1. (12 marks) Structure and Nomenclature

Draw structures for which names are given and name the given structures by any accepted system

(2 points each)
a) I>O ethylene oxide, oxirane or oxycyclopropane
b H;C .
) H C/C=N_N NG, acetone 2,4-dinitrophenylhydrazone
3
O,N
/O
¢)  4-bromobutanal Br— CH,CH,CH,— (<
H
|O CH,4
d) CH3CH2&CH2&HCH3 5-methyl-3-hexanone
OH
e)  acetone cyanohydrin H,C- (Ij— CH,4
CN
Q _c

f)  benzoyl chloride



2. (10 points) Physical Properties

A. (3 points each) In each group of compounds, circle the most acidic one.

OH OH
a) H3C\ /CH3 ?H3
CIH H,C— ?_ CH, H;C—-OH
OH OH
OH OH OH OH
" @ @
NO, OCH,
Cl NO,

B, (4 points) List the following compounds in order of increasing boiling point. Briefly explain the
reasoning behind your answer.

0
CH,CH,CH,CH,;, CH;CH,CH,OH, CH3&CH3

butane 1-propanol acetone
CH,CH,CH,CH,; lowest boiling point
)
CH3&CH3

CH,CH,CH,CH,0OH highest boiling point

Propanol has the highest boiling point due to hydrogen bonding.
Acetone is polar so has a higher boiling point than non-polar butane.



3. (34 points) Reactions

A. (3 points each) Draw the structures of the major organic product(s) of the following reactions.

O. _H
) OOH Neg
1) SOCl,
2) LiAIH(OC(CH3)3)s
C2H5 CZHS
NH,NHCNH, Q
b) 0 > N-N-C-NH,
Q _H GCOOH
HO—C—H
C) 1) NaCN/stO4
2) H;0", heat
CH3 CH3
O 4o <CH3 1) Hg(OCCHy),/CH:CH;0H CH;
== — —
CH,  2) NaBH, OH HyC= ¢ CH;
OCH,CH;
GHs 1) OH, excess I, H,0, THF 0 CH;
€} H3C~C~CH,~¢—CH; n > HO-C—C—(—CHj
CH3 2) H3O H2 CH3
! 1) Mg, ether H,CH,0H

f) 2) |>o

3) H;0"




B. (16 points) List the reagents which will accomplish the following transformations. More than one
step may be required.

(4 points each) q:sz
OOH =0

a) 1) SOCl,

Yy

2) (C,Hs) ,CuLi, -80°C

o M Qu

HC—COOH
b) 1) NaCN, H;0"
2) H;0"
1) LiAlHy, ether
c) 0 OH
2) H,0
Or 1) NaBH,, CH;OH

2) H;0"
fenchone fenchol

‘V

‘V

H H3Q
d H,

) 2
H, &0 H;
H, 1) NH,NH,, OH" H;
2) H,, Pd
0




4. (10 points) Reaction Mechanisms

(5 points each)

Draw all intermediates formed between the starting material and the product in the following

reactions

a) NaOH, H,0 ¢H 0

2 Hac_(< — H3C—C—C—C</

10°C H H, “H
;/OH'

_ O 0]
HZC—C</H - H2C=C<H

CeHs

) < A A
Hi—Z  + e~ ——» HiC— == —= HC—¢-C—c{
i H I Hy I,
b HG § CHy  CHNH, HQ cH,
CH-C-CH —_— CH—ﬁ—CH\
HiC CH, e e
CeHsNH, CeH;
Y
HG @ CH HQ  OH CHy o HG OH, CH,
CH-(-CH_ ESUS cr-C-CH, - cr-C-ci
H3C/ +II\IH2 CH3 H3 NH CH3 3 ITIH CH3
Cotls CHs CHs
1.0
Y
CH—C—CH\ — CH &
B N e, H, CH,



5. (12 points) Synthesis
6 points each)

Show reactions for the synthesis of the following compounds from the indicated starting materials and
any inorganic reagents required

a)
Oij from O and
0] (0]
AlCl Zn/Hg, HC1
+ QO 3> O/U g> ©/j SOCLZO/j
Qg

) O\\Q O\\? ¢

OH OH Cl

AIC
\J
< B S
c
I
0
H;Q s BN
b) CH-CH—(—CH,OH from CH-CH,0H
H
i€ OH CH, HiC

Hint: aldehydes can readily be reduced to alcohols

H;C H,;C
\ PCC, CH,Cl 3 0] . H
CH-CH,OH > 22 \CH—C\// OH N AP
H,C or CrO,, pyridine / LR
H
3C\— A S Py H;Q CH; o
—cC + CL- - H I "4
o o Ny MR L
3 H H
< OH
NaBH,
\J
H; |CH3

CH- ClH— $— CH,OH
HiC OH CH;,



6. (12 points) Spectroscopic Identification

Draw the structure of compound Y whose IR and NMR spectra are given. The molecular formual of Y
is CoH1,0. Assign the protons in your structure to the signals in the NMR spectrum and indicate what
information you used from the IR spectrum.

Note that the chemical shfts of protons influenced by two functional groups will be further downfield
than the values given in the table. (IR and NMR tables are appended)

IR shows that there is an OH present and no carbonyl

c
OH . .
bHC— C— c a protons: signal at 8 7.2 - singlet
H d% CH, b proton: signal at & 4.4 - triplet
2 ) )
aH Ha c proton: signal at 8 2.6 - singlet
d protons: signal at 0 1.6 - quintet
e protons: signal at 8 0.8 - triplet
a H H a
H

[}



7. (10 points) Vitamin E is a mixture of substances known as tocopherols which act as biological
antioxidants and are abundant in vagetable oils, cereals and eggs. Show how you would synthesize
a-tocopherol in several steps from the indicated starting materials. Use any inorganic reagents you need.

Hint: this ether linkage can be formed using a tertiary halide because it is intramolecular.

Cl
and

OH

v
v

HO
0

o-tocopherol

o

OH
l AlCL,
HO.
OH
‘ HBr
Y
HO.
Br
OH
Na
Y

HO



