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Baloles g oS58 slocal
MOl L0 sy Ll cllale b mgm cuyi b lgsion |y o slodisS dan collad a5 canl ooy (5,8 o905 ol 5o

aloas Ba-c2=1mol L1 s bt clale dacs e g o Jge 3 ol ook sl 8,8 Lai o 1l

Avogadro's constant:
Universal gas constant:
Standard pressure:
Atmospheric pressure:
Zero of the Celsius scale:
Faraday constant:

Watt:

Kilowatt hour:

Planck constant:

Speed of light in vacuum:
Elementary charge:
Electron-volt

Electrical power:

Power efficiency:
Planck-Einstein relation:
Ideal gas equation:
Gibbs free energy:

Reaction quotient Q for a reaction
aA(ag) + b B(ag) = c C(aqg) + d D(aq):

Henderson—Hasselbalch equation:

Nernst—Peterson equation:
where Q is the reaction quotient
of the reduction half-reaction

Beer—Lambert law:

Rate laws in integrated form:

- Zero order:

- First order:

- Second order:

Half-life for a first order process:

Number average molar mass Mn:
Mass average molar mass Mw:

Polydispersity index Ip:

51st IChO — Theoretical Exam

Na = 6.022-:10% mol*
R=8.314Jmol*K*
p° =1 bar = 10° Pa

Pam = 1 atm = 1.013 bar = 1.013-10° Pa

273.15 K
F =9.6485:10* C mol™*
1W=1Js"
1 kWh = 3.6:108 )
h=6.6261-103%Js
c=2.998-108ms™
e=1.6022-10°C
1eV =1.6022:10%°J
P=AE x|
n= Pobtained/Papplied
E=hc/Ai=hvw
pV =nRT
G=H-TS
A/G° = —RT InK®
AG° = —n F Ece®
AG = AG® +RT InQ
[C]¢[D]*

[AFF[BF°

pH =pK, + logﬁ

E=E°—f—;an

at T=298K, %Tlnm ~0.059 V
A=c¢lc

[A] = [A - kt
In[A] = In[A]o — kt
1/[A] = 1/[A]o + kt
In2
k
N: M.
Mn — Zl 1 1
iV
M = i N; M7
Yo XN M

I, =

K|R
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9l Jgwo

1 18
1 2
H | 2 13 14 15 16 17 |He
1.008 4.003
3 4 5 6 7 8 9 10
Li | Be B|C|N|O]|F |Ne
6.94 9.01 10.81 | 12.01 | 14.01 | 16.00 | 19.00 | 20.18
11 12 13 14 15 16 17 18
Na|Mg|s3 4 5 6 7 8 9 10 11 12 | Al|[Si|P | S |Cl|Ar
2299 | 24.31 26.98 | 28.09 | 30.97 | 32.06 | 35.45 | 39.95
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K|Ca|Sc|Ti|V |[CriMn|Fe|Co|Ni|Cu|Zn | Ga|Ge|As|Se| Br|Kr
39.10 | 40.08 |44.96 | 47.87 | 50.94 | 52.00 | 54.94 | 55.85 | 58.93 | 58.69 | 63.55 | 65.38 | 69.72 | 72.63 | 74.92 | 78.97 | 79.90 | 83.80
37 38 39 40 41 42 43 44 45 46 a7 48 49 50 51 52 53 54
Rb|Sr|Y |Zr  Nb|Mo|Tc|Ru|Rh|Pd|Ag|Cd|In |Sn|Sb|Te| | | Xe
85.47 | 87.62 |88.91| 91.22 | 92.91 | 95.95 - 101.1 | 102.9 | 106.4 | 107.9 | 112.4 | 114.8 | 118.7 | 121.8 | 127.6 | 126.9 | 131.3
55 56 72 73 74 75 76 7 78 79 80 81 82 83 84 85 86
Cs|Bafszn|Hf | Ta| W |[Re|Os| Ir | Pt |Au|Hg| Tl | Pb| Bi | Po| At | Rn
132.9 | 137.3 178.5 | 180.9 | 183.8 | 186.2 | 190.2 | 192.2 | 195.1 | 197.0 | 200.6 | 204.4 | 207.2 | 209.0 - - -
87 88 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118
Fr |Ra |5 | Rf |IDb|Sg|Bh|Hs|Mt|Ds|Rg|Cn|Nh| Fl |Mc|Lv|Ts|Og

