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1. Consider the following reaction.

Given: AG = AH - TAS and K.q = e*6/RT
(10 points)

/ + H—Cl e /\CI

Bond Dissociation
Bond Enthalpy (BDE) — ki/mol
C=C 632 T
o 368 | 1063
c-Cl 339 R Mk
C-H 410 !
H-Cl 431 ‘ ‘—-_é;’ —-—ﬁ——-
2 ?‘CQW
a. Using the BDE values in the table, calculate the estimated enthalpy (AH) for the above.reaction. Clearly
show your calculation. AN = 1063~1117 = \.‘f?_‘_ g‘//L-T/maQ .
c=¢ 632 ———“hq [ bpre™
H—L o \
M ~C] qg!} 10 63 L0 e~cC 3gg§ "7
-
b. Predict the sign of the entropy (AS). Explain your answer. ‘ E 339
@,__e_( etdd ol M GW¢ 0 W oL MMM
b S = @ [ 2 P ks )
C. How is the equilibrium of this reaction dependent on temperature? Explain your answer.
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2.

Consider both the trans and cis isomers of 1-ethyl-4-methylcyclohexane.

(40 points)

1,3-Diaxial Interactions

—CHjy 7.6 kJ/moI
-CH:CHa 8.0 kJ/le
a. Draw the chair conformations of both isomers.
cis—chair 1 cis — chair 2
§//Q/\
e Iﬂ/l—pg:”‘

trans — chair 1

trans — chair 2

b L

l'v\,bvx_'u‘

Which isomer is expected to be more stable? Clearly explain you choice.

N \

W'évu\a{/\ JM)‘A#M ’,3'%”,‘9&? S rsenn

The enthalpy of combustion (AH,) has been measured for both isomers. The AH values for the two

isomers differ by 8.0 kJ/mol. Which isomer is predicted to have a greater (i.e., more exothermic) AH
va!ue?
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Does the 8.0 kJ/mol dlfference in enthalpy of combustion values seem reasonable in light your analysis
of the conformations of the two isomers? Clearly explain your response.

o thrn hain conformidos of 1o s sotmsn M
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Sep = _’{.‘,},,_‘,U/ alrcns 0%7‘ _,L/\//V-M 4/ MJ
3. Assign the configurations of each stereocenter in the following compounds using the appropriate notation.
(15 points)
l
Q HO .
OH '
a. b. A—L\ %ﬁ (/&
NH
2 ( S
phenylalanine C\ & C C glyceraldehyde
(S ) L ¢ we
H— CfﬂC-ﬁ —C £ C-M .
\ S - V.}/‘ au!‘ \{«CJ) =,
4, Ephedra alkaloids have the general strtﬁ:turecshown below. Theydre fofind in the extract of the plant Ephedra

sinica, which has been used to treat many medical conditions (such as asthma) and has been used in traditional
Chinese Herbal Medicine for over 2000 years. The IUPAC name is provided for the structure but none of the
stereochemistry is shown. (20 points)

e ol o Syea EOtGA;é"*-I

2-(methylamino}-1-phenylpropan-1-ol
a. How many stereoisomers are possible for the ephedra alkaloids (shown above)?

Have v Fun $W)27:L{ D eranan

b. The decongestant known as Sudafed® contains one of these alkaloids and is called pseudoephedrine
and has the absolute configuration of (15,25). Draw this isomer using appropriate notation (line, dash,

and wedge). 9H Ls) ) w p
S hoed Yo wat Loeh o
— ~— oéfr)t veptoli e fo S boro
Y BN
" chj. et Steqres

C. The alkaloid called ephedrine is a diastereomer of pseudoephedrine. Draw a possible structure for
ephedrine and label each stereocenter with appropriate notation.

oH

r\rk/ Ty

M Ned, Hh o,

d. Write the complete IUPAC name for the enantiomer of pseudoephedrine using the correct notation for
stereochemistry (and in the correct format).

(1R 2R) 2~(metbgf cnnsind)=I- phossglprcpon - I - ol
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5. Indicate whether the following statements are absolutely true or false. (25 points)

a. All enantiomers are optically active. -
b. (2R,3R)-pentane-2,3-diol is the enantiomer of (25,3R)-pentane-2,3-diol.
=
c. If a molecule lacks a sigma plane of symmetry (o) then it is chiral. ” )
E ( (_Maﬂ hewne ¢

d. All meso compounds are optically active.

[
e. cis-1,3-dimethylcycloheptane is achiral. .

[

6. What is the relationship between the following two structures? Are they enantiomers, diastereomers,
constitutional isomers, or identical? (5 points)
Br

Hsc/mBr _04q WAZ-W/U?A//

t, &
W SN —
2 Provide names for the following alkyl halides. (15 points)

Br
Br Br
" */\( b. Q’ c.
Cl
a (R -2-pomr Sotbll Nipin
. (R3S -1~ fproro- 3= Moo eyl oo

o _7“//:4@%&/,4‘05/0&1 E’Z,?,[?%ﬁ%}&
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8. For the following substitution reactions show the product (or products). Indicate whether the reaction
proceeds by the Syl or Sy2 mechanism. Explain your choice. . (20 points)
VVU’HM NaesrgM
B

) HOCH, (\([/\ . K‘J L Wp~

- P’r/ //j C"M /\
e e a0 =
Geed LG, @]

PP
b. NaOH
:,)/mZu %b)j (_.«f gy\ﬁ

9. Consider the followmg reaction: - Q&W’ N /9&:/ ( f /9 -?W (30-points)

Br CN
/\)\ _»NaCN /\/;\ ¥ Nabr
DMSO
<)

a. Indicate whether this reaction proceeds via an Sy1 or 552 process. Explain your answers.

