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Common Problems

#® No/ inadequate training on certain topics
*® Wrong attitude (students and/or teachers)

® Started training too late
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Hlow much should they know?

# ICHO syllabus!
* If the level is beyond the syllabus, Q will be guided adequately

* Knowledge of simple organic QA is assumed

* Knowledge of simple organic experimental set-up is assumed
- reflux, recrys, extraction? TLC?
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What | did...

# Using past ICHO Q as a starting point to go through some of the more
advanced topics

® Additional worksheets

® “Effective Learning — Journal Club Discussion”
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Problem 14: Photochemical Ring Closure and Opening

1.3.5-Hexatriene Is known to undergo light-induced o give 1.3- el The
photachemical reaction is reversible and stereospecific. Thus, irradiation of (2E 42 6E}-octatriene
(A} with UW-light gives cyclohexadiene (B). The choice of the wavelength of light depends on
the ab it of the pound to be iradiated, and the absorpth i Is

related to the number of conjugated double bonds in a chain.

§ %w Eracuton .
Hc 3 HeE oy

A B

14-1  What is the chemical name of the starting friene (C) for the related reaction shown below?

Imabon
= ——
Hyf Ha

o

A simllar reaction mechanism Is Involved In the synthesis of blologlcally active molecules. For
example, In the pressnce of sunlight, T-deh teral (E) underg: an selectrocyclic ring
opening reaction to give provitamin D; (F), which can be further transformed through a
[1.7}-hydrogen shift to yield vitamin Dy (G).

Hy
1.7] Heshift
Eﬂ"ﬂ jprowvitamen Oy (F} |.1'|.. I...
7denydrochotestersd (E) vitamin 0, (G}
Ho
14-2  Of the two compounds 7-dehy (E} and vitamin Ds (G). which would you

expect to absorb light with the higher energy? (E or G)
14-3  Whatis the chemical structure of F?

This principle has been elaborated to develop photochromic materials.  For example, iradiation
of colorless compound H with UV light gives colored compound I The color change is reversed
upaon exposure fo visible light

14-4  Give the structure of colorad campaund |
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Problem 12: Metal Carbonyl Compounds

Carbon monoxide, as a two electron donor ligand, coordinates fo transition metals to form metal
carbonyl compounds, For example, iron forms the pentacarbony! metal complex. Fe{CO.
Mickel tetracarbonyl, Ni(CO),, has been used for the purification of Ni metal in the Mond process.
Electron counts of these metal carbonyl complexes show that they obey the 18-slectron rule.
Cobalt and mlr\glnsu react with CO to form dinuclear complexes Cox{CO) and Mny{CO)s.
p y of Mn is [Ar}(3d]°4s)") A metal-matal bond betwaen the
metal centers is considered essential in order for the compounds io obey the 18 electron rule.
The cyclopentadienyl anion CiH: has also been widely used as a n'igand. For example.
ferrocens (C:Hs);Fe, a classical compound, obeys the 18 electron rule.

The reaction of W{CO), with sadlum cyclopentadienida NaC:H. ylelds an alr sensitive campound
A. Owidation of A with FeS0, ylelds compound B. Compound A can also be prepared from
the reaction of B with NaiMg, a strong redicing agent. [n the 1600:2300 em”’ region of the IR
spectrum, A ﬁhm absorption bands at 1744 and 1834 cm and B absorption bands at 1304,
and 2010 em’. Compound A is & strong nuclecphile and a good starting material for the

thesis of i d i tal-carbon bonds. The reaction of A with
propargyl bromide (HCSCCH,Br} gives compound C containing a metal-carbon o-bond. At room
c G a to yield compy D. The same chemical
composition was found for compounds © and D. The chemical shifts {4) of the CH; and CH
and coupling S bromide. G and O In the respective |H NMR
spectra are listed in the following table.
'"HNMR | HCECCH.8r c ]
& (CHy) 386 150 416
3(CH) 251 183 548
Jua (H2) 27 28 67
NaCsHs FeS0,
WICO)g ——= —
(CON A ®
HCmCCHyBr
c metal o
magration

12-1  Explain the differences in the IR spectra of A and B.

