Fina! Exam Organic Chem T CHEM 340 Fall 15 12187 Dr. labn MW am Fortn A Examé

S1zn Name _Qf'l,/\ Print Name
(5 pl namd above prmt & 1@31 If L can’t tell wha you are [rom NO NAME above. | have to o back to the
exan taking map and hope that I can read your name oo that or T may end up with an cxam with no identity
permanentiy), (3 pts scantron mume — it you don’'t bubble in T ueta grade with no name and 1 have 1o hold
evervone's final grades unddl T figure out whose exam tOs 0100 pts I 2 pages + scantron sheet}

Please show work on all guestions Tor partial credit even on guestions which do not speeily. Please write
legibly. T will only grade what 1 can read (obviously). [am not going to make up an aswer for you
hased on writing T ean'tread.  {use back al exam for serateh paper — [ you want me to prade something not
in the space lor tic answer, elearly speeify in writing. Telling me duning the exam where 10 [ind the answer
docs not gualify because T will just vaguely remembar someone telling me something during the exam not
which ome of 230 students told nwe what w grade on what page.}

Circle answer on this form lor backup to the scantron. There is no partial eredit Tor showing work in the
multiple choice,

fn all guestions on all parts of this exam, Ris pol equal o hydrogen but is an alkyl.

. Multiple Choice (2 pts cacl, 24 pls) Choose the one best stutement in cach question.  There 15 no
partial credit for showing work on the multiple choice questions.

1. Choose the best statement.

{a) Proton NMR has splitting in the coupling pattern is based on 20 11 1 where | =% and n = number
of nedehboring protons.

(b} There is no coupling between carbon and another carbon in carben NMR because the natural
abundance of carbon 13 is only 1.1% so there is almost never an NMR active neighboring carben.

{ctIn IR prLlrUbLUp‘v the I‘tl]TCI'%IﬁIATgﬁ ﬁmn 151500 em™ 10 400 em™’ and the Firger printregion i1s
berween 4000 cm™ and 1500 eni™. ’{-“L"“{/{L\ M{/

bl
@/{a} and (b)) are correct

() All statcmenls arc correel.

2. Forintermaolecolar forees the general progression (hom sirooeest to weakest intermolecular foree is

@I Ivdrogen bonding > dipolar = van der Waals
by Van der Waals == hyvdrogen bonding = dipolur
¢ [ipolar > hydrogen bonding > van der Waals
dy None of the above is correet.
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3. Which ol the Tollowing bonds is o covalent bond ?

4

@3’_’ eleclrems
4 clectoons

L4

{a}
{h}

B
a)} S0
by 13ad
ot MMeCl2
dy Lixt)

The element (e has how nmany total number ofelectrons

1

21,61,

Which of the Following stalements correctly pertanms 10mTpansot cnantiomers

{a) They have (L%cm melting poins. %"Q}'P{

(b) They rotatedhe plane of polarized light by differing amounts and o opposite dircehons

(c) They have the same melting points but they have dilkerént boiling points. 3 # 3

(di They rotate the plane of polarized ght by cxactly the same amount and in opposite directions.
{&) They rotate the plane of polaized light by diflering amounts and in the same dircction.

al 72 electrons

ey 14 electroms

Given the following.
(1) ROY s a betier nucleophile than 1ICY
(b RO is a better nueleophile than ROTE

() 11O s a better nucleophile than 1200
{d) Nuclcophilicity is interaction with curbon while Busicity 1s iteraction with hydrogen

(e} Al above statements are truc.

A radieal reaction mechanism is:

¥ia hydrogenalion
[kme so as o produce the more stabde pair of wons

) Homaolytic
ga;i Heterolytic

{ch

MNone of the abowve

Oreanic Chemistry 1Lecture Fall 2015 1 Haho o Final LExam 1T Form A
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% Choose the best statement.  R—C O R reacts with the following (o give the product shown:

L Alen Y s i
fa) Pd/ CaCin |~z>€=(;’/,| {1 "(fd[.&w 15 N ?h

Qui nolone, He

(hy L NI >Q\ &6550(0{‘,«?% s A

—

H
(@phin R N
I M

idy All reactions are ¢orrect.

9. For reaction mechanisms which of the (ollowing are rae or the best statement
{2 g 1@'&1
{21 El and F2 are both elimination reaction mechamisms which result ina %N’iﬂllmn produst.
(b} Sni and SuZ are both substitueion reaction mechanism which results imoan a]%‘;roduct
{ct Sl and U1 regclion mechanisms have a%ﬁc slep reaction meclhanism (? L‘Lbﬁ 711 z Ledog

(d}\hNE and #2 reaction mechamisms have imodeealar Kineles.

()] Al of the above anc mue.

1L How many asymmetric carbon atams are preseat in the followinge compound

“Iu“‘“

Wt
i Y THC;):
H«
() 0
1
(€) 2
(d) 3
(c) 4
Organte Chemistry | Eecture Fall 20015 D Hahee  Final lixam 1l Form A 3



11. A molccule with 4 pairs of VSEPRT efectron pairs around the central atom has:
a) irigonal bypyrimidal, 120% anale
by trigonal plance, 907 angle
¢} letrahedral peomeiry, 109.3% angle
d) octahedral peometry. 1209 angle

12 For chimination reactions choose the ong best statement.
@Hnth the F L and 12 reaction mechanesm result in Zaitsey™s Rule products
(b)Y HellsermrsRule products are the most stable alkene product

() I‘ﬂ"ﬁf@u Rule product is the least stable alkene produgts

(dy Al staements above are o,

Organic Chemistry | Lecture Fall 2005 Dr, Habkn Final yam 11 Torm A



Part 1. Short Answers { Wb pls)

M Nomenelaware: (2 pts each, & ps)
1. Given the structural formula shown below. give the FIPAC name of the molecule.
A
— - 3 T
L. name ) 7’7 ; K,l — ff_L l/]«@ﬁj%!( A g,&a!,zﬁ.j ' .
-1 . - _'\-.\
[

HCUC

o B ,&rwﬂj%%
4

T e et o i
P IR r2viow]

Ir. name ___72 . .27; k;ﬂ “&(IM{/%Z?/( C L_/é ~ 2.% g/)\..e

5
L 'L/I/%-—- L N A -
A ClC (=l
\ -

T B4
. ¢~ Lru_
)5 =l -5

T Giiven the lollowing IUPAC name, draw a steuctural formula of the molecule (skeletal Tormula

acceptable, condensed strueture, Lewis Dot structure aeceptable. molecular formula not aceeplable - den't
foreet W show the hydrogens in your formala usless you are using the sheletal struciore.)

2-chlaraliex-3-yne "

g
L T CEC Y- G
) & (ﬂlﬁﬁi

Orgamic Chemistry T Lecture Fall 20015 Dr. Hahn Fioal Fxam I Form A



B. Resctions: Show the Organie Product for the following reactions by piving the structural formula ol
the product. {skeletal formula. condensed structure. Lewis Dot structure are alt aceeptable. Molecular
Fornwla is mot aceepiable.) 1O NOT SHOW MECHANISMS.

Circle the number of the 5 teaction which vou wani counted. | vou do not choose, | will Just grade the
first 5 reactions. (2 pls cach, 10 pts total)

Clly Cl Pd

C iy /[, i3
= o — (;—-*C_—/C L Ciitm ¢4
\(‘[-Ig{'H_v—('lly("lI_: L/LL ke /A(

ClLCTE ( 1)> Ll iL
Cli; Ol I h"\&’lﬂf - H_
'=£{/ G-I C H:HE Qv-
CHi CHaoCH-CHy 4
C Lﬁ CuC b (Y
3 CURCLCCIL hot KMnOy, OIF J | ﬁ
10 C‘H}" ~uw G/("h“ (4,1/;
L '
B

Cll Il e =

_(\Cn_ﬁ (;’Irlt{(]u} CIJ;],'_'_" C— /é/,fb
4 :
L Lo,

CH+LCHA—HT 5001
—

SNy,
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Ik

T

i

1%

Ol 1 moles 1O /C L,f-;

AL
1 L] " \I I
H—CC—i 2 maol €1 u —ﬁk P-_C —

Short Answers part of Shorl Answers: (24 pis)

-

a. For the clement Ge show the electron configuration for all electrons in the format 15°. 257
Cele {8 ps total) (2 pus ths question)

A A R S S

b, For the same element show the clectron configuration For all valenee electrons 1 the same

forpat. (1 pt) 5
G5t 45

e, Forthe same element, show the valenee electron configuration orbital diagram in the format:
¥ ete) wsing up and down arrows to represent clectrons, (2 pus this question)

L/ =
45 45

d. Forthe same element. what is the groap number 4 ﬁ il pl)

¢ For the same clement, what is the atomic mass 72 ,Q il oy

L For the sume element. what is the afomic namber 7 % 2’ {1 pt)

Organic Chemiseey T Lecture Fall 2005 D Tabn Final Lxan 11 TForm A



2. CGiiven the following enerey diagram. (2 pl each. wofal § pls)

Reaction Progress

al Tow many steps is in the reaction mechanism shown [(1 }_@3}{4}| {eirele one)

b Which of the steps is the slowest stef 1 step)(2' step) 3" step)a"™ step)] {cirele onc)
(nolc: jusl because [ gave 4 potential steps docs not necessarily mean (hat there are actoally 4 steps — it

could be less or more)
i )
) Circle the label of all intermediates ? [al(b{tc W dHen 1} {eircle all that apply)

d} Cirgle the label of all transition stales. HEL@{C}@C}“H {eircle all that apply}

3 Answer the fullowing by ¢ireling ong, o a: many as all of the reactions mechanismy under each
letier, (4 pts. 2 pis cach letier)

Ve -
a. A tertiary substrate (s best tor [(S5e2), QI {Iiﬁ}l@)j feirche all correct mechanism)
-

b, A strong bulky base but weak nucleophile Gavors [CSG2) (Sl E ] fuirele all cormect

meehanism)

4, Given the f_bllgx_»ing molecule, draw one structural (also knewn as constitaional) isomers (4 pts)

——— T

T TN & mMarty mr€

Organic Chemistey | Lecture Fail 2005 Dr. 1ahn Final Exam 11 lForm A



Part 11l Long Answers (36 pts)  Show work where applicable for partial and full credit.