57 58 59 60 61 62 63 64 65 66 67 68 69 70 71

La|Ce | Pr |Nd|Pm|Sm|Eu|Gd|Tb |Dy|Ho| Er |Tm|Yb | Lu

138.9 | 140.1 | 140.9 | 144.2 - 150.4 | 152.0 | 157.3 | 158.9 | 162.5 | 164.9 | 167.3 | 168.9 | 173.0 | 175.0

89 90 91 92 93 94 95 96 97 98 99 100 101 102 103

Ac|Th|Pa| U |[Np|Pu|Am|Cm|Bk | Cf |Es |Fm|Md | No | Lr

- 232.0 | 231.0 | 238.0 - - - - - - - - - - -
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H NMR

Chemical shifts of hydrogen (in ppm / TMS)
PEPM/TMS cw> 3) (359 )08 (o o sl 1 > sl

phenols:

alcohols:

alkenes:

amide :NH—:CO:R'

carboxyllc aC|ds

. aldehyde

aromatlcs

amines:

b;enzy!ic Cﬂn%CeH;:
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al kynes

- CH3—CR3 -

R—CHz—OR’

S ——

CH3—SiR3:

:ketonges

10 00

110 100 9fo 80 70 60

H-H coupling constants (in Hz)

5.0

2.0

20 3.0

Hz > y) H-H ‘;Mw sest

Hydrogen type

eo| (HZ)

R>CHaHb

4-20

R2H.C—CR2Hp

2-12
if free rotation: 6-8
ax-ax (cyclohexane): 8-12
ax-eq or eg-eq (cyclohexane): 2-5

R2H.C—CR>—CR2Hp

if free rotation: < 0.1
otherwise (rigid): 1-8

RH.C=CRHp,

cis: 7-12
trans: 12-18

R2C=CHaH»

0.5-3

Ha(CO)—CR2Hp

1-3

RH.C=CR—CR:Hp,

0.5-2.5
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IR spectroscopy table
IR Swiub Jguo

Vibrational mode o (cm™) Intensity
alcohol O—H (stretching) 3600-3200 strong
carboxylic acid O—H (stretching) 3600-2500 strong
N—H (stretching) 3500-3350 strong
=C—H (stretching) 3300 strong
=C—H (stretching) 3100-3000 weak
C—H (Stretching) 2950-2840 weak
_(CO)_H (Stretching) 2900-2800 weak
C=N (stretching) 2250 strong

C=C (stretching) 2260-2100 variable
aldehyde C=0 (stretching) 1740-1720 strong

anhydride C=0 (stretching) 1840-1800; 1780-1740 weak; strong

ester C=0 (stretching) 1750-1720 strong
ketone C=0 (stretching) 1745-1715 strong
amide C=0 (stretching) 1700-1500 strong
alkene C=C (stretching) 1680-1600 weak
aromatic C=C (stretching) 1600-1400 weak

CH (bending) 1480-1440 medium

CHs (bending) 1465-1440; 1390-1365 medium
C—O—C (stretching) 1250-1050 strong
C—OH (stretching) 1200-1020 strong
NO: (stretching) 1600-1500; 1400-1300 strong

s stretching
i3 bending
<98 strong

s Weak

51st IChO — Theoretical Exam 7
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Question | 1 | 2| 3|4 |5 |6]|7]| 8 9 | 10 | 11 | Total
Problem

T1 Points 314|142 |3|2|2|45(25] 3| 3 33
6%

Score
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Ll plp T g mSUIN b ot (6l T 9,581 ((JB) andls 4

N/2
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Y, (0) =
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Problem | Question 1 2 3 4 5 6 7 8 9 10 | Total
T2 Points 1 4 2 3 3 6 4 1 8 2 34
% Score

