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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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1. (18 Points). Name or draw the following molecules as appropriate (show slereochemistry)
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order in which they are used must be shown
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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

H H
HaC CHy

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

—— T _—

show most sfable chair conformation of product!

A — i -+ =
I.!?r:_'_ S zil: h.'s.ij:‘.?rr-r_.f.r-.':
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6H

]
B

Iwites =8 I | i 1 ] ] ] H i ) 1 I

4. (11 Paints) st -
{a) An unknown compound CiHgCl has the TH NMR il
spectrum shown to the right. What is its structure? \
b |
Answer: ¥ I
3
H, 2H | T
| T 205 20 195 19
ill:_-_- L -t |
| f
i

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.

CHzUHzCH-CH=-CH-Cl {28%) A

CIS0,CI
CHECHECHECHECH3 e i CHE{:HC|'CH;GH_:|CH3 [48",-";:.} B

CHyCHCHOCICHCH, (24%) C

I|r ,11
|—__'_' 1_'.-_ -!I:\-'l' o
[A | | 5 f Z] s
By X 1wy
I oplante s (i Ly e
f.‘:bf_.lﬁ{lwl..f 'I!-:.-' _".i-—'_ = .:: .:%
:.-I:" |.-:|-'.'| .;.\-_.._I | “ !
.-’f'r- _I...r_g.'n_,.-_ﬂ'--).( X Il,u" ";." PR T LE . '-.r|.
S SRR Ny o o | - O o Ly,
L i iy ;
rel. wpitad 5 g Ealyii
I
& Yo L _ iy |
T i g L
J it i = Lo o e ‘:':,l 1 i o | | Ly )
i i - L s o L
Answer. Relative reactivity secondaryfprimary = | ; ;" =]
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pl."—.- 1
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: HC=C-CMH, —CH,-Cl —Clt,-Cf,-C L,
TN 7 ) ' ' ot
_.-’) 100
P g | q ]
.§ |
& g
‘I"!- N L ! é il I
Fan -
Al o 8 =
Y— S X )
2 L - B | \,_UL £ st q
¢l Al T o 0 s |I.|I B L. i £ I i L ¥ L M !
ety | 3smn som0 FSOD 200G 1E00 180D 1200 a0o
LT Wavenumbers {om™)
\ v

{b) Consider the mechanism shown for e 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.

i Ay &
HaC CH; H® histeaaitie: | HaC 2
=X S| ===
H H H i H CH.
A ] . E E L Ly .._-'_;-.:Er';.y
Tie
i [ e, el
':' -:_. it 'w-'ll.il
= ..)
. -\.._\_\_\__ o E——F e ]
) :

Hﬂ'-l".-i_.--?l.-"ﬂ {::"ar':—?r."":"lr—{

| /1
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6. (14 Poinls), (a) Show a delailed step by step mechanism (with curved arrows) explaining the
the gutcome of the following reaction:
EH3{;HE'D'I'I N NH
Br e BT NHy — e
oy S v a
& L/
4

>

L MJ,::L ; ; @

B W"‘M,__,—-'hl:?'q 1 E"'E _{',-""’"""--..._,_‘_
Z,_ i
T
%
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e
L S Gl B
L
= |
bl'l H . Cwl—;[ :
LHMH M‘H ——— / -.J/ + ?I'L-
i ] rf.-"'".“‘.\_\_\_\_‘-\-
. N N
i 2

(b Write the expected major product(s) of the following allempled ether syntheses / [[?