I A, Complete the following resction mechantsm.  Show all intermedistes in 31) {show the empty p

orbital if there is one during the reaction mechanism) but nol the ransition stale structiares. Show
eleetron pushing acrows and complotely drawn Lewis Dot {(or Kekule) structures for cach step of the reaclion
niechanism and the correet tegiochemistry and stercochemistry i required. (19 pls total. 10 pts this part)

{Mechanism means show all steps on the way to the praduct) A
TN A 9
5%5 x){\)!\ ’ /
. ] %
rf:('\ (a) I LL [t 7 (k>
CHAALE CILCH; by 1—O-H \ / N CQ}

@ b 7

oy
( /ﬁ\ﬁr e ggﬂ{&
%-T//P/@ L—&L'L/bﬂ(iﬁé/ﬂ'

[ /E}\ '?iﬂ'k

w2005 De Habn Fival Txam 11



B Draw an cnerey diageam which matches your reaction mechamism. abcel reactants, products. all
interimediates above in your meehanism with the letters (a), (b (¢}, ... eic, and then label your cnergy
diagram below. (4 s}

W

___'__'____,_,_.

-éi .

C. Does the reaction above tollow Markovaikeys Rule ? @(m}l(circlc a parcnthesis) Give any
version of the delinition of Markovnikov's Rule using a sentendesf two. (2 pis)

Them LA has, g}é%”(&f)
€ pdlddes ey b y MO Sl
Cowbowln M@ww\%{;ﬁ[egf

q
1). Ihere i3 a chiral center in e pmduct_ [= the chiral center racemic § {vesmo)  Lxplain. (3 pts)

?géd };,?_ _( 6‘3- (. bob écdj)%. ‘/‘“w”‘eﬂfzﬁ{a
o (D L W o Lo ILc)ﬂ

N Pito in S0 SU sl S
M m c

Organic Chemistry T Lecture Fall 2015 D, Hahn Final Exam I Form A 10



o, LeUs completely structurally identify the following molecule which you expect will be produced in
the reaction product that you have spenl a fall o year svnihesizing and purifying.  To fgure outit you
suceessiully made the product, we are going 1o do a thought experiment wo show what your spectra for the

melecule showld ook like.

i everything matches up {meaning you run the spectra and your spectra exactly imatch what you expect your
speetra 1o look 1ike). you can then dance in the street beoause you have completed your 10 step synthesis
which will allow vou to complete your doctorale afier doing some arm wavimg (v explain why vour malecule
is so important. (not really obviously because (his molecule is not reatly important but I i trying o make
this question as exciling as possible because | know that by now your brain has turned 1o mush alier al! the
hard work of studying for and compleling your cxant.)

and ne your grade will not be impacted by what voo want to de for the resl of your fife none oi my
business. {17 pls tolal}

Part I Mass Spectrac (4 pts)

Given the molecule helow, show vour caleylation ol the number for the molecular ion peak in a mass

spectrum. (4 pis ) H‘M
ey / C ‘q_ ) OI
NS DU 4 e

p(12) + €C) + 1= 5p

Pauri H:  Infrared Spectea; (4 ptst

Ciiven the melecule above, give at least 2 functional geoup TR peaks which you expeet based on the given IR
chart,  Give the number of the expecied peak and which part of e molecule would show that TR peaks (1 pt

per blank) ¢ __O
|I __"_ )
7L/f_{ U o emtlor _@éi,f_bﬁ xg /{ CoF ¢ ;'Cﬁ___ siretch or bend

ZIL;\OO f___,’7 ! (r e for ._QLJ:_. _ Q‘é_ o stretoh or bend
Cow'bsay & [ic acd

Organie Chemastry | Leetare Fall 2003 Dr. Hahn o Fina! Exam 1T Form A 11



Part I NMR Specira (9 pts)  (note: 1 eircled the parts of the medecule for the NMR part of this
guestion. I mean the protons inside the circles even thoueh some ol the circles also show other atoms
because it is hard to Just cirche the protons.)  Given the same molecule above from the MS and IR part ol
the question. explain the expected proton NMR specttum, Tty this complete all 3 parts A.B.C

ﬁ—(J @ {You do not need to show me the linal expected spectra just answert the AB.C.)
{ b ¢

(A) relative chemical shift (3 pts) Deaw the approximate relative chemical shifl of the protons in the
molecule using the labels {a.b,e) which [ have provided in the motecule above.

I -

s ke A

(B): imtegration peak afen (3 pls) F..'Al‘ain the approximale integration peak area for each proton NMR peak

A 7Y i

() coupling {nsing Znlt 1y (3 pis)  Explain the coupling lor cach ol the different proton NMR peaks by
giving the number of the nand plugging it into the equation 2n 1+ 1,

P ear (D nNgs v Q.tﬁ/‘!\ hoy s
f@,a_,u;@%-) N ')7/ 202} % fl> 4
Pl @ 3 = ) Z(Z)f Fi o 2

Oreanic Chemistry | lectare Fall 20053 Do Habhn Final Bxam 11 Form A 12



Final Fxam Organic Chem [ CHEM 340 Fall 15 12/18F Dr. [alm MWL lam Form B Tixam#

Sipn Name o _ Print Name o

{3 pt name above print & :-;ig(n If I can™ tell who vou are rom NO NAME asbove. | have to go back io the
cxawn tuking map and hope thal | can read your name on that or T ey end up with an exam with no identity
permanenily), (5 pts scantron name — it you don't bubbe in | get a grade with no name and | have to hold
everyone's finad grades until 1 [igure oul whose exam it is. ) 100 pts.12 pages + scantron sheet)

Please show work on all questions tor partial credit even on questions which do not specily. Mease write
legibly. T will only grade what [ can read (obviouslv). [ am nod going 1> make up an answer lor you
based on writing Lean'tread,  {use back of exam for serateh paper - I you want me (o grade something not
in the space [or the answer. clearly speeify im writing, Telling me during the cxam where 10 lind the answer
does not qualify because 1 will just vaguely remember semcone telling me something during the exam nol
which onc ol 2350 stadents 1old o wlat to prade on what page.) CG (0\/"

Cirele answer on this Toem Tor backup w the scantron,  There is ne partial credit lor showing work in the
multiple choice.

I all yuestions oo all parts of this exaumn. B is notegual to hydrogen but 1s an alkyl

l. Multiple Choice { 2 pt=cach, 24 pts) Choose the one best statement in each questiont. . There 18 no
partial eredit for showing work on the multiple chowe questions.

I, The clemend Go has hoay many ebal omber of electrons '

a1 4 elecirons
by 14 clectrons
¢l 72 electrons

@ 32 clectrons

2. Which of the lullowing statements correctly pertains o a pair ol cnantigmers 7

{a} They have dilTeren, melting points,

{} They rotate the planc ol polarized gl by diflering ameunts and in opposile directions

{<} They have the same melting points bt they have ditferent boifing points,

{dY Y hey rotate the planc ol polarized light by exactly the same amound ad in opposite directions.
They rotate the plane of polarized light by differing amounts and in the same direction.

3. A mwlecule with 4 pairs of VEEPRT electron pairs aroud (e central atom has:
a} trigonal bypyrimidal. 120" angle

EE triponal planer. 90" angle

tetrahedral geometry. 1093 anple
dy octahedral geometry, 1200 angle

Organic Chemistry | Lecture Fall 20015 Dre. Haha Uinal Exam 11 Form B 1



4. Which of the following honds is a covalent bond 7

ar Lial}

by [3aC)
5C0n

dy M2

3. A radics] reaction mechanism (s:

{a} Heterolytic

{h} Donte so as w prodoce the more stable pair of jons
[lenmiolylic

{d] Via hydrogenation

{e) None of the above

6. Choosc the best statement.  R—C=C—R reacts with the fullowing to give the product shewn:

H I
(@) Pt Ha R——}ﬁ/iﬂ
— il \H

R H
(b) PA! Cal O3 \c-—c <
Quinolone, Ha 11-/ \R
—_—
R

{c) L/ NH: ‘—<
— H

(d1 All reactions are correel.

R

H

7. Forreaction mechanisms which of the following are frue or the best statement

T
(a) Sul and 582 are both substitution reaction mechanism which results in dg alkendproduct,

L.

(b Se 1 and L] reaction niechanisms have 3 % st reacion nweehanism

@L‘Nj and B2 reaction mechanisms have bimolecular kinetics.

(d)y E1 aml 12 arc both elimination reaclion mechanisms which result in 4 subs :tﬁff,bn product.

fe) All ol the above are true,

Organic Chemistry [ lecture  Fall 2015 Dr Hafn  i“inal Exam Il FormDB



%, How many asyvmimetiic carbon atoms are present in the [ollowing compound ?

fa) 2
(b3
w) 4
idy 0

@1

O Given the following,
{a} ROy is a betier nueleophile than [1(YX
{b} RO 15 a better nucleophile than ROH

{c) HOY is a better nucleophile than HZO
{d} Nucleophilicity 1s interaction with carbon while Basicity 15 intcraction with hvdroaen

@)'ﬂl above statements arc trow.

10. For climination reactions choose the one best stadement.

|
™ . . - e .
@ﬁ%ulh the Bl and E2 reaction mechanism result in Zaitsev™s Rule producls

{b} Zaitsev’s Rule product is thisleast’stable alkene products

{c) Hollmzaon's Rule products are the fitdst stable alkene product

{3 All statements above are truc,

Organic Chemistry [ Leclure Fall 2005 Dr. Flaha Final Exam Il Forn B
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11, Choose the best slalemernt,

() There s oo coupling between carbon and another carbon in carbon NME because the natural
abundance of carbon 13 15 only 1.1% 50 there 15 almost never an NMI active neighboring carbon.

Sl ot vty gat G
{b) In IR spectroscopy the mm%@grggm is [300 cm™ to 400 em™ and the fmerpaat region g7

heiween 4000 coo™ and 1500 e’

{¢) Proton NMR has splitting i the coupling pattern is based on 2 n L+ 1 where § =% and n = number
ol neighbering protons.

-

@u} and §¢) are correct,

) All slatenents are comect.

12, For intermwolecular forces the peneral progression from strongest 1o weakest inlermolecular foree is

a3 Ihpolar = hydrowen bonding = van der Waals

Q)), Hydrogen bonding = dipolar > van der Waals
o) Van der Waals = hydrogen bonding = Jdipolar
dy MNone of the above is cormect.

