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Oo6mas undgopmanus
KommutekT u3 6 3aganuii conepkuT 25 cTpaHwuIl (BKIKOYas TUCTHI OTBETOB).
Hanumure cBoi KO Ha KaXKI0W CTPAHUIIE.

Ha pemenne Bcex 3amaHuil y Bac ecTb 5 yacoB. Bl MokeTe HauaTh Kak TOJIBKO OyJIeT JaHa KOMaHAa
“Craprt”.

All answers must be written in answer boxes provided. Answer written in other places will not be
graded. You can use other side of page as a draft paper.

When it is necessary, provide your calculations in the answer boxes. You will get full marks for
correct answers (numbers and units) only if the calculations will be shown.

You must stop your work immediately (including filling answer sheets) when the “Stop Command”
is announced.

Do not leave examination room before assistant allows to do it.
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Probably useful constants and formulas

Avogadro's constant, N, = 6.0221x10* mol™

Boltzmann constant, k; = 1.3807x10% J K

Universal gas constant, R = 8.3145 J K™ mol™' = 0.08205 atm L K™' mol™'
Speed of light, ¢ = 2.9979x10* m s~

Planck's constant, & =

Faraday constant, F' =

6.6261x107°* J s
9.64853399x10* C

Mass of electron, m, =9.10938215x107" kg

Standard pressure, P = 1 bar = 10° Pa

Atmospheric pressure, P, = 1.01325x10° Pa = 760 mmHg = 760 torr
Zero of the Celsius scale, 273.15 K

1 picometer (pm) = 102 m;

1eV=1.6x10"]7

1 A =10""m; nanometer (nm) = 10° m

1 amu = 1.66053904 x 10*" kg

Ideal gas equation:

Enthalpy:

Gibbs free energy:

Entropy change:

Nernst equation:

Energy of a photon:

Integrated rate law

Zero order

Second order

Arrhenius equation

PV =nRT
H=U-PV

G=H-TS AG:AG0+RT1nQ

AG° =—RTInK = -nFE

cell

AS = Lrer
T where gq,,, is heat for the reversible process

Vy
AS = nRIn—=
" (for isothermal expansion of an ideal gas)

RT C
E=E° +—In—%%

nF - Crog

h 1

g="c A=10g—0=8bC
Lambert-Beer law: 1

[A]=[A], — & First order In[A]=In[A], - &
A + kt
[A] [A],
k= Ae~Ea/RT
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3AJAYA 1 (8 samios) —- HOBEJJEBCKUE MEJAJIN

In 1930s the German-resident Jewish scientist James Franck and Hitler critic Max von Laue
smuggled their Nobel medals over the Danish border for safekeeping in Niels Bohr’s lab. When
Copenhagen fell to the Nazis in April 1940, the medals and their keeper were no longer secure, so a
Hungarian scientist from the lab, George de Hevesy, took it upon himself to hide them. He decided
against burying them in the garden, and instead used a chemical trick.

OH pacTBOpHI Meaaiau B Hapckoil Bojke (3:1 cMech KOHIEHTPUPOBAHHON XJIOPOBOJIOPOTHON
KHCJIOTHl M a30THOW KHCJIOTHI) ¢ 00pa30BaHMEM MOHOBAJCHTHOTO MOHA A COJAEPIKaIIEero 30J0TO C
KOOPAMHAIIMOHHBIM YHCiIoM 4, a Takke ra3z B, mon runponus u Boxy. M3sectHo, uro B cymectByer
B PaBHOBECHH U OeCIBETHOMH )UAKOCTIO C, KOTOpasi HAauMHaeT npeolaanaTh MPH OXJIO0KICHUH.

The vessel containing this orange-coloured solution was labelled “aqua regia” and hidden in
the lab among the other chemicals. Though Nazis thoroughly searched the lab, they found no
evidence of medals, which were kept in their dissolved state for years.

