Chem 3A, Summer 2019 Name: Aug 15, 2019
Chemistry 3A — Final Exam

Student Name: PQ&Q,\‘.; K.Q,b‘l SID:
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Notice: There are 240 possible points. You can earn over 100% on this
exam.

Remember: Three member ring electrophiles react differently under acidic
(onium) or basic conditions. Keq = 10Q(PKa conj acid - pKa acid)

You're going to nail this! ~Pete

This is a capybara. They are friends with all of the animals.
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Chem 3A, Summer 2019 Name: Aug 15, 2019
Given: It is possible to generate an alkyne via two consecutive E2 rxns.

Goal: Analyze how these different eliminations take place, and determine
possible side products.

1.A. There are two possible sterecisomers that lead to the product shown.
Add wedges and dashes to the halogens, hydrogen, and deuterium
for each possibility. (6 pts)

Br, Cli
2 Cl CH
B 1 D *PO
Add wedges/dashes S )
NH; 1.C. One other possible alkene with|
conj. acid and halide. |
T ‘ & o *’ Q\%H
B &' o TR A K
DNW: | NHy | DN,
H + I "
Add wedges/dashes c® | e & ©

1.B. How are the two starting materials related to each other? (2 pts)

© enantiomers
The starting materials in 1.A. are O diastereomers

O constitutional isomers

1.C. What is ONE other possible alkene product that would form under the
reaction conditions shown in 1.A.? Show the product in the box
above, along with the conjugate acid and halide leaving group. (6 pts)

1.D. If the reaction in 1.A. were run with LDA instead of @NHZ, would

you observe any difference in product distribution? Explain your
answer. (4 pts)

i ive @ similar istributi © :
Using LDA would give O differant product distributions to~NH, because:

e i gv\,Q,6 oy sF d)) @ "\ﬂbuser\%.

15 words or fewer
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1.E. Draw in the molecular orbitals that must overlap for a successful E2
elimination reaction. Also, LABEL those orbitals. (6 pts)

g o
C
— —>‘CEC—CH3 + NH,D
+ Clo

add orbital drawings and labels

A
@y "? Ej?’%
NH,
O

1.F. The other alkene isomer can also undergo this elimination yielding
an alkyne product. Explain why the rate is so much slower when
- the beta deuterium and leaving group are syn coplanar. (4 pts)

) ONH, %—CEC—CH3 + NH,D
slower + Clo

than rxn
1.E.

Slewwen due v poor oo ) ovuka,(a

=

15 words or fewer

1.G. Why can an alkene undergo E2 elimination with a syn coplanar
relationship between the beta deuterium/hydrogen and the leaving
group but an alkane cannot? (4 pts)

Alkene S locked W reachwve conformatbon
Wil alkaney will Aotte sut oy eclipsed
15 words or fewer ('QM%{ W\a\‘hm.
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1.H. The reaction below did not yield the desired alkyne product. (9 pts)

i) Describe the problem specifically.

i) Show the actual product formed. R

iii) Suggest a change to yield the desired product_,,,,thout changlng
the starting organic cor’np’ound’

H H
%CHQ, n /LNJ\ . C=C—CH,
Br Br ©

desired product not
SRCESS observed

i) Problem(s): ii) Actual Product: iii) Proposed Change(s):
%iﬁ Do ades ~a [@ ngtead dl)
Qe less hindered Y =0 LDA b more
Hs o twe CHy o~ Suoshiuled alkyno.

oy .
3 %\\::\\H
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2. As promised, | will teach you about sodium borohydride (NaBH,).

Given: NaBH, provides nucleophilic hydride similar to LiAlHy,.

Given: NaBHy, is not a strong enough base to deprotonate alcohols (ROH).
example: NaBH, + MeOH —— no reaction

2.A. Provide a mechanism for the reaction below. Label stereodetermining
steps as top or bottom. (10 pts)

o o
e ) o 0"

e
o &/

2.B. Add arrows to the mechanism below. Make sure that the K¢, of any

Bronsted acid/base steps is close to 1. All intermediates must have
filled octets. (10 pts)

Ph
O> ©
ph_OS_  *+ MeOH MeOB(OCH,Ph); + PhCH,OH
pry~0F P
. T
S
C?N O P\'\
th o-./?h H R ’P\"\/o\ i
-4 S I
‘? ,—...? O-z W/\ oH
o) Pw P ~®
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Aug 15, 2019
2.C. Unlike LiAlH4, NaBH,4 can react in the presence of an alcohol solvent.
Predict the products or reagents of the reactions below. (12 pts)
0]

O oh
NaBH,, MeOH 5

D D

oH : < oH
— NaBD,, MeOH
L‘ ~ - [ L

oM

o

2.D. Why is the LAH hydride more basic than the NaBH,4 hydride? (4 pts)
Hint: think of periodic trends

LiAlH, is more basic than NaBH, because: Ywo fl-H

Wao a
w dapols *uan B-H

eN(A) 2 ENB)

10 words or fewer
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3. Notoryne was isolated from the red algae Laurencia nipponica in 1991
and was recently synthesized. (J. Org. Chem., 2018, 83, p. 12863)