Organie Chemistry [ Leeture  Fall 205 Dr. Hahkp Final Fxam I Form B 4



Part i, Short Answers (40 pts)

A Nontenclature: (2 ptscach. 6 pls)

I Civen the structural formwla shown below, mive the HPAC e of the molecule,

a. name — o o
i 2~ fmx%ﬁheg

CHa~—CH Cond

L’I I-CH=CH—E'11:

b. name 4 6 ﬁ Me/—{/}u)/( Z A@;’ “é,,{,ﬂ’f},lz S
S T (L“‘ f 2_}4@/}? {IW

ClrC .-{‘—_f,ll—-(llr"( H—{'H:;

@, l‘..lh Zh{:j B d; "~ -6,44\(9{]

2, Given the following 1TUPAC name., draw a structural tormula of the molecule (skeletal formula
acceptable, condensed structure, Lewis Dot structure aceeprable, molecular formula not aceeptable - don't
lorget 10 show the hydrogens in your fonmuola unless you are using the skeletal structure.)

3.53-dimethyloct-Z-ene

[cu; fouz
R e A

Organic Chemisury | Leeture Fall 2005 Dr. [labn Tinal Fxun il Form B3
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R. Reactions: Show the Organic Product for the following reactions by grving the structural formula of
the product. (skeletal formula. condensed structure. Lewis Dot structure are all aeceplable. Molocular
Formula is not acceplable.) [ NOT SHOW MECIHANISMS.

Circle the number of the 5 _reaction which you want counted. 1 vou do not choose, I will just grade the
livst 5 reactions. (2 pia cach. 10 pty total)

|
ClLI; \

C'H;
- / H . )
N _C—(C_C »

Ll

Ch, PQ;

) (AL Aty g
(‘H_:{.‘l—b\ /c} I ( L—'l,zr (4, CH;

— (1) THE: BH, h
Clla/ \“ (by L1202/ OFT C’j]"}} / .

/—-———w‘“\‘__-——-———-——f—ﬁ—%, ———— — -

3 ..
CHy CH H; R .
>‘<( I e St
I Cls Chs CHy (”H} L4 \
[ (e

——" ’ T

(i
?
s H-C=Cel, M50, b - é“‘- (.

7 R H™ H20 Hi// H)}

(¢ b
W miarke

Organic Chemistry | Leeture Fall 2005 Dr. Habn Final Fxam Il FormnB )



e —

] 1
3 CH;—C=C=CI; - Ha.Pd .{jj_‘jc____ A L+

wd
(i, Cly

—‘—-—\_.---ﬂ—"—-_‘_'_'_ﬂ""‘—-—-—"'""‘_

114D

C_l;.
6. 1-C=CCTLCH; KM, /g‘ /
~0

e
7. CHeCHBr + Mg"  THI _
—  CuyCia By

. Short Answers pant ol Short Answers: (24 pas)

1. a For the clement $b show the electron configuration for ail clectrons in the format 157, 267,
cocle U8 pes totaly {2 pts this question)

l - . ;_l_ Z . é % ,6 l 4 A f & !
99 j . N
b. For the same clement show the clectron conliguration for il valence clectrons in the same

format. (1 p1) ~ ] %
y§sT, 97

¢. For the same element, show the valence clectron configuration orbital diagram in the tormat:
R &) ¥ ele} using up and down arrows 1o represent cleetrons. (2 pts this question)

U B
05 or

d. Tor the same clement. what is the Froup number 7 L) ﬁ (1 pt

e. For the same element, what is the atomie mass 7 { 2 L ?QQ (1

f. btor the same clement, what is the atomic nember 51 {1 pt}
A0 T

Organte Chemistry 1 Lecture Fall 2005 Dr. Hahe Final Exam 11 Form B 7



2 Given the following energy diagram. (2 pr cach. total § pts)

4
e I
€] {//ﬂ\/ ' \ -

M C
A <

Reaction Progress
u) {low many steps is in the reaction mechanisim shown [{ 1% (2]@4}| {circle onch
In) Which of the steps 15 the stowest step [(17 step) {@ (3" step)id™ step)] (cirele one)

{note:  Just because | gave 4 potential sieps does nol necessarily mean that there are actually 4 steps — it
coufd be bess or mnore)

¢) Circle the label of all intlermediates 7 [[a}‘(h}l@(d} @’h'}] {eircle all that apply)

dy Circle the label of all transition states. |{a}@|{c} @J(e]@l (cirele all that apply)

ad

Anzwer the [ollowing by cireling one. 1o as many as all of the reactions mechanisms under each
letter. (4 pts. 2 pis cach leiter)

i A tertiary substrate 1s best for {82 (@1 @k @J {eircle alt correct mechanism)

b, A strong bulky base but weak nucicophile Frvors [(Sn2h (Sui). @.‘ {@'i {circle all correct
mecchanisim)

4. Given Lhe following molecule, draw ome structura] (also known as constitutional) isomers (4 pts)
L J etz il
(rpanie Chenrisery | Leciure Fali 25

Hahnn  Fimal Exam 11 Form 3



Part [TI1.  T.ong Answers (36 pts}  Show work where applicable Tor partial and lull credit

1. a- Complew the 1ollowing reaction mechanism. Show all intermediates in 3D {show the empty p
orbital if there is one duving the reaction mechanism) bot not the lransition slate structures. Show
cleetron pustung arrows and completely drawir Lowis Dot (or Kekule) structures for each step of the reaction
mechanism and the corveet regiochemistey and stereochemustry i required, {19 pls total, 10 pts this part)
{Mechanism means show all steps on the way o the product)

=
_._-———-T'_P
CHa Cl:Cl \I (b} Fl—r_3-H
LR

. “ - _lr
Organic Chemisiry ILLn:ctLlrc Fall 2005 Dr. lahn  Final Uxam | ]C/I~'onn 13 0



b I>vaw an energy diagram which matches yoor reaction mechanism.  Label reactants. products, all
intermediates above in your mechanism with the leéters (a), {b), (c), ... ete. and then label your cnerpy
diagram below. (4 pis)

(Lt (podigly

c. Does the reaction above Tallow Markovnikov's Rule '? @é‘uﬂliciﬂtic a parcnibicsis)  Cive any
version of the defimuon of Markovnikenw's Rule using, a sentencdof two. (2 prs)
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d. There is a1 chiral center in the product.  Is the chiral conter racemic Y{yespo)  Explain. (3 pts)
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2. Lel's completely structurally identify the following mokecule which you expect will be produced in
{he reaction product that vou have spent a hall a year synthesizing and purifying.  To flgure ow if you
successtully made the product, we are poing to do a thought experiment 1o show what your spectra for the

molecule should ook like.

[l everything matches up {imeaning you run Lhe spectra and your speetra exactly mateh what you expect your
spectra 10 look like). you can then dance in the street because you have completed your 10 step synthesis
which will allow you w complete your doctorale after doing some am waving 1w explain why your molecule
is so important. (ool really obviously becausce this molecule is not really important but 1 am trying to make
this question as exciting as possible because 1know that by how your brain has turned to mush after all the
hard work ol studying for and completing your exum .}

and no vour grade will not be impacted by what you want to do for the rest of your lile  none of my
business. {17 pts folal)

Part 1. Mass Spectra: {4 pls)

Chiven the molecule below, show your caleulation of the number {or the molecular wn peak in 3 mass

spectrum. {4 pis ) ’r

CI CHa-- C=C—H

W) +60) =S¢ = | tada
)N ﬁé%’t

Parl [T: Infrared Spectra: (4 pls)

Given the molecule above, give at least 2 lunctional group 112 peaks which you expect based on the given IR
chatt. Give {he number of the expected peak and which part of the mofecule would show that IR peak. (1

pts each blank)

L] OMO&; _ Z (() C | Cem! for Q = C‘ . _sretehor bend
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Part Il NMR Speetra (9 pts)  (noter | eircled the parts of the molecude for the NMR pari of this
question. I mean the protons inside the circles even though some of the cireles also sheny other atoms
hecause it is hard to just circle the protens.)  Given the same moleeule above Fom the MS and 1R part of
the question. explain the expected proton NMR speeium.  To do this complete all 3 parts AR, C

- [‘E(‘—@ {You do not teed to show me the final expecied spectra just answer the ADB.CY
T 1 /
a

b c

(A): relative chemical shift (3 prs) Draw the approximate relutive chemical shili of the protons in the
molceule using the labels (a,b.¢) which [ have provided in the molecule above.

I

(B} ntegration peak area ¢ s} Explain the approxima miggration peak area for each proton NMR peak

{l{_"}l: coupling (using 2nl+ 1) (3 pis) Lxplain the coupling for cach of the different proton NMR peaks by
g1viag the numbcer of the n and plugging it into the equation 2 n 1 + 1.

(&5 = 2o oy Wby
€ n=3 2094 1= 4
() ne 2 202)F 4. 3



Final Exam Organic Chem b CHEM 340 Fall 13 120817 Dr. Tlahn MW Spm Lxam# _

Sign Nume . Prnt Name . i
{5 pt name shove print &fsien — 1171 ean tiell who you are from NG NAME above, Thave o go back to the
exam laking map and hope tat 1 can read your name win that or Lmay end up with an exam with no 1dentity
permanently), (5 pls scantron name  1f you don’t bubble in 1 get a grade with no name and | have 1o hold
everyone's [inul grades until 1 Yigure out whose exam 30383100 ps, 15 pages + scantron sheet)

Please show work on all questions for partial eredit cven on guestions which de not specify. Please write
leibly. Lwill only grade what 1 can read {obviowsly). [om not going to make up an answer for you
based on writing 1 ean’t read.  (use back of exam for serateh paper Il you want me 1o grade something not
in the space for the answor, clearly specify in writing. Teiling me during the exam where to find the answer
does not qualily because | will just vaguely remembet someone ielling me something during the exam nat
which ane ol 230 students told me what to grade on whal pagze.)

Circle answer on this form for backup (o the scantron.  There is no partial eredit {for showing work in the
multiple choice.

In all guesiions on all paris of this exam, R is not equal (o hydrogen but is an alkyl.

I Multiple Choice {2 pts each. 24 pis) Choose ilic ene besi statement in each question.  There 13 no
pactial credit for showing work on the multipie choice questions.

1. Which of the following intermediates is thought to oceur in the mechanism by which alkenes are
hydrated in the presence of aeid ?

\rcarh{}cutinn
carbanion
¢} Iree radical
dy carbene
¢) alkvne

bt

For a given reaction. il A GY ix greater than vere (positive), then:

a)  The reaction is going downhill in enersy and will go to product.
The reaction 1s going really fast.

“The reaction is poiny uphill in enerey and witl not 2o W product.
Alb staternentys are Lrue.