T J950 90 oo (359 300 g T2 afs

odls

S 5 H2(9) H2O() | H20(g) | 02(q)
AHO(KImolY) | 0 | —2858 | —2418 | 0

Sm° (Imol*K™) | 1306 | 69.9 | 188.7 | 205.2

S oo adg aeSlss (S A4S 0 I a4 (L slacS g lp (2R plsied Glgiee | (H2) (Jsse o59,000
S ine) cpl 5o el gom Gl SO ig,0ee odg e BT ien g ange ool ralS st e

..\.wl.’].a_;‘ 6).».@5»59.»..»‘ g.,.l).oa L)" )QASMS.H GLA “"—‘g)’“"“i“’k)“‘:b ‘5‘).’ cMé.ach :\Jél&au_i:\

A 51298 K o STyl a5 audo ()L (goae Olawlxo b oniiools  Siolnoge i slaools 5l aolazwl b ais Y

Sl

fowl wgllhe  Sialiyoge s a5l STy LT
O Yes O No
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S b aS ols plsl ol O plas o 50 09,5801 g0 5l eoliiw] b olowdg iSIl o9, 4 oylg5 oo |y O Joge oynslss
Bedhse JeSeas 095l 9o o 50 5 slacla () JS8) s fate o2 4 95155

-+

(1) (2)

On electrode (1):

On electrode (2):

99 oy odd Jlesl 5Ly 3l sl i ax o oS et (¥ Jl5e L) cadosls  Solnoge 5 slaosls l eolawl b Lagd | F
el ol Soliunge s L 51298 Ko ol 8 «(05d s b a5) AEin lade b aslio ;o (AEapplied) 9,251
G Hlade 5w Ceode 1) o Lyl ok 095 o lasliwl cls o SV gase g odias STy dan 0S5 )8

DS Al jlicl 5l o 08, 4w B |, AEn

Slawla!

O AEapplied = AEmn
O AEapp“ed > AEw ABw=........... V (M}...: Sliael slax o3, a0 U1, m)
O AEapplied < AEth

.Moolé;w/l.ZOOV)/uLial;/d&w A 0 dily, o eklS dewleo [y ABt actudilyii 5T
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&lp oY (AEmin) 5ty J8las il Pt i 51 &35 51 el p3Y (6,50 50y O pnslss saalin lp (Jos o
:a)lo éo.w; &l u.dbl.n ) de? d.an.a cu—‘ u.a.u&u} doslie

"5—‘ AEmin (V)
IrOy 1.6
NiOx 1.7
CoOx 1.7

Fezo3 1.9

QB.M}LSA bli';...u.) ).) 6)).“ ;9)1.»‘ u.ClJ AEth 9 AEmin O d)Lo‘

)‘ Gul.u u)ﬁ..acb ‘03....4‘54 g.j u.».‘-uiu) d)..a as 0‘9.' )‘ 61,..“5 kf"” s(nelec) olKws 6"94 (o.))l.;) kS“)lS 61).1 @)L..C A
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.A.«J @):.o |) kY| Q..).JS‘)K ..\.HS Ml:u; ‘09,..'5 oolazw! Fe203

Telec =

1098 ooliiwl FE203 Pt slasg Sl 5l a5 ol ¢ Slg5 o],

Helec = %

x| u.a)a‘)lf

S ooltu] etee = THY lio j/ o 4 ;0 dilyi, o ckeiS decsleo |, Metee dianslyis 57

Lloyos S 35y ol 0 ol (Bl 568 g, a0 ol oSt w09l O 5dg 2801 0350l Wil oo a5 (6,505 b,
dyw JL:S )9_1 u_)d> L» ")‘-"9“5‘ as «)9.‘.»‘50 oalau!
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V vs SHE
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2.0 -
ZnS SiC
Z100 T
10 448
KTaO3 SrTiO3 Ces MOSCC'SE ,
——ZLIQ —_— T|O2 2 >
o4-4----}-° - . . | WO3__ _F_e2@3____:; _E - H+fH2
- —— —
SR EEEEEHEREEE
o188l 5| o o gl 22| s]s] 3
) o] o) ol el sl i)l o lo] sl 02/H20
2.0 A
3.0 1 L1+ 4
x -— Name of semiconductor
40 o —— i POtential of equivalent cathode
%"'_ &: Minimal light energy to activate
e
N Potential of equivalent anode