3.A. How many stereocenters are in Notoryne? (2 pts) | (o

Notoryne | ‘

3.B. Label the stereocenters with halogens attached as R or S and the
alkene as E or Z. (6 pts)

3.C. The research group tried many different approaches to achieve the
desired stereochemical outcomes seen in Notoryne. Which alkene
starting materials were used to give the diols below? (8 pts)

cat. OsO, OH
HO-OH

RJ:\_R i

O
I

OH

i) 1. mCPBA R R/\/'\/R
T ad K | 27H,0, cat HOO :

OH

3.D. Would you expect a different stereochemical outcome of the second
reaction if it were run with catalytic acid instead? Explain. (4 pts)

. . @ the same . . .
Reaction 3.C.ii. would have O a different stereochemical outcome if run with

catalytic acid because: P s shil mveason
9 SRiLoduamistoy.

15 words or fewer
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3.E. Draw a reasonable curved arrow mechanism, paying close attention
to the flow provided. (16 pts)

e N Br
= > :
BrBr P OH Z @ Br
mild, non- 0] O
nucleophilic Z
Add arrows for base Ka =5
bromonium formation ‘ P

Bromonium intermediate

+ B

Add arrows for Calculate Keq

T — acid/base chemistry 5
, Keq =
Add consistent wedges/dashes N ea= |D
Add arrows for |
nucleophilic attack =
leading to new ring
R
TS of nucleophilic attack ® \ protonated cyclic ether
B
B \
u 1, d \-\ 7
(L% AW \
N 4 "WV
% W
W7
— — pKa=0

3.F. Explain the fact that oxygen attacks to only give the shown product
and not another regioisomer despite both carbons of the bromonium
having similar substitution in ten words or fewer. (4 pts)

We only see the given nucleophilic attack because:

U-membece d ANy hao wmisw m\/~3 sz,

10 words or fewer
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3.G. Finish the energy diagram for the mechanism in 3.E. using the
given information below. (9 pts)

Given: bromonium formation is endothermic and rate determining
Given: the reaction is overall exothermic

Given: you calculated K¢, for the last step

[/

starting bromoqium, protonated cyclic final
materials bromide ether, bromide products
pyridine pyridine
3.H. What reagent(s) would you use for the following reaction? (3 pts)
| s l
SOC
O = \ / \z O o \ /
G Hint: we saw it on Monday q
OH Cl

3.1. Why is HCI not a reasonable answer to question 3.H.? Specifically,
describe TWO possible reactions that would compete with the
desired reaction. There may be more than two. (8 pts)

One possible side reaction if you use HCI in question 3.H. is
profonade gy oxqgen  Instead.

10 words or fewer

Another side reaction if you use HCI in question 3.H. is
protonake o T Yvond siead

10 words or fewer
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3.J. Predict the product(s) of the reaction below. (4 pts)

Cl A

\Jl D,, Lindlar
o = ot
<°j; (Pd/C, BaSO,) Q‘ N=

>

-

3.K. Alkynes can also react with ozone, following the same overall
mechanism as alkenes, but leading to a different outcome. Predict

the products of the reaction below. (8 pts)

JI 1. excess Og 0 SN’ V4
o ' o
= 2. excess SMe, q

0

+2 DMSO

3.L. Hydroboration of the alkene functional group selectively gives the
regioisomer below. Show the other possible regioisomer and explain
why it is less likely to be formed without a steric argument. (8 pts)

f I
\J HBMe;, oL .~ Jx

c\

NP
A

Il
BMe,

unobserved regioisomer

This is the only regioisomer observed because: &® @ P

Stoved caabeon  sotten St iRed oy layper -

conyy 4 ahion.
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4. In exam 2, we looked at a molecule that helped absorb stinky molecules.
Let's investigate some of the other reactivity those researchers looked
into.
Given: The reaction run under these particular conditions provide only one
stereoisomeric product.

excess
MeO O + NaH

OH + H, + NaCl

4.A. This reaction DOES NOT proceed through Sy1 chemistry. Provide two
other products you would expect if this were an Sy1 reaction. (6 pts)

\‘/\/S"'a. -_— 6: z "O 4+
B OHW CogMe

& h,

N ¢

OH \“\S\/\r
L)

He  om ‘fb

D N

4.B. This reaction DOES NOT proceed directly through Sy2 of the sulfur
nucleophile displacing the chloride leaving group. What would the

SN2 product look like? (3 pts)

Mo _ o

Y\; [} S

Q\ 0' " H

N = o
v <

" o
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4.C. Based on the previous information, provide a reasonable mechanism
leading to this product. (10 pts)

— I S ———
7

P Mgb MeO @)
| MeO O + 2Xx NaH
S

CI .\ - Y\/
), HS 90" ™" “oH
Hg : OH OH

OH + 2H, + NaCl

+ Na®
d

c Opw /
C\&%)}

4.D. Add wedges and dashes to the MeO o
structure to the right consistent Cl
with a stereoisomer of the

starting material that CANNOT
undergo the mechanism H OH
in 4.C. (3 pts) OH

any Shereo tpomen Vit

Page 12 of 18
e\ omd adjacent HO US.
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5. Sulfur is a very versatile atom due to its ability to hold charge. Pingfang
Li's group has done some research that we're going to analyze.
(J. Org. Chem., 2019, ASAPs)

