Pewenun 6mopoco meopemudecKoco mypa

Heopranuueckasi xumus

Pemienue 3apaun 1 (aBTop: ApTthikoB T.B.)

1. BemectBo X cyad  ONMCAHHBIM  IPEBPALIEHUSAM  AUCIPONOPLMOHUPYET
(MHOrOOOpa3ue  (GopM  TPyAHO  OOBACHUTH  TOJBKO  KHUCIOTHO-OCHOBHBIMU
IPEBPAILICHUSIMH), T.€. OJWH W3 DJIEMEHTOB HAXOIWUTCS B HEXApAaKTEPHOM JI1 HEro
cTeneHu okucienus. [Ipu B3anMoaeiicTBUU ¢ pacCTBOPOM COJISTHOM KUCIIOTBI BBIACIIAETCS
JKEJITBIM 0CAJIOK U ra3, YTO HaMEeKaeT Ha cepy. BeliecTBo nposiBiisieT BOCCTAaHOBUTEIbHBIE
CBOMCTBA (peakLys C a30THOW KUCIOTOM U KUCIOPOJOM BO31yXa). X — COJIb HATpHs, T.K.
OPOAYKTBI  Pa3jOKEHUs  OKpallMBalOT IulaMss B KeaTbld  1nBeT.  Ilocne
NEPEKPUCTAIUIN3ALMN BEIIECTBA W3 BOAHOIO pPACTBOPA MOXHO OKMJATh HaJM4HUE
KPUCTAJUIN3alMOHHOM BOJBI B cOCTaBe X, a BbiaepkuBanne HaJ KOH B Bakyyme mmoxoxe
Ha OCYILIEHHE KpUCTaJUIOTHIpara. B paMkax 3TOro npeamnoaoKeHuss MOXKHO PacCUUTATh
MOJIIPHYIO Maccy coiM X B pacyeTe Ha OHY MOJIEKYIly KpUCTAJUIM3aMOHHONW BOJBIL:
M(X)=18.015/0.17143 =105.087 r/momp,
BBIYTEM MOJISIPHYIO MAacCy HaTpHsl U MOJIEKYJIbI BOJBL:
105.087 — 18.015 — 22.990 = 64.08 r/momb,
[lepebupas Bo3MOxkHBIE BapuaHThI, mpuxoaumM K NaSO,-H,O unu Na,S,04-2H,0.

M Tak, BemecTtBo X — NayS,04-2H,0.

[Tpu BeicymmBanuu Hag KOH 3.0 r BemecTBa o0pasyercs 6e3BoaHast conb NaxS>O4
Maccou 2.4857 . DTy conb AensaT Ha 7 paBHBIX YacCTEW, T.€. B KaXKJIOM OIIBbITE Y4aCTBYET
110 0.3551 r Na,S,04.

BeiBox 0 coctaBe X MOXHO NOATBEPAWTh HA OCHOBAHWH JAHHBIX O KOJIMYECTBE

BBIJICJIMBILIETOCS] JUOKCUA a30Ta:
pV 100.0kIIa - 0.3000u

RT  8314-(21.5 + 273.15)
BoccranoBnenne 10 NO; OZHORJIEKTPOHHOE, T.€. B pacu€re Ha | HIEKTpOH
0.3551/0.01225 =28.996 r/monb. Panee mnoiayyeHHOE 3HAYEHHE MOJSIPHOM MACChI

v(NO,) = = 0.01225 mosib

6e3BonHoM conu (105.087-18.015) = 87.072r/M01b MO3BOJSET ONPEACIINUTh, YTO HA ITY
MOJISIPHYIO Maccy MPHUXOAMUTCS 3 AIEKTPOHA BOCCTAHOBUTEINSI, M €CIIH MPEATOIOXKHUTS,
4T0 B X COAEPKUTCS cepa, TO €€ CTeNEeHb OKUCIICHHUS JOJDKHA OBbITh 13, UTO coracyercs
¢ moiydeHHou panee Gopmyroit NayS;Os.

Emé onno noaTBepxkaeHnEe cocTaBa X MOXKHO MOJTYYUTh UX JAHHBIX O MAacce 0cajika
cepbl B peakiuu 3. Brimagenue ocaaka U BeIICICHHUE ra3a C XapaKTEPHBIM 3allaxoM Mpu
MOJKUCIIEHUU TIO3BOJISIET Tpeanoarath oOpazoBanue S u SO,, 3HauuT B X cepa
HAXOIUTCS B CTerneHn okuciaeHus oT 0 10 +4. JIas cepbl Helb3sl MCKIII0YaTh JPOOHbBIE

CTENEHU OKUCIIEHUS U3-3a CKIIOHHOCTH K KaTE€HaLUH.
v(S) =0.0327/32 = 0.00102mo1b; 0.3551 / 0.00102 = 348.14 r/mMoib.
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Hcxong u3 MoJsIpHON Macchl 0€3BOJHOM coiM B pacuére Ha | MOJIEKYiTy BBOJBI
nonyyaeM 348.14 /87.072 = 4 otHomenne 1:4, Te. 4X — S + 3S0O,, uTO0 TaKKe
KaK ¥ JAHHBIE 110 KOJMYECTBY BBIACIUBLIEIOCS JUOKCUAA a30Ta MO3BOJISIOT ONPEAETUTh
c.0. cepnl B X +3.

Jna onpenenenns cocraB X3 €IMHCTBEHHOIO IPOAYKTa PEAKIMH 6 MOXKHO
BOCITOJIB30BaThCsl YUCIEHHBIMA JaHHbIMA 87.072 - 0.09195 =8, uro coOTBETCTBYET
OJTHOMY aToMy KHCJIopo/ia Ha (opMylIbHYIO equHUITy X, T.e. X3 = Na,S,0:s.

B peaknum 7 MOXHO OXHIaTh OOpa3oBaHUE METALIMYECKOTO cepedpa wim
cynbduaa, s NOATBEPKICHUS ONPEIEINM KOJIMUECTBO BEIleCTBa cepedpa u cynbpuaa
VCXO/ISl U3 IPUBENEHHON B YCIIOBUM MAacCChl OCAJIKa:

V(Ag:S) = 0.4406/247.81 = 1.778 MMoIb
v(Ag) =0.4406/107.87 = 4.085 mmoIb
v(NaS,04) = 0.3551/174.11 = 2.040 mmonb

TakuM 00pa3oM, KOJIMYECTBO BEIIECTBA CY/b(hHU 1a HE KPaTHO KOJIMUECTRBY BEIIECTBA
nutruonuta Harpus  2.040/1.778 =1.1472, a 3HAYUT, TPOAYKTOM  SBIISICTCS
MeTaJTHYeCcKoe cepedpo.

2. Ypasnenus peaxyuii:
1) 2 Na,S,04 — Na,S,0; + NayS,0s
X X3
2) 2 Na;S,04+ H,O — Na,S,03+ 2 NaHSO;
X2 X4

3) 2 Na;S,04+ 4HCI — 3 SO,1 + S| +4NaCl + 2H,0

X7 X5
4) Na28204 + 6 HNO3 — 2 NaHSO4 + 6 N02 +2 HQO

X6 A
5) 3Na,S,04+ 6NaOH — 5Na,SO; + Na,S + 3H,0
X3 Xo
6) 2 NaxS,04 + O, — 2 Na,S,0s
X3
7) Na,S,04+2 AgNO3; — 2 SO, +2 Ag| +2 NaNO;
X7 B
8) Na,S,05 — Na,SO; + SO,
X3 Xs X7
9) Na,S,0s + H,O — 2 NaHSO;
X3 X4
10) Na,S,0s + 2 NaOH — 2 Na,SOs; + H,O
X3 Xs
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X1 X2 X3 X4 Xs X
Na2$204 Na28203 Na28205 NaH803 S NaHSO4
X7 X3 Xo X10 A B
SOz NaQSO3 Nazs S3O62_ NOz Ag

3. 1.829 r naceimennoro pactBopa coxepxkar 0.3551 rp NaS;0., crmemoBaTenbHO,
pactBopuMocTh cocrtaBmsier 0.3551/(1.829-0.3551)=0241r B 1 r BOAsl WIH
24.1 r Na;S,04 B 100 rp BOABI.
MaccoBast fosi1 0€3BOJHOM COJM B HACHIIIEHHOM pPacTBOpPE NPH KOMHATHOM
TeMIleparype:
®;=0.3551/1.829 = 0.19415
MaccoBas 10751 6e3B0JHOM coJid B HachIeHHOM pactBope tipu 0 °C:
o;=11.8/111.8 =0.10555
[TycTh st MpUrOTOBIICHHS] PACTBOPA MPU KOMHATHOW TEMIIEpaType B3sUIM X MOJIb

JUTUApaTa TUTHOHUTA, M Y T BOJBI, TOT/IA
174.144

o, = x+174.144 019415 @, = x-174.144 -3 210178 _ 10555
x+210174 +y

x+210.174+y -3
Pemras cucrteMy ypaBHEHUN, HAXOAUM:
x =0.2729 monnb; y = 18.743 1; m(Na,S,042H,0) =5.736 1.
4. Kak yxe paHee 0OTMEYaJIOCh, C€pa CKJIOHHA K KATCHAIIUH:
82042_ + HSO;~ — 83062_ + OH
X1 X4 Xi10
Orcyrcteue S306°° B HPOLYKTaX PEAKLUH MOXHO OOBICHUTBH, HAPUMEDP, TEM,

YTO 3TOT MOH pearupyeT C TUTHOHUT-UOHOM:
S30627 + 820427 +2H,0O = 3HSO; + 820327 +H"
JIu6o S;0¢> pearupyror Mexmy coboi, 100 ¢ THOCYNb(AT-aHUOHOM IIPH HTOM
OaJlaHC CyMMapHOUW PEaKIUU JOJIKEH COXPAHITHCS:
283062_ +3H,0 =4 HSO; + 82032_4‘2HJr

Cucmema ouenusanus:
1 | Bemectna X, X;-Xo, A u B 1o 1 6amry 12 6an10B
be3 obocnosanus — 0 6anrnoeé

2 | YpaBHenus peakuuii 1-10 o 1 6ammy 10 6an10B

3 | PactBopumMocTth Na,S,04 — 1 Gamn 2 danaa
Bepnsriii pacuér maccel NaS;042H,0 — 1 6amn

4 | BemectBo Xo— 0.5 6anna 1 6ana
JIroboe pasyMHoOe 00BsICHEHHE, MPOWJUTFOCTPUPOBAHHOE

ypaBHeHUeM peakuuu — 0.5 Gamia

HUTOI'O: 25 6asi10B
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Pemienue 3apauu 2 (aBTopbl: ABepuH /ILA., Ckpunkua M.IO).)
N3 «pa3HOLBETHBIX» AJIIEMEHTOB OIMMCAHHBIC MEPEXOJIbl IIBETOB XapaKTEPHBI IS
xpoMma (Y) u Banaaus (X).

Coenunenne X’, KOTOpOE pacTBOPSAETCS B BOJE C 00pa30BaHUEM KEITOTO PacTBOPA,

a 3aTeM TPH MMOAKUCIICHUH ¢ 00pa30BaHUEM OPAHKEBOTO:
10VO5 xeminy + 6H™ = Ha V19028 (opamessiny + 2H20

[Tocnenyromiee M3MEHEHHUE OKPACKU CBS3aHO C BOCCTAHOBIICHMEM BaHAAHUS 10
VOSO4, V2(SO4)3, VSOs.(peakuu 1 — 3). 3enénas okpacka npu mnepexofe K cynbdary
BaHa/1Ja BbI3BaHA CMEIICHHEM IIBETOB coeauHeHuid Banaaus(V) u (IV).

JlaHHBIE TUTPOBaHMS MO3BOJAIOT onpeAenuTs cocras Bemecrsa D. Conp Mopa —
OJIHODRJIEKTPOHHBIN BOCCTAHOBUTEIIb, BAHAIUN B 3TUX YCIIOBHUSIX BOCCTAHABIIMBACTCS J10
c.0. +4, TakuM o6pazom, 200 mr BeriectBa comaepxar 0.86 MMob, Torna M = 232 r/mMoib,
41O coOTBETCTBYET K3V Oy.

OO6pa3oBaHre TPU OKHUCICHMHM THJApPOKCcHJIa B B IEIOYHOM cpene KeJIToro
COCMHEHUSI, MEHSIOIIETO IIBET HAa OPAHKEBBIN MPU MOJKUCICHUH, MOKET yKa3bIBaTh Ha
TO, YTO p€Yb UAET O COCAMHEHHUSIX XpoMa. DTOT BBIBOJ MOATBEPKIACTCS U JPYTUMHU
Ka4eCTBECHHBIMU JaHHBIMU 3a/1a4u. Kpome Toro, Ha XpoM yKa3bIBaeT TOT (aKT, YTO OH
SBJIICTCS cocenoM BaHaaus 1mo tadmmie /.M. Menneneena.

Coenunenne C ronyyaeTcs Ipy IPOKATUBAHUKM A U TTOCIEAYIONIEM CIUIABIICHUH C
X. CoenuHeHne A Ke, IO YCIOBUIO 3aJ1a4yM, 00pa3yeTcs MyTéM B3aUMOICHCTBUS COJIU
anieMeHTa X €O IMIENOYbI0, YTO HATaJKMBAET HA MBICIL O TOM, YTO 3TO THJPOKCH/I.
CaenoBarennHo, coeauHenne C — OKcUJ BaHAAWs B HU3KOW CTENCHU OKHCIICHUS,
MOJIYYUBIIIUICS MPU CIEKAaHUU JIPYTOro OKCHAA C MPOCThIM BemiecTBOM. CTpyKTypa
KaMEHHOM CoJIM HameKaeT Ha cocTaB VO.

Haiiném momsapuytro maccy coennnenus C:

N A" V- P
- Z

CrpykTypa KaMEHHOM COJIM, B KOTOPOM aTOMbI HATPHs PacCIoJiararoTcs Ha BCEX
BEpIIMHAX W TpaHsAX Kyba, a XJiopa — Ha Bcex pedpax M OAMH B IEHTpe umeer 4
(bOpMyIBHBIX eMUHUIIEI (Z = 4) Ha DJIEMEHTapHYIO SYCHKY.

Paccunraem 00bEM aneMeHTapHoi stueiiku. OHa mpeacTaBiseT co0oit KyO:

V=oa3=(0.4093-10"°m)3 = 0.06857 - 1072"m3 = 6.857 - 10~ 23cm?>

[TomcTaBuM UMEIONITUECS TAHHBIC TIPU JBYX KpaHWUX 3HAYCHUSIX TJIOTHOCTH:

6.022 - 10%3Mosb~1 - 6.857 - 10723¢cm3 - 5.60r/cm?

Mmin = 2 = 57.81r/Mosib
6.022 - 1023monb™1 - 6.857 - 10723¢cm3 - 5.75r/cm3
Mmax = 2 = 59.36r/Mos1b
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[Tonyuaercs, uro MossipHasi Macca okcuga C Bapbupyercs B nipeaenax ot 57.81 no
59.36, uto cooTBeTcTBYET cocTaBaM OT VOpa29 10 VOy526,9TO COOTBETCTBYET CHUIIBHO
nedexrnomy VO,x.1 ero cocrar 61u3ok k V0.

[Tockonbky HOHBI M** 11erKO rMApPONM3YIOTCS, @ aleTaT HATPUS MMEET LIETOYHYIO
peakiuio cpenpl, BemectBa I u K He sBisioTcs cpennumu  areratamu (WU
KPUCTAJUIOTUAPATAMH TAaKOBBIX ) XpOMa U BaHA/Ms, COOTBETCTBEHHO, a COAEPKaT B CBOEM
COCTaBe JMOO TUIPOKCOJIUTaH[bI, JTUOO OKCOJUTaHJBbI.

MoXHO  BCIIOMHUTH, 9TO i1  KapOOKCHIIATOB },
TpeX3apsIHbIX KaTHOHOB BEChMa XapaKTEePHO \L
obpazoBanue (parmentoB M3;O(OCOR)s", 4T0 XOpOIIIO .

u3BecTHO uia Fe’™, A,
CTyneHYaThIi XapaKTep NOTEPU MacChl BEmEeCTBOM I \

YKa3bIBac€T, CKOpPEC BCCTO, Ha IPUCYTCTBHUC B COCTABC

MOJIEKYT BOIBI. TOrma BO3MOXKEH CIEAYIOIIMN COCTaB \ﬁ\/
BemecTna I:
[CI’3O(OCOCH3)6(H20)x]Cl'yHQO HJIN
[Cr;0(OCOCH3)s(H20)x](CH3COO)-yH0,

['ne x = 3 (kOOpAMHALIMOHHOE YKCIIO HOHA XpoMa He BhIie 6). CTpoeHue KaTuoHa,
BXOJISIIIIETO B COCTAB JIAHHOTO BEIIECTBA, IPE/ICTABICHO HAa PUCYHKE.

PaccmoTpuM COOTHOIIIEHNE MAcC MPU OKUCIICHUHU ATUX BEIIECTB Ha BO3YXE

2[CI‘30(OCOCH3)6(H20)3]Cl‘yHQO — 3CI‘203 + ...

MonsipHasi Macca UCXOIHOTO BemlecTBa coctapisieT 641.17 r/monb. y = 1.43, uto

MaJIOBEPOSITHO
2[Cr3O(OCOCH3)6(H20)x](CHgCOO)szO — 3Cr0s + ...

y = 0 (mebompIoe, B AECATHIE JIOJIA, OTIIMYUE MOXKET OBITH CBA3aHO C TOYHOCTHIO
OKPYIJICHHUS HA TPOMEKYTOUHOM ITAIIE).

Takum obpazom, I — [Cr;O(OCOCH;3)6(H20);3](CH3COO).

B ycnoBuu 3agaHus yka3zaHo, YTO aHAJIOTHYHBIA KATUOH BXOJUT U B COCTaB BEIIIECTBA
K, sBastoierocst KpuctauioruapaTtoM. PaccMoTpuM BO3MOKHBIE BApUAHTHI:

[V30(OCOCH3)6(H20);]Cl-:xH,O
MonsipHast Mmacca BeriecTBa coctasisieT 676 r/momnb, x =3.53 = 3.5
[V30(OCOCH3)6(H20);](CH3CO0O)xH,0, x = 2.23, 4TO MajoBEPOSATHO
K - [V3;0(OCOCH3)s(H20);3]C1-3.5H,0

3. Ilpu coxpanenun craOunbHON cTpykTyphl NaCl MeHsieTcss 3acenéHHOCTh
MO3UIIMI MOHOB KUCJIOPO/Ia B IIUPOKUX TPeAeiaxX, YTO BIMUIET Ha TJIOTHOCTh BEIIECTRA.

4. KoHeuHo, 0oJibllie JPYyTHX HA3BAHUIO Pa3HOI[BETHHIC COOTBETCTBYIOT UPHUAUI
(paodyosicubiit) U poauii (Ha3BaH B YECTh yapuywvl yeemos — PO3bl), HO MOYTH JHOO0O0M
MEPEXOAHBIA METAJUT MOXKHO Ha3BaTh Pa3HOIBETHBIM 32 MHOTOOOpa3ue OKPACKH
KOMIUTEKCHBIX coenmuHeHnid. [Ipumep moObIX TPEX pa3HOUBETHHIX BEIIECTB JAaHHOTO
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3JIEMEHTA ABJISICTCA JOCTATOYHBIM 000CHOBaHUEM AJI1 IPU3HAHUA «PA3HOLBETHOCTH).
YpaBHeHUs peakumii:

l) Na4H2V10028 + 17H2$O4 +57Zn— 10VOSO4 + SZHSO4 +2NaQSO4 + 18H20

2) 2VOSO4+ Zn + 2H,S04 = V,(SO4); + ZnSO4 + 2H,0

3)  Va(SO4); + Zn— 2VSO4 + ZnSOy4

4) Na,Cr,O7 + 3Zn + 7TH,SO4 — CI‘Q(SO4)3 + Na,SO4 + 3ZnSO4 + 7TH,O

5) Cry(SOy); +Zn - 2CrSO4 + ZnSO4

6) Va(SO4); + 6NaOH — 2V(OH)s! (3enénbiit ocamok A)+ 3Na,SO4

7)  CrSO4+ 2NaOH — Cr(OH), (B) + Na;SO4

8) V(OH); — V,0s + 1.5H,0

(1=x) V205 + (1420V > 3VO.,
9) V(OH)3 + H202 + 3KOH — K3VO4 + 4H20
10) 2K3VOy4 + 2(NH4)2Fe(SO4), + 6H,SO4 =
= 2K,S04 + 2(NH4)2SO4 + Fex(S04); + 6H,0 + 2VOSO4
11) KzCI’zO7 + 6HC1(ra3) - 2CI’OQC12 + 3H20 + 2KCl
12) KQCI’207 + 2HC1(KOHL[) - 2KC1‘O3C1 + Hzo
13) 2CrSO4 + CH3COONa +2H,0O — Na,SO4 + CI’z(CH3COO)4'2HQO

X[Y[] x Y’ X Y” A B
V | Cr | NavO; | Na,CrO4 | NasH; V0O Na,Cr,07 | V(OH); | Cr(OH),
C D E F G H
VOx | Ks;VOu CrCl; (p-p) Cr,0; CrO,Cl, KCrO;Cl
I J K
[Cr;0(0Ac)(H20)5]0Ac | Cra(OAc),2H,0 | [V30(0AC)s(H20)3]C1-3.5H,0

CucreMa OIeHUBAHHUS

1. | ®opmymnsl BemectB A — H mo 1 Gamny 8 0aJsu10B
2. | Crpykrypsl I, K o 0,5 6amna, ctpykrypa J — 1 6amn 2 6as1a
3. | YpaBHenus peaxyuti 1-13 1o 1 6amry 13 6ans0B

p-yus 8, 8epHO 3ANUCAHHASL NOCMAOUUHO UIU 8 O0OHY CMmaouio,
OUYeHUBAEMCSl OOUHAKOBO

4. | O60CHOBaHHWE NIMPOKOTO JMara30Ha 3HaYeHUH TIIIOTHOCTH 1 6ann
5. | Beibop erie AByX «pa3HOLBETHBIX)» AJIEMEHTOB ¢ 000CHOBaHWEM — | 1 6a
o 0.5 Gaiia

UTOTI'O: | 25 6aa0B

Pemienue 3apauu 3 (aBTopbi: JImurpues JI.LH., Amxua C.H.)

[[TokomagHO-KOPUYHEBBINA 0CaIOK, 00pa30BaBIIMICS TP B3auMozeicTBur comu I
U HUTpara cepedpa — 3TO ofHa U3 cojied cepedpa. [IpuHIB 3TO, MOKHO paccUUTaTh
MOJIEKYJISIPHYIO MacCy aHHOHa COJIM cepedpa, mosiarasi, 4To B OpyTTO-PopMyse ocajaka
COZIEPXKUTCSI N aToMOB cepedpa: M(anuona) = 108 n/2.331. 3HaueHUsT MOJEKYJISIPHOU
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Macchl aHMOHA NIPU Pa3HBIX 1 TPUBEICHBI B TAOIHIIE:

n

M(anuona), r/mMoJb 1 2 3

46.33 (ae noaxoaut) | 92.66 (ne noaxoaut) | 139 (monxoauT)

[Ipu n =3 M(anmona) paBHa 139 r/mombs. Paccmorpum kucimopoacoaepIKamuit
BapUaHT aHUOHA, T.K. 3apsA]l 3—, KaK MPaBWIO, JAIOT UMEHHO KHUCIIOPOJCO/EpIKAIIUE
annonbl (XO,>). U3 Bo3MOxkHBIX aHnoHOB XO,° HOIXOOUT OpTOapCceHaT — aHHOH
AsO4*. Takum 06pa3zom, B JAHHOM 3a/1a4€ Pedb UAET O COEAUHEHUAX MbIIbiAKa (X = As).

Cyzs 1o onvcaHuIoO BellecTBa A B YCIOBUU 3aia4u (MH(OpMaIKsS O MPUMEHEHUU
A B MEIUIIMHE C JaBHUX BpEeMEH), peub unet o0 okcuae Mbibsika (1) (As,Os). Oty
TUIIOTE3Y JIETKO TMOATBEPAUTH PACUu€TOM OTHOIICHHS OOIEro 4uciia HEUTPOHOB K
00111emMy urcity mpoToHOB B As,3, oHO paBHO 1.2.

O4eBUIHO, YTO MPHU PACTBOPEHUH A B BOJIe 00OpPa3yeTCsl MBIIILIKOBUCTAsI KUCIOTA
H3;AsOs; (BemectBo bB), kotopas oOkucCiseTcsi B MPUAHOTHOM MPOCTPAHCTBE [0
MbIIbsikoBoM KuciaoTel H3zAsOs (BemectBo B) mpu snexrposnuse €€ A0CTaTOYHOTO
KOHIICHTPUPOBAHHOTO BOJHOTO pactBopa. [lo ananoruu ¢ dhochopHoil KucaoToi, npu
HEWUTpalu3allid MBIIIbIKOBOM KHUCIOTHl Kaycthuecko comodt (NaOH) woryt
00pa30BBIBATLCA TPHU THUIIA COJICH, OJJHAKO pa30aBICHHBIN PACTBOP IIEJIOUYU HE MOMKET
obecneunTh 00pa3oBaHUE OPTOAPCEHAT-UOHA, @ PACTBOP AUTHAPOAPCEHATa MO0 aHAJIOTHU
¢ auruapodocdaroM HMEET KHUCIYH peakiuio cpeabl. Takum ob6paszom, I' 3TO
ruapooptoapcenat Harpus (Na,HAsO4) (pH > 7).

AHunoH BemecTBa 2K npeacrasisieT co0oi 1uoproapceHar (CTpoeHUE aHAIOTUYHO
nupooprodocdary). [1o onrcannro cuHTE3a JAHHOTO BEIIECTBA B €r0 KATHOHHYIO YacTh
M0 YCJIOBHIO 3aJjau MOTYT BXOAUTH KAaTHOHBI MarHus, aMMOHMS Wiu HaTpus. OgHaKo
KaTHOH aMMOHHMSI HEYCTOMYUB K HarpeBaHUIO, a JABYX3apsHble HOHBI 00pa3yroT Oojee
YCTOMYMBBIE KPUCTAJUIMYECKHE CTPYKTYyphl ¢ mupodocdar- u nupoapceHar-uoHaMH.
Hcxons U3 3TUX paccyKIeHUN, MOKHO IPEANONI0KNTH, 4TO K = MgrAs,0O7. Paccuntaem
monekynspuyto maccy A: n-M(J1)/(1 — 0.3114 — 0.1522) = 578 r/monb. T.k. nmpakTuuecku
Bceria mMupo(OPMBI COJIEH MOTYYalOTCS HarpeBaHUEM COOTBETCTBYIONIUX OPTOHOPM, TO
JIOTUYHO Tpeanooxuthb, yto [ u E cogepxar nmo oqgnomy aromy Mbliibska. Torna M(/1)
=289 r/momnb, a morepst macchl 31.14% cooTBeTCTBYET MOTEPE 5 MOJIEKYJT BOJIbI. BeiunTas
u3 M(J1) MoNeKyIISIpHYIO apceHaT-uoHa U MSATH MOJIEKYJ BO/BI rostydaem 60 r/mMoJib, 94To
COOTBETCTBYET CYMME€ MOJICKYJISPHBIX MacC KaTHOHOB aMMOHHsS, MarHus W OJHOMN
MoJIeKyJIbl Bobl. Takum obpazom, I = MgNH4AsO4-6H,0, E = MgNH4AsO4-H,0, K =
Mg,As,07. OTu BemecTBa MOTIIH OBITH ONPEACIICHBI 110 AaHAJIOTUH C COOTBETCTBYIOIIUMHU
coeauHeHUsIMH docdopa.

['a3 ¢ mmotHOCTHIO 1.964 1/11 (H.y.) — 3T0 CO,, MoTamm — K,CO:s.

3anuiieM peaxkyuto 7 B 00IIEM BUJIE:

4CH;COOK + As,03 = «...» + xKy,CO5 + XCO2,
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OYEBHJIHO, YTO X=2 ypaBHEHHE UMEET BU/I:
4CH3COOK + ASzO3 =«..»t 2K2CO3 + 2C02,

TOTIA UCXOMs M3 MarepuagbHOro OajaHca MmoiayyaeM, 4To «...» 310 As CsH O
uin ((CH3),As),0, u3zBecTHOe Kak oxcuod kaxkoouna. Takum oopazom, 3 = ((CHs)2As),0.

[Ipu peiicTBUM Ha OKCUO KakoOuia W3OBITKOM COJISTHOM KHCIIOTHI, MO aHAJIOTHU
C OPraHWYECKUMH  TPOCTHIMH  3dupamu, 00pasyeTcss  XJIOPUCTBIA  KaKOIWI
(U = (CHj3),AsCl), KOTOpBIi B3aMMOACWUCTBYS C pEaKTUBOM [puHBApa maer
tpuMmetmiapcud (K = As(CH3)3) u xjopun-uoaua MarHusi. TpUMETHUIAPCUH MOXKET
OKHUCJISITCS XJIOPOM JI0 MPOM3BOAHOIO MATUBAJIEHTHOTO MBIIIbsKA, T.€. BemecTBoM JI
oueBusiHO OyneT Cl,As(CHs)s, koTopsliii mpu HarpeBanuu pasziaraercs Ha (CH3),AsCl u
H B skBuUMOINIsApHOM KosmuecTBe. HeTpyaHo BUAETh, UTO MarepuajbHBIM OalaHC B
peaxyuu 11 coxpansiercs, ecau Opyrro-popmyna Bemiectsa H - CH;Cl (ximopmeran).

Peaknust Cl,As(CH3); ¢ METWJUIUTHEM TMO3BOJIIET 3aMEHUTHh aTOMbl XJopa Ha
MeTWIbHBIE TpynnupoBku. CrnenoBatenbHo, BemecTBO M 310 As(CHs)s, uro Taxxke
MOTBEPIKIACTCSI OTHOLIEHUEM MOJIEKYISIpHBIX Macc Bemects JI u M.

Peakiuto paznoxenust As(CH3)s MOKHO 3amucarh B BUJIE:

xAs(CH3)s =20 + II + 2As(CH3);.
Ecnu npeanonoxuTk, 4To X=2, TOTAa:
2As(CH3)s =20 + I + 2As(CHs3);.

Cymme BemectB 20 + II coorBercTByeT cocraB CsHi, 4TO, O4EBUIHO, MOXKHO

3anucarb kak cmech 2CHy4 + CoHa.

X As r Na,HAsO4 3 ((CH3)2AS)QO M AS(CH3)5

A ASQO3 I[ MgNH4ASO4 6H20 nu (CH3)2ASC1 H CH3C1

b | H;AsO; || E MgNH4AsO4-H>O K As(CHj3)s 0] CH,4

B H3ASO4 K Mg2A82O7 JI CleS(CH3)3 11 C2H4
Ypa(menuﬂ peakuuﬁ:

1) As,O5; + 3H,0 = 2H3As0;

2) H;AsO; + H,O = H;AsO4 + H; (91exTponus)

3) H3;AsO4+2NaOH = Na,HAsO,

4)  Na,HAsO4 + MgCl, + NH3(,p) + 6H20 = MgNH4AsO4-6H,0 + 2NaCl
5) MgNH4AsO4 6H,0 = MgNH4AsO4-H,0 + 5H,0

6) 2MgNH4ASO4H20 = MngSQO7 + 2NH3 + 3H20

7)  As,O5 +4CH;COOK = ((CH3)2As),0 + 2K,CO;5 + 2CO,
8) ((CHj3),As),0 + 2HCI = H,0 + 2(CHj3),AsCl

9) (CHj;),AsCl + CH;Mgl = As(CH3); + MgICl

10) As(CHj); + Cl, = Cl,As(CHj3);

11) Cl,As(CHjs); = CH;Cl1 + (CHj3),AsCl

12) Cl,As(CHjs); + 2CH;Li = 2LiCI + As(CH3)s
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13) 2AS(CH3)5 = 2AS(CH3)3 + C2H4 + 2CH4
Cucmema OUCHUBAHUA:X

1 | Onpenenenue snementa X — 2.5 Oanna 18.5 6aa0B
Omnpenenenue BemectB A u 3 — o 1.5 6anna
Omnpenenenue Bemects b — K u U — I — o 1 Gamry

2 | YpaBHenus peakuuii 1 — 13 — o 0.5 6aina 6.5 6as10B

(npu omcymcemeuu npasuibHvlx Kod¢hduyuenmos — no 0.25 o6ania)

Hroro: 25 6a110B

Pemenne 3agaun 4 (aBrop: Fapkyas U.AY)

1. Upuauii npu CIUIaBIEHUHM C TEPOKCHUJIOM HATpUs OKHUCISIETCS MM JI0 Hambosee
CTaOUJILHOM B ATUX YCIIOBUSIX CTENEHHW OKucieHus +4 ¢ obpazoBanusMm upunara(lV)
(p-uua 1). lanee npu o0pabOTKe IUIaBa KOHIICHTPUPOBAHHOUW COJISIHOM KHCJIOTOM
MPOUCXOAUT 00PA30BaAHUS XJIOPOKOMILIEKCA C COXPAaHEHUEM CTETICHH OKUCTICHUS (p-Uus
2). B neiicTBUTENbHOCTH, JUISI UPUIUSA TAKXKE XapaKTEpHA CTENEHb OKHUCICHUS +3,
MO3TOMY B PAacTBOpax YacTO COCYIIECTBYIOT JBE (OpPMBI C pa3HBIMU CTEMECHAMHU
okucnenus: — Ir(IV) u Ir(Ill). Ognako, 6e3 MpUCYyTCTBUS BOCCTAHOBUTENSI B CUCTEME,
PaBHOBECHE OCTAaHETCS CMEILIEHO B CTOpOoHY oOpa3zoBanus Gopmel Ir(IV). M30bITOK *Ke
BOCCTAaHOBUTEJISI MO3BOJIICT MOJHOCTHIO MIEPEBECTU UPUIUN B CTETIEHb OKUCJICHUS +3,
YTO M TMPOUCXOIUT B TIpoliecce A0O0aBIICHUS HUTPUTA HATpUsi ¢ OOpa3oBaHUEM
Hutpokomiuiekca Nas[[r(NO»)e] (p-uua 3). Crabunuzanus c.0. +3 NPOUCXOTUT 3a CUET
codeTaHus dNeKTPOHHON KoH(urypauuu d° u nuranma cunsHoro mojs NO; .

