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PART Il.d — Organic chemistry

Problem 1

A little bit of organic chemistry

1. Determine and write the structure of A, B, C, D starting compounds. Write reaction mechanisms with A

and B compounds.
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2. Provide plausible synthesis plans whit reagents and intermediate compounds.
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Problem 2

Lord of the rings
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N Piperidine acetate (1) NaxCry07 P (W H/Pt (3) pyr/ACZE)
(2) CH2N, (2) CrO4/AcOH (4) SOCl,
(5) Me,Cd
A: CgHgOg

'HNMR (600 MHz, CDCl3) & 2.26 (d, J=0.8 Hz, 3H), 3.7 (s, 3H), 5.98 (s, 1H), 6.84 (d, J=0.8 Hz, 1H)

3CNMR (150 MHz, CDCl5) 6 14.3, 57.1, 106.7, 132.6, 143.7, 159.9, 182.0, 185.8

B: C4H6
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'HNMR (600 MHz, CDCl3) & 5.06 (dd, J=9.2 Hz, 2.3 Hz, 2H), 5.16 (dd, J=14.8 Hz, 2.3 Hz, 2H), 6.25 (dd, J=14.8
Hz, 9.2 Hz, 2H)

3CNMR (150 MHz, CDCl5) § 115.2, 135.4

Y: C5Hgo

'HNMR (600 MHz, CDCl3) § 1.21 (t, J = 6.7 Hz, 3H), 3.04 (q, J = 6.7 Hz, 2H), 6.23 (dd, J = 16.8, 9.3 Hz, 1H), 6.10

(dd, =

9.3, 2.8 Hz, 1H), 6.28 (dd, J = 16.8, 2.8 Hz, 2H)

3CNMR (150 MHz, CDCl5) 6 8.4, 34.3, 124.9, 133.2, 200

Z: C3H3N

"HNMR (600 MHz, CDCl5) § 5.52 (dd, J = 15.3 Hz, 10.0 Hz, 1H), 5.88 (dd, J = 10.0, 2.1 Hz, 1H), 6.01 (dd, J =
15.3, 2.1 Hz, 1H)

Notes:

Tasks:

L and M compounds have identical molecular formulas, weigh and produce very similar HRMS
spectra.

Me,Cd converts acid chloranhydrides into corresponding methyl ketones.

Some of the reactions are stereospecific or highly stereoselective, don’t forget that. You are required
to provide formulae with correct absolute configuration.

Determine the structures of compounds A —R and X.
Provide reasonable mechanisms for the given conversions:E > 1,G > H,
2->K3->4

Determine the number of stereogenic centers in compound 4, assign absolute configurations to each
of them.

Assign chemical shifts and coupling constants to each hydrogen of the compounds A and Y. Which
signals do you expect to disappear after exposure to excess of D,0/NaOD solution?

How are the compounds L and M called in relation to each other?

Many biologically active compounds share the ring system of compound X. Name the group of those
compounds.
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Problem 3

Pericyclic reactions

Diels —Alder, Alder ene,Claisen, Wittig, Fisher indole

1. What's the main difference between pericyclic reactions and substitution/elimination reactions?
Name three main types of pericyclic reactions?
Here you have 5 examples of named pericyclic reactions. Write the products and give names to these

reactions.
COOH
= Heat 9y
T — —
1. \ COOH 2. o)
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_>
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H
N——NH, -
@ —I_
O:\<
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Base

5. \/\/O\/

4. 5 different compounds are given, recognize which of them was made using pericyclic reactions. Give names of
those reactions.
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\ |
4. HOOC 5.

5. Butadiene reacts with itself when heated to yield compound A. Under presence of catalyst the rection gives
product B. Draw structures of A and B an explain why A is formed instead of B when butadiene is heated.
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6. Compound A gives this HNMR spectra: 2.90(2H, t), 6.40(2H, m), 6.50(2H, m). Salt of compound A(BF,) is
reduced to coumpound B. B also could be made from A using NaH in THF and |, with CuBr and Me,S. B reacts
with dimethyl but-2-ynedioate to yield products C and D.Then an in molecular reaction occurs in both Cand D
to give E and F respectively. Finaly E and F reacts with NaOH in water to give final products G and H.

Draw the structural formulae for compounds A-H. Write mechanisms for reactions B-> C, C-> E .

7. And now the fun part :D. Just give the ,,systematic” names to these compounds.

Ma

DPh DPh E\

1. 2. 3. Pa

PROBLEM AUTHORS:

Donatas Ramaska (2nd year BSc student, Vilnius University, Department of Chemistry)
Vidmantas Bielitinas (2nd year BSc student, Vilnius University, Department of Chemistry)
Karolis Goda (1st year BSc student, Vilnius University, Department of Chemistry)
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PART Il.b — Inorganic chemistry

Problem 1
a) NH,ClO, + HNO;3 = N,O + HCIO4 2H,0; sum =4
b) 36NH,CIO, + 38HNO; + 8HCI = 36HCIO4- 2H,0 + 37N20 + 4Cl, + 5H,0; ratio = 4/36 = 1/9

36NH,ClO, + 44HNO; + 8HCI = 36HCIO, 2H,0 + 36N,0 + 4Cl, + 8NO, + 8H,0; ratio = 4/36 = 1/9
Problem 2

Complex compounds

to be prepared

Problem 3

Crystal structure

PC:
a=2r,

M M 3
= = =M, =p-N,-8r
P N,-a> N,-8r x =P A Clx

M, =9.106-10° %.6.02-10% 1 -8-(1.68-10%°) m® =210 %

mol mol

BCC:

a=4r, /\3

_2My _ 2My 15N (a) .y
p_NA.aP’_NA‘(%)?r;:MX_Zp N, (ﬁ) x

M, =1-9.196-10° %.6.02-10% L-(A)g (1.68-10%°)° m* =162 ;2

mol \ 3 mol

w

FCC:
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M, =4-9.196-10° £-6.02-10” ﬁ(%)g (1.68-10™°)’ m* =148 &;

