CEM 852 Exam-2
March 20, 2021

This exam consists of 5 pages. Please make certain that your exam has all of the necessary
pages. Total points possible for this exam are 100. In answering your questions, please write
legibly and draw all structures clearly. Write all your answers in the exam booklets. Good
luck.

lllustrate the following: (a) a Kumada coupling, (b) a Zimmerman-Traxler transition
structure, (c) a Type Il crotylation, and (d) a carbonyl reduction by a Grignard reagent. (12
pts)

. What advantage do the Shi or Jacobsen epoxidations have over the Sharpless

epoxidation? (I’'m not asking you to illustrate aby of these epoxidations.) (3 pts) allylic
alcohol not required

Provide conditions to convert Evans' oxazolidinone A into its E- and Z-boron enolates. Be
sure to draw the E- and Z-boron enolates. (6 pts)

CIN oesen ol BT o
PR Me Et,O,-78°C o e Et,0,-78°C Ph  Me
E-boron enolate A Z-boron enolate
. The enolate of 4-t-butylcyclohexanone (B) can be generated by
the reaction of enol ester A with MeLi. OAc OLi
(a) Provide a detailed arrow pushing mechanism for the reaction MeLi
of A to B (2 pts) et
(b) Provide conditions that would best achieve C-alkylation of B
(2 pts) Mel t-Bu t-Bu
(c) Provide conditions that would best achieve O-alkylation of B A B

(2 pts) MeOTf, HMPA

Compound C can be viewed as a homo-enolate equivalent. Provide conditions/steps and a
detailed arrow pushing mechanism that would transform C into D. (8 pts)
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V. Compound C can be viewed as a homo-enolate equivalent. Provide conditions/steps and a
detailed arrow pushing mechanism that would transform C into D. (8 pts)

QD e O QD "
e AT

(@)
H;0+ + HM
N
H D

4

VI. Provide the product or products of the reactions outlined below. Show all intermediate
compounds and be sure to indicate the product's relative or absolute stereochemistry. For

reactions where multiple products are possible, be sure to indicate the major and minor
species. (15 pts)

1.

1. n-BuLi, THF, —78 °C; then

forms the Weinreb 1)

amide which holds the J\

tetrahedral MeO OMe

intermediate until [ [

workup Me Me 0
H —78100°C; HzO* workup C

Z > \/\/ AN
\/\/ 2. Me MgCl, THF A\Me

0 °C; then H30* workup

2.
Stile rxn
1. TiCly; then
EtO. OTMS :::
1.5 equiv K
2. cat. Pd(0 SnBu3 CO,Et

homo enolate equivalent
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3.
1. NaH, DMF, 0 °C; then WCH3 Hint: The mass
CHg —78 °C, MesSiOTf | spec of the product
> . idicates the mass of
2. H,C. _O —78°Ctort: ‘CO.Et the product = the
CO,Et TS ’ OH .
H.O* worku mass of the stating
0 H,C™ "0 Ta P © C material +16.
4,
NAc NAc H
- int: The mass
OH 1. p-TsCl, pyridine H spec of the product
> NaSCH.Ph. MeOH. 25 5 idicates the mass of
. Na e ° -
RN 21, ’ the product = the
N CO:Me 3. Raney Ni, EtOH, heat N™S COMe | ass of the stating
b ~ D material —16.
) 0]
5.
H
0] ° MeO z Hint: The mass
~ 1. MegOBFy, CH,Cl,, 0°C _ = spec of the product
o N idicates the mass of
N\CA 2. NaBH4, 0to25°C & the product = the
E mass of the stating
) = material +16.

VII. Provide conditions that will afford the transformations outlined below. Some of these
conversions will require more than one reaction, so be sure to show all intermediate
compounds. (15 pts)

1.

HO N, 1. cat. Rh(OAc),
H |_'| PhH, 80 °C
Me ' CO,Bn >
2. CIP(O)(OPh),
o cat. DMAP
iProNEt, MeCN

HO
H

1. Mn02

2. TiCl,, CH,Cl,
X" s, o

3. O3, CH.Cl,
then PhzP
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3.
LiAlH4; then Mel CHa
OH ” \/\)\/\
\/\/\ "o
4.
Q NH,NHTs
N NaBH(CN) _
pH 3-4, DMF
100°C,3h
5.

2 equiv NaNH,

then th\ﬂ/@
1 equiv PhCH,Br

O
then H3O+ ©

<

(0]
o—/
Qj

VIIl. Provide a detailed arrow pushing mechanism for the reaction shown below. Hint: The
transformation involves as [3,3]-sigmatropic rearrangement and a Mannich reaction. (8

pts)
tBuO
14/
N formaldehyde
16 H >
Na2804, MeCN
HO™ 8 2 80 °C
Ph
tBuO—\ tBuO
14 / 14 /
NN formaldehyde [3,3] N Mannich
6 - > 16 -7+ >
Na,SO,, MeCN X
HO™8 7 80 °C HO™8 7
Ph Ph

IX. Provide a detailed arrow pushing mechanism for the sequence shown below, being sure to
explain the observed stereochemistry at the o & B carbons of the product. (8 pts)

CO,Me

LDA; then <j’/ CN
OBn > W

TI/\/V then Etl o

(o) MeOQC
HsC

OBn
H

See Morgan’s Classics presentation

4
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Reactions with trichlorsilylenol ethers such as that illustrated below have been shown to
proceed through a closed transition structure and to very efficient and stereoselective.