L] Gy o Jiliw] 59, iSHSHE 5 aieo o
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- — ; B 1 Y O O Y TS Y A "‘-— CETT :
4l ‘ —{ 80
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5 laolee 015 Jlei 1, Si g CAS Ti0; cslabilisyomi Wl o 45 i oo |, oty (sloiygisd L 5l g mS 5
o g9 JolS jeboas 1) Slewlons (5 ooliiul 5,500 slaols
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TiO; %
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0zro; 0 ZnO O TiO: 0 WOs
OCdS O Fe203 O CdSe O Si

30 bl i @l g3 bl sadtin lade S il &l o2 g S po S8y a5 WS ‘;)M Iy oblo o A

oot aslllas Pam 5 T =25 °C ;5 093 bodicsibodnd 95 b bluo s o 2o il 31,0 Oz g Hz o ol3T d .5
SV =037cm® odes S =16 MM? laws L 59 28Ug558 o 9 P = LOKW M2 (535,8 1l3 L (5,95 51 oslicil b .o
el 00 d)joj‘m‘ cdu.f‘ﬁ )I el 1 L’)")’ At wdf )l o HZ(g)

A Ao Lo ol sl 1y (Ndirect) S5 01,154

Sl

Ndirect = %

S oolizu] Mdirect = 10% Jado j/ llive 4y ;0 dilys, o scteiS dculiea |, Tdirect eiwilpi 57
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Sl

O Ndirect = indirect O Mdirect =~ 7indirect O Ndirect < TJindirect
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Problem Question 1 2 3 4 5 6 7 8 9 10 11 12 Total
T3 Points 1 3 3 3 4 2 7 2 2 3 4 6 40
5% Score

Q)Seﬂi,l@,é:TB dim&

298 K o oosls

PKs1(AgCl) = 9.7; pKs2(Ag2CrO4) = 12
Formation constant of the complex [Ag(NH3)n]*: £ = 1072 .Slos fSas el

105900 0 lasbinl g xSl a4y o 5wl sla fenily

Standard potential of Ag*/Ag(s): E°(Ag*/Ag(s)) = 0.80 V 3 st il
Apparent potential of O2(agq)/HO (aq) (L,s I ,o): E'(O2(aq)/HO (aq)) = 0.75 V el Juils

o O Sy 50 SlughS B39 (2 5l (2P A i
OVVASIAD (sguil 3 l0cSu 58 9 (oo SLughS 3555 (9 (oo Slo DS 51 (o @2 bgaje 2 slag3
el 2,570 )8l 5l (B 8L

55 U Tl ool ol ] (58 ke 5y 4 (5 655 bl s 1S 058 6y g A g B
€oaylisn Comsay Sl 0,8 51l Jslome Sy el S 1S5 000

€l Joloali 135 00,105 (glojo e Sad ol :B Jod S5

o oot o Bl sl 53,008 5 5 il ol SIS ol iy US55 0 1€ 5B i
€S oo S

€o,ls Sligel o1 Jsloro 10 Vb caddM 0y IS 0,85 Ko g ;0 D Jogd S5

€0,551 s 1y 0y IS 0,485 0,50 g5 o s LSy Shigel b aS ol G 0,5 adlol b o] 5l e (B Jod J5

S sl oty S s i 54 0,8 i 3] lS 0 5 o 03,5 e sl T I Lo S
€] bolo (6 St dol> S L

et 9 ) AGCI(S) s susasjlye (oot alslas :A Jgb Ji5 )

S duwlxo 298 K sles ,o o1 ;s AGCI(S) sl mol L7 s o1, (S) cudl> B Jg8 Jii5 Y
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S = mol L1

S35 S5bon o5t 12 6 rage Syl b e Ko wou IS slogigs 5 ke Sl Jsbone 5o 3 1C JoB Ji5 ¥
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Problem Question 1 2 3 4 5 6 7 8 9 10 | 11 | 12 | Total
T5 Points 3 4 4 2 5 5 4 3 5 2 2 2 41
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Problem | Question 1 2 3 4 5 6 7 8 9 10 | 11 | Total
T7 Points 4 12 2 2 2 5 5 8 4 5 5 54
6% Score
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O Ha, Pd/C, THF