Jl11s n3BNe4YeHns 30J10Ta, U30BITOK IAPCKON BOJAKH ObUT MpoKHUMsueH. OCTaToK OBbLI pacTBOPEH
B XJIOPOBOAOPOJHOW KHcioTe. JlJis BOCCTAaHOBIEHUS a30THOM KHCIOTHI PacTBOP ObLI MPOKUIISYEH
emte pa3. Ha kaxxaom sTamne BoccTaHOBIIEHUSI 00pa30BbIBANIACh BOJIA U JKEJITasi CMeCh ABYX Tra3os: D u
npocroro BemecTBa E. D pasznaraercs Ha E u F, koTopsrii 1erko okucsercs 1o raza B B atmocdepe
kucnopona. Llukin pacTBopeHHs B XJIOPOBOJOPOAHOM KUCIIOTE U KUISYEHUS MOBTOPSUIU 10 TEM TOD,
MOKa HH OCTalach UMb CUJbHAas Kuciota G B BHAE KEJITO-OPaHXKEBHIX KpucTawioB. [lpu
pacTBOpeHHUH €€ B Bojae oOpasyrorcss woHbl A. 3atem G o0paGoTany BOIHBIM PAcTBOPOM
nupocynbpura Hatpus (Na,S,05) uid ocaxk[JeHus 30J]10Ta B BHJE KOPUYHEBOro mopoiuka. B
Ka4yecTBe MOOOYHBIX IPOAYKTOB 00Opa3oBanuch xjiopoBopoponHas kucinora u H (wy, < 40%).
Ocanok 3o0mo0Ta ObuT mepekiaBieH B HoOeneBckue Menanu, KOTOpble BEPHYIH MX MOJHOIPABHOMY
BIajenbiy B 1952 rony.

1. Hanmummure dhopmyasl A—G.

Az B: C: D:

E: F: G: H:

Hanumnre ypaBHEeHUs: BCEX OIIMCAaHHBIX PEAKIIMM.
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2. Hapucyiite popmynsl JIstouca ans B, C u D ¢ o0o3HaueHrem popmanbHbIX 3apsaoB. C MOMOIIbI0
VSERP meroma onpeaenute reomerprio N IIEHTpa B KAXKI0M MOJICKYIIE.

B:

OtMmeTbTe reomerpuio N
[EHTpa

L] nuneitnas

[ uzornyras

[] TpeyroapHas miockas
[] nupamumansHast

C:

OtMmeThTe reomeTprio N
IIeHTpa

L] nuneitnas

[ uzoruyras

[] TpeyroapHast miocKas
(] nupamupansHast

D:

OtMmeThTe reomeTprio N
HeHTpa

U] nuneitnas

(] uzoruyTtas

L] TpeyroapHast miocKas
U] nupamupanbHast

Kommiekcsl ¢ KOOpIMHALIMOHHBIM YUCIOM 4 MOTYT IPUHUMATh T€OMETpHIO TeTpaszpa (tetrahendral)
WIIH «IJIOCKOTO KBajpatay (square planar). Hike mpuBeneHbI COOTBETCTBYIOIINE THAT PAMMEBI
paclIenIeHHs SHepreTHYeckoro ypoBHs d opouranei, a Takxke HarasAHOe H300pakeHue

MOBBIICHUEC YPOBHA SHCPTHUHU 3a CUHCT CIIapUBAHUA 3JICKTPOHOB.

3. 3anoHUTE TUarpaMMBbl ISl TETPAdIPUICCKON U TUIOCKOCTHON KOH(UTYpAIIHH 30JI0Ta B aHUOHE

A.

Tetrahedral

Square planar

[Tomumo momonu 6exxenniam Hunbe bop BHeC 3HaUMTENbHBIN BKJIA] B XUMHUIO. B ero yecth Ha3BaH
MarHuTHBIA MOMEHT — MartHeToH bopa (up). CIMHOBBIA MAarHUTHBIM MOMEHT B MarHeToHax bopa

OTIpeIeTIeTCS KaK W =

\n(n+2), Te n — 3To YMCII0 HECTIAPEHHBIX AJIeKTPOHOB.
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4. OnpeenuTe reOMETPUIO KOMIUIEKCa A, €CJIM OH TMaMarHUTHbIN. YeMy paBeH CIIMHOBBIN

MarHUTHBIH MOMEHT TCTPAS APHUICCKOI'O H30Mepa?

