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Chemistry 3351
Organic Chemistry/Final Exam
Monday: Dec. 17" from 1:30 pm — 4:00pm

Name: K\Q}Y (please print)

Possible Points Score

1

9

10

44

14

14

10

15

10

10

10

9

16

10

150



1. (9 pts) Clickers in Action:

1) Your assignment is to convert (1R, 25)-2-methylcyclopentanol to (1R, 25)-1-cyano-2-
methylcyclopentane. The reagents provided are:

(1) NaCN, acetone
(2) TsCl, pyridine
(3) Nal, acetone

Select the best sequence of reactions, starting with substrate, to obtain the highest
yield of product.

(A) 1
(B)2, 1
©)2,3

, 3,1

ii) Arrange the acids NHs, C,HsSH, C,HsOH, CH3S0sH, and HCO,H in order of increasing
strength,

(A) C;HsOH < NH;3< CH3SO;H < C,HsSH < HCO,H
(B) C;HsOH < NH;z< C,HsSH < HCO,H < CH;S0;H
(C) NH3< C;Hs0H < C,HsSH < HCO,H < CH;SO;H
(D) NH;3< C;HsSH < C,HsOH < CH3SOsH < HCO,H

iif) Which of these reactions involves a free radical mechanism?
(I) Halogenation of alkanes in presence of light
(II) Addition of HBr to alkenes
(IIT) Addition of HBr to alkenes in the presence of ROOR

(A)Iand II

and IIT
IT and III

(D) I, IT and I11



2. (10 pts) Arrange the compounds within each of the following sets in order of increasing
boiling point, and give your reasoning (concisely).

(a) 1-pentanol, 2-methyl-1-butanol

/\(/\D” < A~

Un bmheiui a/@ﬁ”/ﬁ pave. }’-\f/fw
(b) 1-hexanol, 2-pentanol, fert-butyl alcohol 5.

oH
J\OH < M < AN

More. Carbon , higher é?{?

(¢) 1-hexanol, 1-hexene, I-chloropentane

?

ko |G . H=bond '«
(d) diethyl ether, propane, 1,2-propanediol FJI j
( .
| | /Si/)w
PD((}( &V\Cl \/\\\f)’}\ﬂ’/ N“\b’ H- bap\cte‘ﬁ

(e) cyclooctane, chlorocyclobutane, cyclobutane



3. (12 pts)

a) Give the product X expected when methylenecyclobutane undergoes acid-catalyzed hydration.
O_: CH2 1 M HNO3 - X
H,0

b) The rate-limiting step is protonation of the double bond; use H;O" as the acid catalyst. Draw
the structure of the reactive intermediate formed in the rate-limiting step.

OB

¢) Draw the transition state for the rate-limiting step.
- "“:9 .

2

d) What is the rate-limiting step for dehydration of X (the reverse of the reaction shown above)?
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4. (14 pts) Provide the missing products, reactants, or reaction conditions for the following
reactions. For reactions that produce stereoisomers, draw ALL possible stereoisomers and
INDICATE if they would be formed in equal or unequal amounts. c g
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5. (14 pts) Provide full and complete mechanisms for the reactions below. Be sure to include
every intermediate and all arrows required for each step of the reaction.

cat. H2804 OH
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6. (10 pts). In the laboratory of the ﬁnq/‘ﬂalides ‘R’ Us”, compound A has been found in a vial

labeled only “achiral alkyl halid@]l-l_{@; The management feels that the compound might be

useful as a pesticide, but they need to know its structure. You have been called in as a consultant

at a handsome fee. ) Br aexh o Fwoe dibbecond
_2:3 e M

Compound A, when treated with K,@’H in warm ethanol, yields two compounds (B and C), each

with the molecular fomul@lngﬁ Compound A rapidly reacts in aqueous ethanol to give an i X

acidic solution, which, in tur, gives a precipitate of AgBr when tes%edrwnhAgI\_LQg_sglutlon L jf .

Ozonolysis of A followed by treatment with (CH3),S affords (CH3),C=0 (acetone) as one of the

products plus an unidentified halogen—contammg material. Cata ?ti—h‘"ﬂl"‘ﬁgenatlon of either B or

C gives a mixture of both trans- and-cis-1-is -isopropyl-4- methylcyclaﬁéxane Compound A reacts

with one equivalent of Br, to give a mixfure of two separable compounds, D and E, both of

which are achiral compounds. Finally, ozonolysis of compound B followed by treatment with

aqueous H,O, gives acetone and the diketone F.

