?

(4) E (8) Efo o = o C>=O ®) GO

(C) 24. In aromatic nitration reactions, nitric acid (HNOs3) is used in conjunction with the stronger acid, sulfuric
acid, H,SOy, to form an intermediate. Which of the following could be the formula for this intermediate?

e ® ®
(A)NO; (B) H3SO4 (C) HyNO; (D) HNO, (E)NO
(D) 25. What is the best reagent for the following reaction?
? O
Ph)\/\OH - Ph)j\/\OH
(A) PCC (B) N212CI'207, HzSO4
(C) DMSO, (COCl), then Et;N (D) MnO, (E) Hy,CrOy4

(B) 26. What is the major product of the following reaction?
M + |N3 e ?

| N3 ~ N
N-N H
W) AANE® A © T 0 AN
(E) None of the above.
(A) 27. What product would be obtained by the following reaction?

O 1.LiAIH,
N —_— 7
‘Me 2 H20
/\/\N,Me Me‘N/\/\OH o
) %) ®) I e e
Me

(E) None of the above.
(D) 28. Which fragment would you expect to be the base peak in the mass spectrum of limonene?

Me,
Me  |imonene

(A)m/iz=136 (B)m/z=121 (C)ym/iz=93 (D) m/z = 68 (E) m/iz=49
(A) 29. What is the major product of the following reaction?

Mo e (1.0 squiv.)
U equiv.
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(C) 30. Which of the following would correctly describe the respective °C NMR and '"H NMR spectra
for the indicated atoms for the compound shown below?
pl

CH; O 2
I Il

CH;CH;THCH;CHCHzC

CH; )
(A) Atom 1 would produce a peak at 205 ppm and atom 2 would appear as doublet
(B) Atom 1 would produce a peak at 175 ppm and atom 2 would appear as a singlet
(C) Atom 1 would produce a peak at 205 ppm and atom 2 would appear as a triplet
(D) Atom 1 would produce a peak at 175 ppm and atom 2 would appear as a triplet
(E) Atom 1 would produce a peak at 175 ppm and atom 2 would appear as a doublet

(A) 31. What is the major product of the following reaction?
o

Me Me;CulLi
_’_

?
Br
Q Ve Me . Br Me . Br MeO e MeME
(A)Y@O © Tﬁl_f(c) Y@’\r@ m (E) Yd:j
Me Me Me

(B) 32. What is the major product of the following reaction?
0

KOH
Me)l\N\“/H —— ?
S MeOH, heat
WO~ o @J?Me © @f:HO (D) Me@

(E) None of the above.
(D) 33. How would you carry out the following transformation?

(A) 1. (a) NaOH, (b) CH;CH,Br; 2. Na, NHj,

(B) 1. Na, NH;y; 2. (a) CH3MgBr, (b) CH;CH,Br
(C) 1. (a) NaNH,, (b) CH5CH,Br; 2. H,, Lindlar’s catalyst

(D) 1. (a) NaNH,, (b) CH;CH,Br; 2. Na, NHj(y

(E) 1. (a) BuLi, (b) CH;CH,Br; 2. H,, Lindlar’s catalyst
(C) 34. What is the best reagent for the following transformation?

®
N=Nci® 9 F
g -4

(A) HF (B) CuF (C) HBF,4 (D) BuyNF (E) F,
(C) 35. What product would you expect of the following transformation?
B 2 KOH
P Xx-Ph i 200 9
CHyCl>  EtOH
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(A) Ph)\rph

OH

(D) 36. In the following reaction, what is the major product?

OH BI’Q, HQO
NN —_— 7
Br OH MOH Br OH
B OH (o) I)\/\/OH
(A) é)\/\/C)H() é)\/\l (C) (D) Q) (E) r
r r
. In the following reaction, which compound is the major product?
C) 37. In the followi i hich dis th duct?
Ph Bre 1NaNH2
Ph— Pg/\ —
bh CHs 2. n-C3H;CHO
. B SN _ Ph p,:
(A) Noreaction © /N D) erEon®)

(A) 38. Which of the following reagents could not be applied to the followmg transformation?