SN 2° subathots +%wd(-€7 +WN'{CC’\') + palon W
b. Draw the mechanism of this reaction. + 100% mw&w, ¢6

lc:i
2 3 &= )

w P S

C. What is the rate equation of this reactio(n)? \
eite < e CREBILLAL (s

d. Would the reaction occur at a faster rate if the concentration of cyanide were doubled? Explain. ( 6-)
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10. The table below (Table 9.5) shows the rate constants for the reaction of select nucleophiles from Group 6A and
7A with methyl iodide (CH3l). (40 points)
a. What is the trend in nucleophile strength for each of the groups of elements, 6A and 7A? Explain your

,5 answer. _ﬂ\i w :l |j‘ % ‘&5%@- /UV\ |

MS’W@QW

M’ W) /{_4‘?'??,\_ / H;‘-’-‘L(-/\. ) r.'; wn Heo PL > ;‘ o |
b. What type of solvent is this reaction run in, polar protic or polar aprotic? J
c; What does the pKa of the conjugate base tell you about the nucleophile strength in this case? Explain

youranswer. p il cuae N W %ewaf MW%{

1< Wbmumﬂ

(Nt e o i e Dud vy howsids i ooty | )

nucleophiles in Group 7A with methyl iodide?

IS

ARate T

d. What effect would switching the solvent of the reaction to DMSO have on the rate of reaction of the

L gegvp 7 M/L-W..j DM e Y W&@MS,W%
FS ld 4o a SHromgtn neelegplids oud s ugnted

TABLE 9.5 Dependence of Sy2 Reaction Rate on the Basicity of Nucleophiles

from Different Periods of the Periodic Table in Methanol

CH;OH

Nuc:™ + HyC
¢ 25°%C

‘Nucleophile

| == Nuc—CH; + I

I- -10 aaxigl o A

B -8 goxiwt
ar -6 s s
B st B

* pK, values in water
(Source: Marc Loudon Organic Chemistry 6" Edltlon Roberts and Co., 2016, p. 399)

(/{/V’“C"///w \L‘é\i 2uny) Ngrr _e/_w/-fw)g; awd ¥ J"H L "éL'
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11. Explain (clearly) why fluoride (F') is a better nucleophile in DMSO than in ethanol. (10 points)
Lo DMSo, FO dpenm 1 7 got sebuotid o0 wild oo
/ . .
12. Adamantyl bromide is completely unreactive toward nucleophiles in either the Sy1 or the Sy2 reaction. Suggest
(10 points)

an explanation for this lack of reactivity.

@ ved W | \
\//\ = ol QJWW ﬁ/pdwuagﬂ el SCWQM—L& b Sy
L\j psaitin et oly Lacawet Vi SdsTsle 40 30

R R Aoehesolt ) tavp\./(l/(,lxﬁ/% X_‘;C.,':Q : 2
adamantyl bromide (+a Nu wiridd Jpire Yo W‘F""MZ‘ e smadols )

T tetivny bolidls 2 ohos not sl o iz By aw S Aestisn
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Cunboeadins e o Mo covwhaint of 112 adammalyd piley S oilin

13. EXTRA CREDIT CHALLENGE PROBLEM. The Finkelstein reaction is a widely used reaction to prepare alkyl iodides
(R-1). The reaction converts alkyl chlorides (R-Cl) and alkyl (R-Br) to their corresponding iodides in excellent
yield. Given the “normal” order of nucleophilic strength of the halides in protic vs. aprotic solvents and noting
that the only alkali metal salt that is soluble in acetone is Nal, suggest an explanation for the success of this

popular reaction.
(20 EC points)

Nal
R i —_— R—I + NaX (ppt)
acetone

R = methyl, primary, or secondary
X=ClorBr

odie €19 angd 8, D WM«,&Z««& Wre) .
2. Ay sgutioa Sucerddo _aoco vy Natl on Nor B prodbeerd 4
sl i ottt cnnd ppracopdily frm Hik anic Yriins —
\f’ﬁu/’—/-:‘am 'e-—)/;vvu,/v@ ”6 L-{" W«’S Mwﬁﬂhﬂ
sy ont of Wt fruned prlucts otis Vo punitis,

Jheveirped.
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Exam 2, Question 3b, Final answer

Many of you were surprised that your answer was marked incorrect for Question 3b on Exam 2. Even more surprised
were those who also found that a computer program (that | recommended) agreed with the incorrect absolute
configuration and put the same answer on the make-up exam.

Fortunately, the correct answer has nothing to do with the computer program, but merely the application of the CIP
rules to determine priorities and then assign absolute configuration by viewing the structure in the correct way.

The correct name is shown below with the correct absolute configuration. The expanded views of the two substituents
in question must be viewed with all of the attached elements “visible,” noting that multiple bonds count for more
attachments to carbon, which in case breaks the tie. The resulting priorities for the four groups around the asymmetric
carbon are shown — this lead to the configuration as (S).

o x
1 |

C—C—C—% g"—C—C—H
|!| (I:H ; 2/ ! !
C

( 3 HO ‘\\/ Cs 0‘)

3C
1C,2H 4 2C,1H

breaks the tie!

(S)-1-ethynyl-2,2-dimethylcyclohexanol

| must admit that it was surprising to find the configuration from ChemDoodle to be wrong (ChemDraw and ChemSketch
give the correct answer), so | wrote to the company and this is what they said:

“Hi Stephen,

Topic: ChemDoodle
Ticket #: 401823

Thanks for this report. Our CIP system was overhauled about 2 months ago in our development version and these
incorrect assignments are now correct. The new CIP system in ChemDoodle is very accurate and reliable, and will be
made available with the release of ChemDoodle 9, tentatively in Q1 2017.

Sincerely,
iChemLabs Customer Service”