[Tpu kunstuenun Nas[Ir(NO;)q] B kucnoit cpene oopasyercs rpad-[Ir(H,0)3;(NO;)s]
(p-uua 4), o dyem Oojee MOAPOOHO OOBSCHEHO B pPEIICHWM HIKE B IYHKTE 3.
AHanornynbeli  myte nonydeHusi rpaH-[Ir(H,O);(NO;);] 3akirouaercss B TOM,
yT1o K Nas[Ir(NO,)s] criepBa no6asisitot 100-kpatubiii n36sTok NH4Cl 10 006pazoBanus
(NH4)3[Ir(NOz)s] (p-umua 5), a nanee TepMOau3 MPOTEKAECT C BHYTPUMOJICKYISPHBIM
conponopuronuposanueM NHy "™ u NO, (p-uus 6).

B peakiuu rpan-[Ir(H,0)3(NO,)s] ¢ bpy npoucxonut 3amernieHue IBYyX MOJEKYJ
BO/IbI Ha OWJIEHTAHTHBIA 2,2’°-Ounupuani (p-yusa 7), 31ech W Jajee JIeTKOCTh
MPOTEKaHWsI  peakluii  3aMelleHus OOYyCJIOBJIICHA CWJIBHBIM  TPAHC-BIUSIHUEM
HUTposuranioB. Jlanaeie SAMP-criekTpocKonmuu MOATBEPKAAIOT 0Opa30BaHUE TaKOTO
COCIMHEHUA, TAK KaK MOJICKYJISIPHBIM KOMIUIEKC cofepkKuT 10 aroMoB Bojxopona, W3
KOTOPBIX KaXK/Ible Ba 3KkBUBaJIEHTHBI. [Ipu nodasnenuu menouu K [Ir(H,O)(bpy)(NO,)s]
MIPOUCXOINUT JACTIPOTOHUPOBAHUE KOOPAMHUPOBAHHON MOJIEKYJIBI BOJBI C 00pa30BaHUEM

Na[Ir(bpy)(OH)(NO2)s] (p-uus 8).

*
otaaBas gopkHoe TomuusH I1LA. u Bacuabuenko J1.b.
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3amenienue OBYX Mousiekyanl Boabl Ha 1,10-(beHaHTPOMMH TPOUCXOAUT CXOKUM
¢ 2,2°-Ounupuaun obpasomM, B urore odpaszyercs [Ir(H.O)(phen)(NO»)s] (p—uua 9).
DTO NOATBEPKIAETCS TAaHHBIMU MACC-CIIEKTPOMETPUH, COTTIACHO KOTOPBIM B IIEIOYHOM
pactBope [Ir(H2O)(phen)(NO,)s], Habnronaercs curHain co 3HaueHueM 528 r/Monb aiis
uzorona »’Ir, 4ro cooTBeTCTBYeT KOMIulekcHOMY aHuoHy [!*Ir(phen)(OH)(NO,)s],
KOTOPBIN 00pa3yeTcst Ipu ISMPOTOHUPOBAHUN KOOPAMHUPOBAHHON MOJICKYIIBI BOJIBI.

[Ipu nobGaenenun k rpaH-[Ir(H,O)3(NO,);] ykcycHoro asruapuja JOTUYHO
TIPEATONIOKUTE MTPOTEKAHUE MPOCTOTO aruupoBanus ¢ oopazoBanueM [Ir(AcOH);(NO,);],
I71e BMECTO MOJIEKYI BOJIbI TE€NEPh KOOPAMHUPOBAHHAS YKCYCHAs! KUCIIOTA, B TAKOM CITy4ae
npouecc ObUI ObI aHAJIOTMYEH TOMY, YTO IpeacTaBieHo Ha npumepe ¢ [Ni(AcOH)q*" B
ycioBun 3a1add. OfHAKo, B YCJIOBUU TaKXe CKa3aHO, YTO HAPSAY C allWIMpPOBAHUEM
MIPOUCXONIUT TPEBPAIICHNUE OJHOTO HUTPOJIMTAHJA B HUTPO3OTPYIINY, a CIEAOBATEILHO,
obpazyercs [Ir(NO)(AcOH)(AcO)2(NO»),] (p-uus 10).

[Ipu nob6aBnenun k rpaH-[Ir(H2O0)3(NO;);] pactBopa K,COs ob6pa3syercs
K4[Ir:(u-OH)2(p-CO3)(NO2)s] (p-uusa 11), 0 yeM MOXKHO JOTAaThCS, UCTIONB3Ysl IaHHbIC
YCJIOBHSI, @ UMEHHO — JIByXbsJICPHBIN KOMILUIEKC C IByMsI TUTIAMU MOCTHUKOBBIX JIUTAH/IOB.
Kpowme Toro, npuBeieHa reoMeTpusi ’TOr0 KOMIUIEKCHOTO aHUOHA C YKa3aHUEM 3apsijia —
«4—», IPU 3TOM TIO AIEKTPOHHOMN TIJIOTHOCTH aTOMBI BOJOpPOJIa OMpPENETUTh Helb3s. B
ATOM CITydae JIETKO OMPEIESIOTCS HUTPOIUTaH bl 1 MOCTUKOBBINA KapOOHAT-HOH, a JJIs
TOTO, YTOOBI UACHTU(PHUITMPOBATh UMEHHO MOCTHKOBBIH OH™, a He okconuTaH, HY>KHO
IIPaBUJILHO IIOCYUTATh CyMMapHbIi 3apsn. [Iponecce [IOJTy4EeHUs
K4[Ir2(u-OH)2(u-CO3)(NO3)s] — 210 He OBP, 3HauuT 06a atoMa UpUansi COXPAHSAT CBOIO
creneHb okucnenus «+3». Torma, 2-(3) + 6:(—1) + 1-(—2) + 2-(—x) = —4, otkyna x = —1,
uto ykaseiBaeT Ha OH ™, a ne O%".

A Na,IrO; G Na[Ir(bpy)(OH)(NO»)s]
B H,[IrClg]" H [[r(H,O)(phen)(NO,)s]
C Naz[Ir(NO;)s] I | [Ir(NO)(AcOH)(AcO)2(NO»):]
D (NHa)3[Ir(NO2)s] J | Ky[In(p-OH)a(p-CO3)(NO2)s]
E | rpan-[Ir(H,0);(NO,);] | K [Ir(AcOH)3(NO>);]
F | [r(H0)(bpy)(NO2)s]

Ypasunenusn peaxyuii:

1) Ir + 2Na,O,; — NayIrO; + Na,O

2) Na,IrO; + 8HCI — Ha[IrClg] + 2NaCl + 3H,0

3) 2H,[IrClg] + 21NaNO, — 2Nas[Ir(NO,)s] + 4NaNO; + 12NaCl + 6NO + 2H,0

4) Na3 [Ir(N02)6] + 2HC104 + 2H20 — [Ir(H20)3(N02)3] + NaN03 + 2NaClO4 +2NO

* (momyctumo Hammcare H3[IrClg], tax xak ¢opmer Ir(IV) u Ir(Ill) maxomsarcs B
PaBHOBECHH, KOTOPOE BCE JKe CHIILHO CMEILEHO B CTOPOHY o6pazoBanus [IrCls]>)
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5) Naj [II‘(NOz)ﬁ] + 3NH4Cl — (NH4)3[II’(N02)6] + 3NacCl

6) (NH4)3[II‘(N02)6] — [IT(H20)3(N02)3] + 3N, +3H,0

7) [Tr(H20)3(NO2)s] + bpy — [Ir(H,O)(bpy)(NO2)s] + 2H.O

8) [Ir(H,O)(bpy)(NO,);] + NaOH — Na[Ir(bpy)(OH)(NO,);] + H,O

9) [II‘(HzO)3(NOz)3] + phen — [II’(HQO)(}DhCI’I)(NOg)ﬂ + 2H20

10) [Ir(H20)s(NO»)s] + 3Ac:0 —> [Ir(NO)(ACOH)(AcO)2(NO»),] + 3AcOH + H,0

11) 2[Ir(H,0)3(NO>)3] + 3K,CO3 — Ky[Ir(pu-OH)(u-CO3)(NO»)6] + 2KHCO; + 4H,0

2. Ecom peakuuio 5 mpoBOAUTH NPHU CTEXMOMETPUYECKUX KOJMYECTBAX XJIOPUIA
aMMOHMsI, TO Oyaer Bbimaaare rekcanutpoupunat(lll)  wHaTpus-nUamMMoHus
(NH4):Na[Ir(NO;)s], KOTOpbIi H30CTPYKTYypeH OoJjiee 3HAKOMOMY i OOJIbIIMHCTBA
rekcanutpokoobansrary(Ill) narpus-gukanus K,Na[Co(NO,)s]. B Takom ciydae
OCTAHETCSl HAaTpuld M TMpPU TEPMOJIU3E YK€ HE yOACTCS IMOIY4YUTh TpaH-
TpuHUTpoTpuakBanpuaui(Il).

Nas[Ir(NO;)s] + 2NH4CI = (NH4)2Na[Ir(NO,)s] + 2NaCl
3. Ilpu kunsiuenuu rexkcanutpoupuaara(lll) marpus B xucmoit cpeae 3amemarorcs 3
HUTPOTPYIIIIBI Ha aKBaJWTaHJ, NpuueM C oOpa3oBaHMEM HWMEHHO TIPaH-U30Mepa.
OTO OOBSCHSCTCA CHJIBHBIM TPAHC-BIUSHUEM HHUTPOTPYNIBI MO OTHOIICHHUIO K
akBanMranay. TakuMm oOpa3oM, 0ojiee BBITOJHBIM SIBJSICTCS 3aMEIICHHE HUTPOTPYIIIIbI,
MMEIOUIMI B TPAHC-TIOJI0KEHUH JIPYTYI0 HUTPOTPYIIILY, & HE BOY.
4. Kak BuaHO U3 peakuuu 4, B iporiecce kunsuenus oopasyercs rpad-[Ir(H,O);(NO,)s],
MMEIOIIUN YKBUBAJICHTHBIE aTOMBI a30Ta, @ TaK)Ke CBOOOJHBIN HUTPAT-UOH, IPUYEM IO
peakiuu o0pa3yroTcs SKBUMOJISIpHbIE KoiudecTBa kKomruiekca E u NOs™, orkyaa
cooTHomenue °N B peakIIMOHHOM PacTBOPE Kak pa3s monyqures 1:3.
5. Ecnu B peakuuu 7 OyzeT co3zaHa Kucias cpefia, TO 9TO MPUBEIET K TPOTOHUPOBAHUIO
Ounupuania, 4TO clielaeT HEBO3MOXKHBIM MPOLECC 3aMelleHus. B menouHoi xe cpene
B rpaH-TpuHuTporpuakBanpunuu(lll)  axBamurany  Oyaer  3amemiarbcsi  Ha
TUAPOKCOTPYIIITY, KOTOpasi B pEaKIUsAX 3aMEIICHUS YXOIUT Xy’KEe, YeM MOJIEKYJa BOJIbI,
YTO CHOBA CZEJIaeT HEBO3MOKHBIM MPOIecC 0OMEHa JTUTaHIaMH B 00CYKIaEMOM CITyvae.

Cnucok aiumepamypuoi:
1) Topchiyan P., Vasilchenko D., Tkachev S., Baidina 1., Korolkov I., Sheven D.,
Berdyugin S., Korenev S. New heteroleptic iridium(IIl) nitro complexes derived from
fac-[Ir(NO,);(H,0)3] // J. Mol. Struct. 2019. Vol. 1182. P. 100-108.
2) Tormuusin [1.A. AKBaHUTPOKOMIUJIEKCHI UPUAMS: TTOJIyYEHUE, CBOMCTBA U PEAKIIMOHHAS
COCOOHOCTh: TUC. K-Ta XUM. HayK. HoBocubupck, 2022.
3) Davies J., Hockensmith C., Kukushkin Yu., Kukushkin V. Synthetic Coordination
Chemistry: Principles And Practice. World Scientific, 1996. 472 p.
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Cucmema ouenueanusn:

1 | BemmectBa A — J — o 1 6aimny 17 6ana0B
VYpaBHenus peakiuii 1, 2,4 — 11 — o 0.5 6ama
VYpaBHenus peaxiuu 3 — 1 6amn

2 | O6pazoBanue (NH4):Na[Ir(NO;)e] — 1 6amn 2 6anna
VYpasuenue peakuun — 1 6amr

3 | CrpykrypHas gopmyna coequnenus E — 1 Oann 2 6asia
OO0bsacHenne o0pa3oBaHus TpaH-u3omMepa — 1 0ann

4 | OObsICHEHHE IByX CUTHAJIOB — 1 6at 2 0aJL1a
OO0Bscuenue cootHomenusa 1:3 — 1 6amn

5 | [IporoHupoBanue OUNMpUANIIA B KUCION cpene — 1 Gam 2 das1a

OO6pa3zoBaHue r'UIPOKCOKOMILICKCA B IIENIOUHOM cpeae — 1 6amn
HNUTOT'O: 25 6as10B

Pemienue 3apauu 5 (aBTop: bosimarenkon JI.H.)

1. Paccmotpum coeaunenuss | u IV, mockoibKy OHM HMMEIOT HauOojee MpPOCThIE
peméTku. Crexuomerpus BemectBa | — XY, crexuomerpus 1V — X,Y. DnemenrapHas
sueiika | comepxxut 4 popMynbHble eqUHULBL, a Aia Bemectsa |V Z = 1. Paccuntaem
MOJISIPHBIE MAcChl COEAMHEHMIA:

5.81-(4.307-10°)%-6.022-10%

M(l)= 1 =69.9 2/ monw
813 23
M (IV) = 7.24-(3.790 101 )”-6.022-10 9373/ vtois

Torma M(1) = M(X) + M(Y), a M(I1) = 4M(X) + M(Y)
Perienne cucteMsl ypaBHeHu# ¢ MosisipHbiMU Maccamu qaét M(X) = 55.8 r/moins u M(Y)
= 14.0 r/MOJb, 4YTO COOTBETCTBYET JKEJI€3y U a30TY.

Hrak, X — Fe, Y —N.

Omnpenenum crexuoMmeTputo coenunerus |l. BHumaTteasHoe paccMOTpeHne MOKa3bIBaeT,
YTO § ATOMOB JKeJie3a HaXOSATCs Ha TPaHsX, a IBa — B IIEHTpE ssueiiku. Takum o0pa3om,
KOJIMYECTBO aTOMOB JKeJie3a B siueiike paBHO 6. KonnuecTBO aTOMOB a30Ta paBHAETCS
tpém. [Ipocreiimas dhopmyna BemectBa Fe;N.

B cinyuae coemunenus Il onpenenuTs pacnosnokeHME HEKOTOPBIX aTOMOB JKelie3a
3aTpyIHUTENIbHO. YacTh M3 HHUX HaXOAUTCA Ha TpaHsIX, 4YacTh — Ha péopax,
4acTb — B IIEHTpPE DJJIEeMEHTapHOM sueiiku. [lns omnpeneneHus (GopMybl MOKHO
UCII0JIb30BaTh IJIOTHOCTh. MoOJIsipHasi Macca BellecTBa B pacuére Ha | aToM a30Ta paBHa:
7.22-4.698-4.698-4.367 -sin(120)-10* - 6.022-10*

M () = 5 =181.52/ monw
3a BBIYETOM OJHOTO aToMa a3oTa noiyyaem 167.5 r/Moib, 4TO COOTBETCTBYET TPEM
atomaM xene3a. opmyna Bemiectna |11 — FesN.
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I 1| 11 AV
FeN | FesN | FesN | FesN

2. Beipazum mioTHOCTh BemiectBa l1:
3-125.7
p(I) =

=7132/ci’
4.791-4.791-4.421-5in(120)-10 % -6.022-107 e

3. 'a3 Z nomkeH coiepkaTh a30T M 00J1aJlaTh BOCCTAHOBUTEIbHBIMUA CBONCTBAMHU.
Ou4eBHUIIHO, YTO 3TO aMMHAK.
Ypasnenua peaxyuii:

1. 2Fe,05; + 4NH3; — 2Fe;N + Ny + 6H,0

2. FesN — FesN + Fe

3. FesN — FeoN + Fe

4. 2Fe + N, — 2FeN

4. Beipazum ¢dopmyny BemiecTBa kak FenN u 3amuiinemM ypaBHEHHs peakiuil B 00I1IeM
BUJIE:
2FenN + 0.75n0;, = nFe,0O3 + N,
2FenN + 3H; = 2nFe + 2NH;3

PaccmoTpum cHavana peakiuio ¢ BogopoaoM. Ecinu konmdyectBo ucxoanoro FenN Obuto
X MOJIb, TO TIOTEPSI MACCHI B XOJI¢ ATOW PEAKIIMHA COCTABHT:

55.85-:n-Xx—(55.85-n+ 14)-x =-14 x.
Ota noteps pasHa -0.350 r. Torga X = 0.35/ 14 = 0.025 moJb.
B peakiuu ¢ kuciaopoioM u3MEeHeHHE MacChl COCTaBUT:

0.5:159.7-x - (55.85:n+ 14):x=24n"Xx--14x=1.310r.

[Tpu X = 0.025 moap momygaem N = 2.77.
Torna popmyna BemectBa Fe, 77N, a ero macca paBna 4.218 r.

5. Paccuntaem popmyny kapouna xpoma. COOTHOIIEHUE aTOMOB PaBHO:
86.66/52:13.13/12=1666:1.112=15:1=3:2.
®opmyna BemectBa Cr3C,. Torma dopmyna coenunenust V — FesNy. @opmyny VI
HEOOXOJMMO YCTaHOBUTH TIO OINMHUCAHUIO €r0 CTPYKTypbl. Ecim ciowm 0oOpa3oBaHBI
okTasapamu FeNs 1 kax b1l uMeeT obmue pédpa ¢ JPYruMu OKTadIpaMu, aTOMBI a30Ta
BHYTPH CJIOS ICTIATCS MEXKIY YETHIPbMsI aTOMaMHU eje3a. Torma u3 KakIbiXx 4 aTOMOB
a30Ta OKTAdJIpUUYECKOT0 OKPYKEHHUS JAaHHOMY aTOMy JKejie3a MPUHAIJICKHUT TOJIBKO
oauH. OcTaBiyecs Ba aTroMa a3oTa 00pa3yloT BEPIIUHBI, COCAUHSIONINE CIOU. DTH
aTOMBI JICJIATCS MEXKY ABYMS aTOMaMHU KeJje3a JIByX OKTa3JIpOB, HA OJMH aTOM Keje3a
npuxoautcst oguH a3oT. CymMmapHO mosyyaercss 2 aroMa a3oTa Ha | atoMm »xelnesa.
®opmyna VI — FeNa.
B coeaunenun VIl maccoBble 101M 35eMeHTOB NpuMepHO paBHbl. Ha 1 atom xenesa
npuxonurcs 56/14 =4 atoma azora. @opmyna BemectBa — FEN,.
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Crpykrypa nonuMepHoro anuoHa [ Y% ]n: N=N,
5k
n

6. HecraOunbHOe B3pHIBOONACHOE COCIMHEHHE — BEPOSTHO, a3Wja JKenesa,
pazararoniaics 10 daeMeHTapHoro xenesa. [loreps maccol 0koj10 70 % cOOTBETCTBYET
asuny xemesa (1) Fe(Ns)s: 14-9/(14-9 + 56) = 0.69.
JIns ero moaydeHust JOCTATOYHO B3STh PACTBOPUMYIO coJib kene3a (1) u moboit azun:
Fez(SO4)3 + 6NaN; = 2F€(N3)3 + 3Na,SO4
2F€(N3)3 = 2Fe + 9N,
CucreMa oueHMBAHUSA:

1 | ODnementsl X u Y — 1o 1 6amry 6 0a/10B
®dopmynel coenuaeHuit I-1V —mo 1 6ammy

2 | IlmotHOCTH BemiecTa |l 3 das1a

3 | YpaBaenus peakmuit 1 — 4 4 6as1a

4 | 3nauenue N B obpasie — 3 6amia 5 6anaa

Macca obpasiua — 2 6amia
5 | ®opmyibl coenunenui V-VII — 1o 1 6amry 4 d6asn1a
Crpykrypa aHuoHa — 1 6ann
6 | ®opmyna VIl 3 da1a
YpaBHeHus peaxiuii S5 u 6

HUTOI'O: 25 6an10B

Cnucox numepamypbol:
1. Bykov, M., Bykova, E., Aprilis, G., Glazyrin, K., Koemets, E., Chuvashova, I., ... &
Dubrovinsky, L. (2018). Fe-N system at high pressure reveals a compound featuring
polymeric nitrogen chains. Nature communications, 9(1), 1-8.
2. Andrew D. White (2001). "Iron(l1l) Azide". Encyclopedia of Reagents for Organic
Synthesis. John Wiley & Sons, Ltd.
3. Ye, S., & Cao, Y. (2016, September). Structure of iron nitrides under different
nitridation temperatures. In 4th International Conference on Advanced Materials and
Information Technology Processing (AMITP 2016).
4. Kano, M., Nakagawa, T., Yamamoto, T. A., & Katsura, M. (2001). Magnetism, crystal
structure and nitrogen content near the - phase boundary of iron nitrides. Journal of
alloys and compounds, 327(1-2), 43-46.
5. Jacobs, H., Rechenbach, D., & Zachwieja, U. (1995). Structure determination of y'-
FesN and e-FesN. Journal of Alloys and Compounds, 227(1), 10-17.
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Pemnenue 3anaun 6 (aBrop: CepsikoB C.A.)

I. 9JI€M€HTapHBI€ IOBTOPAIOIMIUCCS 3BCHBA HCHGI?II

X3

X1 X2 X4

bs;C; BC4 b:C bC

2. OOGa nnementa B cocraBe X1-X4 sBisgiorcs Hemertaiiamu: b mposBisier
CKJIOHHOCTh K OOpa3oBaHUIO TPOTSKEHHBIX 1ened, a C umeeT HHU3KHUE
KoopAuHaIMOHHbIe yucia (1 u 2), HexapakTepHble s MeTaioB. CKIOHHOCTh K
00pa3oBaHUIO IIENed MOCPEACTBOM KOBAJEHTHBIX HEMOJSIPHBIX CBSI3€M MPOSBISIOT
anieMeHThl VI rpynimbl: cepa, celieH U Teutyp (peske KUCIOPO), 3TU IIEMEHTHI MTOAXOIUT
Ha posib atoMoB b. Cynst o monekynsipHoit hopmyne BCy, ectecTBeHHas BaJICHTHOCTD
anemenTa C HE TOMKHA NIPEBBIIATH [, B MPOTUBHOM cilydae BaJeHTHOCTh b B X2 paBHa
VIII. Ha ponbs aromoB C OAXOAST TajJOTreHBbI.

[IpoBepuM pacy€ToM JIB€ BO3MOXKHBIX THIIOTE3bI:

1) b — omun u ot e anement VI rpynmsl, C — pasHbie sneMeHTsl VII rpynmsl.

2) b — pa3nbie anemenTsl VI rpynmnsl, C — oauH U TOT ke 35eMeHT VII rpynmsl.

Bripazum Monsipasie Maccel C yepes MmossipHyto maccy b = M.

wx; =3M/(3BM + 2C;) = 0.8437 ; wx, = M/(M +4C,) =0.6267; wxs =
2M/(2M + C5) = 0.7616;

wxs = M/M + C4) = 0.5014. Beipaxenuss mana C; - Cs; MOJSpHBIX Macc
MpeAnoiaraéMbIX TaJIOTC€HOB:

Ci=02779M ; C, =0.1489M ; C3 =0.6261M ; C4 = 0.9944M. Ecnu peub UAET O
rajoreHax, To camsiii 1€rkuii F = C,, Cl1 = C;, Br=Cs, [ = C4. CpaBaum C,/C, =0.2779M
/0.1489M = 1.8664 ¢ M(C1)/M(F) =35.5/19 = 1.8684, nanee cpaBaum C4/ C3=0.9944M
/0.6261M = 1.5882 ¢ M(I)/M(Br) = 127/80 = 1.5875.

[TorpemHocTh B 4€TBEPTOM 3HAKE CBUACTEILCTBYET O BEPHOCTH TUIIOTE3HI «1)». M
= (C4/0.9944 = 127/0.9944 = 127.7 r/mons, cneqoBareibio A = Te.

[TokaxkeM HECOCTOATEIBHOCTh THUIIOTE3bl «2)»: MycTb M-Ms MoOIsipHBIE MaccChl
paznuunbiX b, a C — MolsipHas Macca OJJHOTO U TOTO K€ 3JIeMEHTa (TPENOI0KUTEILHO
rajoreHa):

Bripaszum u3 nomydennsix Boite Gopmyn mist C;-Ca, cooTBeTcTBYyIONME M: M| =
3.598C; M, =6.716C; M3 = 1.597C; M4 = 1.006C, camble JTErKUE 3JI€MEHTHI TPYIIIIHI 3TO
M; u My, npoBepum M3 = S, My = O. 1.597C / 1.006C = 1.588, 4yTO0 HE COOTBETCTBYET
Kak 2 = 32/16 = M(S)/M(O), tak u 2.468 = 79/32 = M(Se)/M(S).

dopmynbl coequnenuii: X1 = Te;Cly, X2 = TeF,, X3 = Te,Br, X4 = Tel.
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3. [Tomo6HO cepe u ceneHy, TeIUTyp OKUCsAeTCs KuciopogaoM 1o +4, X5 = TeO,,
PacTBOpPEHHE B MEPEKUCH BOJOPO/Ia IPUBOAUT K KUCIIOTE B BBICIIICH CTETICHU OKUCIICHUS
anemenTa X6 = H¢TeOg (u3-3a 60mbIIeTO pagnyca aroMa, B OTJIMYHE OT CEJICHA U CEPBI,
obpazyromnux «npusbsluHbie» H,D04), a napckas Bonka okuciser Te no X7 = Hy[TeClg],
B KOTOPOM HE caMmas BBICOKasi CTETIEHb OKHUCIICHUS! CTaOUIIM3UPOBaHa OJIArONPUSITHBIM
«MSITKUMY» OKpYy’KeHHeM Teutypa u3 noHos Cl .

B cocTaB karrona X8 MOryT BXOAUTH KUCIOPOJ, CEPa, BOJOPOA U 00si3aTesibHO Te.
OueHnM, CKOJIBKO aroMOB TeiuTypa (Kak camMoro TSXKEJIOro U3 Ha3BaHHBIX AJIIEMEHTOR)
MOXET cofiepkaTh 3TOT KaTuoH: k = 510/127.6 = 3.997. Bosnukaet MbICib 4To k =4 1
JPYTHUX aTOMOB, KpoMme Te B ero cocTaBe HET, €CJIM YU4eCTh CKIIOHHOCTh K 00pa30BaHUIO
1ernen U IUKIOB Kak B BHUJIE MPOCTHIX BEIIECTB, TAK U B COCTABE KATHOHOB / aHMOHOB
HeMmetauiamu VI rpynmsl. st onpeneneHust 3apsjia MOHA BCIIOMHUM YTO CTEIICHBb
okucieHus Te B HeM Takas ke Kak B Te,Br, T.e. Ha 4 atoma Te Oyznet npuxonutcs 3apsia
+2, orkyma dopmyna kpacHoro uoHa [Tes]*". ®opmyna comn X8 = [Tes]SO; mubo
[Te4](HSO4)2.

Jns X9 gncno atomoB Te B mone m = 770/127.6 = 6.034 = 6 npu To# e CTENCHU
okucienus Te uro B X1, 3naunt Gopmyna 3enénoro uona [Tes]*"
dbopmyna X9 = [Tes]|(AsFe)a.