) Al slalements are false.
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3. Oiven the fullowing.
(1) RO s ahetter nucicophile than HOY
(b} RO 15 a better nueleophiie than ROH
{c} TIOY is a better nucleophile than 1120

{d} Nucleoplulicity 1= imfersction with carbon while Basicity s interiaction with hydrogen

@z"dl above statcmenls are troe.

4. {'hoose the largest dipale moment among G bonds shown.
a) —L_1
a) €1 Cl
b Nl
I

5. Choose the tertiary alky! halide from the st below

a) CH:CH=C

{H:
b {_‘HJ,—}.‘H—JL'I

‘Ha
@CH_ —3r
(".‘H.;
113

4} CHChl> i‘ 1
I

&. Forntermolecutar forces the general progression from strongest to weakest intermolecular force is -

@ Hydrogen bonding = dipolar = van der Waals

boVan der Wanls = hydrogen bonding = dipolar
¢ Dipolar = hydrogen bonding = van der Waalg
dy MNonc of the above (s comect.

Organte Chemistiy T Lecture Fall 2015 D Haliy  Final BExem S5pmi Form
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What syntiwctic goal is achieved by subjecting an alkene to an oxymerciration-demercuration sequence ?

@Tarkuvnikuv addition ol H20 wherein skeletal reamangement 1s prevented.
Markovnikow addition of Hz0) whercin skeletal rearrangenient is promoted.
¢} Syn-hvdroxylation
dy Anti-Markovnikoy addition of H=0) wherein skeletal rearrangement is prevented
¢} Anti-Markevnikov addition of 110 wheretn skeletal rearrangement is promoted.

8. Which ol the lollowing statements is {are) true (or the compound (R)-2-butamo] ?
a} This compound has an cnantiomer
bl This compound is optically active. (:_" & h"‘C
This compound is chical. "_' Q
All of the above, [
el MNone of the abowe. L‘I’
9.

Given the following molecules, the most acidic proton, the cireled proton. in the siven molecule is

(a) R /®
Sy
R /®

e
I{/( \‘\"“R

© ) RC=C @

(d) All al the hydrogens aee equal in acidity.

10 Tor the 542 reaction mechanism.,

{a) [F you increase the concentration of the nucleophile by 2 times. the rate will increase by 2 times.
(k) If you deerease the concentration the substrate by ' times ihe rate will decrease by ¥ tmes
{c)

The concentration of the nuclenphile has no efleet on the Tate,

C/‘I {a) and (b} arc comrect

{e) {(2) (hy and (e} are all correct.

Organic Chemistey [ Leeture  Fall 2005 Dr Hlahs Final LExam Spm o Fon
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11. Choose the one best statemenlt,

{2y Wareacton follows Murkovnikey™s Rule for an alkene reaction, then the alkyne weaction will
follon abéiMurkm'nikm”s Hule.
_ . Lo
(B) Foran alkyne, 11 X (X = halogen). can oaly be added one time 1o result in ancalkene.
N i .
@‘thn you add water {using [1" and §[20) to an Adkyne. you get no reaction.
(dl When you add water w an Alkyne using the [g{OAC), vou aet an }\{ﬁ-Markovnikov additiom
which then does a tawtenmerism

12 Choose the best sunement,

@mmn NMR has splitting in the coupling pattern based on 2n 1+ 1 where [ — % and n- number of
ncighboring prolons.

(b Carbon NMR has splitting in the coupling pattem based on 2ol b 1T where | — % and 0 = aumber ol
neishbering {.‘,}Eﬂ{ns. £~ § {‘U"LS

{c) In LK spectroscopy the I'(L_ﬁ_-El?f:!Full ff(?i:ﬁ‘_t’pgiﬂﬂ is 1500 cm”! 10 400 cm' and the

r ‘-\ ] . _
nect printrecion 15
between 4000 co™ and 1300 6Ty o

td) (a) and (b are corvect,

(e All statements ane correel,

Organic Chemistry [ Leeture Fall 20015 Dir. Hahn Final Exam xpme Form 4



Fari 1. Short Answers ( 40 pts)

AL Nomenclatare: (2 pis each., 6 pis)

l. Citven the sionctueal formula shown below. give tha [HPAC name o the moleeule,

a. nanm: 1), E? 4 — .--’é'v’"! MMM{_ o
[

(‘I K . )
Cl |-~'“—£"j_(}i-lr'CH3 1@l

s 50,0 Ll

CH;

e G CALOVY I ekt pet o
fii_wi_ll }'uig.—:cr'rb !'\r._db O, é?’?ﬁg
v b= ethef

é(' — C//“\f (At

2. Given the Tollowing IUPAC name, draw a straclural formuda of the molecule {skeletal formula
acceplable, condensed structure. Lewis Dot struetwe acceptable. molecular formula not aceeplable - don't
forgel W show the hydrogens in your formula unless you are using the skeletal structure. )

4-bromabant-1-cne @Vﬁ
| -
t- 9 J7, / o .

H_

Organtc Chemistry | Lecture 1all 2015 Dr. Habr  Firal L:xeum spmt Form 5



B. Reactions: Show the Organie Produet for the fbHowing reactions by giving the structural formula of
the produet. (skeletal formuba. condensed structure. Lewis Dot structure are all acceptable. Molecular
Formula is not aceeptable.y DO NOT STTOW MECHANISMS.

Circle the number of the 5 _reaction which yom want counted. [ you do not choose, T wiil just grade the
first 5 reactions. {2 pts cach. 10 piy total)

(IH, L (%\_ C{:_\L\,/C (42

g CH O _ / :
L‘il_;/L TNCH: CHs K()I]} , 'ﬁ/%(/

2. CH—OT10 B /[\ //‘\/ &"“

3 CH; ClHCH,

Ay MUPBA
O3 \H >

a4 CHaL'T—C=C—H 2 mol [13r C U}C{ ) /L#

CH, My

5. Cll S—Br ¢ LiY ethe : -
T IS Ly 4 E
2
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1l /(.'H_; 7 C: G O: .
K,('— {:.7n Q .
TR Ha0 &HZ
T T —
/ﬁ\—’ﬁfﬂhﬁf o

iif

7. Clli—{=C—H Bil; THL . .
ff ™ 11200 11203, NaOH l.43 C ] I+

Ly % O prort. L
. Short Answers part of Short Answers: {24 pts)

_'| -
1. a For the ¢lement (L,’ show the electron contipuration lor 21l electrons in the format 157, 287,
etc { B ptstotaly (2 pis this question)

| : 2 7 £
Y UIE aft ug e dsh 2 b
Lo 0 —
95%, AT 5 P
b. For lhe same clement show the clectron conliguration for all valence clectrons in the same

format. (1 pt} T
; 7 i',, 7 7

¢ For the same element. show (he valence clectron configuration orbital diagram in the fermat:
1 vt ¥ __ ctc} using up and down arrows to represent clectrons. (2 pts this question)

59 Yz

d. For the sanwe clement, whai is the groap number i? ﬁ {1l pt)

c. Torthe same clement. what is the atomic mass ! J Lé 9 {1 pi)

[ For the same element, what is the atomic numnher C; ; {! pi)

Crganic Chontistry { Lecture Fall 2015 Dr Hahn Final Fxam Spar Form



2 Given the following encrey diagrant, (2 pt cach. wotal 8 pis)

i &
b /
) /_\/ f I
@ Y

e
mn I|
e &
r|t
|
¥ _ —
Heaction Progress
Y [How many sieps 15 in the reaction mechanism shown [(E) (2 @(4” {cirele onec)

by Which of the steps is the slowest step [{17 step) (2" step) @4”1 stepd] teirele oned

{note: Just beeause I gave 4 potential steps does not necessarily mean that there are actually 4 steps — it
could be less or more}

<l Circle the label of all inlermediates 7 [(a]_{h]@(d@ f3] {circle all ihat apply)

dy Circle the label of all trapsiiion states, [{al@](c@(e)@ {circle all that apply)

L)

Amswer the following by eircling one, to as many as afl of (e reactions mechanisms under each
fetter, (4 pts. 2 pts cach letien)

™y .
a. A sirong nocleaphide or higher concenirtion necleophile fovors {[(Sa20. (ST /T2 " {T:13] tcircle all
COrreel mechanism)

= ‘-]
b, Aopolar aprotic solvent favors @} {Sul }.@(l{ i3] teieele all correct mechanism)

Organic Chemistry T Lecture Fali 2015 De. Hahn Final 1:xam Spm Form 8



4 For the [pllowing molecule, conmlete the eorrect Newman projection for: {4 plsy  (point ol view
eye is shown) for the 2.3-dimethyihexane molecule using the 2 and 3 carbons s the 2 Newman projection
central atoms, | have shown the front carbon attachment bonds,  You have to draw in the correct
altachmeni W the Back bonds and show what 15 attached to the boads.

[ I

—3 (H:CH: CH~— — —'H;
&l Ol

Fowaest energy Newman Projection formula

Crganic Clenvistry octure  Fall 2015 Dr ilabn  Final Fxan Spm T
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Part [II.  1ong Answers (36 pls)  Show work where applicablu for partial and full credit.

