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MNole: There are no questions to be answered on this page,
Mote thal some of the data provided may not be needad

Typical *H NMR
chemical shifts &

R-CH; 0.7-1.3
R-CH,-R' 1.2-1.6
R4CH 1.4-1.8

R-CH,-O-R" 2.3-4.0
R-CH,Cl  34-37
R,CHCI 3.9-44
| RO-CH,Cl 52586
| RR'C=CH, 4.6-5.0
{ RCH=CHR' 5.2-5.7
RC=CH 1.7-3.1
| CHy—C—R 2.0-24

C=C-CHr 17-2.2

Bond dissaciation energies {in Kcal mnl9'1_]: H;.G:CH—%—H 108 .

Typical ¢ NMR
chemical shifts &

R-CH4 .25
R-CHa-R' 2535
R:CH 35-55
R4C 30-45
R-CH;-QO-R" 50-90
R-CH.CI 25-50
R-COOH 170-180
R-CH=CH-R" 100-150
R.C=CR';  100-150
RC=CR 65-95

CH3—(|3|.'—R 170-220

Q

Infrared stretching in em

| O-H {alcohol) 3200-3650

. C-H (alkane) 2840-3000

| C-H (alkeng) 3050-3150

+»0C-H (alkyne) 3260-3330

C=0 [aldehyde, kelone) 1690-1750
C=0C (alkene) 1620-1680

C=0C (alkyne) 2100-Z2260

Ft—ﬁ —0OR" {ester) 1735-1750

| o

D is the symbal used (o denote deuterium
the isotope “H of hydragen

H?G—EH%_EI B .

both sigma and pi bonds; 153 RD—%—CH? a7 RCH, % Cl ap.
Hﬁ%c%{ f ;
' - pi bond only: 85. RO-EH 404~ ﬂﬂ—é—ﬂl 53 "
Partial periodic table of the ¢lements
PERIOD | 1 2
1 H He
1.00R 4.003
3 4 5 6 7 % 9 10
2 Li | Be B C N O F | Ne
6.941 | 9.012 10.84 § 12.01 | 14.01 | 16.00 { 19.00 | 20.1%
11 12 13 I4 15 16 17 18
3 INa (M At Si{ P} S | CliaAr
2290 | 24 .51 26,98 | 2609 | 30.97 § 32.06 | 35.45 | 39 95
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. (18 Points). Name or draw the following molecules as appropriate (show slereochemistry)

{a) (S)-4-heptyn-3-cl

s et

.ﬂ:il-'”ﬁ_h'“-.-'i" CHa

CH:CHz

(c) H-l:ﬁH::CHE
HyE——0OH

H e s 8

(d] H—C=C-C=C—CH;

{e)

(E)-(2R,3R}-3-ethyl-4-hexen-2-ol

(f)
Cis-1,2-digthynylcyclohexans
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1 0 ML Fréchet, Derkeley, CA& Chem. 3A May 2002, Final Examination Page 4 of 13

2. {15 Poinls) Completa the following reactions showing the reagents used to effect the desired
transformation. In some cases mare than one step is required, in such cases, all reagents and the
order in which they are used must be shown

0
e
H CH; Bt
HaC t 5 HalC CHy
'éfpure cis isomer)
H CH, HO, tHat
— L
g N : Hh“
Hab 7 HC -
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02 JM.J. Frachet, Borkeloy, G Chem. 34 May 2002, Final Examination Page 5 of 15

3. (15 Poinls). Complete the following reactions showing the major reaciion product(s).
show stereochemistry when relevant. Write NR if no reaction takes place.

S— - }
'ﬂ\_‘ HEC‘
r CzeH —
— Hq'é-i- H-I-
|
I
|
_ Br, CCl,
Sl e
i II" _J:'_,__,--""-\—\_ f.)‘.l"l

e _—

show most sfable chair conformation of product!