Teomerpusi: [ Tetrahedral [] square planar

}'L:

5. Han UV-vis cniekTp pacTBopa komiuiekca A. PacTBop nmeer 61eHO KenTyro okpacky. OueHure
3HAYEHUS JJIMHBI BOJIHBI 1715 TUKOB 1 1 2 B HM. Vcnonb3yiiTe IBETOBOM KpYT.

Absorbance

Peak 1

ﬁl

f
i
Il
i1
e
]
I
i
I
}
§
§
i
i

red
640-700 niy

Wavelength/ nm

6. Ilpeamonoxute >SJIEKTPOHHBIE KOH(UTyparuu BO30YKIECHHBIX COCTOSHUN COOTBETCTBYIOIIMX
mukam | u 2. Mcnonb3yliTe MOAXOASIIy 0 nuarpaMmy sHepruu d opOuTanei u3 Bomnpoca 3. YuTture,
YTO MPHU ONTHYECKOTO BO30YKICHHUH, TIOJHBII CITHH aHUOHA HE U3MEHSIETCSL.

IMuk 1:

IMux 2:
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3AJIAYA 2 (12 pALIIOB) — X¥MHSI METAJJIOB B cTenneHH okucsaenus 111

Pannycer atromoB MetamioB X, Y u Z npuOiausutenbHo paBHbI 0.144 HM. DTH METaUIBl UMEIOT
OMHaKOBYIO yakoBKy. [Tnornoctu metamios X, Y u Z pasusi 2,7, 10,5 u 19,3 r/em’,
COOTBETCTBEHHO. XapakTepHble cTenenu okucienus X, Y u Z pasnsl 111, I u III, cooTBeTCTBEHHO.
a) PaccuunTaiiTe MoJIsIpHBIE MaccChl U onpeaennTe MeTaibl X, Y u Z.

M(X) =

M(Y) =

M(Z) =

b) IIpu oMoy pacdyeToB U JaHHBIX U3 AUarpamm Jlatumepa, MoKaxkuTe, 4To Hanboee
CTaOWJIBHBIMU CTETIeHSIMH oKuciieHus Y U Z B BOJHBIX pacTBopax siBistotes [ u 111,
COOTBETCTBEHHO.
+1.8V +20V +0.8V
Y3+ > Y2+ > Y+

Y

Y

+1.8V +1.7V
Z3+ > Z2+ > Z+

+1.4V ¢

Y
N
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CraHIapTHBIN TOTEHIIUAT BOCCTAaHOBJIECHHT Me"" MOXHO OIIEHUTD Kak:

rae AH,

tom

E° = (AH,

rujpaTalyy KaTnona Me'".

C) OtMmeThTe MMpaBUJIbHOC NJOIIYIICHHUC HCO6XOJII/IM06 JJI BBIBOAA NAHHOTO BBIIIC YPABHCHHA.

+AH,  + AH,

ydr.

O AG = —nFE°, AG = AH — TAS, |AH| < |TAS|
O AG = —nFE°, AG = AH - TAS, |AH| > |TAS|
O AG = —nFE°, AG = AH — TAS, |AH| = |TAS|

d) Vcnons3yro npuBeIeHHBIE TEPMOAMHAMUYECKUE JaHHBIE, paccunTaiite 3Hauenus E° s X1, 723,
Fe** u Sc*'. Hanwmure psij akTHBHOCTH

)/(nF)—4.52 B,
— oHeprust aromusanuu Me, AH, | — cymma sHepruit nonusauuu u AH, , — sHeprust

st MetanoB X, Z, Fe u Sc.

lon | AH,.. (kJ/mol) | AH,, (kJ/mol) AH,,.. (kJ/mol)
X3t 326 5139 -4525
VA 368 5763 -4420
Fe3* 415 5281 -4265
Sc* 378 4257 -3795

E°(X¥/X) =

E%(Z>/Z) =

E°(Fe*'/Fe) =

E°(Sc**/Sc) =

PHI[ AKTHUBHOCTH.

