Name Student Code

32" 1ChO « Problem 2 10 points

Synthesis of Compounds with Wound Healing Properties

Shikonin is a red compound found in the roots of
the plantLithospermum erythrorhizon which
growsin Asia. Extracts of the root have been
used for centuries in folk medicine and are used
today in ointments for healing of wounds.

OH O

YOSy

OH O OH
Shikonin

1-1 How many stereoisomers of Shikonin are possible ?

1 mark

1-2 Do all stereocisomers of Shikonin have the saméimggboint ? yes | no

Mark with an X.

1 mark
The following sequence is part of a synthetic rdat&hikonin:
O OCHj3 Reagent A O OCHj3 O OCHj3
Catalyst B Reagent C
e - L0 -
Z Z
o 0 O o O O o OH
CHs CHs CHs
1-3 Draw the structural formula of reageht
2 marks
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1-4 Indicate (by means of an X in the appropriate kHsax) the correct IUPAC
name for reageri.

2-Methyl-2-pentenoyl chloride
1-Chloro-4-methyl-3-pentene
4-Methyl-3-pentenoyl chloride
4-Methyl-3-pentene-1-ol
4,4-Dimethyl-3-butenoyl chloride

L]

1-5 Write the molecular formula of reagedt

1 mark

Numerous Shikonin analogues have been synthesiitkdwiew to obtaining more
potent compounds. One reaction sequence is shoaw:be

SOCl, KOH in ethanol
>  CyeHisCI0y ———— >  Cy6H1404

70 C
D E

Shikonin

1-6 Draw the structural formula of compoukd

2 marks

1-7 How many stereoisomers of compoufdf any, are possible
1 mark
Another route to useful Shikonin analogues is tilewing:
CHQ  OCH3 1. Mg in diethyl ether
2.CO,
OO HBr 3. Aqueous HCI
= —_— F > G
CH30 (l) OCH3 polar solvent  Cy; HygBrOs CpoHz007
CH3
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1-8 Draw the structural formula of compouRd

2 marks

1-9 Draw the structural formula of compou@d

3 marks

Bridge between Denmark and Sweden

On July 1, 2000, the combined tunnel and bridganeoting Denmark and Sweden was
officially opened. It consists of a tunnel from @ofagen to an artificial island, and a bridge
from the island to Malmo in Sweden. The major cartion materials employed are concrete
and steel. This problem deals with chemical reasti@lating to production and degradation
of such materials.

Concrete is produced from a mixture of cement, kyatnd and small stones. Cement
consists primarily of calcium silicates and calcialaminates formed by heating and
grinding of clay and limestone. In the later stepsement production a small amount
of gypsum, CaSE2H,0, is added to improve subsequent hardening atdherete.
The use of elevated temperatures during the forabduction may lead to formation

of unwanted hemihydrate, Ca$®@H,0O. Consider the following reaction:

CaSQ-2H,0(s) — CaSQ%H,0(s) + 1%HO(g)

The following thermodynamic data apply at®5 standard pressure: 1.00 bar :

Compound H'/(kJ mor™) (AHy) S/(J K mol™)
CaSQ-2H,0(s) -2021.0 194.0
CaSQ-%2H,O(s) -1575.0 130.5
H,0(g) 2418 188.6

Gas constantR = 8.314 J mal K1 =0.08314 L bar mat K
0°C =273.15 K.
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2-1 CalculateAH’ (in kJ) for transformation of 1.00 kg of Ca$SZH,0(s) to

CaSQ-%2H,0(s). Is this reaction endothermic or is it exothief?

Mark with an X.: Endothermit ] Exothermid_]

2 marks

2-2 Calculate the equilibrium pressure (in bar) of waggpour in a closed vessel
containing CaS©2H,0(s) , CaS®@¥2H,0O(s) and HO(g) at 25°C.

2 marks

2-3 Calculate the temperature at which the water vapoessure is 1.00 bar in the
system described in problem 2-2. Assume fitditandAS are temperature
independent.