0 i g
L -

F
Propose structures for compounds A through E that best fit the data (and collect your fee).
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7. (15 pts)

a) Which energy diagram best represents the reaction shown below? Please circle your
answer. (SM: Starting material, I*: Intermediate, P: Product)

=

g
E] }
A. /
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Rxn Progress
Rxn Progress
B
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C. FI D. E]
SM SM
P P
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Rxn Progress Rxn Progress

b) In regards to your answer for part a), which step is rate limiting? Please circle your
answer.

1. Step A )

ii. Step B

iii. Neither Step A nor Step B

¢) In regards to the reaction above, which of the following compounds is the
nucleophile? Please circle your answer
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8. (10 pts) Draw the structure(s) of the major product(s) of each reaction. Be sure to inchude
stereochemistry when appropriate. Circle the mechanism that accounts for the formation of this

product:
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9. (10 pts) Draw every stercoisomer for 1-bromo-2-chloro-1,2-difluorocyclopentane. Use wedge-
and-dash bonds for the substitutent groups, and be sure that they are drawn on the outside of the
ring, adjacent to each other.

\ﬁ/ “
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10. (10 pts) Identify the relationship between the following pairs. Are they identical,
constitutional isomers, enantiomers, or diastereomers?
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11. (9 pts) The Swern oxidation, shown below is a very mild procedure for oxidizing primary and
secondary alcohols.

carbon
& o NE H monoxide
H_H + *NEt3 Ho i o™
i+ cl . . . @
R)QOH & o Cl)kﬂ/ tristhylamine R/go 84 g + lcl’ + H-NEtg
o) aldehyde  dimethyl ~~ .l.  ©¢
alcahd! S0 oxalyl chloride sulfide L
carbon
dioxide
(a) How many electrons are involved in this oxidation from the alcohol to the aldehyde?

Explain.
Alce el to ;’:klcle\/\\jc\@_ SAaldAarien 13 Z @ Oﬁlclc\\“\bzﬂ\.
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(b) What is the oxidizing agent?
MO , Hae <otbur gees Frem envdetica st be

et + 2 ‘o C«

(c) The following compound is a key intermediate in this oxidation. Give a curved-arrow
mechanism for the reaction of this intermediate with triethylamine as the base to give the
product aldehyde (RCHO).
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12. (16 pts) Explain how you could differentiate between the compounds in each of the following
pairs by using simple physical or chemical tests that give readily observable results, such as
obvious solubility differences, color changes, evolution of gases, or formation of precipitates.

(a) 3-ethoxypropene and 1-cthoxypropane
e y
N © ~ N O
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(b) 1-pentanol and 1-methoxybutane
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13. (10 pts) A compound X with the molecular formula CsH;¢0; has an IR spectrum with strongig
absorp‘uon in the 1000-1100 cm™ region; very strong, broad absorption in the 3000-3600 cm
region; and no absorption in the 1600-1700 cm™ region. The proton NMR spectrum of X is given
below. When the sample is shaken with D,0, the triplet at & 3.5 disappears the doublet at § 3.7
becomes a singlet. Propose a structure for this compound, and explain your reasoning.

chemical shift, Hz

2400 2100 1800 1500 1200 900 600 300 0
| T T T T T T T T
3
5.9 Hz 2
5.9 Hz | = Ra
-
D IH
Ay J
i
Y (N T NN S NN NN U NN NN (O NN N (N TN YT U ) Y T TN N N TN TN AW OO PR 2O N NS NN T SN N MUY S NN
: 8 7 6 5 4 3 2 1 0
@ chemical shift, ppm (8)
(60 -\eCenk! = -0 Q- [sr2-1e]lr
a N Lo 3 0 L = - N - i
3600 - 36L0 (& C-H [[2 --H‘JJ ‘/Z
fu, P~ a -l ke N" C :O - 77--_\\
iINJC B0 = | GG = c v ;
Ne (6 E; T oE |
O
Hd Ry
N
\-\iln\_ 1) e
I on,
O - Ry



