Chemistry 2541
Fall 2010; Final Exam

This exam has 8 problems on 10 pages. Make sure your copy is complete and correct.
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1. (17 pts) Answer the questions on mechanisms of the following reactions:

(a) Which one of the following four schemes (A-D) gives the best representation of the rate-limiting
step of the reaction in the box (circle the correct answer; 5 pts):

CH;0: ®
{ H;C-CH-CH;
HiC—CH—CH; ,
CH,;0H Cots O
HyC~CH~CH HyC-CH-CH,
OTs OCH,
H;C-CH-CH, ~
H;C-CH-CH; ) o g N;
Qrs /| CH©OH g~ @~CH,
S

» What type of mechanism this reaction has? (circle correct answer, 3 pts):

, S:?\ Sn2 E1l E2 Electrophilic addition Radical substitution

"

(b) Answer questions on the mechanism of the reaction in the box:

Br
NaOC2H5
C,H,OH

* Circle the correct rate equation for this reaction (3 pts): 3 /7 fj

Rate = k [RBr] @ = k [RBr] [C,H,ONa] "} Rate =k [C,H,ONa] Rate = k [C,H,ONa] [Br]

» What type of mechanism this reaction has? (circle correct answer, 3 pts):

Syl Sx2 El B2\ Electrophilic addition Radical substitution g/y f’}

* Circle the correct energy diagram for this reaction (3 pts):

1 2 3 k3
= 5 B &
8 g g g
reaction reaction reactiol reaction
coordinate coordinate coordinate coordinate




2. (19 pts) (a) Circle the structure of an intermediate in the reaction shown in the box (5 pts):

OH O?D & | gf/ﬁ 6-O)H
su-Nelle (5@@6@ Y

* What type of mechanism this reaction has? (circle correct answer, 3 pts): g 14 ’f 5

Syl Sx2 @ E2 Electrophilic addition Radical substitution

(b) Which one of the following four schemes (A-D) gives the best representation of the initial step of
the reaction in the box (circle the correct answer; S pts):

CH, OH

Br,, H,0 M CH3
- Br

Br CH, CH, CH; 3Jp F
.-lIICH3 . @ --IIIOH
veyy, /H
("DO\H BI’ED
* What type of mechanism this reaction has? (circle correct answer, 3 pts): 54 //; IL5




3. (22 pts) Answer the following questions on the structure of the molecules shown in the boxes

below.

a) (12 pts) Answer the questions about types of bonds that are present in the following molecule

(2 pts each correct answer): Z p s

Number of o bonds formed by overlap of s and sp? orbitals:

Number of o bonds formed by overlap of sp? and sp? orbitals: 3

Number of o bonds formed by overlap of s and sp? orbitals:

Number of o bonds formed by overlap of sp? and sp? orbitals:
| 2.

Total number of ¢ bonds:

Total number of x bonds: __;_

b) (10 pts) Circle the structure of the most important resonance contributors of the molecules in the

boxes (5 pts each):
— 5,
5 rfs
o H,C=C=N: H,C=C=N:
SPNA.
H,C-—-C=N: ?
e 9O ®0 ©
H,C=C=N: H,C—C=N: H,C—C=N:
//O @ l\{/O. K /(_)_:
— CHZZN\\” .CHZ_ \\\ CH2——-N\\
e .0 O: o O:
o S XS
® O
CH2_N\. @
/-/




4. (40, 5 pts each) Circle the name of the major product in each of the following reactions:

\_<‘OTS H,CC=CNa

5-methyl-1-hexyne

D

1. BH,

2. H,0,,

NaOH, H,0

(’

L

‘It

5—methy1—2' isopropylacetylene

NBS. b (E)-1-bromopropene  2-bromo-2-methylpropane (E)-1,2-dibromopropene
, hy
‘ t )k ccl ? (Z)-1-bromo-2-methyl-1-propene 1,2-dibromo-2-methylpropane
4 “
/J% % (E)-1-bromo-2-methyl-1-propene é—bromo-Z-methyl- l-pro‘ﬁé;?B
by
1-bromo-3-methyl-2-butene 1-bromo-2-methylbutane
Br ;}’4 /_:< %’ ? (E)-1-bromo-2-methyl-2-butene 2-bromo-2-methylbutane
I CZ‘-bromo-3-methylbﬁEH§ 1-bromo-2-methyl-2-butene
y / TR ——
o f | (E)-2-pentene (E)-2,3-dichloro-2-pentene )
_ NaNH, CH,CH,B C
/:ZE\% H3C—-C:CH 13H3 2, L 2, ? (2)-2,3-dichloro-2-pentene  (E)-1,2-dichloro-2-pentene P
i &
(2)-1,2-dichloro-2-pentene 1-chloro-2-pentyne WS /] /}
i{} A OH (8)-2-bromo-3-methylpentane (R)-2-bromo-3-methylpentane
. H TsCl NaBr
4 &.S ' /Y\ = - - ? (2R 35)-2-bromo-3-methylpentane (2S5,3R)-2-bromo-3-methylpentane S
ridine acetone .
f S Py (28,35)-2-bromo-3-methylpentane } (2R,3R)-2-bromo-3-methylpentane [7 {}
b / Br (E)-1-bromo-1 4-dichloro-1-butene 4 4-dichloro-3-buten-1-ol
%)\ /3\/ ) MOH ﬂ.dCI_Z_. ? (E) 1-bromo-1 4-dichloro-2-butene 4 4-dichloro-3-buten-2-ol g / #
~4 N\ Cl pyrdine
4 29 (Z) l—bromo 1 ,4-dichloro-1-butene 4 4-dibromo-3-buten-1-ol
ﬁf (25,35)-2,3-dibromobutane  (2R,35)-2,3-dibromobutane
= b Br PBr,
‘ \‘7‘\/ \/-\/OH T» ? (8)- 12—d1bromobutane (R)-1,2-dibromobutane
: 2 pyridine
3 ’ (2R 35)-2,3- dlbromobutane (2R 3R)-2,3-dibromobutane f }
3. %
’ Yo S~ 2-methyl-2-butene  4-methyl-2-hexyne isopropylmethylacetylene