2 marks
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Corrosion of metals is associated with electrocleahreactions. This also applies for
the formation of rust on iron surfaces, where thigal electrode reactions usually are:

(1) Fe(s) - Fe'(aq) + 2e
(2) Ox(g) + 2HO() + 4e - 40H (aq)

An electrochemical cell in which these electrodect®ns take place is constructed.
The temperature is 25 °C. The cell is represenyetidfollowing cell diagram:

Fe(s)JFe*(aq) 0 OH(aq), Q(g) O Pt(s)
Standard electrode potentials (at 25 °C):
Fe'(agq) + 2@ ~  Fe(s) '=—0.44 V
Oxg) + 2HO() + 46 -  40H(aq) FE = 0.40 V

Nernst factor: RTIn10/F = 0.05916 volt (at 25 °C)
Faraday constant: F = 96485 C mot

2-4 Calculate the standard electromotive force (thedsted cell voltage)k:,
at 25 °C.

1 mark

2-5 Write down the overall reaction which takes plaodry discharge of the cell
under standard conditions.

oxidation takes place at the negative, left half-ce

1 mark
2-6 Calculate the equilibrium constant at 25 °C for ekerall cell reaction.

2 marks
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2-7 The overall reaction referred to above is allowegroceed for 24 hours under
standard conditions and at a constant currentld& AB. Calculate the mass of Fe
converted to Fé after 24 hours. Oxygen and water may be assumied to
present in excess.

2 marks
2-8 CalculateE for the cell at 25 °C for the following conditisn
[F€"] = 0.015M, pHight-hand hatr-cei= 9.00, p(O2) = 0.700 bar.

2 marks
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Bioinorganic Chemistry

The square planar complebs-diamminedichloroplatinum(ll) is an important dricy
the treatment of certain cancers.

3-1 Draw the structures ais- andtrans-diamminedichloroplatinum(ll) and label
each structure ass or trans.

cis trans

1 mark
A number of ionic compounds also have the empifmahula Pt(NH)2Clo.

3-2 Write molecular formulas for all possible ionic cpaounds which comply with

the following conditions: each compound has

1) empirical formula Pt(NH)2Clo

2) an anion and a cation and is composed of disaretapmeric square planar
platinum(ll) complex

3) only one type of cation and one type of anion. &hswer must clearly
reveal the composition of each discrete platinung@implex entity in each
compound.

4 marks

3-3 How many 5d electrons does the platinum(ll) iondtav

1 mark

Final version 7 of 29



32" |ChO » Problem 3 Student Code

The valence d-orbital energy splitting diagramdamquare planar complex can be
regarded as being derived from that for an octai@dmplex in which the metal-
ligand interactions due to the two ligands coortidaalong the axis vanish, while
the bonds to the four remaining ligands (coordidaieng thex andy axes) become
stronger.

3-4 Which of the five 5d orbitals attain the higheseérgy (.e. is the least likely to
be occupied by electrons) in the general casesqtiare-planar Pt(ll) complex?

2 marks

Serum transferrin (abbreviated: Tf) is a monompratein whose main function in
the human body is the transport of iron(lll). Ea@nsferrin molecule can bind up to
two iron(lll) ions with stepwise binding constamtg andK, at biological conditions

except that the temperature is 25 °C corresporiditige reactions
Fell + Tf = (FdI)Tf K;=4.7x1020Mm"1
Fell + (Fé)Tf = (Fell),Tf K, =2.4x1019m1

In the diferric protein, (F&),Tf, the two iron(lll) ions are bound at two simild&ut
non-identicalksites, and the two possible monoferric proteirdpots, (F&)Tf, can be
denoted {F8'-Tf} and {Tf-Fe!'}. Their relative abundance at equilibrium is givey
the constanK = [{Tf-Fd!'}][{Fe - Tf}] -1 = 5.9.

3-5 Calculate the values of the two constaffs [{Fe!ll - Tf}][Fe ']-1[Tf] -1 and

K,"= [{Tf-Fell}][Fe"]-1[Tf] -1, respectively, corresponding to the formation of
each monoferric form of transferrin.