OSiCls O OH

PhCHO
CH,Cl,, 4A MS, 0 °C :

major

(a) Based on the describtion above, why is the observed stereoselectivity unusual. E-
enolates in a usual chair-like Zimmerman-Traxler transition stucture should give
the anti-product (2 pt)

(b) Provide an explanation for the observed stereoselectivty that is consistent with the
description above. (2 pts) Boat-like Zimmerman-Traxler transition stucture

(c) This is the work of the Denmark group. What did they add to the reaction conditions
to reverse the stereochemical outcome? Added a Lewis base that promotes a
chair-like Zimmerman-Traxler transition stucture (2 pts)

Ketene acetals 3,4-Z (1) and the 3,4-E (2) can be made to undergo vinylogous
Mukaiyamam aldol reactions with isobutyraldehyde. Interestingly, the E-configured ketene
acetal (2) gave a low yield and poor syn/anti-selectivity. In contrast, Z-ketene acetal 1
gave high yields and was > 20:1 syn selective. Provide an argument for the observations.
(Hint: Both 1 and 2 react with isobutyraldehyde via open transition structures, however in
these reactions steric interactions between the Lewis acid and the substituents on 1 and
2 are less disruptive than steric interactions between the isopropyl group on the aldehyde
and the substituents on 1 and 2). (10 pts)

0

OTBS %H OH o)
M 51%
RN OMe — >~ X OMe syn/anti=1:1
1 Et,0, BF3 Ve
0
OTBS %H OH 0
84%
N Some ————> X OMe syn/anti = > 20:1
e 2 Et,0, BF; !
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Ketene acetals 3,4-Z (1) and the 3,4-E (2) can be made to undergo vinylogous
Mukaiyamam aldol reactions with isobutyraldehyde. Interestingly, the E-configured ketene
acetal (2) gave a low yield and poor syn/anti-selectivity. In contrast, Z-ketene acetal 1
gave high yields and was > 20:1 syn selective. Provide an argument for the observations.
(Hint: Both 1 and 2 react with isobutyraldehyde via open transition structures, however in
these reactions steric interactions between the Lewis acid and the substituents on 1 and
2 are less disruptive than steric interactions between the isopropyl group on the aldehyde
and the substituents on 1 and 2). (10 pts)

OTBS %H OH o)
M 51%
N OMe — >~ X OMe syn/anti=1:1
1 Et,0, BF3 Ve
0
OTBS %H OH 0
84%
N SoMe ————> X OMe syn/anti = > 20:1
Ve 2 Et,0, BF; 1

i %?% % %1

MeO OTBS TBSO OMe TBSO™ ~OMe
.

E ketene acetal Z ketene acetal

Figure 1. Proposed transition states for the nucleophilic attack of
both ketene acetals.

See: Hassfeld, J.; Christmann, M.; Kalesse, M. Org. Lett. 2001, 3, 3561-3564.
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XIl. The reaction shown below of optically active A with benzaldehyde affords (R)-B and (S)-
C in a ratio of 95:5.

OJ§<
' PhCHO on

OH
/\/B\O - Z E |
Z R - 2 Ph/S'\/\/C
Cl

Cl 5
A 95:5 c
H,, Pt
QOQPF
(,B)/>-.COQPr OH /OKH/\
2 i — it N N NG
E PhCHO D ent-D

Hydrogenation of B affords D, while hydrogenation of C affords its enantiomer.
Allylation of benzaldehyde with optically active E directly affords D and ent-D
with D being the major enantiomer formed. Both allylations proceed with the
same level of enantioselectivity, yet the two-step process (starting with A) can
afford D in greater enantiomeric excess than the one-step process (starting
with E). Explain (3 pts). (Hint: Don’t overthink this question as it is only worth
3 pts!) B and C are not entantiomers. They are different geometric
isomers and different geometric isomers are separable by any number of
methods. Thus hydrogenation can be doine on only C. D and ent-D will
not be eso easily separable. See Hoffmann, R. W.; Landmann, B. Angew.
Chem. Int. Ed. Engl. 1984, 23, 437-438.

Bonus Question: Yesterday evening the Women in Chemistry hosted virtual musical bingo.
Understandably (and rightly) you probably missed the event owing to today’s exam. To give
you a little taste of what you missed, what Nobel prize winning organic chemist was featured
on the cover of an album by the band “4 out of 5 doctors”? (2 pts)

(a) E.J. Corey
(b) Ei-ichi Negishi

)
)
(c) K. Barry Sharpless
(d) Bob Woodward

)

(e) Alexander Borodin
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Bonus Question: Yesterday evening the Women in Chemistry hosted virtual musical bingo.
Understandably (and rightly) you probably missed the event owing to today’s exam. To give
you a little taste of what you missed, what Nobel prize winning organic chemist was featured

on the cover of an album bi the band “4 out of 5 doctors”? (2 its)

Bob Woodward