12-2  Draw chemical structures for A. B. Cand D

12-3  The transformation of G to D involves a migration of the metal on the propargyl ligand.
W DCECCH:Br is used for the synthesis of . draw the structures of C and D.



What | did...

# Using past ICHO Q as a starting point to go through some of the more
advanced topics

® Additional worksheets

® “Effective Learning — Journal Club Discussion”
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ICHO Organic Chemistry Training 2006 — Exercise 1

This exercise is about literature appreciation and understanding. Please refer to the attached
paper on “Spiroacetal Biosynthesis _.." by (Brett D. Schwartz el. al. Org. Left. 2005, 6, 1173.)
and answer the following questions.

Question 1

One fine day, Charlie was reading the above paper to Grandpa Joe, Grandma Josephine,
Grandpa George & Grandma Georgina. 4 of them made the following statement at the end of
the day:

Grandpa Joe: Great work. Finally the exact pathway leading to (5) has been elucidated.

Grandma Josephine: Yes, and little did | realized that nature is able to selectively synthesized
and used nine-carbon units from carbohydrates.

Grandpa George: How do chemists know which intermediates leads to (5) in this paper?

Grandma Georgina: That's simple. They did labeling studies using ’H and GCMS. (11) & (18)
were found to be the intermediate leading to (5)

Grandpa Joe: And the beauty is that nature is able to produce (5) in a stereoselective manner.

Cc t on their

Question 2

Refer to page 1174 second last line °...the spiroacetal 5 retained all four deuterium atoms ..."
What does this tells you about the mechanism of the pathway leading to (5)7

Question 3
Using curve arrows, illustrate the mechanism of (13) to (5).
Question 4

An isomer of (5) has the fellowing structure (A) and it has 3 conformations in equilibrium as

follow:
Q O
0. Q- o
— ——
e o
o
1

(A (A1) (AZ) (A3)

Which is the most stable form? Briefly explain why.
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ICHO Organic Chemistry Training 2006 — Exercise §

This exercise contains some Organometallic Chemistry based questions. Organemetallic
Chemistry is a hybrid field that requires knowledge from both organic and inorganic chemistry.

Question 1

the signals attributable to the pratons of NHa ligands, the 'H NMR spectrum of
complex [Ds(NH:)xbenzene )|’ shows three sets of double doublets in the aromatic region.
Propose a detajled structure of the complex and briefly explain.

Question 2

Harman from the University of Virginia reported the synthesis of a rhenium-benzene complax

X as follow:
'
N
Na/Hg

(‘UII alm) & Nl RL

llcllz,ene‘ 48°C, 241

(i) What is the function of Na/Hg in the reaction?
(if} What should be the structure of the complexed benzene? Explain your answer.

{iii) In a later study, Harman demonstrated that the Re-benzene complex X could undergo
Diels-Alder reaction with maleimide as follow:

~CHy

maleimide

X
©n the contrary, it is well known that free benzene cannot undergo the same reaction

N/CH:

no reaction
0

O e ™

Explain the result of Harman's study.
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Synthesis of a Stable Compound
with Fivefold Bonding Between
Two Chromium(l) Centers

Tailuan Nguyen,” Andrew D. Sutton,' Marcin Brynda,’
James C. Fettinger,” Gary . Long,? Philip P. Power™*

Although in prindple transition metals can form bonds with six shared electron
pairs, only quadruply bonded compounds can be isolated as stable species at
room temperature. Here we show that the reduction of {Cr(u-Cl)Ar}, [where Ar’
indicates CgH,-2,6(C;H;-2,6-Pr',), and Pr' indicates isopropyl] with a slight
excess of potassium graphite has produced a stable compound with fivefold
chromium-chromium (Cr—Cr) bonding. The very air- and moisture-sensitive
dark red crystals of Ar'CrCrAr’ were isolated with greater than 40% yield. X-ray
diffraction revealed a Cr—Cr bond length of 1.8351(4) angstroms (where the
number in parentheses indicates the standard deviation) and a planar trans-
bent core geometry. These data, the structure’s temperature-independent para-
magnetism, and computational studies support the sharing of five electron pairs

in five bonding molecular orbitals between two 3d® chromium(l) ions. ® il n
The Simplest “Enzyme

