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1. Write names for the following structures: (10%)

(

a) (b) COOH (c) H(CH
[>—COOH O/ )C\(C 3)2
HO™ H,N" COOH
f
® NH, @ Br )y

(continue next page)

CHs

COOH

(i)

N
H
2. Devise Sy2 reactions that would lead to the following products: (5%)
(a) (b) (c) (d)
CN +
NN, Y\Nﬁ(CHQQ :
~ ! HC H -
3. Predict the products of the following Sn1 reactions: (4%)
(a) (b)
H,0 | CH4CH,0H
H3(:I ' s ?
I CHy
(c) (d)
H,O
)><Br H,O o —+~Br 2
‘ CH4CH,OH
CH3OH

Br
; Cl
F

) o

.

N
CH,Ph

4. Menthyl chloride reacts with sodium ethoxide in ethyl alcohol to give a single product as shown. Analyze

this reaction mechanistically to explain why this is the only alkene produced. By contrast, neomethyl chloride
treated in the same fashion gives an additional, major, product. Moreover, menthyl chloride reacts much more
slowly than neomenthyl chloride. Explain these observations mechanistically, (8%)
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CH(CHs), -, CH(CHa)
Cl CH3CH20 Na
CH3CH20H
éH3 CH:‘]

Menthy! chloride

CH(CH,;),

WCl
Neomenthyl chloride
CHy

CH3CH20 Na | CH3CH20H

CH(CH3), CH(CH3),
+

CH, EH,

(25%) (75%)

5.a-Terpinene (1) and B-terpinene (2) are isomeric compounds (CoH;¢) that are constituents of many plans.
Upon catalytic hydrogenation, they both afford 1-isopropyl-4-methylcyclohexane. However, on ozonolysis

followed by oxidative workup, each compound yields different products. Provide structures for 1 and 2 and
explain your reasoning. (4%)

1 1-Os ~  HOOC-COOH + g /k
2. H,0, S
o
o)
1. 04 ]

~C~COOH 4 /LC/\COOH
2. H,0, i

6. Give the major product(s) expected for each of the following reactions. Pay attention to regiochemistry and

stereochemistry where appropriate. Mechanisms are not required, although they may be useful in finding the
answers. (12%)

(continue next page)
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7. Provide mechanisms for the formation of the following products: (10%)

0
/\(CHz);t)J\O/OY(CHZ)“\/
o)

77°C | Ph—CH,

hv

Oy e (T e
ROOR
(© (d)
CHj H,C
HCI 3
@ )=CHz + ccy,
HaC
H,C H
_ NBS, CCl <::j>~CECH __HBr
H  COOCH;, hv
(@) (h)
HBr
C=CH _ HBr
<::>*‘ ROOR H3CH,C~C=CH ROOR

Ph

&

(continue next page)
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8. Predict the products of the following Diels-Alder reactions: (10%)

(b)

(@)
COOCH;
@ * ”\ ether . \i + H toulene
A

COOCH;,4 0-25C —-—————-—~—>1 -
COOCH;
(o]
@ + alcohol Ph ¢OOCH, .
_— Ph + I dichlorobenzene
125T l —>
0 PN COOCH,

(e)
H,c  CaHir

HsC . O\T\O):o toulene
= A, 10h

9. Write a mechanism for the following Dieckmann condensation: (5%)

% o)

(\/\/ ~OCH, 1. NaOCHg (full equiv), HOCH, COOCH;
Hy,c0" %0 2. CH;COOH

O

10. Reaction of 1-morpholinocyclohexene (1) and B-nitrostyrene (2), followed by hydrolysis, yields the nitro
ketone(3). Write an arrow formalism mechanism for this reaction sequence and sure to explain the observed
regiochemistry. (4%)

o)

[N] 1. PhCH=CHNO, (2), CH;CN
1
C

O 2.H,0/H;0"

(1)

(continue next page)
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11. Provide structures for compounds A-C. (6%)

12. Propose an arrow formalism mechanism for the following reaction: (4%)

b‘? H,0"
HoN"~ ~NHCH,CH(OCH,CHa),

H,0

structures for A and B and explain your reasoning. (10%)

Compound A
IR(KBr): 1720(s), 1240(s) cm™
'HNMR(CDCl;): 6 2.46 (s, 3H)
3.94 (s, 6H)
8.05 (d, /= 2 Hz, 2H)
8.49 (s, J=2 Hz, 1H)

Compound B

UH a3 4 A B 3H A A )

0O
1. LIAIH
UM | cHp0 PG CeHi(Cl
2 H,0 A | B
1. Li
2(CH3)2C=O
3.H,0
H,C. ._CH
3Cse CH;

| H0 CoH150
© H,0* c

[H‘c—o
u,

13.Isomeric compounds A and B have the composition C;H;,04. Spectral data are summarized below. Deduce

IR(Najol): 1720(s), 1245(s) cm™
'H NMR(CDCl): & 2.63 (s, 3H)

3.91 (s, 6H)

7.28 (d, /= 8 Hz, 1H)
8.00 (dd, /=8, 2 Hz, 1H)
8.52 (d, J= 2 Hz, 1H)
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14. Provide a mechanism for the following reaction sequwnce: (4%)

COOH 1.-I;I§!(13\1H3, ether H,C. COOH

2.CHgl
3.H,0, Hs0*

15. Provide syntheses for the following compounds, as free of other isomers as possible. You do not need to
write mechanisms, and you may start from benzene, inorganic reagents of your choice, organic reagents
containing no more than four carbons, and pyridine. (4%)

(a) (b)

CH,CH,CH,CH, NO,
CH,CH,CH,CH;§
(©) (d)
CH,CH,CH,CH, COOH
Br

(free of para) SO,0H




