CHEM116 Fall 2005 Exam #1 2
Prof. Thomas Poon
Joint Science Department, The Claremont Colleges

1) One synthesis of the HIV drug azidothymidine, AZT, involves a nucleophilic substitution reaction of
A with azide ion to give B. Refer to the scheme below and answer the questions that follow.
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A) In the space below, draw the two most valid resonance structures for the azide ion (N5 ). Circle
the major contributor. Note: for full credit, be sure to show all lone pairs of electrons and charges
where appropriate. (8 points)

B) Complete the Lewis structure B O C) What is the overall charge on
of B after the azido group has = compound B? (2 points)
substituted for  bromine. HN
Note: for full credit, be sure |
to show all lone pairs of ®) )\

electrons and charges where -
appropriate. (5 points) D) Is oxygen, as in ROH, usually
more or less basic than nitrogen,

as in RNH,? Why? (3 pts)

Complete the drawing of
the azide group attached
to carbon 3.

E) Use pictures & words to explain why oxygen x in AZT is more basic than nitrogen y. Note: you
only need redraw the relevant parts of AZT, rather than the entire molecule. (8 points)
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2) Two possible geometries of methyl acetate are shown below. Suppose you could prevent the free
rotation of the bond between atoms 2 & 3. Would you expect the two forms of methyl acetate to have
the same or different melting points? If different, which would have the higher m.p.? Explain using
pictures & words. (6 points)

A O B O

1)&5/ 4 l/lzko 3

3) For each pair of molecules shown below, select the one that best fits the accompanying description by
circling it. Provide a concise but thorough rationale for each of your decisions using words and
pictures. Note: Do not exceed the space provided. (18 points total)

a) The more acidic set of protons?

HsC—C=C—CH; s H,C—C=N:

A B

b) The stronger base?

PG

¢) The stronger acid?

IN—H vs. ‘P—H
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4) One possible mechanism of nucleophilic substitution involves the halogen acting as a leaving group
to form a carbocation, followed by attack from the nucleophile in a second, separate step. Assume
this mechanism is in effect for the following three brominated compounds. Draw Lewis structures
for the carbocations that each forms. Then draw an orbital picture for each intermediate in the boxes
provided. (9 points)

A g, B Ty C — &

l

carbocation carbocation carbocation

-

orbital picture orbital picture orbital picture

Which compound will undergo substitution the fastest? A B C (circle one, 1 point)

Which compound will undergo substitution the slowest? A B C (circle one, 1 point)

Explain your choices in the space provided. (6 points)

5) Using curved arrows, provide a mechanism that explains the following transformation. For full
credit, be sure to show the products of each step and indicate formal charges throughout. (8 points)

CHg CHs
: : H—CI ‘ : ;
Cl
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6) Predict the major product(s) of the following reactions. For full credit, be sure to indicate any
nonzero formal charges. (15 points)

a) H
0

O

H,N NH, HO CHs

b)
Na NH, Br/\/

c) oo +

CH;—I (I1eq)

\

7) Provide syntheses that will accomplish the following transformations. If a synthesis requires more
than one step, show the products of each step. (10 points)

a) OH

o~ Py

Y

b)

\j

any hydrocarbon Br