iy g oty

-15-

ediim

1 2
H He
T Teryiim e T I = T o e
4 5 6 8 10
Li | Be B{C|N|[O|F |Ne
wd 1 1.7 fomit 19 14 i 197 An i 1
ol mmq;&nm .iun{;um s:;;n ;{v-t-lswma s!;(sur m;?rm .?a.u
Na | Mg Al| Si| P | S |CI|Ar
F{‘;e;l‘\;ﬂ '::;d:h = M kim liLanium wanadlum [ rheomiom | margon [ shalt ['EX] T ne r_\’.-ilr:m rr:;;;\'lun .\‘ ﬂ:‘ blv‘ﬁ.l.un ('h';mﬂ mvr-:.m
19 20 pal 22 24 25 26 27 28 29 30 3 32 33 34 35 16
K | Ca Sc|Ti|V |CrMn|Fe|Co|Ni|Cu|Zn|Ga|Ge|As|Se|Br| Kr
r\nwli);.rm S:I::M'u"l ‘n‘t“lﬂ«T ,»:;-'iun- n’ﬁ::; Nvii:-'b‘;:;un lﬂl.lilll-\wn mmm‘:m nm‘m;. ;QI:N;J‘m “Hh‘:‘ comium Tﬂ:m\_ ‘ur:;1 TTM#W;M :-rnr: =y
37 38 39 40 41 42 45 46 47 48 48 50 51 52 53 54
Rb| Sr Y | Zr |Nb|(Mo|Tc|Ru|Rh|Pd|Ag|Cd|In |[Sh|Sb|Tel| I |Xe
T T T B B T BT B L I LT SIS IS YU MR ST M TP
55 57.70 72 1 4 76 7 78 i 80 81 82 83 84 85 86
Cs/Ba| * Lu| Hf | Ta| W|Re Os| Ir | Pt|Au|Hg| TI [Pb| Bi [ Po| At |Rn
Fingor el T [ i oy BT e ey e e T B “"“_1 Al L L
87 B8 89-102 1 105 1 107 108 109 111 112 114
Fr|Ra|**| Lr | Rf | Db | Sg | Bh| Hs | Mt (Uun{Uuu|Uub Uug
1 iy [ [ER]] Lo [T Lxdl [= ] L L [277] L
Group Chemical shift, ppm Group Chemical shift, ppm
| 0
—C—C—H 0.7-1.5 i
I —C—H g-11
H 0
% |
C=C\ 4.6-5.7 —C—T—H 7.5-9.5
—QO—H varies with solvent and i
with acidity of 0—H —C—NH-— 0.5-15
—(C=C—H 1.7-25 |
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TABLE 12.1 Regions of the Infrared Spectrum
Wavenumber range, cm™"' Type of absorptions Name of region
3400-2800 O—H,N—H, C—H stretching
2250-2100 C=N, C=C stretching Functional group
1850-1600 C=0, (=N, C==C stretching
1600-1000 C—C,C—0,C—Nstretching; | i .
various bending absorptions | Mg SIRRI
1000-600 C—H bending C—H bending




_TABLE 12.2 Important Infrared Absorptions of Alkenes

Functional group

-16-

Absorption*

— CH==CH, (terminal vinyl)

\
C==CH, {terminal methylene)

I ' Ay
H H H
N / A\ /
{(=C .C :(—‘ !
/ N\ / N
H i
i \
=C—H .
:CH)

—CH==CH, (terminal vinyl)

\
\ :
C=CH, (terminal methylene)

H
N/
C=C (trans-alkene)
/ b
H
H H

S /
C = (cis-alkene)
/ A\

L T .
C=C (trisubstituted)

/
H

\ y
C==C stretching absorptions

\
\

=C--H stretching absorptions

=C-~H bending absorptions

1640 em™' (m, sh)

1655 cm™' (m, sh)

1660-1675 cm™" {w)
{absent in some com-
pouncls)

3000-3100 cm™' (m)

910,990 cm™' (s)
two absorptions

890 cm™! (s)

960-980 cm™' (s)

675-730 am™ (br)
(ambiguous and variable for
different compounds)

800- 840 cm™' (s)

“Intensity designations: s = strong; m = moderate; w = weak
Shape designations:sh = sharp (narrow); Iar = broad (wide)