4 marks

Final version 8 of 29



32" |ChO » Problem 3 Student Code

3-6 Calculate the values of the two constatys [(Fe!!), Tf][Fe!ll]-1[{Fe!ll Tf}] -1

andK,"= [(Fé),Tf][Fe!l]-1{Tf -Fell}] -1 respectively, corresponding to the
formation of diferric transferrin from each of thenoferric forms

4 marks

The bound iron(lll) ion at each binding site isrsunded by six donor atoms from
various ligands. Thus, two oxygen atoms of a casb®anion coordinate to the metal,
and the following amino acid side chains from thet@n primary structure also
coordinate to the iron(lll) ion with one potentddnor atom each: one aspartate, one
histidine and two tyrosine residues.

3-7 What is the total number of oxygen donor atoms shatound a 6-coordinate
iron(lll) ion in transferrin?

2 marks
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A naturally occurring compound

A naturally occurring compoundl containing only C, H and O has the following
elemental composition, percentage mass,
C: 63.2 %, H: 5.3%, 0O: 31.5%.

4-1 Derive the empirical formula of compouAd

1 mark
151
100
152
B
80
50
40
2C
a1 109 123
53 65 74 124 137
33 s5  lgr  1]ga 93 | 121 |3 jiss
L, .'lH' ulll Lyl =" . I I o F Ot . | ; :
40 60 80 100 120 140 Z5C 180
Figure 1

The mass spectrum of compouivds shown in Figure 1.
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4-2 What is the molecular formula for compouA@

1 mark

A solution ofA in ether is shaken with an aqueous solution 0ONaAfter this, no
A remains in the ether phase.

Another solution oA in ether is shaken with an aqueous solution oHG@s. A
remains in the ether phase.

4-3 Which of the following classes of compounds dadselong to according to

these experiments? Mark with an X.

alcohol[_] phenol_] aldehydd ] ketond_]
acid [ ] ester [ ] ether [ ]

1 mark

CompoundA gave rise to formation of a silver mirror with Teals’ reagent
(Ag(NHa)2").

4-4  Which of the following functional groups does timdicate the presence of in
A?
Mark with an X.

hydroxy group of an alcoho] ] hydroxy group of a phenol [_]
carbonyl group of an aldehydé carbonyl group of a ketone [_]
carboxylic group [] ester group []

alkoxy group of an ether [ ]
1 mark
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Takle of Integrals

FROM
10.00 FFPM
7.56 FPH
7.15 FPH
6.41 FPH
4.02 FPH

T
9.69 FPH
7.32 FPPH
6.92 FPH
6.2Z0 FPH
3.89 FPPH

VALUE
0.94
1.91
0.93
0.94
3.10

Figure 2a

The'H NMR spectrum of compouni recorded at 300 MHz is shown in Figure 2a
(solvent CDC4(7.27 ppm) referencéetramethylsilane). The signals at 3.9, 6.3 and

9.8 ppm are singlets. Figure 2b is an expansigheofegion 6.9 —7.6 ppm.

Selected chemical shift and coupling constant \saéue given in Table 1.

Final version
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a1

AT

v a ]

Eintal=]

F.oz1

g cl=]

7 aT0

75 74 73 72 71 70 ppm

Figure 2b
The signal at 6.3 ppm disappears when a drop,Of i added.

4-5 Which of the following does this indicate? Mark kvan X.

Exchange of carbon-bonded hydrogen []
Exchange of oxygen-bonded hydrogen []
Dilution effect []
Hydrolysis []

1 mark

The same signal moves to a lower ppm value upaialil with CDCE.
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4-6 Which of the following does this indicate?
Indicate the true statements (more than one).
Increased hydrogen bonding
Decrease in hydrogen bonding
Intermolecular hydrogen bonding
Intramolecular hydrogen bonding

oogdn

No hydrogen bonding

2 marks

4-7 Draw the four possible structural formulas for caupdA based on the
information given above

4 mark

4-8 Give structural formulas for the fragments lostresponding to the peaks at
137 and 123 mass units in the mass spectrum.