Al Given the Tollowing reactant:  Assume that (he reaction undergoes an 5x1 reaclion
mechanism. Please show the entire reaction mechanism including cliectron pushing arrows.  Please show
cither the transition state or intermediate (depending on which is the correct one to show tor the
meehanism that you have) and the Organic Major Product.  Show (he reaction mechanism wsing a 3
structure including the empty p orbital if appropriate.  Show the denvation of e racemic or inverled
product as appropriate using vour 3 1) structuee, (18 pls this pan. 19 pts total y

CH,

ek LN

LY §
Pt © O CILCTL
af

ettt

L J

CH: CHe Cll

CLECHAHT {solvent)
7o

Organic Chemistry 1 Lecture Fall 2015 Dr. Nabn Final Exam Spm Torm 10



B. Write the rate Law lor the reaction mechanism using the aetual moldecule in vour reaction above,  If
vou write the rate {uw using the words substrate or nucleophile, Twill count off. (4 pis)

(it = JQ[ ufﬁ'*uf
Ci

Cu_

L

arfracemic {(.',[I'LT]L' U‘]'I'i;‘} {3 pt‘r}
Covbocaton 15 Ll 5o A
-+ I& WA

. Clﬁ] start the reaction will chiral cunle@;r 8Yas showi iz your substitution produet | (RY or {8)

1. Give the Fisher projeetion formula ol the expeeted product or products. (3 pLs)

Organic Chenistry T 1ecture tall 20103

Dr. llahn  Fingl Exam
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I Lels completely structurally identify the following molecule which you expect will be produced in
the reaction product that you have spenta hall s year synthesiziog and purifving,  To figure out if you
suceessiully made the product, we are going 10 do a thought experiment to show whal your speetra lor the
meleeul: should look like,

I everything matches ap {meaning vou run the spectra and vour spectra exactly match what vou expect your
spectra to look Bke). you can then duance in the street because you have completed your 10 step synthesiy
which will allow vou to compicte vour doctorate alter doing some arm waving to explain why your molecule
i3 5o importanl.  (not really obvicusly because this molecule 15 nod really important but 1 am trying 1o make
this question as exciling as possible because 1 know hat by now your brain bas turned to nwsh adter alf the
hard work of studying [or and completing your cxam.)

amd no your grade will not be impacted by what yon want 1o do for the rest of vour e - none of my
business., (17 pis total)

Part 11 Mass Spectra: {4 pus)

Given the molecule below, show vour caleulation of the number tor the moleeular ion peak in g maxs

spectrum. (4 pis ) g :
/mvwnuﬁﬂ
]

i Ces /JH O w

CHy Tt —€ ] L

%CIL)Jr () e+ =g
C Lt O &

P (Qm’dd/"‘ | ¢ ,

v h~ Y i A2

Part II:  Infrared Spectra: (4 prs)

Given the same molecule above, give at least 2 functional group IR peaks which vou expect based on the

given JR charl,  Give the number of the expected peak and which part of the moteeule would show that 1R
peak. (1 pts each BHanky

HOS0— (50 > (=0
_ﬂ? J%Q{;}_cm"[br O—LU ML_,MA {ji _ strcteh or bend

RGOS O T G s

Organic Chemistry | Leciure Fall 2005 1, | lahn

__ stredeh oi bend
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Part LIl:  NMR Spectra (9 pts)  (note: T eircled the parls of the moleeule for the NMR part of this
question. 1 meant the protons inside the civcles even though some of the circles also show other atoms
bucause 101s hard w just cirele the protons.)  Given Lhe same molecule above from the MS and IR part of
the question. explain the cxpected proton NMR speetrum. To do this complete all 3 panis AB. C

4 . .
: & @ @ {You do not need to show me the linal expected spectra just answer (he ALBC.)
Cl
N i

(A) relative chemical shill (3 pls) Draw the approximate relalive chemical shilt of the protons in the
maodecule using the labels {a,b.e) which T have provided in the molecuic above.

A S

¢ L

{B): nlegration plak area (3 pts

—_

Lxplain the approximate integration peak area for cach proton NMR peak

1 Zﬂ‘?’ Q Lt

(C): coupling (using 2nl 1) {3 pts)  Explain the coupling for each of the dillerent proton NMR peaks by
giving the number of the n and plugging it into the cquation 2 n [+ 1

O N7 Lo, ~l vgrpley

Organic Chemistry | Lecture  Fall 2015 Dr. Hehn  Final lxam S5pm Form 13



Final Exem Organic Chem 1 CHEM 340 Tald 15 12A8F D dlahn M WELLam Form A bxams

Sien Name . - Peint MNaie _ ~ i
{3 ptpame ahove print & sign — IF Leunt tedh who you are from NO NAME above. | have to go hack 1o the
exarm taking g o bope that 1 can read vour name on that or 1 may end up with an exam with no wdentity
permanently . {5 pts scantron name it you don't bubble 1 gela erade with na name and [ have 1o hold

cvervone's faal erades wtd] T ligure out whose exam ot is)01 00 pts. 12 pages b scanfron sheet)

Please show werk on all questions for partial credit even on questions which do not specily. Please wiile
lepibly, L will only grade what 1 can read (obvieusly). [ am not going to make up an answer fur vou
bascd on writing | can’t reud.  {use back of exam for scratch paper — I you want me 1o arade soneehing not
in the space Lor the answer. elearly speeify in wriling, Telling me during the exam whuere find the answer
dozs nol qualily because | wilt just vaguely remember soneone telling me something during ¢he exam oot
which one of 230 students told me what fo grade on what poge. )

Circle answer on this lorm for backup to the seantron.  There is no partial eredit {or showmyg work in the

multiple clumce.
In all questions on all parts of this exan. R s not equal W hydrogen but is an alkyl.

. Multiple Choice { 2 pls cuch, 24 pts) Choose (he ane best statement in each question. There 1s no
partial credil for showing work on the multiple choice questions.

1. Choose the best staternent.

)

(a3 Proton NMR Bas zplitting in the coupiing pattern is based on 2n 1+ | where E= ¥ and n — munber
af neighboring protons,

th) ‘Lhere is no coupling between curbun and another carbon in carbon NMR because Lhe matural
abundunce o carbon 13 &5 only 1.7% so there 15 almiost never an NMR active neighboring carbon.

{c) In LR speciroscopy the fanctional group region is 1300 cm’! 1o 400 em™ and the finger print reglon is
between 4000 cm™ and 1500 e

{clp (o) aned b} are coment.

ey All statemcnts are eorrecl.

2. Forintermolecnlar lorees the general progression from steomgest to weakest intermolecular lpree 1s

al [lydrogen bonding = dipolar > van der Waals
b} Wan der Waals = hydrogen bonding = dipelar
o) Dipolar = hvdrogen bonding = var der Waals
d} Wone of'the ahove s comrect.

Orgonie Chemistey T hecture Fall 2015 1Dy Fubn  Viral Exam 1T TForm A !



Lo

{it)
{1}
{c)
{d}
(v}

Orpanic Chemitstey [ Leciure Fall 20035 v Ha firy

Which of the fultowing bonds is a covalent tond

ap
by LuaCr
1 MgCl2
A L

The element Ge has how many iotal number ot electrons ™

a)y 72 electrons
B 32 elecirons
¢ 4 eleetroms

dy 14 clectrons

Which of the following stuleimenls correctly pertaing 1o a pair of enunuomers 7

{i) ‘They have ditlerent meling ponts.

(b) They rotate the plane of pelarized light by dilterng amounts and in opposite dircetions

{e} They bave the same melting points bat they have diflerent boiling points.

(d} They rotate the plane of polarized light by exactly the same anount and in opposite directons.
{e) They rotate the plane ol polarized light by differing amounts and in the same dircction.

Given the following,
fay RO is s beter nueleophile than HOC

() RO is a better nucleophile than ROH

f¢) 110 15 a belter nucleoplile than H20
{dy Nueleophilicity is interaction with corbon while Basicity is interaction with bydropen

{3 All above stalements are true.

Acradieal redcliem aeehanesm s

Via bydrogenation

Done soay 1o produee the more stable poir of lons
Flomaolviice

Heterolviic

None of the ahove

Final I4xom It Form A



5. Clisose the bost sirent. B—C _C—¥ reacts with the following o give the product show:

[4 I
ta) Pdf CaC0 Ij::;>4;_(;f”’”4
I g

{Juinolone. Ha

— 7
I ~R
(hy  LifNH:
— IP/K k“\H

E 1
(¢) DU Rf;}-%{—a
M “H

(d) All reactions are comect,

Y, JVor reaction mechanisms which ol the fullosing are trae ox the best statement

(ay E1 and 1°2 are hoth eliminatfon reaction mechuamnisnis which resudt in a substitution producl.
(b3 Syl and 5.2 are hoth substitwtion reaction mechanizm which resalis bnoan abiene produet,
() Syl and F | reaction mecharisms have 2 one slep reaction mechamisin

{dy Sn? and 12 reaction mechanisms have bimolkecalar kKingtics.

() Aldl of the above ae true.

10.

-

How many asymmetric carhon adonms are present i the tollowing compouid

ﬂii.!e'j'rnfl

Hi ™ HCT):

{u) ()
ihy |
(e 2
(dy 3
(e} 4

Urganic Chensiey Flectire Fall 2005 By Habn Finad Feam I Fomr A
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b1 A moleeuls with # paits of WHUPRT clectron pairs around the contral aom fias.
a) trivonal hypyrinidal, 120" angle
by trigonal planer. 907 angle
¢} teteahedeal peometry, 1093 angle
d} octahedral geometry, 120 angle

12 For climination reactivms cloose the one best statenwent.
fat) Both the E1 amd E2 reagtivn mechanism result in Zaitses s Rule products
{h} Hoffmann’s Rule produocts are the most stakle alkene product

(o) Zailzey s Bule produet is the least stable alkeiwe produsts

redy) Al stademenls above arc true,

Organie Choemistry [ Lecture Fall 2005 Br, Hiho o Figal Fxam I Foenn A



Part 1E Short Answers (48 py)

M Nomenclaore: (2 ps eacl, 6 pis)

1. Given the streetaral formula shown below, give the IUPAC nune of the molecule.

a. Caurm o _ _
'ﬁ”‘:l-_‘-.
1

CTL——CH —€ HE ]

%‘H-—"CH:—{'I Is

Clis

b. nam:

K

("FR( "Ha— " H = H T - ]
e '1_0/[
3] \f'H 5

2 Given the ollowing ITUPAC nome. draw o steactural formula of the molecule (skeletad formula

aeceptable. condensed structure. Lesvis Dot strueture aceeptable. moleeular formula not acceptable - don'L
lurget Lo show Lhe hydrogens 1o yowr Tormuoda unless vou are wseng the skeletal strueture. )

2-chlorphex-3-vne

Organie Chemisty | Lecume Pall 205 Dr Ikha Final Fxan I Jorm A



3. Keactione: Show the Orsanie Prodact Tor the following vepetous by giving the structural femuls of
the produet. (skeletal formuda, condensed stracture. Lewis Dot structure are all acceptable. Meleeular
Fonnula is not acceptable.) DO NOT SHOW MUCHANISMS.

Circle the number of the 5 rcaction which you want counted. 11 you do not choose. I will just grade the
first 5 reactions. (2 pts each. 10 pis total)

1, ' id

Bl: —_—

(-,/ A
ChiaAHa \('n_}{'x 1] 1= H:

2

Cll; {‘Ha\ 3!

)‘=C/ H--O-1§
. _

CHs \("H}-E.‘H:—C Lz H”

3. Ol CAH0H hot Khn{4. OI

PR3
_._l
CH; Ol
et
/\L‘ ol CH: |
: i
¥ ™, Zn(Cu)

s ClIWCH—0H 50C1:
——

Orgamic Chemistry T Lecture Fult 3015 D MHahn Final Fxam [ lom A é



£x.