ResiElee

(A) HgCl,, CaCOs, acetone (B) NiCl,, NaBH4, DMF (C) Raney-Ni, EtOH
(D) n-Bu;SnH, AIBN, benzene (E) All of the above work well.

(B) 39. What is the final product of the following reaction?
1. NaNOQ, H2504
05N NHy =————— 7

O

OzN—@—OO (B) OZN_Q_N"N—O—OH ©) 02N_©-SC>3H
(D) OQN—Q—H—O (E) None of the above.

(C) 40. In the following reaction, what is the major product?

+ AN —— 7

(A) /ﬁ( Y ,J;(\ /) ©) ):L o (D) ngﬂ (E) OI;|<0’\J

(C) 41. What is the best reagent for the following transformation?
T =00
—_—
@ @
(A) 1. PhMgBr, ether 2. H;O  (B) PhCH,MgBr, ether 2. H;0 (C) Ph;P=CHPh, THF

(D) (PhCH,),CuLi (E) All of the above work well.
(A) 42. In the following reaction, which compound is the major product?
Me

krPh H®

IN _ 7
N
H
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(A) mph (B (fVH ©) @N ) (ﬁ’ (E) @:(k

(A) 43. What is the final product of the following sequentlal reactions?

COyEt 7n CO,Et CgHsCHO
=] )\/ZnBr —
25°C

(A) 44. In the following reaction, which compound is the major product?

(2.0 equiv)

/YV\'(B T 0 P QQ(E) m

(A) 45. In the following reaction, what is the major product?
Q

Ei‘*ﬁfﬁ*ﬁf‘ifﬁ*éf*

(C) 46. In the followmg reaction, which compound is the major product?

HadP

— ?

" ‘3(; (B O M(C) (D) (E)

(D) 47. The following substance is heated in the presence of aqueous NaOH. The product of the

reaction 1s:
NaOH

OHC Me —> ?
COyH CO5H Me
(A) © (B @ © © (D) Both B and C (E) All of the above
CH,OH CH,OH

(E) 48. In the following reaction, which compound is the major product?
POCI
{ N-oe — 5 2

A
= X
POCIy (]? @PDCIQ ((): C'zop-@Nzo (D) C'zop—@N—oH(E) END\CI
N

OH

ZD'

(A)

O

3—8
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(B)49. In the following reaction which compound is the major product?

&,COZE':
?

CSOH

- CO,Et COQEt
(A) m@b .- No; ( (D) Eoc (E)

CO,Et

(B) 50. Which reagent would be best sulted for the transformation shown?
CHO CO,H

H—=OH ? H——OH
H—t+OoH =~  H—-OH
Me Me

(A) alkaline Cu®® inH,0  (B)Ag® in H,O/NH;  (C) Ha, with Ni catalyst
(D) NaNOs at 0°C (E) NaBH, in H,O

(D) 51. In the following reaction, which compound is the major product?
o O

HN
cl N '
H

A

“ AK,NH

N\,(:L)\J)L (E) Hgd]iOH
HNJ A A

(E) 52. In the followmg reactlon what is the major product?

<A>‘©§§ {ﬁt O 0 e o O

(C) 53. In the followmg reaction, which compound is the major product?

DMSO, (CO),Cl,
OH ————
(CoHg)aN

Q o
A\/\/k/\Q (B) /IM/U\CI © )Qx/\)\\/u\H
o]
(D) )‘\\/\/I‘\\/\N'E' (E) )%/\/l“\\)LN'E‘

Et Et
(A) 54. Which of the following reaction is called Suzuki-Miyaura coupling reaction?