Jns nona X10 p(Te) = 320/127.6 = 2.508, T.e. comepxkut 2 aroma Te u apyrue
3JEMEHTBI. JTO He MOXKeET ObITh HOH «[Tea(NO3)]"», mockonbky crenens oxucienus Te

, OTKyIda MOIJICKYJIsIpHaA

0 yCJIOBHIO +4, TAaKUM 00pa30oM HaJu4He a30Ta B €ro cocTaBe uckimouaeM. OcTaroTrcs
O u H, Ha xotopsie u3 320 r/mMmonb npuxoautea 16a + b =320 - 127.6-2 = 64.8 r/mMmonb
i 4 aroma O u 1 atom H. ®opmysna katrona [HTe,O4]", X10 = [Te,O;OH]NO:;.
X1 X2 X3 X4 X5 X6 X7
TG3C12 TGF4 TezBI' Tel T602 H6TCO6 Hz[TGClﬁ]
X8 X9 X10
[Tes4]SO4 nun [Tes](AsFe)s
[Te4](HSO4)2 [Te6] (ASF6)4‘2ASF3
4. OOcyxJeHrne BO3MOXKHOW CTPYKTYypbl KaTHOHOB HauyHeM C WH(GOpMAIMHA O

[Te203 OH]NO3

PAaBHOLICHHOCTM aTOMOB B HHX W TOIO, YTO OHHU COJIEPXKUT OJIUH U TOT XKE
reOMETPUUECKUM (PparMeHT, HE SBJISIFOIIMNACS y4acTKOM 1enu. CTpYKTYypol KpacHOIo
noHa [Teq]** B X8 moxer ObITh JuOO LMKN, MO0 TpeyrojbHas nupamuaa. Llukm
BBITVISIIAT TIPEANOYTUTEIBLHEE C YUETOM UYHCIia HEMOACIEHHBIX Map y aroMa TeJutypa: B
MUpaMUJIe KXl aTOM OKa3asicsi Obl BOBJICUCH B 3 KOBAJICHTHBIC CBSI3H, UTO MOBJIEKIIO
ObI 3aMETHBIN M30BITOK DIEKTPOHOB y Kaxaoro aroMa. «Cobpars» 3enenslil MoH [Teg]*"
U3 YETHIPEXUJICHHBIX IUKIOB [Tes] MOXKHO JIMIIIb B TOM Clly4ae, €CJIh aTOMbI TeJUTypa
00pasyloT TMpaBUIBHYIO TPEYTOJbHYIO MPU3MY, OOKOBBIE TpPaHW KOTOPOM H OymayT
uukiamu [Tes]. OOparutre BHUMaHUE YTO C YBEJIMYEHUEM CTENEeHU OKucieHus Te mpu

Iepexoac OT KpaCHOIro MOHa K 3C€CJICHOMY Yy arOMOB TCIIIypa MOABUIACh BO3MOKHOCTD
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00pa3oBBIBATh TPETHIO CBSA3b, BCIICJCTBHUE HEHACKIIIIEHHOCTH BAJICHTHON 00010ukH Te 3a
cYeT COOCTBEHHBIX JICKTPOHOB B 3€JICHOM HOHE TI0 CPABHEHUIO C KPACHBIM.
N3o00pa3um cTpykTyphl KaTHOHOB X8 (mutockuii kBagpar) u X9 (TpeyroyibHas

pU3Ma):
X8 X9 Te

Te—Te| 2" e// \ 4t

| / \>Te

Te—Te Te\Te

Cucmema ouenuganus:
1 | Bepuslie popmynsl b,Cy s X1 — X4 — o 1.5 6anna 6 0asu10B
2 | ®opmynbl X1-X4, moaTBepkAEHHBIE pacueToM — o 1.5 Oanna 6 6ass10B
Owubounsie hopmynwt «H>TeOy» u « Ho[TeCls] » — 0.5 6anna kaxcoas
3 | ®opmynsl X5-X10 — o 1.5 Ganmna 9 0a/s10B
4 | Ctpykrypa katnoHoB X8 u X9 — 1o 2 Gamia 4 0as1a
HUTOI'O: 25 6a10B

Pemienue 3agaum 7 (aBrop: be3zyoos C.H.)
7. Paccmorpum macc-cnektp raza I'. MakcumanbHblil ik umeeT m/z = 44. Haubonee

BEPOSITHO, YTO 3TOT HMOH OnHO3apsaHbld. C yderom Toro, yro I' momywaercs mnpu
JEeUCTBUM ra3a B Ha yIepomHbll CTEPKEHb, Pa3yMHO MPEAIONOXUTh, 4To I' — 31O
yraekucibiid ra3 CO,. Toraa raz B — ato kucnopon (T = 90K), ucnapsromuiics u3
CMECHU NPOAYKTOB p-yuu 3 TPU OTOIPEBAHUU CMECU HEMHOIO BBILIE TEMIIEPATypbl
kunenus xuakoro azora (77K). Caemaem oOTHeCEHHE TMHUKOB B MAacC-CIIEKTpe (CM.
tabnuia). MakcumansHbiit ik (m/z =44) — monekynsapubiid voH CO,", mogy4eHHbI#
MOHU3AIMeN YIIIEKUCIIOro ra3a. MaJIOMHTEeHCUBHBIN MUK ¢ M/Z = 45 — Takoy e UOH, HO
comepskamuil Gonee Tsoxenbii u3orton ymepona *C. Manas MHTEHCUBHOCTL OTPaKaeT
€ro coJiep>kKaHue B eCTeCTBEHHOM yriepoze. Crnadpiii muk ¢ m/z = 22 (monoBuHa OT 44)
orBeuaer aByx3apagHomy uony CO,?". Womnsl, mmeromme m/z 28, 16 u 12 —
COOTBETCTBEHHO, TPOAYKTHI (pparmerTaruu ucxoaaoro CO;.

m/z JacTUIA
12 12c+
16 16O+
22 12C16022+
28 12C16O+
44 12cl602+
45 13cl602+

Kucnopon mnomywaercs mnpu gevictBun  BrFs (cunbHBIM  okuciIuTENh U
(GTOpUPYIOIIMIA areHT) Ha KUJIKOCTh U3 OAHKH, 3HAYUT, KHUCIOPOJ €CTh B COCTaBe 3TOM
wuakoct. OOparuMcst K ee macc-ciekTpy. MakcuManbHblil nuk umeer m/z = 20.
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[Ipeamonokum, YTO OH OJHO3ApsAAHBIA, M OTBe4yaeT, Kak U B ciaydae CO,",
MOJIEKYJIIpHOMY MOHY. B cocTaBe 3TOro MoieKkysasipHOro MOHA, OYEBUIHO, MOXKET OBITH
JUIIb OMH aToM kuciopona. Torna ocraBiimecs 4 a.e.M., Y4UTbIBasi CTaOUIBHOCTh X,
MOTYT COOTBETCTBOBATh TOJBKO JIByM aroMaM JIeUTepusi. 3HAYUT, KUJKOCTh B OaHKE —
310 DO ¢ npumecsio H,O, a BemectBo X — uncras D,0.

Ecnu Obl coxpanuBIiasicss Ha 6anke Haanuch Obuta « D O », To HeonpeaeaeHHOCTh
3aKJII0Yaiach Obl TOJIBKO B TOM, KaKOM HM30TON KHCIOpOAA TaM MPUCYTCTByeT. Macc-
CIIEKTPOMETPHUUSCKUI aHAJIN3 COACPKUMOTO OaHKM /1all ObI OJJHO3HAYHBIN OTBET HA ATO
(m/z makcumanbHOro mMka 20 7gu60 22), m He MOTPeOOBAIOCH OBl MPOBOAHUTH
JOTIOJTHUTENbHBIE UccieioBaHus. [10CKONIbKY MepBUYHBIN aHANIW3 HE J1ajl OJHO3HAYHOTO
OTBETAa, TO HEOMPEIETCHHBIMU ObUTA U30TOIBI 000UX AIIEMEHTOB, TO €CTh HAAMKUCH ObLIa
« H O ». MakcumanpbHblii ik ¢ m/z = 20 Mor cooTBeTcTBOBaTh Kak “H,!°0, tak u 'H,'*0,
M03TOMY IMOHAJOO0UJICS aHATIM3 HA KUCIIOPO/I.

Bo BTOpOM OmBITE C MOMOIMIBIO PA30TPETOTO ypaHa BOAY (TSDKEIYIO C MPUMECHIO
00BIYHOI ) BoCcCcTaHaBIMBAIOT 710 cMecu Dy u Hy. [Tockonbky aeiitepuii B 2 pasa Tskenee
MPOTHS, TO MacC-CIIEKTPOMETPUUYCCKUM aHATN3 MOJyYEHHONW CMEeCH Hambosee TOUHBIM.
3a cuer BBICOKOW CTENEHH M30TOMHOTO oOMeHa coxaepxanue H, Oyner HUUTOXKHBIM, a
peanbHO JeTeKTUpyeMbIMU B cMecu OynyT D> m HD, uro oTpakaercss B pesyabrarax
aHanu3a. Eciny mkonbHUKYA HE 3HAIOT 00 M30TOMHOM OOMEHE BOIOPOAA, OHU MOTYT K
ATOMY TPHUNTH, COTOCTABIAS PE3YJAbTaThl MacC-CIIEKTPOMETPUH Ta30BOM CMECH H
npoaykThl peakiuu X (uucroit D,O) ¢ HatpueM (Boiaensercs A = D;) U TUIAPUIOM JTUTHUS
(Beigensierca b = HD).

Crnenaem OTHECEHHE TUKOB B MacC-CIIEKTpe xKuakocT u3 6anku (D,O ¢ mpumechio
H,0). B mpuBenenHoM (dparmeHTe Macc-CleKTpa MPUCYTCTBYIOT CHUTHAJbI HOHOB,
noydeHHbIX noHu3armei moseky (D,OF, HDO" u H,O"), curaasibl cOOTBETCTBYOIIUX
IPOTOHUPOBaHHBIX (neirepupoBannsix) ¢opm (H;O', H,DO', D,HO" u D;O") u
CHUTHAJIBI YaCTHII, MOJy4YeHHbIX nipu PparmenTtaiuu (O, HO™ u DO™).

m/z JacTUIA
16 o'
17 HO"
18 DO"; HO"
19 HDO"; H;0"
20 D,0"; H,DO"
21 D,HO*
22 D;O"

8.  peaxyus I

1
D;0 + Na = NaOD + 5D,
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peakyus 2
D,0 + LiH = LiOD + HD
peakyus 3 (mpuHumaetcs peakuus ¢ H,O)

1
D20 + BTFS = BTFg + ZDF +502

peaxyus 4
0, +C =C0,
peaxyusi 5
VYpaH — JOCTaToO4HO AaKTUBHBIM MeTajul, TMO3TOMY Ha BO3AyXe OH OBICTPO

IMOKPBLIBACTCA OKCHI[HOﬁ IJICHKOM. I[J'ISI €C VyIaJICHHUA CTPYKXKHU IIPOMBIIN a30THOU

KHCJIOTOM.

U308 + 8HN03 = 3U02(N03)2 + 2N02 + 4‘H20 NnJIn

UOZ + 4‘HN03 = UOZ(N03)2 + ZNOZ + 2H20
peaxyus 6
D,0 + U = UO, + 2D, ocHOBHas peakuus

peakius ¢ MPUMECHOM BOIOM U M30TOIMHBIN 0OMEH C OOJBIIUM U30BITKOM D>

{Hzo + U == U02 + 2H2 —

H, + D, 2 2HD

2HDO + U = U0, + 2HD peakuusi ¢ NpUMECHON MOIYTSHKEION BOIOU
9. B BogHOM pacTBOpE TSAXKEIOW BOABI MPUCYTCTBYIOT Kak MoJekyasl D,0O, H,O, Tak u

HOHBI, oOpasyromuecs npu ux auccormanun, D;O°, OD™, H;O*, OH™. BaxxHo Takke He

3a0BITh MPO H3OTOMHBIM OOMEH W ymoMsaHyTh dactuinel HDO, H,DO', HD,O".

Htoro, 9 yactuii.

Cucmema ouernuearnusn’

3a xaxnyto yactuiy ¢ H u D (cmemannsie) — 1 6asn

1 | 3a yka3zanue xX0Tsi Ob OTHOTO BEPHOTO KaTHOHA 1S uka — 1 6aan | 13 6asuioB
2 | 3a kaxa0€ ypaBHeHUE peakuuu — 1 0t 6 0a/10B
3 | 3a kaxnayro yactuny ¢ H wim D — 0.5 6asana 6 0ass10B

HUTOI'O: 25 6ai10B

Pemienue 3apauu 8 (aBTopbni: 5. K. Kypammiuu, B.A. MupoHos)

1. O6a snementa B coenqunenusax A(CgHs), n B(CsHg), nmeroT crenenb okucieHus +4.
3Ha4YUT, B HEUTPAJIBLHOM COCTOSIHMU atoMbl A U B comepkar Ha 4 1 Ha 6 PIEKTPOHOB

OoJbIIIe pajoHa, COOTBETCTBEHHO. JT0 Topuid u ypad: A — Th, B - U.
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Ypasnenue peaxyuu:
ThCl4 + 2K2C8H8 — Th(CgHg)z + 4KC1

CaHIBUYEBBIE KOMILUICKCHI TOPUS M YpaHa C IUKJIOOKTATETPACHOM I10 aHAJIOTHUH C
KOMILIEKCAMM d-2JIEMEHTOB C IIMKJIONICHTAUCHUII-aHUOHOM Ha3bIBalOT METAJIOIICHAMH::
TOPOLIEH 1 YPAHOILIEH.
2. IIpu nBrXEHHMM OT TOpPHS K ypaHy paauyC aroMa NaJaeT, KaKk U MOHHBIA PAaJInyC B
OJIUHAKOBOW cTeneHu okucieHust +4. Ilostomy paccTrossHue MexAy IJIOCKUMHU
murangamu CgHg?™ Gomblie B TOpoLEHe.
3. Haunem omnpenenenue ¢ okcuaa Xs. [Ipu ero BoccraHOBIECHMM ApYroil okcupa Xi.
3anumem dopmyiny okcuna Xz B Bujie C,0,, a X4 — B Buge C,0,. [Tockonbky B Takon
3aIlCU KOJIMYECTBO OKCHJA MPU BOCCTAHOBJICHUM HE U3MEHSIETCS, OTHOIIECHUE MacC
PAaBHO OTHOIIIEHHUIO MOJISIPHBIX Macc.

647.1 2M(C)+16a
617 2M(C)+16b
2.0976 M(C) + 16.7806b = 2M(C) + 16a
M(C)=163.93a — 171.93b

[TepebGepém pazymHbIe 3HaYCHUS a U b:
a=2 a=3 a=4 a=>5 a==6 a="17
155.93 319.86 483.79 647.72 811.65 975.58
147.93 311.86 475.79 639.72 803.65
139.93 303.86 467.79 631.72
131.93 295.86 459.79
123.93 287.86
115.93

SO S S
I
NN | B W[ —

[Toxxomut Tonbko BapuaHt a =4, b =3, C — Ce, X3 — Ce0:, X4 — Ce20s.

X1 u X; 3amumem B Buae Ce(CsHg), n Ce(CsHg)i. IIpu cxuranum Ce(CgHsg), ¢
obpazoBanueMm CeQO, KOJIMUYECTBO BEIIECTBA HE M3MEHSETCS, 3HAUUT, MOJISIpHAs Macca
Ce(CsHg), paBHa:

M=1.31:(0.6471/172.11) = 348.42 = 140.12 + 104.15¢
q=2.

3Hauurt, X1 — Ce(CsHs)s.

Hcxons U3 moTepu Macchl, MOJIsIpHas Macca X, paBHa 348.42-(1 —0.1495) = 296.33
=140.12 + 104.15k, To ectb k= 1.5. Torga Xz — Cez(CsHs)s.

Paccunraem monsipHyro Maccy ucxoasoro Bemectsa Ce(OCsHy),,-CsH;OH, ucxons
u3 Toro, uto Teoperudecku u3 1.000 r pearenta momkHO ObITH TONy4eHO 0.346/0.434 =
0.7972 r Ce(CgHg), (mmm 0.002288 morb).

M=1/0.02288 =437.05 r/monb = 140.12 + 59.09m + 60.10
m=4.

Paccuuraem cootnomenue Ce : O B X5 u X.
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2635 . _61'22 ~0.188:0.376=1:2

140.12
ﬂ:@:O.ZBG:O.MZ:l: 2
140.12 16

Momsipnass macca Xs B pacuete Ha 1 atom 1mepus coctasiser 140.12/0.2635 =
531.76 t/monb. Ilockonbky Xs COOEPKHT IEpUN B aHWOHE, BEPOSITHO, OH COIEPKUT
TaKXKe Kanuid B KatuoHe. Kuciopon Moxker copepkarbess B Xs TONbKO B Bune TI'D.
Kpome Toro, B anuone, mo-suaumomy, conepxutcs CgHg. Torma mpensaputenbHO
dopmyny Xs moxkHo 3anucarh B Buae: K (CsHzO),Ce(CgHs),.

39.10x +72.11-:2 + 140.12 + 104.15y = 531.76.

JlaHHOMY ypaBHEHHIO YIOBJIETBOPSET TOJIBKO LIEJIOUMCICHHAs KoMOuHaIus x = 1, y
= 2. IlockoJibKy BEILIECTBO HE IOJKHO COAECPKATh HECBSI3AHHBIX C METAJIJIOM COJIbBATHBIX
Mosiekya Boabl, hopmyny Xs 3anuiieM B Buje [K(CsHsO):2][Ce(CsHs):].

Xe, MMO-BUIUMOMY, COICPKUT 2 aToma liepus (BBUY OMMCAHUS €r0 Kak JuMepa), a
3HAYUT, W3 COOTHOLICHMS, TIOJy4YeHHOro Bblmie, 4 Monekyasl TI'®. IlombiTka
MPENCTaBUTh COCTaB X¢ B TaKOM JK€ BHUJE TEPHUT NpU 3TOM (UACKO, MOITOMY
MPUXOJUTCS TIPEIOIIOKHUTh, YTO MPU 00pa30BaHUU X MPOU3OINIO JIUIIL YaCTUYHOE
3aMelIeHre XJopa B COCTaBe XJIOpUJa, U TOIJa €ro CoCTaB B OOIIEM BHJE:
CGQ(C4H80)4CIQ(C8H3)1,.

M=2-140.12/0.3305=2-140.12 + 4-72.11 + 35.45a + 104.15¢

[Tonyuaem pemienue B nensix ynuciax: a =2, ¢ = 2. X — Ce2Cl2(CsHs)2(C4sHs0)a.

[Tockonbky npu nonydyeHUn Xs U Xe CTENIEHb OKUCICHUS LEPUS HE U3MEHSETCH,
HCXOJIHBIN XJIOpU AOJIKEH coaepxath Takxke nepuii(Ill), To ects p = 3.

X7 comepxkut aHnoH Ce(CgHg),” m kamuii B cxokeM ¢ Xs KOOPAWHAIIMOHHOM
OKpYXeHUH (2 aTroMOB KHCJIOpOJa). 3HAYUT, C YYETOM TOTO, YTO MOHOIIUM —
ounenrataeii murana, X7 — [K(CH3OC:H4OCH3)]|[Ce(CsHs):]. IlpomykTr ero
JaTbHEUIIIET0 BOCCTAHOBJUICHHUS KAJIMEM B MOHONIHUME, OTIMYAIOIIUMUCS 3apsiioM
annoHa — 310 [K(CH30C:H4OCH3)]2[Ce(CsHs)2] (Xs).

X] X2 X3 X4 XS X6
Ce(CgHg)z Cez(C8Hg)3 Ce0;,|Ce,05 [K(C4H80)2][C6(C8Hg)z] C62C12(C8Hg)2(C4HgO)4

X7 Xs m|p
[K(CH3OC2H4OCH3)][CC(CgHg)z] [K(CH3OC2H4OCH3)]2[CC(CgHg)z] 4 |3

4. Ypasuenus peaxkyuii:
1) 3Ce(OCsHy)s CsH,0H + SAI(CaHs)s + 6CsH —s
— 3Ce(CgHg), + 5A1(OC3H7)3 + 3C,Hg + 6C4H;
2) 6Ce(OC;sH;)s CsH,0H + 10AI(CoHs)s + 9CsHy —
s 3Ces(CsHy)s + 10AI(OCsHy)s + 6CaHe + 12C4H o
3) CC(CgHg)z +21 02 — CGOQ + 16C02 + 8H20
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4) Cey(CsHg)s + 32 O, — 2Ce0O; + 24CO;, + 12H,0
5) 2Ce0O, + H, — Ce,O3 + H,O
6) CGQ(C8H8)3 + 6H20 — 2CC(OH)3 + 3H2 + 3C8H8.

5. CtpyKTypHBIE (POPMYJIBI:

ﬂ o /OC4H8
Ce OC4H
/ N 4Hs
(= /Ce< /Cef

Ce cHg0 /[ ci ﬂ

@ C4HgO

6. lcxons n3 onucaHus, MPOUCXOAUT PEAKLINS:
Cey(CgHg)s — Ce(CsHs), + Ce(CsHy).

Xo — Ce(CsHs).

AHaoru JaHHOTO BELIECTBA JOJKHBI COAEPKATh aTOMBI JJAHTAHOHUJIOB B CTENIEHU
OKHCJIEHUS +2. 7 HECIIAPEHHBIX SJIEKTPOHOB COOTBETCTBYIOT KOHGHrypamuu 4/, uTo npu
3apsane +2 coorBercTByeT eBponuio, D — Eu. OtrcyTcTBHE HECTIAPEHHBIX IEKTPOHOB,
OOBACHSIOIIEE TMAMATHETU3M, pEAU3yeTCs pH KoHurypauuu 4714, uro mpu 3apse +2
cooTBeTcTBYET UTTepOUIo, F — Yb.

7. CTEXMOMETPHS U HENETYYECTh COOTBETCTBYIOT ITOJINMEPHOMY CTPOEHHUIO Xo:

wlce @

n

Cucmema ouernuearnusin.’

1 | Dnementsl A u B, ypaBaenue peakiuu — 1o 0.5 6ania 2 0ay1a
Ha3Banus — 0.5 Gamia

2 | BeiOop OGouibiiiero paccTostHus ¢ 00bsicHeHneM — 1 Ga 1 6ana
be3 obvsacnenus — 0 6annos

3 | 8 BemiecTs, 3Ha4YeHUs p U M —no 1 6amty 10 6am10B
Dopmynvl X1, X2, X3, X4, Xs, X6, C(OC3H;)m'CsH,OH 6e3 pacuéma
— 0.5 6anna

4 | YpaBHenus 6 peakuuii — o 1 6ammy 6 0as10B

5 | CrpykrypHblie hopmyiibl — o 1 6amry 2 das1a

6 | Xo, D, F—mo 1 6amny 3 0asi1a

D, F 6e3 oovsicuenus — 0.5 6anna

7 | Crpykrypa noiumepa — 1 6an 1 6ana

HUroro 25 6amioB
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Pemienue 3agauun 9 (asTop: Tpodbumon U.A.)
1.Ilo maHHBIM D3JIEMEHTHOTO aHaJdM3a oOcajka CcoJu A TMonpoOyeM YyCTaHOBUTH

CTCXHUOMCTPHUUICCKOC COOTHOIIICHHC C, Hu N:

neny N =—27r 287t 19T _ 1138:2.85:0.142~8:20: 1.

14.01

MOJIb

Takoe cooTHoIIeHHe COOTBEeTCTBYeT (pparmenTy coctaBa CsHyoN'; Hamuune B
cnekrpe 'H SIMP TpHUILUIETHOIO M KBAPTETHOIO CUTHAJIOB YKA3bIBAET Ha TO, YTO B
BEIIIECTBE COAEPIKATCS TOABKO 3THWibHBIC rpymmbl, Toraa CsHyoN = (C,Hs)sN", katnon
TeTpa’TwiiaMMoHusd. B mpeanonoxenuun, yto ¢dopmyna comu A — ((C;Hs)sN),An,
MoJisipHas Macca conu paBHa 702.9n r/monb. Torma Ha aHMOH NPUXOAUTCS Macca
572.6n r/monb. Tak kak Macca 3TOTO aHMOHA YK€ BECbMa BEJIMKA, MPEATNOI0KUM MOKa,
yto n = 1. JInsa panpHEHIIUX pa3MBIIUICHUN KpailHE MOJE3HO MPOYUTATh TEKCT BCEM
3a/1a94 — MOKHO OOHAPYXKHTh, YTO sAApa M30Tona °X SBISIOTCS MATHUTHBEIMH, M UX
UCNONB3yI0T B cnekrpockonuu SAMP. Torma i OUEHKH cocTaBa A MOXHO
BOCIoJdb30Barhesl npudmmkenueM M(X) = 93 r/monb. Torma 3a BeiueTroM 93 r/mob
octaércsa 479.6 r/Monb, 4TO BecbMa OJNM3KO K Macce 6 IKBUBAJIEHTOB OpomMa — 4TO
CXOIMTCS C METOMIOM IMOJy4YeHHs Z, B KOTOPOM HCIOJb3YETCA a30T, HACHIIICHHBIN
napaMu Y IpyU KOMHAaTHOW TEMIIEPAType — 3HAYUT, Y SIBJIAECTCS JIETYYUM ITPU KOMHATHOU
TeMIieparype, OpoM Mojl TOT KpuTepuil moaxoaut. Torna, HaKOHEI, MOXKHO MTOHSITh, UTO
Macca MeTajljia JIEHCTBUTENBHO Onn3Ka K 93 1/Mob, B 3TOT MeTailia X — Huoowuii Nb.

Takxe Y — 6pom Brz, Z — nenradbpomua Huooust Nb2Brio (unu NbBrs),

W — 6pomua terpastusiammonus (C2Hs)sNBr,

A — rekcabpomonno6ar(V) terpastunammonus (C2Hs)sN[NbBreg].

YpaBHEHUS peaKUnil 1—3 :

I) Nb + SHNO; + 6HF - H[NbFé] + 5NO,t + 5H,O

i Nb + SHNO; + 7HF —— Ho[NbF5] + 5NO»1 + SH,0:
250 °C, Tok N,

2) 2Nb + 5Br; Nb,Bro;

SOBry, T.t.
3) NbyBrio + 2(CaHs)sNBr ——2—"" 2(C,Hs)sN[NbBr] .

2. Tuonmn6pomug SOBr, mpensiTCTBYeT TMAPOIM3y MNeHTaOpomMuaa HUOOHUS B XOZE

peakuuu, BCTymnasi B peakiuto BMecto Hero: SOBr; + H,O — SO,1 + 2HBr.

3. Tak Kak cOCTaB COM A HaM M3BECTEH, a B criekrpe *°Nb SIMP conepuTcst CUrHaI IpH
0 M.1., HamboJee ECTECTBEHHBIM TMPEANOIIOKEHHEM OyaeT, 4rto coib B sBisercs
aHanmoruuHbiM  rekcaxjoponuob6arom (C:Hs)sN[NbClg] (6pom sBrsiercss MeHee

IEKTPOOTPULIATENIBHBIM, @ MTOTOMY JIOTUYHO Hajmuuue cuHranoB AMP c

CH3
d MEHBIIMMHA 3HAYCHUSIMU O, OJUH M3 KOTOPBIX COOTBETCTBYET AHHOHY
/] _
/N/ [NbBI‘(,] )
Br//,
BrerNb-1Br IIpu pactBopeHuun Nb,Brjp B ameToOHUTpHIIE TPOUCXOIUT €TI0

Br conpBonm3 ¢ oopazosanrem Nb(NCCH3)Brs, KOTOpBIi 1 TaET CUTHAT TIPH
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—640 m.1. DTO 3HAYCHWE B KOMOWHAIIUW C TOCIEIYIONUMHU PACCYKICHUSIMH B TI. 4.
MO3BOJISIET YCTAHOBUTH COOTBETCTBUE CUTHAJIOB B JIPYroM pacTBope. IIpednonodcenue
00 asmoouccoyuayuy muna

NbgBl”jo + 2CH;CN (:)Nb(NCCHg)gBl/'4+ + NbBI/'{
He noomeepoicoaemcs us-3a naauyus 6 cnekmpe *>Nb AMP monvko 001020 cucnaa.
4. Xots n3HadanbHO pacTBop A U B comepxkut numb annonsl [NbClg]™ u [NbBrg], ot
KOTOPBIX JIOJKHO OBITH JIUIIB JBA CUTHAJA, B KOHEYHOM PAacTBOPE Mbl HAOIIOAEM CEMb
curHanoB. I[lockonbky O snep Tem Oosblle, 4em Oosee 3IeKTPOOTPHUIIATEIHLHO
OKpYXXEHHE, a aroMbl Br MeHee ayeKTpooTpuiatenbHbl, 4eM atoMmbl Cl, MOXHO
npennoxkuth cooTHeceHne [NbClg] cOm.a. u [NbBrg] ¢ —731 m.n. Ilocnennee
noarBepxkaaercs 3HaueHuemM xumciaura Nb(NCCH;3)Brs, ycraHoBieHHOro B
MPEIBIAYIIEM ITyHKTE.

EcTb 1Ba BOBMOXKHBIX ITPOIIECCa, KOTOPHIE MOTYT MPUBOAUTH K 00Pa30BaHUIO HOBBIX
yacTuIll (KaK CJIEICTBUE, K POCTY YHCIIa CUTHAJIOB B CIIEKTPE): 3aMEIICHUE TrajloreHu -
MOHOB Ha MOJIEKYJIbl pPACTBOPUTEISI UJIM OOMEH TaJIOTeHU]I-MOHAMU MEXIy YaCTUIIAMU
[NbClg]” u [NbBrs]. IlepBriii mporecc AOMKEH MNPUBOIUTH K POCTY 3HAYEHUS O,
MOCKOJIBKY CHMKAETCS TNIOTHOCTh AJIEKTPOHHOTO 00J1aKa BOKPYT si/Ipa HUOOUS B HACTHUIIE
Nb(NCCH3)Xs mno cpaBHeHUI0O ¢ ucXogHbIM HoHOM [NbX¢], kak 3T0 ObLIO
npoaeMoHcTpupoBaHo B 1. 3. Jlns kommuiekca [NbClg]™ 3T0 mpuBeno Obl K HaIHUYUIO
CUTHAJIOB C MOJIOXKUTEIHHBIM XUMCJIBUTOM, YETr0 HE HAOMI0NaeTCs. 3HAUUT, MPOUCXOIUT
oOMeH TayioreHu]I-uoHamMu ¢ oOpazoBanueM psna u3 7 4dactuil [NbBrClex], uro
JOTIOJTHUTENBHO TOATBEPKIAETCA KOJIMYECTBOM CHUTHAJIOB. OHAKO I YacTHIl C
2<x<4 BO3MOXHa NIPOCTPAHCTBEHHAasl HM30MEPUSI — YUC- U MPAHC-U30MEPHI s
cinyyaeB X = 2,4 u epan- n oc-uzomepsl 1 [NbBr;Cls]™. Torna, ¢ yuétom n3oMepos,
BCETO B paCTBOpPE MOKHO HalTH 10 pa3aIuyHbIX HUOOUKCOAEPKAIUX YACTHUIL. XUMCJIBUT

anep **Nb B cocTaBe 3TUX M30MEPOB OTIMYAECTCS CIa00 — U3-3a 3HAYUTENHHOM IIUPHHBI
CUTHAJIOB OTJICJILHO MX Pa3IUYHTh 3aTPyIHUTCIBHO.

5. Ilpomoimkasi pacCykJICHHUs, Ha4YaTble B MPEABIIYIIEM IYHKTE, MOXXHO COOTHECTH
ocTaBIMecs curHaibl ¢ komruiekcaMmu [NbBrClg ]

Curnan | 1 2 3 4 5 6 7
o,ma | 0| —132 | -258 | 27?7 | =501 | 2?7 | -731
X 0 | 2 3 4 5 6
PaccMoTpum pasHOCTH XUMCIBUTOB Ad MEXKy U3BECTHBIMU CUTHAJIAMH.
Curnan | 1 2 3 4 5 6 7
o,ma. | 0| —132 | -258 | 27?7 | =501 | 2?7 | -731
X 0 1 2 3 4 5 6
AO, M.]I. -132 | -126 —243 -230

MosxHO 3aMCTUTh, YTO PA3HOCTb XHMMCJABUIOB MCKAY COCCAHMMH CHIHAJIAaMH
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HEMOCTOSTHHA. MOYKHO TIPEITIONKUTH JUIsl 3aBUCUMOCTH Pa3HOCTH COCETHUX XUMCIIBUTOB
oT X caeaymIyo Gopmyny: d(x) —o(x — 1) = Ady + dAox.

Hcxons u3 Takoro npubImxkeHus, monpodyem HaiuTu rmapamerpsl Ady u dAJ:
Ady + dAS = —132
{ASO + 2dA§ = —126
Otcroga dAS = 6 u Ad, =—138. Ucxonst u3 Takoro npuOIMKEHUSs, MOTYUYUM
0(4)=-258 - 138 + 6:3 =-378 m.a. u 6(6) =501 — 138 + 6:5 =—609 m.x1.

Jpyroii BapraHT 00s1€€ CII0KEH U CBSI3aH C 3JICKTPOHHOM MJIOTHOCTHIO BOKPYT SIEp
%Nb. IlpemnoxuM MOZENb, B KOTOPOM Ha DIEKTPOHHYIO IUIOTHOCTh BIUSIOT HE
oTnenbHbIe CBsi3U, a «yronku» X—Nb-Y (X, Y = Cl, Br). 1o u3BecTHbIM XUMCABUTAM
MOKHO PacCUUTaTh BKJIAJbI PA3HBIX YTOJIKOB Ox_y:

cl - Br - Br -
Cls, | WCl Cl, | .Cl Br,, | . Br

Nb Nb. Nb.
c1” | Yci c1” | Yci Br” | YBr

Cl cl Br

1260|—C| =0 880|_C| + 468r-CI =-132 1268r-Br =-731

Toraa dcic1 = 0, dprc1 = —33, Opr-Br = —60.92. B Takom ciryqae MOXHO pacCUUTaTh
xumcasuru >Nb B coctase pasubix mHoHOB [NbBr;Cl3] u [NbBrsCl]

[NbBrsCls]

/ Br ~ Br ‘\ Br ~

Cl,, | «Cl Cl,, | ClI Br,, | Br
Nb. Nb. Nb_

c” | YBr Br” | “Br Br” | “Br
Br o] o]

23¢).c) + 83ar.c1 + 28pr8r = -386  33¢i.c) *+ 63a..c) + 30gpr = -381  83p.p, + 49p.c = -619

[Ipu Ttakom npubmxenun xumciapuru —386 wmu —381 m.a. (o1 U30MEpPOB
[NbBr;Cl3]") m =619 m.a. (ams [NbBrsCl]"). Ha camom nene curHansl 4 u 6 MMEIOT
xumudeckue caBurd —380 m.a. u —621 M. 1.

Ecnu oice ucnonvzosams nunelinoe npubnudicenue o(X) = 0gX, Mo NOIYUUM
xumcosueu —366 m.0. u —609 m.0. coomeemcmeeHHO.
6. BemectBo C — nenrtaxnopun Huoous Nb2Clio (i NbCls), Tak Kak U3 HEro MOXKHO
noryuuThb (CyHs)4N[NbCls] (B). Cyns mo onucanuto, IpuBeIEHHOMY B YCIIOBUH 3a/a4H,
MOKHO OXKHUJAaTh IMPOTEKaHUs MIPOIIECCOB THIIA:

NbCls + xCH3;0H — Nb(OCH;),Cls_ + xHCIT.