N

XO:

dy). =2 =a
Y

a=d,, = _K _ 1odpm =326 pm
2sin6,,, 2-0.2365
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XOZ:

— d —d
(dhkl )max /12 12 +12 /\/5

a=3.d, - V3-4 _/3-154pm

2sin0,, 2-0.2365
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mol mol

M, =8.96-10° £-6.02-10% ;-(460-1072) m® ~3.16 % = 477 &;

X —2'%o
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PART Il.c — Analytical chemistry

Problem 1

to be prepared

Problem 2

to be prepared
Problem 3

A — (NH,)sAsS,

B — (NH,)3sSbS;
C-PbSO,

D - (Bi0),S0,

E - Bi(OH);

F - Bi,S;

G- PoS

S(PbS) = Kyp(PbS)/[S*]
S(CuS) = Kep(CuS)/[S”]
S(PoS) = Ky,(PoS)/[S7]
S(Bi,S3) = {Ksp(BizS3)}/*/[S* 12

Jarjekord: Bi**, cu®, Po**, Pb**

[OH 1y, = 3Ky, /[BI*1 = 310 ©°/0.01=3.16-10 % = pH =15

[OH"],, = 3/K,, /[Bi**] = §107/(0.01-0.0001) = 6.81-10™ = pH = 2.8

http://profbeckman.narod.ru/Radium.files/Radium.pdf
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PART Il.a — Physical chemistry

Problem 1

1)-dN/dt=k*N, where N is initial number of radioactive isotope and k is a decay constant k=In2/t1/,
-dN/dt=k*N can be rearranged and integrated to give N=Ng*e”(-k*t), where N is number of remaining
atoms and Ny is the initial number of atoms. Since No=N+D, where D is number of daughter atoms
produced, we can say that No=N+D=N*e*(k*t) and D=N*(e”(k*t)-1).

8"Rb is our N and ®’Sr is our D. Therefore we can write 8’Sr="Rb*(e(k*t)-1), however, rock initially
contains some ¥ Sr as well. So the equation we will use is

873r="Rb*(e”(k*t)-1)+ 8"Sro. Than we normalize the equation with respect to ¥Sr and we get
87Sr/87Sr="Rb/*"Sr*(eM(k*t)-1)+ 8" Sre/%”Sr which can be used to plot a graph. (e*(k*t)-1) will be the
slope and can be used to calculate age t, and 8”Sro/%”Sr will be the intercept.

2)age is 3665Ma and initial 8”Sro/*’Sr is 0.7007

3)Because it would mean that all calculations and measurements have to be done in number of
atoms or concentrations, however, it is very hard to measure these things practically with high
precision. It is relatively very easy to measure ratios precisely.

4)The half life of this decay is too large and it would be impossible to obtain a decent accuracy.
Rocks are usually dated with precision of 1-0.5Ma.

Problem 2

Random walk model

2_ 2 2, .2 .
a) Mot Toin ske noruke, ecan nocne N WAroB Bbl HAXOAMTECh Ha pacctoanHum S — X+ V™ 2% 10 cnenas ewg war sbl

22— 2 2 2
oKaxeTech pacctoanumn = (XE L)+ yo+ 2% g

2 .2 2, .2 2 24 2 2 . 2 2 2, .2

s =X (VEL)H 27 gy s =X Y (22 1) 410 g cpegrem gaét S = XTF V7 X7+ 1y yro To e
R—_ 2 2

s"=s+ 1 CneposaTenbHo § ~ N

BO3MO3KHO peLleHme ¢ MOMOLLbIO BEKTOPOB: ecin nocsie N Waros Balle NoioXKeHue 3a4aH0 BeKTopom R, To
paccTosHuMe A0 Havyana KoopauHaT pasHo |R*R| n caenas ewé oamH wwar, Balle HOBOe NOJIOXKeHWe byaeT 3a4aHo
BEKTOPOM R+r, rae r — caydanHblil e AMHUUYNHDINA BEKTOP, TOraa

|R™*R'|=(R+r)*(R+r)=|R*R|+2|R| *|r|*cos( O )+|r*r|,rne 6 — yroan Mexa1y BeKTOpDaMuU R u
r, 4ed KOCHUHYC B CpejgHeM paBeH HYyJI, TaK 4YTO

IR’ *R’ |=|R*R|+|r*r |=|R*R|+1 — onaTb cpesHee paccTosHue nonyyaetca 5= ) )

b) Ecnm B3Tb pasmep wara 3a |, 70 5~ V)1 s= ~}0000)110.154 rvi=15.4 nu
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c) Monanctnpon coaep:ut 6onee o6bEMHbIE BOKOBbIE FPYNMbl, KOTOPbIE CUAbHEE NPENATCTBYIOT CyYaHOMY
HanpaBAEHWIO 3BEHLEB, YEM B NOJIMITU/IEHE.

s (noaucmupon )= 1@)D( 5010.154 nm)= 34.4 um

Problem 3

In the quantum world

to be prepared
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Instructions:
Write only one letter in each blue cell.
Fill personal information!
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18. b 75. F
19. d 76 . B
20. a 77 . D
21. e 78. a
22. d 79. a
23. e 80. a
24 . d 81. a
25. d 82. d
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27 . f 84. c
28. a 85. d
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31. e 88. e
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36 . | deleted 93. c
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