X N

3—-9
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By ~CO2Me  Pd(PPhy), (cat)
(A) A | — o Xy C2Me
O,N B(OH), z aq. Na,CO;  ©2 |

N i =
N

N (PhaP),PdCl5 (cat) N=
(B) Meozc—Q—\ + n-BusSn—{/ \ —_— MeO;gc—@—Q
d(PPhs)4 (cat)
©) Meozc:—@— + Ban—@—CN —_— MeOchN
Pd(PPh3)4 (cat)
Cul, Et;NH

(E) None of the above.
(B) 55. In the following reaction, which compound is the major product?

Pyridine
HQO H NH H-N

'l

H N 3 |,
(A) /\/(N3 (B) Y © /\/( @ K T ® /i/(H

(B) 56. In the following reaction, which compound is the major product?

MeQ OMe
Pd(PPh3)s (cat) )
NEt; (12 eq) S
co Me MeCN, 80°C, 10h

OMe OMe

OMe

N (E) None of the above.

NCO,Me
(E) 57. In the following reaction, which compound is the major product?

(0]
NN + 0 —_— ?
“NOH @é heat

o

o]
(A) AN, (B) /\N\)LNHz (©) /W\)LOH
Q 2N
H

(B) 58. In the following reaction, which compound is the major product?

CgH5CO5H
Me

?
0 o. O o Q o
(A) MeO)J\O B) g Te © MeJJ\[O) (D) Me)‘\CO (E) Cr \SME

(D) 59. What type of intermediate is present in the following reaction?

KOH
+ CHCly — 3 O><C|
ol

3—10
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(A) Carbocation (B) Carbanion (C) Free radical

(D) Carbene (E) This reaction has no intermediate.
(C) 60. The following reaction is an example of the Ugi-Heck reaction. What product can be produced?
1. MeOH

PhCHO + NH, + © 6 > 7
MQO‘Q_ 2 c= N m‘\ 2. Pd OAC K2003

(< Qe Ayt
() IQLME (B) @‘zJL@ (©) ‘)%’

M
@l*

[H:23] 532 &> 23540 »> 341 z‘EETi-Ja‘PO.5 Aol AAEEALAZLE S AITTE
FRAAD Jo b o

(B) 61. List the following esters in order of decreasing reactivity in the first step of a nucleophilic acyl
substitution reaction:

q Q@ 0 0
H3C-C-O—© H3C—C-O—<:> Hac-C'D—Q—CHs ch—c:-o—@—u
1 2 3 4

(A)2>3>1>4  (B) 4>1>3>2 (C) 2>4>1>3 (D) 3>1>4>2 (E) 4>2>1>3
(D) 62. The chiral centers in the structure of penicillin V are indicated ( C-2, C-5, and C-6). In the
following assignments which one is wrong?

A~

Penicillin
(A) 2S (B) 5R (C)6R (D) 6S (E) None of the above.
(D) 63. What Clﬁ the structure of the final product?

A, oo /LNH2
oé/\f (- ob“” S -ass

0] N

(D) ,\é:\H (E)

(E) 64. What is the structure of the final product?
o]

"co H

PN ®

Cl” ~CcH NH,OH H

Q—OH_S-.. Para-produc!  m— —- '?
AICI, heat

3—11
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(A) C)=I<o—< >—NHOH (B) HO_@_«O () HO—(: E}—{MG
Me

Me NHOH

NOH o
(D) o~ B) o Pt e

(A) 65. What is the major product of the following four components’ reaction?

MM (2.0equiv) + PhCHO + NHy — g ?
e

OMe
O Ph O O  Ph O Ph
Me Me
MeQ MeQ
(A) MEOWOM(& (B) e | I o (C) e I |
e MeO.
Me” “N” “Me Me™ N N Me
o Me o Me
Ph Me
MeQ MeO
(D) MeOQ. I I (E) MeQ. I I
N Me N Ph
o H o H

(D) 66. In the following reaction, which compound is the major product?

coo® 50°C
COOH —0 3 ?

COOH

COOH COOH

w J\@ ® (o - ©
COOH

(D) @3\_@ (E) ‘Q

CO,H
(C) 67. What is the major product of the followmg reaction?