[TocTpouB rpaduk M MPEANONOKUB JTUHEHHYIO 3aBUCUMOCTb TUMA 0 = ax + b,

MOYKHO YCTaHOBHUTb, UTO a =~ —168, b = 324.
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-400

| |
——8=-167.6x - 324.5
T I

-500 Equation Vet

] Plot 5

1 Weight No Weighting
600 4 Intercept -324 45714 + 20 15465

Slope -167.62857 +5.64443
Residual Sum of Squares 557 54286
] Pearson's t 0.99887
-700 R-Square (COD) 0.99774

] Adj. R-Square 0.99661

-800 ] .

o (ma.)

-900 ]

41000 .\
-1100 ]
] \.

T 2 3 4 5
X

Tax kak BemecTBy D cootBercTByeT curnai 11 (x = 5), MOXKHO c7ieaTh BBIBOI, UTO
310 — neHTameTminar Huooust Nb(OCH3)s. YpaBHEeHUE peakiiK €ro MOJIyYeHHUS:

4) NbCls + SCH30H + 5NH3; — Nb(OCH3)s + SNH4Cl.
7. Tak kak BemectBo E o0pa3syeT pacTBOp, COAEpXKAIIMK paBHbIE KOJIUYECTBA
Nb(OCH3)Cls u Nb(OCHj;);Cl, (0 uém MOXHO cienarb BBIBOA IO  PaBHOMU
WHTCHCUBHOCTU CHUTHajJoB 8 u 9), HaumOornee JOTMYHO Mpearonararb, 4ro OHO

-1200 4

npenctasisier coooir Nb(OCH3):Cls. CorntacHO TuHEHHOMY TPUOIMIKEHUIO, 3HAYCHUE
€ro XMMHYECKOTO CABUTA COCTaBISIET o(2) = —168-2 — 324 = —660 m.a. (paxTuyeckoe
3HayeHue —650 m.1.).

BcenenactBue  TepMoaMHAMUYECKUMX MOPUYMH  (TIOBBIIIEHHOW PacTBOPUMOCTH
Nb(OCH3);Cl, B MeTaHoisie 10 cpaBHEHHIO ¢ OeH3070M) pactBopbl E mo omucanHoM
MPOIIeType MOYIUTh HEBO3MOXKHO. [Iponcxonut «aucnponopiimonupoBanue» E:

5) 2Nb(OCHj3),Cl; 2 Nb(OCH3)Cly + Nb(OCH3);5Cl.

Jns sToro mpomecca KOHCTaHTa PaBHOBECHUS Kp BBIUMCISETCS TO HM3BECTHOU
MHTEHCUBHOCTHU curHana »°Nb SIMP, coorsercTByromero semectsy E; npuMem o61ryro
MHTEHCUBHOCTh CUTHAJIOB 3a €IUHUIlY, B TakoM ciydae Ha E npuxomurcs 0.05, a Ha
Nb(OCH;3)Cls u Nb(OCH3);Cl, o (1-0.05)/2 = 0.475:

[Nb(OCH3)CL,][Nb(OCH3)3Clp] _ Igly _ (0-475)2 =9(.25.

K. =
p [Nb(OCH3),Cl3]? 1152 0.05

Jlureparypa:

1) C. Furlani, E. Zinato. Z. Anorg. Allg. Chem., 1967, 351, 210-218.

2) R. G. Kidd, H. G. Spinney. Inorg. Chem., 1973, 12(9), 1967-1971.

3) G. R. Lee, J. A. Crayston. J. Chem. Soc., Dalton Trans., 1991, 11, 3073-3076.
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Cucmema ouenusanus:

®opmysbl BemectB A u W — Z — o 1 6amny 8 6aJsL10B
VYpaBHenus peakiuii -3 — o 1 6amny

VYka3zaHue Ha npensTcTBue ruaponusy Nb,Brig 1 6aan

®opmyna conn B — 1 6amn 2 das1a
Crpykrypnas dhopmyna Nb(NCCH;3)Brs — 1 6amn

KonuuectBo wacTu: 2 da1a
10 uonoe c noanvim obvscuenuem — 2 bauna

7 UOHOB8 NO YUCTy cucHaios (bes yuéma uszomepuu) — 1 6ann
JItoboe Opyeoe wucno unu ¢ HegepHviM obvsicheHuem — () baninos

®opmysl kommiekcoB 1 — 7 — o 0.5 6amna 6.5 0as10B
[Ipennoxkenne agauTUBHOW (HOPMYNBI I pacuéra XUMCIBUTOB
(uepes 3amenienue ClI™ Ha Br unu yepes ymisl) — 1 6amn

3a nunetinoe npubnusxcenue — 0.5 banna

Pacuér xumcnBuros curnanoB 4 u 6 — o 1 6amry

®opmyna BemectBa D — 1 6amn 2 das1a
VYpaBuenue peakuuu 4 — 1 6amn

®opmyna BemiectBa E — 1 6amn 3.5 dasna
Pacuér 3nauenus xumuyeckoro cupura — 0.5 6anna
VYpaBHeHue peakuuu 5 — 1 6an

Pacuét xoHcTaHTHI paBHOBECHS — 1 Oan

HUTOI'O: 25 6aJi10B
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Oprannyeckasi XuMus

Pemienue 3agauu 1 (aBTop: Ajgekcees P.C.)

1. U3 Opyrro-dopMynsl (BBICOKAs CTEICHh HEHACBHIMIEHHOCTH) M YIMOMHHAHUS TIPO
WHCEKTUIIM]I MOXXHO CJeNaTh BBIBOA, YTO coeAuHEHHeM X sBIseTCS Ha(TaluH.
BzaumoneiictBue Hadrammna ¢ H,SOs (KOHII) TpH TOBBIIIEHHOW TeMIIEparype
COMPOBOXKJAETCA O0OOpa30BaHHEM TEPMOJMHAMUYECKH KOHTPOJIUPYEMOIO TMPOAYKTa
cynbupoBarus — HapTamuH-2-cyabGHOKUCIOTH A. CnekaHue Cymb(OKUCIOT C
mIENOYBI0  COMPOBOXKIAETCS  3aMelieHneM cyiaborpynnsl  Ha OH-rpymmy ¢
oOpazoBanueMm 2-nHadrona B. bpomupoBanue 2-nHadrona nByMsi SKBUBajeHTaMu Br
IPUBOAUT K MOJTYUYEHUIO AUOPOMIIPOU3BOIHOIO, OJHAKO J1ajle€ HYKHO YCTaHOBUTD, IO
KaKUM TIOJIOKCHUSIM ~IPOTEKAaeT peakuus. [WIOpoKCuibHas TpyImma SBISETCS
AIIEKTPOHOJOHOPHBIM OpMo/napa-opueHTaHTOM, MO3TOMY MOXHO MHPEINOJIOKUTh, YTO
OpomMupoBaHue UACT B mojoxkeHus 1 um 3. OgHako TakoW MPOAYKT HE MOAXOIUT IO
naHHbIM cnektpockonuu AMP, mockonbky aromel H B monoxkeHusix 6 u 7 OyayT
B3aMMOJICHCTBOBATh Cpa3y C JIByMs «COCEASIMU», B PE3YJIbTaTE€ UX CUTHAJIBI TOYHO HE
OynyT mybneramu (B peaJbHOCTH OHHM OyayT nybneTaMu ny0neToB, KOTOPbIE BU3YyaIbHO
BBIIVISIIAT KaK TPUILIETHI, TAK KAK KOHCTAHThI CIMH-CIIMHOBOTO B3aUMOJICUCTBUS MEXKITY
npoToHaMu 5 U 6, 6 1 7, 7 1 8 OIU3KKU; BOPOUEM, JIJIs PEIICHUs 3HATh 3TO HE TPeOyeTcs).
3HaYuUT, aTOMbI OpOMa OKa3bIBAIOTCS B COCTABE JABYX Pa3HbIX LIMKJIOB HAa()TaIUHOBOU T-
cucteMbl. Tak Kak ay6neros B criekrpe SIMP 'H 10/KHO OBITH 4ETHIPE, OMH aToM OpoMa
JIOJDKEH OKa3aTbhCs B MOJIOKEHUU 1, a BTopoil — 1100 B MOJI0KEHUHU 6, THOO B MOJIOKEHUH
7. PacniicaB pe30HAHCHBIE CTPYKTYpbl [JIsl JIByX aJbTEPHATUBHBIX G-KOMILJIEKCOB,
HECJIO)KHO 3aMETUTh, YTO MNpU BBeAeHUM Opoma B mnonoxenne 6 OH-rpynma
CTa0MIIM3UPYET G-KOMIUIEKC 32 CUET MOJOXKHUTEIBHOTO Me3oMepHoro s¢dexra, B TO
BpeMs KaK P 3aMEIICHUH B MOJIOKEHHUE 7 TaKOM BO3MOXHOCTH HeT. Takum oOpazoM,
OpoMHpOBaHUE IPOTEKAET CIIepBa B MOJIOKEHUE 1, a 3aTeM B MOJIOKEHHUE 6, COeTMHEHNE
C - 1,6-mubpomHadTon-2 (B cxeMe HUKE OKOJIO €ro CTPYKTYphl 0003HAYECHBI
MyJIBTUILIETHOCTH curHajioB SIMP coorercryromux saep 'H). B cnekrpe SIMP 'H
BemecTBa D Taxke deTeipe ay0sieTa, HO CHUHIJIETOB y)X€ HE JIBa, a TPU. ITO MOXKHO
OOBSCHUTH TOJILKO BOCCTAHOBUTEIBHBIM JIETAJIOT€HUPOBAHUEM TPU JIEUCTBUM OJIOBA B
YKCYCHOW KHCJIOTE C oOpa3oBanueM 6-OpomHadTona-2. BsaumonelictBue 6-
opomHadTona-2 D ¢ qumeTmicynbdarom B MPUCYTCTBUU KapOoHaTa Kaiaus (OCHOBAHNSA)
sBrsgeTcss MetunupoBanreM OH-rpymmbl, TpuBOmAIIeM K TOMYYCHHIO 2-Opom-6-
metokcuHadTanuua E. Bzaumopeiicteue coenuuenns E ¢ MeTalIMueCKUM MarHueM B
TI'® conmpoBokaaeTcst oOpazoBaHUEM peakTHBa [ puHbspa, NPUCOESIUHEHUE KOTOPOTO K
N,N-numetundopmamMuy TPUBOAUT K  00pa3oBaHHI0  6-MeTOKCHMHA(TaIUH-2-
kapOanpaeruga F. AnpAoiabHO-KpOTOHOBas KOHAEHcalus Mexay anpaerugom F u
alleTOHOM MPUBOIUT K 4-(6-MeTokcu-2-Had T )OyTeH-3-ony-2 G. Boccranosnenue a,f3-
HEenpeaenbHoro keroHa G B X0[€ KATAIMTHUYECKOTO THAPUPOBAHUS MAET ILEIEBOE
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coenquHenne H — nexkapcTBeHHbI npenapat HAOyMETOH.

OO H,SO, (KoHu.) OO SOsH 1) NaOH, 300 °C OO OH B (2 5k
- - _—
180 °C 2) H,0* AcOH
A B

X
Br
OH OH Mest4
- .
Br “ AcOH K2CO3
100 °C Br aueToH
OMe 1) M oM oM
OO e el OO :
- .
BrMg 80

3) H30+
O OMe OMe
- I e LI
.
10% NaOH, H,0 N Ni Peres
o} o}

2. U3 onucanus coenuHeHUs Y JIOTUYHO CJIEAYET, YTO 3TO a3yJeH, SBISIOMIMNACA
€IMHCTBEHHbIM NPHUMEPOM OKpALIEHHOTO B CHUHUH LBET YIIEBOJOPOJA IPOCTOIO
ctpoenus. Ilpu HarpeBanum a3yneH Y wu3omepusyercs B HadTamuH X, OpH €ro
B3aMMOJICHCTBUM C CEPHOM KUCIIOTOM oOpasyercs coib I (CHHSIA OKpacka ucYe3aeT).
MaccoBoe conepkanue 6poma B J yKas3plBaeT Ha TO, YTO 3TO JUOPOMIIPOU3BOIAHOE
coctaBa CjoH¢Br,. Takum o6pa3zom, npu OpomupoBanuu Y u30BITKOM Opoma
npoucxoaut obpazoBanue 1,3-muOpomasynena J. PernocenekTuBHOCT, OpOMUPOBaHUS
OTIpEIEISIETCS, BO-MIEPBBIX, HAJIMYKUEM OTPHUIIATEIHLHOTO 3apsija B MATUYICHHOM ITUKIIE, a
BO-BTOPBIX, HAaJMYMEM BBITOAHON PE30HAHCHON CTPYKTYphl C COXPaHEHHEM

ApOMATHYHOCTHU CEMHUYJICHHOI'O IMKJIA JJII COOTBETCTBYIOIICIO G-KOMIIJICKCA.
Br

e Y TH Br
HSO4 300 °C !
| |

X

Oxpacky a3ysieHa OOBSCHSIOT HAaJMYHUEM y HEro AMIOJIbHOIO MOMEHTA, KOTOPHBIH
CBSI3aH C BHYTPEHHHM pa3ielieHUEM 3aps0oB B €ro MoJeKyile. OTy OUIMOJSPHYIO
OpUpONY asyjeHa MOXXHO OOBSICHMTb, pPAcCMarpuBas €ro Kak COYJICHEHHe O7-
DIIEKTPOHHOTO  IUKJIONEHTAJUEHUIBHOTO aHUOHA W OTM-3JEKTPOHHOIO KATHOHA
TPONWINSA: OAMH DJJIEKTPOH U3 CEMUWICHHOTO KOJIbLA IEPEHOCUTCA B IMATHYICHHOE
KOJIBIIO, YTOOBI MPHUAATh KAXKIOMY KOJIbIY apOMAaTHYECKYI0 CTaOMIIBHOCTh IO TPABHITY
XIOKKeNs 1 00eCIeunTh apOMaTHYECKUN XapaKkTep BCe MOJIEKYIbI B LIETIOM.
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B kauecmee npasunvnoco omeema MONCHO NpuHAMb OOYI0  NPABUTLHYIO

DPE30HAHCHYI0 CIMPYKMYPY C pa30eleHueM NOJIOHCUMENbHO20 U OMPUYAMETbHO20 3aPsi008
MeAHcOy CeMUUTIeHHbIM U NAMUYTEHHBIM YUKLIAMU.
3. Ilpu HarpeBaHuM AUMEpa LUKIOINEHTAINEHA MPOUCXOOUT peTpo-peakuus Junbca-
Anpaepa ¢ 00pa3oBaHMEM MOHOMEpPHOTro IukioneHtaaueHa K, KoTopeii mnpu
KOHAeHcanuu ¢  amdTwianeraneM N, N-gumetundopmamuga  obpazyer  6-
muMeruinamuHopynsBeH L. Ilpu B3auMonelicTBum OyTaJuMeHa C JHOKCHUIOM CEpbI B
pesyiabTare = 0O0paTUMOIl  XeNeTpomHOM  peakuuu  oOpasyercs  3-CynbQoieH
(byramuencynbpoH) M, KOTOpBI MpUCOCTUHSIET OpOM II0 JBOMHOM CBSI3H C
obpazoBanueMm mparc-nudpommponsBogHoro N. {ubGpomcynbdonan N noa nercTBuemM
ruapokcuaa Harpus B TI'D npu oxJaKaeHUM MOJABEPraeTcs SIUMUHHPOBAHUIO JBYX
skBuBasieHTOB HBr ¢ 06pazoBanuem 1,1-nuokcuaa tuodena O. 3,3-{umeTriiinokcupan
(DMD) - oxucnutenb, KOTOPBIM BBOJUT B MOJIEKYTY OJMH aTOM KHCIIOPOA.
Hcnonb3oBanue mia okuciienus P nByx skBuBaneHtoB DMD ykassiBaeT Ha 1o, uto P —
sT0 THO(DEH. [ns oxucnenus tnodena B O Takke MOXKHO HMCIONb30BaTh HAAKUCIOTHI
(manpumep, m-CPBA). N N-JlumetunamunodynsBen L mpeacrtaBiser coOoi
CTaOMJIM3UPOBAHHBIA JUMONb, KOTOPHIM MPUCOEAUHSETCA K JUEHOBOM cucteme 1,1-
muokcuaa THodpeHa O 1O MyTH TEPMUYECKH Pa3pemi€éHHOTO [6+4]-IMKIOnpUCco-
€IMHEHMS], UTPAIOILIETO KITFOUYEBYIO POJIb B COOPKE a3yJ€HOBOIO CKEleTa, C 00pa30BaHUEM
nukinoaanykra Q. Ilocne xenerpomnHoro [4+2]-anumuHupoBanus okcunga cepbi(IV)
MPOUCXOANUT HTMMUHUPOBAHUE TUMETUIIAMUHA ¢ 00pa3oBaHuEM a3yieHa Y, a IBIKYLIEH
CHUJION BCEro mpoliecca pacnaga QUKIoaaaykra Q sBisieTcs apoMaTu3aiiusl.

OEt
50°C_ @ EtO Et0” “NMe, @Z/NMez
40 °C
L
Br Br
— N (2 akB.)
SO 7 \ / \ / \
o~ 2 Br, _NaOH _ )Q
130°C,p 8] 60°C S THF,0°C_ St S
@) P
M N o
Me2N MezN) 00
N\
G 65°c | MeN c
- _— =
- S0,
- Me,NH v
Q
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4. Bapbupyst pazmepsl IUKIIOB AajibIlle, MOXXHO MPEANOIOKUTh CTPYKTYPY COCTUHEHHUS
Z. ¢ COUYNCHEHHBIMU YETBIPEX- U BOCBMUWICHHBIM LUKJIAMU. XOTS KaXIbIA U3 ITHUX
IIMKIJIOB caM 1o cebe OyldeT aHTHAapOMATUYHBIM MPH IJIOCKOM CTPOEHHUHU, COUJICHEHUE
ATUX IUKJIOB B TUIOCKYIO KOHJICHCUPOBAHHYIO CTPYKTYpPY AAET CTAOUIIbHOE COCIMHEHUE
ounukio[6.2.0|nexanenraeH  Z. Jlanee paccmorpum ero cuHTte3. OOiydyeHue
ounukino[4.2.0]okra-3,7-1ueH-2,5-1M0Ha B NPUCYTCTBUM alETUIEHAa NPUBOJUT K
oOpazoBannio [2+2]-umknoanaykra R. BoccranoBnenune kapOOHWIBHBIX Tpymdm ¢
nomotibio LiAlHs mo3BonseT moay4yuTh TPULMKIMYECKUH AMON S, KOTOPBIN 3aTeMm
npeBpamaT B Me3wnar T ¥ moaBepraroT 3JIMMUHUPOBAHUIO TOI ACHCTBUEM mpem-
OyTwiiata Kajus B CMECU JTUMETUICYTbGOKCUI-TETPAruapodypan Ipu OXJIAKIECHUU C
oOpa3oBaHueM TpuLUKInYeckoro TerpacHa U (permoceneKTnBHOCTb 0Opa30BaHUs
JIBOMHBIX CBSI3€1 OMHO3HAYHO YCTAHABIIMBACTCS M3 HAJWYUS IUIOCKOCTH CUMMETPUH).
HarpeBanne coenunenuss U B Oen3one npu 100 °C mpuBoaut K 0Opa3oBaHUIO
OMLIMKIO[ 6 2.0] ):[eKaneHTaeHa Z.

HC=CH_ L|AIH4 MsCI (4s6.)
T EN
'BUOK (136.) 100°C_
— II — |
DMSO-THF
0-25 °C
OMs z

Cnucok aumepamypol:
1) C. Prabhakar, G. Bakki Reddy, Ch. Maheedhara Reddy, D. Nageshwar, A. Sivalakshmi
Devi, J. Moses Babu, K. Vyas, M. R. Sarma. G. Om Reddy, Org. Proc. Res. Dev., 1999,
3, 121-125.
2) D. M. Lemal, G. D. Goldman, J. Chem. Educ., 1988, 65, 923-925.
3) M. Oda, H. Oikawa, Tetrahedron Lett., 1980, 21, 107-110.

Cucmema ouenuganus:

1. | Crpyktypsl coenunenniit X u A — H —no 1 Gamry 9 0ass10B

2. | Crpykrypsl coenunenuit Y, I u J — o 1 Gamry 4 dan1a
OObsicHeHHE OKpacKH a3yjleHa C TOMOIIbI0 PE30HAHCHBIX
cTpyKTyp — 1 Gamn

Crpyxkrypsl coequnennii K — Q —mo 1 6amry 7 6ass10B

Crpykrypsl coeauHennii R — U u Z — o 1 6amny 5 0asu10B
HUTOI'O: | 25 6an10B
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Pemenue 3agauu 2 (asTop: Jenucos B.C.)

1. Ha nepBoii craguu (+)-myJeroH BCTymaeT B pPeaklUio dIOKcHuaupoBanus. Jlanee
MOJTyYEHHBIHN SMOKCHU]T A pacKpbIBaeTCs THO(EHOIAT-HOHOM (aTaka Hykjieopuia uaeT mno
aroMy yriepoja, akTUBUPOBAHHOMY KapOOHWJIbHOW rpymnmoi). OOpa3yomuiics aHuoH
pacnazaercs Ha aleTOH M €HOJSAT-UOH N0 MEXaHHU3MY PETPOANIbIOJIbHON KOHACHCALHH.
JaneHeitmas HedTpanuzanus enonsata qaét peauntuoketon B. [pu neiictBun mCPBA
npu —78 °C HPOUCXOTUT OKHUCIIEHHE CYIb(UIHON Tpymdmbl 10 cyabpokcuaHou. [Ipu
HarpeBaHUU CYJIb(POKCH pacragaeTcs ¢ oOpazoBaHueM d,B-HempenenbHoro kerona C.
Takoe mporekanne cragui A — B — C OIHO3HaYHO YCTaHABIMBAETCA U3 JaHHBIX
cnexkrpockonuu SIMP 'H nns Bemectsa C. Tak, B CIIEKTPE NPUCYTCTBYET TOJILKO OIMH
CUTHAJ OT METWJIbHOM rpynmnbl (¢ MHTEHCUBHOCTHIO 3H), 4TO TOBOPUT 00 OTILIEIUIEHUH
aneToHa, a curHaisl npu 6.69 m 6.01 m.a. ykaspiBatoT Ha Hamuuue cBs3u C=C,
CONpPSKEHHON ¢ KapOOHMWIBHOM rpynnoid. CTOUT OTMETUTh, YTO MPOTOHBI METHIIEHOBBIX
rpynnl B C SBISIIOTCS JMAcCTEPEOTONHBIMU — H3-3a HAJIWYUS CTEPEOLEHTPAa OHU
HEIKBUBAJIEHTHbl M JIalOT 4YEThIpE CUTHAJIA HWHTEHCUBHOCThIO 1H ¢ pasHbiMu
xuMuueckumu casuramu. [Ipu neiictBun Ha C Moaa M NUPHUIMHA TPOUCXOIUT BBEJICHUE
M0Za B 0-TIOJIOKEHHE K KApOOHWIIbHOM TpyIe (MEXaHU3M MPOLlecca ONMCAaH HIKE B 1. 2).
Crnenyromas craaus NpeacTaBisgeT co00il NPHUCOETUHEHHE IOJyYEHHOIO HOJCHOHA K
AKPUWJIOHUTPUIY 1O paJUKaJbHOMY LENHOMY MeXaHu3My (Takxke cMm. 1. 2). [lanee
IIPOBOJIUTCS OCTAHOBKA KETAJIBHOW 3aIUThI HA KApOOHWIIbHYIO IpyIiny coeanHenus D ¢
MOCJIETYIOIIM BOCCTAHOBIIEHUEM HI/ITpI/IJ'Ia 1o amuHa E amroMoruapuiom JuTHs.

o o ? sph o°
_ PhCO,H PhS SPh 2) NH,CI
—_— > 4> D ———
NS H,O

A

SPh 1) mCPBA _ SPh 2)77°C_ |2
- .
-78 °C Bu3SnH AIBN
80 °C
oN L|AIH4
—
TSOH 145 °C

[Ipu nelicTBUM 3TWiIATa HATPUS mpem—6yTHJ1aueT0aueTaT JETIPOTOHUPYETCH,

MOJTyYCHHBIN KapOaHWOH HYyKJIe0hUIHbHO IprcoenuuseTcs K cBsizu C=C akpuIOHUTpHUIIA
no Muxadmio. Jlamee mNpoOBOAAT KETOHHOE pACHICIUICHHE CIIOXKHOTO 3upa mpH
HarpeBanuu ¢ TsOH, uyto paér S-okcokanpouutpun F. B peakuuun F — G
CTEXMOMETPUUYECKUM PEAreHTOM SBJSIETCS TOJBKO BOAA, OCTAaJbHBIE BEIIECTBA —
KAaTaJIN3aTOpbl. 3HAUUT, NPOUCXOAUT TUIAPOJM3 HUTPUIBHOW rpynnbl. [lockonbky
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HpOI[YKT KOHJICHCAIIUN E n G COI[ep)KI/IT JABa aroMa a30Ta, OAWH N3 3TUX aTOMOB OJOJIXKCH
BXOJIUTH B cocTaB G, OTKyI[a CIIEIYET, UTO I/II[éT YaCTUYHBIA TUAPOJIU3 10 aMHUJIA.
/\CN 2) TsOH, 150 °C _

I X e )‘\& L

NOH (kat.)
90 °C

-CO,

[Ipu oOpabotke mponykra koHaeHcanmu E u G au-mpem-O0yTunaukapOoHaTOM
IPOUCXOAUT TOCTAHOBKA 3alllMThl Ha amuHorpymmy. Ha craenyromeir craauu
ucnonb3yercsa okucautesib Pb(OAc)s. Cyns 1o CTpyKType KoMIUTaHaAuHA A, OKUCITIEHUE
(KaK ¥ BCe MOCIENYIOUINE CTa UM, 3a UCKIIIOUEHUEM yaaneHus Boc-3ammuThl) npoTekaer
[0 TEeTEPOLUKINYECKOMY (parMeHTy, KOHJIEHCUPOBAaHHOMY C KapKaCHOW YacThlO
MOJIEKYJIBI. Pa3yMHBIM BapHaHTOM SIBISIETCS OKHUCIEHUE 1O IPOU3BOMHOIO NMUPHUAMH-
2(1H)-ona H, koTOpbIil CylIeCTBYET B TAyTOMEPHOM PABHOBECHM C COOTBETCTBYIOIIUM
IPOU3BOJHBIM MUPHINH-2-071a (TaKash CTPYKTypa TAaKXKe 3aCUMTHIBAECTCS B KaueCTBE
npaBuibHOro otBera). llocTaHOoBKa TpuUdIaTHOW Tpynmbl Ha CIEAYIOMIEH CTaauH
npuBOIUT K oOpazoBanuto npoaykra I. Crenyromias craaus AOBOJIBHO HEOUYEBU[IHA,
NO3TOMY BHayaje pacCMOTPHUM JajbHelme npeppanienus. HecinoxHo qoragarses, 4to
CBS3bIBAHUE  JIByX JIMKOJMHOBBIX  (PparMEHTOB MPOUCXOAUT B  pE3yJbTare
B3aumoeincTeus coenraernit I u K npu karanuze komruiekcom namianus [Pd(dppf)Clz]
(peakuusa kpocc-coueranus mno Cysyku). Torma coenunenne K nomxHO OBITH
COOTBETCTBYIOIIMM OopoprannueckuM mnpou3BoaHbiM. Jlns mpespamenus I B K
HEoOXonuMO u30aBUTbCd OT TpudumatHo rpynnbl npu arome C2 U TPOBECTH
oopunupoBanue mo C3. OTcroma MOXKHO CJeiaTh BbIBOJ, YTO BHayaje MPOUCXOIUT
KaTaJu3upyeMoe KOMIUIEKCOM Majulaausi BoccTaHoBieHue Tpudnara I ¢opmuarom
amMmMoHUs B Boc-3amuménnslii tukonus J. Jlanee mpoBoguTcst 60puiMpoBaHKE IO aTOMY
yrepoga C3. Hakonel, nmpu JeHCTBUM HAa TPOAYKT Kpocc-couetaHus L pacTBopoM
COJITHOM KHCIIOTBI IPOUCXONIUT CHITHE mpem-0y TOKCUKApOOHUIIBHBIX 3aIIUTHBIX TPYTII
1 o0pa3oBaHue LEJIEBOro MPOyKTa KOMIUIAHAIUHA A.

1) Boc,0 (
—_—

=~ "NH EtzN, 60 °C ITJ
Boc
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HCO,NH,, Et;N

Pd(OAc), (kaT.)
dppf (kaT.)
OTf 60 °C

[(pin)Bl, . I, [Pd(dppf)Cly]
[Ir(COD)(OMe)], (kaT.) K3POy, Et3SiH
dtBu-bipy (kar.) 80 °C
80 °C

KomnnaHaguH A

2. Ilpu peuictBun Ha C woma W MUPUIMHA TPOUCXOAUT BBEICHUE HOJA B O-
MOJIOKEHUE K KapOOHWJIBHOW TpyIIIe MO CIEAYIOIIEMY MEXaHU3MY: HYKICO(PUIbHOE
NPUCOCIUHEHNE TMHPUAUMHA 10 [-MOJOXKEHUI0 akTuBUpoBaHHOW cBsizu C=C,
VOAUPOBAHUE IIOJYYCHHOTO E€HOJAT-UOHA, ACHPOTOHUPOBAHUE II0 O-TIOJIOKEHUIO U
OTIIETIJICHUE MUpuIHa ¢ oOpazoBanuem cBsizu C=C.

