Organic Chemistry | Lecture Fall2015 Dr. Hahn Exam @I 1072615 Monday MWF 11 Form A Exam?

Sign Name Print Name // V5 .¥ o

="
Please show work for all questions for partial and full credit (except multiple choice questions) even on questions which do
not specify work. Only answers which are clearly readable will be graded. If you write the answer other than in the
intended space without clear indication of where, [ will not grade it. (Iam grading 230 x 10 page exams. by myself [ am not
going to spend 3 hours looking for your answer somewhere on the exam and [ am not going to contact 230 people to tell me
what they meant to write if | can't clearly read what you wrote. No Points for erased answers which are still somewhat
visible. No points for errors going from the exam to the scantron. No Points for anything other than normal organic
chemistry formulas showing enough information to answer the question. (2 pts print & sign name)

(total number of pages of the exam =9 pages « periodic table + scantron  Check number of pages. If yvoutuminlessthan IC
pages, itis your own responsiblity for not completing the exam.)

Part] Multiple Choice (2 pts each, 26 ptstotal) Fill in your answer on the hardcopy of the exam as backup for your scantron
in case vou erased so much that there is a computer error in grading.

MULTIPLE CHOICE. Choose the one alternative ment or answers the question.

1) A radical reaction mechanism i ’A: )\ﬁ M

W=h0u(r\t¢

A) done so as to produce the more

omolytic

> A = :
C) via hvdrogenation E
D) heterolytic L&A= ¢ 2ol bad Qa
E) none of the above &&(5&: (QC\LV‘€5\£€A

2) What synthetic goal is achieved by subjecting an alkene to an oxymercuration-demercuration 2) A:
sequence?

@ Markovnikov addition of H20 wherein skeletal rearrangement is prevented
B) Markovnikov addition of H2O wherein skeletal rearrangement is promoted
C) svn-hvdroxyiaton
D) anti-Markovnikov addition of H20 wherein skeletal rearrangement is prevented

E) anti-Markowvnikov addition of H20 wherein skeletal rearrangement is promoted

3) Which of the following statements correctly pertains to 3 pair of enantiomers? 3) D
A) The have different melting points.
B) They rotate the plane of polarized light by differing amounts and in opposite directions.
C) They have the same melting poin, but they have different boiling points.
@T‘hc:.' rotate the plane of polarized light by exactly the same amount and in opposite
directions.

E) Thex rotate the plane of polarized light by differing amounts and in the same direction.
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4) Consider the three-step mechanism for the reaction of A through intermediates B and C to produce  4) 4:

D <hown below.

A-B Ea = 15 kcalimol
B-C Ea =10 kealimol
cC-D Ea =2 kaal/mol

Which of the three steps is rate-limiting slowest step?
A) The reaction of A to B.
B) The reactionof Bto C
C) The reaction of Cto D.
D) All three steps occur at the same rate; there is no rate-limiting step.
E) You can't tell from the information given.

5) Which of the following intermediates is thought to occur in the mechanism by which alkenes are
hydrated in the presence of aad?

A) carbocation
B) carbanion
Q) free radical
D) carbene

E) alkyne

&) For a given reaction, if 2G” is greater than zero (positive), then:
A) The reaction is going downhill in energy and will go to product.
B) The reaction is going really fast.
C) The reaction is going uphill in energy and will not go to product.
D) All statements are true.

E) All statements are false.
7) How many distinct monochlorinated products can result when cyclopentane is subjected to tree
radical chlorination?

1 B)2 g3 Dis E)

Ny @, O«

mn
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8) In the reaction of Cla with ethane and UV light, which of the following reactions would be a chain

termunation event(s)?
Il Cls+ CH3-CH3 - CH3-CH)-Cl - He

) Chk+ CH3-CHj3 - CH3-HaC « HCl
oD Cle« CH3-HaCe~ CH3-CHa-Cl
IV) Cl3 -« CH3-H3Cs - CH3-CH2-Cl « Cl
V) CI2 . UViight = Cle« Cl»

A)reactions land II

B) reaction V

action T
D) reactions land IV

E) reactions [T and IV

9) In the hydrocarbon shown below, how many tertiary hydrogens are present?

10) Which of the following is a cartene?
A) CH3CH2-
B) CH2=CHO-
Cy NCO-

11) Which of the following statements is (are) true for the compound {R)-2-butanol?
A) This compound has an enantiomer. ) {
B) This compound is optically active. %@ d\ %
C) This compound is chiral 1%, o +
@l] of the above @ (/C l ! F‘
E) none of the above H u}cf Cu;-
W }C C 17 OH
e
thCu g
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12) Which of the following best describes the geometry about the carbon-carbon double bond in the

alkene below? &O M &
WfC c=c ‘3 S arle
Cﬂ;

A)Z B E @ei!her EnorZ

13) How many asvmmetric carbon atoms are present in the following compound?

© @ IWandfeeh

. K
R

9

S

H!v‘ CHICH, I:
% w7

&
A0 @1
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Please show work on all questions for partial credit even on questions which do not specifv. Please write
legibly. If I cannot read your answer. [ cannot grade your answer. (use back of exam for scratch paper)

Part I1. Short Answers (40 pis)

Al Nomenclature: (2 ptseach. 8§ pts)

1. Given the structural formula show low. give the [UPAC name of the molecule.

a. name _ \—’bnnmA —-'5 Q;H\A/Q 2= MQ/M
ﬂ,\‘v Wyclopenbant Cocls P%‘L{a"‘@

< D 6o

b. namcG 1'7"' (VY\P hé’z-lw

!J

Given the following IUPAC name, draw a structural formula of the molecule (skeletal formula
acceptable, condensed structure. Lewis Dot structure acceptable, molecular formula not accepiable -
don't forget to show the hydrogens in your formula unless you are using the skeletal structure.)

Q?}\,@' @

MWF 11

N

Form A



B. Reactions: Show the Organic Product in the following reactions by giving the structural formula of
the product. (skeletal formula, condensed structure. Lewis Dot structure are all acceptable. Molecular

Formula is not acceptable.) DO NOT SHOW MECHANISMS. (2 pts each. 10 pls)/,,,____\ﬁ
net e
-7

I < Oy R &_/

—

hv (ahow 3l moachalopenaton pridedts)

: ( (wzgﬁ\z |
CH; CH: o 3 : '
P T \J
H/ \CH~CH - = ﬁw‘x Q\I Hzcu} (
IR i
P\ O e '

-

]

crCH  gH S C H}Cm,

(a) THF: BH:

N
C=C
& H:-'/ \H (b) H:0:/ O

A

.

< JC
CHy CH; Pd 5\ b i
ol o Bl o CUfC-C—C&CU;
¢ He , %
ciicr! \(‘H:CH:-CH:CHs 5{9’\,\ CAL} UC | %Cf
(Mo pb—L
{ = ‘(——e“e !
| cihts g L

CH: Lécﬁé“\c/ C i

s

CH;
X / ‘ N
cHy” . T CH-CH: (focli u"}c Cé’— Ci/s
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C. Short Answers (22 pts)

I. Given the following groups attached to a chiral carbon. put in order of (a) highest priority to (d)

lowest priority. Show all “ atoms. (2 pts each. 8 pts) @
[2; Ly &t

~

-

3. Given the following carbocations, label from most stable 1o least stable by filling in the blank below
the molecule with the number (1) for most stable to (4) for least stable (1 pt each. 4 pts)

H: Hs H
+ ¢l .,.i:_cnz. -4 +é-—H l /"‘/' ,ZUA

1 EH: 4 Hx )
N 4 / (ol gt

- Given the following energy diagram. (2 pt each. total 10 pts)

< /
/ L
n / /
e ‘ RIS \/
e - - iy st Supe. { qpai | C T
-
2
Ty
Reaction Progress
a) How many steps is in the reaction mechanism shown [(1). (2X(3)4)] (circle one)

B) Which of the steps is the slowest step [(1" step) (2™ step) t] (circle one) (note: just because |
gave 2 potential steps does not nevessarily mean that there are actually ™3 steps — it could be less)

¢) How many intermediates ? [(13)(4)] (circle one)
d) How many transition states [(1).(2 @cin:lc one)

e) Is the reaction energetically favored to go forward to product 7 [(yes) @lh:irclc one)

|
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PartIIl.  Long Answers (34 pts) Show all work for partial and full credit.

