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Question 1. HBr Addition Reaction and Potential Energy Diagram. (20 points)

(a) The potentia energy diagram for HBr addition to propene is shown schematically. This addition
gives primarily the __Markownikow _ product because the formation of the  2°  (1°, 2°, 3°) carbenium
ion isfavored over the formation 1° (1%, 2°,3) carbeniumionin thefirst step. Draw the major
addition product and give its name in the appropriate boxes. Draw the intermediate in the appropriate box
and indicate the hybridization of the electron-deficient carbon.

(14 pointstotal: 2-2-2 for the filling the spaces, 3 points for the mgjor product and 1 points for its name, 3
points for the intermediate and 1 for its hybridization.)

intermediate

major product

h

Br

| Propene and HBr '

l its name: 2-bromopropane '

(b) The primary bromideisformed only as aside product. Using Hammond' s postulate, in the above
diagram draw the appropriate curve for the side reaction schematically. (Hint: Think about whether the
trangitions states would be higher/lower for the side reaction.) (6 points).
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Question 2. Addition to Alkenes. (30 points)
Draw structures of products and intermediates. Give reagents were missing. Where indicated, circle M or
AM and cisor trans as appropriate (M and AM indicate Markow. and Anti-M product formation, resp.).
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Question 3. Oxidations of Alkenes. (16 points)

Let’slook at oxidations of cyclohexene with different reagents. In each case, complete the reactions by
specifying the reagents, by drawing structural formulas of the products, and -- in some cases -- by
drawing the structural formulas of the intermediates. Specify whether cis or trans productsif appropriate.

2 points 2 points
0sO, CE QA o NapSO3 (:E OH
E— Os ————
ah 2 points
o O OH
cis cis
hot 2 points hot 2 points

=0
KMnQOy4 (; KMnQOg4 COOH
—>
~0 COOH
O,, PdCl,, CuCl, 2 points O

(1) G5 (1) G5

-~ —>
CHO "
(2) Zn,H @ (2) H,O,, H COOH
CHO COOH

1 points 1 points
2 points OH
(1) MCPBA (2) KOH
() -
OH
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Question 4. Carbenes. (18 points)

(a) Briefly describe the Simmons-Smith method for the preparation of carbenes. (3 points)

CHolo and Zn(Cu) ---> |-CHo-Zn-l

(b) For each of the four alkenes, give the structural formula of the starting material and of the product
formed by reaction with CH». If there are several products, then give the structures of al. For the first

three reactions, give the full names of the products including stereochemical descriptors as necessary.

1-butene (2 pointsfor structuresand 1 points for product name)

/N — > 4 ethylcyclopropane
Et

Z-2 butene (2 pointsfor structures and 2 points for product name)

/7 \ —_— 5 cis 1,2-dimethyl-
cyclopropane

Cyclohexene (2 pointsfor structures and 2 points for product name)

@ _— (ﬂ [4,1,0]-bicycloheptane

4-chlorocyclohexene (2 pointsfor each product)

)
| i
Cl

Cl
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Question 5. Conformationa Theory ( 20 points)

(a) For 1,2-disubstituted cyclohexanes two substituents S1 and S2 can be either “axial” or “equatorial”
and there are the four possibilities shown. Mark which onesare“cis’ or “trans’. Examine the same
guestion also for the 1,3-disubstituted system. (4 points, 0.5 points each field)

1,2-Disubst. 1,3-Disubst.
S1 S2 Cisor Trans S1 S2 Cisor Trans
axia axia trans axidl axid cis
axia equatoria cis axia equatorial trans
equatoria axia cis equatorial axia trans
equatorial equatorial trans equatorial equatorial cis

(b) Thebromination of cyclohexeneinvolves the addition of two brominesfromthe _ opposite

(same, opposite) side(s) of the molecule because the mechanism involves abridged  bromonium ion

intermediate. Thus, the 1,2-dibromocyclohexane will have the trans configuration  (conformation
or configuration). The transisomer givesrise to further isomerism because of possible ring-flips. The
ring-flips convert conformational (structural, geometrical, conformational) isomers into each
other. Draw perspective drawings of the two chair isomers of trans-1,2-cyclohexane. Circlethe more
stable isomer. Mark that isomer that would be formed if the ring-flips would not be possible (that is the
primary product of the bromination). (16 pointstotal: 2 points for each filled space, 2 for each correct
drawing, 2 pointsfor circle, 2 points for primary product).

Formed Br H

initially

Br H

The End
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