©) )
I\ o) o i/ \> 0) o}
:N ‘N
j—>/;> N4 AHI =, b !
® - PyH* ® - Py

® -
N™ ™ N W7
Cc | P | P | P

[IpucoenuHeHre TMOMYYEHHOIO TIPOAYKTa K aKPWIOHUTPUIY MPOTEKaeT IIo
CJIEIYIOLEMY PaJIUKAIIbHOMY LIEMTHOMY MEXaHU3MY:

>< >//',H\—/SBBU3 BusSn
X

N7< ‘Nz NC'_
NC H

U By,sn ~hsn ‘HsnBu;_
—_—
- BusSnl - BuSn

npoagoJrKeHne uenun

WHULMMPOBAHME Lienm

2 BusSn —= BuzSn—SnBu; 06pbiB Lenw
BzaumoneiicteBue E u G mpu HarpeBaHuMM C KUCIOTOM MpeCTaBisieT coOoi
KacKaJHyro peakuuio. lIpu Bo3melcTBUM KUCIOTHI Ha amuHOKeTanb E mpoucxogut
CHSTHE 3alllMTHOW TpyNIbl W Mocienyroniee oOpa3oBaHME KaTHOHA WMMHUAL
Conpsok€HHOE TNMPUCOENMHEHHE €HONbHOro Tayromepa G maér anaykt Muxasmns,
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KOTOpBIM BCTyHmaeT BO BHYTPUMOJEKYSPHYIO peakuuio MaHHHXa ¢ 0Opa3oBaHHEM
TPULIUKINYECKOTO COCAUHEHMs. UeTBEPTHIM LMKI 3aMBbIKA€TCs IyTEM KOHJEHCAIUU

aMUIHOW TPYIIIBI C KeTorpynnoﬁ

OH
+
NH2 :H_ MZ
@)

3. Ha mnepBoii cramuu mnox JaedcteueM NaH mnpoucxonutr oOpa3zoBaHue
CTa0MJIM3UPOBAHHOIO CEPOMl EHOJSAT-UOHA C €ro MOCICAYIOMNM AIKUIUPOBAHUEM 3-
nonmporuaaneratoM. [lomyuennsriii mpogykr M ganee mpeBpamamT B o,f-
HEHACBHIIIEHHBIN KETOH OKUCIICHHEM Cynb(uaa B cyabhokcua nox neictsuem mCPBA ¢
NOCJICAYIOIUM ITMMUHAPOBAHUEM (aHAJIOTHYHAS CTalus ObUIa HCIONIb30BaHA B IEPBOM
cuntese). [Ipu atom cBsi3p C=C oOpa3zyercst BHyTpH, a HE BHE MIECTUWICHHOTO ITUKJIA (B
IIPOTUBHOM Clly4ae LEeJIEBOM yITIepOIHbIN CKEeJIEeT KOMIUIaHauHa A He OyIeT MOCTPOEH).
O06paboTka eHoHa N TPUMETHICHIIMIAETOHUTPUIIOM B IPUCYTCTBUU Oy TUIUTUTHS AAET
annykT Muxasis B BUJIe CMECH JuacTepeomMepoB. JlecununupoBanue cMecu GTopuaoM
ne3us olJsierdyaer paszelieHue M30MEpPOB M TO3BOJSET BBLACIUTH HYKHbIM keToH O.
Jlanee mnpoBomAT mNpucoenvHEeHHe peakThBa Mommuya mo KapOOHWIIBHOHN Tpymie ¢
NOCJEYIOIUM alMJIMPOBAHUEM IOJIYYEHHOIO CIIUPTA YKCYCHBIM AHTUIPHUAOM. 3aTeM
nuarerar P BBOIAT B peakunio ¢ OEH3WIaMHHOM, Katanuzupyemyto xjaopuaom mean(l),
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B PE3yJIbTATE YETO MPOUCXOIUT HYKJICO(DUIHHOE 3aMEILIEHUE OJJHON U3 alleTaTHBIX IPYTIIL.
Jannsle cnekrpockonuu IMP 'H rosopar o Tom, uro B P coxpansercs anerarHas
rpyIIia y MEPBUYHOIO aromMa YIIEpoAa — COOTBETCTBYIOUIME METHIJICHOBBIE MPOTOHBI
AT TpUILIETHBIM curHan npu 4.05—4.1 m.a. ¢ uaTeHcuBHOCThIO 2H. Eciam Obr
3aMelIeHHe MPOU30IIO Y 3TOTO LEHTPA, TO MOXKHO ObUIO OBl OKMJATh CABUT CHUTHAJIA
COOTBETCTBYIOIIUX MNPOTOHOB B Oosiee cuibHOE Tmosie (okojmo 2.5-3 M.7.). 3HauuT,
IPOU30LLIO 3aMENIEHUE AaleTaTHOW TpYIIbl y TPETHUYHOro aroma ymiepona. llpu
neiicTBUM KapOoHaTa Kaiusg B METAHOJIE MPOHMCXOAUT COJIBBOJIM3 BTOPOM alleTaTHOM
rpynnsl ¢ oOpasoBaHueM amuHocnupra Q. Jlanmee mpoBoAMTCS —3aMeleHUE
TUAPOKCOTPYIIIBI HA XJIOP MO PEAKIUU ANNENS ¢ TOCAEAYIOIUM BHYTPUMOJIEKYISIPHBIM
HYKJICOPWIbHBIM 3aMENICHUEM XJIOpa AMHHOTPYIIIION B YCIOBHSIX PEAKIHUH (TaKxke
BO3MOYKHO, YTO XJOPHPOU3BOHOE KaK TaKOBOE HE 00pa3yercs, a aTake aMUHOTPYIIIIbI
nojiBepraercsi uHTepMeauar peakiuu Anmens Buga Ph;P"O-CH,R; mpoaykT B 3TOM
cilyyae mnoiy4aercss Takoil xe). HakoHen, momydeHHbId OMLMKIMYECKUN MPOIyKT R
BBOAUTCA B peakuuio [2+2+2]-muknonpucoenuenuss ¢ TMSC=C-C=CTMS ¢
o0Opa3oBaHMEM aJIyKTa, CTPYyKTypa KOTOpOFO IIPUBE/ICHA B YCIOBUMU.

O 1) mCPBA O OAc
sph 1) NaH, 0°C _78°C__ ) TMs” SCN
_— >
2) I/\/\OAC “2)23°C BuLi, -78 °C
B N
OAc (\OAC \ or r\OAc
2)CsF_ 1)=-MgCl_ N 3) Ac,0
—_— :
w,, 20 ., CN Mg(ClOy,), (kart.)
1) PhCH,NH,
CuCI (kat.) MeOH
"’//CN 66 °C "’//CN "'//CN
P Q
H
PPhs, CCl, o ( TMS——=—=—TMS (
——— /N = -
I/IM7I/I7A?80H Bri H KCN [CpCo(CO),], 140 °C N
Ph) R kF>h

T™MS ™S
[Tonx neiictBrem pTopuaa TeTpaOyTHIIAMMOHUS YIUTSIOTCS 00€ CUITHIIBHBIC TPYTITIBI
NPUBEIEHHOTO B YCIOBMHM aJyKTa. 3areM ¢ mnomMolbio ocHoBaHus LiHMDS
JCTIPOTOHUPYETCS TEPMUHAJIbHAA TPOWHAsA CBSA3b, MOJYUYEHHBIH AHUOH CUJIWIIUPYETCS
TPUMETWICHIIIIIXJIOpUAOM. [lonydeHHOe BEmIECTBO S BBOAUTCA B peakiuuio [2+2+2]-
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HUKJIONpUCOeIMHEeHHs ¢ coenuHenrueM R', moxoxum mo crpykrype Ha R. CpaBHum
MOJISIpHBIE Macchl ATUX JIBYX BemiecTB: M(R) = 306 r/monsb, B To Bpems kak M(R') = 244
I/MOJIb UCXOISl U3 TAHHBIX MAcCC-CIEKTPOMETPHUH (JIJ1s1 yI0OCTBA OKPYTIIUM 00€ MacChl J10
LIENIBIX), TO €CTh Pa3IM4Ke cocTaBuseT 62 r/Monb. U3 nannbix cnekrpockonuu SIMP 'H
SICHO, uTO R’ HE comep XUt OCH3UITHPHOTO 3aMECTHUTEIIS, MPUCYTCTBYIOMIETO B R (TTpoTOHBI
(GEeHUITLHOTO KOJIbIIA JOJDKHBI J1aBaTh TPYMIY CUTHAJIOB B paiioHe 7-7.5 M.o. ¢
cymmapHoil unTeHcuBHOCTHIO SH). [Ipeanonoxum Hanbosee npoctoi BapuaHT, uTo B R’
IIPY aTOME a30Ta PACIION0KEH UHOM 3aMECTUTEIb C MEHBILIEH MACCOM, @ B OCTAIIBHOM UX
CTPYKTYpPBI MOJTHOCTHIO COBIAJal0T. Macca OEH3UIBHOTO 3aMEeCTUTENs cocTaBisieT 91
I/MOJIb, TOTJIa UCKOMYIO Pa3HOCTh Macc B 62 I/MOJIb MOKHO MOJIYYUTh, 3aMEHUB OCH3UII
Ha QopmuibHyto rpynmy CHO. Takas Bepcusi MOAXOAUT MO JAHHBIM CHEKTPOCKOIHH
AMP 'H mns R’ (eIMHCTBEHHBI CHHIVIET MHTeHCUBHOCThIO 1H B cnabom mome). s
[2+2+2]-unknonpucoenuaernss S 1 R’ BO3MOXKHBI 1Ba MyTH NPOTEKAHMS pPEAKIIMH,
OJIHAKO CTPYKTYpPa HY>KHOT'O PETMOM30MEPA OTHO3HAYHO YCTAHABIMBACTCS U3 U3BECTHOU
CTPYKTYpbl KOMIUTaHaJnHA A (B JEHUCTBUTEIBHOCTH PETHOM30MEPHI 00pa3zyroTcsi B
cootHomennn 3:1 ¢ mpeobramaHWeM HY)XHOTO HM30Mepa U pasJensioTcs
xpomarorpaduuecku). st nmpeBpamieHus: MOJy4YeHHOTO MPOIYyKTa B KOMIUIAHAIUH A
OCTa€rcsi MPOBECTH TPH CTAaAWU YIAJICHUS 3alIUTHBIX TPYIIL: JACCUIUIMPOBAHUE
dbTopugoM TeTpaOyTUIIAMMOHUS, TUIPOTCHOIN3 OCH3WIBHOW 3alIUThl BOJOPOIOM Ha
najyiaguu u TUApoin3 GopMaMuia npu JeUCTBUU COJITHOM KUCIOTHI B METAHOJIE.

2) LIHMDS, 0 °C
3) TMSCI, 0 °C

N \
\
o/) R’

[CpCo(CO)s,]
PPhj, 140 °C

1) Hy 2) HCI

—_—> e

Pd/C MeOH
50 °C

Lo

KomMnnaHaguH A
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Cucrema onieHUBaHUSA:

1. | Crpykrypubie hopmynbl coenuaennii A — L — o 1 6amny 12 6asu10B

2. | Mexanusm npepaienus C B D — 2 6amia 4 dana
Mexauusm kouaneacanuu E u G — 2 6aia

3. | Crpykryphbie popmynsl coenuHeHuid M — T u R’ — 1o 1 6ammy | 9 6ansioB
HUTOTO: | 25 6a/10B

Pemienue 3agaum 3 (aBrop: Tpodhumon HU.A.)

1. JleficTBueM HM30bITKA M30MPONUIMArHUMOpOMHIa HAa (PEHWIYKCYCHYIO KUCIOTY
JOCTUTAeTCsl 00pa30BaHUE EHOJIATA, KOTOPBIM 3aTeM B XOJ€ KOHJAEHCAlUu 00pasyer
HIECTUYICHHOE NIEPEXOIHOE COCTOSHUE C MOJIEKYIIOH OeH3anbpaeruaa. B nanHoMm ciydae
OCHOBHBIM (PaKTOPOM, OTNPEAEIISIONIUM BbITOJHOCTh IIEPEXOAHOIO COCTOSIHUS, SIBJIETCS
MUHUMaJbHOE CTepUyYecKoe OTTalkuBaHue rpynn. OObEMHBIE 3aMECTUTENH,

OKa3bIBAIOIINE HAMOOJBIEE BIUSHUE HA YCTOMYMBOCTH TOTO MJIM WHOTO MEPEXOIHOTO
COCTOSTHHSI — 3TO (peHWIbHBIC TPyHIbl. OTTaIKWBaHUE MEKIYy HUIMA MUHAMAJILHO, KOT/Ia
(dbeHUIbHBIC TPYIIIBI HAXOMATCS B AKCHAIBHBIX TOJIOKCHHSIX MPH COCEIHUX aTroMax
ymiepona. Mcxozs u3 3Toro, MOKHO M300pa3uTh CTPYKTYpHYIO GOpMyly A C BEpHBIMU
OTHOCHUTENIbHBIMU KOH(MUTYpallUsIMH XUPAJTBHBIX IEHTPOB (mpeo-popma). Jlanee A
ATEPUUIIMPYIOT METAHOJOM, IOCJE Yero MOJy4YeHHBINM CIoKHBIA 3¢up B BBOmAT B
PEaKIMIo C THAPA3UHOM, YTO MPUBOIUT K oOpazoBanuto runpasuaa C. Ilpu odpaboTke
€ro a30TUCTOM KHUCIOTOW oOpa3yercss as3uj, KOTOpbIM 3aTeM IMpu HarpeBaHuu
nofiBepraercs neperpynnupoBke Kyprmyca ¢ oOpa3oBaHHMEM H30IMAHATA, KOTOPBIH
BCJICAICTBHE  BHYTPUMOJICKYJISIPHOW  aTakhl THUAPOKCUIBLHOW  TPYIIBI  OBICTPO
IpeBpaIaeTcs B OKCa3oauauHoH D.

1) 'PrMgBr Ph/\(OMgBr 'PrMgBr Ph/\/OMgBr

PN
Ph C02 ’PI‘H ’PI‘H OMgBr
2) PhAol
OMgBr OMgBr OMgBr OMgBr 1#
H\/\}E—MgBr j}z—MgBr t'/\%E—MgBr \H\}E—MgBr
Ph Ph

caMmblit aHeprequeCKm
BbIFOOHbIA BApUaHT
nepexoaHoro
COCTOSIHMSA
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B #*
OMgBr
Ph H H
I:)h/\(OMgBr 2) Ph" X ; ~0-MgBr | 3) H30" HO,C,,) Ph Ph OH MeOH
o o s T = Y e o
OMgBr o} Ph H HO,C H Zo~4
PhH | A 65 °C
mpeo-topma
H
Phed PH NH,HL0 Phs P 1) NaNo, ph .t PH
= = 2 / 2) 80 °C
’ / 5"Ph ’ NPh 0 5°C @ ¥ | & Ph——
MeO,C H H,oNHN H 3~ ’N’N H -N;
9 NELYZSFaNe
C

0 @)

o)
@N)kg)H tH* A A

2 _ HN” O = HN
H)"_LPh H)_:L

Ph F P

=y
= TP

2. [lepen pacmm@poBKOil CHHTE3a pacCMOTPUM MOJIEKYITY KOHEYHOIO MPOAYKTa U
nonpoOyeM yCTaHOBUTb, KAaKU€ YYACTKH ATOM MOJIEKYJT OOpa30BAIMCh U3 CTapTOBBIX
BemecTB. OTCYyTCTBHE Y YIJEPOAHOTO CKEJIeTa 3HAYUTENIbHBIX OTBETBICHUM OT
OCHOBHOTO IIMKJIa TOBOPUT B II0JIb3y TOTO, YTO X U Y IPUCOEAUHSINA K CTAPTOBOMY
COEAMHEHUIO C Pa3HBIX KOHIIOB: ¢ KapOOHWJIBHOTO U C KapOOKCHIBbHOTO. dparMeHT
CTapTOBOM MOJIEKYJIbI ONIPEAECIISIETCS 110 HAJTMYUIO B HEM HEOKHCJIIEHHOM METHUIJICHOBOU
rpymmnbl. Tak kak Xs TPUCOSAUHSIOT IBa SKBUBAJICHTA, IOTUYHO ObLIO ObI MOMPOOOBATH
HAWTU JIBaXIbl MOBTOPSIOLIMICS MOTHUB B YIJIEPOJHOM CKEJIETE — M Mbl TaKOH
0OHapyKMBaeM «II0 YacOBOM CTpesike» OT (parMeHTa CTapTOBOM MOJIEKYJIBI.
OcrarouHbIM 00pa3oM omnpesensercs GparMeHT, B KOTOPOM COMepKUTCS Y.

HO MCXOQHOE BELLECTBO

[Tpuctynum k pacmn@poBKe CXeM CHHTE3a BCIIOMOTaTelIbHbIX peareHToB Xs 1 Y.
Karanutudeckoe ruapupoBanne (HEHWILHOTO Kojiblla (S)-MUHIATBHON KHCTIOTHI
INPUBOAUT K oOpazoBaHuio coeauHeHus K. JlelicTBue Ha Hero M30bITKA STHILIUTHS
OPUBOIUT K JICTIPOTOHUPOBAHHWIO KAPOOKCHIIBHOW W THAPOKCHUIBHOW Tpymm W
HYKJICOUIHLHOMY HPUCOEAUHEHUIO 3TUJUINTUS K KapOOKCUIBHOMY aroMy yriepoaa ¢
obpazoBanueM (rocine ruapoiausa) kerona F. Ha cinegyromeit ctanquu ruipOKCUIIBHYIO
rpynmny 3aliMIalT mpem-OyTUIIUMETUIICUIWIBHON TPYyNIoll ¢ MOCHeAyIOINUM
JEeWCTBUEM Ha TOJyYE€HHOE BeliecTBo 9-0opabuiukiio[3.3.1]HoHaHOM B MPUCYTCTBUU
ocHoBanus DIPEA. Tak kak B 3amaue roBopuTcsi 00 MCIOIB30BaHUM OOpP-€HONATOB, a
CpeIu OTKPBITHIX PEareHTOB Ha CXeMe X HET, MOXKHO MOHSTh, YTO TAKUM OOP-CHOJISITOM

SIBJISIETCS BellecTBO Xs (a Takke ero sHaHThHoMep XRr). EHOnu3aimsi mpoucXoiuT B
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yCIoBHIX KMHeTHYeckoro koHTpoua (mpu 0 °C) ¢ oOpazoBaHMEM MEHEE 3aMEIEHHOTO
CHOJIATA (Ha 3TO YKa3bIBAET TAKXKE TOT (haKT, YTO XUPAJIHHBIN LIEHTP B DHAHTHOMEPaX Xs
u Xr coxpansercs). Baxno, uro B 3Tom eHomsiTe cBsi3b C=C umeeT Z-KOHPUTYpaLUIO
(MOCKOMBKY Tpu 3TOM Oosiee 00bEMHBIE 3aMECTUTENHN Y KaXJIOr0 U3 aTOMOB yriepoaa
HaXOAATCS B mpaHC-TIOJIOKEHUU APYT OTHOCUTENIBHO JPyTa).

OH OH 1) EtLi (136.) OH
H, : 78 °C : 1) TBDMSCI
—_— COZH —+> —_—
COzH Rh/Al,O5 2) H30 DMAP
40 6ap E F 0
OTBDMS P OTBDMS :
2)BBNOTYf ! : |
- - > = '
DIPEA, 0 °C ! :
; OBBN !
Xs

DOHAHTHUOMEPHBIN €HOJMAT XR BBOASAT B PEAKIMIO aNbJIOJIBHOW KOHAEHCAIMHU C
MPOMMOHOBBIM AJIbJIETUIOM, YTO IPUBOAUT K 00pazoBaHuio anbaois G. CTepeoXxumMuio
MPUCOCIMHEHNUSI MOXHO oOmpenenuts u3 moaenu [{ummepmana-Tpakcnep. HM3-3a
00BEMHOTO 3aMECTUTENISI B EHOJISITE HAM00JIee BHITOAHOE MEPEXOTHOE COCTOSHUE B 3TOM
ciry4ae OyJleT UMeTh UHYIO KOH(PUTYpAIHIO, YeM B M. | — 3THIIbHBIN 3aMECTUTENb OyIeT
pacrosiararbCsi He B akCHaJIbHOM TIOJIOKEHHUH, a B AKBaTopuasibHoM. [1pu aTom Onaromaps
HAJIMYMIO B CHOJISITE XUPAIBHOTO IIEHTPa ¢ BecbMa 00BEMHBIM 3amectureneM TBDMS
pUCcOeIuHEHNEe OyJIET HE TOJIBKO TUACTEPEOCEIIEKTUBHBIM, HO M SHAHTHUOCEJICKTUBHbBIM:
OCHOBHOM MPOJYKT pEaKIMU 00pa3yeTcs U3 NEPEXoJHOr0 COCTOSHMSI, B KOTOPOM I'pyIINa
OTBDMS wmakcumanpHO yhajdeHa oOT JApyrux rpynm. Jlanee  nencTBUEM
(TOPOBOIOPOAHON KUCTOTHI yaJs0T 3auTHY0 TBDMS-rpynmny, nocie yero npoayKr
OKHUCJIISIIOT TT0 Manamnpany ¢ oOpazoBaHueM B KadecTBe IiesieBoro Bemectna (2.5,3R)-3-
rUApOKcH-2-MeTiineHTaHoBoi kuciaotsl H. JleiictBys Ha H quazoMeraHoM, moJy4aroT
COOTBETCTBYIOIIMN METUJIOBBIN 2(Up, MOCIE Yero Ha TUAPOKCUIBLHYIO TPYIITY CTaBST
TPUATWICUIWIIbHYIO 3amuTy. [lomydyenHoe BemiectBo I 3areM BOCCTaHaABIMBAKOT N0
ciupra ¢ nomombo DIBAL-H, nocne dyero okucnstor pearenrom Kommmn3a 10
anpaeruaa Y. BoccranoBnenue cioxubix 3¢upoB DIBAL-H Moxer naBath kak
albACTUIbl, TAK U CIOUPTHI, OJTHAKO, €CIIU MPENOJI0KUTh 00pa30oBaHUE alibJIeTHA, TO

HCTIOHATHO, KaKYIO POJIb MOKCT BBIIIOJIHATE PCAI'CHT Konnunza.
oF:

OTBDMS TBDMEQ/" TBDMSO/?
--BBN —
OBBN H / H
Xr OH
L Me _J
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TBDMSO

2) NalO, Hom/'\‘/\ 1) CH2N3
— " » T

0 OH O OH
H
W 2) TESCI Meo\ﬂJ\H ) DIBAL-H H\H 2) CrO5-2Py M
“DMAP ] E
OTES OH OTES {0 OTES;
Y

OcHOBHas 4aCcTh CHHTE3a TOXKE HAYMHAETCS C albJ0JIbHONW KOHICHCAIIUU albIEeruaa
¢ 6op-eHonsAToM. C TOYKU 3pEHUSI THMACTEPEOCEICKTUBHOCTU 3Ta PEAKIIMS MOTHOCTHIO
aHaJIOTMYHA MOJIyYEHUIO BemecTBa G, ¢ TOUKU 3pEHUs] SHAHTUOCEIIEKTUBHOCTH MOMKHO
OKUJaTh, 4YTO KOH(PUIypallud BHOBb OOpa30BaHHBIX XUPAJIbHBIX LEHTPOB OyIyT
IIPOTUBOIOJIOKHBI TAKOBBIM y G, MOCKOJIBKY HMCIOJIb3YEeTCsl JPYrod dHaHTHOMEpP Oop-
eHomsATa (Xs). Jlanmee B momydeHHOM OpOAYKTe J yAansitoT KPEMHUHOPTraHUYECKYIO
3aIUTY, OCJIE€ YEro pacllEIUISIOT O-TUAPOKCUKETOH 1o Mananpasay, B pe3yJibTaTe 4ero
JOJDKEH O0Opa30BBIBATbCSI MOHO3(Up IUKapOOHOBOW KucCAOThL. OnHako JaHHAs B
ycinoBun Opytro-popmyna K ornvuaercs ot OpyTTo-GpopMysbl 3Toro MoHOdbupa Ha
OJITHYy MOJIEKYJly MeTaHoJa. Toraa JIOTMYHO IPEAIOIOKUTh, YTO B YCJIOBHSIX OIHOM U3
ATUX JIBYX PEaKUUi TAaKXKe MPOUCXOAUT BHYTPUMOJEKYJSpHas nepesTepuduranus c
00pa3zoBaHHWEM LIECTUYIEHHOTO JakToHa. JlefcTBya Ha kuciory K okcanuixiopuaom,
IOJIyYatOT COOTBETCTBYIOIIMWA €M XJIOPAHTHIPHUI, KOTOPBIM 3areM IOABEPraroT
BOCCTaHOBJIEHUIO 10 PozenmyHay ¢ oOpazoBanueMm anpaeruga L. Jlanee emé pas
HOBTOPSAIOT HPOLEAYPY aJbJOJIbHOW KOHIEHCAMU ¢ OOp-eHomsATOM Xs M yJaleHus
LUKJIOTEKCUIICOIEPKAILETO 3aMECTHUTENA. YBHJICHHAs pAaHEe Ha IpUMEpPE NEpBOU
peaKkIMM KOHJCHCAIMM 3aKOHOMEPHOCTh IO3BOJISIET HAaM HANMCaTb CTPYKTYPHBIE

dbopmynel M u N ¢ ykazaHueM ONTHYECKUX KOHPUTYpAIMil BCEX XUPAIbHBIX IICHTPOB.
Xs OTBDMS

1) > TBDMSO
OBBN :
H\/LCOZMe 2)H,0

1) HF
coMe — AP

- MeOH

o)
TBDMSO =
P, 1) (COCI),
2) H,, Pd/BaSO,
110 °C
Xs OTBDMS
. NS TBDMSO = =
OBBN -
2) H,0 -
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[Tpu nefictBum Ha N sTUIXIOpdOpMUaTa B MPUCYTCTBUH MUPUANHA (OCHOBAaHUE,
JENPOTOHUPYET KapOOKCUIIbHYIO TPYIILY, MOBBIMIAs €€ HyKICO(PUIBHOCTh) 00pa3yercs
COOTBETCTBYIOLMI cMelIaHHbIN aHruApu. [lanee u3 Hero momydaroT THOA(GUP, IOCIIE
4ero B ULICJIOYHOM Cpele TUAPOIMTUYECKHM PACKpBhIBAIOT JIAKTOHHBIM LMK MU
OCYUIIECTBIISIIOT ~ TOCTAHOBKY  mpem-OyTUIIN(EHUICUIWIBHON — 3alllUThl  HA
KapOOKCHJIbHYIO TpymHmy. OTO IOBOJBHO HECTAHIAPTHBIA CMOCOO MPUMEHEHUs
CHJIWJIBHOM 3alIUThI (KaK IPABUIIO, UX UCIOIB3YIOT JJISl THAPOKCUIIBHBIX TPYI); OJHAKO
JIOTaaThCs O TAKOM MPOTEKAaHWU PEaKIMH BO3MOXKHO, MOCKOJIBKY OpyTTO-(hopMysa
npoaykra O coaep>KUT TOJIBKO OIMH aTOM KPEMHUS, a THAPOKCHIIBHBIX TPYIII B IIPOAYKTE
TMApOJIM3a JBE, IPU OTOM OHHM HMEIOT IIPUMEPHO OAMHAKOBYIO CTEPUYECKYIO
JNOCTYITHOCTb, TaK 4TO TYT BPSJ JIM MOXKHO OXKHMJIATh CEJIEKTUBHOW ITOCTAHOBKH 3aILUTHI
Ha ogHy u3 OH-rpynm. Jlanee 3amumairor o6e CBOOOJHBIE T'MAPOKCUIIBHBIE T'PYIIIBI
oOpa3zoBaHHeM KeTajid (4TO JOIMOJHUTEIBbHO NOATBEpKIaeT mnoctaHoBky TBDPS-
3alMThl HAa KapOOKCWJIbHYIO IPYIIy), MOCIE YEro yAajsioT KPEMHUHOPTraHUYECKYIO
3alMTHYIO TpYINIy Mpu JeidcTBuM (ropuna Tterpadytuinammonus. IlomydeHHoe
coennHeHne P npeBpamaror B XJI0paHTUAPHU € TOMOLIBIO OKCATMIIXJIOPUAA, TTOCIIE YETO
neiicteueM audTikynpara(l) TuTus yIIMHSIOT YIVIEpOIHYIO Lelb, B PE3yJbTare 4ero
NIOJIy4aroT BEEeCTBO Q.

1) CICO,Et 2) 'BuSTI
_—
Py ‘BuSH

3)KOH  Bus O 4) TBDPSCI
—_— —_—
H,0/'BuOH OK
0°C
OMe
1) .
JH

O OH OH OTBDPS

O 4)(cocr, BuS
—_
OH 2)Et,CuLi

7< .78 °C

llanee u3 Q TFOTOBAT CHOJIAT JHUTHUA B YCIOBHAX KHHCTHYCCKOI'O KOHTPOJIA

O 0. 0

(o6bémHOe ocHoBanne HMDS™, Hu3kas temmneparypa), 4To NPUBOIUT K CEICKTUBHOMY
o0pa3oBaHMIO MeHee 3aMEUIEHHOTO EHOJNTA, KOTOPBI 3aTeM BBOAST B PEAKIUIO
anpJ0NbHOM KOHJeHcauuu ¢ Y. Ha peakiuy koHOEHCAUHW C JUTHEBBIMH E€HOJISITAMHU
nericteue moaenu [lummepmana-Tpakciep B o01miem ciydae He pacnpocTpaHsercs (T.K.
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aToM JUTHS UMeeT OoJiee IIMHHYIO cBsi3b Li—O, yem ananoruunas B—O, mectuunenHoe
MIEPEXOTHOE COCTOSIHUE CTAaHOBUTCSI MEHEE BBITOJHBIM U PEAKLMS MOXKET MPOTEKATh
4epe3 OTKPBITOE MEPEXOJHOE COCTOSHUE — CTEPEOXHMHUI0O B TAKOM CIIydae HEJb3s
Mpe/ICKa3bIBaTh MO MOAEIHU JUIsl [IUKIUYECKOTO MEPEXOITHOTO COCTOsIHUSA). OqHAKO 3HATh
3TOT (akT He O00s3aTeNbHO, MOCKOJIbKY MOXXHO 3aMETUTh, YTO KOH(PHUTypauus
o0pa3yromuxcs Ha 3TOM CTauH CTEPEOLEHTPOB KaK pa3 JlaHa B CTPYKTYpe KOHEYHOTO
IIPOAYKTAa CHUHTE3a. TakKe CTOUT OTMETHUThb, YTO B YCJIOBHHM YKa3aHO, YTO MOJEIb
[HumMepmana-Tpakciep cieayeT UCoJIb30BaATh JJIs PEAKIIUN alIbJI0JIbHON KOHJICHCALINU
C HCIOJb30BaHUEM OOP-CHOJSATOB, 3HAYUT, MOJYYEHHYI0 M3 CTPYKTYpPhl KOHEYHOTO
MPOAYKTa CTEPEOXHMMHUIO JIByX 00CYkIaeMbIX LIECHTPOB HEJIb3sI UCIOIb30BaTh B KAUECTBE
oOpas3ua 11 peakluu ¢ 00p-eHoIATaMu. 3aTeM AeMCTBUEM TETparuapu1000para HaTpus
BOCCTaHABJIMBAIOT  KapOOHWIBbHYIO  TIpymlmy. JTa  CcTaausd  HE  sIBiseTcA
CTEPEOCENIEKTUBHOM, OJHAKO 3TO HE OKAa3blBAaCT BJIMSHHUE HA pE3yNbTal CHUHTE3a,
MOCKOJIbKY, KaK OyJeT BUJHO HUKE, IMOTYYEHHAsl B Pe3yJbTare THIPOKCUIIbHAS Tpynna
notoM OyzieT oOpaTHo npeBpanieHa B kerorpymiry. [lomyuennsiil npoaykT R noaseprarot
allMJIMPOBAaHUIO 1O O0EUMM THAPOKCUIIBHBIM TpyIIaM, IOCIe 4Yero o0padaThIBaroT
BOJHBIM PacTBOPOM KHUCJHOTHL. Tak Kak HE yKa3aHO, HACKOJBbKO KHCJIOTa pa30aBieHa,
MO’KHO MPENOJI0KNATE TPU BAPUAHTA: YIAICHUE TPUITWICUINIBHON 3aINTHI, yAaJICHUE
KeTaJbHOM 3alIUTHI, TUOO U TO, U APYroe OJHOBPEMEHHO (THIPOIU3 CIOKHOIPHUPHBIX
TpylIl, B IPUHLKIE, TOKE BO3MOXEH, OJJHAKO TOTJAa COBEPILIEHHO HETOHSATHO, 3a4€M UX
HY’)KHO OBLJIO BBOJUTH Ha Npenblaymiedl craauu). MOXHO 3aMeTHThb, YTO JJIS
IpeBpalleHusl 00CYXIaeMOro MPOMEXKYTOUHOTO COCAMHEHUS B KOHEUHBIA MPOAYKT
HY>KHO YJIaJIUTh 3TU TPU 3aLIUTHBIE TPYNIIbI, 3AMKHYTh JIJAKTOHHBI MaKPOLIMKJI, a TAKKE
OKHUCJIUTh TUAPOKCUIIbHYIO TPYIITY B KapOOHUIbHYI0. 13 nMmeromerocs Habopa craauii
ycioBusi npeBpaiieHuss S — T Oosnblie BCEro MOXOXKM Ha TakKHWe, B KOTOPBIX MOXKET
o0Opa3oBaTbCs MakpoJakTOH. JlJis 3TOro coeguHEeHHe S JOKHO HMETh CBOOOAHYIO
TUAPOKCUIIBHYIO TPYIIITY, OTKY/a CJIIEAYET, YTO MPU AEUCTBUH BOJIHOTO PaCTBOPA KUCIIOTHI
YIAISIOT UIMEHHO TPUATWICWIMIIBHYIO 3amuTy. [lonyyeHHoe coequHeHne S BBOIAT B
peakuuto ¢ Tpudnarom meau(l), uro mpuBoauT K 0OpazoBaHu0 MakponakToHa T. Ero
00paboTKa MIENOYbI0 MPUBOAUT K COJNBBOIU3Y CIOKHOA(UPHBIX PYIII, OCIE YEro Ha
nonydyeHHoe coenuHeHrne U JeUCTBYIOT XJIOPXPOMAaTOM MUPUIUHUSA, KOTOPBIM OKUCIISIET
BTOPUYHYIO THUAPOKCUJIBHYIO TpYyIIly B Kerorpymiy. HakoHen, B XoJe KHCIOTHOIO
TUIPOJIN3a pa3pyllaeTcs KeTalabHasl 3aluTa U 00pasyeTcs 6-1eoKcuspuTpoHonus B.
2) | Y

I
1) LIHMDS SN O OTES
_— = = 3
.78 °C O 0_0 OLi 3) Hy0
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OH OH OTES

Q.
O

O OH OTES o)

x <

@)
Q.
On

1) (Cl,CHCO),0  tgys
Py,0°C

O Oo0_.0 0.0 O__0

2) H;0" 7< o\ /
CHCl,  CHCl,
R = COCHCl,
T
O N
KOH N 1) PyH*CrO3CI“ o
‘BuOH/THF/H,0 2) H,0*

HO Y~ =
HO =
6-aeokcuapuTtpoHonua B

3. Pearent V 1o cytu otiuvaercs ot X JUIIb TEM, YTO BMECTO ITUKIOTEKCUILHOTO
3aMecTUTeNs] B HEM COAEpKUTCS (PeHWIbHBIM. OCHOBHOE pa3iMude MEXIYy HUMH
3aKiIovaeTcss B 00bEMe TpyIil: (DEHWIbHBIA 3aMECTUTENb IUIOCKUH U CTPYKTYpPHO
KECTKUM, OH MOMKET 3aHMMaTh JIOTIOJHUTEIbHBIM OOBEM B MPOCTPAHCTBE JIHIIIb
Onmaromapst BaJCHTHBIM KOJICOAQHUSM OTACIBHBIX CBSI3€H M BPAIICHUIO BOKPYT CBsi3H C—
Ph. CrpykrypHass ruOKOCTh LMKJIOT€KCHJIa, HAMPOTHB, OOECHEUYMBAET 3HAYUTEIHHO
OombIIe KoieOaTeTbHBIX W BpAMIATENIbHBIX CTETCHEH CBOOOABI. DTO W TPHUBOIUT K
OonbIet crepeocnenuduaHocTy X 10 CPaBHEHUIO C V.