1. a. Complete the following reaction mechanism. Show all intermediates but not the transition state
structures. Show electron pushing arrows and completely drawn Lewis Dot (or Kekule) structures for each
step of the reaction mechanism and the correct regiochemistry and stereochemistry if required. (20 pts total.
13 pts this part) (Mechanism means show all steps on the way to product) O

/_\{ M@ + 1\

/ \ CH-CH: (b) H----O-H \,—{} y P C/UL C#;

\ C“LL Cly
VWil o) 1 N

V4 - ~ }/

_ (BA 42D (8A ~pf
@({’Wt T/’tﬁf_”/ rﬂiﬁ/’ﬁflﬂz’\

RRBA 1t
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b Draw an energy diagram which matches your reaction mechanism showing all intermediates in your
mechanism above. Label reactants, products. all intermediates above in your mechanism with the letters
(a). (b). (). ... etc. and then label your energy diagram. Guess at probable relative energies because
obviously vou can’t have an accurate idea of relative energies in your energy diagram without dong an

experiment. (5 pts) N S _722\_7\
(b Py &__.///
G| ALY D
< ¢ O U coofew

(hppepeba pragress (RRE —

2 a. For the given Fisher projection formula shown. draw one Fisher projection enantiomer &

diastereomer of the original structure. (14 pts total

Q
R hO—TH
;S Y n_——--—C
CHi—F——H H_,
C—+—H [ }_()
F——]——OH d 1

CH;: enantiomer (4 pts) diastereomer (4 pts)
original structrure of oniginal structure of original structure
—
f%\/whufd/ S0me. — &
b. Given the following 3D structure, dn: tiomer of the oniginal st M’cdge-dash-

line drawing. S y CU} 3@77’\@ /L«.
. )
CH:CH; LA |4 .

///Y’Br e Z

/ S A ~ . . . .
/ H @ draw the AD drawing of the erfantiomer of the original
/ original structure molecule on the left using the wedge-dash-line drawing (3 pts)

R)por (8)] circle one. (2 pts)
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Sign Name_ : L ' . Print Name

P]F"tbt" showy work for 11! queatmnf, far p.ﬂtm and fall eredit (exu:‘-pl mulnple choice gueslions) eyt on questinns w h.u.h da

T onwt 5ch iy wick, Dnly ariswors which are clearly. ‘readable will be graded. TFyou wrile the answer nther than in the

intended sparce withoul clear indication of whire, § will not grade 1L, {1 am grading 250 x 10 page exams. by myself {am ot
going togpend 3 hours looking for your answer qnm{*when, om the exam and Eam not going la contact 230 poople 1o tell e
. what they meant td write it Dean'l clemly foad what yuu wrnte. Wo Paints fl_‘lf rrased answets which are still don .thal
visible. Mo'paings for erravs guing Erom the weam o the seanlrem, Mo Toints for ’anti-ung alher than nuzmnl mg.:m.m i
Lhe:m&try larrmonalas sl'luwmg Enough mform’:tmn ter angwer the qucqtum [¥ pL% pu.nt & sigh mune] L

(tutal aumber of pages of thie exam = ¥ pages + penc-d.u_ tayle + scantr ] Lhcck number af pdges I }cm ucs i less than H;
pdgcs itis yous own rer:.ponsmhty for nai cnfnp e‘tmg the: exﬂm) ’

, l’arl i Muiltiple Chmce (2 pls c'n:'h 26 pts {ol al) Fill in your answer on the hard-mpv of Lhr- exam a8 ]:r’u:ku}_* tur vour scantron
in casc you emsed so ek that lhere is'a r:omgu ter gxroc.in grﬁ ding,

MU TI PLL C‘IIOI( E. Chaosc th:- n5e al[m'nahve thai best oom plct{,a the st’ttcmmﬁ or answets the questmn .

1} What ‘:},nﬂmm gnal i dn:.luevcr] hy suh|€|_lmg an .1].kenc tn an ox},mcrcumtmn dl?ﬂ'lElL‘LLfaﬂOn e T A;_
gequerce? . . e ) R . S

e @hr}cnvmkm addifion of HQD whm #in skelcfal 1et\r;ang|:'ment is prcven+e<l
O 1] M-cuknvm kv adchuon af I l20) Wi‘g@ll’_‘_{‘ﬁ_‘l hk_eleaa} r&arrangem:'ﬁ! iz prumorc:cl
)y synehy *L‘lrnxvldhcn : ) . c
T)j anti- \fIarknvmkuv addllu:m of IIﬂD W ].'If‘TELl'L skelctal rearrangmnmt is prn:mc'nted

J:) an-._—Mn-rkuvm_km adm tion of [IQD wherem skl:'letai redrrsmgement is prﬂmu‘ted

3 I—Im\. ma.nv dle‘nrt munudﬂoumted prudm:iq can result when LyLlﬂ]:I:'HtanE .I..S su'b]Ptted tu fre . -':2j e é— T E
’ radical chlovivation? - o . . : . ] a1 ;

CHLome o e ns

'.x,'l Tlaw many ﬂb“m.mctnc carhomn amms are ‘pl&‘hi:"ﬂi in the folloy r111rr tom mmd? ' . BRI g;

(ﬂ/ St M?Wj

d! @M:WH"DEVQ

-, “1@ H;n .

Tji.("
- ITaC

.A.)O',‘.

D].:q""' - E};f.'-

(kegp

('Jrga.-qlmc C'h.cmistry ltécmre Exam H ‘Dz Habn© BIWF 'l::i :;'_'rn TarmB . 1




4y Tr the reaction of Clp with ethane and UV light, w_hi&}'of thw following reactions would be a chain

termination evei{s)?
B Cls+ OH3-CIIy - CH3- f_'ﬂz ol + I—L. :

Cle s {U[3-CHs - CH3- 113Cn 4 HE
(/_%n:l + CHa-HaGs — CHy-CH2-~Cl
W) Cly + CHz=HpCs -~ CH3-ClHp-C1 + (=
W Cly & OV light * Clov CF ' '
- f\j reactions [ md Tl
=3} reacl'lnn ‘-.r
: (_‘Lj}ed:.tmnm
| D) reactions 1 and IV,

) reactions UTand 1

5 WL}-' Qf- [-LE fﬂHGWu‘lb clatements iz {:Lre) rue [or the LumpOLmd {)=2-bufanol?

A} This compourid has a1 em antiomer.
B} This compaund § is optically active,
€y This compaund 15 chiral '
TJT 11 of the abgwve -

F} none of the ghove

&) lora glven machnn if &G" is greater 1han ZOTa r[ponhve) then:

A} Tho reaction is 5 poing down]mll i encray 'md w il go L pmd uct

B) Tl-m ve-actmn is gomg really fast.

@'I'hc TRACHOT i gou;g uphitl in cnergy and will not ,c_'u o pmduct

T3] All statements are tILLL.

© . F) Al statements are False,

N ]'.n'tli_e hydrocarhon shosw Bélﬁw, how Ji'!ﬂll}" lextiary t_m;;drogens_ are present? .
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RN Whidh of the fallowing be:.t des.ml;-ea the geometry abaout the carbon-car |:|c-n detblbe boad in the
alkene helﬂw? : .