><;>=o PhSO,NHNH,
—-—
<A>:; i <B>>g%zop 0 F o f:('

$0,ph

(E) None of the above.
(D) 68. In the following reaction, which compound is the major product?

Me ‘o: ; Ef \i
Me™ O Et

Me™ “o
7 Et i
\ E
MQM ( )

(E) 69. What is the final product of the following sequential reactions?

O_Me  H2C=CHCHO PhsP=CHEt
wr -

—

Me |-P
o .
N EtO,C. CO,Et 110 C‘ L|AIH4_¥

/A
A

3—12

COOH
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(C) 70. Consider the reaction given below, which of the following is not apphcable to this react10n7

©=0H2 +  MeO,C—=—CO;Me =i cogl\ne

CO,Me

(A) An example of cycloaddition reaction (B) Bond formation is suprafacial
(C) Bond formation is antarafacial

(E) All of these apply to this reaction.
(E) 71. In the following reaction, which compound the major product?

Bl ” CHCl,

H
CHCI2 CCly

(A) (B ‘ (C) “ (D) (E) CI

(E) 72. In the following sequential reactions, what is the final product?

(D) Prefer under thermal conditions

0 ( l
anhydrous HBr Mg
\‘)L + HO/\/OH —y Me °

HCI!‘HQOfTHF
_’.. :_—
CuBr, Me,S

oo 208 wlp w0 wdp

(A) 73. What is the structure of the final product?
NH
%\n,OMe o LiAIH, . PhgP, CCl, Mg 1. benzophenone

- - e—l-— ?
0] ether 2.H

Ph Me Me
HPDh7I\/\/ O ®) TAC.;?'\/\/ O © T/g;l\f\,ro
HO g O (E) HO " O

(C) 74. How could the following transformation be accomplished?

¢Hs ? CH3
ch_I_Bl’ —— H30+NH2
CHs CHj
0
CHs A
NaNH, oy L NK g
(A)  HaCofBr (B) [ Z~  2.H, HO
CH3 H3C | pr 9] —
CHs 3.HO®
1. Mg, ether 4. SOCl, oH
3 2.CO, 5. NaNg 3 1. NaN;
C HC+B - - D H30+Br _
© H " 3 H®H,0 6 heat (D) Sh 2.UAH,
CH3 ' 3
7. H,0

gE All of the above.

(E) 75. In the following reaction, which compound is the major product?

3—13
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Ot cracoH

OH

N O~N ¢
(A) mph : mph © LD o) (/\,'lj)—"h (E)HO\‘J;_I_\]‘)—Ph
(@]

(B) 76. In the following reaction, which compound is the major product?
Me

©f§ EtMgBr: PhCH,Br .
N
H
Me Me o Et Me
\ B N\ P mlph
o QY “ @L/y © @[§ D) ® I
H b

I=

\—~Ph

(A) 77. Photochemical reaction of 7-dehydrocholesterol to vitamin D; involves two types of pericyclic
reactions. What are those?

HO vitamin D4

(A) Electrocyclic reaction and sigmatropic rearrangement
(B) Electrocyclic reaction and ene reaction
(C) Cycloaddition and electrocyclic reactions
(D) Cycloaddition reaction and sigmatropic rearrangement
(E) Ene reaction and sigmatropic rearrangement.
(C) 78. What is the final product of the following reaction?
COH 1. Na, NHay

MeO. _— 7
2. Mel

3. NH4Cl, H,0
COMe COZH HO,C

f:@ ® ""”f;[j © m (D) jfj@ (E) @O

(C) 79. What is the major product of the following transformation?

Me
(D mcPBA _ NaOMe
CH,Cly

H Me Me
A A C D " E S~
(A) 2y |§| OH ()(IP (D) : ’OMe() =Y ome
OH EMe OH OH
(D) 80. What is the final product?

1.NaH BBr;

Ph e - 7
WOME 2. CoHl '
Ph OMe Bh OH . Bh OMe
(A) (B) ©)
Br o 5

Bro
Ph OH Ph OH
D) \;\g,@ (E) \)\5@

3—14
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