A=

_ PN e i
llLN' of !'”';,. [ e :‘:__  Thes’s f ——
A DMSO P %)
CHLCH,CH.Cl # l:i:H3|:HE.|:|:|-||:::|-|z|;;|-]:L - = {
i, 5
[ o N
. (T I.'.;"_
o & HMPA s .
CH5CHLCH,O + CHEE:HE‘T%H;HEGHH S N
le'gl"j H“‘-.-”HW Vl\/ /#-_
Eeb {E and Z) &
: 3 e sl .-._____.-"'
&7 L
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7. (18 Points). (a) Propose a reasonable structure for the organic compounds below that show only
one peak in their 7°C NMR speclra.

s S —

FoEa [
CgHyy /

) C4H, ;81 My - S —CH S

ne quet . € 7
Answer: E/ / Yo —sth &

(d) Give the approximale pKa values for the functional groups shown below
R 3 k- Lors Foni, oo '-‘l' L
R—C=C—H FE-3H

~ . F7.{_— .
ft?\ e*:" [O i
|

'\.\

Answers:

= —— e N e —
T —— r -

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

Bond length in Angstroms {A): 114 120 1.30 1.3'¢f 140 1.44 ‘Tf‘_;ﬁg 1‘.;&1

% & fiEns ; ﬁ ?//;’ i

c—C ;}C ::I; czic:. — \ L

™~
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8. (12 Poinls} (&) A compound has the molecular formula C;H4204;. What iz its degree of unsaturation?

s Fovoma£ T2
fowl - fg 7 Latp
=LY Answer:| ) L
f iy
_-""'-'L - :_-
(k) &n unknown compound C7H420; has the following O NMR.
I'_-H:-J ""'.'.F_ (==L [ S =
"Mormal”® proton decoupled spectrum, & values: 13, 28, 70, 129, 130, 166
DEPT-80 spectrum. & values: 28, 130 LI 1 LY JrE s, Z-L s i s ot

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

iy
r
(1) Whal type(s) of protons ara observed by DEPT-80Y Anpswer: L,:ﬁ P TR PRI
(i) What type(s) of protons give rise to nagative | H
—cH

peaks in DEPT-1357 =

R
Answaer: ; ':'F[aﬂ‘”'r':"".-' o fedt I

{iii) What is the structure of the unknown compound C;H-0-7 EXPLAIN your reasoning.
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9. {18 Points) Consider the two reactions of ethene shown balow:

hw
h y
(b}  HxC=CH; + RO-CI Y - RO—CH,—CH,—C

: T Lt by 2
gach involving the initialion step: RO-C] —— = RO* + CI* I.*.H':' = + 53 Kcal male 1]
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

-

=

H c=Cd

1
o

=

=2

F o

l..-I P |
— o H

Ky | i
il ol |':1__.-':-5 -c.a-'\-'r;_r__.-\.wl"' |rr!:_-.;|. r A |

= (lof)=Clav)= ¢
AHD = F4r kaa a0
I
d,C=ctl® €L — H.coCcH Ci—~ £OH
JdH® = { bpgs Lemka )= { g oo Ao |

=Y e
(D)= (£'F)

T ] o i

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

-_H“l :.-'-__ ==, ; 3
a —_— o i - = ™ ; R .
!";.'i—- et =g P il 1
JHF = 'fllf-ﬁ i bokeen) - { s T .'.-,-.I:I
= Cabd) - (C-6l) =5~ Fo =~ IS AHO = S fgt kets
s e |
o v : e
. C = Gl Eol == Ro—Ct,—CH, —C| 5 j
.f-1-a|-r~ * ,-'| T _ 1 1
' |
() 2000 o i AHY = _.gq ) =l |

(ii1) Explain why only one of the two reactions (specify which one) takes place at room temperature

i I A . | ; i TRl y o
I_r_."l-" l-"|r".\,:_~ L I.: I;I @l T 1] « : g 2 o el LI e I-- e §Jd e 1 -q"-_ll '_ I
lower . ofler 3 .«:I.-: werrd Ay foe,  #fefen G2 A7 fAs™. A& dAR? _.ll
i N - ! | ro aehe s Sidoe Th rtiuaf e o o R |
ir e | iz £ i = .11"'I'_-|! I ji L . [l s S N I C = i Eod |
= ¥
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10. {15 Points) Propose a step-by-step synthesis of GHECHE{:HECEG_‘FH_‘:H?CHE

from ethyne and propene as the sole sources of C atoms 2
HEC=CH H,C=CH-CH, f},,,:fh o,
I T
CityCly i, =E LT« Br—od —CdycH,
Lﬁjj’ Lintl, | wil |:|?.14

!

