Exam I Organic C hemistry 1 CIIEM 340 Fall 15 122W D Llahn MW lam Form A Lxandd

Swgn Name /C& Prinl Nanc o
(1 pl name above pnnt & wigh, 1 pts scantron name) (100 pts, 13 pages | scantron sheet)

Blease show work on all questions for partial credit even on questions which di not specify, Pleuse write
icoibly. II'I cannot reac vour answer, | cannot grade your answer, (use hack of exam lor scratch paper 1
vou wanl mu 1o grade somothing not in the space for the answer, clearly specily v writing. Telling me during
the exam where o [ind the answer docs not qualily beeause T will just vaguely remember someons Lelling me
something during the exam not which one ol 250 students {old me what 10 arade on what page.}

Cirele answer on this form for backup to the scantron for the m ultiple chotee.  R=alkyl. not hydrogen on all
parts of (s cxam.

1. Mudtiple Choice { 2 pts each, 26 pis} Choose the ong best statement in each gquestion.  Thore is no
partial credit for showing work on Lthe multiple choice questions.

1. Lor a mass speetrum, choose the'ane incorrectStatement.
{#) A basc peak is the tallest peak in a particulay mass spectrum.

(b} An o cleavuge peak for any {unctional group is the closest C-C bond newrest to the functioaal group
for instance 1ot the alcohol funciional group the « cleavage line is shawn below.

CTI %CH;-U-M
(¢} The » in the m/7 is almost always 17 so that the m/z is usually actually the mass of the molecular
(ragment.

{dd) ))5\ basepeak is the me pcalc for the entire molecule belore it is fragmented.
Mol etdon- § gy PEalk

2 Choose the best statement.  R—C=C—R reucts with the following to give the peoduct shown:

. H,
@t, IL R-?:-—-L\l ]R
(b} Tdf CaCli :>4—L,_<; I Z—{r 5\0'( {ﬂw { 5 r- 5

5 NS di%olwlﬁ wedes
(¢) Li/NH; >_C i
I \\M < w;

{d} All reietions are correcl,
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3. For anh Sn2? reaction mechanism reaction, choose the best substrate from the following substrates. (R
= alkyl and not hydrogen)

{a) R—;é-—{fl
4

(h) ReCHy—C

Giymrm

{d} Al subsirates are equally good subsirates lor the Sy2

4. Which of the Tollowing is ttatenj_g_nl [or the reaction ol the following moleeule with cach

letter, Lfﬂﬁ_— QE!_L‘@ 0y b € ) ]L 31%#}5&

CHy—C=C---H

— "y VNG l
@I mol H Cl ‘ ]>(.‘-:L<(l_ fvv \? Mg/t@

_— IT !

CHs
(b} 2 mol TIC1 €1 “T—ff/HH

—_— L‘,l/ f \\H

B .
{(¢) 1mal Br iﬁﬂf’ﬁ

—— CL xﬁn

CHa H
() Ha/Pt H- :;b4ﬁiL~H
—

H 1

(e} All are corrset,

5. Given the following molecules, the most acidic proton, the eireled proton, m the given moleculs 15
fa) T
PG

o
;){HHR
GE)FPﬂiH:}EH

{d] All of the hydrogens are equal in acidity,
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6. Forreaction mechanisms which of the following arc true or the best statement

(a) L1 and F2 arc both elimination reaction mechanisms EM&WW

ib) Syl and 42 arc both subsiitution reaction mechanism whichpestts TN alKCTC prodoet.
L

{¢} Snl and L1 reaction mechanisms have a c}yé step reaction mechanism

@\;2 atd B2 reaction mechanisms have bimolecular kinetics,

‘€) All ol the above are true.

7. Which one of the following is mol a. synthetieally ugeful wav 1o make an alkyl halide ? {Or which s
the one best slalcment. )

It H
e {1 Br

‘;>” ('/H L‘hz
@ RK%—L/R-—-R Br: by é' 1' L/e ’ mu K f-uf‘e’[
K *® 2

() R
R e () H LTEr

{a)

{c} All ol'the above are svnithetically usetul ways to make an alkyl halide.

8, For elimination reactions choose the once best slulement,

products are the most siable alkene product

{b} I

(c)Kaitsev's B product is the least stabte alkene produets

(dy All stalgmenis above are true.
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9, Choose the onc hest statement,
{1). alkyne are sp hybridized
(b} alkypes consiats of 2 7 bonds and one o bund

{¢) Most reactions of alkyne continue o alkane because i is harder to break the 3™ bond (o make an
alkene and casier 1w breal the 2™ bond 4o make an alkanc.

ey k
(1) ull of the above slatements are Lrue

¢

(e) {a) and {b} are frue

10, T the following resciunt undergoes i reaction choose the best statement,

//el 12

L i f|

\ PHATT (Cabn Ingold Prelog R )
L3

(2} 11" the reaction goes by an 8x1 reaction mechanisms the product will be racermic,

Ot

{b) IF ihe reaction poes by an $y2 reaction mechunizat the product will have Cahn Ingold Prelog S al the
chiral center hecause the mechanisms goes by inversiofn.

(¢} The molecule could undergo reaclion by an climination mechanism resuiting in an vlkene product.

@JI of the ubove statements are Lruc.

e} All ol (he above statemenls arc lalse.

11, Choose the one best statementl.

(a) Tlarcaction follows Markovuikov’s Rule for an alkene reaction, then ihe alkyne reaction will
lotlow w?viarkovnjkm-’s Rude.

Lt g 5

{h) Foran atkyne, [T X (X - halogen), can only be added m‘ﬁa«tﬁﬁc tor resull in an alkene.

",

(¢} hen you add water (using H' and [120) o an Alkyne, you get no reaction.

(d) When vou add water 1o an Alkyae using the [Tg{Eweda. you get an i I“Markovnikov addition
which (hen docs a taytomerism
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12. Given the following.
{1} RO isa betler mucleophite than 110"
(B ROY is a betler nucleophiles than RON

{e) 110 is a better nucleophile than TT2¢
{d) Nucleophilicity is inieraction with carbon while Basivily is interaction with hydrogen

@-\H above statemenis AU true.

| 3. Choose the best statementl.
{u@nass spectrometry) wses the 1 is part ol Lhe clectromagnetic spectrum 1o show whether the
' ecule has a conjugaled © svstem in the molecule, '

(b) IR {infrared) vses the inlrared part ol the clecieomagnetic SPCCtiniL 1o ciause trielecular vibrations,
: The IR peaks show which finctional groups are in the molceule,

L {e) NMR (nuelear magnelic specira) uses nuclear spins in a magnelic Acld which when hit by the radio
wave part of (he clectromagmetic spectrum to give information aboul the C, H frane i the organic
molecule

(XU V-Vig shoctra uses the elcetron bean o split molecules into molceular fragments which are sorled
by Tz (Imass ¢ charge Talio}

@’(h) aned (¢ arc corrget.
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Part II. Short Answers { 40 pts)
A, Nomenclaiure: (2 pis each, 4 prs)

1. Civen the stractural formula shown below, give the IUPAC name of the molecule,

e 2= i o Mk p et ~(-em —Sroap

st o erdtond
v N |

¥
: =0 , ~
5 g (-en ot
7 - V\M

2, Given the [ollowing LUPAC name. deaw a structural formula of the molecule (skeletal formula
acceptable, condensed stricture, Lewis Dol strncture aceeptable, molecular formula not acceplable - donll
Forget to show the hydrogens in your [irmula unless you are using the skeletal sliucture. )

a-brome-3-elhyl-2-methyl-3-heptyne

-
l.+}<: ~ (r_ —CEC-
b

T—

e !.ﬂnf”

T CH,
W,
Cld J

~p——
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B. Reactions: Show ihe Organic Product for the fullowing reactions by giving UIJL- struetural formula of
the product. (skeletal formula, condonsed structure, Lewds Dot structure arc all aceeptable. Molecular
Vormula is not acceptable.) DO NOT SHOW MECHANISMS.

Cirele the Wit of the 6 reaction which you want counted. I you do not choose, Twill just grude the
first 6 ceactions. {2 pts each, 12 pis lotal}

: o Tl \ Cik £
3 LII;X S o [{5 4 C{/ b Coliy

e S _ﬂa-F'"_F._-_—-‘_‘_-_._'__-_‘--—""_-ﬂ‘ﬁhu_—-‘u—

2bﬁ }H’ 0sO4 1110 | /C w3
sChy 11T — (=
H>0, FUT X =0 G ~(, l-*
o
T = R e
3p L zG-CH; hot KhnQq, OH" - @/ ﬁ
' 11O i Cﬂy“”ﬁﬁu HC”“‘%E?
JWW_F——H_, e e A
4 CHsCH-CoC—H 2 mel By Fp*“? o
T TTre— o e T —_
/‘,r"—"—"-«..__,_,.ﬂ""_'_-_'_ﬂ_ N e o jt{,_—;ﬁm-f
p CTheC=C—-CHa 1 moles Brs o B -;x a f
(! - /
P o=y, J

DR S SOy """"“"_”\__..ﬁ__ﬁf_'ﬂh_.___‘ﬂﬁ_w_____‘_,_._...-A& /C s

‘f‘ AN H'. H:0 Irl::__(;l__:: —"{H’} ) EL?_..-%
T & mae “ |
‘H-h._._._________‘__ et T T T

7} CHaC=CClI II—-‘I‘?\'M““— *’B/'”W ~ . HT‘\ .

e L
g OTh CHa—OH SO0
| = Gy ul;, (,(

#.fﬂw T

. C #}
H=
5)) (."H_v—‘ii}}l‘ | Li* ether L}JE C"‘“ L
Ci
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. Shatt Answers purt of Short Answers: (24 pts)

1. For the lollowing list ol solvents, etrete all polar protic solvents {8 pis)
. 3 TNy . —— e
CLECL {OHOH / CCly hexane @/ CHw+—L —C1I Hu\lm CHaCHLCEHGOTTC HS

2. Starling with an alkyne, when vou add *waler™ pive the enol (8 pts)
CH; =CsC—F1 Hg804/ H, 1RO 4.
— :

A Y At

-
C‘% | \ -

7. a. Given the motecule below, show youar caleulation of the numbcer for the moelecular ion peak
i a mass spectrum. (8 pis todal, 4 pis )

CHACHACH 0 — 11 ([ ﬁ% +- C{)g -+

b, The correet o cleavage line from the letters given above s 7 !? o sd

Organic Chemistry TLecture Fall 2035 T Tlahn Exam 111 17 Form A



Part 1. Long Answers (34 pta)  Show work where applicahle for partial and ull credil.