0k

@ms 2—ethy1cyclopentan®czs -2-ethylcyclopentanol ; ¥

1-ethylcyclopentanol

1-ethyl-1,2-cyclopentanediol

2-ethylcyclopentan-1,2-diol ]

3-ethylcyclopentanol

il




5. (20, 4 pts each) Circle the structure of the major product in each of the following reactions:

CH; 1. BH;, THF
B \’( 2. H202, NaOH, Hzo

0
o (25 CHiCONa
L/iﬁ"’ »LC, / H“...C\/m/ ?
, ¢ ™1 DMSO
i (5)? HC
Y S
S
_ H,S0, CH;CH,OH  CH;0CH;  CH,CH(OH)CH,
CH;,C=CH + H,0 e
HgSO, (cat) CH,CH,CHO CH;CH,CO,H

/ 9
Q—CHZOH + | I cogl ?
. CH,Cl,
r




6. (26 pts) Finish drawing the structures of the products in these reactions by placing appropriate
substituents (including H) in the boxes on the bonds (2 pt each missing part).

NC H
HOm . «CH, TsCl NaCN PN f
pyridine acetone 54

ot
L

@/C2H5 Br,, H,0
Y
CH;,4 1.0s0Oy4 c //é
@H 2. NaHSO3, HyO g™ 0H ¢
OH
CHy Ch
\ L Cly (1 mol.) 2 /} c=C L
T CHCl, Ce \CH3




7. (28, 2 pts each box) Place in each box the molecule of a reagent that is required to perform each of

the following reactions: &
ov Clpor N33 an ¢ Ko
25+
ﬁ Vy ,hv Cg‘,M g’(ﬂ /\[A f Q
élﬁ/C/Lt
C,HsOH
vir CoHe L o €, He Ot
! o C, Ho0 75
A/"WA/MZ/ (/ /—»// ﬁr‘,\ %) $
% - c . Z
NH,
d/OH M 2 S VL/ 1. 0 2, e WO
heat 2. (CHj3),S i

(C‘Z e >3 N

Soc
soce,
CH,0OH -
pyridine

+
@CH2N<CZH5>3

& ,
v, - bt
@ Hee No Mg Q/NS
- + NaCl
DMSO
ahy A ﬂéﬁ)
(;rm C, He 0Ny B, [:Tm
C,H;OH H,0 “IOH
v (‘}!"”y); &/4
| DHy | rur pc c

2. H202, NaOH, H20

CH,Cl, w/\/
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8. (28, 4 pts each) For each of the following questions (a)-(g) circle the item that is the correct answer.

(a) Which one of the following compounds is the strongest base?

CH,OH CH,NH, KOCH,CH, KOH CH,CH,

(b) Which one of the following compounds has the most acidic C~H bonds?

2-butyne trans-2-butene 1-butene cis-2-butene  2-methylbutane @

(¢) Which one of the following molecules is a meso compound?

CL I Cl ’
B O an s gl O cr
H C/ \"Il Cl /C - C(u, B r w CH3

3 CH;, Br cl Cl

(d) Which of the following Newman projections represents 2,3-dibromobutane?

CH, CH, CH,
H H Br Br H
Br Br H H Br
CH;, CH; Br
(e) Which one of the following compounds will have the highest boiling point?
propane 2-propene-1-ol ) 2-chloropropane  1-fluoropropane propene propyne

(f) Which of the following compounds is the most reactive in the S\2 reactions?

< l-iodm ) 2-iodohexane 3-iodohexane  5-iodo-1-hexene  2-iodo-2-methylhexane

(g8) Which of the following compounds is the most reactive in the S\j1 reactions?

I-chlorohexane 1-iodo-2-methylhexane 1-iodo-2-methylcyclohexane 3-iodohexane

iodocyclohexane 4-iodocyclohexene Giodo-l-methylcyclohexan )