5.A. Dimethylsulfoxide is usually non-nucleophilic. However, in the presence
of an incredible electrophile, the oxygen acts as a nucleophile as shown
in the reaction below. Draw the electrophile triflic chloride. (3 pts)

©
9] OTf S
I + TfCl I Cl
S< S
H3C @ CH3 ch ©) CH3
new sulfonium electrophile
0]
-3¢
Draw Tf-ClI

5.B. The allylic CH bond is much more acidic than you would expect for
a C(sp3)H bond (expect pKa 50). How would the pKa of the allylic CH
bond be compared to 507 Fill in the appropriate bubble. (2 pts)

O >

H o=
N /\/H‘\pKa©< 50

pKa = 50

5.C. Why is the allylic CH bond more acidic than a regular C(sp®)H bond?
Explain in 5 words or fewer. (4 pts)

Allylic CH bonds are more acidic than regular alkyl CH bonds because:
Ve SONGNee d oMy Souke Vagk .
5 words or fewer
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5.D. LDA is a strong enough base to deprotonate an allylic CH bond and is
non-nucleophilic. Provide a mechanism for the transformation below.
Make sure you create all of the products shown. (10 pts)

CH,
AH&’"’”‘\@ J\ OTf @
H /K H3C @ CHg
L excess + Tf(ga + 2 HN(iPr),
I~
@/‘k 3} N)- /)
& +hH-
; T
c’:bT‘f e
Mc,\”"s@‘w — J_de
Lo & e
~— HZ“ - "\e
EA

5.E. In mechanism 5.D., LDA acts as a base in the first step and again in
the last step. Which time will have the larger Kq4? Explain in 10 words
or fewer. (4 pts)

The K¢, for LDA reacting as a base in the previous mechanism is larger
O first . <® \ - Jdan ‘\.a
for the g < Step because: 5P pullS e Sty .
Indachve  Effect.

Product Whway couleopmorc Stuloi | iy %@ QN\& S n
| P

15 words or fewer

E#,
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5.F. The carbanion product of reaction 5.D., shown below, is known as a
sulfur ylide. It acts as a great nucleophile, like other carbanion nucleo-
philes generated from organo lithiates or Grignard reagents. Fill in the
missing carbonyl compound for the reaction below. Also provide how
many other stereoisomers you'd expect. (6 pts)

CHj
@ followed
“CHj :
© by mild
sulfur ylide H30"
+
b
oOMa

carbonyl compound

OH

‘ H3C/%\CH3 g OMe

13

more stereoisomers

5.G. If the acid step is not done, epoxide products are isolated. Show a
mechanism for the reaction below. Specifically show the reactive
conformation immediately preceding the epoxide forming step. (8 pts)

CHj "

L@ /oA

S\ O(;,)
Ph CH, /

Ph
SMe2

@MWJ
sulfur ylide
\
\\ S
~

reactive conformation
for epoxide formation
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5.H. Based on the above sequence of reactions, predict the R,R epoxide
isomer of the reaction below. (6 pts)

1. TfCl &
) 2. ©)k/CF3 excess
? » LDA . T,
é Y *“\L i

HsC” @ “CH,4 - -

y) 3. OAQNO Ph

2

Z/O“

T |

® R,R epoxide product
\) ~f + SMe, + TfOLi + 2 HNiPr,

(32 N + LiCl
M
8 }H Fs Py
Ph %‘/L-s /\L(CF" 2 */60
> v Do, mz e,

This otter is excited to tell you how close to the end of the exam you are!
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5.1. Imines are the nitrogen analogs of carbonyl compounds. When this
same chemical sequence happens with imines, the product is called
an aziridine (or an aza-cyclopropane). However, there is also an
interesting rearrangement that occurs to the aziridine. Provide a
mechanism for the unwanted side reaction observed below. (10 pts)

CF; CF,
ot N N

AN o

Ph PH

I © ye,
N Chy ’/«/ 7‘{ CF3
\/L s & =

5.J. The side reaction in 5.1. only occurs when the R group on the nitrogen
is very electron withdrawing (like a CF3 group, or a CN group). Explain
the observed difference in reactivity. (8 pts)

i,  CFs CF, i, CH, CHs
N ' N '
N N
~N T T ~ =
Ph Ph Ph Ph

Reaction (i) proceeds while reaction (ii) does not because:
Focmina N© s casien if © & stalorlied
\OL,‘ o\_o\:)acen* C,\r\-?, YUV Viee duchwe

NSyl bR

~ ® b\ Rathon.
Pn
15 words or fewer and a picture for comparison

You’re done with Chem 3A! Congrats. Enjoy the next couple of weeks.
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Here’s some relaxing images of otters holding hands. Obviously.
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