DKcrepuMeEHTalIbHbIC 3HAaYeHUs nE° NpeICTaBlIeHbl B BUIE +2

auarpammel @pocta. Kak BUIHO, y 3JIEMEHTOB pa3IH4YHbIE
IIPEIPACIOIOKEHHOCTH K CTENEeHAM okucieHus. OT yacruy,
3HayeHue £E° omnpenensercsa BenuuuHod AH, . H3-3a
a¢dekTa 3KpaHUPOBAHUS, B TICPUOJIC, SHEPTHUS UOHHU3AINH
yBEIMYMBAETCA cileBa HampaBo. OpHako, B CHIy
CIIapUBaHUs IEKTPOHOB U OOMEHHOIO B3aUMOAEUCTBHUS
HpPOSIBIISIETCA M JIPyTME 3aKOHOMEpPHOCTH. B obOmeM u
LEJIOM, OTHOCUTEIIbHbIE YHEPTUM HMOHU3ALMU MOTYT OBITH
OLICHEHBI IIyTEM aHajlu3a OJJICKTPOHHBIX KOH(UTypanuit
3JIEMEHTOB.

nkE°/vV
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e) Hanummre cuMBOIIbI 351eMEHTOB 4-T0 nepuoja, n-s1 3Heprust nonusauuu (IE) koropeix Huxe, uem
cocejla CJIEBaA.

OTHOCHUTEIBHO HI3Kag 2-4 [E:

OTHOCHUTEIBbHO HU3Kag 3-5 1E:

f) Y u Cu umerot npakTudecku oJMHaKOBBIE IEPBYI0, BTOpYIo U TpeThio IE. OTMeTsTe QakTop(bl),
13-3a KOTOPOro(-bIX) cTeneHb okuciaeHus Il menee xapaktepHa s Y B cpaBHeHHH ¢ Cu (B BOJHBIX
pacTBopax).

(] Boapmmuit paguyc y Y, uem y Cu?

[] Bounbras sueprus aromusaiun y Y, yem y Cu

[ Bosbmas snekTpudeckas mpoBoaumMocth y Y, yem y Cu

g) OtmeTbTe pakTop(bl), U3-3a KOTOPOro(-bix) TpeThd IE Z 3nauntensHo HUXke, yeM y Y (a Takke 1
TOT (aKT, YTO Z KeNThIil, a Y cepblil).

[0 Dddext nuepTHOI HapsL, m.e. cxKaTue 6s*> OpOUTANIN B CHILy PEIATUBHCTCKOrO dddekra

[] OpOuTanbHOe pacIiernieHue, m.e. CIBUT YHEPreTUUECKOT0 YPOBHS OpOHUTAlICH B CHITY
CIIMH—OPOUTAILHOTO B3aUMOJICHCTBHSA

[] JlanTaHOMIHOE CXKATHE, M.e. 3HAUUTEILHOE YMEHBIIICHHE HOHHBIX PAJUYCOB y AJIEMEHTOB 6-T0
nepuosa.

h) Hanumure ypaBaenue 3+ katuonoB X, Z, Fe u Sc ¢ monua-uonom (I). E°(1,) =+0.54 V.
X3

VAR
Fe’:

SC3+.

B pactBOpe KaTHOHBI MPEICTABIICHHBIE B BUJIE aKBATUPOBAHHBIX KOMILJIEKCOB, a HE “TOJIBIX” MOHOB.
MoneKybl BOJBI MOTYT OBITH 3aMeIEHbl U Apyrumu juranaamu. [10100HBIM 00pa3zom,
KOMIUIEKCHBIE MOHBI 00pa3yeTcsl U B pacIulaBax.

i) Hapucyiite npoctpancrsennsie Gpopmyinsl komiuiekcoB [X(H,0),]*, [Z(H,0),]*,
[XF ], [XF,I, [ZF,] n [ZF,]"