CH, Cl
N
N SRR _ _ |
az RS _ @L&ii‘k‘lni‘.‘:ﬁnurz_

E?)_-W.'h'lc‘.h ;'.-f the EO]:Inwing .is a rarhene?
. Al ..L:;HSC:[_-IQ;- ’
Ry CHyp=CHO-
GNeo-
" 10y CHaCHY-

' @ 1l

_ IE?'J A rad-mheacnon mechanisi: is: .
A% dune 50 A8 10 prod.;_cr‘ the Tmore sh.'hll:' 1"'—111' of 10;1t:
@honmlyhg . ' '
’ L) via I:}'drugena tmn
D) hclm_:n!y_uc

_E} none -:JF the_ above

11} 'if\"h.tch _n’r the fullowmrr ‘atthEﬂEI‘l Is rmle-:_tly perla ins to a pair ﬂ'F ermuﬂomm &7
LAY Ine h:we dJ_Etcremt melling pomis.
Ji] ‘Ihey rolate the pla_ne oIpnI':rm-'d hgni L1,r d Efermg ATTGnETiES and in {]D‘PO&LI(‘ directions,
"y The ¥ have the same meltmg pc-ml but thev have ditferent boﬂmg pumL‘: _

[: DiiT ey rotate thi plane of polarm‘d In_{ht by exwrtl\: the samc At and i ap posile
dlre:aous '

SRl he;.f rolate rhe piam’a o[polrrrizeci Light b}' differ'iﬁg am::ﬁuntsanlcliiﬁ t'l'ie aame dii'ﬁ_rljiu'r'a.

o 2} Which of Ihe .nlluwmg J|1I{=rmedmtes is ihough‘t £O QAT N thn: 111F'L.].'1'11‘I1‘>III bj.r W hn I': dlkenes aTC.

hyclealed in the presence of delid?
. @51]]:.:.:-;_.1";191‘1
. B) carbandon .
) Free railical ,
. 'l-_))';l_:—irbenc‘: v
“F) a]'kl_y'ne_ :

Crganic € "hemistry 1 Lecture H.xe}m I Dy Ilahn - WMWF1lam  FornB . 3




13} Consider the three—step tnethanisiu for the reaction of A thea ugh intermediates b and € ta pfoduce 13)
D shown belaw. A - o AQ;

- B Fa =15 kealfmiol
-C Eq = 10 kialfmol -
~D Eq — 2 kealfmol

M & =

Which of the three steps t5 rate—LioH i ng sl&w.e.st step?
@ The reaction of A to B
Hj."{Tm.re?u;tLon-rf)fﬂ l‘(.)'C_
') The reaction of Cio TV, -
) Al lhree steps ooy at thi:-san.'te raté; there s T r-f:te—timiﬁng slep.

E) Yau can't tell [rom the infamation given,

Organic Chemistry T Lecmire Exaa 1T L. Hahm  BWE 11 _am' Form B e



Dlease :-.huw work on all questions for pat‘t.{a! eredit even on questions which do not speeify. Please writc .
legibly if [ cannot read your. answer, T canmot g1 ade your answer: fuse back of'exam for seraleh paper)

A : Namcnclaturc (2 pts cach, 8 pts) ' éﬂé/ ' @ R
1. - GWLn thc ﬂtrucmml Irnmuhshown tow imive Iheyé name ui’i.hé mpfeeule,

e --4 %&&M}c‘x

Pait L1 &horl: Anzwew{ 44 pts)

2_ ﬂnw..n the foilowmg ILPAL mme draw a structual fommla ol the molccule | skeleml formula .
acceptable, condens-::d slructure, T. ewis Dat s‘rmcmrc acceplahle, 1";1-:"11ccuiar formuls ol aceeptable -

, dontfmg 0w the hydiogens w1 yous-fau mia uniebs:.uu uu using the sLeleml btruuun‘l o
_a--\q-c‘}:ﬁﬂw sk a5 QJJL} e v

- "b_ - c:Lh),l - meﬂwlp\,nt l;u‘tc '

-(_"}_1'331‘1{'(: Chemistry I Eecture  Fall 2015 Dr. ITuhn  Hxam I MWF Ii_' FormB - : 5



B Feactions: Show the (rganic Product in Lthe following reactions by giving the structural fovmiiia of
the product. (sketetal formula, ¢ondensed structure, Lewis Dol structure are all acceplabe. Molecufar _
Tormula i pot acceptabic.y DO NOT SHOW MECHANISMS. (2 pts each, 10 pts) - T

CH~CHrCH-CHs Ch N ' e

e o e ——

[ feive all rriuni:s]m'zo'gclla'tinn produls] <’ /{WM } . ¥
: (VL l ALY pplocia

(“H\ -;/:H;cm_ U
/(c=;- - @ THF:BIL

(b Ha032 / OIF

Q7R f@ﬂ"_—' B

SR /0113' o
- CHyCHY \\cm L 7

N G '_ o _ | " CH Cly . -3 .
. C‘-II.‘.’-/" KCIECH3 S KOH LJI}C

Organie Chermisley [ Lecture Fall 2015 Dr. Mahn - Frxam I MWE 1L FomB 6



.. c‘rhnﬂ Arnswers {72 ptb}

1. Given Lh; Foliowmg gmups ‘attached to a chual carbon pLLt in mdei of La) highust pr1or1t;, o {d}
lowest priority. Show all “ghost” EltOl’ﬂH (2 pla chch, 8 pLs] : :

e hE _ul!nwmo carbocdtmm labul fmm mo::l. alablc 'I:I.'_‘r least smhl:, by filim" in The_h[ank beluw E
[hc moiecule mt‘h [he numbcr (1) fm most smble to [ 4} foi least stab'IL (1 pt L..ﬂCh 4 ptb} ' C

oo ame T H T o

b—-—cm -4'»'_-.—(:1--13 FOH L
1’T U ;S
i leen the following CHCIEY dmgmm (9 chach :otal 10p15}
HZ“.’"'L.‘--"*_'""-' —— e F—._ _' —
[ —
ReéJiiti:jn T’mm:eqq e
al . Hnw mmw "{TCpS is in ﬂl{:‘ 1e¢ulmn mecham%m shown {(I} z_.:| (3 4) ,tc,ur_lu cmd .
SbYT T Which o) the sieps is thc slow\,st step 1*l sle]y (2""‘ stcp) (""' 5l ‘-}l (cuc[c oug (note: Jmt bccauseI
3 “1 .

'nave ? putuﬂﬂﬁ stcps L|OE.‘5 not 11[:‘Ll:.‘b‘1r.l1 :ly mean that TthE are Mua]iy 3 s‘rcps —1l L(nuld bc lcssj
) o How mauv mtermedm&:s ? [( I} (2}‘\)(4}{§j'| {cu(.le UDE)

d} ..How L‘_[l@_l__lj.r‘ trﬂns]trr_m slaies |_( 1_)_42),( ; _ﬂ (;11';:1;; t_m_tr-)

. {3} _ k Is the 1‘feact'im_1 cnergetically favored to a0 lorward t0 pr'i.::-c'hin:_l.? @no ] (gilltllei_ une]!

Orgé.]ilic._tlhemi'.*s[ry] Feclare la[l 2015 D Hﬂﬁlnl_..]:lfmm 0 E\*lWl".l.l Form B - : -_ T



Parl.lll J_.Dng Anzwers (34 pts) Show ill work for par{h] and full credit.

[. a. Corniplete The following réaction mcchamsm Show all intermediates but not the ‘tiﬂ.ﬂsttml'l slate

- structures,  Show electron pushing arrows ‘and completely deawn Lewis Dot (or Keku]r:} slrectares for each
- step ol the teaction rrechanism and the correct reglochemistry and st,eremhemmm if required. (20 s Lolal,
15 pis this part) (Mechanigm means 5how all steps an the way 1o pmcluct} ' :

x:(/ -_Ia}_'R;r'—Br. S @ Mmf

. CHy CH3 @\113 /. (MH--0-H P i N i

Géf/?ﬁ — D/Jﬁ,g
(Qﬁ@hf,@/y

_ [)TLd]hL(hLﬂqul} FLoecture  Fall 2015 Dr. Hahn - Faam [ MWEEL om0 _ g




[:3 Deawy an cnergy dlaﬂram which mal,ches vour reaction mechandsm showmfr all intermediates in your -
mechanism above.  Label reactarits, pmduua all intermediates above in your mechamsm with the letters

- (@), (b} (e}, ... ete. and then fabel your energy diagram. Guess at probable relative energies because .
ohviously you can’t have an accurate Ldea of relative cn-.,rn;cs it your encrgy d1agram w1thou’[ c[ong an’ -
uxp\,nmmt (3 pis} . '

5 - C . enantivmer {4 pts) S ' dlastu.rcomcz {—1 pra) '
ontmal stmc‘umu . of L".I'T“ngd.l u.u uelure L - of- ourrmal St_gﬁ:_t‘_u,ljz_-———

rl1 aw Thc E15) c[nwmg oT the enantiomer ol the 0Tl gmd
mol;,cuIL om the Jelt nsing (he wedee- L']d.:»h ling drawing (4 pts}

@1;{,—]{: -um-: {2 1'?|..H.)I |

Ornamc (.hl...IIllSll}lLLthll‘., Falt 2015 D1 IL]hn L_xamll MWI' 11 FormB ' . o .9




Chganic Cheisivy | kecture Fall 2015 D, Haln - Exam 1T 10/26{15 Monday MW Spmicliss Cxam ¥

Sign Name . i Frint Mame _ .