1 mark

4-9 Two of the isomers have a lowdfpvalue than the otheré/rite the formulas
for those.

1 mark
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Table 1
'H Chemical Shift &
Hydrogens attached to carbon
Methyl CHs—C- 0.9-1.6 ppm
CH;—C=0- 2.0 - 2.4 ppm
CHs—O-R 3.3-3.8 ppm
CH;—OCOR 3.7—-4.0 ppm
Methylene CH-C- 1.4-2.7 ppm
CH,-C=0- 2.2-2.9ppm
CH--OR 3.4—-4.1ppm
CH,-OCOR 4.3 — 4.4 ppm
Methine CH- 1.5-5.0 ppm
depending on the
substituents. Generally
higher than for methyl
and methylene
Alkene 4.0-7.3 ppm
depending on the
substituent
Hydrogens attached to oxygen
Alcohols ROH 0.5-5.0 ppm
Phenols ArOH 4.0-7.0 ppm
Carboxylic acids RCOOH 10.0 - 13.0 ppm

Selected spin-spin coupling constants

Alkanes H-C-C-H vicinal 6-8Hz

(free rotation)

Alkenes trans 11-18 Hz
cis 6-12 Hz
geminal 0-3Hz

Aromates ortho 6-10 Hz
meta 1-4Hz
para 0-2Hz
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32 IChO « Problem 6 12 points

Protein and DNA

DNA is composed of 2’-deoxy-nucleotides carrying thases adenine (A), guanine
(G), cytosine (C) and thymine (T). The molar maisthe 2’-deoxy-nucleotide-5'-
triphosphates is given in table 2:

Table 2

dNTP Molar mass /g moi™
dATP 487

dGTP 503

dCTP 464

dTTP 478

5-1 Calculate the molar mass of a double stranded Diddnfient consisting of
1000 base pairs with a uniform distribution of tber bases.

2 marks

This DNA fragment can be isolated and cloned bygithe PCR method (polymerase
chain reaction), in which a heat stable DNA polyaserenzyme multiplies the
number of molecules of a specific piece of DNA ioyalic process. Under optimal
conditions the number of double-stranded DNA cogsbles in each cycle.

Using the PCR method you perform 30 cycles staftimigp a single double stranded
DNA molecule.
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5-2 Calculate the approximate mass of the DNA you olf@m this experiment.

2 marks

The bacteria-virus T4 enzyme - polynucleotide kin@@NK) catalyzes the transfer of
the terminal phosphate of ATRR¢rthophosphate) to the 5'-hydroxyl termini of Hbo
and deoxyribonucleotides:

0 0 0 N~ SN
T 9 9 ¢ j@
’O—Fl’v—O—FiB—O—Fior—OCHz O N + HOCH, O Base

_>

o o o- H H H H

H H H H

OH o] o} H

DNA

H

o My ;

‘O—FiB—O—Fia—OCHz o N ¥ HO—P—OGH, 0 Base
o o H H o H H
H H H H
o o OV\/\’\/\/C\,\/\/\
ADP 5'-P-DNA

PNK is commonly used to label DNA at the 5’-endhatite radioactive phosphorus

isotope®P using ATP in which thg-P (the outermost of the phosphorus atoms) is
replaced witt#?P. The amount ofP and thus the amount of labelled DNA can be

measured.

A 10 pL solution containing double stranded DNAaiselled 100% with\-*?P]ATP
by PNK. 37 days ago, the specific activity pffP]JATP was 10 Ci/mmol or 370 -10
Bg/mmol.**P has a half-life of 14.2 days, and during the gedparticle is emitted.
Now the labelled DNA emits 400(®particles/s.

5-3 Calculate the concentration of the DNA solution.

2 marks
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In an experiment in which PNK is incubated wigt*fP]ATP and single stranded
DNA, the reaction can be monitored by isolatingelad DNA and measuring tifie
particle emission.

Using this kind of measurements in a 1 mL experiaemnixture, a labeling of
9 nmol DNA/min was calculated. PNK has a catalygite constant (turnover number)
of 0.05 §* and molar mass of 34620 g ol

5-4 Calculate the concentration (in mg/mL) of PNK i #xperimental mixture.