[X(H,0)¢]* [Z(H,0),]"" [XF]*

10
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[XF,]" [ZF,)

[ZF]

Teepapiii XF; nmeer KyOMUECKy 0 CTPYKTYpPbI, B KOTOPO aTOMbI X paclo0kKeHbI B yIraax
JJIEMEHTAapHOU SYEHKH, a aToOMbI F B cepenune kaxaoil rpanu. B kpucramne ZF,; koopauHaluoOHHOE
qucio atoMoB Z paBHO 4. Teepablit XCl; coCTOUT U3 €10€B MIIOTHOYNAKOBAHHBIX aTOMOB, T/I€
KOOpIMHAILMOHHOE YKciI0 aToMoB X paBHO 6. MonekynsapHoe TBepaoe BemecTBo ZCl, cocTout us

JIMMEPOB.

j) Onpenennte KoopauHaimonHoe unciio atomoB F u Cl B BelecTBax.

atomsl F/CI nepBoro tuma

atomsl F/CI BToporo Tuna

XF,

7F,

XCl,

ZF,

k) Hapucyiite npoctpancrsennbie popmynsl X,Cl,, Z,Cl, u W,Cl

(C pa3nMuHOM reoMeTpuei).

11
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3AJTIAYA 3 (10 pA10B) — He miiaub

Cynp¢ypunxnopusa SO,Cl, o6nagaetr CBOWCTBOM CI€30TOYMBOIO Tra3a. B maboparopHoii npakTuke

SO,Cl, ucnosnp3yercs Kak HICTOYHUK XJIOPA B OPraHN4eCKOM CHHTE3E.
Hexotopsie cBoiicTBa Cynb(ypriIxiaopuaa:
Hopmanbnas Temnepatypa miuasinenus —54,1 °C
Hopwmanbhas remnepatypa kunenus 69,4 °C

Cynbs¢ypunxnopus pearupyert ¢ Bogoi: SO,Cl, + 2H,0 —» H,SO, + 2HCI (peakuus 1)
Beiure Touku kunenus cynbdypunxnopua pasnaraercs: SO,Cly,, = SO, + Cly,, (peaxuust 2)
CrangapTHbIC TepMOoAMHaAMHuUeckue cBoiicTBa (1 6ap u 25 °C)

AH® | x]Jx-Moub ! AG® / klx-mons ' | S°/ Jx-mons K
SOCL(K) | —394.1 314 ?
SO,CI(r) —364.0 —320.0 311.9
SO,(r) —296.8 —300.2 248.2
CL(r) 0.0 0.0 223.1

[Ipu periennu 3a1auu NPEANONOKHUTE, YTO 1) BCE ra3bl MOAOOHBI HACATBHOTO rasy; i1) U3MEHEHUS
SHTAJIBIIMU U SHTPOIMHU IPOLIECCOB HE 3aBUCAT OT TEMIEPATYPBhl.

1. 0,10 moss SO,Cl, pactBopriH B Bojie M 06beM pacTBopa aoseiu 10 1,0 av’. Paccuuraiire pH
nojxy4eHHoro pacrtsopa. Koncrants! nonusanuu pasusl pK,(HCI) =-6,3, pK,,(H,SO,)=-3,0,
pK,(H,SO,) =1,92.

PacueTtnr:

OrtBerT:

2. B npuBeneHHOl TabauLe OTCYTCTBYET 3HaueHue abcontotHoi suTponuu At SO,CL (k).
Paccunraiite 3TO 3HaYCHHUE.

PacueTtnr:

OrtBerT:

12
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3. i) PaccunraiiTe KOHCTAaHTY paBHOBeCHs peakiuu 2 npu Temieparype 350 K.

PacueTtnr:

OrtBerT:

ii) OTMeTBTE TpaBAMBOE YTBEPHKACHHUE IIPO KOHCTAHTY PAaBHOBECHS B CIIy4ae MOBBILLIEHUS
TEMIEPATYPBI.