E
F
G
9 0 dgd D I E ()ai 5 plas ;o Loyl i 5l eolawl b auss” olsss! Y
O HY, H0
0 OH7, H0

Sogi o oolatul 135 0 lse 51 SoplaS ags jslae & MSCI 5l e s 5w (6551l )0 F

[ aleaving group 0AS' S 5 09,5 SO
[ a protecting group Lislxe 0,5 S
O adeactivating group oS Jad e 09,5 S
[ adirecting group oS Culan 09,5 S
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O electrophilic aromatic substitution Saiileg,] Ldg xS o3>
O nucleophilic aromatic substitution Siileg,] LdgalS s 350l
O Sn1
O SN2

S Gl R 5 090 4 plgi oo 1) kol (50,5 oo 068 o

38

1094 0 ool e LuSkeeS template il 5l [2]catenane (L) yow o

905 et ) I eSS 50 e bS] S s g ol ol 2l 0 CU(0) (ol 1) oS (g 25U T Y
Sz O3l g p B 4]y I 0 CU g ST ol
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Electronic configuration of Cu(0): Cu(0)  gs,xsUl alyl

Oxidation state of Cu in J: J 0 e inlaST el

Electronic configuration of Cuin J:  J o e 9,81 il

sd..wl: JIOJ)‘ I8 ;j" dlj.]o‘ )O ‘.quli,.] GMM )L.>L~u d.ia.)‘ qu.S L» QC«M“ |°|"\S L )b I8 09.: ‘fuM )L\D-Lu A
Ol ke i S p ) oadine, (Jlia sl pl, 5o 0SS ey Hob plaee jo 1) A sla gl So xSl slajl
g g9 |5 pSheeS ! (S)

The geometry of Cu in L is:
'L 59 Cu JUERCT S b=

O Octahedral >gccin
O Tetrahedral =>g,k>

O Square planar s xlawe
O Trigonal bipyramid s s ,290

Splitting and filling of d orbitals: d sla bl s g SIS

] Cawsds ol31 & g0 4 [2]Catenane b oS )5 Ll e (g0 05ilgs so (B)plaS 15 slacaS 5 5o A

NH,
O CHsCN H
O NH4PFs
O KCN NN,
O tren
tren
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slad bl 51 o a5 asl axsls sgzg (FI) L (H1)  JioleST cll> g0 40 il oo e o9 [2]Catenane L s
W(aig0,558 Ly b =155 ¢ o 5 ) wams oo ylid gl gl 98

e

[2]catenane  clocdl> .1 [<s

ol pasts w5 L o] 958Ul slacdl aslie b Gl s 1, CU(D) la oSS (5l

WS S e b oae S LT JB sl N -

The Cu'Ns complex has ... electrons in the coordination sphere of the metal.

S5 g 2SI slas I8 il 555 glas jo CUINA LSS
The Cu'Ns complex has ... electrons in the coordination sphere of the metal.

S e Sl slass I il 928 sLad ;5 CUNs uSaS
The Cu'N4 complex is O more / [ less stable than the Cu'Ns complex.

Syl O less s xS s lab L O more jii o,lub CU'NS WuShaS b e CU'N4 SLS

e pols JIB L 5 auwdS el oad ools LIS Y SS (o aS b uSeS Cadle L 1) aias bghas b JI> sla ol Y
S JolS s ol 2SIl 7S @ sy saie a1y JIg ez a3 sla o5 50 5 sle

—e . te (L)‘“")"J“L“Lg‘)")b :Q.;_?.Ja:}‘_g&v)olf
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Cu'N,

_____________

_____________

_____________

_____________
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Problem | Question | 1 | 2 | 3| 4|5 |6 |7 |8]9 10|11 12|13 |14 15| Total

T8 Points 2162|2112 43|42 |6 |8]|2]|6]|4 64

6% Score

iN0SItOls yuw g (o3 lwlis s T8 alume

Jss o B-glucose 1, 1, “perspective formula” 4.:Scwys Jg0,8 5 “3D SIUCIUrE” somsdnw Lslo ¢ Jlgw (ol 4o

losls yioles 13

3D structure perspective formula

syS dil> a5 laeuS 5 ol 5l am auies Cyclohexane-1,2,3,4,5,6-hexols slac.s 5 « (IN0Sitols) le s g