Jlureparypa:
1) H. E. Zimmerman, M. D. Traxler. J. Am. Chem. Soc., 1957, 79, 1920—1923.
2) S. Masamune, W. Choy, F. A. J. Kerdesky, B. Imperiali. J. Am. Chem. Soc., 1981, 103,
1566—-1568.
3) S. Masamune, M. Hirama, S. Mori, S. A. Ali, D. S. Garvey. J. Am. Chem. Soc., 1981,
103, 1568-1571.

Cucrema oleHUBAHMS:

1. | Crpykrypubie popmynsl A — D — no 1 Gamny (npu neseproti uau | 5 6aJ110B
omcymcmeyrouje.  cCmepeoxumMuu — OOHOKPAMHbIL — Umpagp
0.5 banna 3a xadxcooe eewecmseo ¢ OWUOKOU 8 KOHpueypayuu
BO3HUKIWMUX HA CMAOUU e20 00pa308aHusl XUPAIbHLIX YEHMPOS,
qUb0 3a HeNnpasUIbHLIL NEePeHOC KOHPUISYPaAyuu XUpPAibHbIX
YEeHmMpPOs8 U3 NpeoulecCmeeHHUKA)

N300paskeHne mepexoHOTO COCTOSHUS, Beayero Kk A — 1 6amn
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2. | Crpykrypubie ¢opmyasl E—U, Xs u Y— no 1 Oamty (npu |19 6annos
HeBepHOU U OMCYMCMBYIoUell Cmepeoxumuu — 0OHOKPAMHbIL
wmpagh 0.5 6anna 3a Kadxcooe Geujecmeo ¢ OWUOKOU 8
KOH@Ueypayuu  BO3HUKIWMUX HA CMAOuUU e20 00pA308aAHUs.
XUPANbHbIX — YeHmpos, JAUb0 3a  HenpasusibHblii  NepeHoc
KOH@Uypayuu XupaibHblX YeHmpos u3 npeouleCmeeHHUKa)

3. | O0bsicHeHue Mpo OONBIINN 00BEM HIUKIIOTeKCHIa — 1 6an 1 6ana
HUTOTI'O: | 25 dai0B

Pemienue 3apaun 4 (aBTopbl: Kaumap:kug A./1.)

1. [TomumoO peakuuil KOHAEHCAIIMK U KPOCC-COYETaHUsl, K MOILIHBIM TpaHcpopMaMm
OTHOCSITCSI, HalpuMep, aJKWIMpoBaHHEe U auwinpoBaHue no Dpupemto-Kpadrcey,
OPUCOEINHEHNE METAJUIOPraHUYECKUX COEIUHEHMH 10 KapOOHMJIBHOW TpyIIIIe,
packpbiTue 31okcu10B C-HyKieopuiiaMu, pa3InuHble BUAbI OI€PUHUPOBAHUS (pPEeaKIIHs
Burtura, peakuus MaxMyppu, peakuus XopHepa-YoACBOPTa-OMMOHCA, PEaKIUS
[lerepcona, peakuus J[xynua u 1p.), CHHTE3 TEPMUHAIBHBIX AJIKUHOB U3 aJIbJIETHIOB
(peaxuust Kopu-®ykca, peakius Cendepra-I'midepra), npucoenunenue no Muxasito,
AJIKWIMPOBAHWE AaHHMOHOB MAJIOHOBOTO 3(upa, aleTOyKCycHOro »sdupa uiu
aleTUJIAlleTOHa, pEeakUUMU MeTare3uca, a TaKKe PEeaKUUHd LUKIOIPUCOEAUHEHUS
(mepeyuncieHbl He BCE BOZMOYKHbBIE BAPUAHTBHI).
2. Camplil KOPOTKMHA BapuMaHT CHHTE3a BKJIIOYAET TPU CTaAUM U OCHOBAH Ha
VCIIOB30BAHUMN peakuu MakMyppu Uisi TOCTPOEHHUsI HY>KHOTO HIECTHYIIIEPOIHOIO
ckenera. Jlasee MOXKHO MPOBECTH THAPATALMIO JBOWHOW CBSI3M (BOIHBIM PacTBOPOM
KHUCTIOTHl JIMOO TOCIEN0BaTeIbHOCThIO TUAPOOOpUpoBaHUs U peakuuu bpayHa) c
MOCJICAYIOIUM OKUCICHHEM OOpPa3yIOLIErocsi CupTa B KETOH (HallpUMep, peareéHToM
JlxoHca).
, /YO TiCly ;:/7 H;0" /\)Oi/ CrO;, H,SO, /\)\/
Zn/Cu H,O/aueToH

Taxke BO3MOXKEH HJEHHO OoJee TPOCTON YETHIPEXCTATUNHBIN BapHaHT,
OCHOBAHHBIN Ha IIPUCOECIVMHEHUU peaKkTuBa I puHbspa K anpaeruHou rpymme. Torga Ha
nepBol craguu HEoOXOAMMO BOCCTAHOBUTH aJbJIETHA [0 CHOHUpPTA. 3aTeM €ero
MIPEBPALLIAIOT B AIKUJITAJIOTEHUI, U3 KOTOPOIO MOJYyYarOT peakTuB [ puHbsApa, KOTOPHIN,
B CBOIO O4Yepenb, BBOAAT B peakuuio ¢ mnponaHaneM. llocnemnss cragus Takxke
NpeCTaBiIsIeT cOO0M OKHCIIEHHE BTOPHUYHOTO CIUPTa B KETOH. MOXHO MPENIOKUTh U
JpyTHe pa3yMHBbIE€ CITIOCOOBI CHUHTE3A.

OH
/YO NaBH _ _on PBra_ g 1)Mg EtO Pow
H 2) AP
3) H,0
CrO3, H2804 0]
—_—
H,O/aueToH /\)J\/
3.  BHuMAarenbHO U3Y4MB CTPYKTYPhl PEAr€HTOB, MOKHO OJHO3HAYHO YTBEPIKIATh,

4YTO  NHUPUMUJMHOBBIA  LUKI  «coOupaercs» w3  stuindopmuara,  STUI-B-
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ATOKCHUIIPONTMOHATA U alleTaMUANHA, MPUIEM alleTaMHUIUH, TI0 BCEW BUIUMOCTH, OBLT
UCIONB30BAaH IS 3aMbIKaHUSI NHPUMHUAMHOBOTO IIMKJIA, a METWJIbHAs TIpynmna
aleTaMuJnHa — 3TO 3aMECTUTENIb BO BTOPOM TMOJIOKEHUU MUPUMHUIUHOBOTO KOJbBIIA.
Torma JIOrMYHO MPEANONOKUTh, YTO MEPBOM CTa/lMel CUHTE3a SBIIAECTCS KOHJIEHCAIIMS
Kusiizena Mexay 3TiiopMuaromM U 3TUI-B-3TOKCUTTPONIMOHATOM, & BTOPOU CTaauen —

BSaHMOHCﬁCTBHe MpOoAYKTa KOHACHCAIIUU C alCTAMUINHOM.

dparmeHT
NH, 3Tun-p-aTokcunponvoHaTa

dparmeHT IS EECEEE ,
auetamuanHa -7\
| N aToMm yrnepoga
R )\N . <———— kapbokcuneHoN rpynnbl
aTundgopmmara
0 j\ 1) NH
H OEt O NH2
o X4 unun X
N ————F=Ew0 OBt — 3
EtO OEt EtONa | EtONa t )\
X4 unmn X, 2) H,0 OH ) H;0*

Y4

B TakoMm ciyuae mosydaeTcs, 4To ocTtaBiuuecs 4 cTaauu CUHTE3a — IpeBpalleHue
TUJPOKCWIIBHOM TPYyIIbl MUPUMHUANHOBOTO IIMKJIAa B aMUHOTPyNmy (BEpOSITHO, B
pesynbrare nocnenoarenbHoro naectBus POCl; u ammuaka), a Takke 3aMeIlCHHE
ATOKCUTPYIIIBI B XOJA€ TUAPOIN3a OpoMoM (T.K. BUTaMHH B — Opomun) u 3amenieHue
MOCJIETHETO TMPOM3BOAHBIM THazona. Creayer oOpaTuTh BHUMAHUE Ha TO, YTO B
MCIIOJI3YEMOM B XO/I€ CHHTE3a MPOX3BOIHOM THA30JIa UMEETCS TUAPOKCUIIbHAS TPYIIIa,
COXpaHSoIasAcs B BUTaMUHE B, 4TO OJJHO3HAYHO YKa3bIBA€T HA TO, YTO TUAPOKCUIIbHAS
rpylna NUPUMHUMHA CHadaja MPEeBpallaeTCs B aMUHOTPYIIY, MOCJIE Yero J0JDKHO

pPOTEKATh pacmenﬂeHI/Ie adupa c HOCJ’ICI[YIOHII/IM HyKﬂeO(bI/IJIBHHM 3aMEeIICHUEM.
F>OC|3

HBr
OEt —> OEt —> N A OEt —>
% t %
®  © ( S
NH3 Br NH2 Br

(Y
. -
—
N /k
Y
S BUTaMUH B
4.  TIpocMOTpeB mpeularacMblii HaOOp CTaaMii, MOKHO 3aMETUTh, YTO CPEIH BCEX

YKa3aHHBIX pEaKUHWi €CTh JUIIb OJHA CTaJMs, NMO3BOJSIONIAS BBECTU 3aMECTHUTEND B
apoOMaTU4ECKOE KOJIbIIO — CYAb(UPOBAHUE C MOCIEAYIOLUIMM CIIJIABICHUEM CO HIEIOUBIO.
Taxke cpeau yka3aHHBIX PEaKUHWW MPHUCYTCTBYET JIMIIb OJHA CTaAus, MO3BOJIAIOLIAS
BOCCTaHOBUTH APOMATHYECKYIO CUCTEMY — TMIPUPOBAHUE HA HUKEJIEBOM KaTaJIM3aTope.
B ycnoBusix ocTanbHbBIX CTaIuil KyMOJI pearupoBaTh He 10JbKeH. Takum o0pas3om, craaus
A1 — cyIb(pUpOBaHUE KyMOJIa B napa-NoJI0KEHHUE C OCIENYIOINUM 00pa30BaHUEM napa-
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usonpormmwidenona Bi. V3 mpencraBieHHbIX YCIOBUI TaHHOE BEIIECTBO MOXKHO JIUIIIH
NOJIBEPrHYTh  TMApPUpPOBaHWI0 Ha  Hukene (Az2) ¢ oOpa3oBaHuem  4-
M30MponuiuKiIorekcanosna Bz (B mpouune peakiuu (GeHoN BCTynarh He 10keH). [lanee
KOJINYECTBO BO3MO>KHBIX BAPHUAHTOB YBEJIMUYMBACTCS: BEIIECTBO B2 MOKHO OKUCIUTH B
ketoH npu AeiictBun K,Cr,O7/H2SO4, nipeBpatuTh B XJIOPIPOU3BOIHOE TIPU JIEHCTBUU
SOCl,, nubo B ankeH mOpu JEHCTBUM aAUETUIXJIOPUIA M YKCYCHOTO aHTHUAPUIIA C
MOCIEAYIOIUM IUPOIN30M. AJIKEH SBHO HE IOAXOAUT, NMOCKOJBbKY HU B OJHY W3
OCTaBIIMXCSI BO3MOXHBIX PEaKIMi OH BCTymaTh He Oyaer. [amoreHankaH MOXHO
npeBpaTUTh B aMuH 1pu aerctBun PhNH,, onnako HemoHATHO, Kak Jajnee UCIOoIb30BaTh
ATOT aMHUH B CHMHTE3€. MOXXKHO MPEANOJIOKUTh HYKJIeo(pHIbHOE 3aMelIeHue XjIopa Ha
nuanorpymy npu aevictBun KCN: 370 mo3BosieT BBECTH aTOM yIVIEpoAa B HY)KHOE
IIOJIOKEHHE, a I[MAHOTPYIIa MOXET BBICTYNATh JIOTMYHBIM IPEAIIECTBEHHUKOM
aNbJIETUIHON IpyIibl. B conpsKeHuu ¢ alberuIHON rpy o ¢peianipana HaXoQuTcs
nBoiiHas cBa3b C=C, KOTOpYyIO, IO BCEW BUJIUMOCTH, MOJYUYAIOT IMYTEM JETUIpaTalin
COOTBETCTBYIOIIETO CIMPTA IOCJIECAOBATENBHOCTBIO pPEAKUMM  AlWIMPOBAHUS U
IUPOJIUTHIECKOTO ATMMHUHAPOBaHUs. OJITHAKO Cpear IIPENCTABICHHBIX CTaUI HET YeTro-
TO MOAXOIALLETO I MOJyYEHUsl CIIUPTOBOM IPYIIIBbI B HY>KHOM IIOJIOKEHUH, €CIIU MBI
UCXOIUM U3 4-U30MPONUIIUKIOreKCaHKapOOHUTpuiIa. PaccMoTpum TpeTuil BO3MOXKHBIN
BapUaHT CTAJIUU A3 — OKHCIIEHUE CIUPTA B KETOH OMXpOMAaTOM KaJlis B CEPHOM KHUCIIOTE.
C noJry4YEHHBIM KETOHOM JIOTUYHO MPOBECTH CIIEAYIOLIYIO ITOCIEN0BATEIBHOCTD CTA/IUIM:
BBeCTH B peakiuto ¢ KCN B mpuCyTCTBUM KUCIOTHI ¢ 00pa30BaHUEM LIMAHTUIPUHA, A
3aTeM MpeBpaTuTb B COOTBETCTBYIOIIMM O, -HEHACBHIIEHHBIA HUTPUI MyTEM
allMJIMPOBaHUsl M MUpoiu3a. Torna A MOJIy4YeHHs LIEeJeBOro ¢eraHapaia ocTaércs
JUIIb MPEBPATUTh UAHOTPYIIY B aJIbJACTUAHYIO. JIOMOJHUTENRHO HA TAKOW BapUaHT
yka3biBaeT 1o, uTo B MK-cnekTpax Bemects B4 u Bs npucyrcTByer nonoca B o0iactu
2200-2300 cm !, cooTBeTCTBYIOIIAs BAaJEHTHOMY KoyebaHuio TpoiHOM cBsasu C=N.
Takum o0pazom, B3 — 4-u3onponuinukiorekcaHoH, B4 — COOTBETCTBYROIIUMI
UUAHTUAPUH, Bs — 4-H30Hp0HHJILII/IKJ]OFeKceH- 1 -Kap60HHTpHJ1

H2, Ni QH
1) H,SO, SOCl,
E— — 9
2) NaOH, t (cnnaBneHme ACOH
A1 Hzo

1) Acz0, PhNH,
AcClI
K2CT207, H2304 2)t NHPh

HO CN — 9
1D A0, AcCl
2)t AcOH
HZO *

?

Hocneny}omne YeThIpPe CTAINH MPEACTABISAIOT CO00M MpeBpallleHue HUTPUIbHON
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IpylIsl B albAeruanyto. M3 ocraBuierocss Habopa peakuuii BUAHO, YTO TOJIBKO OJTHA U3
craguii (¢ yuactuem CrCly) mpeacraBisier coboi cTaauio BoccTaHoBieHus. Crenyer
o0paTUTh BHMMAaHHE Ha TO, YTO BOCCTAHOBUTENH 3/I€Chb HUCIOJB3YETCS JI0CTATOYHO
cnenuduuecKui, moATOMY IMpecKa3aTh, Kakyro MMEHHO (popMy KapOOKCUIIbHOM FPYIIIIbI
OH OylIeT BOCCTaHABIMBAaTh, JOBOJIbHO 3arpyaHuTeNnbHO. OmHako Hamied 3aaadeit
SBJISIETCSI BOCIIPOU3BECTH IOCIEAOBATEILHOCTh MPEBPAILCHU B U3BECTHOM CHHTE3E,
CJIeI0BATEIbHO, HEOOXOAMMO HCIIOJIb30BaTh BCE MpeyiaraeéMble cTaauu. EqUHCTBEHHBIM
pa3yMHbIM  BapHaHTOM SIBISICTCS MaKCHMajbHO BO3MOXKHAs — TpaHcopmanus
HUTPWIBHOW TPYyNnbl C JadbHEHIIMM BOCCTAHOBJIEHMEM Ha TOCJIEIHEW CTaauM.
CnenoBarenbHO, cTaausi Ag — TUAPOIA3 HUTPUIIA B KAPOOHOBYIO KUCIOTY B, cTamus Ay
— oOpa3oBanue xjopaHruapuaa B;7 ¢ mocnenyromuM npeBpaiieHueM B aHuiana Bs Ha
cranuu As, a craausi A¢ — BoccTaHOBieHME aHuiauaa. Cremyer OTMETUTh, 4TO
BOCCTAHOBJIEHUE HEOOXONMMO MPOU3BOAWTH HA CAMOW MOCIEAHEH CTaauu, WHaue
OCTaJbHbIE MPEBPAIICHUS OCTAHYTCS HEHCIOJIb30BAaHHBIMU WJIM HE OYyIyT HMETh
cMmbicia. Takum oOpa3zom, cxeMa rpeBpanieHus BemecTsa Bs B 1ie/1eBy10 MOJIEKYITy HMEET

cnez[y}onmﬁ BU/I:
NHPh

COH SOC|2 PhNH2
1) KOH, H0 _1PCls
2) H3O+ 2) CrCl,
30+
dennangpan
S. Hcxons u3 crpykrypsl BemectBa C, 10CTaTOYHO OTYETIMBO BUIHO, UTO «COOPKay

YIJIEPOAHOTO CKEJIETa MPOUCXOAUT MOCPEACTBOM JBYX peakuui Jlunbca-Anbaepa,
KOTOpPBbIE TAK)K€ HEOOXOAMMO «IOMOIHUTHY €II€ TpeMs maramu: 1) BOCCTaHOBJIEHUEM
nBoiitHoM cBsizu C=C, ocrauieiicss nocie peakuuu Junbca-Anbaepa, NpoTeKaroen
Mexay (GypaHoM U JUMETWIALETHICHIUKAPOOKCWIATOM; 2) IMpeBpalleHHeM
METUJIKapOOKCUJIATHBIX ~ 3aMeCTUTENied B METWIbHBICE  TPYNIbl, 3)  CUH-
JTUTUAPOKCUIIMPOBAHUEM JIBOMHOM CBSI3U, OCTABIIEUCS MOCIIE BTOPOU peakiuu Junbca-
Anpaepa. Cioco0oB manpHeiiero npespaiienus BemectBa C B IEIEBYI0 MOJICKYITY
KaHTapuJIuHa MOXKHO MIPUIyMaTh 10CTAaTOYHO MHOTO. B KauecTBe mpuMepa BO3MOKHOTO
pellieHus] HUXKE TPUBEJICHA CXeMa IOJHOTO CHHTE3a KaHTapuIWHA, MPOBEAEHHOIO
rpynmoi Cropka. Mo)KHO IPEIJIOKUTE U MHOXKECTBO JIPYTUX pa3yMHBIX ITyTeH CUHTE3a.
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COzMe COzMe

| ‘ 80°C_ CO,Me _M2 COMe Z 7" 1) LiAIH,
<_7 Pd/C 100 °C 2) H,0

Cone COzMe COzMe COZMe
MsCI_ EtSK_ 1) OsO, @C{ Ni Peves_
—
' 80 C N32803 5 78 C
H H H, OAc
‘ °H hio, ~"CHO < : 2 ’ 1) PhLi
—_— —_— —_—
: H,0 ~_-CHO  60-70°C - 2) H,0
: OH : :
c

CHO
z z = - P
S\ 2) 275-340 °C - 2) H0, :
: 2\ hot :
Ph Ph 3 o)
KaHTapunanH

Jlumepamypa:
1) R. R. Williams, J. K. Cline, J. Am. Chem. Soc., 1936, 58, 1504—1505.
2) R. L. Frank, R. E. Berry, O. L. Shotwell, J. Am. Chem. Soc., 1949, 71, 3889-3893.
3) G. Stork, E. E. van Tamelen, L. J. Friedman, A. W. Burgstahler, J. Am. Chem. Soc.,
1953, 75, 384-392.
Cucmema ouenusanus:

1. | 4 mpumepa mMoiHbIX TpaHchopmoB — 1o 0.25 Hamnna 1 6ann

2. | KoppektHblii ciocob cuHTe3a He Oosee yem 3a 4 craauu — 1.75 | 1.75 6anaa
Oaya

3. | CootHecenue BeulecTB X1 — X7 — 1o 0.5 danna 7.75 6as1a
VYkazaHue JONMOJTHUTEIbHBIX YCI0BUM Ha cTaausax 1 u 2 —mo 0.25
Oamnna
Crpykrypubie popmynsl BemectB Y1 — Ys —mo 0.75 6anna

4. | CootHecenue craauii A1 — Ag — 1o 0.5 Oayuia 8.5 0anaa
CrpykrypHbie popmynsl BemectB Br — Bs — mo 0.5 6anna

5. | PazymHas cxema cunresa Beuiecta C — 3 6amna 6 0as10B

Pazymnas cxema cunTesa kantapuanda u3z C — 3 6amia
Ecnu obwee uucno cmaouu npesviwwaem 15, cymmapno 3a oba
cunmesa — He bonee 4 bannos

UTOrO: | 25 6anoB
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XVMUA 1 )KU3Hb

Pemenue 3axauu 1 (aBTopsni: A3zaposa JILH., Oxumajaos U.J1.)
1. B nsnurpade 3amucaH M3BECTHBIM CTHUIIOK IIPO «PBDKETO». PBDKHMIT IIBET BOJIOC
OTIpENEISICTCS BBICOKUM COJIep’KaHueM (eOoMENIaHWHA, KOTOPBIA M TPHUAAET BOJOCY

KpPAaCHOBATbI OTTEHOK, U MOYTH MOJHBIM OTCYTCTBHUEM dyMEJIaHWHA. B ciydae 4epHbIX
BOJIOC CHUTyalusi oOpaTHas — ImpeoOiaJiaHhe YEepHOTO SyMEJIaHWHA U OTCYTCTBHE
dbeomenannna. Pycbie BOJIOCHI kK€ 3aHUMAIOT MPOMEXYTOUHOE TIOJIOKEHHUE — B HUX €CTh
o0a MellaHnHA, @ ©X COOTHOIICHHUE OMPEAETSET TOH OT TEMHO-PYCOTO JI0 CBETIIO-PYCOTO.
2. buocunte3 HaunHaercs ¢ L-tuposuna. Ero okucienne tuposunazoit TYR mpusogut
K 00pa30BaHUIO COCIUHEHMS A, MpUYEM TUpPO3MHa3a nepexoauT B coctosinue TYR(O),
3axBaThbiBass aroM kuciopona. Mcxons w©3 CTEXMOMETPUUECKUX KOA(D(UIUMEHTOB
MOHATHO, YTO PEAKIMS NpeCTaBsaeT co00i rupokcuaupoBanue. [1oHATh, O KakoMy
aroMy ymiepoAa IMOMAET THUAPOKCHWIMPOBAHME, INOMOTaeT yKa3aHWEe Ha TO, 4ro B
COJICP>KUT OPTOXUHOUHBIN (hparMEeHT — 3HAYUT, BEIIeCcTBO A - L-quokcudeHunaianuf
(JO®DA). 3atem npoucxoIuT peakius eie oJHOro okucienus tupo3unazoi TYR(O).
[Tponykt B MOXXHO ONpenenuTh M3 YKa3aHUS Ha TO, YTO OH MPEACTABISIET COOOM
OPTOXMHOWJ, a 3HaYuT B — nonaxuHOH. JIONOJHUTENBHBIMU ITOATBEPKICHUSIMU
cTpykrypsl B sBisiercs umHboOpManus O TOM, YTO B XOA€ PEAKIMH MPOUCXOIUT
OTILEIUIEHUE JIByX arOMOB BOJAOpPOAA OT MOJIEKYlbl A. Takke M3BECTHO W3MECHEHUE
MacCcoBOM JIOJIU BOAOPONa, KOTOPOE TMO3BOJISIET OKOHYATEIbHO YOEIUTHhCS B
npaBuIbHOCTH oTBeTa. (OOpa3zoBaHue KoHbtorara C TOPOUCXOAUT TO TYTH
HYKJICOQUIBHOTO TPUCOECIUHEHHsS, a HalpaBlICHUE NPUCOEIUHEHUS IMCTEHHA
OTIpeIeIsIeTCsl U3 KOHEYHOU CTPYKTYphI eoMenannHa. BemectBo D oOpasyercs B xoze
CIOKHOM, C TOYKHM 3pEHHUS MEXaHW3Ma, PEAKLIHUH, OJHAKO €ro CTPYKTypa TaKkKe
YCTaHABJIMBAETCS peTpocneKTHBHo.

/©/\(COOH D/\/COOH COOH HO COOH
HO NH ; : / HO NH;

TYR TYR(O) " TYR(0) TYRC NH 1
(B) Hs\)\CZOOH r©
- HoN™ "COOH
‘ HO COOH%
TYR(O
N'\, NH, TYR ©
S 2H,0, CO
(D) 2 2

deomenanna

3. OOpazoBanme BemecTBa E sBIsieTcs peaknued UMKIM3AIMU JOMaxuHOHA B.

AHanmu3upyss WH(OpPMAIIMIO O TOM, YTO TOCJEIYIONMe MeTabOoIUThl CoAepKaT
WHJOJbHBIE (PparMeHThl, JIOTMYHO MPEANONOXKUTh, uTto craaus B—E 3710
BHYTPUMOJIEKYJIApHAsT LUKJIM3AIUS 110 MEXaHU3MY HYKJICO(DUIbHOIO MPUCOEIUHEHUS
aroMa a3oTa K OpTOOCH30XWMHOHY ¢ oOpa3oBaHueM neiikomomaxpoma E. Peaknus
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oOpazoBanus nomaxpoma F anamormuna peakunu A—B. [lanee cienyror peakuun
o0Opa3oBaHMsI CONPSDKEHHOW CHUCTEMBbI WMHAONA. B omHOM cimydae 3Ta peakuus He
3aTparuBaeT KapOOKCUIIbHYIO TPYIITY U BeJIET K 00pa30BaHUIO 5,0-TUTHAPOKCUUHION-2-
kapoonoBoit kuciorel DHICA (BemectBo G), a B JIpyroM CONpsDKEHA C
neKkapOOKCHIIMPOBaHUEM ¢ oOpazoBaHueM 5,6-nuruapokcunngona DHI (Bemectso G).
Jlanee mpouUCXOIAT yXe OMUCAHHBIE BbIIE OKUCIeHHS a0 oproxuHouaoB H u H’,

IMOJIMMCPHU3YIOIIUXCS B OYMCIIAHHH.
o oo
mH mCOOH Df\rCOOH
0 ? TYR(O)
TYR
(B) (F) "

HO
mCOOH — mCOOH HO O N oo

D\/\r COOH 7 G RO TYRH0 (H)F
A\

®F Rl - Dy
Y

(G)" @) "
4, Jlns BBIp@XEHUS WHTECHCUBHOCTH OTPAXKEHHOTO W3JIYYCHHUS BOCITOIB3yeMCS
dbopmysoi U3 yCIOBUS:
a) IR,N = IosTtTm , TAC Tt

KpoMme MenaHuHa, a T, - MenanuHa. Torma B cimydae ¢ BUTHIMTO (O€3MeTaHUHOBBIM

— k02 (OUIUEHT MOTIOMIEHUS IPYTUX KOMIIOHEHTOB KOXKHU

Y4aCTOK KOXKU), KOMIIOHEHT T;,, yIUTHIBAThCS HE Oy/IeT:
6) IR,V = IosTt.

5. Tlockombky  kod(hduIeHT

WHTEHCUBHOCTHU U3ITyUYEHHUsI, OTPAKEHHOTO BetmecTBOM (I), K MHTEHCUBHOCTH UCXOTHOTO

IIOITIOIICHU A BBIPAXKACTCA Kak OTHOIIICHUC

manydennst (Ip), a OTHOcHUTenbHAs OKCTUHKIMS BEIISCTBA OMPEACISIeTCS Kak
HaTypaJbHbINA JorapudmM 00paTHOTO OTHOIIIEHUS, TO:
T = —

L)y o g y(l
Iy’ n(l) - _n<T>

I[J'I}I TOrO, IIT06I>I BBIPA3UTh OTHOCUTCJIIBHYHO S3KCTUHKIMIO MCJIAHWHA, HGO6XOI[I/IMO
onpenenuth kKodpduruent T, 3ammcaB OTHOIMIEHHWE OTPAKEHHOTO W3JIyYCHHS OT
y4acTKa 3J0pOBOM KOXKU Y BUTUIITO, MOJIYYaeM:

1,ST,T,, Ipy
=T, => A,=In|{-—
Igy 1,ST, Ipn

6. [lns Hauanma BBIYMCIMM OTHOCUTEIBHYIO DKCTHHKIIMIO MEJIaHMHA Am sl KaKJIou

Inn

JIAHEI BOJIHEI 0T 290 1o 320 M.

JI1vHa BOJIHBI, HM 290 295 300 305 310 315 320
Irv/Ir N 12.319 | 12.024 | 10.892 | 8.969 | 7.717 | 6.803 | 6.432
Am 2511 | 2.487 | 2388 | 2.194 | 2.043 | 1.917 | 1.861
EE-I(}A) 0.015 | 0.0817 | 0.2874 | 0.3278 | 0.1864 | 0.0839 | 0.018
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Boruucnum SPF, ucnons3yst ypaBHeHne MaHcypa:
SPF =10-(0.015-2.511 4+ 0.0817 - 2.487 + 0.2874 - 2.388 + 0.3278 - 2.194
+ 0.1864 - 2.043 4+ 0.0839-1.917 + 0.018 - 1.861) = 22.2
SPF menanuna 22,2
7. Jlns Hayana 3amuiieM IMOCIeN0BaTEIbHOCTh HyKJIeoTHnoB B cocraBe MPHK,
KOMILIEMEHTapHO npeacraBieHHoMy y4yacTKy JIHK (HeoOxonumo noMuuTh, uro MPHK
antunapasuiensHa nenouke JJHK, ¢ koTopolh nporCXOAUT CYUTHIBAHUE, A TAKXKE TO, YTO
Bce octarku T 3ameHeHbl Ha U).
JHK: 3°’-CACTAAAACCAGATCGATGTCACTTTAGAG-5’
MPHK: 5’-GUGAUUUUGGUCUAGCUACAGUGAAAUCUC-3’

N3 Tabmuipl reHeTHYeCKOoro Koja OINpeAesIUM BO3MOXHBIE KOJOHBI, KOAUPYIOIIUE
BAJIMH Y ITTyTAMUHOBYIO KHCIIOTY:

Bamun: GUU, GUC, GUA, GUG

['myramunoBas kucnora: GAA, GAG

Janee HeEOOXOAMMO HAWTH Taphl KOJOHOB, KOTOPBIE OTIMYAIOTCA TOJIBKO 1
HykieoruaoM. Takux nap Bcero jiBe: GUA — GAA, GUG — GAG, 3Ha4UT UCXOAHBIM
KOJIOHOM, B KOTOpoM npou3onuia mytamus, asisiercss GUA wium GUG. Haitnem B MPHK
BCE MOAXOSIINE KOJOHBI.