H— =" 1 males (1]

. 20— I mol Cl=
—_——
. Short Answers part of Short Answers: (24 pls)
— . - . - A 3
I, a Eor the element Ge show Lhe electron configuration for all electrons in the format 157, L

Coele (R opts weall {2 pts this question)

b, For the same clement show the ekectron contiouration [or ull valence clectrons (o the sume
format, {1 pt)

c. For the same element show the valence eleclron configuration orbital dingram in the foemar:
! +"‘_ 4 cled using up und down arrows w represent eleclrons. (2 pis this question}

-

Ia ]
d. Vtorthe same clement, what is the group pumber ] p0)
¢, For the same element, what 15 the atoimic mass ? {lpn
t. Forthe sume element. what 15 the atomic numbey ? (fpl)

Organic Chennstry [ Lectuee Fall 2015 D ilabn Final Exam Il Form A



Criven e Fobtowing vinry diugram, (2 pteach. total § pis)

1
| f’f\/ <
) e
L | I .-

Reaction Progress

al [fow muany sleps 15 i the reaction mechanism shusen |00 (CL3] (edrele ones)
el Which of the steps is the slowest slep [{1F step) (2 grep) (3% slepi ™ step)] (eircle ons)

(mole: just hecause T gave 4 potential steps docs oot necessarily mean that there are actuzlly 4 steps - 1L
cnuld be less or morc)

) Cirele the label of all inteemediales 7 [GoLb)te k(e 0 f teircle all that apply)
dy Cirele the Tabel of all transition states. [(apbHedie D] (eirele all that apply)

-~

2}
letter, (4 pts, 2 pts cach Lewer)

Answer the [ollowing by cireling vne. to as many 45 all of the reactions mechamsms under gach

A tertiary substrale 15 best for [{Su2k (S~ 1h (E2) (R faele all correct mechanism)

b. A strong bulky hase hut weak nucieophile lavors  [(8:2) (Sad) (L2 (E1] deirche all corect
mmechanism)

Given the following meleculbe. drawy ome structural {also known as constitutional) isomers {« pts)

/\/\5/

Orgame Cleotsty ! Lecture Fall 2005 De Tlabn Final Fxam 1T Farm A



Tan 1T Lone Aaswers a6 pel Sl work whers applieable tor partial and Ll credit

i A. Complete the Tollowing reaclion mechanism,  Show all intermediates in 3D (show the emply D
arbital if there is one during the reaction mechanism) but ot the romsiion ste structines.  Bhow
clectron pushing arrows and compluiely drawn Lewis Dot for kekule) structoves for each step ol the reaclion
mechanism and the correct regiochemistry and slereochemistry if tequired. (19 pls total, 10 s this part}

i Muechanism means show all sieps on the way Lo the product)

H\ ) 1/('[I_a

.—{.\ fa) H'
e -
C'Hsx4"H- CHACO1

Organic Chemistry 1 Lecwre Fall 2005 )3 Hahn

Flaal Vxam 1T Furin A 9



abel reactants, producs. ull

3 Traw an cucrry dlagram wick duarches yous reaction meehanism.
d then lubel your energy

intcrmediates above in your neckanism with the ketlers (ad {D), (€Y, ... ele. an

diogram bolow. (4 pts)

. Doey the reaction ahove follow Markovaikov's Rule 7 [{vesHuodjicircle a parenthesis)  Give any

version ol the definition ol Markovnikev s Rule using o senlence or two. (2 pls)

I There 1s o chiral center in the praduet. s the chiral center racemie ? (yesno} Explain. (3 pes}

Organic Chemistry DLeeture Fall 2015 De Hahe Final Fxam Il Form A
EREH 4



. Lot s comphetaly struetaratly Wentify the fodlowing molecule which you cxpect wifl b produced in
the reaction product that vou have speota half a vear synthesizing and purifving.  To figure outil you
suecessfully made Lhe product. we are going w do i thought experyment 1o shaw what vour specira for the

molecule should look 1ike.

1 everything matches ap (meaning you run the spectra and vour spectra exactly match what vou expect your
spectra 10 look like). yon can then dance in the street because you have completed vour 10 step synthesis
which will allow you to complete your doctorake after dolag some anu waving o explain why your malecule
is so imporant,  (not really obviously because this molecule s not really important but Tam tryiog lo make
this question as exciling as possible because Thnow that by now your brain has tamed to mush after all the
hard work o studying or and completing your exam. )

and no your grade will ot be impacted by what you want o do Lo the resl ol your life - none of my
husiness. {17 pls total)

Part I. Mass Speetras {4 pls)

Given the moeleculs below, shiow vour caleulation of the number for the molecular fon peak in a mass
speetrum. (<4 pts )

{
] I;-CH:-—{{-(J- H

Part 111 Infrared Spectra: {4 pts)

CGiven the molecule above, give i least 2 Tunctioml proup 12 peiks which you expeet based on the given TR
chart. Give the nwuber of the expected peak and which part o the molecule wonld show that TR peaks (1 pt
prer Blank

ot i
e Jor o stretchior bend

S .
—_—— e emT or - ~_stretel or bed

Organic Chemistv | Leeture Fall 2015 D, Hahn Froal Exam 1T lom A It



Pt M1 BMM Spectra (@ pisy (e 1 eirebad the parts ot the molvewle for the NMR parl of this

question. [ mean the protons inside the gircles even though some ol the cireles also show othur atans
because it s hard to Just ¢irefe the protons)  Given the same molecule above from the MS and IR part of
the question, cxplain the expected proton NMR spectrum. To do this compicte all 3 parls ALBL €

ﬁ—'U {You do not need to show me the fmad expected spectra just answer the AB.C)
L[l b ¢

{A}: relative chemical shifi (3 pls) Draw the approxnmite relative chemical shift of the protons in the
rmelecule using the kabels {ab,e) which I have provided in the melecate above.

(13):  integration peak area (3 plsh Lxplain the approximate integiation peak area for cach proton NMR peak

(C): coupling {using 2nl+1} (3 pts}  Fxplain the coupling lor cach of the difterent proton NMR paiks iy
giving the nwmber of the powal plugg

ig it into the equation 2 n 1+ 1,

Organic Chiemistry Mocewre Fall 205 D flahn Final Fxam N Torm A 12



Fina! Exam Organic Chemn | CITEM 34 Fali 15 12/18F  Dr. Hahn MWF1lam Form B Exanet

Sign Name . __ . PrimName
(5 pt name above print & sign — If { can’t tell who you are from NG NAME above, [ have to go back Lo the
exam taking map and hope that | ean read your name on that or [ may end up with an exam with no identity
permanently). {3 pts scantron name —if you don’t bubble inT geta grade with no name and I have to hold
evervone's final grades untl [ figure out whose exam it is.)}( 100 pts.12 pages + scantroir sheet)

Please show work on all questions for partial eredit even on questions which do not specify. Please wnite
legibly. Twill only grade what I can read {obviousky). Tam not going to make up an answer for you
based on writing [ can't read,  (use back of exam for scratch paper  If you want me to arade something not
in the space for the answer, clearly specify in writing, Telling me during the cxam where to {ind the answer
does nol qualify because 1 will just vaguely remember someone telling me something during the ¢xam not
which one of 250 students told me what o grade on what page.) Ca { O

Circle answer on this form for backup to the scantron.  There is no partial credit for showing work in the
multiple choice.

In all questions on all parts of this exam. R is nol equal to hydrogen but is an alkyl.

L Multiple Choice { 2 pts cach, 24 pts) Choose the one best statement in each question. There is o
partial credit for showing work on the mulliple ¢hoice guestions.

1. The element {te has how many (otal number of clectrons ?

a) 4 clectrons
by 14 glectrons
Y 72 electrons
d) 32 electrons

2. Which of the ivllowing statements correctly pertains to a pair of enantiomers ¥

{a) They have different melting points.

(B} They 1olate the planc of polarized light by differing smounts and ia opposite directions

(¢} They have the same melting points but they have different boiling points.

(d) They rotate the plane ol polarized light by exactly the same amount and in opposite directions.
{c} They rotatc the plate of polarized light by differing armounts and in the same direction.

3. A molecule with 4 pairs of VSEPRT electron pairs around the central atom has:
a) trigonal byvpyrimidal, 1207 angle
b} trigonal planer. 90" angle

¢} tetrghedral geometry, 109.5% ungle
d) octahedral geometry, 120 angle

Oraapic Chemistiy T Tecture  Fall 2005 Dr. Hahn Final Exam Ii TormB 1



4,

5.

{a)
(k)
{c)
(d)
(e}

6.

Which of the following bonds is a covalent bond 7
a) Liz0
b} Ba®

¢y 8Os
d) MgCl2

A radical reaction mechanism is:
Haterolytie
Done 50 as to produce the more stable pair of tons
Homolytc

Via hydrogenation
None of the above

Choose the best statcrnent.  R—C=(-R reacts with (he lollowing to give the product shown:
H ’__('/H

(a) Pt Ha R/% —R

—_—— “H

R
{b) Pd/ CaC0)s \(_‘
Quinoelene, Ha H- ~
—

<<,

R
(¢) Li/ NH; :C<qR
— I Y

{d) All reactions are correct.

For rcaction mechanisms winch ol the following are true or the best statement

{a) Sl and Sny2 are both substitution reaction mechanism which resulis in an atkene product.
{b) Snl and E1 reaction mechanisins have a one step reaction mechanism

tc) Sn2 and E2 reaction mechanisims have bimoelecular kinetics,

{d) L1 and L2 are both elimination reaction mechanisms which result in a substitution product.

(&) All of the above are trie,

Organie Chemistry 'Lecture  Fall 2015 Dr. Hahn  Final Txam Il FormB



8. How many asymmetric carbon atoms arc present in the foliowing compound 7

.1«'“: ]

s “‘4 HECH)2
H:

(a} 2
{b) 3
{c) 4
(dy 0
fed 1

9. {mven the following,
(a) RO 1 abetier nucleophile than [IC0
{b) RO 1s a better nucieophile than ROH

(¢) HO s a better nucleophile than H2O
{d} Nucleophilicity is intcraction with carbon while Basicity is interaction with hydrogen

{e} All above statements are truc.

10. Fer elimination rcactions choosg the one best statement.
{a) Both the E1 and E2 reaction mechanism result in Zaitsev's Rule products
{b} Zaitsev's Rule product 7s the least stable alkene products
{c) Hoffmann's Rule products are the most stuble alkene produet

{d) All staternents above are true,

Organic Chemistry [ Tecture Fall 20015 Dr. Hahn  Final Exam Il FormB
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11. Choose the best statcment.
(a) There isno coupling between carbon and another carbon in carbon NMR because the natural -
abundance of carbon 13 is only 1.1% so there is almost never an NMR aetive neighboring carbon.