1. Given the following reactant:  Assume Lhat the reuclion undergoes an @ reaction

)

&d parts of the molecule with one of th

mechanisn. (24 pls)

A T.abel the e {umnbers for substrate, nucleophile and leaving

group, {3 pls)

(1 substrate (2} nuclteapht {31 leaving group {1 ptcach label)

:’(:'3- CH> Uty € SN
s

[T {sofvent)

L)

B. Plaase show the enfire reaction mechaaism including electron pushing arraws,  Pleasc shov cither
{he transition stafe or infermediate (depending on which is the correet one to show lor the meclanism that
you have) and the Organic Major Froduct. You dor mod need (o show the reuclion nsing 4 3 D strociure,

{7 pls)

e -
Lo-tlts™ Covrbocubon.

A "% © C@u,g\

=g Gy
0 C.,g; 0 (%L‘:ﬁ-‘”‘i _GC;%Q,
Wy
g S
O |
pehe, "rr‘dze_
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C. Draw an enerpy diagram which oatches the above mechunisn, Tabel the ahove mechanism and then

label yoor encrgy diagram to maich vour mechanisng, {5 pts total)

E |a “ .

-2 ot .
oy rgﬂ B4R S

13, Write the rale law for the seaction mechanism useng T actual malecule in your regelion above,
you wrile the rate baw nsing the words substrate or nucteophile, Lwill count off. (5 pis)

{bc 8 ,ﬁz [ 5 Vub‘ﬂl‘ﬂ@ ,
- Jae
Y‘ﬁiz = J/L I_("Z"F - Q““\C%

\
Ly

¥

E. If you slart the reacticn with chiral -::z:mer@r S} s shown, 1s your subsiilution product { {14 or (3)
a ra.-:;emi?) {chrele oncy  Explain in g senlence of two, (4 ls)

b o_cavet. @ the Cowbo g, ;5,
66721 }\’gbb/‘f&fl&&t{z {’M, “;/L,L(éf
sovld Coe On 0O % yeteon. -

TC %t vessis. Whil Londd
%\V{' N I A Q’Lm fl O JO }"—-ﬁz&u/F

Organic Chemistry T1ccture Fail 2015 Tor Hahe Lxam Tl 1 Lo A [




2 Complete the following synthesis by filling in the blank. Thave provided some hinls @ help you
come up with the answers. NOTL: The way | prade this is for you to till in rewsonable mokeeules based on
the Bmmediate prior molecule. i.c. I vou 11 in part A with the wiong melecule smd then do e next
reaction 1o molecule B correct)y you will get half ceedit for answering B correctly. Hyou fill in B with whet
vou would have gotlen if you gol A correctly but which cannot possibly be generated from your wrong A,
vou will lose all eredit even it matches what you should have gotten. {There is ne way that you can come
up with this answer cxcept perhaps by guessing.} {2 pts each, 1 pts tosial)

] L (¥ — ;
N Cuwcp-c=C—-
CH3CHaeO— 11 KOUL _ _

\ Ft O A Calls {0 streteh o TR

C 1 —_—

~. . e o
(, H’17 OH;“C:( Nﬁ

- MNuNH: _ . _ CHLC
N2 B C4HsNa  (C=C siretch in IR) —_—
S
(wy b —C=C ~Cid3 .
_ _ - _ _ Lindlar’s
¢ CsHy (=L stretch in TIR) catalysl

C Ws () o
y)'\\ /(/ U? Cl,
e

D il M i}

L (4
iy Cltse -y
Dy e

E CadloCle CJ, - b

Organic Chemistry T Leclure  Fall 2005 Dr Hihn  Lixam (1 Il lTorem A il



Exarn HIL Organie (thmiﬂr}' | CHEM 340 Fall 15 122W  Dr. Hahn MWF1lam orm B Exami _

Sign Mame i-‘g/ a — . _ _ Print Name _ _ .
(1 pl above print & sign, 1@t scantron nume) (100 pls. 12 pages ¢ scantron shoet) Co IOV

Please show work on all questions for partial credit even on guestions which do not specify. Tlease write
legibly, TFT cannot read your answer, 1 cannol grade your answer, (Use back ol cxam for seratch paper — 11
you want me {0 grade something not in the space for the answer, clearly specily in wriling, Telling me during
the exam where to find the answer does ned quality because 1 will just vagucly remember somcone lelling me
something during the exam nol which one of 250 students totd me what to grade on what page}

Clircle answer an this form for backup W the seantron for the multiple chinee.

I. Muliiple Choice {2 pts each, 26 pts) Choose the one best statement i each question.  There 15 no
parlial credit tor showing work on ihe muttiple choice guestions.

1. Given the following molecules, the most acidic proton, the eircled proton, in the given molecule i

RR\'I—( Ré“/‘
Xk

® R @‘-/
R>(""&{““R
@ R— ;{:@/

(dy All of the hydrogens arc equal in acidily.

{a)

2. Vot reaction mechanisms which of the {ollowing are true er the best statement

{a} Lil and F2 arc both climination reaction mechanisms which result in ¢ substitulige product.
(h) Sn1 and Sx2 are hoth substitution reaction mechanisin which results in ag alken produet.
{¢y Sui and L1 reaction mechanisms have a oyslep reaction mechanism

ks . . . . .
@NZ and L'2 regetion mechanisms have bumotecolar kinctics,

{e} Al of the above are fruc.

Organic Chemisiry I Lecture  Vall 20M3 Dr. Habn Lixam TH 1 Lo B ]



Organie Chemistey | Lectore Fall 20015 Tr. Hahn Exam 1 11 Furm B

3. Which one of (he foltowing is not a. synihetically useful way 1o make an alkyl halwde 7 {Or which is
the one best stolement.)

NI .
o

) K H ]
R/L L\H —

At
OR?‘ q—l’?z B hiv

(d)

B —0—H 1TRr
l{/’ - i — ?

{£) All of the above are synihetically yseful ways © make an alkyl halide.

4. 1f the following reactant uaderpoes a reachon choose the best statement.

\ "aH o ¢ Cahn Logold Prelog R )
() 11 the reaction goes by an Syl teaction mechanisms the praduct will be racemic.

(b} II the reaction goes by an Sp2 reaction mechanism the product will have Calin Ingold Prelog S at the
chiral center because the mechanisms goes by inversion,

(¢} Lhe melecule could nnderpo reaciion by an climination mechanism resulting in an adkene product.
@All of the above stalcments are true.

{e) Alf of the above siatements arc false,

I~



5. lior an Sn2 reaction mechanism reaction, choose the best substrate from e following substrates. (R
= alkyl and vot hydrogen?

{a) R--—-E'.'-—Cl

(h) R—Hr—C1

@{]H;:-(_'l

{d) All substrates arc cqually good substrates for the b2

. Given the following,
(7)) RO isa better nueleophile than [T0X
{h} RO 15 a better nucleophile than ROLL

(¢} HO is a better nucleophile than 20 _
(d) Nucleophilicity is interaction with carbon while Basicity is interaction with hydrogen

@ ATl above staterments dre s,

7. For elimination reactions choose the one best stalement.
(a)) Both the E1 und E2 reaction mechanism result in Zaitsev’s Rule produets
(bY Hoffimann's Rule products arc ﬂlw alkene product

{c) Zaltsev's Rule product is rhw alkene products

(d) All statcments ahove are 1.

8. Choose the onc best statentent.
{a). alkyne are «p hybridized
() alliynes consists ol 2 wbonds and one o bond

(¢} Most reactions of alkyne continue o alkane becanse 1L is arder to break Lhe 3" bond to make an
alkene and casicr to break the 2™ bond to make an afkane.

@Il ol the above statements are lrue

(e} {a}and {b) arc true

Lot

Organie Chemistry [ Lecture  Fall 2015 Dy, [Tabn Fxam 11 17 Form B



9. {hoose the best stalemcent.

(a8 (fnuss spectrometry’) uses the UV-Vis part of the electromagnetic spectrum o show whether the
g cule has a conjugated msystem in the moleeule.

1
{h) iR {’xinfmwd) uses the [nfraved part of the eleciromagnetic speclrum 10 cause molecular vibrations.
Thelli peaks show which functional groups are in the moleente.

() NME (puclear magnctic spectra) uses nuclear spins in a magnetic field which when hit by the radio
waveg part ol the clectromagnetic spectrum fo give inlormation about the C, 11 frame o[ the crpanic

by rafz {mass / charge 1atio)

}) and {c} are comecl.

L For a maass spectrun, choose the one ineorrect slaicment.
e —
———

{«} A basc peak is the tallest ppak 1o a particulur mass spaetum,
. L G
@\ ¢ peak 15 the ni'z peak for the entive molecule before it s fragmented.

i¢) An o cleavage peak for any (unctional group is the closest €-C bond nearest to the lmctional groug
for instance for the alcohol funclional group the o cleavage ling is shown below,

CH:.R(.'H;—()—H
{d) ‘The 7 in the miz is almest always i 1 so Uat the mf7 is usually actually the mass of the molecular
fragmenL.

11 Choose the one bost statement.

{a) If aveaclion lollows Markowvnikev's Rule for an alkenc reactiow, then the alkyne reaction will

follow }é-?ﬂarkm’mkm’s Rule,
L & A Ae

{by Foran alkyre, 11 X {X — hatogen), can only be added o)lc”l.ime o result inan alkene.
@h‘v‘hen vou add water (using 11* and 11200 to an Alkyne, you gei no reaction.