Byl 2B (So3edem sloanlys 5l LS 5o MYO0-INOSIOl o5 945 5 ,ls (sguae i g
myo-inositol ,tsLw

S oy olad el 3185 La5 s eas | (IN0SITOIS) Lo Jgtwsis! (5,5l Jae,8 )

s olad egnl A Jeld il (sls joguill (58,5 Jai o b s JsSUge 5l oolgils oyl

S oy 1) i (558 Jlad oS (2lad sl segil ples 3D (saman LSl Y

oS 5 opl )0 Dgh e oy el j0 05d o axeS MYO-INOSItOl T 4 4 asie Jywsn! SO Ll
b ol sasess GTTHNMR Gl 5l olg oo 1) o Jlslo 5 058 o0 e Joio slape,5S 51 Sy dais
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b o oS5l 6,500 Sl e Sl sdal Cews 4 600 MHZ oKiws SS™ 4 g D20 Pl o 55

el 0 00l u,u)l.o) JL..i..m R Ry J.A.La K9y LQ’J‘)i‘-" 09-\4.’60.’ odlie

s o < O O F MM 0 O — — 0 O
0 <t < N = O M A A A 0 © 0
S o o O © DI 0 10 0 NN AN
< < < e e R o el o)
I ~N 72~ ~ |~
d ¢ b a
T \—JHVHL T K
1.0 2.0 2.0 1.0
4.1 4.0 3.9 3.8 3.7 3.6 3.5 3.4 3.3 3.2

|  (ppm)

Slaxi b sllae o] slagygig s slaws g ol so cawods Ll i opl ,o myo-inositol las 1, J oS5 JsSge Jge 8 ¥

S g ol THNMR Gl )5 00 sanlics slocygigp

Ao 9 |y JoSUg0 (pl 10 09790 0,8 (o)A slaxd o(y9¥g p slo LK sla 1,501 g slows wlal o . F

L1y O3sed 58 e 08 Jol5 1) ol MYO-INOSItOl (o 50 (5 luly 4 bgpe o 5 0y (iales O
sl aBb @ 508 s, wb A Oisn ) Linle ) S aseie Yo NMR (b o d L ¢ b @ slacwde

S ey 1y o1 goman

3D structure:
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LDJ .." 9;“"‘ oase

2 Jgmwgn! yims o gh oo yiiw S5 elide 4o INOSItOl phosphates wliiie 51 sam oy o p)5 jslate 4

S o o, Dromodiol (1) ;!

OH Br OH
HO, ~_OH OH HO._~__OH
- e
- e ——

HO” >~ ~OH OH HO” >~ ~OH
OH OH
2 1 3

S Ol 1,3 52 s ey o kil (o) bLs | £

O enantiomers
L1 epimers

O diastereomers
[0 atropoisomers

25 Fow Llale e Vo lsiiee ;2 Jgimssl

______________________________

Br O
o A m-cPBA _ | M-CPBA: O//l\©/0| |
[ I 4 - 5 | |

OH p-TsOH CH,Cl,

______________________________

Bn-OH, BF3'OEt2

n-BusSnH, AIBN ©

-Bu ,

5 »  Ci6H19BrO4 S > O><
BnO :

-10°C THF E
6 OH
7
OH
0sO4 NMO HCI (aq) A HO,, _~_,OH
7 » § —————————» 9 —
Acetone / H,0 EtOH, 25°C HO”™ Y~ “OH
___________________________________________________________ OH
E HH | 2
: 9 0 E
1 C '
! > NC><N°N CN [@] !
: s N
' O CH3 1
j Bn-$ AIBN NMO |
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S oy 1 A S a3l Y

S il 0g b e plonl g S atedls (5t b ASBg0 Wign (59, gdige O eSS 4 ymie a5 aiSTs A
Ng 590 o, 50 canl 4 o as o] LSl g cewl ool sols ol o a5 1, 1-bromo-1,3-cyclohexadiene
oo (6lo) )bl oy b1y do g po Sg,5SUl 31 ales . aaiieSy 0 91 w8 s 1 g i8Il aidls o 5L &S slaslE o

