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1.[16 Points] (a) propose a structure for an alcohol C4H,,0 that has the following "*C NMR data:

"normal” (proton decoupled) spectrum: peaks at § = 18.0, 31.6, and 69.5 ppm;
DEFT-80: & = 31.6ppm; DEPT-135: positive peaks at = 19.0 and 31.6; negative peak

até = 68.5 ppm
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{b} A hydrocarbon has the formula GyHyp, it exhibits the following spectroscopic properties: IR: peaks
at 3072, 2900-3000, 1649 and 888 cm™; "H NMR spectrum & = 1.3 {m, 2H}; 1.7 (m, 4H); 2.2 (m, 4H)
and 4.8ppm (guintet, 2H); *C NMR: & = 26.8; 28.7; 35.7; 106.9 and 1489.7ppm; hydrogenation affords
a product with the formula C;Hy:. (Note: m means "multipfet”) : i

(i) What i§ what is its degree of unsaluration of the hydrocarbon CGyH4,7 o G

R - 3 Fors T Ut AP
Ts, Answer: | L o= CHE O o=,
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(i) What characteristic functional group is responsible for the IR band at 1649 cm™7
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{iii) What is the structure of the hydrocarbon? R e

Answer: Bh—=—my
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(c} The characterislic Iﬁﬁtﬁefcﬁ'ing_ffequégny for the carbon-carbon tripie bonds of alkynas is:

| i TR,
| 1 .-._.- I“- -\._.. )
(Circle one)  3310.em™ | 2120 em™ .'I 1950 em™ | 1640.em™  1430cm™ 888 em™
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2.[19 Points] (a) Draw the 'H NMR spectrum for CIC Ha0CH2CH; assuming perfect splitting of
peaks. Make zure the location of the peaks is appropriate and label each peak. Also draw a realistic

siep integration.

_n{:'..l!::. X
L. :l I
o 1] ——
|I |I R it
| I|I 7 i '.I.' \ '1 I"-.
T T T T T T = T ]
= A L 4 3 ) 1 o8
R
(b) Show a fully labeled energy diagram for the following reaction
CH,=CHCH; + HCl ———= CH3zCHCICH3 B Ay N
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3.[15 Points] Name or draw as appropriate the following molecules. Show sterecchemistry if relevant.

™, -
{a) Lithium diisopropylamide _f: ]-_\f-—< |
-~ |_H‘| - |I
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% _ s iy Pusis
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OH
4. [16 Polnts]

(&) Show a step-by-step synthasis of H from cyclopentene 6 {no mechanism)
OH

e

{b) Show a step-by-step mechanism (including curved arrows) for the following reaction:
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<) The optical purity of a sample of (R)-2-bromobutane is 80%. What is its opfical rotation
given that pure (S}2-bromobutane has a ﬂ.pE{:rﬁ::. mtatmn of +25°. Also calculate the percentage
of S-isomer in this sample.
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5. [15 Points] Show the major product{s) obtained in the reactions below. Do not include
minor products or by-products. Be sure to specify stereochemistry where appropriate

HCI — el
ﬁ LT -
'\- / -\.m..l .-’__.-"'.
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1) MCPBA in CH5Cly
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6. [17 Points]. Ehow the major product(s) nbtained in the reactions below. Be sure fo
specify stereocchemistry where appropriate

CHy 5 :
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H.C @ o in i : o ;
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2) NaBH, in CH4OH Lok -
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7.[19 Points] (a) For each of the reaction sequences below show a clear structure for the missing
intermeadiate and the reagents used for the second step.
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{b)} Write a step by step mechanism (with all curved arrows) for the following reaction:

CH==CH
7 ) '
s L e
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8. [17 Points]
(&) Consider the following reaction: CH3CH;CH,CH=CH, ———=» CHz=CH, + CHzCH=CH;

AH® = +22.4 Kcal mole”!  AS® = +0.0333 Keal deg™? male™

(i) Is the reaction thermodynamically feasible at 100°C7? Show your calculation and explajn.

."l'. l.-"' L .".'|'| |1. BT . -
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: . | / /-'"- —
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(i} Galculate the minimum tempearature al which the reaction becomes thermodynamically
feasible. Show your calculation and explain briefly.

Fa i (S ¢ P A oAt
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. p—— J =
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(b) Write the structures of the products of mengehlorination of butane using chloring and light, label
them alphabetically (A, B, etc...) and calculate in whal ratio (A : B :...) the products will be formed.