{d) When you add water to an Alkyne using the Hp(OWS)o. you pet an %Mmkn\;nikuv addition
which then docs a rautomerism ? !jtlp '

Organic Chemistry [ Leeture Fabl 2005 Dr. Habn Lixam HI [l Form B



ncocrust ClagBD)
12. Which ol the following is the Bt stalement for he reaction of the [ollowing nuddcenke with easch
letter.

ClL—C=C H
CTI L1 i
e A/
= ¢

¢'H H
Y —(/ H

Fh) 2meol I O /L :{—-

{1y 1molITC1

Br
{cy 1 mul Brs \(— \\U
r

. - )
(d) I 11—7.‘ UGim-——H
] L

(e} Adl arc corvect

13, Choose the best statemenl.  RB—CzC~T reuets with the [olowing to give the product shown:

5 [
(ay Pt.1lx T —I;l)—— —R
— T

H

{by A CaCOs; Sl -
Quinotome, Ha H/( i R
—

{cy  Lif NHj C=(
—_— e’ Ny

(d) All reactions atre eorreet,

Organic Chemistry [ Leeture  Tall 2005 Dr. Haha  Lxam T Il lomD
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Parl 11 Short Answers { 201 pls)

AL Nomenglatuve: (2 pts each, 4 ps)

nalme:

1. Given.thesrgotural formula shown below, giv::__t_ile_[l_ﬂ’jyﬁﬂm'
GRS =)

h 0§ ;

iy o Thept

g Crg f Loy

CHr ;&_{i =T {/:H;W

Hs (er " 21

CHs;

4y ~
v C_;/\(DV’D J > M

2. {iven the following IUPAC name, draw a structural Tormala of the molecule (skeletal formula
acceptable. condensed structure, Tewis Dot structure acceplable. molecular formula net aceeptable -
don't forget 1o show the hydrogens in your formula unless you are using the skefetal strocture.

3-chloro-5-methyl-F-hexyne

Organic Chemistry | Teciure  Full 2015 Dr. [labn  Exam HI il formB
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o

B.

Reactions: Show (he Organic Product for the following reactions by giving the structural [orimula of

the product. (skeletal lormula, condensed structure, Lewis Dol structure are all acceptable. Molecular
ormoula is pot acceplable) DO NOT STIOW MECHANISMS,

Circle the # of the & reaction which vou want counied.

roactions. (2 pts cach, 12 py tetal)
C IL\-‘ ./( H: | N
/IL (\ Oz NalTS0,
H 11 Ha(d

2) (1461, HIO4

‘Ha FL:0, TITF

A

3y CHa-CzCGACTT, hol KAty ULI
£ "

e e T T T e

4] CHaLI - C=(—H 1 mol 1By
—_—

efw

Ch

51 OHa= CBC-Cl 1 moles Bre | PN
{B,f/ - C L .
_-—-"’rﬂ_. o _‘\‘_‘ e W*"’" J— T
i) H-—C=C-CTT; HeS0,
1, 110 ~H\C /6 ifs
B LZ\ T
f’""_'
-*x_,__.__ "
T e cmé@
T '([I_'l. —"‘{-.—-.-C{:H'J(Hi 1 lor "5 iy st ? (J"_,__-‘
Ny
15 CT=01 B e
g 0 =011 SOC: ,
L 3 2 C b}} &JI/ZL . u
" (¥
9} {'I]-Iy--‘f——l%r + Li% cther C u, } - S'H_ L!
“H '
o
Organic Chemistry [ Lecture  Fall 2005 Dr. Hahn  Lxam ill il Fom B 7
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H\(f )

if vou da not choose, T will just grade the first 6

CT ¥ FH‘}
("T""' 2

0
2

d

L__,l.

—_ — A 4T e i
-

/!/ ".ﬂ'[j T
:kﬁ 9 3
uﬁ"' ~
e



C. Short Answers part of Short Answers: (24 pl)

1. Forthe following list of solvents, eirele all polar aprotic solvents (8 p1s)

@c&lmﬁ CClh hexane 1RO c:mj:-(r ¢ LRNACIL):  CHCHCHWCLLCI

2. Sturling with an alkyne, when youw add “wate!™ give the enol (8 pis)

CH+—C=C—11 BIT:TTIF £ Ha(s, Hx00, NaGitl

- N
it O

T a Criven the molecule below, show yeur caleulziion of the number for the molecular jon peak
in 2 mass spectrum. (8 pls wolak 4 pis)

G0 )l vl =y
w0

b. The correct e cleavage line Irom the Tetiors given above s ‘ Ei\! {4 pts)

Organic Chemistry L Lecture 1Mall 2005 Tr. Thabn - Exam T11 Il Lorm B



Part 1.  Long Answers (34 pts)  Show work where applicable for partial and full credit.

I Given the following reactant:  Assume that the veaclion undergoes aif 882 *reaclion mechanisim,
(24 pts)
A Label the circled parls of ihe moleeule with one of the numbers for substrate. nueleophile and lcaving

oroup. (3 pls)
{1% substrate {2ynucieophle (3} feaving group {1 pl each label)

f“‘"\/"\—(i)

O-T1 SN2
CHUI  {sulvent) )
B. Mease show the cntire reaction mechanism including electron pushing arrows.  Mease show cither

the (ransition state or intermediate {depending on which is the correet one 1o show oz the mechanismt that
you havel and (he Oreanic Major Produet. You do not need Lo show ihe reaction using g 3 1) structure.
{7 Ms)

T——

,--""""_._- ._\'-—..\

Ovgamic Chemstiy 1 Leclure Fall 2085 D, Hahn  Exany 1L Il Yorm I} 4



¢, Draw an enerey dingram which matches the sbove mechunism. 1.abel the abuve mechaniso and then
fabel vour energy diggram to mutch your mcchanium (5 pts total)

g8 /\@

[ ———

Gt

V ot e oot el

2. Write the vate faw for the reaction mechanism using the actual moleeule Tn your reaclion 'lbo‘»e I
you write the rate law using the words substrate or nucleophile, Twill count off. (5 pls)

oty = b C?M»; Pold) Cuclesph,ie]
v ife = uO?f [ (wf'/cj O j_,tj
Oyt

T, T you start the reaction with chirul ::enlcr@ar 81 as shown. 35 your substitution product | (B} Di‘
or (racemic)] (circle one}  Explain in a senlence or two, {4 pts)

K

The v ool W L tmf&«ﬂs?a&\f
The nwcdyy WA{ e COhes | of
iy am Lrne “tal [ealing
ovip leaves 5o it wonld
have €g |hdet,

Organie Chemistry 1 Lecture Tall 20015 D Tlahn FExam [H 11 lonm B 1



2 Comp/ete the lolowing synthesis by filling in the blank. [ have pravided some hinis to help you
comme up with the answers, NO'TF: The way | grade this is for you to fill in reasonable molecules based o
the immediaie prior molecule.  Le. T you fill in part A with the wrong molecule and then do the next
reaction 1o malecule B correetly you will get half credil for answering B correctly.  1f you lili in 13 with what
vou would have gotlen 1 you got A correctly but whicl cannot possibly be pencrared from your wrong A,
vou will Tose afl credit even if it malches what you should have polten.  {There is no way (hat you ¢an ¢ome
up with this unswer excepi pethaps by guessing.) (2 pts each. 10 pts wtal)

I 11 j+ —_— (.E -
It "—ﬂ<ﬂ-&lll? KOH _ 3 L \_Cé/} ..

Fit OFL A Cally (C=U strewch in IR}
1 1 —_—

o ©
M 1T C Ly

CHLCLLCTRO!

MNaMHa o - _ ——

NIT; B CsITiNa (C=C streteh in IR) _ —
C u} C ‘fh’ C M/ B C_ 2{- - c I/VL} M, WHa

¢ CeHno (C=C" streteh in IR) ' ' [

/ h \L)/ Br>

D CsHiz

E Celliz By

Organic Chemistry 1 Lecture Fali 2015 br [Tahn - Exam 1H It ligr B 11



Exam [ Organic Chemistey ! CHEM 340 Fall 15 122W Do Hahn MW Jpm Esam#

Tt Mame

Sigm Name .
pts scantren nmm} {104 prs, 12 pages + seantron shufr)

{1 pt name print & 1

abovs

Please show work on all questions for partial credit even on guestions which do not specify, Mlease wrie
legibly, 11T canmot read vour answer, 1 cannol grade your answer, [use back of evam for serutch paper — If
you want me to grade something not in the space lor the answer, clearly specity o writing. Lelling me during
the exam where to (ind the answer docs not qualily because [will just vagucly remember someone telling me
somelhing during the exam not which one of 230 students wld me what to grade on whal page.)

Circle answer on this form for backup to the scantron for the multiple choice. (R = alkyl nothydrogen on
all parts of this exan)

L Multipie Choice (2 pts cach. 26 pts) Choose Lhe gne best statenent in each question. There is no
partial credit (br showing work on the muhtiple choice guestions.

1, Given the following molecules, the most acidie proton, the circled proton, in the given motecule is:

{a} ] /®$‘

—R

“x

®» & (&
N

@ R--(::LL@H’

{d) All of the hydrogens are cqual in acidity.

[

Choose the hest slatement.

1385 Spectromeiry) uses the UV-Vig part of the electromaygnelic speetrum to show whether Lhe
ceude has a conjupated  system in the molecule,

1R {nuckear magnetic spectra) uses nuclear spins [n g magneiie Hield which when hit by the radio
e part of the electromagnetic spectrum to give information aboul the O, H frame of the orgame

(dk U V-Vigdpectra uscs the clectron beam o split molecules into molecular fragmenls which are sorted
% (nass £ charac ratio)

} and {¢) are cormecl.

Ovgame Chemisiey | Lecture  Lall 2015 D, FHahn  Exam 11 5 pm !