] -||_5'|[|? '|r|'__1|r1
i1 R o Y e ] = kU' ALt R Y P
i 4 Iill_ '::4'1 = H E 21 |"-I.r iy ____.n'u:'l'-'-"-!._ I';!'_- =
4! TR TR

Il::_/ b r;.‘J.,_u:_'l.? r.-_-'r" F ':'.. b "l'r _":

5 | JL HE-, face A AR
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e ————y ._ : Il :;';-:.-' ."._|-.___- I‘H'h_lf:. rl"«'!d:\. |I|"|'-r-__I f""l"'l 7 '-llj:.-l|I
CHC=el [ jSliscdmal, s
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11. (18 Poinls). Complete the following reactions showing the major produci(s) or reagents.

Show clear stereochemistry where relevant.
: (CHa)sN @ : e
xr"’ﬁx.-"ar = !'rl_"l'-|-!.l!.-i""“rr:||'|z“{'_“'1‘a—-'l"-'-i', -+ - by o
| gt S ﬁ 3 i
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—~, #B1 ' (CH3)CO ™ K S
GHH 2 Ly
Y
L - o
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g o @ N O
e 1) CH;O Na .' !
[ads0 - * || | ey
: \ 2] Agqueous work-u !
T : .ﬂ] q 0 p l-"m__ ___.--'""f-sh' "J."l.-' Al :
'\l | | .-"'
Na , NS £) H CHs
f_r'il:lh"
L)
{ —C=C-CHy —— - :
IL\'I\-\:'_"'.-"I':I e - -'I.'l'l-. ‘rl ,('I:)-"'i_ ",
J' g ALY - iy ,
g ik
&
. - CH=CBr —Ci;

HEr (1 eguiv.)
-

HC-C=C-CH,

™

O~

K
Y
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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:=CH;

\U’ Hy, 70, o
5

L
JJ/LF" Wing o 42 -4‘/

ks
L4 .

i B
: \1J/I'|p1_ & T
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13. (17 Pointg) (&) Calculate the % of 5 enantiomer in a mixture of 2 enantiomers with an aptical
rotation of +12 degrees, given thal the optical rotation of the pure 5 enantiomer is +15 degrees.

1 I |

. i = ™ & —hll _.-"'"2'/ o
o = ! ' A w
Le="Ti¢ R Answer, ‘i.r' C-’ o,

(b) Give the IUPAC name of;

e, . 7D
= 3 . 1 Iirrf.:.-_'r-',u:-'_ by "ij—f flid,:r_ [= F-aeth . [ e I3 4q -~
RN P U NI
' ' |
{c) What is the shape of the molecule of N{CH;);7 Trigcra! f Lf... reid I
i | | |
i rt et dal
(d) Which is the strongest acid? iy 2
A o P i s o L
(1) P=C=C-H gy CH, (§) H.C=CH-CH; 17} 1€ . ,@
i , i [ Answar: ﬂ\,
3 N, ) Hz0 18) CHCO0 |r

(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.

—— .

ZH4 ;_,f CH; : H -_\ CH; H —m.
L ¥ / T W T S 0 VYo CH;——GCl °
| Crapal s S o : =)
whf 1 7 J | : s
I | I = . PLER W T r
Ei;—h\ ci CH;——Cl H—H—c chs U gha
! | & %
| | -
- | I ) "'H. , EI I.'_.' -
A AR, id{{" i i), s

Answer(s):

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

H
e 4
CH,S 7
(R)-2-iodobulane »- CHyctty ————5¢H;
E DMF \
- ,_w..-r"- i 3]
o Iy H 3

S — - = \
Answer: Fate = L-‘: e | (£ J-modalaafEa |