A K yBenuuurcs B K ymenbmurcs C K octaHeTcsi HEU3MEHHBIM

4. Paznoxenue cyiabQypuiaxiaopua (peakius 2) — 3TO peaklus IepBoro mopsaKa.

i) IIpu paccMOTpeHnN KHHETUKU 3TON peaKI|K MPH BBICOKUX TeMIlepaTypax, 00paTHOI peakuuen
MOJKET MpeHeOpeyb MOCKOIbKY:

A 3HaueHue K BBICOKO B 3Hauenwue K mano

Ecnm peakiust pa3noskeHusi MpoUCXoIuT B 3aKpeiToM cocyne (pu 600 K), To oOmiee naBineHue

MOBBIIIAETCS CO BPEMEHEM, Kak Mmoka3aHo B Tabnuie. B momenT Bpemenu 0 ¢ B cocye
MIPUCYTCTBYET TOJBKO CYJIb(YPHUIXIIOPHIL.

Bpewmst / ¢ 0 11000 24000 40000

Oo6mee manenue / 6ap | 1,00 1,215 1,41 1,58

ii) PaccunraliTe KOHCTaHTy CKOPOCTH U IIEPUOJ MOJIypaciaja il JaHHOM peakluu Ipyu JaHHOU
TeMIIepaType.

PacueTtnr:

OtBetsl: Koncranrta ckopocT: [lepuon nonypacnana:

13
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5. IIpu noBeiienuu TemnepaTtypsl ¢ 600 1o 610 K, ckopocTh peakiiny pa3noxKeHus yBeIMUYUBAETCS B
2.0 pa3za. PaccuuraiiTe BO CKOJIBKO pa3 CKOPOCTh peakiuu pasznoxxenus npu 740 K Geictpee uem npu

720 K.

PacueTtnr:

OrtBerT:

14
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3AJTAYA 4 (8 sALIbI) — TUTPUMETPHUYECKOE ONPeeIeHHe METOKCHJIbHBIX TPy

Meton Zeisel-Viebdck—Schwappach wncnonb3yercs s onpeneneHuss METOKCHIIBHBIX TPYIIIL.
CoenviHeHWEe C METOKCWIBHBIMU TPYIIIAMU pearupyer C HOJOBOJOPOJHOM KHUCIOTOM C
oOpa3zoBanueM HojoMeTaHa. [IpoayKT TUCTHIUIHPYET U cOOMParoT B OPOMHYIO BOJy, B KOTOPOil HOX
3ameraercs. [lomydeHHbIiI MOHOOpPOMU MO/Ia OKHUCIISETCS 10 M0/aTa, a U30BITOK OpoMa yaanseTcs
(E°(Br,/2Br ) =+1.1 V).

a) OT™MeThTe KHCIIOTY, KOTOpasi MOJXOAUT JUIsl yAaJeHUus OpoMa U3 pacTBopa:
[ mypaBbunas kucnora (E°(CO,/HCOOH)=-0.1V),

[] xiopucras kucnora (E°(C10, /HCIO,) =+1.2 V)

[] nnaBukoBas kucinora (E°(F,/2HF) = +3.0 V).

Wonar pearupyer ¢ HOAMIOM, MONY4EHHBIM H3 NPOOHI, ¢ 0Opa3OBaHHEM HOJA, KOTOPHIA CHOBA
MOXXHO OKHCJIHTh 10 wuomujaa. [locieaoBaTenbHOCTh PEAKIUH — HUKI YMHOXCHUS — MOXHO
HOBTOPUTD, YTOOBI YBEJINYUTh OTHOLICHHE HOJIH]I HOHOB K YUCIY METOKCHIBHBIX TPYIII H3HAYATBHO
MIPUCYTCTBYIOIIUX B MPOOE.