3. Which enc of the lvllowing is not a, synthetically useful way to make an alky] halide 7 (Or which is
the ome hest statement. )

A
a ={ HBr
(a) I> N :

(b R\-.__. 7 §
" .Ci“ﬂ 5

@R o
Réf-- (R R b
R b —

() T
R-?;-—- O—H 1Ry

{2} All ol the above are gynthetically_wseful ways to make un alkyl halide.

4. L'or the Sy2 reachion mechanisnt,
{a) Tf voul inerease the concentration of the nucleophile by 2 times, the rale will increase by 2 ames.
i 11" vou dectease the concentration the substrate by 4 times the rate will decrease by V2 times.
(9] The concentration of the nucleoplnle has oo cifect on the rate.

(<) fa) amd (B arc correct

i) i) (h) and {¢} are all correet,

3. Choose the e best statcmcent,
(). uikync arc sp hybridized
(b} alkynes comyisis of 2 m bonds and one ¢ bond

{c} Most reactions of alkyne continue o wlhanc beeanse it is harder (o break the 3 bond 1o make an
alkene and casier to break the 2™ bond 1o make an alkane.

(diall of the above statements are true

(¢} fa) and (b)Y are trug

Crgante Chemigtry 1 Legtire Fall 2005 Do Huhn Exam 1H 3 pm 2



&, {Choose the one best statement,

Tollow am-Markovnikov’s Rule,

() 11 a reaction follows Markovnikey’s Rule for an alkene reaction, then the atkyne reaetion will

{1 Tor an alkyne, [T X (X - halogen). can oniy be added one lime to result in an alkene.

@“’ Wherl vou add water (using H' and H200) to an Alkyne, you gel iwo reaction,

{d) When vou add wuter 1o an Alkync using the Ilg{f_)ﬁéﬁz‘, you got an agd- Markovnihoy addition

which then does 3 twtlomersim

7. For elimination rcactions choose Lhe one best slaleicnt,

@Rmh the Bl and E2 reaction mechanism resull in Zaitsev’s Rule products

{b) Holtmann’'s Rule products are themosl smikcnc product

{dy All statements above are lruc.

%, Choose the best statement lor the reaction of the molecule belomw wilh cach letter,

[T—C=C-R

() HgSOa, H', HaO) u-é-
—_—

¢
Hr U—FK

CH :..-jlt*— 4

{h) BH::THF
203, H20, NaOH.
{cy Bl UL
TL03;, T1:00, NaQHT
_,__-———-'—___'ﬂ;

)
(d) Ugs0y, H™, HyO (:H-a_ﬂ(‘,—-f{

(h) & {d) are correci

Crgamie Chemistry T Lecture  Fall 2015

Pr. Hahn

Wiy
Lo Vigu

oy
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9 Choose the best slalemenl.  R—{=0—R rencls with the following to give the product shown.

@ 15! -&‘—-—"{ _R

R"‘\.\‘_‘
() Ty Cal Oy
Quinolone, Mz H/ L\

-

R R
(©)  TifNH; \:,L‘:c/

—% H~* \H

{d) All reactions are correct.

10, If the following reactant undergoes a reaction choose the best statenent.

/”2( T3

\ Ul ( Cabn ingold Prelop R )
C'H-
ta) If the reaction goes by an Spl reaction mechanisms the product wilt be racemie,

e

(b If the reaction pocs by an 8«2 reaction mechanism the product wikl have Cabhn lngold Preloyg S ot the
chirval conter because the mechanisms poes by inversion.

{c) 'the molecule could undergo reaction by an eliminaiion mechanism resulting in an alkeve product.
~ _
{d) All of the above statenents are true.

{2) All of the above slatemenis are false.

11. For an Sn2 reachon mechamsm reaction, choose the best substrate from the fellowing substrates. (R
— alky! and not kvdrogen)

R
R ‘11::_{:}

(b) R—CTla-—L]

\l, 1
@(:I I—Cl

(o} AT substraes ore equally good suhsirates for the 5.2

Organie Chemistry T Tectore Tall 2005 e, Tlahn Fxam 11 5 pm



12. Given the lellowing,

{a) ROr isa berter nucleophile than HO
{11y RA{Y is a better rucleophile than RO
f¢) HO is a better nueleophile than H20

(d) Nucleophilicity is interaction with carbon while Basicity is interaction with hydrogen

63}11 ahove slalerments are true,

13. For a mass spectiam. choose the one imcotrect staterment.
() A basc peak is the tallest peak in a parlicular mass spectrum.
A Dyt peak is the miz peak for the entive moleeule before it s Iragmented.
{c) An g cleavage peak for any functional group is the closest C-C bond nearest o the functional groug
for instance (o the alcohot funcrional group the o cleavage line is shown below,

CIIJ%.IHZ—(]—H

(&) The z in the Mz is almost always +1 so that the m/z s usually aciually the mass of the molecular
fragmaent.

Organic Chenustey [ Lectwe Fall 20015 D Llahn Exam 10T 5 pm



Part IT. Short Answers { 20 pls)
A Nomenclatre: (2 plseach, 4 prs)

L. Giv?_rl’t_im_amu:iuwlibmull_a\ﬁhg}}p belowy,-give-the HHPACTHRTE O (he moTooul o
o L'}'\f])‘y-yv_u

name

Li:[ I3

('H: {H; _131-
CH =0T Lpam T T—C He—C H "11—%&;
y\.

A T

2. Given the following TUPAC name, draw a structural formula of the molecule (skeleial formula
acceptable, condensed structure, Lewis Dot structure acceptable, molecular formulie not acceptable -
don't forgct to show the hydrogens in your formula unless you are using the skeletal struclure. }

4—@11el.h}'|—2—pcnlync F b 4
N

/ >

Organic Chemistry 1 Lecture  Fall 203 T Hluhn Exum [H 5 pin
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B. Reacrions: Show the Organic Produet for the following reactions by giving the structural formula of
the product. (skeletal formula, condensed struclure, Lewis Dot structure are all aceeptable. Molecular
Formula is not acceplable.) DO NOT SHOW MECTTANISMS,

Circle the letter of the 6 reaction whicl you want counted.  [f vou do not choose, T wiil just grade the
fivst 6 reactions, (2 pts each, 12 pls total)

s H L o m—— C _— 6
y x-c KMa0i oMy Lw)“”cr Y
CEls qeold) 0 5

3} H-CTC-CIRCTL _KvnQu 0, WO~ ~Ol+ + “PU“"‘ﬁ: IHLML}
— TN :

ELOT
TN
T H“ — ,/CM 7
H -C=C~CH 1 moles [IC] L = u
e o 22 o2
H—=C=t40 2 mol Ct /C,f '
& 1 imuet L2 — .

-/‘_\._.-/’_-—,‘ﬂ’_h_—-‘_‘_'_-_-r u- ’F._J_'_-_"_-_._-‘H_.“P_ﬂ_d_ﬂ_-_—_ T
6) Clli—CzC—l  BIL THEF : C Y Cly, - #
| 7\ rQ I[zDz, H20, NaOH a\“‘ L‘n;ﬁc\ﬂ —F ;C__Qgg

M} e 1"’ o |

n Clla—C=C=—CIT M™au™ W )—fx - '/C
x ’ L _}./

g ClI-C=0A] Plir,

9y CHxCTI-Br - Myg"  THE C/Iﬁ} [/,]/%d /I}? 5‘,._

—_—

Oreanic Chemistry | Lecture all 2015 Dr. lishn  Lxam (11 Ipm 7



C. Shart Answers parl of Short Answers: (24 pls)

k. . Given the molecule helow, show vour caleulation of the number Tor the moleewlar ion peak in a
mass spectrum. (8 pls total, 4 prs)

eetl (@) OIS e =g
[ &1, @ﬁ@ C H O
@ .

I Given the lines shown, which s tlie letler of the o cleavage tine ¥ @r____ {4 pis)

2, Fur the following molecules in order from the mest stabl. Lo the least stahlg{:; alkene, {8 pts)

R I R B Al R\\( P
e —c e e
H/ Sp R R 2 _{\H RN

3 Angwer the following by circling one, 0w muny as all of the reactions mechanisins wnder each
fctter, (8 pts. 2 pts each letter)

+x

A A lerliary substrate is best for |'{SN2‘J._®'} (E}}I;@H {eircle ] cormect mechanism)
b. A strong nucleophile or higher concentration nucleophile favors @, (Sul), {F..I 3 feirele all

correct mechunismy
¢, A polar aprotic solvent favors  {(Sn2y (Snl },@?{LIJ] {circle all correcl mechumsn)

d. A strong bulky base hat weak nucleophile favors  [(Sa2), (Sat ), (E2) | {cirele all correct
mechanisim}

Orgamce Chermistry | Lectare Fadt 2015 D Hahn Exam I 3 pm 2



Part 1. Long Answers (34 pts)  Show work where applicable for partial and full credit

(N Given the fllowing resctant:  Assume thal the ceaction undergoes an E1 reaction mechamsm.
(24 ps)
A Label the cirgled parts ol the molecule with one of the numbers for substrate, nucleophile and feaving

group. {3 pis) l )
{1) substrale (23 nucleophile (3 leaving group {1 pt each label)

S

ltl i 11 - ClL=Cl3° i:]
CL-CH ,_—-f:—i:—u -
E i Als IT O- CH; CHj solvent) ( ; )

i Please show the entire reaction mechanism including ¢lectron pushing arrows,  Please show etther
the fransition state or intermediale (depending on which is the correet one 1o show {or the mechanism that
you haved and {he Oroanic Major Produet. You do not need to show the reaclion uging a 3 D stroctuere,

{7 pt=)