Mohammad Mavassaghi and Eric M. Jacobsen
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Pericyclic Reactions - A Story-telling Approach

f— N/ \\ Transition State Aromaticity Method

Me— —Me

Me

Erontier Orbital Method

Orl;ital Symmetry Correlation Method

OO0, e )

C

N
C;

_"M\A W\

C2 Me

R. B. Woodward et. al, J. Am. Chem. Soc. 1965, 87, 395; K. Fukui, Acc. Chem. Res. 1971, 4, 57.

R. Hoffmann et. al, J. Am. Chem. Soc. 1965, 87, 2046; R. Hoffmann et. al, Acc. Chem. Res. 1968, 1, 17.
M. J. S. Dewar, Angew. Chem. Int. Ed. Engl. 1971, 10, 761; H. E. Zimmerman, J. Am. Chem. Soc. 1966, 88, 1564.
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Suggestions

® Identify passionate students early (Mar/ Apr)

® Start training them early (May/ June) - frequency/ duration?
* Look at the big picture & examine the fundamentals

* Expose them to advance materials early

® Use past ICHO Q as a guide to the type of Q that might be asked!

WILEY INTERNATIONAL EDITION

H I'l'.l' Warren

ORGANIC
CHEMISTRY
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PROBLEM 8: Organic Chemistry Questions (30 points)

Felkin-Alm model is being used to predict the stereochemical outcome of the nucleophilic
addition of a nucleophile onto a carbonyl compound. The stucture below shows a compound

having a carbonyl group next to a chiral center.

R! 0
2*“‘) E
R k! "

We normally classify the 3 groups using large. medium and small. depending on their size. After
that, we arrange the resultant into the Newman project below, with the large group “orthogonal™

to the carbonyl group.

R
Ry = large group
4
o R Rm = medium group
R Rg Rs=small group

The nucleephile will approach the melecule at an angle of 109° from the least hindered site as

Ry Ry
:J\ HO r*
o] R
R"A%Rs Ry Rs
Nu

$hu

follow.

(8-a) Using the above mformation, predict the major product from the below reaction.

o}
/\MgBr
[— -
THF
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Problem 2

Pleasze read the attached article “One-pot organocatalytic Donuno Michael-Aldsl and
Inramelecular 5,2 Eeactions. Asymmetmic Syothesiz of Highly Functionalized
Epoxveyelohexanone Denvatives™ by Mauro Marigo et. al. J Am. Chem. Soc. 2006, 128, 3475 -

3479

While they are hiking along the MacLehose tfrail at Sai Kung East Country Park, Tom
and Jerry decide to discuss about the above mentioned article as it is related to their
research interest. Their conversations are as follow:

Tom:

Jerry:

Tom:

Jerry:

(9-a)

I am wondering why the author chooses epoxyevelohexanone as the farget to be
synthesized.

Well, one of the reasons is that it exhibits antifimgal property. Another reason I
can think of is that such compound serves as useful starfing materials in organic
synthesis.

Sounds fine te me. The reaction steps ave beautiful, with compound Ta being used
te protect the carbonyl group of compound 1 at the strategic instant.

Yeah; however, the drawback iz that the natre of R affects the reaction
significantly. In general, electron withdrawing groups give a much higher vield

than electron donating groups.

Comment on the above conversation.

Jerry: The article talked about “one-pot” reaction and strategy that is based on “atom
aconomic principle”. Why are such reaction/ strategy appealing?

Tom: Hmm ...

(9-b) Can you help Tom?
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Tom: Referring to scheme 2, how does compounds Ta and 1 leads to the fivst
intermediata?

Jervy: Hmm, Iam not 5o sure.

(9-c) Please help Jerry by illustrating the mechanism of the reaction.

Tom: Gosh! Did the article made a mistake? Shouldn’t compound 2 attacks to the tep af
the first intermediate since there is favourable hydrogen bonding present in the fop face?
Hinm, I am wondering about the reaction mechanism of this reaction; seems complicated
o me.

