Chemistry 4321/8321 Final Examination December 20, 2022

10:30 - 1:30 PM

Organic Synthesis 231 Smith T. R. Hoye
Name: Part | / 15

Part Il /9
Please clearly print your name above. Part i / 16
There are 160 points and eight questions on the exam. Part IV / 16
Answer all questions directly in the space provided on the six exam Part V / 16
pages (a diamond lattice has been provided on a seventh page). Part VI /15
You may not use books, notes, phones, etc.

Part VII / 25

Part VIii / 48

Total /160

I. (15 points) Indicate (circle the word) whether the two stereoisomers for the following pairs of structures
are the same, a pair of enantiomers, or a pair of diastereomers. If they are diastereomers, indicate the
number of stereogenic centers that are different in the two structures. Ignore differences in conformation.

fo) H . . . .
same enantiomeric  diastereomeric
MeO 7o H O o)
Me:: o ' o) Vs. Me Me (if so, how many
e T Me stereogenic
(e} Me Me H H OMe centers are different?)
b) OH
H Me
Me - Me same enantiomeric diastereomeric
vs. (if so, h
if so, how many
Me Me stereogenic
Me Me centers are different?)
[9) M
e OH
@—g_ same enantiomeric  diastereomeric
Me
F|e 0 Vs (if so, how_ many
“Me stereogenic
centers are different?)
MeoH

II. (9 points) The fused, bicyclic ether 1 can exist in either of two, cis-decalin-like conformations. In
each, the two six-membered rings are chair-like. Provide the structure of each of these two conformations
of 1. Circle the more stable conformer.

Me

CHO
07 "Me

H
1
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III. (16 points) Indicate whether each of the following equilibria lies predominantly to the left or to the
right by circling the side corresponding to the more stable species.

H H

a) OEt . Me. -
W + n-BuH ) COzEt 4+ n-Buli
OLi OLi OLi
b) Me Me
KO~ : : KO~ : i
C) H
Me Mej)\oo Et
\[]/\0025 + EtONa — oEt 4+ EtOH
o) ONa
d
) o o
A+ HOMe — J_ + HNMe,
MeoN MeO
e)
O/\/ _— O/
)\/\ x
f)
A aN, = 'HZC@
9)
\/\/O . \/\/OH
h)

CH,OR CH,OR CH,0R CH,0OR
SO - O
MeO MeO

IV. (16 points) Provide the structure for the major product expected from each of the reactions a)-d). The
molecular formula of the missing product is given in the lower right corner of each box.

a
) Ve o]
Me NBS (N-bromosuccinimide,1 equiv) ., HN
Me>l\lll\e dibenzoyl peroxide (1 mol%)
(6]
Me™ O CCl, solvent CoHBIO
reflux 12

b)
0]
O P TsOH (cat.)
O toluene solvent a tricyclic compound

reflux Cy3H100
c)
CO,Me NaNg a bicyclic compound
TSOM having a pair of fused,
DMF 5-membered rings
warm +NaOTs C7HgN30,
d) o CO,H

@ﬁ MCPBA (1 equiv) ©\
.
CH,Cl, cl

rt C1oH1202
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V. (16 points) Provide the structure(s) of the byproduct(s) that, together with the provided main product,
constitute(s) a stoichiometrically and fully balanced reaction equation for each of the following four (a-d)
transformations. Note that in many instances, there is more than one byproduct.

t-BuOK (1 equiv)

a)
CCly (1 equiv)
S 4
0 S e 27
THF solvent

b)

EtO,CN=NCO,Et
Vo o 0,CN=NCO,

(DEAD, 1 equiv) 2
A, 2Ty v 7
PheP (1 equiv) M€ O "0
THF solvent

O 0}

i) LDA, -78 °C, THF
©) H ) 78°C, Me,, H + ?
ii) Mel

H H

e  LiRu=CHPh

9 M (Grubbs alk
1 rubbs alkene R
/\ AN metathesis 2
o) precatalyst) Me + ¢
X - . R2
R? Me

CH,ClI, solvent

VI. (15 points) Facts: enoate 2 reacts with diethylamine (3) to provide, as the major product, the conjugate addition
(i.e., aza-Michael) adduct 4 along with only a small amount of the amide 5. Accordingly, the secondary amine 6 is a
substrate that can be expected to give the amine 7 and lactam (cyclic amide) 8 as the principal products of intramolec-
ular cyclization. Use Baldwin’s rules for ring closure and the inherent preference for reactivity of amine 3 with enoate 2
to rationalize why 7 and 8 are the expected major products from 6 rather than the isomeric lactam 9 and amine 10.

rt

MeOZCTr\/ Me L e N Me MeOZC]/\/ Me EtZNOCT(\/ Me
H +

Et,N
2 3 4 major 5 minor

CO,Me |
MeOZC\O gkfo C\

MeOzC\[(\/\H&)LCOZMe N * JO (o} U J\j
CO,Me MeO,C

6 7 8 9 10

CO,Me MeO,C
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VII. (25 points) The constitution of the major product from each of the following five reactions is

provided. For each of 11-15, draw, in the box at the right, the fully defined structure of the major

stereoisomer that you expect to be formed. (Hint: for the third example, recall that selenoxides will
undergo thermal elimination of PhSeOH to produce an alkene.)

Me
M
© Me
o

enantiomerically pure

i) y Ph

CK Ph OH
O (cat.) M
N-pg’ © Me
~ Me 11
BHy-SMe, Me Me
OH

E—.
i) workup
provide the configuration of
the two new sterogenic centers

11
O Ph O Me
/\)J\ J toluene Bn.
Me N N
5 E— 5 12
N reflux
Me Me Me Me
enantiomerically pure provide the configuration of
the four new sterogenic centers
12
Q
Se
L Ph toluene o
0" "OEt f EtO
/\)\ refiux . 13
Me Me Me ~ "Me
enantiomerically pure provide both the alkene geometry and the configuration
of the new sterogenic carbon atom
13
H OH
Me i) MeMgBr M
PO e
N N
Me” ~Me ii) H30*, quench Me Me
enantiomerically pure
14

enantiomerically

N Me OH
i) incubate
R E—— Me X 15
= N
i) H3O*, quench Me Me
pure provide the configuration of the two new

sterogenic centers, which arise via
Felkin-Ahn-controlled addition
and a chair like transition-state geometry

15
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VIII. (48 points) Provide a detailed mechanism to account for each of the following four reactions. Show
ALL intermediates, equilibria, and bond-making and -breaking steps. For species that have more than one
significant resonance contributor, you only need to show one of them.

a) (18 points) (Hint: some of the intermediates are acyclic t-butyl esters)

o
COerU
NaOH NaOZC\C;\
—_—
H,O/THF CO-Na
\ reflux

b) (9 points) This is an intramolecular Cannizzaro reaction.

NaOH
H,O

rt
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¢) (15 points) This reaction is autocatalytic because HBr, a byproduct of the reaction, further catalyzes
the transformation. (Hint: think about the mechanistic implications of the change from a cis- to a trans-
fused decalin in the starting substrate vs. product, respectively.)

Br2
H\o(? -, \‘B(o(?
Me HBr (cat.) Me
d) (6 points)

H Me H OH

Me OH O3, CH,Cl,
oo = e

Me OH H

H .0,

H O Meo

* % % end of exam * * *
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