R

B e ,

QL}}CHL? ( CY i |
Ql’l) l‘(:ﬁ( Cg}

MG":)UW
B @1"'(‘} .{Ll.i,-’l/{"
9 ?ﬁfié-eg ke

Organic Chemistry [ Lecture Fall 2015 Do Habn Lixam [l 3 pm 9



C. Draw an energy diagram which matches the above mechanisnn Label the above mechanism and then
labe) vour energy diagram to match your mechanism. (5 pis total)

onvly |G e

tivwe o-

agbine Proigy

. Write the rate law lov the reaction mu.lmnlsm Lsing lhl, actual motecule in your reactiom ubove. 1
you write the rate law using the words substeate or nucleophtle, | will count oIl (5 pts)

vt = ﬂa [ Subshat)

b h
(,,;::} é( é

E. I'you showed the major produci in parl (A). what is the gther possible reploisomer. Fxplain bricfly
why vour product (which vou showed in parr I3) is the major product. (4 pis)

{1
C%JEI %L J% '

M ldagd 1,5 15 moe ]

{ )rgﬁnic Chemistry | Lecture  Fall 20t5  Dr. Hahn  Lxam JIT 5 pm b
' . Mer
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2. Complete the [bilowing synthesis by filling in the blank, 1 have provided seme hints to help vou
come up with the answors, NOTE: ‘the way 1 grade this is for you to fill in reasonabie motecules based on
ihe itnmediate prior molecule. i.c. If you fill in part A with the wrong moleeule and then do the nexd
seaction 1o molecule B correetly vou will get half eredil for answering B correetly, T you fillin B wilh what
vou would have gotten if you got A correcily but which cannot possibly be generated from your wrong A,
you will lose all credit even if it matches what you should have gotlen. {There ks no way that you can come
ap with this answer excepl perhaps by guessing,} (2 pts each, 10 pts wtal)

FR
), \/C:C\,:LA
I o

ClH—C=C- H Na"/NIL; ] _
A CHe (CG€ sireteh in IR)

C It
L

G- \Q —C),
—_— K P 1L_
. . N

H ¢l (,(/ iy | ) i

B GG (o C=( streteh in R) ) —_—

Vi
Ly

_ ) - Cul
C Callql Y

gy
W—C bu i
i I —_ ClEsTSe

by T

1 (CaH7n Co +

C\M}
[P G Hds

18 Callyg C bb -

Organic Chemistry [ Tecture Full 2005 Dy Hlahn  tixam T 3 pm 11




£ 1 Organic Chemistry [ CHEM 340 Falb 15 12:2%  De Vighn MW Laen Foim A Lxamd

Bion Mamy _ Print Name

{1 pt name above pring & sign. 1 pts scantran name) (100 pts, 14 pages - seanieon sheet}

Please show work on all questions o partiat credit even on questions whivh do aot specily. Pleuse witie
lewibly. Af [ cannot read your answer, i cannat erade your answer. (use back of exan lor serateh paper L
you wanl me 10 grade somelhing not in Lthe space lor the answer, clearly specily i writing. Telling me durmg
Ihe exam where to find the answer docs not gualify because | wilk just vage!y rerermher semeanc lelling me
something during e cxam not which one of 230 students told me whal 1o grade on what page

Cirele answer ou this insm for backup o the scanteon [or the mudtiple chotce. B=alkyl. nat hydrogen on all
parls ol tlis exam.

T, Multipte Chojce [ 2 pis each 26 pis) Cloose the une hest statomrent i vacl queslion, There is no
partial credis For showing worl an lhe maliiple choice QUG
. For a mass speclrurm, choose the one Tneorreet statement.

fay A basc peak is the tallest peak In a parbeular Inass spectiom.

() An o cleavage pesk for any lunclional group is the closest C-C bond nearest o the furelional group
for instance tor the alcobol funclional sroup the o cleavage ling is shewn below.

C H%E.‘H:-C.LII
() The i the m/z s almost abways -1 so tat the m# s usnally sctualty the mass of the moeicculor

fragment.
(@} A basc peak s the miz peak for the entire molecule belore it is fragmented.

Chotse the best stalement.  Re—C=(0—R rescts with the lollowing we give the product showi:

]

1 A 1|
i P R——(T R
TN

R I
(b P/ CaCO; >‘.—
H T

Quinolone, 1Tx

2 It
(e} Lif NIl >?—:‘:‘/
——— I Y

()} Alf resclions are correcl.

Organic Chemisiry | Lecture Full 20013 Dr [lahn fixane I 11 Form A 1



3 Loran S reaciion mechanism reaction, choose the best substrate from the {lbowing substrates. (R
— allyl and not hydrogen)

{a) R—l}i‘—-( i
k

(hy Be—(H: —Cl
fc) CHLl
(dy All subsirates are equalty good subsirates for the 5«2
4. Which.of fhe Tollowing is dle best siatentont for the reaction of the felluwiog melecule with each
etler,
CH—C=C H

CHa_ AT

() 1ol 1 (A,
L L i3] H/f \(;]

{"H 1 H
(k) 2 mol HCE Cl I’/

—— u/ It

B .
(¢ I mol LB L\i__— '“'//H

—  CHY ’
(d] TT#PL i —~——-—- H
H- TNH

(e} Al ar correct.

5. Given the loHowine molecules, the mast acidic proton, the circled proton, in the given molocule 15

R:?Hﬁ?f*

D
K ™ R
(@ R Cot{H e

{1 All of the hydregens aee cqual n actdity.

Organic Chemistry [ Leeture Yall 2005 Th, Hahn Fxam [H 11T Fora A



6. Lor reaction meehanisms which ol the following are rue or the best stalement

{2y E1 and F2 are both climinaiion reactiol mechanisms which reswit in a substitation product.

{h) Skl and §n2 are both substitution reaction mecharism which resudis inoan alkene prodoce.
(¢} Sy and E1 reaction mechanisms have a ong step reaction mechanism
(d) $n2 and B2 reaction mechanisms have melecnlar Kinetics,

fe) All ol e ahove arc tre.

7. Which one ol Lhe following is net a. synthetically usifud way 10 make an alky! halide 7 (01 which is

thie one hest stalement,)
K. EL

(a) )‘=<H H Be

—

' S

{c)
R ® —

. idy R
[ S (IS 11%%r

(e} All of the ahove are synthetieally useful wavs 1o make an ailoyl halide.

8, For climination reaclions choose the one besl slalement.
{a} Both the B and B2 reaction mechanism result in Zailsev's Rulc producls
(b) TTolfiann’s Rulo products are the most slible atkene produet
{¢) Zaitsev’s Rule product is the least stable atkene products

{chy Afl statements above are Gruc,

Organic Chemisiry § lecture Fall 2005 Dr. Lisbn Exam L i1 Fouon A
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O, Choose the one best statemenl.
in). alkyne aee sp hybeidized
{b] alkynes consist ol 2 w bonds and one o bowd

(¢} Most reactions of afkyne continne Lo afkens because 1L i harder Lo hrcak the 2™ bond o make an
allenc and easier to break the 2™ boad o make an alkanc,

{dy all of the abuve statements age true

(&) {(a) and (b} ure true

10, I the Tollowing reactant underpoes a reaciion choose the best statemenl

“HLCEL
C‘/Q

ClomeCr N
\ ARl [ Cabn Ingold Prefog R Y
113
(a) Ii the reaction goes by an Syi reaction mechanisms the product witl be racemic.

(hy If the reaction gocs hy an Sn2 reaction mechantsi the product will have Calin fngold Prelog S at the
chital center because the mechanisms goes by mversion,

{c) The molecule could undergo reaction by an ebimination mechanism resulling in an atkene product,
{d) All of the aboye starements are troe,

(c) All of the above statemenis arc false.

11. Chuose the one best slalemeit,

(d) Harcactivh follows Markovnikoy's Rulc for an alkené réaction, then Lhe allivae reaclion will
follow anli-Markovnikov's Rule.

(b} Loran atkvne, 4 X (X = halogen), can ouly be added unc time to result in an alkepe.
(¢} When vou add water (nsing [T and H20) to an Alkyoe, you pef no reachion.

{d) When yous add water Lo an Alkyne using the Hz(OA): you gel an anti-Markownikov addinon
which then does s tavtomerism

Oreanic Chemistey | Leeture Fall 2005 Do Hahn o Dxam [H 11 Form A



12. Given the following.
(2] RO isabetter nucteophile than LG
(b} RO is u better nucicophile than ROH

() HOY is a betler nucleophile fhan H20
(d) Nucleophilicily i Interaction wilh carbon while Basicity is mteraction with hydrogen

(o3 All ahove statements are Lrad,

13, Choose e best slalement.

(@) MS (mass speclrometry) uses the FIV-V is part of the eleciromagnelic speCTLm show swhether tic
molecule has a conjugated = system in the meleculc.

() IR (inlrared) uses the lofrared part of the cleclromagactiv spectium w cayse mulccular vitrations.
The TR peaks show which functional groups are in the moleculs,

() NMR {nuelear magnetie spectra] uses nucleat spins m a magnetic ficld which when hit by the radio
wave parl. of the electromannelic speetnum o give in formation about the C, H frame of the orgunic

muolecule

tely TIV-Vis spectra uses the electron beam to sphit meleeulas into molecular fragments which are sorted
Py 01z (mass { charge ratio)

te) (hyand (o} wre correct.

Organic Chemistry § Lective Fall 203 Dr, dlabn Lxam LN 1] Forme A



PPart [T, Shunt Answoers (40 pts)

A Nomenclature: (2 pis each, 4 pis)
L. Criven the structural formula showe below. give the TUPAC name of the moetoculs,
NRMe o _ o o -

IL\_ . };H1

‘:(:'
1 r/L Np_e—en

2. {Hven the foliowing BUPAC mane, draw a siructural fhrmrla of Ure molecule (skelelal fornnia
aceeptable, condensed structure, Lowls Dol structure acceptuble, motecular foemula not acceptable - don't
liract o show the hydrogens in vour formula uness you are using the skelewd strmerure.]