— e r——

5 = =
H:C-—C—C MNa + CH3CH.OH ——*

Ir"f#..xa'| Br; HzO 5
& :

{ j KMnO, conc.
- "E_ —_— Eo
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Page 6 of 15

6H

Chem. 3A May 2002, Final Examination

0700 Frechet, Herkebsy, i

4. (11 Paints)
{a) An unknown compound CiHgCl has the TH NMR
spectrum shown to the right. What is its structure?

o —
——

Answer:

T T T T
205 20 195 19

1H
zium -_J.ELIH

oy ) (i [T R, P Jre TR T FORR Tt FEper) P pee)
34 30 26 2.2 1.8 14 1.0 PPM

—

{o) The free radical chlorination of alkanes with sulfuryl chioride CIS0.Cl does not
produce the same mixture of monochlorinated products as would be obtained using Cly and light.

Using the product composilions below, calculate the selectivity of the -50.Cl radical for primary,
and secondary hydrogens. Show the details of your work.

CH3CH:CH-CHzCH.C1 (28%) A
CH3CHCICHSCH,CH,  (48%) B
W

: CH3CH,CHCICH:CHs  (24%) C

CIS0,C
CHzCHCHzCHaCH;

Answer. Relative reactivity secondary/primary =
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002 1M J. Frécacl, Herkoley, A Chem. 34 May 2002, Final Examinalion FPage 7 of 15

pl."-.- L,
5. (15 Points) (a) The IR spectrum below is for a linear alkyne with the maolecular formula CzH,,.
Write a clear structure for this hydrocarbon.

Answer:

——

e b e

| ason zaoh Z500 2000 1B0O 180D 1200 a00
Wavenumbsrs {om™")

a0

Papcent Transmitlancs

(b) Consider lhe mechanism shown forThe isomerization reaction below and draw a clear, fully
labeled polential energy diagram showing clearly the relative location of the key species A, B, C,
and of any transilion slates.

HaC CHy, 1@ H:¢  H HaC H
H H H H H CHy
Ia B G
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02 JM.I. Frache, Betkeley, A Chem. 3A May 2002, Final Examination Page 8 of 15

6. (14 Poinls), (a) Show a delailed step by step mechanism (with curved arrows) explaining the
the gutcome of the following reaction:

CH3CHZOH % o
Br‘“‘m-""n"ﬂ-...-ﬁa_--" Br + N H_?_ N — z_{ -hq___--;l.)
__,—'-_-\—\___\_\_._

(b Write the expected major product(s) of the following allempled ether E."_-.-'1"|'[t'uaSvcﬂ:ﬁJ

i

y DMSO
GHgEHEEHzcl + CHjCHE?HCHECHa —_—
GC:’-

o HMPA
_ =
CHLCH,CH,0 + CHECHE‘.FH_GHECH;,
Gl
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2 JM.L Tréchet, Bemkaley, G Chem. 3A May 2002, Final Examination Page 2 of 15

7. (18 Points). (a) Propose a reasonable structure for the organic compounds below that show only
ane peak in their "°C NMR speclra.

CsHap C4H 58

(b) How many peaks are in the BC NMR "normal” spectrum of:

Answer:

(¢} How many peaks are in the DEPT-135 °C NMR Spectrum of:

7=
Answer: 4
L‘_;._..';_':f'

™

(d) Give he approximale pKa values for the functional groups shown below

R—C=C—H R-5H R-OH

- —

Answers: ‘ ‘ —‘
|

(e} Which of the following pong lengths match mast closely the lengths of the following
carbon-carbon bonds (write one answer in each box below)?

Bond length in Angstroms (A): 1.14 1.20 1.30 1.34 140 144 T80 154

c—-C c=C \
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002 J M) Frécnct Remaley, CA Chem. 3A May 2002, Final Examination Page 10 of 15

8. (12 Poinls) (&) A compound has the molecular formula C;Hy204;. What iz its degree of unsaturation?

Answer: ‘ \

(k) &n unknown compound C7H420; has the following O NMR.
"Mormal® proton decoupled spectrum, & values: ']EI; 2._5, T-"I:!, 128, 130, 166
DEPT-80 spectrum. & values: 28, 130

DEPT-135 spectrum, & values: positive peaks al 19, 28, 130, negative peaks at 70, 129

(1) Whalt type(s) of protons are observed by DEPT-807 Answer:

(i} What type(s) of protons give rise to negative g
FIE-'EHE in DEPT-135% Answor- |

{iii) What is the structure of the unknown compound C;H:0-.7 EXPLAIN your reasoning.