{b) [n IR spectroscopy the functional group region is 1300 em™ to 400 em™ and the [inger print region is
between 4000 e’ and 1500 em™.

i) Proton NMR has splitting in the coupling pattern is based on 2 6 [ + | where i = "% and n = number
of neighhoting protons.

{cd) (o) and (¢} are correct.

(&) All statements are correct,

12. For intermolecular forces the general progression [fom strongest to weukest intermolecular foree is ©

a) Dipolar > hydrogen bonding == van der Waals
b Ilydrogen bonding > dipotar » van der Waals
¢} WVan der Waals > hydrogen bonding > dipolar
d) None of the above is correct.

Organic Chemistry [ Leclure  Fall 2005 Dr. Habn  Final Exam 11 Form B 4



Part I1. Short Answers { 40 pis)

A Nomenclature: (2 pts cach.  § pis)

L. Given the structural formula shown below, give the IUPAC name of the molecule.

a. name - -
“H;

CHy—C1!

"H+CHa-CHr€H;

b, pame
115
CHyC=C—CH—CH—CH—CH>
&L
2

2 Given the following [UPAC name, draw a structural formula of the molecule {skeletal formula
acceptable, condensed structure, Lewis Dot structure acceptable, molecular formula not aceeptable - don't
forpet to show the hydrogens in your formula unless you arc using the skeletal structure. )

3.5-dimethvloct-2-ene

Orgamie Chemistry | Lecture Fall 2005 Dr, Hahn o Final Exam 1V Form B



B. Reactions: Show the Organic Product for the tollowing reactions by giving the siructutal formuda of
the product, (skeletal formula, condensed strucinre, Lewis Dot structure are atl acceptable. Molceular
Formula is not acceptable.} DO NOT SHOW MECHANISMS.

Circle the number of the 5 reaction which you want counted. 1t vou do not choose, I will just grade the
first 5 reactions. (2 pts each, 10 pis toal}

1
CH; /('H_';
>‘—c 11
1 \cr LOHL
2

CH; CH\: C/CI—I
{(a) THF: BH;
\u (b} H20: / OH"

¥

3

CH; CH /CH;,

=i Br
—_—
H {HzCHz: CH;j

€ H—C=C {CH; HeS0y
H', H=0

—_—

Organic Chemistry ! leeture Fall 2015 Dr. Hahn Final Exame il TormB 6



3. CH Tz C-CHa H., Pd
4. H—U=CCHOH;  KMnOu

—_—
0!

7. CH:{HzBr + T‘v"fg“ THF
—_—
C. Short Answers part of Short Answers: (24 s}

1. a For the clement Sb  show the eleciron conliguration [or ail electrons in the format 1s%, 2%,
. ete (8 pts wetaly (2 pts this question)

b. For the same element show the electron conliguration for all ¥alence electrons in the same
format. (1 pt)

r

¢. For the same clement, show the valence clectron configorarion orbital diagram in the format:
{4t ¥ ete} using up and down arrows to represent electrons. (2 pts this guestion)

Is s
4. For the same element. what iz the group anmber {t pt)
e. For the same elemeni, what 1s the atomie mass ? (I pt)
f. For the same element, what is the atomiec number ? (1 pt)

Organic Chemistry [ Lecture  Fall 2005 Dr. Hahn  Final Exam i1 FormB



2. Given the following enerpy dingram. (2 pteach. total § pis)

4
b /’\ 0
Y

2|
rt
g
v!
Reaction Progress
a) How many steps is in the reaction mechanism shown (1), (2X3K4)] (circle one)

b) Which of the steps is the slowest step [(17 step) (2" step) (3 step)(4™ step)] (circle ove)

(note: just because T gave 4 potential steps does not necessarily mean that there are actually 4 steps — it
could be less or mor}

c) Cirele the label of all intermediates 7 [(a){b){c) (d) (¢} (D] {circle all that apply)

d) Circle the label of all transition starcs. [(a) (b) (¢} (d) (¢} (F) ] (¢ircle all that apply)

Answer the following by circling one. to as many as all of the eactions mechanisms under each
letter. (4 pts. 2 pts cach letter)

L2

a. A tertiary substraie is best for [(Sk2), (Sn1). (E2). (E))] (circle all correct mechanisim)

b. A strong bulky base but weak nuclcophile favors  [(Sn2), (Sn1), (E2). (ED)] (circle all correct
mechansit}

4. Given the following molecule, draw one structural (also known as constitutional } isomers (4 pts)

PPN

Organic Chemistry [ Lecture Fall 20015 Dr. Hahn  Final Exam Il FermB



Part Il Long Answers (36 pts)  Show work whete apphicabte for partial and tisll eredit,

1. a. Complete the following reaction mechanism. Show all intermediates in 3D (show the empty D
orbital if there is one during the reaction mechanism) but not the transition state structures. Show
clectron pushing armows and cormpletely drawn Lewis Dot (or Kekule) structures for each step of the reaction
mechanism and the comect regiochemistry and stercochemistry 1f required. {19 pts total. 10 pts this part}
{Mechanism means show all steps on the way to the product]

CH;Cliy 1
\ - /I o
/I‘ \H .
CH; CHxCHz (b} H-—O-I1

Organic Chemistry T lecture Fall 2005 Die JTuhn Final Exam 11 TFomn 3 9



b [Iraw an enciey diagram which maiches your TRacan mechanism,  Label reactants, products, all
intermediates ahove in your mechanism with the letters (a), (b, (¢), ... etc. and then label your cnergy
diagram below. (4 pis)

. Does the reaction above follow Markovnikov's Rule 7 [(yes)no)Kcircle a parenthesis) (ive any
version of the definition of Markovnikoy's Rule using a sentence or two. (2 pts)

d. There is a chiral center in the product.  Is the chiral center racemic 7 (yesno) Explain. (5 pts)

Organic Chemistry | Lecture  Fall 2015 Dr. Hahn  Fina! Exam il Form R
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2 Letvs compietdy structurally identify the following motecule which vou expeet will be produced in
the reaction product that you have spent a hall a year synthesizing and purifying. To figure out if you
suceessfully made the product, we are going to do a thought experiment to show what vour spectra for the

molecule should look like.

If cverything matches up {meaning you run the speetra and your spectra exactly match what you expeet your
spectra to look like), you can then dance in the street because you have completed yvour 10 step synthesis
whick will allow you to complete your doctorate after doing sorme arm waving to explain why your molecule
is so important. (not really obviously because this molecule is not realiy important but [ am irying to make
this question as cxeiting as possible because 1 know that by now your brain has turned to mush after afl the
hard work of studying for and completing vour exam.)

and no your grade will not be impacted by what you want to do for the rest of your life — none of my
business. {17 pts total)

PartI:  Mass Spectra; (4 pis)

Civen the molecule below. show vour caleulation of the number for the molecular jon pezk in a mass
spectraum. {4 pts )

CH: CH:—C=C—H

Part II: [nfrared Specira: (4 pts)

Cliven the molecule above. give at least 2 functivaal group IR peuks which you expect based on the given IR
chart. Give the number of the expected peak and which part of the molecule would show that TR peak. (1
pis each blank}

e tor . streteh or bend

oyl
_om’ fiw stretch or bend

Organic Chemistry [ Lecture  Fall 2015 Dr. Hahn  Final Fxam 1! Form B 11



Pan 11:  NMR Spectra (9 pts)  {(noter | eircled the pants of the molecule for the NMR part of this
Guestion. | mean the protons inside the cincles even though some of the circles also show other atoms
hecause it is hard to just circle the protons.}  Given the same molecule above from the IS and IR part of
the question, explain the expeeted proton NMR spectrum. . Te do this complete all 3 parts AB, C

TE(_‘—@ {You do nit need to shew me the final expected spectra Just answer the ABLC)

& b c

(AY relative chemical shift {3 pts) Draw the approximate relative chemical shift of the protons in the
molceule using the labels (ab.c) which 1 have provided 1n the molecule above.

(B): integration peak area (3 pis) Explain the approximate mtegration peak area for cach proton NME peak

{(Cy: coupling (using 2nl+1) (3 pts)  Explain the coupling for each of the different proton NMR peaks by
giving the number of the n and plugging it into the equation 2 1 + 1.

Organic Chemistry I Lecture Fall 2015 T Hahn  Final Exam Il FormB 12



Pl Exam Organie Chom L CHEM 340 Folt (5 1281 De. Hahn M W ip Lixam#

Slgn Name _ Prine Nanwe

(2 pt e abose -pri nt & sien — [T et el who vou are from NO NAME above. Lhave 1o go back w (he
cxam laking map and hope that 1 can read your name oa that or T may end up with an exam with no identity
permanently . (5 pts seantron name - if you don’t bubble in Tgeta grade with no name and | have to haold
everyone’s final grades until 1 figure onl whose exam i 15.)(100 pts. 13 pages + scantran sheet)

Please show work on all questions for parlial credit even on questions which do not specify. Phease wille
lepibly. Ewill enly grade what | ean read {obvivaslv). 1 an not going 1o make up an answee for you
hased o writing [ can'tread,  (use bagk of exam for serateh paper — I you want me to grade something not
in the space Lo the answer. elga rly specify in writing. Telling me during the exam where o find the answer
does not qualify because |will just vaguely remember someonc welling me something during the xam not
which one of 230 students wld we what to grade on what page.)

Cirele answer on this form For backup to the scantror. There is no partial credil for showing work m the
rmultipte choice.

In all questions on adl parts of this cxam. B is not equal to bydrogen but s an alkyl.

I. Multiple Chotce (2 pls each, 24 pis) Choose the one best statement in cach question. There is no
partial credit for showing work on the multiple choice guestions.

1 Which of the fullowing intermediates (s thought 1 oceur in the wechanism by which alkenes are
hvdrated in the presence of actd 7

a) earbocation
b1 carbanion
¢) free radical
d} carbene
e} alkyue

I

For a given reaction. i'a G is greater than zeco {positive), then:

a) The reaction 15 geimg downbill o cnerey aod will go o product.
by Fhe reaction s goimg really fast.

¢} The rescion is going uphill i energy and will not go to product.
db AN siatements are tre.,

¢} Adl statements are Talkse

Organte Chemistry | Lecture Fall 2005 De. dlahn Fioal Exam imm Form 1



Ll

Given the following.
(a) RO isa better nucleophile than TTCY
10y BROY 1o betber nogleapiile than RO
tey HICY is a better nucleophile than H203
{dd) Nucleopailicity is interaction with carbon wlile Basicity is intermcton with iydrogen

(o) All above statenments are Lrue.