G-brommo-3-cthyl-2-methy]-3-heptyvne

Organie Chemistry TTecture Fall 2603 B [Tahn Exam T 11 Formr A



1. Reactions: Show the Organic Product for the following reactions b gz wing the structurn! forowla ol
the product, (skelotal formuta, condensed stracture. Lewls Dol structure are alb acceptable. Molecular
L'ormula is nef acecptable.) DO ROT SHOW MECHANTRNS.

Circle the Blibwt of the 6 reaction which you want counted, i vou do not choose. Twill just grade the
firsl 6 reactions. (2 pis each, 12 pls tofal)

13 (“H: H: CITa
kC.'.—E MOPBA

C H/ \H i

“\.-. }CH.!

2 =] O30, TTICH
H N, 0, THF

3y Clh-C=-CE hot Kovn(d, O
150 "

4} CITH~C=C—H 2 mel Hbr
—_—

5 UHy—CT—(Hs | molgs Bre
b H= C=(CHa TS0,
115, 110
—..q )

T ChbeCnC-CHL He, Pd
EERLES S

3 OHa Ckh=0T 80Ch
—_

CHs
L .

a4 CII}—“([HBE' 4+ Li" ether
CH; ——

Organic Chemistry [ Leclure Fall 2015 Dr, Ilahn Lxam N tl Form A
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L. Short Answers part of Shovt Answers: (24 pts)

1. Farthe following list of solvents, girebe all polar prokie solvents (8 pts)

{
CHCl CIOH CCly hexane Ha) C[--Ig—ﬁ-('[l:. NS CHa: CILOHCRLCIT T H

2. Starling with an adhyne, when you add “waler” give the enol (# pis)

Cil; —C=U~—H RaSon /1, HaO
R A

a. Given Lthe molecnle heluw, show your calenlation ol the number lor the moleeulay ion poak

|-

in a mass spectrum. (R pts rodal, 4 s )

CIF;}(‘.H; ‘H:‘z{}—-ﬂ

) Gy

©

h. The correct o cleavage line from the leticrs given abave 57 (4 pls)

Orcganic Chemistey | Leeture Tuil 20035 D klahe Exao L t1 lFomm A



Part Il T.ong Answers (34 prsy  Show work where applicable for pariial and (a0t credit.

i Ciiven Lhe following reactant:  Assume Lhat the reaction undergoes ui Sl reactien

),

2ACd parts ol {he molecute with one of thg

mechanism. (24 pis)

A Label the ¢i mibers for substrate, nueleophile and leaving

wroup, (3 pls)

{1y substrale (2} nuclespiy (3 fcaving sroup {1 pt each labcl)

,-—d‘T'_'_P'_.—*H‘
qu_ (?Hw SN

L1200 {s0lvent)

)

B. Plense slow Ihe entire reaction mechanizm including clectron pushing arrows,  Please show either
{he transition state or intermediate (depending on which is the correct ong 1o show for Lhe rcchanism thal
you have) and the Organic Major Product. You do not need to show the reaction using a 3 D siructyre.

(7 pta}

Orpanic Chemistry | Lecture Full 2015 Pr. Hulin Toxam 11 1f larm A
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. Draw ar enerey dlagram which matches the above mechanism. Label the sbove mechanise and then
label your energy dizgrum to match vour mechanism. (5 pts tofai)

[3. Write the rale law for the reacljon mechanisn osing the actual molecute i your reaction above, i
you witte the rale law using the words substrate or nucleophile. T will count off. (5 pts)

E. B you smart the veaction widly chiral cen Ler@;r S as shown. is your substimution produet [ (I o (5}

or (racemic)| (circle oned  Faplain i a sentence or lwo. 3 pis)

(reanic Chemistry I Lecture Fall 2005 D llabn P TH 11 Form A 1



2. Complere the following syathesis by filling n the blank, | have provided some hints o help vou
come up with the answers. NOSFE: The way T arade this s for you o 1] in reasonable molecubes based on
the inunediate prior mokceule, ie. 1 you fllin parr A with the wiong mebeonle amd ther do the wext
reaction to malecule B eorrectly vou will gel hadFeredit for answering B correetly. IU vour {11t B awith whl
you would have gotlen it you gol A correctly but which carmot possibly be genemed from your wrong A,
vou will luse all eredit even If it matches what you should heve gotler. (there is no way that vou can come
up with s answer except perhaps by guessing.) (2 pts edeh, L prs otd)

H

N

CH O e C— 0 01 Kl

Bt OfT A Cubs [C—C streteh in IR
e [ e
Nahib o L . B CH3CL
NHs B CeHsMa (=0 stroteh in ) I —
———
- .. . L Lindlu™s
& OsHs (C=0 strerch in TR catalyst
—_—
{l:

- _ —_ . - —_—
I CsHu

e, T T T

Organic Chemistey | Leetire Full 2013 Do Llahn Faen il I TForm A 11



Exam 1T Oreanic Chemistry T CHLUM 340 Fall 15 [22W Dr Hahn MWt 1am Form 13 Fxamnd ( L I !]

Sign Mame _ _ Print Name __
{] ptabove prini & sign. | pl scantron name) (100 pis, 12 puges + seanlron sheet)

¢ olo

Please show work on all questions for partial eredit even on questions which do not specifyv. Please wrike
legibly. 1F | cannot read your answer, T cannot grade your answer. {use back of cxam for scratch paper - II
you want me 1o grade something notin the space Jor the answer, clearty specify in writing, Telling me during
the exam where to find Lhe answer docs ot gualily because [will just vaguely remember someone telking mc
something during the exam not which one of 250 students told me what 1o grade on whaf page.)

Circle answer on this form for backup to the scantron for the multiple choes.

. Multiple Choice ( 2 pts cach, 26 pts} Choose (e otig besl slatement i cach question.  There is no
partial credil fur showing work on the multiple chowe guestions.

b, Given Lhe following moiccules, the mwost acidic proton, the circled proton, in the given mofocule is:

s
R?.—{.\R B
(b)) B _ /®L/

¢
T{/L ~p

©) R-__CEC@‘Z/

() All of the hydrogens are equal in acidiry.

2. For reaction mechanisms which ol the loflowing sre Lrae or the best statement

(a3 Et and 02 are boih climination reaction mechanisms which result in a substilution produck.
(1) 8wl and Sn2 are both substitution reaction mechanixm which results i an alkene product,
1) Swt and Bl reaction mechanisms have a one step reaction mechanism

{d) Sn2 and K2 reaction mechanisms have bimolecular Kineties,

{e) All ol the above are true.

Organic Chemistry I Lecture Fall 2005 Dr. [labm Fxam U] ¢t Form B 1



Organie Chemistry I Lecture Falt 2015 Dr, Tl Bxam [1 1 {orm B

3. Which one ol lhe following is pat a. synibegically useful way (o make an alkyl halide 7 {Or which 13
1he one best statement. )

() F:;('.‘—C.\/\[: 1 _LI_H;

by R H
/(_’.; ' B
| H j
) B /R
R?: \;———R © By hy
——
{(d)
[ ~——i —{—H 1R

vl 7

(e} All of the abowve are synthetically useful ways to make an alkyl halide,

4. 1f the following reactant undereocs a reaction choose the best staternent.
"HACFT:

Clmemm G
\ “nll { Cahn Ingold Prelog R )

“Hj
(] If the reaction gocs by an Sy reselion mechanisms the product will be racemic.

(b} Tf the reaction goes by an S«2 reaction mechanism the product wili have Cahn Tngold Prelog 5 at the
chiral center becauss the mechanisms goes by inversion.

{¢) The moleeule could underpe reaction by an climnation mechanizm cesy Hing inoan alkene producl.
{dy All of the above statcments are lrue.

fey All of the above siatements are false.

[



5 poran Sy? reaction mechanism reaction, cliwose the best substrale [rom the following subsirates, (R
= atkyt and nol hydrogen) :

i
Y] R—-—E —i']

{b} R Hr—C1
() CIC]

(13 Abl substratcs are equally good substrates for the 5n2

. (Givern the [Bllowing,
() RO s a better nucleophile than HOY
{b} RO is a better nucleophile than ROH

(¢} 1107 1% a beiter nucheophale than 1120
(d) Nucleaphilicity is interaction with catbon while Basicily is interaclion with hydrogen

{e} All ahove statements are frue.

7. For climinalion reactions choose the one hest slatement.
fu) Boththe E1 and HZ2 feaction mechanism resull in Zaitsev's Rule products
(b} Haffmann’s Rule products are the most stable dtkene producl
{¢) Zailsey’s Rule product is the feast slable alkene products

{d) ~Al slatements above are roe, ™

B Chonse the ome besl siciment,
{a). alkyne are sp hybridized
fb) alkynes consists of 2 m bands and one o bond

() Most reavtions of alkyne continge w alkane because i is harder 1o break the 3" hond to make an
alkene and easier 1 break the 2" bond 10 make an alkanc.

() all of the above siatcments are true

(o) (ayand (b) are true

Oreanic Chemistry [ Lectore Fall 2003 Dr. Tlahe Fxam It Torm B
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9.

1.

Cheose the besl statcmenl,

(a) NS (mnass speclromciry) uses the UY-Vis pun of the eleclromagmelic spoecirum to show whether the
malecule has a conjuaated m systom in the nrotecule.

ib} LR {infrared) nses the infrared part of the efectromagnetic spectruim to cause molocular vibrations.
The IR peaks show which funciiemal groups are n the molecule,

() NMR. (nuclear magnelic spectra) wses nuelear spins in @ magnelic ficld which when hit by the radio
wave pari of the eleciromagnetic spectruim to give information about the C H frame of the arganie

molecule

{d} 11V -Vis specira uses the election beam Lo split molecules into molecular fragments which are sorted
by 7 (mass [ charge relho) '

(¢ (b} and {c) are cinrecl

IFor 2 muss spectrum. choose the one meorreet stalement.,
(4) A base peak is the tallest peak in a particular mass spectrum.
(B A basc peak 1s Lhe m/z peak lor the entire molecule before it 1s lragmented.