Please show work for all questions for partial and full credit (except mudiiple cholce questions) even on questions which do
nol specify work. Onlby answers which are clearly readable will be graded. If you write the answer other tharin e
intended space without clear indication of where, I'will not grade it {Tam grading 350 % 110 page exams. by nyself [am not
going to spend 3 hours looking for your answer somew here on the exam and 1 am not going Lo contact 260 people to tell me
whal they meant to write it Leanl clearly vead whal you wrote, No Doints fuor erased answers which are still somewhat
visible. No paints for evrors going from the exam o the scantron. No Points for anyHiing other lhan novmal arganic
chemistry formulas showing enough information to answer the question. (2 pts print & sign name)

{tolal mamber of pages of the exan = 8 pages F periedic lable | scantren Chork mumber of pages. 1 you twm i less than 10
pages, itis your own responsiblity for mot completing the exam

Part1 Multiple Choice (2 pis zach, 26 pls total)  Fill in your answer on the hardcopy of the exam as backupr for your scantren
in case you erased so much that there is a compuler ervor in grading,

MULTIPLE CHOICE. Choose the one aliernative that best completes the statemenl or answers the queskion.

1) Llow many distinct monoehlorinaled products can result when cyclopentane is subjected to free 1}
radical chlorination?
@ 1 R) 2 Q3 Dy & Ey5

2} What synlhelic goal is achieved by subjecting an alkene to an oxymercuration-dermerouration 2 ?g:
sequence?

@ Markovnikoy addilion of Fizg wherein skelelal rearrangernent is prevenbed
B} Markovnikow addition of 1120 wherein skeletal rearrangement is promoted
C} syn=lypdroxylation
12) anti-Markovnikov addition of 1120 wherein skeletal rearrangement i prevented

k) anti-Markovnikoy addition of 1120 wherein skelofal reavrangement is promuted

33 Which of the following intermediates is thought to eoour in the mechanism by which alkenes are 3} éi
hydrated in the presence of acid?

A cArbocation T g i ]
B} carbranion @ - ;h... ﬁ -{“ ‘L j@
— ==

C) free radical

13} carbene QL’ A/ = AW/ LY ﬁ‘s@
I alkyne e B --, y )
O p= bad atmpd)

(R Gs = vorlvesd bd >

Organic Chemisiry T Leclure Fom [ Dne_ilahn LW 5pm T




v

(=

43 Aomixture of cqual amounts of iwa enanbiomers _
A} is oplically imactive
B} iz called a racetnic mixhore
7y implies that the enantiomers are meso forms

@ bolth A and B

E) mume of the above 1 s

53 1ow many secondaryhydrogens are present in 1he hydrocarbon bolow?
L2}

H'g: e

. A
/ fw " CHy ']7-”

,ﬂ.wx}a fi B)2 )16 @6 ) &
6} Which of the Toflotwing is not a possible termination step in the free radical chlorination of
methanc?
Ay wCH3 + CTI3 - CHpOH3
By «Cilz + Cle - CH3C
@.cﬂg + Clp o+ CLigll + Cle
1) MNome are termination sleps.

ty All shewn sleps are termnination steps.

73 A radical rcaclion mechanism s
A) dene s0 as to produce the mare stable pair ol 1oms
mmolyﬁc
) via hydrogeaalion
) heterolytic

E) none of the above

Urrganic Chemistry I Lechurs Fxam 11 Lr. |ahn MW 5 pin
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&) Which of the [ollowinyg best describes the germetry abaui lhe carbon-carbon doubrle band in the 8} g

alkene below? 5 .
DCH;% I/\[ @fx m\- W 5.
\CLIJ Q_} ml

E ) meither F nor /£
N
91 Which of the [ollowing is a catbene? o

A} CHI3CH2+
B) CH2~C110-
) NCO-

D} CEHACH?2:

G)gﬂ(ﬁlg

1 How many diastereomers are there of the molecule shown bl ? Jul] E

COsH *‘F C/é\‘l y’kaé E _ ; :;3 {: ;"ﬂﬂfrt'@d’

H—1¥— o W e ¥
H;LGH 277 =g

H——1%—OH

CHa0H

INE B) 2 o ﬁ W‘ 'éﬁﬁ']'

Crganic Chemistry | Fecture Exam I i’ Hahn MW 5 pm ]



11} Consider the theee—slop mechanism lor the reaction of A through inteymediates 1§ and C to produce 11} JQ:
D showm below.

A-B [y = 15 kealfinol
B-C Fa = 1 keal ol
=1 Fa =2 kealimol

Which of the thres steps is rate=limiting slowaest step?
A The reaction of A 1o T3
B The reaction of B to C.
) The veactioa of C to 1
D} All three steps ocour at the same rate; there is ne rale-limiting step.

L) ¥ou can't tell from the information given.

12) Which of the following statements is {arc) true for the com pound (J-2-butanol? 12 L
A This compaund has an enanliomir.
B} This compound is optically active.
Oy This compound is chiral.
9 all of the above

L) nene of the above

13) For o given reaction, if a3 is grealer than zero (positive), then: 13) {

AY The reaction is geing downhill in energy and will go to product.

B} The reaction is going really fast,

C} The reacton is going Uphilk in energy and will nof go to producl.

D} ATl statements are irde.

E} Adl staternents are lalsc.

Organic Chemistry 1 Lecture Fxam 17 [r.1lahn MW 5 pra 1



Please show work on all guestions for partial credit even on guestions which do not specily, Please write
jegibly, 01 cannot read your answer, | cannot grade yout answer. {usc baclk of exam for scratch paper)

Part 1. Short Answers ( 40 pts)
Al Nomenclalure: (2 pts each,

I

2. Given the following TUPAC naftresdraw a structural formula of the molecule (skeletal formula
acceptablc, condensed structure, Lewis Dot straciure aeceptable, molecular formula nol acceptable -
don’ fm‘gd to show the hydrogens in vour formula unless you are using the skeletal structure. )

-' l_.___-—-___-__--------‘_-_‘_‘_
a 33 4 -Thcxane
. S

}
Organic Chemistry T Tecture  Fall 2005 Dr ITabn Fxam |l MW Spm



1. Reactions: Show the Orgamic Product in the following reactions by giving ihe structural formula al’
the product. {skeletal lormula, condensed structure, Lewis Dot struclure are all aceeptable. Molecular
Formula is not acceptable.) DO NOT SHOW MLCITANISMS. (2 pls each, 10 pts)

G, -
1. Cl-CH,-CH; B 6*':\/\ /(\

—_

(VE(J%‘} 7 Q‘%a”a pls df.
;*.1 I (,'H;;\\ /H Ci } (/f.'flLL (5’

- 1-O-H R
/ - . -': \...--f
CHy CHa-ClLI-CH; HY

—

!