A i Lo

Br

1 6 ym5ell Lals oS5 5l gay b g s ol 5l ool b Ylail a5 1, 5 oS5 olad cloymgiel JS olass )+

g g e | oo Sy

QB.MJGA ool ULA.AAJ 6, l) as \)5....) J.«im; JJ‘})‘SA u,.lﬁilyo J?.A)B uLo.Q L| 6)i:é J}M c5 — 6 4\.1.‘>).A ‘5“).‘ )
S ) 1,67 56 4 Loy o gunan syl
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S oy 1,9 58 e (sl pagi s suamas sl il Y

Ful ()& 35 oIS 2 S 5 (051 ooty sl A casslis Lyl VY

O Hy, Pd/C

O K,COs3, HF

0 HCOOH, H.0
O BF3-OEt;

8,5 a0 Lol salgd Cuwsa 2 oS 5 pedle 5 (6,500 (olad egpl il atilai sgzg e 1 cuS 5,0 ST
Ao [l S g0l S 35 Slge (Yl STolaws g wile oo (Bl s oy i 4o by iaSTly 0 38Lad 6y 09 o 4l
Sl plaS 2L o] (g sl L3 )| oot g0 9 dasS oy | L8 093l (213D (som

[ enantiomers

L1 epimers

0 diastereocisomers
I atropoisomers

51st IChO — Theoretical Exam 64




Candidate: IRN-1

§o5 o AL 53 00sS Cglan (slpog,S Ly Lidlrs (slaos,5 (W)als yo plaS 5L 512 jiiw Jsb ;010

1-4
4 -5
5—-6
6—7
7—8
8—9
92

OoooooOooOod
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Problem Question | 1 |2 |3 |4 |5]| 6 718119 |10]| 11| 12 | 13 | Total
T9 Points 212 (4 (3217|112 | 4 2 2 2 44
% Score

levobupivacaine yuw :T9 afluwe

1 s
2 Syare gl 5l (S g 09,00 Lbg,d Marcaine ol L aS ol adge 00isS > o S bupivacaine gyl
0l yastine Wb go odlaiwl Sawsly bolie S0 4y Jol> b j0 g5l cpl ax ST ol Sl cllag olojle cad
S onlply g 0)ls (5,08 Bgye g odB oo 5)lse 34 oo el lEVODUpIVacaing a5 T sla sl 5l (S a5

5,8 ags LAlysine el ool 5l ol e 1, Levobupivacaine ool gl ol Slel, o3

+

cl” Vs _

+ (0]
H3N/\/\/\H/
(0]

L-Lysine hydrochloride

o |y g ,S (pols wly sl g duS i L-lysine hydrochloride o 1, <5568yl 55 0 Glae (00,500
S ascine Loyl puis

Configuration: Priority 1 >2>3 > 4:
OR x{\/\/NHJCI— @{NHS+ e,{coo' E{H
as

[ ] [ ] L] []

A Ol ) casyo slads)le plas om0 (las 1) cnd gan S LAlySing oL wigies ¥

0 All natural L-amino acids are levorotatory.
IRCCOW- S SUPSPUON AP VOV ISSOY B RPN OX
O Natural L-amino acids can be levorotatory or dextrorotatory.
sl o F el b oS e wuly so b L5L:za..\f,.wlsg.yeyl—L
0 All natural L-amino acids are (S).
Dt (S) b sloawlginl-L sles
LI All natural L-amino acids are (R).
D (R) ool sloawlgial-L ples

& dsbe 5 Lol Jlaie b CUZT S Sy s STy LolYSING o iwel (sloog,S 5l 5 aid a5 oubile el
s il JSis uSleS oSl 5l as auS B ‘Sz.yoi slrog,S 5l SO codled a5 O g0 4 wilgl oo SS9 00
w‘ uu).u.m) Bl JA—&S‘B (5‘)" w‘ OQ‘AJJMJ.&“JJNHZ °9)§