MPHK: 5’-GUGAUUUUGGUCUAGCUACAGUGAAAUCUC-3’

J{ns1 BBIOOpa €AMHCTBEHHO MOIXOASAIIET0 KOIOHA pa300beM BCIO MOCIIEI0BATEILHOCTD
MPHK Ha cooTBeTCTByIOIIME TPUILIETH U POBEPUM, HET CPEAM HUX CTON-KOIOHOB. B
ciyyae WX Haiauuus, cuuThiBaHue uenouyku MPHK oOopsercs, 4uTto mpoTHBOpEYUT
YCIIOBHIO.

Ecnu npaBUSIbHBIM OTBETOM SIBJIIETCSI IEPBBIN KOJIOH, TO:

MPHK: 5’-GUG.AUU.UUG.GUC.UAG.CUA.CAG.UGA.AAU.CUC-3’
oenox: - Val — Ile — Leu — Val — STOP — Leu — Gln — STOP — Asn — Leu
3HA4YUT, STOT KOJOH HE MOJAXOAUT HA poib MyTaHTHOTO. [[poBepuM BTOpOI BapHaHT:

MPHK: 5’-GU.GAU.UUU.GGU.CUA.GCU.ACA.GUG.AAA.UCU.C-3°
0eokK: - ... - Asp — Phe — Gly — Leu — Ala— Thr — Val — Lys — Ser - ... -

Cron-koJIOHbl OTCYTCTBYIOT — 3HAQUUT 3TOT KOJOH SBISIETCS TOAXOJSIIMM.
[TopsiaxkoBbIil HOMEP 3aMeHsieMoro ypamwia — 1799.

Cnucok numepamypol:

1) Sansinenea, Estibaliz & Ortiz, Aurelio. (2015). Melanin: A Solution for
Photoprotection of Bacillus thuringiensis Based Biopesticides. Biotechnology letters. 37.
483.10.1007/s10529-014-1726-8.

2) Matoba Y, Kihara S, Bando N, Yoshitsu H, Sakaguchi M, Kayama K, Yanagisawa S,
Ogura T, Sugiyama M. Catalytic mechanism of the tyrosinase reaction toward the Tyr98
residue in the caddie protein. PLoS Biol. 2018 Dec 31;16(12):e3000077. doi:
10.1371/journal.pbio.3000077.

97



3) Antony TMP, Krishna AR, Jayalekshmi SK, Chockalingam J, Ramasamy S. Isolation
and Elucidation of Bacterial Melanin’s Sun Protection Factor (SPF) for Photoprotection in
Cosmetics. J Pure Appl Microbiol. 2023;17(1):449-455. doi: 10.22207/JPAM.17.1.37

4) Kollias N, Bager A. Spectroscopic characteristics of human melanin in vivo. J Invest
Dermatol. 1985 Jul;85(1):38-42. doi: 10.1111/1523-1747.ep12275011.

5) Kollias, Nikiforos & Ali, Bager. (1988). The role of human melanin in providing
photoprotection from solar mid-ultraviolet radiation. Journal of the Society of Cosmetic
Chemists. 39. 347-354.

Cucmema OUeHUBAaAHUA>

1 | BepHblii 0TBET 0 Kax0M 11BeTe Bosioc — 1o 0,5 Gasia 1.5 6anaa

2 | Crpykrypnas ¢popmyna A, C — o 1 Gamry 5 0asu10B
Crpyxkrypssie popmynel B, D — o 1.5 6ana

3 | Crpykrypubie dopmynsl E-H, G’, H’ — o 1 6amny 6 0aJs10B

4 | 3anuCph BBIPAXKEHUMN [JI1 MHTEHCHBHOCTH OTPAaKEHHOIO M3JIydeHHs | 2 0ajia
37I0pPOBOM KOKH M BUTHWJIMTO — 10 1 Gamty
S | Unes o ToM, 4TO OTHOCHUTEIbHAS SKCTUHKIIMS MEJTaHUHA paBHA 3 0asu1a
HaTypajibHOMY Jiorapudmy koddduirenta norsiomeHus — 1 6amn

BoIpakeHus1 17151 OTHOCUTEJIbHOM SKCTUHKLIMU MeJlaHWHa — 2 Oajuia

6 | Beruncnenue SPF menannna 2.5 o6asi1a
HUTOI'O: 25 6ai10B

Pemienne 3agaum 2 (aBrop: Ilnoayxun A.1O.)
1. OOpaboTka HMCXOAHOW KApOOHOBOW KHCIOTHl OKCANWIXJIOPUAOM MPHUBOJUT K

00pa30BaHUI0 XJIOPAHTUIPHIA, KOTOPBIA Jajiee aMHIUPYETCS BTOPUYHBIM aMHHOM C
obOpazoBanuem amuaa A. OO6paboTka A CHUIBHBIM HEHYKJICO(DUILHBIM OCHOBaHUEM (i-
Pr),NLi (LDA) npuBomguT K o0Opa3oBaHUIO EHOJIATA, KOTOPBIA TOJABEPTaeTCs
BHYTPUMOJIEKYJIAPHON MuKIu3anuu Jukmana ¢ oo6pazoBaHueM jakTama (IIUKINYECKOTO
amuna) B B BUIe cMecu IByX auactepeomMepoB. Vcmosb3yromuiics Ha Cileayromieit
craguu DBU Takke sBisieTcss HEHYKJI€O(UIbHBIM OCHOBaHHMEM W mpeBpamaer B B
CHOJISIT, KOTOPBIM Jajiee HYKJICO(DUIbHO MPUCOEIUHSETCS K KapOOHWJIbHOW rpymime
dbopmanpaeruga c o0pa3oBaHHMEM TPOAyKTa rujpokcuMmetrwinpoBanus C ¢
npeobiaajaHieM OJHOTO cTepeom3omepa. B xome 3TOro mnpeBpalleHus BHAYale
MPOUCXOAUT TIOTEPs CTepeomHpOpMalMd Ha aroMe YIIIepoJa, CBS3aHHBIM CO
CIOXHOY(PUPHON TPYIION, MOCKOJIBKY CHOJSIT-MOH TPEACTABISET COOOW TUTOCKHIMA
CTPYKTYpHbId  (parmeHT. OpHako Tmocienyromas HykJIeopuibHas araka Ha
KapOOHWJIbHBIN aroMm yriiepoja (opmaiblieruia MPOUCXOIUT MPEUMYIIECTBEHHO CO
CTOPOHBI METHJIBHOW TpyNIbl, TaK Kak OHAa MWMEeT MEHBIIUA pa3Mep, UYeM
THoMeToKcurpymnmna. CTOUT OTMETHTh, YTO KOH(UTYpPAIMIO XUPAJIbHBIX IIEHTPOB B
npoaykre C MOXHO YCTaHOBUTh M 0€3 Takoro JeTajdbHOTO aHajldu3a, HCHOJb3Ys
U3BECTHYIO CTPYKTYpY (—)-omyparuda. Illpu aeiictun Ha C NaBH(OACc); nmpoucxonur
CTEPEOCENIEKTUBHOE BOCCTAHOBJICHHWE KapOOHWJIBHON Tpymmbl C OOpa3oBaHHEM
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npoaykra D; araka BOCCTAHOBUTENS MPEUMYIIECTBEHHO HUIET C OOJee CTepUUYECKH
JIOCTYITHOM CTOpOHBI, rae pacnonaratorcs 3amectutrenu Me m CH,OH y cocennux
aroMoB yriepona. CTepeoxXMMHIO Takke MOXXHO YCTAaHOBHTH W3 CpPaBHEHHUS CO
CTPYKTYpOH (—)-omypanuoa.

CO,Me PMB
2) O~_N_ _CO,Me
COH 1) (cocy, cocl NHPMB ~ LDA
Me'' /S co,Mm Iv'e")\co Me EGN . Me'4“com .
MeS olVie DMF MeS olVie t3 MeS olVie -78 °C
A
PMB PMB PMB
Oy N 1) DBU, -78 °C On-N CcO,Me NaBH(OAc), ON-N CO,Me
—_—> COZMe > “t, 1y
Me', 2) CH,0, -78 °C  Me", | Me'", |
MeS o) MeS o) OH MeS OHOH
B c D

[Tonmyuennslit quon D uMmeeT Be TMIPOKCUTPYMIIbI, KOTOpbIE OONAJAIOT pa3HOM
peakunoHHOM criocoOHOCThIO. bonee crepuuecku noctynHas nepsuuHas OH-rpynmna B
T'HJIPOKCUMETUIIBHOM (parMeHTe OyleT pearupoBarh ¢ MUBAJIOUIXJIOPUAOM B MEPBYIO
ouepenn. Jlanee mpouCXoIUT MOCTAHOBKA mpem-0y TUIIUMETUICUIIUIIBHON 3alllUThl Ha
BTOPUYHYIO THIPOKCUIBHYIO rpynny. [lpm nelictBum Ha mnonydeHHbIM HpoaykT E
METUJIATOM HaTpus B METAHOJE MPOUCXOAUT YAAJICHHE MHUBAJIATHOM TPYMIBI IO
MexaHusmy mnepestepudukanuu. Jleiicteue Ha F Hukens PeHes npuBoautr K
ruaporenonusy obeux cpszeit C—S. [Ipu sToM mensiercs dopmanbHas KOHPUTYparus
COCEIHETO ACHMMMETPHUYECKOIO aromMa yYIIEpOAd, ITOCKOJIBKY HW3MEHSETCS MOPSIOoK
CTapIIMHCTBA 3aMECTHUTEIICH (XOTs ero pakTudeckasi KOHPUTyparus U He U3MEHSIETCS).
B 10 %e Bpems y camMoro aroma ymiepoia, NpU KOTOPOM MPOUCXOIUT pPeakLus
necynab(dypuszanuu, Bc€ HaoO0poT — (¢akThueckass KOHPUTypalusi H3MEHSEeTCs, a
dbopmanbHas koH(pUTypalus — HET (Tak Kak caMasl ctapiias rpynna SMe 3ameHseTcst Ha
arom H). CrepeoxuMHI0 MNpPOAYKTa TaKKE€ MOXHO ONPEIEINTb W M3 CPAaBHEHUS C
HU3BECTHOM CTPYKTYpOH (—)-omypanuoa (a1ub0 HAOOOpPOT, HCIOIL30BaTh €€ s
omnpenesieHus crepeoxumuu npeamectpyomux coeaunennii C—F). DMP (nepuogunan
Hecca-MapTuHa) — MSTKHIl OKHCIWTENIb, MPEBPAIAIONINI CHUPTOBYIO TpyNHImy B
kapOoHmbHyt0. Cremyromas craguss — MpPUCOCIUHEHHEe peareHTa [puHbsipa 1O
KapOOHWJIbHOM rpynie. B mpucyTCTBHM B pEaKIIMOHHOW CMECH TPUMETUIICHITHITXJIOPHUIA
MPOMEXKYTOUHBIA AJIKOTOJIAT Ja€T COOTBETCTBYIOIIMM CHIIMJIOBBIA 3(Up, KOTOPBIH,
OJTHAKO, 3aTeM JIETKO pacIIEeIUIsieTcss nmpu oO0pabOTKe BOAHBIM PACTBOPOM XJIOPHIA
aMMOHUS (MMEIoLIUM cl1abokuciyto cpeny). Ha ato ykassiBaer Hanuuue B MK-cnextpe
H nonocel ipu 3389 cM™!, coorBercTByrONIEH BajJeHTHBIM KojeOaHusM cBszu O-H.
Taxxe nanmele cnekrpa SIMP 'H ykaseiBaror Ha Hamumuue rpynnsl TBS (Bce
NIEPEYNCIIEHHBIE CUTHAJIBI MIPUHAMJIEKAT €€ MPOTOHAM; MPHU 3TOM METHUJIBHBIE TPYIIIBI
P aTOME€ KPEMHUS TUACTEPEOTONHBI U IAIOT JBA CUTHAJA C Pa3HBIMH XMMHYECKUMU
casuramu) u otcyrcrBue rpynnsl TMS B coctase H. Jlanee npoBoauTcs ruipupoBaHue
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JIBOMHOM CBA3M, a TMOCleAyomas o0paboTka BOAHBIM PacTBOPOM TPUDTOPYKCYCHOU
KHCJIOTBI TNPUBOAWT K ynaneHuro TBS-3ammrel. HakoHen, mpoBOAWTCS IIEIOYHOU
TUJIPOJIN3 CIOKHOA(UPHON TPYMNIBI C MOCIEAYIOIUM 00pa3oBaHUEM [-JaKkTOHA IMpPH
neiicteun BOPCl (ero ponp 3axitoyaercssi B aKTHBALMM KapOOKCHIIBHOM TIPYTIIBI).
3aKIounTeNbHAs CTAIus — YIaJIeHUEe napa-MeTOKCHOESH3UIIFHOM TPYIIIBI C aTOMa a30Ta
¢ mnomoinbto HuTpara ammonus-uepus (NHy),Ce(NO;)s (PMB-3ammra 0O0bIYHO
CHUMaeTcsi Tpu jAeilcTBuM okuciutenei). Ha 1o, uro ymanenne PMB-3ammrtsl
IPOMCXOIUT Ha MOCIEAHEN CTaIUM, TAKXKE YKa3bIBAIOT AaHHble criekrpockonuu IMP 'H
BellecTBa J (HaJIM4Me JBYX CUTHAJIOB OT apOMaTUYECKHUX IPOTOHOB).

PMB PMB PMB
O N Oy N O N
,CO:Me 1) piycl, Py »COMe 1o oNa LCO2Me 1) Nj Penes
Me: ", PgE——V TS Voon  MelS<B/ -
| 2) TBSOTf | MeOH |
MeS OH OH 2,6-nyTUANH MeS 0 OPiv MeS 0 OH
D TBS TBS
E F
PMB PMB MgBr PMB
Oy N Oy N ! O _N CO,Me
CO,Me 2) DMP CO,Me Me 2) NH,CI
— R s/ _— “, _— ., OoOTMS —MMM
| i TMSCI H20
Me Me' 40 °C Me
o OH o0© ) .0
TBS' TBS' TBS
G
PMB PMB PMB
OQMe 1) Hy, PAIC_ OzMe 2) CFaCOH _ one )LIOH
—
H20,50°C e )’\ HLOTHF
H
PMB PMB OH y OH
Ox N
2)BOPCI '\( (NH4),Ce(NOs)s '\(
Et3 CHiCN/H0 1o o
o)
(-)-omypanua

2. Vcronp30BaHue CTaHIAPTHOW TPOIEAYPHI MPUCOCINHCHUS peakTuBa | puHBSpa 1o
KapOOHWJILHOHM TpyIITie MPUBOAWT K PETPO-aJIbIOJIBHON peakiuu. B maHHOM cirydae
MPOIIECC PACHICIUICHUS TETPAdIPUUECKOTO MHTEpPMENHUara MPOTEKAeT JIETKO, TaK Kak
o0pazyeTcst eHOJIAT — CTAOMITM3UPOBAHHBIN CIIOKHOA(DUPHOUM TPYyNION KapOaHUOH.
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(0] N’ y ) COgMe
COzMe Me
_Me / %-COzMe /Q
Me g Me

0] O OTBS

G HZO
I|3MB

O N

COzMe

Me
OTBS

Hy

3. B pe3ynbrare aTaku THIPOKCHIIA U3 (PparMeHTa TPEOHUHA 00pa3yeTcs CIOXKHBIA APUp
(aHanoruyHo cxeMme B ycioBuH). Jlanee, 00pa3zoBaHre MATUUIECHHOTO ITUKJIA BO3MOMXKHO
TOJIBKO B ONHOM Cllydyae — B pe3yJbTare aTakd HOBOW THIPOKCH-TPYMIBI HA aroMm
yIjiepoAa, CBS3aHHBIM C aroMoOM XJIopa. OJTO TMpPEACTaBIseT COO0OW peakUuio
HykieopuibHOro 3amenieHus. IlepBoHauanbHO, 00Opa3yeTcs OKCOHUEBBI HMOH —
IPOTOHUPOBAHHBIM ()parMeHT LUKIWYECKOro mpoctoro 3¢dupa. Boma BeicTymaer B
KauecTBE MEPEHOCUYHKa IPOTOHOB U MPEBPAIIAECT HOH B HEUTPAJIbHBIN (PparMeHT.

-Cl- H,0
_— _— -
-H;0*
3 3 o,
L
& CO,H H,N" ~CO,H H,N” ~CO,H
aN K L M

Thr
4. Ilepeiinem k paciupoBKe cXxeMbl OMOCUHTE3A Mapuzomubda. [lepBoHadyanbHo, CleayeT
o0paruTh BHUMaHUE Ha MH(POPMAIUIO, YTO BHYTPUKIECTOUHBIH pH MOpckux OakTepuit
HAXOJIUTCS B CIa00IMIENOYHOM 001acTh. DTO O3HAYAET, UTO BCE MOJIEKYIbI, COIEPKALUE
KUCJIOTHBIE (DyHKIMU OyTyT CyIIECTBOBAaTh B BUJIE aHMOHOB, 1 B KAYECTBE BEPHOIO OTBETA
OyIyT 3aCUMTBHIBATHCS TOJBKO JEMPOTOHUPOBAaHHBIE CTPYKTyphl. Ilpm oOpazoBanuu
BemlecTBa N IMPOMCXOANUT 3aMENIEHNE METUOHWHA Ha XJIOp MO/ ICUCTBUEM XJIOpMHAa3bl. Ha
BTOpO# cTaguu npoucxoaut (ocoponutnueckoe pacuierienne N ¢ oOpa3oBaHHEM
afeHuHa u S5-xJop-5-ne3okcu-D-pubo-1-docdara (Bemectso ), KaTaauzupyemoe
dbepmentom SalT. [lanee mox nedictBueM (ocdarazpl MPoUCXOOUT TUAPOIU3 3dupa
dbochopHoit  kuciotel (mpu  3TOM  oOpasyercs BemectBo P) U okucieHue
OKCHUJOPEIyKTa301 IMIPOKCHIIA B MOJIOXKEHUU | ¢ oOpa3oBaHHeM JakToHa Q, KOTOPHIN B
BOJHOM Cpejie CIIOHTAaHHO pacKpbiBaeTcs, HaBas S-xjopopubonar Qi. Cnemyroiee
IpeBpalleHue, Jerujparauus, JaeT S-XJ0po-4-THAPOKCH-2-OKCONEHTaHoar (ero
CTPYKTypa HM3BECTHA) U KaTalM3upyeTcsi Aerujpara3oil auruapokcukucior (DHAD),
OJHUM M3 KIIIOYEBBIX (PEPMEHTOB OHOCHHTE3a anu(paTUueCKUX aMHUHOKHCIOT C
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pa3BETBICHHON OOKOBOM LIETIBIO, UMEIOIIMM 5KEJIE30-CEPHBIN KIacTep B aKTUBHOM LIEHTPE.
3areM MPOUCXOIUT OKUCIUTEIHHOE JIEKAPOOKCUIUPOBAHUE C  OJHOBPEMEHHBIM
npucoeArHeHneM kodepmeHta A mon  jaedictBueM  (eppeaOKCHH-3aBHCUMOMN
OKCHJIOPEIYKTa3bl (-OKCOKHUCIIOT C 0OpazoBaHueM 4-xJop-3-ruipokcuOytupui-KoA
(BemectBo R). [erumparanus R karamusupyercs B-TUIpOKCHAIMI-ICTUAPATA30M C
oOpazoBanueMm 4-xjopokporoHun-KoA (S). KapOokcunupoBanue ¢ 00pa3oBaHUEM
XJIOpO3THIMaTIOHUI-KOA (ero cTpykTypa Takke U3BECTHA) IPOUCXOAUT MO/ JIEHCTBUEM
kpoToHIWI-KOA kapOokcuiiasbl/penykrassl. M HakoHeI, Ha KOHEYHOUW CTaNH MTPOUCXOTUT
KOHJIEHCAIUsl XJIOPOATHWIMAIOHUI-KOA, HHMKIOreKCEHUJIBHOTO MPOU3BOJHOIO aJlaHWHA
X1, anerata Xz YW TUAPOKCHIMPOBAHHE aMHUHOKHCIOTHOTO (hparMeHTa M OTHICTICHUE
KoepmenTa A.

Cl cl cl cl cl
=N OH ~ O
LC?‘N\)\‘/NHZ PO 3. (0] OPOSZ- H O (@] OH NAD+ (0] 0 H20 (e}
AN et O, — — o
HO  OH -

N . + \\‘ "/ N ‘
o oH o on NADHHYG T wo . M
N (o] P Q
%
SCoA SCoA coy
CoASH, NAD* Ho Hou_J.,
NADH, Co2 OH
Cl ol
Q
Ox._SCoA
+ —_—
Co,
Cl
X4 mMapu3omu6
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substrate chloroethylmalonyl-coenzyme A from S-adenosyl-L-methionine //Proceedings
of the National Academy of Sciences. —2009. — T. 106. — Ne. 30. — C. 12295-12300.
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4) Gulder T. A. M., Moore B. S. Salinosporamide natural products: Potent 20 S

proteasome inhibitors as promising cancer chemotherapeutics //Angewandte Chemie
International Edition. —2010. — T. 49. — No. 49. — C. 9346-9367.

Cucmema ouernuearnusxa’

1. | 3a Kaxmyro BEpHYIO CTPYKTypHYIO (Qopmyny ¢ BepHO ykazanHou | 10 6a/uioB
cTepeoxuMueit — o 1 damry.
3a cmpyxmypuyro gpopmyny ¢ Heseproii cmepeoxumueti — () 6annos

2. | Crpyxkrypnbie popmyasl Hy 1 Hz — o 1 6amny 2 6aJs1a

3. | Crpykrypnbie popmynsl K, L, M (6e3 ctepeoxumun) — 1o 1 6amty | 3 6asia

4. | CtpykrypHbie popmyinsl N — S — o 1 6amny 10 6as10B
BemectBa X1 u Xz — 1o 1.5 Oanmna

s O, Q1, X1 u X2 00nycmumvl moivKo 0enpomoHuposantsie popmul
(0.5 © 3a MPOTOHMPOBAHHBIE CTPYKTYPHI)

HUTOI'O: 25 6ass10B

Pemenune 3amaum 3 (aBTopbl: I'puropnes B.I'.. MemepsikoB H.B.. bauesa A.B.)

1. YrapHsslii ra3 MO’KHO Ka4€CTBEHHO OIPEAEIUTh ¢ TOMOIIIbIo xyopuaa namiaaus (1I):
PdCl, + CO + H,O = |Pd + 1CO, + 2HCI
KayecTBEeHHBII NpPU3HAK — TMOMYTHEHHME M TOTEMHEHHE pacTBOpa 3a CYET
0o0pa3oBaHUS MEJIKOAWCIEPCHOTO TMauiaausd. MOXHO TakXe CMOYUTH TOJOCKY
GbuIBTpOBAIHLHON OyMaru pacTBOPOM XJIOpH/Ia TTAJUIA s, B IPUCYTCTBUM yTapHOTO ra3a
Oymara OBICTPO YEpHEET.
2. Konuentpanus CO B OTpaBI€HHOM BO3/yXE€:

_ XeoP _2 101.325 B s
Ceo = qp =0 0 e @315 v50) /710 M
Bcero remonno6uHa (B MOJIb) y UelIOBEKa B HOPME:
140-5.2
ngo = W = (0.0109 moab.

CmepTh HacTymaet, Korna nypco = 0.7 - ny,, = 7.606 - 1073 mMoub. Torna, KOIMYECTBO

CBS3aHHOTO yrapHOTO Ta3a JIOKHO COCTaBUTh Ny = 7.606 - 1073 Moub. Ipu ogHoM
MIOJITHOM BJIOXE YEJIOBEK IMOMIONIAeT 4 J1 OTpaBICHHOTO Bo3ayxa. [Ipu 3ToM KOIM4eCcTBO
CO, nocrynaroiiee B OpraHu3M MPU OJHOM BIOXE PABHO: Nco(prox) = CcoV = 3.77 -
107> -4 = 1.508 - 10™* Mosb. B Takom ciyuae, 4MCIO BJOXOB, KOTOPOE IIPUBEIET

7.606-1073

Trosiot = 50.44 ~50 BaoxoB. D10 Oymer

yenoBeka K rubenu, coctaBut: Np =

50
COOTBETCTBOBATh BPEMEHHU tp = = = 3.36 muH = 201.8c.

3. Okucnenue CO B OpraHU3ME IMPOUCXOAUT OYCHb MCAJICHHO. Paccuntaem MOJIBHYTO
CKOPOCTb OKHCJICHUSA:
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0.00013n1-101.325
Tokucn = 8314 - (27315 n 366) =5.11 MKMOJII)/‘-I
[Tpu 3TOM KOMUecTBO noromeHHoro CO 3a 2 MUHYTHI
Neo = 1.508-107* mosb - 15 - 2 = 0.004524 Mob = 4524 MKMOJIb
CrnenoBarenbHo, BpeMs okuciieHns Bcero CO, nmonasLero B OpraHu3M, COCTABHT:
t=4524/5.11 = 884.5 4aca.
[ToaToMy otBeT — HeT, okucieHue CO He MOXKET SBIATHCS €IUHCTBEHHBIM ITyTEM

BBIBCICHHW:A YI'apHOI'O I'a3a U3 OpraHu3Ma. Ha camom ACIIC CO BBIBOAUTCA U3 OpTraHU3Ma HC

TOJIBKO C TTIOMOIIBIO OKHCIICHHS, HO ¥ C TIOMOIIIBIO JIPYTHX MPOIECCOB, B MEPBYIO OUEPE/h
ATO BbIAbIXaHHE (MOCKOIBKY HEe Bech CO cpazy pacTBOpsieTCSl B KpPOBH), a TakKke
MeTabonu3M  (repepaboTka) MEIJICHHO JAUCCOIMUPYIOLIEro KapOOKCHUTeMOrioOnHa

Hb-CO.
4. KOHCTaHTLI PaBHOBCCHA MOKHO OIIPCACIIMTD KaK OTHOIMICHHUC KOHCTAHT CKOpOCTGfI:
ko= oK Ky ke
YUk R ke, K, T T k_ivk,
r_ —_
r~k, HOBTOMyi = k__: =4-10"*
Orciona, 234.4 = L K=2 _ E/(4 1074 = 5 009375
A S kK k,
By
1 €@ RT E>—Eq
Tak kak A; = Ay, 70 7— = 0.09375 = —F; = ess14310 =
k, -
K/

E,—E, =AE = —6.1

MOJIb
DOneprutro  I'mbGOca a1 peaknmu  oOpa3oBaHMS ~ OKCHUTEMOITIOOMHA W3

KapOOKCUTeMOTTI00MHA MOYKHO HAWTH CIICAYIOIIUM 00pa3oM:
K
AG, — AG; = —RTInK, + RTInK, = —RTln [?2] =
1
K/

MOJIb

3.2
= —8.314-310In|=—=| = 14.064
8.3 310 n<750) 06

5. ITo 0003HAYEHNIO KOHCTAHT HA CXEME B

cO O,

TEKCTE€ MOXKHO OIIPEIEIIUTh, YTO IEPBHIE K CO,
KCO 02 AKTUBHbINA
JIB€ peaklUd COOTBETCTBYIOT MpOLECCY i
o* o* ;

aacop6uuu razop CO u O,. [Ipuuem B : o*
nporecce afcopouu monekymel (W2 = o
Kuciopoga OyaeT IMpoucxomutb ee | o* o* O L i

' cnocoGHbIA KMCNOpoa
JUCCOLIUAIHS.

Tpetbs craaus Oynet

COOTBETCTBOBATH HEOOpaTUMOMY
IpOLIECCY OKHUCIEHHS C 00pa3oBaHUEM




UHTEpMEINaTa, KOTOPbIH BCTYIAET B PEAKIIHIO C OHUM U3 aJICOPOMPOBAHHBIX BEIECTB,
U TPU STOM TIPOMCXOJUT BBIICICHHUE JBYX MOJEKYN YIIEKHCIOro Trasza. YToObl
BBIIEISIOCH cpa3dy JaBe Moisekyabl CO, Ha mnocienHed CTaauu, HYKHO, YTOOBI
ancopoupoBanHblii CO npopearrupoBajl ¢ HEM3BECTHBIM MHTEPMEANATOM C (POpMYIION
COs. Torna Best cxema OyAeT BBIIISIAETD TaK:

ajc

CO(ra3) (1_) Co(auc)

azc
2
O2(ra3) 2 O(az[c)

OKHCJ

k
CO(a[[c) + 2 O(az{c) B [CO}](a;[c)

kaec

COgne) T [COs]anc) — 2COxas)

6. BemectBo X — 3TO HMMAA301, KOTOPBIA MMOTYy4YaeTCs
KOHJICHCAllMEN JBYyX MOJIEKYJl aMMHaKa, OIHOM X - [N> Y1 _K[N

MOJICKYJIBI ~ TIHOKCJII W OJHOW  MOJICKYJIBI N

dbopmanpaeruaa. Takke ero MOXXHO ObUIO ONPEACIIUTH

PETPOCTICKTUBHO, HWCXOAS W3 KOHEYHOTO TMPOMYKTa, N

JOTIOJTHUTENIBHBIM TIOATBEPKJIECHUEM SBIIETCS Macca [\> V2 S

MOJIEKYJIIPHOTO HMOHa MPOTOHUPOBaHHOU ¢dopmbl. Ha Z- N - N

ctaauu noxydeHus: Y1 mpoucxXoauT AenpOTOHUPOBAHUE /) 8
Cl

uMHuga3ona ¢ obpasoBaHreM N-aHHOHA, KOTOPHIA Ha
CJeyIOlEeN CTaauu BBOJSAT B KaTaJIMTHUECKYIO PEaKLMIO C aleTuieHoM. B naHHOM
peakuuu oOpaszyercss coequHeHue 7, — BHHWIMMHIA30J, KOTOpoe (HOpMabHO
SBJISIETCS MPOIYKTOM MPUCOEAMHEHUS UMHAa30ja K aleTusieHy. J[aHHoe coenuHeHus
MOKHO TaK)XKe MOJyuuTh U3 uMuaazona. Ha craguu obpazoBanust Y2 UMH1a3071 BBOAST
B peakumio c 1,2-nuxiopstaHoMm. [lawHas peakuus TpEACTaBIsET  COOOM
HyKJIeopmibHOE 3amenenue. [lanee mpoucxoguT snuMuHHpoBaHuEe Mojekyasl HCl
METHJIATOM HaTpHsl.

Y1l

CoHy

K+
N
X Ky/[,\% ZnO, KOH (78.)
H t /¢ '
O N
3 | /> L

Z~ NH
[ — N Zn(OAc) A
N7\
X, HCO Y/ el NT-Zn(OAc),
N> aueToH I§/
2

i L
BENgT A
A G

N
Y2
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7. buocunte3 nportonopduprnra X ocymecTBiasercs B KIETKax MEUEHW M B KIIETKAX-
NpeIIeCTBEHHUKAaX dJpuTpormroB. Ha mepBoil craauu cykuuHmwi-kopepmMeHT A
(MpOMEXKYyTOUHBIHN MPOIYKT UTPATHOTO IIUKIIA), pEarupyeT C MPOCTEUIIeH aMUHOKUCIIOTOM
nmuuHoM (Gly), naBasi S-aMHUHONEBYIMHOBYIO (5-aMUHO-4-OKCONIEHTAHOBYIO) KHCIIOTY,
ALA (BemectBo B). Ota peakius karaiu3upyercs aMUHOJEBYJIUHAT-CUHTa30d ALA-S,
KO0(haKTOpOM KOTOPOH SIBIISIETCS BUTAMUH B6, M MPOTEKaeT B MUTOXOHIPUSX, TTOCIIE YETO
AMHUHOJICBYJIMHOBAS KUCJIOTA TPAHCTIOPTUPYETCS B IIUTOILIA3MY. 3aTeM JIBE MOJICKYIbl ALA
IMUKIM3YIOTCST ¢ oOpa3oBanuem nopdoOmwmHoreHa (BemectBa C), comeprKaiiero
TeTEPOIMKII — MUPPOJIHLHOE KOJNbIIO, U BBIIETICHUEM JIByX MOJEKYJ BOABL. JTa peaxius
KaTaJIM3upyeTcs aMUHONIEBYIMHAT-Aeruapara3zoi ALA-D, u mpoTekaer y)xe B IUTOILIa3Me.