@ K %%%

3
l-\ /CHj b‘ F,L‘}}
= He(OAc) /1120 NaBHs /E
Ci[:/ (‘\L'Hzl'_‘,lls p s -—-(*’__ N—,_C{é;
gt ; uj QJH’
= >
4
(H; CH; CHg
>1_ v
W b\(".l—i-z-(il[z{',ﬂ;
5
CH, TTa
>—c/ CILl
\1“3 /n(Cu)

Organic Chemistry I Lecture  Fall 2015 Dy, ITahn Exam Il MW 5pm &



C. Shorl Answers {22 pis)

1. Criven the Jollowing groups attaghed to a chiral carbon, put in ol (a) highest prmntyt
lowest priority,  Show all “ghost™ atpfns. (2 pts each, 8 pis) f4, EL

2. Given ihe following o s, label from mesksiable to least stable by filling in the blank helow
1he molecule with the number (1) Tor nmst stable to (4) for least stable (| (ot cach, 4 pis)

wb—H fCCH +GH —€H;
i "Hy h i
3 (iiven the ivllowing cnergy diagram, (2 pt each, todal 10 pts)

Reaction Progress

a} How niany steps is in the reaction mechanism shown [(1), (2},(3@ {eircle one)

—
b) Which of the steps is the slowest step [(1 slep]w (3™ slepy] (circle one) (note:  jusl because |

gave 3 potential steps docs not necessarily mean that thergdfe actually 3 sleps it couldt be less)
<) How many infermediales 7 {(l)._(2(4)] (circlce one)
d) How many transilion states |(1},[’2'},(3{circlc one)

&) Ts the reaction energedically favored to go forward to product 7 @ {no)] {circle one)

Organic Chemistry T Tecture  Lall 2015 Tr. Hahn LxamIl MW 5pm 7



Part 11l Long Answers (34 pts)  Show all work for partial and full eredit.

l. a. Complete the foltowing reaction mechanism.  Show all intermediates but not ihe transition state
gtructures.  Show cleetron pushing arrows and completely drawn [ewis Dot {or Kekule) structures lor cach
step of the reaction mechanism and the correct regiochemistry and stereochemisiry if reguived. (20 pis lodal,
L5 pts this pa anism means show all steps on the way o product)

i) 1
Nebr”
H‘/ \(fH«{:Hr{SI rCHy

Organic Chemisiry T Lecture  Liall 2015 Dr. Hahn  Lixam JI




b Draw 4 31} structure of the first intermediate above showing the + charge localized on the empty p

orbital, (3D structure nced only be on the curbocationy (3 pis)
) el

Ol € 0 T
J%@}C&wm
0L en
N INY

3. a.  For the given Fisher projection formula shown, draw one Fisher projection enaniiomer &
diastereomer ol the original structare, (14 pis total) Qf/ _’L—

H———7——NH: LL

HO H -
‘Ha cnantiomer (4 pts) digstereamer (4 pts)

original siructrure ol original structure ol original structuee

b. Given the lollowing 31 struclure, draw an enantiomer of the original stggcmﬁmgj%dush—

line drawing. lEL_ ?{f-’:'ﬂ — j’_

HO | Rz
CHa draw the 3D drawing of (he endntiomer of the originak
originat structure molecule on the lefl vsing the wedge-dash-line drawing (4 pts)

Organtc Chemistey | Leeture  Falt 2015 Dr. Hahn Fxam T MW 5 pm 9



Ovganic Chemistry | Lecture Ball 2015 Dr Habn Lxam T 10/26/15 Manday MWT 11 Form A Laam # Q'_Lé‘f

Sign Name__ N Primt Name ___

Please show work for alk questions for pariial and fall credil {oxcept multdple choice questions} even on gpuestions which do
not specily work. Only answers which aze ctearly readable will be graded. If you wrlte (e answer other than in the
intended space without clear indication of where, Fwill not grade i, {1am grading 250 x T prage exams, by myselt [am not
gainy ko spend 3 houes looking for your answer somewhere on the exam and Tam not going o contact 230 people to tell me
whal they meant to write if £ can't clearky read what you wrote. No Doints for erased answors which are stll somewbat
visible, No prints for ecrors gaing from the exam Lo the scantran. Me Points for anything other than normal ovganic
chemnistry formielas showing enaugh infermation to answer the queslion. (2 pts prinst & sign name)

(tatal mnmber of pages of e exam =% pages + periodic table + scantron Check mamnber of pages. 11 vou tum in less than 10
pages, itis your awn responsiblity (or not completing ihe exam.)

Part 1 Multiple Clwice (2 pts cach, 26 ptstotal) Till i your answer on e hardeopy of lhe exam as backuy for your scantron
in case vou erased so mmch that there is o computer error in grading,

MULTIPLE CHOICE. Cheose the one alternative that best completes fhe statement or answers Lhe question.

1) A radical reachon Tnechanism is: 1
A) dome so as to produce (he more stable pair of ions
B) hemalytlc
C} via hydrogenation
D) heterobyfic

E) nome of the abaie

2} What synthetic goal is achieved by sabjecting an alkene lo an oxymerceration-demercnrabion 23
seyguence?

A Martkovmikey addition of HpO wherein skeletal teaccangemenl is prevented
By Markevoilkay addition af H20 wherein skeletal reareangoment is promoted
) svn-hydroxyvlailon
D) anti-Markevnikow sddition of 120 wherein skeletal rearrangemenl s provented
Gy anli-Markownikey addition of 1120 whereln skeletal rearrangement is promiked
3) Which of the fallowing staternents corgectly periaing to a pair of enantiomers? » o
A} The have differont meltng points.
Bt They rotate the plane of polarized light by differing amounts and in opposile ditedions,
{7 Uhey have the same melting poinl, bul they have different bailing points.

Ly they rolale the plane of polarized fight by exactly the same amount ancd in oppasite
directions,

[} They rolake the plane of patarized fight by diffecing amosimisand in the same direction.

Orgaric Chemistry | Lecture Exam - MWT 11 amoclass e Habm Fopm A 1



4) Comsider the three-step mechanism far he reaction al A through intermediates Band Cto produce 4}
12 shown below.

A-B Fa — 15 kealimed
B- Ha =10 kcal.-'mul
C D H;_-l =72 kl'_'f!‘];‘l'l'ﬂtil]:

Which of the threr steps [s ralo-Ymiting slowest step?
AYThe reaction af A to B,
By T reaction of B to O
) The reaction of Ok 1
) All three stops ooour at the same tate; thene s no rate-liminng step.

E) You car'L tetf from the information glven.

53 Which of the folloswing intermediates is haght to occur in the mechanism by which alkenes ace i}
hyrdrated in the presence of acd?

A4 carbacalion
B carbanion
) free radical
% carbene

Ly alkyiae

8) Tor a given reaction, il 8037 is greater than zera (pusitivel, then: 5]
A) The reaction is going downhill in energy and will go o praduct.
B} The reaction is golhg really fast.
) The reaction is gaing uphill in energy and will noe go 1o produet,
i) All statemenis are tre,

L) Al staterments are false.

7} How many distinet monochloginaled procucts can result when cyclopontane is sihjeslod b free 7 B
radical chlovination?
A)1 By 2 )3 ™4 K) 3

Chganic Chemistey T Techare Bxamn L MWE 11 s cass B Liaho Form A 2



£) In the reaction of Cly with ethane and UV tight, which of the futlowing reactions would be a chain— %

termina lion event{s}?
N Cle+ Ci3-CHz - Cl3-CHz-Ct + FHe
[y Clo+ CHa-Cliy » CH3-Hal + LICT
N1y Cls + CHa-HC: - CH3-CH3-Cl
VY Cly + Cliz-HaCs = Cliz-CHp-Ch £ C47
¥l Cly » OV light = Tl + Che

A reactions Land T

B reaction V

) peaction 11T

1) reactions I and ¥

EY reactions 11T and [V

g} Tn the hydrocarbon shawn below, b many lertiary hydrogens aee present? %)
B H
oF

AlD Bl (2 M3 F) 4

1Y Which ol the fellowing is a carbene? )}
ApCliaC ke
t} CIIz=CTI0-
) NCO-
I3 CI13CH
KO

113 Which of 1he lellowing statements is (ace) true for the compound (R)-2-butanok? 11)

A} This compound has an enantiomer,
T This compoand is eetically aciive,
7y This carmnpound s chirval.

¥ all of U above

Cy none of the above

{Orgamic Chemistry [ Lecture Txam 3T MWE 11 arn class Err. Hahn born & 3



127 Which of {he following best describes the peomwiry about the carbon-cathon doulle tromud in Hhe 12}
alkene helow?

CH-, Cl
WS
=t
A
CH,, Ci
Ay £ o E C) neilher £ noy 2
13) How many asyimmetric cavbon atoms are prosent in the fallowing comnpenand? 1.2
S .
B CH(CH, ),
Hs
aY 0 By 1 ()2 Dy 3 Ky 4

Orzanic Chemisliy Tloohire Exame ] WWT 11 amclass [3r. ] kaho Form A 4



Please show work on all questions [or partial credit even on guestions which do not specify. Please write
legibly. T1T cannct read your answer, 1 cannot grade your answer. {use back ol cxam for seralch paper)

Part 7. Short Answers { 40 pis)

A Nemenclature: {2 pts each, 8 pls)
I Given the strectural formula shown below, give the IUPAC name of the molecule.
it name

O
b

b. frame

NS

|

[

Given the following IUPAC nume, draw a structural formula of the melecule (skeleral fonmula
avceplable, condensed structure, Lewis Dol structure acceplable, moleeular formula not acceptable -
don't forget Lo show the hydrogens in your fwmula wnless you are using the skeleta] structure.)

a. 24-dimethyl-1-peniene

b, L-3-methyl-2-hexene

Organic Chemistry | Lectre Fall 2005 The ITahn Exam I MWF1E Form A



B. Reactions: Show the Organic Product in the following reactions by giving the siruclural formula of
ihe praduct. (skeletal formula, condensed siructure, Lewis Dot struclure arc atl acceptable. Malecular
Formuda is mot acceptable,) DO NOT SIIOW MECHANISMS. (2 pts euch, 10 pts)

I O Clz
.