Answer: Structures ™,
1.
|._!| |'_ -_.____-
i ; .
H_,af"/\\// x e - ,-}ﬂ'““‘w b
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8. [16 Points] (a) Show a step by step mechanizsm (with curved arrows) for the reaction:

1) Bry | HoO :
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| | . ol .E} DH ¢y f "\....___.. D ""'-.,.m [k P —- C_II.- .f'I!- X
| III .: - -L- -_II _._ . = . k- e \‘"-\. 1. I|'i~ }._,.-"". ;.__.
c R — - ' i _::- o —
| e : | Her ",_-I|}-
| ", - & .: )
T : II| - I_J-||_'_|'|I
iy .\: ol .-|
e |
"'\.H.I
] — o '.
o e P A ,
ks - L ! (- |f|'_
T i I‘__E i :
-, — i 1
b, . ] \
i 2 1
; | x
| ! | 3 !H ", |
| i i | !
! )\
.:-:' "-\-"LH] o 1"..-. i:'l.'j. i
\ H ol
I LY ] s ; reey .-.. _..- - E - ‘H—.: I-'. - _I'.
RpSmotd —t s = e ) Al
\ rrn T RSPy £
. PH e . -~

{b) What is the structure of the-compound C,HgCl whose "H NMR spectrum is shown below. -
Write a clear structure and provide a peak assignment using arrows lo indicate which -

e .::- 35 ‘M| |
peak corresponds to each set of protons 'L,II"L ™ L ”lr : I'-"'- :
e Y - _..
|Lr| c—h
iy ch O o | :
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10. [16Points]
{a) Oraw the most and the least stable conformations of cis-1-far-butyl-4-chlorocyclohexans

(in chair form only) and calculate the equilibrium constant Kqg for the H H
least stable chair qoing to the most stable chair at 25°C O

Cl C{CH4)

) "ﬂ-?r\-\'\""-h\.\_ .-""---- - - =
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Show equations used and detalled calculations
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(b) Show the structure (with stereachemistry) of the product nbﬁined in the reaction below:
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Chem. 3A
i c HaC CHj
11. [19 Points] (a) propose a synthesis of :G=GH—CH:; from H.C=CH=CH,
HiC CH, H,
and JC=0
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(b} Show the missing reagents required to effect the following fransformations

S i = (f) ;"'.. HzC H
H;C—C=C—CHs o) A ;
dops ellignt 4.4 H  CHy
|ﬁ o B oL OH
4 - CH;
N0 7 H
H ":Ha, | I':'_ D
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12.[15 Points]

Proposa a step by step synthesis of HDEC“¢H;—{|3H—CH3 from ethyne and methane

as thEEII_E{_S_EEE:ES of C atoms OH how ail 5 5n0d reagents.
A
CH 2o
.f"'f; g
|//
(ot gl i A ¥ | = S
H-b_ L ( T [+ 2 -7 —==n Y= e [ A
A i (] - g 'Hl = e
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[ i i lr, g 7
-+ = ! - .
S ¢ g AEORT B W
RN 15 = Mg
14
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He=c¢ FCH— — H

& K y
v

a7




22000 J_ME), Frachet, Boraky, T
Chem. 3A May 2000, Final Examination Page 14 of 14

Mote: There are no questions to be answered on this page,
Mot all of the data provided may be nesded

1 E e
Typical "H NMR_ Relative reactivity of CH bonds in radical chlorination
chemical shifts Tertiary : Secondary : Primary = 5: 4 : 1
R-CH, 0.8-1.1 .
R-CH,-R’ 1.2.1.4 Value of gas constant: R = 2.0 cal deg™ mal = ¢ 2s% Leol -
AR
R:CH 1.4-1.7 Value of e (base for natural logarithms) e = 2.718 s

R-CH,-O-R' 3.3-3.9
R-CHoGl  3.4:3.7
RoCHCI  3.9-4.4
RO-CH,Cl 5.25.6

Value of absolute zero (kelvin) = -273°C

Valug of each 1,3-diaxial interaction for Cl- H = 0.25 Keal mole™
Value of each 1,3-diaxial interaction for (CH3).C - H = 2.5 Keal mole™
Value of each 1,3-diaxial interaction for CH; - H = 1 Keal male™
Value of butane-gauche interaction = 1 Kcal mola™!

Glossary: MCPEA is meta-chiroperoxybenzoic acid; ROOR is an organic peroxide;
Kag is the equilibrium constant.
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