HI
CH3;OR » CHsl + ROH
Br2
v Bry/H,0 I~/H*
IBr > 105 > |,
A 15203“

b) YpaBusiiTe peakum:

IBr+ Br,+ HO— 10, + H'+ Br

I0,+ I'+ H— L+ HO

L+ S0 — T+ S0~

¢) Ilokaxwure, 4TO TOC/IE OJHOTO LMKJIA YMHOXXEHHUS W3 OJHOW METOKCHJ Tpymmbl (U3 MpoObI)
00pa3yeTcs MecTh HOANI-HOHOB.
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d) Munumansnsii 06seM 0,1000 M Na,S,0, pacTBopa, KOTOpPBIE MOKHO ONPEIEIUTh, paBHIECTCA
OfIHO# Karute, T.e. npubnusuTenbHo 0,03 cm’. OleHuTe TEOPETUUECKOE YKMCIIO [IMKIIOB YMHOXKEHHUS,
HeoOXxoauMoe At onpeesieHus oqHoit Mmonexynsl R-O-CH; B 10 r npo0Osl.

CopepxaHre METOKCHWJIBHBIX TPYII C JIMTHUHE (OMOIMONMMEp) ONpENeIuid IpU MOMOILIM MEeToJa
Zeisel-Viebock—Schwappach. AnanusupoBanu npoOy napeBecuny munbl. Ha TurpoBanue I,
nosryaerHoro u3 0,100 r mpoOsI (mocne ogHOro 1uKiIa yMHOXeHus Zeisel-Viebock—Schwappach)
norpe6osasiocs 11,60 cm’® 0,1000 M Na,S,0, pactsopa.

e) PaccunTaiite maccoBsiii npoueHT CH,O B npoGe 1peBecHHBI JIUIIBL.

16
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3AJJAYA 5 (10 san10B) — Jlyuiie He ecTh

Strychnine is a highly toxic, bitter-taste, crystalline alkaloid used
as apesticide, particularly for killing small vertebrates such
as birds and rodents. This chemical is naturally gathered from
Strychnos nux-vomica tree. In organic chemistry enantiomerically pure
strychnine is used for the resolution of organic molecules. Because of
its complexity, pharmacological effects and high demand, synthetic
chemists are looking for various routes to its total synthesis for many
years. In this task you are given one of the shortest synthetic pathways
of strychnine.

NH, DCC, DMAP (cat.
1. DEAD, PPh; , HN, _k Mdm( ) 4 steps
X I o
2. Pd/C, H, N
A MeOQC C
,i C
MeO ' l O Meo
OMe HCI, MeOH :
ore™ o e C%Q
BF,*Et,0 N OMe 2. aq. Na,CO; oMo

CO;:Me

MeO,C

QWQ

COQMG

CO,Me
N
IVIe3Si' SiME3 1. DIBAL-H
o 0O 2. NaBH,
EtO-P oM
EtO ©
Strychnine
0
= AN
o Ol \ . Il
O_ﬂo N | P ~S<
N
DIBAL-H
DEAD bcc DMAP DMSO
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KoJ yyacTHHKA: | 8

1. Hapucyiite cTpykTypHyto hopmyny coequHenust X ¢ o003HaueHHeM cTepeoxuMun. Onpeaenure
a0COJIIOTHYIO KOH(UTYpallnio cTepeorieHTpa(oB) mo R/S HOMeHKarype.

2. Hapucyiite crtpykrypHyo dopmyny coeauHenus B. B peakmun A — B pearear DCC
npeobpaszyercs B ipyroe coenuHenne. HapucyiTe u ero CTpykTypy.

3. Hanumure mexanusm oOpaszoBaHus coequnenus D. B peakiuu o6pasosanust D pons BF; B ToM,
YTOOBI CBSI3aTh KapOOHUJIbHYIO I'PYIIy HEHACHIIIEHHOTO allbJeTHa, HO Bbl MOKETE HE MOKA3hbIBAaTh
ero B MexaHuzme. OOpature BHMMaHue, 4TO mpoucxoauT [l1,5]-ruppunnsiii casur. /IBa
IIPOHYMEPOBAaHHBIX aroma B cTpykTypax C u D omnpenenstoT mo3uiuyu COOTBETCTBYIOIIMX aTOMOB B
00enx CTPYKTypax (10 u MOCye IePEerpyIImHpPOBKH ).
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4. After the first step of amine demethylation (from D to E), the intermediate D1 forms which after
aqueous Na,CO,; workup becomes the compound E. Provide the detailed mechanism of the

conversion from D to DI1. Identify the compound D1. Keep in mind that chlormethane is a
by-product of this step.