T fxhow ull monobalogenation prisiuols)

Cil CHs
\L— o BT
S N T
1% CHaCTL
3

(ay THEF: Bi;

v
P
cHy” \\H (b} FTa003 / OH-

-
-

CH CTh Pd
\:I_({ 1- H"J_ ———
CH_T’C"[I/ \‘(,'H?. CHa-CHCIE

A
)l i:\ /(: Hs
c=c CII Cls
. ‘/’ e n . ——
CH5 CHzCHs KOH

Ohrganic Chemistry [ Tecture Fatl 2015 D Habm Fxam B MWE 11 Form A



. Short Answers (22 pta)
i Given the following groups attached to a chirul carbon, put in order ol {a) lughest priority 1o Ld)

lowest priomily,  Show all “ghost™ aloms. (2 pts cach, 8 pls)
2,

( Q) | .
E.{)—H . ytom h‘ OH H
T

ER Given the Tollowing vurbocations, label from most stable to least stable by filling in the blank below
the molecule with the number {1) For-meost stable to (4) for least stable (1 pteach, 4 pLs)

CHa CEH_’,' H - CH3
+ C—H $ Gl §4H  +C-H
L - .

4] &L Hs

4 Given the fallowing enerygy diagram, (2 pteach, total 10 pts)

/\f\/L

L.;
r| -
g
¥l —
Reachon Progress
al How many steps is in the reaction mechanism shown [(1), (20(3)(4}] (circle ove)
13 Which of the steps is the stowest step [(17 step) (2™ step) (3* step) (eircle one) (note:  Just heeause |

gave 3 polential steps does nol necessarity mean that there are actually 3 steps — il could be less)

<) How many intemnediates 7 1{1)425(3 K4} (eircle one}
e} Iow many transition states [(13,{2),(3)] (cirele one)
el [5 the reaction encreetically favored to oo forward w product 7 |{ves) {no)| (citcke one)

Orgamic Chernistey TLecture Tall 20015 D Ilshn Exam ¥ MWFEF I Fonn A 7



Parc T, Lone Arswers (34 pes)  Show all work for partial and tull credit.

b a. Complete the following reaction mechanism.  Show all intermediates but not the iransition state

structures.  Show electron pushing arrows and completely drawn Lewds Dot (or Kekule) structires (or cach

step of the reaction mechundsm and the correet regiochemistry and stereochemistry if required. (20 pts tolal,
15 pis this parl) {Mcchamism means show all steps on the way to product)

LH,\ /cnzc:l-ra
€=

{u) Ci-C1
7 \ —
CHs CH:CHa (b} T--—(-H

Organic Chemistry T Lecture Fall 2015 BroHaho Exam T MWF 11 Form A



b Draw an cnergy diagram which malches your reaction mechanism showing all intermediates in your
mechamism above.  Lubel reactants, products, all imermediates above m your mechanism with the letters
(@), (b). (), ... cte. and then label your energy diagram. Guess at probable refutive cnergies becausc
abviously you can’t have an accurate idea of relative cnergies in your cnergy diugram without dong an
experiment. (3 pis)

2 a.  For the given Fisher projection lomaala shown, draw one Visher projection cnantiomer &
dissteranmer of the origina? stroctarc. (14 pls wlal)

i1
|
H————=0H
CH:y— 17
C— H
li— (H
(‘IH; enantiomer {4 pts) diastereomer (4 pts)
omginal strectrure of original structure of original structure

h. Ciiven the Following 30 structure, draw an enantiomer of the original stincture using ¢ wedge-dash-
line drawing.

CHa

B3 S \{_‘Hv__tfl—l;;

&
11 dravw the 3D drawing ol the enantiomer ol the eriginal
original slructirs molecule an the leit using the wedge-dash-line drawing (4 pls}

The original molscule (not the enanfiomer) has arlentation [{R} or {5} circle ane. (2 pis)

Organie Chemistry ITecte Fall 2H3 De, Hahe  Exam T MWE 11 Tonm A



Crganic Cheraistry | Lecture Fall 2115 P Hahn  Exam Il 10/26/15 Monday MWF 11 Form B Exam # _

Sign Name: Prirt Name £ 0 f h_

Please show work for all questions for partial end full credit (excepl multiple choice questions) even on gquestions which do
nel specify work., Only answers which are clearly readable will be graded. If you wrile the answer other then in the intended
space wilhout clear indication of whete, I will not gradeit. () am grading 250 x 10 page exams. by tyself T e not going to
spend 3 hours Tocking for your answer somewhere on the exam and | am not going Lo conlact 250 people to tell me what they
meanl lo write If Tean't clearly read what you wroke. Ne Points for erased answers which are st somowhat visible. No
points for errors going from the exam to the scanbron. No Poinls for anything other than normai organic chemistry formulas
showing enough information to answer the queslon. (2 pls print & sign name)

(total number of pages of the exam = 9 pages + periodic table + scanlron Check number of pages.  If vou fum in less than 1t
pages, it1s your own responsiblily for nol completitys the exam )

Fart | Multipte Cheice (2 pts each, 26 pts tatal) Filkin your angwer on the hardeopy of the exam as backup for your scantror
incase you erased so much that there is a computer etror in grading.

MULTIPLE CHOMCE, Chaocse the one alternative that best completes the statement or answers the question.

1} What synthetic goal is achieved by subjecting sm alkene to an oxymercuralion-demercuration 1
sequence?

A) Markovnikov addition of IT20) wherein skelctal rearrangement is prevetrted

) Markovnikov addition of FI2Q wherein skeletal rearrangeiment s promoted

C) syn-hydroxylation

Dj anti-Markovnikov addition of Ha¢ wherein skeletal rearrangement is prevented

k] anti-Markovnikov addition of T¥20 wherein skeledal rearrangement is promoted

2] How many dislinct moncchlorinated progucts can resull when cyclopenteme is subjected to froe 2}
radical chlorina tiom?
Al B) 2 C) 3 D) 4 E) s

3) How many asymrnetric carbon atems are present in the following compound?

La%}

CHECH, )

A0 B8) 1 )2 ™3 Ey 4

Crganic Chernistry I Lecture Exant [ Dr.Hahn MWF 1am  Ferm B 1



4} In the repcHon of Clo with ethane and UV Tight, which of the following reactions woulkd be a chain 4)

termination event(s)?
) s+ CH3=CHz - CH3=-CH2=C1 + He
I} Cle+ CH3-CHp -« CHa-H2C« + HCI
iy Clo+ CH3-HCo — CHg-CHs-d
IV) Clz + CH3-HaG - CH7=-CHp-Cl + Cle
V) Clo oy Uy light - Cle+ Cly

Ay reactions 1and 11

B) peaclion ¥

) reaction 11

D} reactions [and TV

E) reaclions HI and IV

5) Which of the [ollowing slalemenits is {ate) true for the compound (K)=2-butanol? 5
A This compound has an enantiomer,
13} This compound is oplically aclive.
() This compound is chiral.
L)) all of Lhe above

E) none of the above

) For a given reaction, if 407 is greaier than zero (positive), ther 6]
A} The reaction & going downhill in energy and will go to product,
B} The reaclion is going really fast.
) The reaction is goirgs uphill in energy and will not go to product.
[ All statements are true.

