2P
& Department of
Pure and Applied Chemistry

Universityof N&

Strathclyde

Science

Examination for the degree of MChem

MChem Chemistry

CH553 Chemistry Specialisation Paper A

Advanced And Modern Methods In Organic Synthesis (CH509)

Friday 15" December 2023 Start: 14:00 Duration:1 h 40 min

You must answer BOTH questions.

Answer TWO questions in total.

A Periodic Table is included on the final page.






CH553 Chemistry Specialisation Paper A December 2023

Advanced And Modern Methods In Organic Synthesis Part 1 (CH509)

1. Please READ THE INSTRUCTIONS for each part carefully as there is an element of
choice in some parts.

Answer BOTH parts (a) and (b) fully, and TWO sub-parts from (c), and ONE sub-part
from (d).

(@) Draw the products 1A — 1F that are formed in the following reactions as the major
organic product(s). You do NOT need to provide reaction mechanisms.

cat. [I(OMe)(COD)],

AN 4,4-di-tert-butylbipyridine
1A
N B,pin,
cat. [Cu(OAc),]
1B
air
(0]

Br B(OH), )J\

1E

OO A cat. [Pd(OAC),J/PCy,
1F
S m-MeOCgH,Br, K,CO3, t-BuCO,H
[1x 6]

Question 1 continues on page 4
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Question 1 continued...

(b) Draw the product 1G that is formed in the following reaction and describe, using
an appropriate sketch of the key bond-forming and stereochemistry-determining
step, why 1G is the major product of the reaction.

O,

cat. %N/ (e}
o) A ,(\?)v eO)J\CF3
H oLl g//o Ph H,
Ph” N7 Ph
1

1G

[2.2]

(¢)  Answer TWO of the following three sub-parts (i) — (iii). In each case you must
propose a multi-step synthetic route, indicating all catalysts and reagents required
at each step; you can assume that all required catalysts and reagents, and any
simple substrates, are available. A retrosynthetic analysis is not required, but you
may find this a useful way to approach each question. Each route should comprise
approximately three steps.

(i)  Vadadustat is a treatment for anaemia associated with chronic kidney
disease. Propose a synthetic route to intermediate 1H from starting materials

1J and 1K.
0 o}
N N OH
cl | N_ _CN X OH A N/\n/
X . _ . H
| —_— c _ —_—T — 0
_ cl OH
Br cl
1J 1K 1H Vadadustat

[5]

(if)  Tirbanibulin is a treatment for actinic keratosis. Propose a synthetic route to
intermediate 1L from starting materials 1M, 1N, and 1P.

| AN
7
N F
1P O (0]
OH
(\N/\
—>—> (\N NS —>—> (\N
O\) Cl
Br O\) — O\)
1M 1N 1L N F Tirbanibulin N O

[5]

Question 1 continues on page 5
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Question 1 continued...

(iti) Compound 1P has potential applications in the treatment of
hyperproliferative skin conditions. Propose a synthetic route to 1Q from
starting materials 1R and 1S.

OMe
MeO N TfO N
[0) N
Jo—
OMe N OMe
1R 18

[5]
(d)  Answer ONE of the following sub-parts: (i) OR (ii).

(i)  Cross-coupling reactions on some substrates can lead to migration of the
alkene from its original position, such as in the reaction of 1S to form 1T.
Suggest a mechanism for this alkene migration. (Hint: consider what steps
might take place at the end of the catalytic cycle).

cat. Pd/ligand
D L : el
fo) oT base o)
18

1T
[5]

(i)  In some C-H activation reactions, silver-centred bases are used. It has been
suggested that the silver salts may not be simply acting as bases, because
transmetalation from silver to metals such as palladium is known to be
feasible. Propose a catalytic cycle for the reaction of 1U to 1V in the scheme
below. (Hint: start from a silver carboxylate complex).

OMe

F F
@ cat. [Pd(PPhy),] 5_@0,\%
1 1
Er(Co) Ao 2000 &rco),
1U | 1V

[5]
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2. Please READ THE INSTRUCTIONS for each part carefully as there is an element of
choice in some parts.

Answer BOTH parts (a) and (b) fully, and TWO sub-parts from (c).

(@)  Write down suitable reaction conditions for the synthesis of products 2A — 2F,
starting from the indicated starting material in each case. These conditions may
include catalysts and/or additional reagents.

| Bpin
N\ conditions A N\
2A
— —
N N
o] Cl
AN Br conditions B AN OMe
| | 2B
N~ N =~
Ph
©/\O/\/ conditions C ©/\o)ﬁ ”c
OAc 0
= conditions D AN
2D
(o}
(o}

B(OH), conditions E Ph

OH Tf,0, K,COj; then
2F
MeO conditions F MeO

(e} (0]

[1x 6]

(b)  Sketch a mnemonic that can be used to predict stereoselectivity in the titanium-
catalysed asymmetric epoxidation of alkenes. Use this mnemonic to work out the
structure of product 2G, and explain why the reaction is also regioselective in this
example.

cat. [Ti(O/i-Pr),)/(+)-diethyl tartrate

2G

t-BuOOH, 4 A MS

[2,1,2]

Question 2 continues on page 7
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Question 2 continued...

(c)  Answer TWO of the following three sub-parts (i) — (iii). In each case you must
propose a STEREOSELECTIVE multi-step synthetic route, indicating all
catalysts and reagents required at each step; you can assume that all required
catalysts and reagents, and any simple substrates, are available. A retrosynthetic
analysis is not required, but you may find this a useful way to approach each
guestion. In each case, the synthetic route will comprise approximately four steps.

(i)  Compound 2H is an intermediate en route to potential antifungal agents.
Propose a stereoselective synthetic route to compound 2H from starting
material 2J.

F F
o}
B ——
Cl > AcO Y
F /= F
2J BnO 2H
[7]

(ii) Compound 2K is an intermediate en route to (—)-aphanorphine, which is of
interest for its potential biological activity. Propose a stereoselective
synthetic route to compound 2K from starting materials 2L and 2M.

P m — /@

2L 2M 2K

[7]

(iii) Compound 2N is an intermediate en route to the sugar D-xylulose. Propose a
stereoselective synthetic route to 2N from starting materials 2P and 2Q.

0 o) OH O
(i-Pr)asio\) Br\)J\/OAc _— (i-Pr)asio\/'\‘)J\/OH
2P 2Q

2N OH

[7]

END OF PAPER
DJN
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