(c} An i cleavage preak for any funclional group is the closest C-C hond neares o the functional group
for instanee for the aleohol functional group the o cleavage line is shown below.

CH;%CIT;—O—H

(e} The 2 in the miz is ahmost always 11 so that the mfz s ustally aotually the mass ol the molecutar
frammenl.

" 1. Chaose the one hes. stattment.

(a) If & reaction (ollows Markovnikov’s Rute for an ulkene reactton. then the alkyne reaction will
follow anti-Matkovnikov's Rute, '

(b} Foran alkyne. 11 X (X — halogen), can only be added one lune to resall i an alkene.
(¢} When you add warcr {using 17 and Hx0) to an Alkyire, you pei no teaction.

(dy When you add water 1o an Alkyne using the He(QAch you pot an and Markovnikow addition
which then does o laulimicrisin

(rpoanic Chomistry Thecture  Falt 2015 Dr Tlabme Bxam 111 11 Torm B



12 Which of the following is the best statement for the reaction of the lollowing muolecule willi cach
letrer.

CH; C=—H

{a} 1 mel 110
/’ \Cl

(b) 2 mol HC (I ;{

f_i_"__
) \\r
R
¢y 1ol 13 \L “";
cLg” \\L
CH e, _H

{d) HaPt H———/‘C—- : {-—ﬂ\:l“ ‘H
H

el All arc correci.

13, Clioosc the hest statement.  R—C=0G—T reuets with the foltowing Lo give the product shown:

I.
(a) Pt 1T R-ik-)—tﬁﬁ—a
—— H 1

1 H
(b) Pdi CaC’eds >/L={_,.:’::
Duimolone, Hz H ' R
—

E: R
(e} Ti/ NH. C=G
.-————‘} 1" (J\n

{d) Al reactions are correct,

Orzanic Chemistry | Lecture  Fudl 2085 Dr, Hahn - Hxam I i1 TermB



Pari I, Short Answers ( 20 pts}

A Nomenclature: (2 pis euch, 4 pts)
1. Giiven the strvetural formula shown below, give the TEIPAC name of the molecule,
name - S —
IS |
CHy—b b CoO—1T
Ly {1:1—11
Cl

2. Given the fotlowing 1UPAC name. draw a structurak (ormuli of he molecule (skeletal formula
aceepiabie. condensed structure, Lewis Dot strucrure acceptable. molcculur formula not acecplabic -
don't forget to show the hydrogens in yous fommula unless yiru are using the skeletad gtructure. )

3-chlorg-3-methyl- 1 -hexyne

Organic Chepustry | Lecture Falt 2015 Dr. Ilahn  Exam 1L 11 FormB f



B. Reactions: Show the Organlc Product for the lollowing reactions by giving the stroctural [ormula ol
the product, (skelotal formula, condensed struclure, Lewis Dol structure arc all aceoptable. Moleoular
Formuda is pot weeeptable ) DO NOT SHOW MECHANISMS,

Cirele the # of the & reaction which yon want counged. 11 you do not choose. T will just grade the Airst 6

reactions. (2 pts each, 12 pty [otal)

1l 'Ha
1) :;L‘—[“/C st NalISO,
e
11 g im0

Lk CH:
2']/ 3—(" : 1503 O .
T \kiih PE00 (LI

Tad

b CINAC=C-Cll; hot KMnGs, OH
Fa> i

4 CHyCH-C=C—H 1 mol HBr
S —

5 CHyCE—Clh L moles 13r>
64 H—C={2CH; TS0
Hi. Ha

7 CI ]3 'v—"{‘_:-[_"{_.-:[ IEC] ij 1enilar - o 'é]}'!:'.
ar OHs CH—0TT SO
——

WAL
) C[—er"‘(é-—-*Br + Li" ether
s

(rpanic Chemistry [ Lecture Fall 2013 Dr Hahn Uxam HI 11 Form B



. Short Answets parl of Short Answers: (24 pls)

1. Lor the following list of solvents, cirele #l polar aprotic selvents (8 ps)
A
CHCl,  CHs211 CCL hexane Hx0  ©H L_CH, Hd4OTT3): CTHRCHRCIRCHLC

2 Starting with an alkyne. when you add “water™ uive the enol (8 pls)

Cifr—CzC—H BHTLEE / HaO, Hal), Naﬂﬂ
I

3 a Given the motecule below, show vour calealation of the number for the molecular ina peak

in o mass spectrune. (8 pls olal. 4 pis)

(FI[J (
CACHAGEH,
€113

h. The correct . cleavage line trom the lellers given above is ¥ . {d pis)

Organic Chemistry | Lecture  Fall 2015 Dr Hahn Exam {1} Il Form B



Purl 1. Lomng Answers (34 pts] Show work where applicable for partial and full eredit,

t. Criven the following reactant:  Assume (hai the reaction undergoes an Sa2  reaction mechanism.
{24 pts)
A Label the circled parts of the molecute with oue of the numbers [or subsirate, nucleophile and leaving

group, (3 pis)
{1y substrate (2) nueleophile  (3) leaving group (1 pt guch label)

/ 25T - . e

VO Ha = O Ha

SN2

CHCL:  (solvent)

)

B. Plesve shaw the entire reaction mechanisn inchuding electron pushing arrows. Please show either
lhe transition state or intermediate (depending on which Is the carrecl ome 1o show for the mochanism that
you have) and the Qrgapic Major Product. You do not need to show the reaciion using a 3 1y structure,
(7 pts)

Organic Chemistry | Lecture  Fall 2005 Do Hahn Foxarn LI [l Fomn B o



(. Draw an enerpy diagram which matches the abuve gechanisi. Label the above mechanism and then

label vour energy dingram to mateh your mechanism. (5 pis total)

[}, Write the rate kaw for the teaction meghanisim vsing the actual molecule ie your reaction ahove. 1F

you write the rate law using the words subslrate or nucicophile. I will count off. (5 pts)

F. T1I vou start (he reaction with chiral cen Ler@nl' & as shown, 15 vour substinmion product { (R) or (3}
or (tacemic)] {circle one}  Lixplain in a senlence oF bwo. {4 pls=)

Organie Chemisiey | Lecuwe Fall 2005 Dr. Tlahn - Lxam HI 1L lorm B
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2 Complete the following synthesis by filling n the htank. T have provided some hints w help you

come up with the apswers. NOTER: The way | grade ihis 1s for you to 1l in reasonable molecules based on
the Immidiate prior molsewle, e if you Ll in part A with the wrong molecule and then duw the next
conclion to molecule B currectly vou will get half eredil for answering 13 correetly. [ you fill in B with whal
you wotld huve gotten iF you got A correctly but which cumnot possably be penerated from your wrong A,
yoru will Tose all eredit even Wit matehes what you sheuld have goten. (There is no way that yoo can come
up wilh this answer cioepl perhaps by guessing.) (2 ps cach. [0 pls-total)

I /l
< CH; 1 OH

I — -
FLOH A Cafty (Co=C streteh In TR
1 Cl ——
MNaNH: _ . . _ CHRCHRCLHRC
NT1; B (3l1sNa {C=C sretch in IR) —
o _ _ _ . o N NIL
¢ CgHig {C=l streteh in iR} _—
B
o . —
Bl Cglliz
ﬁ. Call2 B -

Organic Chemistry 1 Lectare Fall 2015 Dt Tlabne Exam [E] 11 liwm 13 11



Fxam HI Oveanie Chemistry | CHEM 340 Fadl 15 1202W M. Hahn MW 3 pm Fxam# ﬁc‘!]

Nigh Name ) ~ Print Name
{1 pL name prink & sign above, 1 pis scantron name} (100 pts. 12 pages | scantron sheel)

Plcase show work un all gnestions for partial credit cven on guestions which do ot specify. Please write
lewibly, TF1 canaot read your angwer, [ eannot prade vour answer, {use back of exam for seratch paper — T8
gou want me to grude something ol n the spave foe the unswer, clearty specify in writing, Teiling me during
the cxam where 1o find the answer does not qualify becuuse | will just vaguely rememier somcons ielfing nre
something during the exarn not which one of 250 students told me wltat to grade on what page)

Cirele answer on this farm for backup to the scantron for the multiple cheice, (R — alkyl. not hevelrogen on
alf parts ol this exam)

L. Multiple Choice { 2 pis cach, 26 pis} Choose the ene best statement i cach guestion, There 15 no
parlisd ercdit for showing worl on the muttiple chodee questions.

1. Given the lotlowing molecules. the imost acidic proton. the circled prodon, bl the given molscule is)

(&} /®§~
X

U

LI Gl
>
(@ Re=Cee-(IT

{d) Al ol e hydrogens are equal in acidity.

2. Choose the best slulement.

() MS {mass speetrometry) uses the UV-Vis part of Lhe clectrom gnetic spectrum to show whether Lhe
moleculs bias a conjugated m system i the melecule,

(by LR (inlrurcd) vses the mirarced part of the clectromugnetic spectrum to canse moleeular vibrations.
Ihe TR peaks show which functional groups are in he molecule.

(¢} NME {nuclear mugnetic speclra) wses nuctear spials in a magnelic fiebd which when kil by the radio
wave part of the electromagnelic spectrum to give mformation abour the €, H frame af the organic

molecole

(el UV -Vis spectra uses the electron beam o split molecules wito molec wlar fragments which are sorted
by vz (masy F charge ralio)

fe) () and (¢} are correct.

Orgamie Chernistry [ Teclure  Lall 2015 Dr. Hahn Exam il S pm I



3. Which onug of U following s not a, synthetteatly useful way to maku at alkyl hulide {Oy which s
the ore bost statemnicit. )

R\ . ‘/I f
(21} =i HEBE
R/(_ R

by Ry

L
<N

fc) R R
R%—i’f;i{ A hy
2 ® —

() R
T = (=11 HBr
v HR,

{e} All of the above are synthelically uscful ways to make an alkyl halide.