) All stalemenls are [alse,

7} Inx the hydrocarbon shown below, Bow many tertiary hydrogens are present? 7]

“or

R) 1 02 Dy 3 E} 4

Organic Chemistry [ Fecture Exam 11 Dr.Hatn MWF11am  FormB 2



8) Which of the following best describes the gesmetry about the carbon-carbon dewble bund in the

alkene holow?

CH, . Cl
NS
LN
H, . Cl
AlZ B K

% Which of the following s a carbene?
AY CHaCT I+
B) CHz~CHO-
C} NCO-
) CH3CH?-
E};CCl2

10) A radical reaclion mechanism is:
A} dome 5o as to produce the more stable pair of ions
B) homotytic
C) via hydrogenation
17] heterolytic

I} none of the above

1) Which of the following staternents correcily pertaing to a pair of enantiomers?

A} The have different melting points.

B) They rotale the plane of polarized light by differing amourts and in opposite directions.
() They have Lhe sarme melting point, but they have different boiling peints.
D) ‘They rotate the plane of polarized light by exactly the same amount and in oppositc

divections.

E) They rotate the plane of polarized light by differing amourls and in the same divection

12) Which of the following intermediates is thought to occur in the mechanism by which alkenes are

hydrated in the presence of acid?
A carbocation
B) carbanion
C) free radical
D) carlene
E} alkyne

Organic Chemistry | Leclure Exam 1§ Dr. Hahn

C) neither Enor Z

MWF 11 am

Form B
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13) Consider the three-step mechanism for the reaction of A through intermediales Band C to produce 18]
U shown below,

AB Eg =15 kcalfmol
B-C FEa — 10 kcalfmol
C-D Fz = 2 kcalfmol

Which of the three steps is rale-limiting slowest step?
A The reaction of A tg 1§
i} The reaction of B toy C.
C} The reaction of C to D.
1) All three steps occur at Lhe same rate; there is no rate-limiting step.

E} You can'tiell from the infermalion given.

Organic Chemistry | Lecture Fxam 11 PrHahn MWF11am Form¥ 4



Please show work on all questions for partial credit even on questions which do not specify, Plzase wrile
legibly, T{T cannol read your answer, I cannot grade your answer. (usc back of exam for scratch paper)

Part T Short Answers { 40 pis)
A Nomenclature: (2 pls each, & pts)
i {riven the structural formaula shown below, give the TUPAC name of the molecule.

. nanpie

2. Giventhe following IUPAC name, draw a sttuctural formula of the molecule (skeletal formula
acceptable, condensed structure, Lewis Dot structure acceptable, molecular formula not acceptablc -
don't forget to show the hydrogens in your formula unless vou are uging the skeletal structure.

8. 4-ethyl-2,3,5-trimethyinonane

b. 3-ethyl-2-methylpent-1-ene

Organic Chemistry I Lecture  ¥all 2015 Dr. Hahn Fxam!l MWF 11  Form B



B. Reactzons: Show the Orgamc Produet in the following reactions by giving the structural formula of
the product. (skeletal formula, condensed structure, Lewis Dot structure are all acceptablc. Molecnlar
Formula is not acceptable.} DO NOT SHOW MECHANISMS, (2 pts each, 190 pts)

]

Cily-CHACHCHs Cha
—_—

Fv (grve abl moonelsloprmaive products)

2
CH;3 H
\ Ve
/c—c H Br
———
CILCIIL \cm
3

CH- ~H:CH>
\H:/ {a) THF: BH;
CH;/ \H (6) H:0: / O

-
L

CH:

3 {1 Pd
e —
= + Haj
CHa C.Hz/ \Cﬁs

CH; /CHz CH;
>{'\\ CH Cly
CH; CH; CFl; KOH
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. Short Answers {22 pts)

1. Given the following groups attached to a chiral carbon, put in order of {a) highest priority to ()
lowest priotify.  Show all “ghost” atoms. (2 pts cach, 8 pis)

ﬁﬁ—-—H - )—%D—I—l_ o Yo

2 Given the following carbocations, label from most stable to least stabic by filling in the blank below
the molecule with the number (1) for most stable to (4) for least stable {1 pt each, 4 pts)

‘H‘} H3 }'i Hﬁ
}-E‘;-‘CH; —C—~CH;s \—-%;—H W—H
H Hs

Reaction Progress

aj How many steps is in the reaction mechanism shown [{1), (2),(3)(4}] (circle one)

b) Which of the steps is the slowest step [(1* step) (2™ step) (3* step)] {cirele one) (note:  just because
gave 3 potentiat steps does not necessarily mean that there arc aclually 3 steps — it could be less)

<) How many imermediates 7 {{1),(2),(3)4)(5)] (circle one)
d) How many transition states [(1),(2),(304}(5) (cirele one)

e) Is the reaction encrgetically tavored to go forward to product ? {{yes) {ne)} (circle one)

Organic Chemistty I Lecture  Fall 2015 Dr. Hahn ExamII MWFI11 FormB 7



Part [il.  Long Answers (34 pts}  Show alt work for partial and full credit.

1 a. Complete the following reaclion mechanism.  Show all intermediates but not the transition state
siructures. Show electron pushing urows and completely drawn Lewis Dot {or Kekule) struetures for each
step of the reaction mechanism and the correct regiochemistry and stereochemistry if required. (20 pis total,
15 pts this part) {Mechanism means show all steps on the way to product)

CHs CH:CH;

\C— (a) Br-br
CHs CH/ CH; (b) He-—O-H
—_——

Organic Chemistry | Lecture  Fall 2015 Dr. Habn bxam I MWEF 11 Form B 3



b Draw an chiergy diagram which matches your reaction mechanism shawing all inlermediates in your
mechamsm above.  Label reactants, products, all intermediates above in vour mechanism with fhe letters

{a), (b), (¢}, ... ctc. and then label your energy disgram. Guess at probable retative energies becanse
obviously you can’t have an accuratc idea of relative energies in your energy disgram without deng an

experiment. {5 pts}

2, a. Yor the given Fisher projection fornmula shown, draw one Fisher projection enantiomer &
chastercomer of the original structure. {14 pts total)

CHs
CH:
Br-
CH"_-‘.- “Hs
N=C - F
E‘*U—H . e .
enaniigmer {4 pts) diastcrepmer (4 pts)
original structnure ot onginal struciure of onginal siructure

h. Given the following 3D structure, draw an cnantiomer of the onginal structure using a wedpe-dash-
finc drawing,

1.'lr""'Lt \
W
CHs cl e . S
draw the 31 drawing of the enantiomer of the original

original structurc molecule on the left using the wedge-dash-line drawing {4 pis)

The original molecule {(not the enantiomer) has otientation [(R} or {S)] citcle one. {2 pis)

Organic Chemistry | Lecture  Fall 2015 Dr Ileshn Examli MWEF 11 Form B
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Organic Chemislry [ Lecture Falb 2013 Dy, Habm Lxam 1T 126013 Manday MW Spmclass Fram # X

Sign Name___ L . Print Mame _

Please show wark for all questions fur partial and full credit (except multiple chofoe quostions) even on questions which doe
nol specify wurk. Cnly answers which are clearly readable will be graded, If you write the answer other than in the
intended space withou! clear indication of where, Twilt not grade it . (Tam rading 230 x 10 page exams. by mysell L mmnot
going to spead 3 houss looking for your answer somewhesn: on the ez and T am not going fo contact 250 people to tell me
what they meant to write if 1 can't Jleacly read what you wrote. Ne Tolnls For erased answers which arc st somewhat
wisible. No points for errors going from he exam to the scantren. Ne Paints for anything other than nonnatl orgasic
chemistry formitas showing cnough informalion tn answer the question. (2 pls print & sign name)

{rotal crsvher af pases of the exam = 9 pages + periodic fable + scantron. Chock momber of pages. 1 you tuen in loss thiare 10
. pag pag 3 P ¥
pages, itis your own respansiblity for nol completing the exam )

Dari1 Multiple Chaoire (2 pts eachy, 26 pis total) Gk i your answer on the hardeopy of he exarn s backup for your scanteon
in case you erased so much hat there s a camputer error inograding.

MULTIPLE CLIOICE. Chouse the one alternative that best completes the statement or answers the question.

