CEM 852 Exam-1 Key
February 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.

. Below is a retrosynthesis of phenyl acetic acid. The disconnection indicated leads to two
synthons. The synthetic equivalents for each of those synthons, which would allow one to
make the indicated bond in a forward synthesis, are also indicated.

synthons
®
,{_-OH OH
o= O
0 o
l {
Br g+ -c=N

synthetic equivalents

(a) Devise retrosynthesis of cis-jasmone using the three disconnections indicated,

illustrating the synthon(s) your retrosynthesis generates after each subsequent
disconnection (3 pts).

retrosynthesis

O /\)/
X_J\/K Z > synthon(s) 1 ——> synthon(s)2 —> synthon(s) 3
i

cis-jasmone

retrosynthesis

JO‘\/\)/ fk,x)/ . -&\x)/ T . P

cis-jasmone synthon(s) 1 synthon(s) 2 synthon(s) 3

(b) llustrate synthetic equivalents for the synthon(s) generated after your first
disconnection. (4 pts)

O
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ll. The reaction of methyl cyclohexanone and pyrrolidine generates enamines A and B.
lllustrate how minimization of A 3)- vs. A1 2-strain explains the the observed selectivity (6

pts)
AE (A1,2) 3.0 kcal/mol < AE (A1,3) 3.9 kcal/mol

Lo L
go\é + Hao\é

85:15
lll. Provide the structures of A, B, and C. (9 pts)
OH 1. 1% 0sO, 4.5 equiv DCC,
, Ac0 MesNO 1.5 equiv pyridine,
Oy, v A thiourea pyridine THF c 0.75 equiv TFA o
CsHgO2 ~ B ™ CgHyg0 >
MeOH CH,Cl, 2. acetone 87104 DMSO, benzene 74
OH cat. TsOH o
3. KOH
MeOH
O\ OH
; ACQO
@ 02, hv O thiourea pyr|d|ne
MeOH A CHZCIQ
5HeO2
1.1% OsO, OH 4.5 equiv DCC, 0
MezNO 1.5 equiv pyridine,
THF O 0.75 equiv TFA O
B —m—> >
2. acetone 74 S DMSO, benzene 74 S
cat. TSOH 0 ¢ OH o
3. KOH CaHraOs

MeOH

IV. 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.
Me/\/\SnBus

BF; « Et,0 OAc
)\/\/ (type 2 CrOtylaﬁon) Hw
CHO > X
2. Ac,0, pyridine
3. White's Fe-cat EI Me

ACOH, H202
CH3CN, rt, 30 min

2
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2.
H 1. 8902
H 2. CrO3, H2804 -ﬂ
| 3 MeMgBr, EL,0
3.
BH3 SMe,  HO..
Br \B THF, 15°C
0 5mol % Me Br
4.
@)
0002"' 1. mCPBA (2 equiv), EtOAc, rt CO.Me
"/CozH 2. CH2N2, Etzo é\\' "/Cone
5.
PhS  /—CsHy
EtO,C
~1H 1. oxone
HO o

2. P(OMe),, MeOH

V. 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)
L)
B

1.

OH

(0] S
: 1. cat. TsSOH, H,O : RY

2. cat. VO(acac),
t-BuOOH, PhH, rt

J/i\/tj 1. NMe, B(OAc)3H m
19 : 2. Hy, cat Pd/C HO” - B

OH H OH
major
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H 1. Kl3, ag. NaHCO;
‘ 2. nBusSnH, AIBN, PhH
O’ CO,H 3. BoHg, THF; H3O+ workup

CO,H

2. LiAlH,4
3. Swern [O]

OH
/ 1. Mn02
2. K-selectride (2 equiv);
HO H3O* workup

VI. Provide a complete arrow (electron) pushing mechanism for the following transformation.
(8 pts)

1. Hy, cat. Pd(OH), @

O/CH3 O/CHS
NaBHsCN, HCI (pH 3-4)
CHy -
0] H
MeOH, 0 °C
78%
CHy .CHy

78%

0
O\ NaBH;CN, HCI (pH 3-4) O\
_CHy ‘
o) o » H
J N b+ MeOH, 0 °C
CH,4 CHs

- [
‘<O 20+
(,6 CHy; ——»
) H

+ MeOH
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In class, we saw the Barton oxidation of a remote methyl group shown below. In that
lecture, the mechanism explaining formation of the the major (70%) product was
illustrated. Though not shown in lecture, a minor product is also formed in 7% yield.
Provide a complete arrow (electron) pushing mechanism that explains the formation of
that minor product. (8 pts)