4. Choose the largest dipole moment among the bonds shown,

ay (7l
ay Cl—Cl
hy N--Ci
oy C—T

]

Choose the tertiary alkyl hadide from the list below
ay Cl:CH:=Cl

CH:
b) CTT

'H;
ey CHis-—{3r
(J‘H_a

C'H;
4y CLLE lrii"{{'i

0. For mtermolecular forces the general progression Trom strongest (o weakest inteemolecular foree is

a) flydrogen bonding = dipolar & van der Wauls
by ¥an der Waals ~ hydrogen bonding = dipolar
ey Dipadar = hydrogen bonding = van der Waals
d}y None of lhe above 13 correct.

Orgamic Chemistry [ Loclure Fall 2005 Dr. Haln Final Exwn 3pm Form
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H H H 1 - Y CARTRRETN I 2 gt g g
7. What synthetie soal is achisved by subjecting an afkene to an oxymercuralion-geme relralion sequence: -

a1 Marckovnikov addigon of P00 wherein skebelab rearrangement is prevented.

by Markovoikow addition ol Ha0 wherein skeictal rearsanaenient is promoted.

¢ Syn-hvdroxyvlation

4y Anli-Markovnikos addition o Ha0 wherein skeletad rearmangement is prevented.
ey Anu-Markovnikov adidition of PO wherein skeletal rearmngement b5 promaoted,

. Which o the following statements is fare} true for the componne {RY-2-butanol 7
ay This compound has an enantiomer
by This compoeund 15 opuicadly notive.
¢y This compaund i chiral.
dy Al oo the above,
¢ None of the abwowve.

9. Civen the fallowing molecobes, the most uctdic proton. the circled protwn. in the given molecule js:

a) R
R R
&

kD

N
v g

(e R—C=C @

tdd Allof the hydrogens sre cyual in acidity.

1Y For the S42 reaciion mechanisn.

{a) [F you increase the conecntralion of the nucleophile by 2 imes, te rate will ncrease by 2 traes.
(1) If you decrease the conceniration te substrute by 4 dimes the rate will decrease by 4 times,
ic) The canceniration ol the nueleophile has oo 0ect an the mate,

£ tad and {B) are correet

(e} () (b)) and {e) are all correct,

Organic Chennisery 1 Lecture Fall 2015 I3, Hahn  Final Exam apm - Form
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11, Uhooae the one beat statement.

{2y 1 areaction lollows Mackovnikov™s Rule for an alkene reaction, then the alkyne eeaction will
follrw anti-Markovnikov's Rule.

(b} Poran alkvne 11X (X = halogen). can ondy be added one (me (o result i an alkene.
(e} When yvou add water (using HY and Hz00p o an Alkyne. vou pet no reaction.
[y When you add water to an Alkyoe using the [e(OAc):. yvou get an anl-Markovnikow addition
which then docs o laeloowttsn
12 Choose Uwe best stalemend.

{11 Proton NMR Las splitting 0 the coupling patteen based on 2o 001 where 1= % and n = number of
neighhoring protons.

{b} Carlion NME has splitting in ibe coupling pattern based on 201+ 1 where 1 = ¥ and n = number of
ncighbornng carbons.

{¢} In IR spectroscopy the lunctional growp region s 1300 em™ 1o 400 cm™ and the Ginger print region is
between 3000 cm™ and 1500 cm'

{e¥ (ad amd (b)Y are correct.

(e} Adl statlemonis are comreel.

Orgamic Chemtetey Tlecture Fal] 2003 Dr Hahkn  Final Exam Spm Yo 4



Prary 11 Sluert Arnseeers 4 10 sy

A Nomenclature: (2 ptscach. & pis)
L. Given e steuetural ormula shown below, vive the TUPAC nunie of the molecule.
a, name __ _ _

EHT S

1
|
CHle— O C =T
Ol € H:
Clls

k. naw

Cll;
f‘Hr{&'I—E--(i'H——(_';(‘—‘H—
N

2 Given the following IUPAC name. drav o stroctoral formula of the molecule (skelelal formula

aceeplable, comdensed structure. Lews Dol strueture acceplable, mwlecudber formula not acceptable - don't
lorzel lo show the hydrowens in your [omiuka unless vou are wsise e skeletal stroctuee. )

4-bromabut-1 -cne

Organic Chemistry 4 Lecture Tall 2005 1, Hahn o Final Fxam Spm Foim
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is. Foenetivns. Show the Organic Produet for the {ollowing reactions by giving the straceural formuia of
the product. {skeletal formula. condensed structure. Lewls Dot structure are al) acceptable, Meolccular
Formuda is pot accepiabled 1O NOT SHOW MECHANISMS.

Circle the number of the 5 reaction which you want counted. 1 you do not choose, 1 will jusi grade the
first 5 reactions. {2 piycach. 10 pts wotal)

1
(‘H\ /cm
/L---(_‘:" CHECT
s’ NCIR Ol ROl
2. CH—CH=—11; Br:
—_—
[ £k all manohaloperstion prouct-]
3 {H; CH2 CH;
'—(‘/ MOTPBA
{H; \i i »
4. CHaLT~C=C—1F 2 mol HDre
—_—
R
5. CHe—t——pr — 13" et
NSF E——
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CHy  ACT0

=7 O Zn
[ \(_ H: -0

7. {He—C=C—H  DBH TUL -

12000, Hath NaOh

C. Short Answers part of Short Answers: 24 ps)

I. & For the element @ show the electron confizuration Tor 2l electrans in the format 157, 257, ..
ete § 8 pts total) (2 pts this question)

Lo For the samwe clement show e clectron conliguration for ol valence clecloons o the sy
tormat. (1 pl

v For the same element. show the valence electron contiguration orbital diagram in the format:
1 ++ ¥ cted using up and down arrows to represent clectrons, {2 pts this question)

il Tor thwe same clement, what is the sroup nember '/ {1 pn

¢ For the same element, what is the utomic mass {1 pl}

. Forthe sume element, wid is the atonie namber 7

{1 pi}

Organic Chemisty [Lectuere Fall 2005 Dy, Hahn Finad Fyam Spme Forw



2 Criven thu Totbowing sivrey dingram. (2 ptech, il & pts)

I

e 3

Reaction Progress
al How meany steps s i the reastion mechanism shown (1) {2003 84 forele one)
b Whicli ol the steps is the slowest step U step) {2 stepy (3™ step)td™ step)] (circle one)

{note; just because 1 gave d potential steps does not necessarily mean that theve are actually 4 steps — it
could be less or more)

cl Cirele the fabel of all intermeediates ? [(ayh)feidied D] (circle all that apply)
d) Circle the label of atl transition states. [[a¥bieidice) )] (circte all that upply)
3 Answer the following by circling one. to as many as all of the reactions mechanisms under each

letter. {4 pls. 2 pls cach lener)

a. A strong nucleophile or higher concentration nocleophile fvers {882 (Sal) (B25. (B1)] (civele all
correct mechanism})

b. A polar aprotic sobvent favors  [(Sx2) (8810 (E2) (C 1] feirele all currect mechanism)

Creanic Chemistey | Eecture Foll 20015 D Hahe Final Exam ipm Form £



A Fur the follewing molecule. cunplete the carrect Nowman profection forr {4 prs) {point o view

eve is shown) for the 2.3-dimethylhexane melecule using the 2 and 3 carbons as the 2 Newman projection
central atoms. T have shown the front carbon atlachment bonds. You have to draw in the conmect
atlachment o the back bonds and show what 15 attached to the konds

{
4—% CLLECH: (_Hv—-([}' ——'(_"_lf_ll
. Hs

CTla 11

lowvest cnerey Newman Projection lmaula
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P L, Ly, AnEa s L300 P Ao weork wlhere upplicuh{k: tar pﬂfti\'ﬂ and full credic.

Al Given the following reactant: - Assume that the reaction undergoes an. 5+] reactiot
mechanism. Please show the entice reaction mechanism including electron pushing arrows.  Please show
¢ithier the transition state or intermediate (depending on which is the correct one to show lor the
mechagism that you have) and the Qrganic Major Product.  Show Lhe reaction mechamsm using a 3 1
structure includine the empév p orhital if appropriate.  Show the devivation of the mcemic or inverted
product as apprapriate wsing your 3 1 sirocture, (10 pts this part. 19 pts unal)

Cl: CH:

(3]

CHOMAH (sobvent)

Organic Chemitstry [ Lectare Fali 2005 Dr. Hahn Final Exam Spm Form
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" cie tac rabe Taw for the reaction wechanism wsiog the actual nolecale in your reuction abuve.  If

o
you write the raze law using the words substrate or nucleophile, 1will countoft. {4 pis)
. T wou start the reaction with chiral center (R or 8) 08 shown, is your substitution product [ (R} or (3)

or{racemic}] fewele me) (2 prg)

I

Organic Chemistry 1 Lecture Fall 2015 Dr Huhn o Fingd Dxam
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the reaction product thal you have spent achalf a vear synthesizing and purifying,  To lgure oul if you
suceessfully made the product. we are going Lo do o theughl experiment w show what vour spectea [or Lhe
mobeeule should look dike

: Let s complotety structurally whemily the Dollowing melvcude which vouw uxpect will o pruduced in

i everything matches up (meaning you run the spectra and your spectra exactly match what you expect your
spectra to ook Like), you can then dance in the street Becanse vou have completed yvour 10 step synthesis
which will allow yvou to complete your doctorate after dolng some arm waving o explain why your melecule
% 50 important. (oot really obvionsly becguse this moeleenle i not cealfly important but [ om trying o make
this question as exciling as possible because | know that by now your bram bas wimed o mush after all the
hard wirk of studyving fer and compieting vour exam.}

and no your grade will not be mipacted by what vou want to do lor the rest ol your Hle — none o 'my
business. {17 pts Lotal)

Part |1 Mass Specrras (4 pls)

Given the moleculy below, show vour ealealation o the number for the molecnlar ion peak in 0 mass
spectrum. {4 pt3 )

b

CHs-CHs —(;?—an—cns
{

Part [ Infrared Spectra: (4 pls)
(nven the same moleetle above, give at least 2 functionul group IR peaks which you expect based on the

given IR chart, Give the number ol the expeeted peak and which part of the molecule would shew that IR
peak. (1 prs cack blank)

-1
e’ for _ _ streteh or bend

-
_eny’ For _ _slreteh o bed
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