4. For the Su2 reaction mechanisim.
(al If vou merease the concentration of the nuclenphile by 2 6mes, the rate wall iicecase by 2 times,
T} if vou decrense the concentralion the substrate by 14 tintes the rate will docrease by 'z times.
i ‘the concentralion ol the aucleophile has no effect on the rare,
{d) (a) and (b are cormect

{e) () (b)) and (o) are all correct.

5. Choose the one best statement.
(a). alkyne are sp hylbvidized
(b} alkynes consisls ol 2w honds and one o bond

() Mosl reactions of alkyne continue to alkane heeause it is harder to break the 3 hond to make an
lkene und casicr o break the 2 bond fo make an atkane.

() el el ihe sbove statemenis sre it

(e} {ayand (bharc truc

Orgamic Chemistry §Leetre Fall 2005 D3 Tlhn - Exam 1] S p 2



. Choose the noe besl siatcmeni.

(2} TIareaction follows Markovnikon's Rule lor ao alkene reaction, then the alkyne reaction will
ol low anti-Markowvntkov's Rule.

() Foran alkyne, HL X (X — halogen), can anly be added one time to result in an alkenc.
(e} When you add water {usimg HY and Ha¥) o an Abkyne, vou got no reaclio,

(dy When you add water to an Alkyne using the [g{OAC)z, you gelan anti-Warkovaikoy addition
which ihen does o tautomearism

7. For climimation reactions choose the ane best statement.
(1) Both the F1 and L2 reaction tyechanism resudt in Zaitsev's Rule products
(b} ol fmunn's Rule produacts are 1he most stable alkene product
() Zaitzev's Rule product is the least stable alkene products

{d) All statements above are truc,

& Choose the hest statement foe the reaction of the molecule below wiil cach lelier.

I—C={-K

{

fa} Llg50y. H . H:0 H-C—R
—_—

{r) BH3:TIIF 0
HaOp 1120, NaQIL,  Hee C—R
(c) Bl1x: THF )

11,02 HrO, NaOIL, CHumeCR
)

(d} Ha%0y, 1T, Ha0 C'Ih—-ﬁ(i—ﬁt{
—re—7 '

) by & {dyare correct

Orwanic Chomistry T hecture Fall 2005 Dr. Flahn Exam 11 3
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9 Chouse the bost statement,  B—0=0—8 reacts with the [oflowlng to give the product shovea:

i1 L
-
(a} PLH, R —}:—u—r:-—-
P H 1
R LAl
{b) P Cal’ 0 -0
Quinolone, Ha H" R
——— )
R K
(¢) Vi NH; \:g;—:r”f
—% EH - ™.l

fdy Adl peactions are correct.

10, Ihe following resctant undereoes w reaction chaose the best statement.

ATHCH
4
REEIN| { Cahn ngold Pretog B}
CH
{2} TI the reaction goes by un Sul reaction mechanisms the product witl be racemic,

Clmmmme{

(hy IF the reaction coes by an 8x2 rcaction mechanism the product will have Cahn Ingold Pretog 5 al the
chiral center because the mechanisms goes by inversion.

(¢) The malceuls could undergo reaction by an climinanon mechanism resudting in an alkene produel
ey Al of the above statemenls arc (ruc,

(&3 Alb ol the above statements arc false.

11. For an Sp2 reaction inechanism reaction. choose the best substrate from the following substrates. (R
—alkyl and not hydiogen)

R
(@) R_]ZI:—{:i

{b) Rl [}
() 1T+

tdy All substrates are cqually good substrates for the 52

Oreanie Chemisuy T lecture  Fall 2085 Tw. Hahn Lxam 1H 3 pm



12, Criven ihe following.

(a) 1207 is a better nuctcophile than FIOY

(by RO is a hetter pucleophile than ROEL

{c} HO js a betler nucleophile than H2O

(d) Nucleophiiloity s lteraclion with carbon while Basicity is inleraction willi hydrogen

te) All above slateraents are trug,

[3. For a mass spectrum, choose the one 1neoreet slaletucit.
(a) A hase peak is the tallest peak o a porlicular mass speetium.,
(b} A base neak is the mdy pealt for the entire molecuic before 1115 fragmented.

() An o clenvage peak for any functional group is the ciosest C-C Bond nearest o the (wnclional group
for instance 1ot the aleoha! Tunctional group the o cleavage line is shwn below.,

[‘.”J%:HP(J-[L

(d} The » in the mfz is almost always +1 50 that the mfz 1s wsually actually the mess of the molecilar
fragament.

Orpanie Chemistry | Lecture Fall 2005 Dr. Halin - Txam il 3 pm
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Part 1T Short Answers ( 200 (s}

A Nomenclatore: {2 ptecach, 4 pls)

1. Chiven the structueal fotmula showa below, give the IUPAC namee of the melecule.

wame _ -
(H;
CHa E:i I r

T e =) [ CH = H=C e U H—E H s

2. Given the lollowing ILPAC nume, deaw a straclural Tormula of the molceule (skeletal lormula
aceeptable, condensed structure, Lewis Dot structure aceeptable, motecular formula not aceeptable -
don't forget to show the hydropens in your lormula unless you are nsing the skeletal stiucture.)

d-dimethyl-2-pentyne

Organte Chemistey T Lechure Fall 2005 Dr. Hahn Exam il 3 pr



B. Reactions: Shoew the Organie Produet {or the following reactions by ghving the struclyral tormia of

the prodocl. {skeletal Tormula, condensed structure, Lewis ol stmicture are akl aceeptable. Motecolar

Fomnula s not aceeprable ) DO NOT SHOW MECHANISMS.

Circle the letier of the 6 reaction which vou want counted. I you do ot choose, T will just grade the

(st & reactions. (2 oty each, 12 pls Lolal)

C by H
i
1 /L'=(< KM, QLT
113 ClTs teald)

il Clis
. /n

ﬂ) '={'-/
NG L0

3} H-CSC-CH2OH _ KMnGs, OFL
;503!

4)
Fl—C=C—CH 1 maotes HC

o H-—Cz=C—1i 2mul Cls
L T
8y CHa—CzC—-H  BH; {1F "

FEas, BT2E0, Nati |

7 OO CHs Wu NH,

_—

o CIGCHAOH BB
s

9y CHCH-Br + Mp®  THE

—

Oreanic Chemislry b Lectore Tafl 2015 Dr, TTabn - Iixam [I1

> pm



. Short Answers part of Shorl Answers: (24 pls)

1. a. Civen the moiccule helow, show your calenlation of the number for the metecular ion peak m a
mass spectrum, (8 pis woal 4 pty)

i

CLAOT e Hpy OAT

H. ®
(2

h. (Hiven the lines shown, wich s the letter ol the o cleavape line 7 (4 pts)

2. Pul the following maleeules in order from the most séably :}to the leust stahlef [:4_; ulkenc. (B pix)

~o_ " N NS b A
N W Sk W N v N

3 Answer the [bllowing by circling one. to as many as all of the reactions mechanisms under cach
letter. (8 pts, 2 pts euch lelier)
a. A tertiary substrate is bes! for [(S.2), (Sx1), (F2) (E1)] {uirele alk correct mechanism)

b. A strong nucleophile or higher concentration nucleophite lavors {{Sn2). (Suth (L2}, (R {circle all
correct meciunisn

E":.

A paolar aprotic solvent favors [(8x2), (3ut), {E21, (L1 (eircle all correc! mechanisin

d. A strong bulky base but weak nucleophile favors  [[8-2), (Bal), (BELL 11:13] teirele all correet
mechanisot

Orearic Chemistry [ Lecture Fall 2085 Do Tlshn Exam JIT 3 pm §



Part 1, Tamg Answers (34 pis) Show worl, where appticable lor pactiab and full eredit.

1. Giiven the following reactant:  Assume [hal the reaction undergoes an - ER reaction mecharnism,
{24 pua)
A Label the Lucled parts of the moleculs with anc of the numbers for substrate, nueleophile and leaving

aroup. (3 ps}
_C__ {17 substrate (M nucleophile {33 feaving group (1 pt cach labet)

11 0- CH2 CLI /’_\(
L) S )
1T O-CH:CEL (solvent) ( )

B. Please show the emire reaetion mechanist ineluding cleciron pushing arrowe.  Please show cither
the ransition stale or intermediate (depending on which is the carrect one 1o show for the riecchamisim that
vou have) and the Qrganie Majer Product.  You do not need W show the reaction using 4 3 1) straciure.
{7 pis=)

Organic Chemistry | lecture Tail 20615 DroHabn Exam 10 3 pm @



€. Draw an encrey disgram which matches the above mechunism, Fabel the above mechanism and ihen
lubel vour enerey dingram to match your mechanism, (5 pis totsl) '

0. Write the rate faw (ot fhe reaction mechanism using the achial molecule in your reaction above. i
vou write the rate law using the words substrate ot mucleophile, Twill count oflL (5 pts)

E. Ffvou showed the major praduet i part (A), what is the other possible reeioisomer.  Explain brictly
wly yvour procduct (wlich vou showed in pasl B e the major producl. {4 pts}
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it Complete the foilowing synthesis by (iiling in he blank, 1 have provided some hints fo belp you
come up with the answers. NOTED The way [ grade this is for vou Lo fill in reasonable molccules based om
the immediate prior molecule, e 1 you Rl in pare A with the wrope mofocule and then do the nexd
rewction to mulecule B correctly you will get hall cvedit for answering B cotrectly.  1f you [ in 13 will what
vou would heve potten if you got A correetly but which cannot possibly be senerated from yous wrong A,
voit will lose all credit even If it malches whal you should lave gotten.  (There is no way that you can coni
wp with this answer except perhaps by ¢ tessing, } (2 pLs cach. 10 pis todal)

CH; C=C—H Na"/NHs _
A Cslle €= strewh i IR}

HCI _ . o 15
B a0 (no O-C steeteh in TR —_——
. . _ o N Cul
L {aHsLi —
: - .. . B _ ) {THaUr
D {[:'iH'.')y_ Cala -_—
1L H]r;-.
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