Answer:



Vivian
Rectangle

Vivian
Rectangle

Vivian
Rectangle

Vivian
Rectangle

Vivian
Rectangle

Vivian
Rectangle

Vivian
Rectangle

Vivian
Rectangle

Vivian
Rectangle

Vivian
Rectangle

Vivian
Rectangle

Vivian
Rectangle

Vivian
Rectangle

Vivian
Rectangle

Vivian
Rectangle

Vivian
Rectangle

Vivian
Rectangle

Vivian
Rectangle

Vivian
Rectangle


F200Z JM.J Fracher. Barkelay. CA Chem. 3A May 2002. Final Examination Page 110f 15
9. (18 Points) Consider the two reactions of ethene shown balow;

hy
@ Fe=cH: TYReTeIN =" SHIScHe . RO-H

hw

= RO-CH;—CH,—Cl

: ok 1] g
gach involving the inilialion step: RO-C| _1.-’ RO* + CI* [.*.H'} = + 53 Kcal male 1]

(b} H:C=CH:; + RO-ClI

Note thal for each reaclion, the initialion slep is followed by reaction of RO« with ethena

(i} write the two propagation sleps for the reaction (a) and calculate the AH for 2ach slep

AHY =

(i} write the two propagation steps for the reaction {b) and calculate the AH” for each step

aH? =

AHY =

(ii1) Explain why only one of the two reactions (specify which one) takes place at room temperature
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002 J M., Fréchel, Burkeley, GA Chem. 3A May 2002, Final Examination Page 12 of 15

10. {15 Points) Propose a step-by-step synthesis of EHECHECHECEG_FH_EH?CHE

from ethyne and propene as the sole sources of C atoms 2

HC=CH H.C=CH-CH;
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Chem. 3A May 2002, Final Examination Page 130715

2007 0 MT Frochael, Bereley, TA

11. (18 Poinls). Complete the following reactions showing the major produci(s) or reagents.
Show clear stereochemistry where relevant.

{CHa):N

)
{
¥

2 ®
[CH3),CO K

— Br

CHy
H 2 @
AT, 1) CH+O Na
r =0 5 om
e 2] Agqueous wark-up
H 1
H  CHs
S,
G ;:J—CEC—GH;; _— - ;'_-‘i}:{H
v l‘-I:.."' \"':;.
HEr (1 equiv.)
HsC-C=C-CH; -
=
it b N D
Ly 74 Br



Vivian
Rectangle

Vivian
Rectangle

Vivian
Rectangle

Vivian
Rectangle

Vivian
Rectangle

Vivian
Polygon

Vivian
Rectangle

Vivian
Rectangle

Vivian
Rectangle

Vivian
Rectangle

Vivian
Rectangle

Vivian
Rectangle

Vivian
Rectangle

Vivian
Rectangle

Vivian
Rectangle
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12. (14 Paoinls) Propose a synihesis of 3-methylpentane from ethene used as the =sole source

af C aloms.
\/b from CH:=CHa
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13. (17 Points) (a) Calculate the % of 5 enantiomer in a mixture of 2 enantiomers with an optical
rotation of +12 degrees, given thal the optical rotation of the pure 5 enantiomer is +15 degrees.

Answear: o

(b) Give the IUPAC name of;

&

Hé.ﬂhbffi

{c) What is the shape of the molecule of N{CH;);7

(d) Which is the strongest acid?

(1) H-C=C-H 1

3j CHy (5) HaC=CH-CHj 1w e ]

Answar:

. T .E:.
3 N, ) H0 16) CHiCOO |f

(8} Which of the following are meso compounds? Write the answer(s} in the box provided but do not
guess as wrong answears will results in point deductions from correct answers.

CHy / CH, S ot .
S _f::' Eti— f:l e | o E;L——;H*-’ f CH;——Cl
’if'l._.--’flc'L'E"TH;~ [*E.; Ch'h% ."-.___tc] H | {d{ GH;‘-..___ cl

Answer(s): t
. i

{f} Draw a Fizcher projeclion of the produc! oblained in the reaclion below and wrile the rale law
for this reaction.

@
CH,S
-

DMF

(R)-Z2-iodobulans

Answer: Rate =
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