Chemistry 331
Organic Chemistry |
Exam 3

Butadiene

Y

Points: Q1:10; Q2:20; Q3:20; Q4:20; Q5:10; Q6: 10; Q7:10; Q8: 10
TOTAL: 110

Name

(please print)
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1. GivethelUPAC name for each of the following compounds (10 points):
Hint: DON'T FORGET E/Z , cistransNOTATION.

CHj
a)
CH5
(1R,6S)-1,6-dimethylbicyclo[4.1.0]heptane
Cl
b)
CH
1-chloro-5-ethynylbicyclo[4.2.0]octane
FsC CHj
C) HC
R = Z
(4E,8E)-5,7-dimethyldeca-4,8-dien-1-yne
C‘H2 H,C
d)
7,8-divinylcycloocta-1,3,5-triene
e)

6,7-dibromospiro[4.5]decane
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2. The relative rate of radical formation by a chlorine radical at room temperture
is: tertiary (5.0) > secondary (3.8) > primary (1.0). Determine the relative
amounts of products obtained from radical chlorination by calculating the

product of probability X reactivity for the following alkane. (20 points)
Example:

et H3C\/\/Cl
\/\CH3

6x1.0=6.0
+

1-chlorobutane: 6.0/21.2 = 29 % HsC

CH
2-chlorobutane: 15.2/21.2 = 71% ¥

cl 4*3.8=15.2



H;C

CHj 3

There is a total of 6 products
possible:

H3C::::j/////“\\\\V/////\\\\:E;//

+

9
6
5
7.

6

Cl
CH,
H,C
’ CHg a CH,
Cl
H,C
H,C
’ CHg b CHs
cl
H3C:::>T/////\\\\\/////\\\\\#///CHS
H,C
’ CHj c s
probability is the number of equivalent protons:
calculation: @) 9*1.0
b) 6*1.0
C) 1*5.0
d),e),f) 2*3.8

Total: 3*7.6+5+6+9

Cl—=Cl

CH 331, Exam3—Page 3

—> 5 monochlorinated products
Cl
HsC CHj
HaC d CH,
HC CH,
3 CHj
H,C Cl
CHj s
e Cl
AsC CHj
H,C
CHj f M
percentage  : 9/42.8
1 6/42.8
: 5/42.8
1 7.6/42.8
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3. Complete the following transformations. Be sure to consider stereochemistry
where appropriate. Indicate the type of reaction. For Questions b,c,d name the

compound. (4 points each)

/CH

b) H3C\/\/\/\/

CH,

1. Hydroboration, B,H,

HBCW\WO
2. Oxidation, H,0,, OH"

CH; 3 Br, CH,CL,

// ionic Br
) h,c
Br
H,C
NBS, CH,CI,
— >
d)
Br
H
CH CH3
HaC 3 Na/NH, HsC cH
CHj3 3
e) — _ >
CH CHs
HaC 3 HaC
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4. Which Diene and which Dieneophile could be used to prepare the following
compounds. (20 points)
H3C CHj

% @ . CH,

" N N\,
’

b) f o F

CH,

CH,
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5. Which of the following materials are aromatic? Briefly explain why (use
Huckel’s rule.). (10 points)

. T ;:j .

A: Not aromatic : 4 pi-electrons

B: Aromatic: 18 Pi electrons

C: Not aromatic: not all Pi electrons part of a ring system
D: Aromatic: 10 Pi electrons (two from lone pair at nitrogen
E: Aromatic: 2Pi electrons.

So B,D,E follow Hueckel-rule: (4n+2), for n=0 (E), n=2(D), n=4(B)
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6. Consider hydrobromination of 1,3-butadiene. 10 points.

H,C=CH—CH=CH, + HBr —> HZC:CH—(IZH—(IZHZ + (IZHZ—CH:CH—(IZHZ
Br H Br H

Free
Energy

Reaction Coordinate

a) Assign starting compound, intermediate and final products to the proper
position in the reaction coordinate (above diagram).

b) Which is the thermodynamically more stable product?

1Bromo-buten-2 (B)

¢) Which product should be formed preferentially at low reaction
temperatures?

2-bromo-butene-3 (A)

d) What is the structure of the intermediate (C)

HZC/\ 4 o

CH
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7. The sodiuml/ammonia reduction of acetylens leads to trans configured olefins.
Give a detailed step wise mechanism for the reaction using 2-butyne(10

points).

Na’
H,C — CHj —>
i NH,
+
Na
/C. Na.
H,C \ CHg .
H
Na
H,C \ CHj NH, L >—‘<
HsC H
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8. Consider a vinyl cation:
H,C..

Draw the mr-molecular orbitals of the vinyl cation including energy levels and
indicate which is the HOMO and which is the LUMO. Indicate which energy levels
would be filled with electrons with an arrow for each electron. Compare this with
a vinyl radical and a vinyl anion.(10 points).

% HOMO H %

” \/X o vt

cation radical anion



