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I.  [30Points] Name (JUPAC) or draw, as appropriate, the following molecules, including
their stereochemistry.

a.

CHO

cis-2-Ethenyl-3-methyl-
cyclohexanone

>
N
\
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A
Br H CH,

(R)-2-Chloro-2-phenylethanol

II. {50 Points] Add the missing components (starting materials, reagents, or products) of the
following reactions in the boxes provided. Agqueous work-up (when required) is assumed
to be part of a step. It is not part of any answer.

d.
0
>= + dN-Br
0
b.
OCH,
H?, CF3

HNO,, H,S0,
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-
Clt, N_7~cn,

H ,OCH,
CH;0H, H,S0, H,0 8

IR: v =3350, 1690 cm™
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O

O 0

Il
©)‘\/\ CH.COOH
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1' ‘//\/ Cl
2. H', H,0
-

»
O

7N

@: ’ @ ZH,0
0] H,N

CI"!' H& N?.

0
II.  [60 Points] Treatment of benzenol with CO and conc. HCI (a source of HECI) in the
' presence of AlCl3, followed by work-up with ethanol, gave compound A. Its IR and NMR

spectra are depicted below; the UV spectrum shows a peak at Amax 290 nm.

OH

1. CO, HC, AICl,
2. CHCHOH ~ _

a. Whatis A? (Draw in the box provided.)

b. Interpret the speciral data as requested in the spaces provided.
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IR Spectrom
:_——————~ VS i "hq

i "vu/w” -.\ _ i f | ’\"\
_ i
| , }

- ! "

28

L) ‘“la L + i e 4 ] 1 U ] 2508 1 ¥ 2008 ] 108 T + 1 ' 1.“ L T

BAVENUMBERS 62,9

There s a characteristic peak present and (considering the starting material) a characteristic
peak absent in the spectrum. Specify and assign to streiching frequencies:

Peak present at

Peak zbsent at

, due to

, due to
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2. I3C NMR Spectrum

E C
B A
G
F D
I |
—l']]'llll][llllllll'lil'll"ITIIII'l"I‘IIII'III.‘III‘IIIITI "W—illlllr‘ll l“‘]llll LEREBRRERNAERE
200 180 460 440 120 400 B0 60 . 40 20 PPH O

- Carbon 13 NMA

Note: in this spectrum, the relative peak heights can be used as a measure of relative
abundance, with the exception of the small peaks at 1295 and 164.0 which are due 1o two
quaternary carbons.

Draw your suggestion for A and label the carbon atoms, A, B, C, e, giving rise 10 the
corresponding signals in the spectrum.
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3. 1H NMR Spectrum

A
3H
2H
14
2H 24 B
E D c
N _

L | T T T3 TE T 1 T T TI I LT T Ty T
10.09.5 8.0 8.5 8.0 7. 4, 3 3. C 2 2. 1.3 PPN

Proton NMR

Note: the J values for the peaks at & = 1.50 and 4.15 ppm are 8 Hz, for those at 7.05 and 7.90

they are 9 Hz. Draw your suggestion for A and label the hydrogens A, B, C, D, and E giving
rise to the corresponding signals in the spectrum.
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c¢.  Suggest a plausible mechanism for the formation of A.

10
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IV. [30 Points] Write detailed mechanisms to explain the following observations.

O
I\ H+ A H
CRRCHO + Q 0 ——» Q0 + CHCH

cH! “H cF{ “u

Why does the equilibrium lie to the right? Explain,

11
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b. The phenyl substituent is an ortho-para director in electrophilic aromatic subsutuuons Show

why this is so for the monobromination of biphenyl (Q——@)

12
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V. [30Points] Provide a reasonable synthetic route from starting material to product. Note:
several steps are required and there may be morc than one solution to the problem. You may
use any additional organic or organometallic reagents Lo effect your conversions.

C(CH,),

13
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b.
0
'
e - » X
“ -|C|H
CH [
? cH, ©

Hint: work backwards (reverse Diels-Alder reaction)! Work forwards (electr i ion)!
Use a protecting group as part of your scheme. ) ( ocyclic reaction)!

ot JRllE

“Den’t worry, Howard. The big questions are multiple choice.”

14