;0 CUP e G L L-lysine go aSil g oiS o o ailaings Wl G lgreas L-lysine asol 8,5 ass b Y
WS oy 1) Laalgao uSaS Lzl caigdh o 400955 denS g y0en ol Jslne 55>
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Sed ygax ek S swal 09,5 led il sals sols ylas 3 IS o a5 levobupivacaine ji s il
A1 e STy Cu*

- NH3*
Cl : - 1)1 eq. LOH 1) NaOH, Cbz-Cl B

+ - (e}
H3N/\/\/\[( A -
2) 1 eq. PACHO 2) diluted HCI C14H2oN,04

L-Lysine o 3) aqueous buffer
hydrochloride pH 6.2

NaNO,, NaOAc C NH, D 1) K2CO3, H0 E
— >
AcOH C16H21NOg DCC 2) TsCl, NEt3 C29H34N206S
| AcO = CH3COO |
NH
H,, Pd/C reagent H ~_ _N ",
s . _— ——— > Levobupivacaine
O NEts CigHgN20
Cy1HpgN,0,4S G 187728772

reactive intermediate

0
A %
Coz-Cl= @O “ DCC = TsCl = /©/ o

(benzyloxycarbonyl chloride)  (N,N'-dicyclohexylcarbodiimide) (p-toluenesulfonyl chloride)

A ookl el oads sols Lis YU slads jo a5 (g lais! slacudle 5l aules co dm 4 Candd oyl
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S ey (olad el 38,5 5 B LA S ksl f

(oS Gl 1) coslin (slo)olg>) Tl plaS A« L-lysine Lo zaSls .0

I an enantioselective reaction.
[0 an enantiospecific reaction.
[0 aregioselective reaction.

S oy (2l o 18,5 S5 0 b1 BF glacaS 5 sl £

B C14H20N204 C C16H21NOs

D E Co9H34N206S
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F C21H28N204S
feusl plas C — D Lus o DCC i ¥
O Protecting group for the amino group. el 65,5 (5l Ladlos 0,5
O Protecting group for the hydroxy group. .S's ,u. 09,5 gl adlxs 05,5
O Activating agent for the amide bond formation. (sawel wgw JuSis glp ooisS Jlas XiusTy
FoiS iyl 1) 2Ty plas b 04 o oolaiwl 3w ;0 TSCI 1A
0 Nucleophilic substitution of an amino group.
O Electrophilic substitution of an amino group.
0 Nucleophilic substitution of a hydroxy group.
[0 Electrophilic substitution of a hydroxy group.
i 3 Ceodle |y Wl oolawl H KauSly lsicds aulgs oo a5 oo ,KiuSTy plos A
O diluted HCI O Zn/HCI
O K2COs O H.SO,
O diluted KMnO4 O diluted NaOH
O SOCl; O PCls

S oy (2lad el 38,5 s o L |, levobupivacaine L. ) -

Levobupivacaine CigHzsN>O

1 s
G0l pols 0l sl Users Lbg, S el L5 (s esall Ll L-lysine « levobupivacaine i !
(i 5l 50 1, GT(S) yegpl Hs-le) el Mosher's acid jl solatu! b ool s lagT 0,5 bows daowlgiel
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—0O, CF;
HO_ X

(S)
0

(S)-Mosher's acid

o S ey 45 0 Jol> (S)-Mosher's acid L L-lysine o gl =0t 04,5 iaSTy 5l a5 goal sl )
D2 Gulad moly jsbas Iy JIplS 55 0 0 (olas

gral-0L 09,5 Lo 88 45 0iS 5 ,8) Togd o oSS Jguamo aiz (S)-Mosher's acid 4 Sal, lysine zasly 510 Y
(D23 o STy lysine o

O Two diastereoisomers.

[ Four diastereoisomers.

O A racemic mixture of two enantiomers.

O Four compounds: two enantiomers and two diastereoisomers.

L LSty 5l o 1, lysine (s, eguill ools ‘5_;5 yebay lg (L{o)QT SeS 4 a5 asS ol | (o) iy, Y
2,5 s (S)-Mosher's acid

NMR spectroscopy.
Liquid chromatography.
Mass spectrometry.
UV-vis spectroscopy.

oooagd
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