19
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5. What reagent(-s) Y is(are) required for acetal hydrolysis?

6. Draw the structures of H and I. Include stereochemical information.

H I

7. The reaction from H to I is called Horner-Wadsworth-Emmons reaction. Draw all the possible
resonance structures of the main nucleophilic intermediate generated in sifu (directly in the reaction
mixture) which reacts with the compound H.

8. In the reaction from H to I actually two products are obtained. One of them is the target compound
I, the other one is a side product I*. Draw the structure of I*.

20
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9. Draw the structure of the compound that would be theoretically acquired from I if we used LiAlH,

instead of DIBAL-H/NaBH, reduction system.

10. Define the stereochemistry of the carbon atom marked 3 in the compound J using R/S

nomenclature (circle the correct answer).
R S

11. What properties does Strychnine exhibit? (Circle the correct answer.)
a) acidic;

b) basic;

¢) amphoteric;

d) none.
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3AJJAYA 6 (12 6annoB) — Cunrte3 3puTpoHoauia B

Natural product synthesis is an important part of the organic chemistry. These products usually
show high biological activities and thus are extremely interesting from the medicinal standpoint.
However, syntheses of these molecules are not trivial, since they tend to have many stereocentres and
wide diversity of functional groups (which is what makes then so selective as potential drugs). One
of these compounds is Erythronolide B, a biochemical precursor of an antibiotic Erythromycin.
Many famous organic chemists, like Woodward, Evans, Carreira, Hoffmann and Danishefsky have
succeeded at synthesizing it. In this problem we will discuss the Elias Corey synthesis of
Erythronolide B. The full synthesis is not shown here, but the first part was synthesizing — what
Corey called — The Fragment 11.

OH
Br
e 1. BHy*THF Cro, KB, Br, p KOH.Hz0 E
_ o - - —_—
NaOMe 2. HoO,, NaOH H2S04 Ho0O THF
PhMe Acetone CqsHsBro,
Single
enantiomer
O
Me Me
KBr, Brg F nBuSSnH O Al/Hg NaBH, I BzCl (2 eq)
H,O AIBN Me O THF-H,O Pyridine
C12H2004
0
G
Shown without
stereochemistry
0
1. LDA _ K LiOH CrO; )LO’OH
— _—
2. Mel H2504

Acetone

Fragment 11

B npusenenHoil nenouke mezocoenunenus A, B u C ve sBisttores apomarndeckumu. Coenunenue D
MOJIy4aloT B BUJE palleMara, a 3aTeM BBIJCNAIOT B BUE YUCTOro 3Hantuomepa. [Ipespamenue F —
G mpoucxoauT ¢ W3MEHEHWEe (MHBEpPCHEH) aOCONOTHOW KOH(UTYpaIllMd PEaKIIMOHHOTO IIEHTpA.
[IpeBpamienne G — H npoucxoaut 6e3 m3MeHeHUs aOCOIIOTHOW KOH(UIyparuu peaklMOHHOTO
LEHTpA.

1. Hapucyiite mpocTpaHCTBEHHbIE CTPYKTYypHble (opMmyibl coenuHeHuid A—M. s coenuHeHui

D-M o6parutre BHMMaHuEe Ha cTrepeoxumuro. OmnpeneneHue aOCOMOTHBIX R-S KOHUTYypaluid He
TpeOyeTcs.

22



KoJ yyacTHHKA: 1

G (with stereochemistry)
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Kon yuyactHuka:
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KoJ yyacTHHKA: 1

8

2. Hamummre wmexanusm mnpespamieHuss M — Fragment 11. Vkaxure Bce 0COOE€HHOCTU

OMpCACIIAOIINEC CCIICKTUBHOCTD.
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