OAc

Pb(OACc),

CaCOg, cyclohexane
18 h, heat
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VIIl. CrOs is capable of doing allylic oxidations. This reaction differs from allylic oxidations
with singlet oxygen or selenium dioxide in that CrO3 allylic oxidations appear to involve
the generation of allylic radicals. Thus, CrOgs allylic oxidations often afford mixtures of
products with retention and transposition of the double bond. In the case of
cyclohexenes, generation of the allylic radical is thought to involve hydrogen atom
abstraction of axially disposed allylic hydrogens. Such an example is shown below:

0]
@)
C r03
- = + +
(0]
50% 7% 20%

(a) Using the information provided above, provide an explanation for the formation of the
three products above (8 pts).

(b) Using conformational analysis, provide an explanation for the observed selectivity. In
providing your answer, you may wish to consider the cyclohexene structures illustrated

below. (6 pt)
H
a Hb
@ — W N ;HHa

equatorial Me steric clash between approaching CrO5 and the axial Me

omitted for clarity Ha

AV . o
- =S ,
v ><H|”a‘> e Q t?
Me 7% crog
o 20%
o)
. Cr03
two allylic I N + +
methylenes o)

50% 7% 20%

Cr03 _W

o -
7—~>q1 —_—

Hy h\( HHa major Q .
Me

Sterics

make further oxidation o]
via this resonance

contributor harder o)

explaining the 7% yield

b

7%
50%
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IX. The Scheme below begins with a Sharpless asymmetric epoxidation. The product is then
tosylated followed by a nucleophilic displacement with BnoNH to give A. Treatment of A
with TMSOTTf leads to an aza-Payne rearrangement sequence that affords B in 90% yield.

1. Sharpless

asymmetric TMSOT, CH,Cl 0
H me , CHyCly, BN H

epoxidation ol ~78 °C, 10 min; then 2= Q

2. TsCl, pyridine ™sd “H

H 3. BnoNH (2 equiv) A O NH
KI, DMF, rt \/ B (90%)
(78%) —78 °C, 3 days

(a) For the desired Sharpless asymmetric epoxidation, what diethyl tartrate (+ or —) was
used? (2 pts) (+)-DET

(b) Provide a complete arrow (electron) pushing mechanism for the transformation of A to
B. (8 pts)

+ HOTf
Me,SiOTf
S TMSOTY, CH,Cl,, BN H 0
H . nz
> -78° : “ B (90%
\/\(')>_\/N8n2 78 °C, 10 mln,then: ~~ N\) (90%)
-
A d “WH TMSO AN
78 °C, 3 days BN H @
\/Yk/q
T™MSO H H
.
\-_gan OTf _ oTf
_Si .
7 \O+ H o 78‘:.\‘) f . Hot
Q2 ol NB
\/\'}\/Nan \/\'}'\/NBI’IZ \/\R\[ 5n2
OTMS‘\ / \
HN O
_/
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X. Researchers at Pfizer have investigated the chemistry of the bicyclic amide A. Reaction
of A with hydrazine gave B. When B was treated with KOH in ethylene glycol at 200 °C
the reaction afforded D in an apparent Wolff-Kishner-type reduction. The Pfizer chemists
were surprised by this result as amides normally do not undergo Wolff-Kishner-type

reductions.
KOH
NH5NH,, EtOH‘ B ethylene glycol N expected
roduct C (0%) )
JT A 1h, 68 °C 200°C,2h P
N N unexpected
5 product D

(68%)
(a) What is the structure of B? (2 pts)

) B

N
NNH,

(b) What do amides normal afford when subjected to Wolff-Kishner conditions? (2 pts)

o (0]
KOH
ethylene glycol
200 °C,2h
KOH
NMeg
H,O + \/\”/ ethylene glycol - WOK + MeoNH + NHoNH,
NNH, 200°C,2h 0]

(c) Provide a hypothesis about the structure of A that led to D instead of C? (2 pts)

Owing the nitrogen being a bridgehead there is no amide resonance. Hence the
carbonyl in A acts more like a ketone carbonyl rather than an amide carbonyl.

(d) How might you test this hypothesis? (2 pts) IR

Bonus Question: Recently, MSU Today had a story of the career of the David Dickson, the
first African-American MSU faculty member. Who was the first African-American faculty
member in MSU Chemistry? (2 pts)

(a) James Hamilton
(b) Rawle Hollingsworth
(c) Kevin Walker

(d) Clifton Wharton