2 marks

Aromatic amino acids, tryptophan, tyrosine and ptaanine absorb UV light of a
wavelength between 240 nm and 300 nm.

In a protein containing several aromatic amino gdide sum of the molar
absorptivity per amino aclll&mino acig 1S approximately equal to the molar
absorptivity,&yotein, for the protein.

The molar absorptivitygmino acia at 280 nm for tyrosine, tryptophan and
phenylalanine is 140Q~* cm™, 5600mM~* cmitand 5m~* e, respectively. The
absorbance of a 10vusolution of PNK is 0.644 at 280 nm and with 1.@®lght
path. The amino acid sequence of PNK contains rb&ityes and 9 phenylalanines.

5-5 Calculate the number of tryptophan residues in K Ridlecule.

2 marks
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Hard Water

In Denmark the subsoil consists mainly of limestdn contact with ground water con-
taining carbon dioxide some of the calcium carbemgsolves as calcium hydrogen
carbonate. As a result, such ground water is tzerd when used as tap water the high content
of calcium hydrogen carbonate causes problemsadpeetipitation of calcium carbonate in,

for example, kitchen and bathroom environments

Carbon dioxide, C@ is a diprotic acid in aqueous solution. Th&palues at 0 °C
are:
COx(aq) + HO(l) = HCO;™ (aq) + H(aq) Kar =6.630
HCOs™ (aq) = COs™ (aq) + H(aq) fKaz = 10.640

The liquid volume change associated with dissotutibCQO, may be neglected for all
of the following problems. The temperature is tdddesn as being 0 °C.

6-1 The total concentration of carbon dioxide in watdich is saturated with
carbon dioxide at a carbon dioxide partial pressfite00 bar is 0.075@.
Calculate the volume of carbon dioxide gas whiah loa dissolved in one litre
of water under these conditions.

The gas constant R = 8.314 J mof K™ =0.08314 L bar mot K™

2 mark

6-2 Calculate the equilibrium concentration of hydrogams and the equilibrium
concentration of C@in water saturated with carbon dioxide at a cantioride
partial pressure of 1.00 bar.

1 mark
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6-3 Calculate the equilibrium concentration of hydrogams in a 0.010& aqueous
solution of sodium hydrogen carbonate saturateld @atbon dioxide at a
carbon dioxide partial pressure of 1.00 bar. Ignveager dissociation effects.

1 mark

6-4 Calculate the equilibrium concentration of hydrogmms in a 0.010& aqueous
solution of sodium carbonate saturated with caudioride at a carbon dioxide
partial pressure of 1.00 bar. Ignore water dissmiaeffect.

2 marks
6-5 The solubility of calcium carbonate in water at®i$ 0.0012 g per 100 mL of
water. Calculate the concentration of calcium imna saturated solution of
calcium carbonate in water.

1 mark

The hard groundwater in Denmark is formed via condéwater with limestone in
the subsoil which reacts with carbon dioxide digsdlin the groundwater according
to the equilibrium equation:

CaCQ(s) + CQ(aq) + HO()) = C&*(aq) + 2 HC@ (aq)

The equilibrium constank;, for this reaction is T6*°m? at 0 °C.
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6-6 Calculate the concentration of calcium ions in watesquilibrium with calcium
carbonate in an atmosphere with a partial pressurarbon dioxide of 1.00 bar.

3 marks

6-7 A 0.0150m solution of calcium hydroxide is saturated witiben dioxide gas
at a partial pressure of 1.00 bar. Calculate tmeeotration of calcium ions in
the solution by considering the equilibrium equatiiven above in connection
with problem 6-6.

3 marks

6-8 The calcium hydroxide solution referred to in perhl6-7 is diluted to twice the
volume with water before saturation with carbonxaie gas at a partial
pressure of 1.00 bar. Calculate the concentrati@aloium ions in the resulting
solution saturated with GO

2 marks

6-9 Calculate the solubility product constant for caioicarbonate from the data
given above.

3 marks
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