(9-d) What do you think?

Jervy: Well, I am not too sure about that since I haven't been touching organic chamistry
for 2 years. However, one thing I mow for sure. That is, AcONa is a stronger base than

K0

Tom: Fair encugh. But how does compound 3 leads to compound 47

=
m

Jerry: That's easy. AcONa depretonates compound 3 ar the a position bonded fo 1
chlovine atom first. Following that, the nuclsephilic o position then aftacks the
aldehyde via elactrophilic addition.

(9-e) Comment on the above conversation.

Tom: From scheme 3, it shows that 44T} is morve stable than 4d(II). To me, it doasn’t
malke a diffarence.

(9-f) What do vou think?

Tom: Oh yah, another beautifil thing about this article is that it dossn’t matter what
nype af solvent we used for the reaction.

Jervy: Hmm, I doubt se. From theory, polar solvent should werk the best. For example,
MeCN should give the bast yield and es.

(9-g) What do you think?



Tom: There is somsthing I am net clzar about. If vou take a look at Table 3, you will
realize that there ave 4 possible products, depending on the base and solvent
system that vou use. I am just curfous how compounds Fa, 6 and § are obtained.

Jerry: All you have fo do is to sit down and sketch out the mechanism using curve
arvews!

{9-h) Can you help Tom by illustrating mechanisms leading to compounds $a, 6 and 87

Tom: Hmm ok but I'll leave that #ill later. Before we fake a vest, Twill like to check with
vou on the last part of the article under “Froduct Elaboration”. What does the
fivst statement of the fivst paragraph of the last page mean? How doss the
presevice of ester funcionality aids ar a “superb handle”7? In addition, why is
product 11m obtained in the diasterscisomeric form as shown in figure 17 (in
ancther words, how is it move stable than the vast of its diasterecizomers? )

Jerry: Hmm this guestion requires some thinking ...

{9-1) Can you help Jerry so that they can go and take their well deserve break?

Off they proceeds to their well desarved break.
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Problem 10

Please read the attached article “A Short Enantioselective Patway for the Svnthesis of the Anti-
Influenza N: 1dase Inhibitor Oseltamivir from 1.3-Butadiene and Acrylic Acid” by Ying-
Yeung Yeung et al. J Am. Chem. Soc. 2006, 128_ 6310 - 6311.

(10-a) Give 2 disadvantages of the industrial method of production Tamiflu.

(10-b) Hlustrate the mechanism of the reaction of 1.3-Butadiene with Acrylic Acid leading to
compound 3. What is the role of compound 27

(10-c) Mlustrate the mechanism of the reaction of compound 4 leading to compound 5.
(10-d) Draw the most stable conformation of compound 5.
(10-¢) Why 1s there a need for compound 5 to be transformed nto compound 67

(10-f) The structure of DBU is given below. What 1s the role of DBU in the transformation of

compound 6 into compound 77
M
I

L]
DBU

(10-g) Hlustrate the mechanism of compound § leading to compound 9. (clue: 2 things
happened also simultanecusly)

(10-h) Intmitively, illustrate the mechanism of compound 7 leading to compound 8. (clue: treat
ATEN az a rachcal source)

(10-i) Mlustrate the mechanism of compound 9 leading to compound 10. Explain (using
electromic factor) the stereochemustry of the 2 new chiral centers generated (Le. why are
they “trans” to one another instead of “c1s™). Give the name of this mechanism.

(10-) Do you think the stereachemstry of the newly generated chiral centers of compound 12

can be explamed using the same reasoning given for (10-£)7 Why?



Conclusion

Some of the strategies that | employed in ICHO training for the
past 3 years were discussed.

M A couple of interesting questions being prepared for SCHO were
discussed; the train of thoughts of how they were set were briefly
mentioned.
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Parting Shot

“Tt is difficult to say what is impossible, for the dream of yesterday
is the hope of today and the reality of tomorrow.”

~R, H. Goddard~
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recommandoed for

‘A’ Level H3 Syllabus

J-um :
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