1) How many distinct menachlorinated products can eesull when cyclopentane is subjected to free 1
radical chlorination?
Ayl B2 13 [ LA
%1 What synthetic goak is achieved by subjecting an alkens toan oxymeTCuration-demercuralion 2
seruenca?

A) Markovnikow addilion of H20? wherein skelclal rearrangenent is provented

B) Markovnikov addition of FlzC wherein skelotal rearvangemen s promoted

Oy syn-hydroxylation

D} anti-Markovnikev sddition of 1120 wherein skeletal rearrangement 15 prevented

F) anti-Markovnikoy addilion of 1120 wherein skelelal reavmangement is provnoted

3y Which of the follawing intermediates is thoughl Lo ceaur in the mechanism by which alkenes are
hydraled in the presence of acid?

A carbocation
B} carbanion
7y froe radical
M carbene

F} alkyru

Urgarie Chemistey 1 Eecture Exam 11 Ur Hahn MW 5pm 1



4} A mixkture of cqual amneunts of b enantiomers
Ay i opticatly inactive
B} is called o racemic mixiure
) implies that the nhan iomers ace meso Farms
I both Aand B

K none of the above
21 Heow many secondary Tydrogens are present in the hydrocarbon belaw?

H CHy

CHa
AYT By 2 14 D F) 8

&) Which of Fhe failowing is not a possible icrmination step In the free radical chlorination of
methare?

A) -CHp + CH3 - CH3CH3
B) CH3 & Ol - i3

C}-CHa o+ Ch - CTI3C + C1
12} Mone are Yermination steps,

FY AfE shown steps are terminalion sleps,

71 A rvadical reactlon mechanisim is
A) done so as o provduce the more stable pair of ions
B hamolytic
) via hadlrogenation
B heterolviic

L) none of the above

Crganic Chemistry [ 1ectate Exane 1b L. Lfahn MW o pm
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%) Which of the tollowing best describes the geamelry about the carbun-carbon double bond in the

allcenie befow?

COCH

oH
L

Ay #)r

%) Which of the follawing is a cacbene?
A} CH3UH2+
3} Cllp=CHO-
) NCO-
L CII3CH2-
EyaCClz

103 [lenw many diastereomers arc Lhowe of the molecule shuwn below?

CO:H
H———0H
H——F——0OH
H———OH
CH.OH
AYD B2 i 031
Organic Chomistey | Lecture Examn 1 Dr. Tlahn
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1My Consider (he hree—step mechanism Tor the reaciion of A through intermediales 3 and C to praduce 11

[ showen below,

A - H Eq = 15 kealjmal
B-{ Ca = 10 kealimol
O ks — 2 kealimol

W hich of the three steps is rale-lmiting slowest step?
A Ehwe reaction of Ate B,
B The reaction of B 1o
Z} The reaction of O Bo L
D} AlL thece steps ocour af lhe same rate; there is o rate-limiting step,

FY You can't tell from Lhe information given.

121 Whiche of Ihe following slatements is-{arc) true fov the compound (R}-2-bu teraol?
A) This compound has an enantiomer,
B} This commpouril Is optically active,
4 This compeaunid is chiral.
Lyy all af the abawve

Ed mone ot the abawve

13} Tor a afven veaction, if #G° is greater than zero {positive), them
A) 'Lhe reaction 15 going downhil in onergy arul will go to product.
B} The neaction is going really tast.
() The reaclion is going uphill in onergy and will noi go w product,
L All statemenls are boe.

E) All stalemonls ave false.

Chrganie Chembsiry 1 Hecture Exam I 1. b MW B pm
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Pleage show work on afl questions for partiad credit even on questions whichk do pot speci [y. Please writc
legibly. [FFcannot read your answer, I cannotl grade your answer, {use hack of exam ot serateh paper)

Pare 11 Short Answers (40 prs)

A Nonmtenelature: (2 pls each, ¥ pis)
1 Given the structural formula shown below, give the TUPAC name of the molecate.
L. Name
&
b name

/LJ)\.TA

2. Given the following TUPAC name, draw a structural formula of the motecule (skelelat formula
seceptable, condensed struclure, Lewis Dot stroclure acceptable, molecutar formula not wcceptable -
don't forget to show the hydrogens in your formala unless you are using the sheletal structure )

a. 3,3.4.4d-tetramethyThexanc

b, E-2-chloro-4,5-dicthyl-d-octens

Oreanic Chermistry FLecture Fall 2005 Dr.Hahn Oxam B MW 5pin



B Reactions: Show the Organic Product in the following reactions by giving the struciural formula ol
the product. (skeletal formula, condensed siructure, Lewis Dot structure are all acecptable. Molooslar
Formuka iz not weecptable) DO NOT STTOW MECITANIESMS. {2 pts each, 10 pts)

1. CEL=CHz~H: DB

——

Iy Cshapw all monohsloeenutie: products)

2z

Ch cug\ /.T
oy He-O-[1
N —

CHY CIT—C'H=H, I
3
I Hy
/S
= Hg{OAc) ¢ HaO NaBH,y
e . _—
OH; ~CILOH:
4

c./ ~
v \r —
H TH O HH,

5
CHa: a1
(! ClE b
/"' ) et
He \\1_!111 Zn(Cu)

Organic Chenaistry [ Teclure  Fall 2015 Pr Hahn Exam b MW Spm



C. Short Amswers (22 pls)

1. Griven the following groups attached to a chival curbon, put in order of (a) highest prioniy to (d)
lowesl priority, Show all “ghost™ aloms. {2 pts each, § pts)

b, j..rC_':N____ o i/&H o }..[I L

2. Giivet the following carbocations, label from most stable 1o [east stable by filling in the blank bolow
the molecule with the number {13 for mosi stable to (4} for Teast stable (1 pL each, 4 pts)

H 3—1 "{IH;:_. Hs
LI 4-§—CIT3 +-(i3~H MO Hy
H H i 11
3 (iven the following energy dingram. (2 pt each, lotal E0 pts)

)

:1!; /\/ \/\”\

IO S VOUpNPR
T| \
gl L_
vl -
Rcaction Progress
i) Flow many sleps s in e reaction mechanism shown [(1). {23347 (circle one)
h} Which of the sleps is the slowest step [(1™ step) (2% step) {3 slep)] teircle one) (nole:  just because 1

gave 3 potential steps does not necessarily mean that there are actually 3 stops — it could be Iess)

ol How many Litermediates 7 [(1),(20304)] {circle onc)
dy How many tansition stales [(1L.(2003344)] {circle ong)
o} I3 the reaction energeticatly favored to go [orward to product 7 [(yes) (no)] {circle one)

Crganic Chemistry I Lectore Fall 2015 Dr. Hahn  Exam 17T MW Spm 7



Purt [il.  Lone Answers (34 pis}  Show all work for partial and fufl credit.

£, a. Complete the [ollowing reaction mechanism.  Show all intermediutes but naot the transition slate
struclures.  Show electron pushing arrows and completely drawn Lowis Dot (or Kekule} struetuees for each
step of the reaction mechanism and the correct regiochemistry and slereachemistry if required. (20 pls total,
15 pls this part) (Mechanism means show ail steps on the way to product)

i H

"—C/ H' / fle=mniTT
['r-/ \E.H-{‘.Hz-ﬁ‘,i-l: s

CHs

L J

Please check for the possibility of reacranpement.  You may have to do a hydifde shifl.

Orpamic Chemusity 1 lecture Fall 2015 Dr Jlabm Fxam T MW 5 pm



b Diraw 4 30 structure ol the first intermediate above showing the + charge localized on the empty p
arhital. (31} strocture need onfy be on the carbocaton} {5 pts) :

3. a. For lhe given Fisher projection formula shown, draw one Fisher projection enanfiomer &
diastereomer of the original structure. (14 pis total}

d‘Hg chantiomer {4 pis) diastoreomer {4 phs)
original structruee of origival strocture of unginal strueture

b, Given the Rallowing 3D structure, draw an enantiomer of the orginal structure using a wid gg-dash-
line drawing.

H
A ““T\
. ‘\l\
110 r I3 L L
Cl draw the 3N drawing of the enantiomee of the original
original shraclure molecule on (he 181l asing the wedge-dash-line drawing (4 ply)

The orginal molecule (not the enantiomer) has otientation [{R) or (S)f cirelc one. (2 pls)
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