_ “00C ‘00C_ "00C
00C, ‘0.0 CH,  00C

Sz ¢ ALAS _ HC o~ CH, ALAD
MG+ cH, Y20 + HC H \ /)

U N

= NH, * H—CH )-CH

A \ \ 2H,0 H +
CoAS CoASH, CO, \ u NH, 2 NH;

ALA. B nopgobuUnmMHoreH, C

Jlanee yeThipe MoOJEKYNIbl MOPGHOOMIMHOTCHA KOHJICHCHUPYIOTCS II0 IPHUHIIUITY
«TOJIOBa K XBOCTY» C BBLICJICHHEM aMMHAKa, OJHOBPEMEHHO C 3THUM HUJET THIAPOJIU3
HEIIPOPEArupoBaBIICd KOHIEBOM AaMHUHOTPYMIIbI, JaBas 3aMEIICHHBIM JIMHEHHBIN
TETParupposl - TUApoKcUMeTuOuIan (BemecTBo D). depMmeHT, Karaau3upyronun
JAHHYIO PEAKIUI0 — IMAPOKCUMETUIOMIAaHCUHTAa3a WK TOpPOOUIIMHOTEH JIe€3aMUHA3a.
Ha crnenyromeit craquu THAPOKCUMETHIIOWIAH IUKIM3YETCS C BBIACICHUEM OJHOMN
MOJICKYJBI  BOABL W (OPMUPOBAHMEM  MAaKpOIMKIIA, KOTOPBIA  Ha3bIBACTCS
yporopdupunoren III (BemectBo E) mox aeticrBuem ypornopdupurores I1I-cunrassbi.
[Ipu >TOM MPOUCXOAUT BHYTPHUMOJICKYJISIpHAS MEPErpynmnupoBKa, 3aTparuBarolas
TOJILKO OJHO KOJIBIIO (BEPOSITHO, YEPE3 CHUPO-CUCTEeMY), U B yporopdupunorere 11
3aMECTUTENIA Yy 3TOr0 MHUPPOJIBHOTO KOJIbI[A OKAa3bIBAIOTCA MEPEBEPHYTHIMU, O YEM
MOXHO JOTaAaThCs, 3Has CTPYKTYPY KOHEUHOTO BEIIECTBA.

“00C
-00C_. '00C

‘00C

+H3N H
N

s Y LT .
; - _ COO”

“00C

FI/IJJ,pOKCVIMeTVIJ'IGVIJ'IaH, D -
-00C COO

yponopduputoret I, E
3arem mox aeiictBueM yporopdupuHoreH IIl-mekapOokcuiiasel MPOUCXOTUT
NEeKapOOKCUIIMPOBAaHUE YEThIpeX OoJjiee KOPOTKUMX (KaKk M yKa3aHO B YCIIOBHUH)
alleTHIIbHBIX OOKOBBIX OCTAaTKa C OOpa3oBaHUEM METWUJIbHBIX TPYII, U IOJTY4YaeTcs

106



xonponiopupunoren 11 (Bemectro F). Jlanee xonponopdupunoren 111 Bo3Bpammaercs
B MUTOXOHJIPUH, TJIE TPOTEKAET CIEAYIOIHNMI 3Tar OKUCICHHUS C JeKapOOKCUIIMPOBAHHUEM,
B pe3ysbTare KoToporo odpasyercst nporonopdupunorena IX (semectso G). To, uro
MPOUCXOAUT  JIEKAPOOKCHIIMPOBAHUE TOJIBKO JIByX U3 YETHIPEX OCTaBIIUXCS
KapOOKCHIIOB, MOYKHO TIOHATH U3 TOTO, YTO BBIIETISETCS ABE MOJIEKYJIbI YITIEKUCIIOTO Ta3a,
a TaKKe U3 KOHEYHOM CTPYKTyphl poTonopupuna [X, koTopas npuBeseHa B YCIOBUU.
3aBepmaercs 6mocuaTe3 npotonopdupuHa [X neruapupoBanuem C-C cBs3el B MUKIIC
¢ (GopMHpOBaHHWEM TMPOTHKEHHON CHCTEMBI COMPSHKCHHBIX JIBOWHBIX CBSI3CH TOJ
nericTBueM rpotornopbupruHorer [X-okcuaassl.

“00C
“00C
CHs ‘0O0C / ‘O0C /
4g* H3C 2025 2H" 302
4C0, HyC \ 2H,0, 2CO, 3H,0,
"‘00C ~ oocC ~
-00C COO”
konponopdupuHoreH lll, F npoTonopdupuHoreH IX, G npoTonopupuH IX
Ca6HaoN405"

Cucmema ouernuearnusn’

Peakuust, monxonsias /i onpenesaeHus yrapHoro ra3a ¢ ykazaHuem
Kaue€CTBEHHOTO MTPU3HAKa

Pacuet xonuuectBa yrapsoro rasza (C, n, unu Pco) — 0.5 6amna;

2 | Pacuer kputnyeckoro Bpemenu — 1.5 6amnna 2 das1a
Pacuem monvko kpumuueckozo xonuuecmaa 60oxos — 1 bann 3a
OtBeT Ha Bonpoc — 0.5 Ga,

1 1 6aaa

3 Pacuér — 1 0amn 1.5 banna
Brluucnenue pa3HUIlbl B SHEPTUIX akTUBaIMKU — 1.5 Gasia

4 | Boluucnenue AG oOpa3oBaHus OKCUTEeMOITIO0UHA u3 | 3 6asna
KapOokcuremorioouna — 1.5 6amia

5 | Kaxplii 3anonHeHabId mpomyck — 0.5 6anna 4.5 daua

6 | Kaxxoe BemectBo — mo 1 6ammy 4 6as1a

7 | Kaxxnoe BemectBo — 1.5 Oajuia 9 0aJ1J10B

HUTOI'O: 25 6ai10B
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dusnueckasas XuMHus

Pemienue 3apauu 1 (aBTop: boaimarenkon JI.H.)

1. 3aBUCUMOCTbh PHTAJIBIINU IIJIABJIECHUS OT 7 MOYHO YCTAHOBHUTHh IO MMEIOIIHMMCS B
TaOIUIE JTaHHBIM IMPHU MOMOIIM PErpECCHOHHOIO aHaIM3a MO YETBHIPEM TOYKaM JINOO
MOCPEJICTBOM COCTABJICHHUS] CUCTEMbI YPABHEHUH THIIA!
Ann I_Iio = kni + d
Ann I‘Ijo = knj + d
C UCIIOJIb30BAaHUEM JII000M Taphl 3HaYeHUN 13 Tadnuibl. [lomyuenHas 3aBUCUMOCTD
UMEET BUL:
Ana H° =2.6675n—-9.915.
JlonycTUMBI pa3yMHbIE OKPYITIEHUS KO3(PPHUIIMEHTOB:
An H°=2.67n—9.92.
JInsi BBIYMCIIEHMS] SHTPONMI IJIABICHUS BOCIOJIb3yeMCS TeM (DaKTOM, 4YTO MpHU
temmeparype miaBieHus Ay, G° = 0, otkyna ApnH° = TnAuaS°.
OT0 MO3BOJISET BBIYUCINUTD U3MEHEHUE SHTPOIUU TUIABJICHUS B K&XK/IOM CIIyYae:

Ankan CaoHas | CosHss | C3oHez | C34Hro
Apy H° / k)1 MOnB ™! 48.8 594 70.1 80.8
T/ °C 43.5 56.0 65.4 72.6
T/ K 316.65 | 329.15 | 338.55 | 345.75
A S°/ Ik Moy ' K71 | 154.1 | 180.5 [207.1 |233.7

Pewienue cucreMsl ypaBHEHHM, aHAJIOTUYHOM OITUCAHHOW BBILIE, WU IPUMEHECHUE
PErpPECCUOHHOIO aHAIN3a MO3BOJISAIOT MOJYYUTh YPABHEHUE BHU/IA:
A §°=6.635n+8.07 wmm Ay S° = 6.64n + 8.07.
C y4€TOM MOTYyYEHHBIX COOTHOIIEHUIN TEMIIEPATYPbI IJIABJICHUS YETHBIX H-aJIKAHOB
OyIyT 3a/1aBaThbCsl ypaBHEHUEM:
T _A,H° _1000:(2.67n-9.92)
" ALS 6.64n +8.07

[ToncranoBka n = 40 B nonyueHHoe ypaBHeHue Jaér 17'= 354 K= 81 °C.

[ToncTranoBka B ypaBHeHue 1 =373 K ma€t n okoso 67, Tak 4TO MEPBBIM YETHBIN
aJKaH, yJI0BJIETBOPAIOIINIA yCiIoBHIO, OyaeT uMmeth popmyny CesHiss.
2. IloncranoBka 3HaueHU B ypaBHEHUE bponxepcra qaér cucrtem u3 TpEX ypaBHEHUM:

2465=T°.2728 31327218 540970 . 1F8
n+b n+b n+b

VYipolieHne JTaHHON CUCTEMBI BO3MOKHO ITOIIAPHBIM JCJIEHUEM YPaBHEHUM JpyT Ha
JpyTa 17 coKpateHus 7° 1 nocieayouiero Beipaxenus a uepes b. [lonyuaemble B Xoze
peueHust 3Ha4eHus paBHbl: 1° =415.7, a =—1.425, b = 5.145. Takum o6pa3zom:

n-1.425

T IK=4157.—="22
n+5.145
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a) lna omnpenenenust ¢GopMysbl MEPBOTO TBEPAOTO MPHU H. y. HEUETHOTO ajKaHa
MOJICTaBUM B ypaBHeHHE 1 =273 1 pellluM ypaBHEHUE OTHOCHUTEINIBHO #. Pemenue naér
n okoJio 14, Tak 4to uCKOoMbIH ankaH umeeT popmyny CisHs,.

0) IloncranoBka n =41 gaér 7=356 K= 83 °C.

3. Jlns oTBETA HA BOIPOC COMOCTABUM TEPMOJUHAMUYECKOE COOTHOLIEHUE, ITOTYYEHHOE
B 1. 1, ¢ ypaBHeHuem bpoaxepcra. bauskas mo Buay ¢popma ypaBHEHU TOBOPUT O TOM,
YTO OJHO M3 HUX MOXKET OBITh MOIY4YEHO U3 JPYToro MOCPEICTBOM HEKOTOPBIX
npeoOpazoBaHuil. 3aMUIIeM 3aBUCUMOCTH SHTAIBIMU U SHTPOIINH TUIaBICHUS HEUETHBIX
AJIKAaHOB KaK (DYHKIIMU 77 ¥ BBIPA3UM Yepe3 HUX TEMIIeparypy IUIaBJICHUS:

_ A H° _1000-(c-n+ p) _qo. h+a

T —_—
A S° e-n+h n+b

jonig

Ecau ugucnurenn IIOJIYYCHHOI'O BBIPpAKCHHA AOMHOXKUTL M pPasaCJIMTb Ha C, a
3HAMCHATCJIb — Ha €, IIOJTyUHUM:

A H°_c-1000-(n+p/c)_To_n+a
A Se e-(n+h/e) n+b’

c-1000

CpaBHHBas pe3yibTar ¢ ypaBHeHHeM bpomxepcra, mmeem: T° = a = p/c,

b = h/e. TTockonbKy ¢ = 2.5 (yBelIUueHUE DHTANBINY IUIaBIEHUS Ha 2.5 kJ[K Monb | Ha
kaxayto CH-rpynmy), To p = —3.56, e = 6.01, 7 = 30.9.

Torma nms HEYETHBIX aIKAHOB 3aBHCHMOCTH SHTAJBIIUA W SHTPOIHH OT JJTAHBI
1eny OyyT UMETh BUI:

A H® =2.5n—3.56, Ayy S° = 6.01n + 30.9.

I n =25 Any H° = 58.9 xJIx Monb |, a Ay, S° = 181.2 JIx mons ' K71,

4. IIpu noacTaHoOBKE OECKOHEYHO OOJBIINX 3HAYCHUM 7 B ypaBHEHUE
_A,H° 1000-(2.67n—9.92)

"ALS 6.64n+8.07

T

TeMIlepaTypa MJIaBjieHus cTpeMuTcs K Bennuune 2670/6.64 = 402 K.
B cnydae ypaBuenusi bponxepcra npenenom sBisiercst BenuuuHa 7° =415.7 K.
s cnpaeku: DKCIIEPUMEHTAJIBHO OIpPEACIEHHAs TeMIeparypa ILIaBJICHUs
MOJIMATUIICHA HAaXOIUTCs B quarnazone 385—415 K u 3aBUCHUT OT crioco0a moyrydeHus.
5. dns cnoydas P #90° cooTHOIIEHHWE MEXAY MOJSIPHOM MacCOi, IJIOTHOCTHIO U
00BEMOM SUEHKH allkaHa 3a7aéTCsl ypaBHEHUEM:
d- M-Z M-Z =a'b'c'd'NA.si

N,V._ N,-abcsnp M

n p.

501041
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Orcrofa, MojacTaBiss 3HaueHus (M mepesoad A B cm), s moaudukanuu 11
HOJTy4aeM:
_ 4.790-8.300-52.800-10** - 0.850-6.022-10% .
4
I[Ipu orknonenuu B or 90° Benuurna M yMeHbIIAETCs, O3TOMY 268.6 T MONIb | —

M

sin B =268.6-sin B.

MAaKCHUMaJIbHOE 3HAYECHUE MOJIIPHOU Macchl X. JIJIsl allkaHOB C HEUETHBIM YHCJIOM aTOMOB

YINIEPOAa MOJISIPHBIE Macchl 10 268.6 T MOIb |

MMEIOT COEAWHEHHUS J10 HOHAJEKaHa
CioHso (M =268 r monb ') BrmrountenbHo. OHAKO M3 3aBUCUMOCTEM, MOIYYEHHBIX
BhIlIe (ypaBHeHUE bponxepcra), cienyert, uto renraaekan Ci7Hss umeer temmneparypy
riaBieHus okosio 292 K, a Gonee KOpOoTKUE MPECTABUTEIH IUIABITCS €IlI€ HUXKE, B TO
BpeMs Kak Temrieparypa dazoBoro nepexona mexay I u Il cocraBiser 296 K. Torma X —
nonanekan CoHao, TOuHast MoNsIpHAs Macca KOTOporo pasHa 268.52 r mons . C yuérom
BO3MOXKHBIX OKPYIJICHHI 3HaUYeHue 3 TOJKHO ObITh OJM3Ko K 90°.

[Tapametpsl a, b u ¢ nByx Moaudukanmui OMu3ku Mexay coOoil. ITockonbky
MOJIbHBI 00BEM B X0Jie (ha30BOr0 Mepexoja MeXIy KOHICHCUPOBAHHBIMU (pazaMu He
MOKET MEHAThCS B 1.5—2 pasza, eIMHCTBEHHOE pa3yMHOE 3HaUCHUE Z NIl MO pUKAITIN

I — Toxxe 4. Torna miotHOCTh MOaUdHKanuu | paBHa:

M-Z M.Z 268.6-4 3
d= - = - —7 =0.894 rcm
N,-V, N,-a-b-c 6.022-10"-4.992-7.467-53.540-10

6. DHTANBNNA ¥ HOpPMAaJIbHASI TemriepaTypa ($a30BOro Mepexoaa U3BECTHHI U3 YCIOBUS.

Mossipabie 00bEMBI IBYX (ha3 MOTYT OBITH PACCUMTAHBI C UCIIOIB30BAHUEM TIOTHOCTEH

1 1

momubukanuii I u II kak Vy,=M/d u pasusl 300.4 cM® mons ! u 316.0 cm® mons™

cootBeTcTBeHHO. Torma AV, = 15.6 cm® moms .

IToxncrasnss BenuuuHbl B ypaBHeHue Kitanenpona, nonydaem:

[e] [e] A1'IC Ho
PP = -T) o g 1300 30908,
TeAV.  296:156-10

C yuérom Toro, uro P° = 10° I1a, nckomoe nasnenue P =2.9-10° ITa.
Cucmema ouenusanus:

1 | Ypauenust mis Apy H° 1 Ay S° — 1o 1 6amny 5 6aJu10B
VYpaBHeHUE 3aBUCUMOCTH Ty OT 1 — 1 Gamn
Temneparypa 1naBjieHus TETpakoHTaHa — 1 Gast
CDOpMy.]Ia C68H138 — 1 Gamn

2 | [Tapametps! ypaBHenust bpoaxepcra — o 1 6amry 5 0asu10B
®opmyna CisHsp, — mo 1 6amn
Temneparypa 1iaBieHus TeHTeTpakoHTaHa — 1 6amn

3 | Pacuér A, H° u A, S° neHTako3ada — o 2 Oayuia 4 0a1a

4 | Temneparypsl IUJIaBICHUS MOJUATHIEHA HAa OCHOBaHUM Kaxaou | 3 0asuia

n3 Moxene — no 1.5 dajuia
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5 | ®opmyna X — 1 6amn 4 6as1a
3anonHeHue TpEX NpoIrycka B Tabnuiie — 1o 1 d6ammy

6 | Pacuér Besmmuununl AV, — 1 0aut 4 6ay1a
Pacuér naBienus — 3 Gauia

oe3 ykazanus pazmeprocmu — () 6

HUroro 25 6a/1510B

Pemienne 3agauum 2 (aBTop: Kypammun b.K.)
1. A,Gais1°=—RTInK,; = —8.314-298-In1071?7 = 7.25 k/I:k/M0.1b;
A Giso® = —RTInK,;, = —8.314-298-1n10*?7 = 24.36 k/1:/M0JIb.

2. 3anuiieM BBIPAKEHHUS I KOHCTAHT U BbIpazuM K, v K.

K :w — [HA_]: K[HzA]
[H,A] [H']

K :w = [AHf]z K[HzA]
[H,A] [H*]

(HAJ+[AHDIHT L T Y ) 7

N [HA] [HA]
) = o
<) - -
__ATIHT . ATIHT K

¥ OHATTHAHT [AT]H] [AT]HT] 2
K K

Kak Buaum, 4ucTo cratucTuyecKkue (pakTopbl BhI3bIBAIOT oTinune K, ot K,» B 4 pa3a.

3.  Breipa3um pa3Hoctb sHepruii ['m66ca.

A G, °—AG,°=—RTINK,, +RT InK_, =—RT In Ka =—RT In4=-3.43 x/I:;x / MoaB

a2

Craructudeckuil pakTop UMEeT IHTPONMUHYIO TIPUPOY.

4. Paccrosiaue » Mexay 3apsiaMu B yKa3aHHOW KOH(OpMAaIMK paBHO yABOCHHOMY
paccrostHuio OT cepenuubl cBs3u C—C 1o aroma kuciopona. [locneaaee paccuuThIBacTCS
U3 TEOPEMBI KOCUHYCOB:

(%j = [@j + (I (C_ O))2 -2. @ - (C_ O) .c0s120° O ) O_

r= 2\/(%) +1.29% - 2-%1.29 -c0s120° =3.60 A O ' o
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OHeprus OTTaJKUBaHMS Ha 1 MOJIb HOHOB:
2 23 -19y2
Eon, L & __ 6022:10°(1602-107) A
4me, r 4-3.1416-8.854-107°-3.6-10

OT0 BKJIAJ, CBSI3aHHBIN C SHEPTETUKON — OH UMEET IHTAJIBIIUHHYI0 IPUPOLY.

S. Bo-nepBbIX, peasibHBIE 3apsAabl HA aTOMax KHUCIOpoAa HE paBHbl —1 u3-3a
JEJOKaIU3aluu 3apsiaa MeKy aToMaMu. BO-BTOPBIX, SHTAJIBIINS JUAHUOHA IIOHMKAETCS
u3-3a 0oJiee CHWIBHOTO BOIOPOIHOIO CBS3BIBAHUS C MOJIEKyJaMH BoAabl. B kauecTse
IIPUYMHBI TAKXKE NMPUHUMAETCS YIIOMUHAHUE O TOM, YTO B JECUCTBUTEIBLHOCTH 3apsiIbl
B3aMMOJICHCTBYIOT HE 4epe3 BaKyyM, a 4yepe3 cpely (CUCTEMY SIEp U AIIEKTPOHHBIX
00JIaKOB IPYTUX aTOMOB), I7I€ OTTAJIKUBAHUE MEHBIIIE, YEM B BAKYyMe.

6. V n-ocHoBHOM KuCoThl H,A CyIIECTBYET /7 SKBMBAJIEHTHBIX aHMOHOB HA" D™,
KOHIEHTPALHIO KaXKI0T0 U3 KOTOPBIX MOKHO BBIPA3UTh U3 NHAMBHUIYAJIbHON KOHCTAHTHI
KHMCJIOTHOCTH KaXKJA0W rpynmnsl K 10 MOCIEIHEN CTYIIEHU TUCCOLMAIIN.
A" ][H" -4 [AT]HT
K=[ :(Ir!:_l)_] — [HA(n 1) ]=[ ][ ]
[HA™ ] K
C y4eToM TOro, 4TO CYIIECTBYET 71 Takux annoHoB HAY D™, u ux xoHuenrtpauu
BBIPAXKaOTCsl OAMHAKOBO:
_ATIHTT O [ATIHT] K
o Cun [HA®Y ].n n°~

C Y4€TOM TOIO, YTO Kal = Kl’l, nepBad U IOCICIHAA KOHCTAHTBI KHCIIOTHOCTH

K

OTJIMYAIOTCS B 11 pa3. 3HauuT, UX OTJIWYHUE B 2 mOpsaKa JocTuraeTes 1y n = 10, T. e. 1
AEeCATHOCHOBHOM KHMCJIOTHI.

7. U3 ycaoBus 1.6 BUIHO, YTO KOHIEHTpaIus Kax 1ol Gopmel H,—;A”™ B usmepsemoit
KOHCTaHTe K,; IO CPAaBHEHUIO C MHANBUYaIbHON KOHCTAHTONU K TOMHOKA€TCsl HA YUCIIO
BAPHMAHTOB JAHHOTO aHMOHA. PaccMOTpUM Mpou3BoJbHBIN annod H,;,A”. CymecTByer
n(mn—1)....(n—i+1) cnocoboB TMoOCAEAOBATEIILHO BbIOPaTh MPOTOHBI, KOTOPHIE
obpazoBanucek Ha 1, 2, ..., i cranuu nuccormanuu. [Ipu 3ToM MOPSAOK AUCCOIMAIAH
KQ)KJIOTO aHMOHA HE Ba)EH, MOATOMY PEajJbHOE YMCIO BAPUAHTOB PEanM30BaTh aHUOH
H,—A"" B i! MeHbIIIe (YMCIIO IEPECTAHOBOK [ IPOTOHOB B IIOCIENOBATEILHOCTH). 3HAYMT,

HTOTOBOE YKMCJIO DKBUBAJICHTHBIX BapuaHToB annona H,—, A" paBHo:
n!
i(n—i)!
Torna:
M, ACTHT]

S L TG Tl _n-isl,

ai - 1 ] - R
CH A(I71)7 - n : - [H n—i+1 A(I_l)_] I
i-DY(n-i+1)!

n-i+l

n—I

a,i+l ==

1+1

K K
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n—-i-1
i+2

K K

a,i+2 =

CocraBuM cUCTEMY YpaBHEHUM:
1.31.10%  (n—i+1)(i+1)
1.117-10° i(n—i)
111710 (n—i)(i+2)
9.457-10° (i+1)(n—i-1)

Pemienuem cuctembl ypaBHeHMH monydaem i = 15.8, n = 25.5. B kauecTtBe
MPaBUJIBLHBIX IPUHUMAIOTCA 3HaYeHus [ =15 wim i =16, n = 25 winm n = 26.

Cucrema onleHUBAHUSA:
Hna ecex nynkmog: owubka 6 eounuyax usmeperus — mumyc 50 % om 603mMOHCHLIX
oannos; ouubKa 6 3HaKe sHepeemudeckoll senuyuvl — eué munyc 50 %.

1 |2 3nayenus sHepruu ['m66ca — mo 1 Gamry 2 fdas1a

2 | Beipaxenus yepes K — o 2 Gasa 4 d6asn1a
Buipaoicenus 6e3 8bik1adok He oyeHusaomcs

3 | Bximag B sHepruto ['n66ca — 2 6amra 3 0aJ1a
OHTponuiiHbIi (hakTop — 1 Oayn
Omeem 6e3 pacuemos — () 6annos

4 | PaccrosiHue Mexay 3apsaamMu — 2 Oania S dan10B
PacueT MonbHOM PHEPTUU OTTATKUBAHUS — 2 Oayia
DOHTanbnuiHbIi Gakrop — 1 Oamn

5 | 2 mpuuunsl — o 1 Gamny. 2 das1a

6 | [Tonyueno Beipaxenue Kay = K/n — 3 6amia 4 pasia
JlecsaTnocHOBHAs KHclIoTa — 1 Oan
be3 obocnosanus — 0 6annos

7/ | BeipaxxeHue A yuCiia BApUAHTOB aHWOHA — 1 6asn 5 0aJu10B
Boipaxxenue nins Ky — 1 6amn
Cuctema ypaBHeHH! Ha | 1 N — 1 Gat
Pemienne cuctemsl — 2 6asmia

Fe3 sviknaook — 0 6bannoe

HUroro 25 6a10B

Pemienue 3axauu 3 (aBTop: boaimarenkon JI.H.)

1. laBnenue uepe3 24 4 mnocje Hayajga peakiMd, BEPOSTHO, COOTBETCTBYET MOJIHOMY
3aBEpIICHHUIO TIpolecca. YObUIb JaBiieHUs OyAeT NpONOpLHOHATIbHA KOJUYECTBY
BEIIECTBa, BCTYNUBIIEMY B peakiuto. [Ipu s3Tom B Tabmnuile SBHO BUIHBI JBE 00JIaCTH:
o0nacTb, COOTBETCTBYIOLIAsh HEAOCTaTKy A (IepBbleé TpPU KOJIOHKM) U 00JacTh,
COOTBETCTBYIOIIAsl HenocTarky B (ocraBmmecs KoNMOHKH. CTEXMOMETPHUIO PEAKLHUH
HanOoJee y1I00HO ONpeIeTUTh TpadhUIeCcKu:
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100
95 R
90 . .
85 i
80 ) K
75 -
70 ¢ &
65 ’
60

[aBneHue B KOHUe peakuuu, Kla

O 10 20 30 40 50 60 70 80 90 100

CopepxaHue A, %

Ha 3aBucumocTtu yObUIM OOIIEr0 JaBJEHUS OT COJAEpX aHUS A B CMECH HMEETCS
MUHUMYM, OTBeuarolien cogepxkannto A 33.33 % unu cooTHomieHuto A : B, pasHomy 1
L 2.

Takum oOpa3om, jeBasi 4acTh ypaBHEHUS BRITJISIANAT Kak A + 2B = ...

JlJis CTEeXMOMETPUYECKOT0 COCTaBa JaBJICHHE MPOAYKTOB, KaK cCieayeT u3 rpaduka,
COCTaBIIseT 2/3 OT HAYANBHOTO JABJICHUS, TO €CTh U3 TPEX MOJIb PEareHToOB 00pa3yeTcs
JIBa MOJIb MPOAYKTOB. Toraa Bo3MokHbIe BapuaHThl peakiuu: A + 2B = 2C unu A + 2B
=D+E.

K oaTroMy xe OTBeTYy MOXXHO TpPHUTH U 0O0Jee TMPOCTBIMU PACCYKICHUSIMH,
IPOaHAIM3UPOBAB YOBLIb JABJICHHUS B CIIy4ae HECTEXUOMETPUUECKUX CMECeH.

2. 3anuIneM ypaBHEHHE CKOPOCTH PEaKIMK Kak r = kpj py = kph (100—p,)".

C npyroit CTOpOHBI, CKOPOCTh PEaKIuu OyJeT MPONOPLIHOHAIbHA YOBUIM JaBJICHHS
J000TO W3 PEareHTOoB Ha HayaJbHOM OJTale peakiWH, 4YTO, B CBOI Ouepeb,
MPOTMOPIIMOHAIIEHO YOBUIH OOIIETO JaBICHUS:

dP

001
r~——x~-

dt 5 mun

AP

obwy

Jlamee MOXHO pacCyXIaTh ABYyMs MyTAMH. Bo-NepBbIX, MaKCHMaJlbHOE 3HAYCHUE
CKOpOCTH OyJeT ompenensThes 3HaueHussMU N 1 M. [Ipu ananm3e TaOIMYHBIX JTaHHBIX
WM Tpaduka 3aBUCUMOCTUA CKOPOCTH OT COCTaBa BUIHO, YTO MAKCUMAJIbHOE 3HAYCHHE
JIOCTUTAETCA Mpu cooTHoleHuu A : B, paHom 1 : 1:
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r, KMa/MmuH
o o o
o ™
[ ]
{ ]

o
N
[ J
.

0O 10 20 30 40 50 60 70 80 90 100
CopepxxaHue A, %

OTcroJ1a MOKHO ClieaaTh BBIBO, YTO N = M.

Teneps 3amnuiiieM 3aK0H AECHCTBYIOIINX MACC JIJIsl TPEX MPOU3BOJIBHBIX TOYEK U3 TAOIUIIBI
(1714 OBBIIICHUS KaUueCTBa pacy€Ta JKeJlaTelIbHO OpaTh yIaléHHbIE APYT OT Apyra TOUKH
C JOCTaTOYHOM KOHBEpCHUEH):

1:4
—(97.80-100) _ 0.440 = k20" .80"
5 mun
2:3
M —0652=k"-40"-60"
5 mun
3:2
—(96.79-100) _ 4 545 _ k60" - 40"
5 mun

[TonapHbIM JA€JIEHHEM STUX BBIPAXKEHUH JAPYyr Ha JApyra MOXKHO H30aBUTHCA OT

koa(dduiieHTa NPOMOPLMOHATIBHOCTH, a JIOTapUu(PMHUPOBAaHUEM — TEPEBECTH
HEU3BECTHBIE N M1 M B JIMHEHHYIO YacTh:
In(w) =n In(g) +m In(@) =-0.393=-0.693n+0.288m
0.652 40 60
In(@) =n In(@) +m In(@) =-0.015=-0.405n +0.405m
0.642 60 40

Pemienne naHHOM cucteMsbl JAaET N U M, nmpuMepHO paBHble 1. Eciu Ha 3TOM 3Tamne
pelIeHnss BOCIOJIb30BAThCS PAHEE YCTAHOBJIEHHBIM PABEHCTBOM N = M, TO OTBET
HaxoauTcs emié ObIcTpee.

Takum 00pa3zom, peakliMi MMEET MEPBBIA MOPSIOK M0 KAKIOMY U3 PEareHToB, a AJis
JOCTHKEHHUS] MaKCUMaJIbHOM CKOPOCTHM pEareHThl JOJDKHBI OBITh CMELIaHbl B
SKBUMOJISIpHOM (1 © 1) oTHOLIIEHHH.

3. IIpu 50 °C gnst nocTUkEeHUsl TOM K€ CTENEHU MPEBpallleHus Ha HadaJbHOM JTare
peakuuu TpedyeTcs BABOE MEHbBIIIE BPEMEHH, OTKY/1a CIEAYET, YTO KOHCTAHTa CKOPOCTH
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peaKHI/II/I YBGJ'II/I‘-II/IJIaCB BIBOC. I[J'I?[ HaXO0XICHUA 3HepFI/II/I AKTHUBAIIUNU BOCHOJ’IBSyeMCH
npeobpazoBaHHON (popMol ypaBHEeHUSI AppeHHyca:
=@|n(ﬁ]= 8.314.313-323
T,-T, (k 323-313

1

In(2) =58260 JT>x/momnb = 58.3 kJ[x/Moib

4. CoctaBuM Ta0NMIBl MaTepUAIbHOTO OanaHca MJid pPEakUUil MpH  BBICOKHX
TEMIIEPATYpPaX U PACCUUTAEM COOTBETCTBYIOIIME KOHCTaHThI paBHOBecHs. [lockonbky
paHee ObUTH TIPEIJIOKEHBI IBe BO3MOXKHBIC peakiun: A + 2B =2Cum A + 2B =D + E,
Ha30BEM uX peakuus 1 v peakums 2, COOTBETCTBEHHO, M POBEAEM PACUET I KAXKIOU
u3 HUX. Tak Kak KOHCTaHTa PAaBHOBECHsI BBIPAXKACTCS 4Yepe3 MapLHUAJIBHBIE 1aBJICHUS

peareHToB U MPOJIYKTOB B Oapax, OyJeM BECTH pacu€T cpa3y ¢ ITOW eAuHUIEH

U3MEPEHUS.
Peaknus 1:
T=120°C=393 K
P(A), 6ap | P(B), 6ap | P(C), 6ap
o 0.3 0.7 0
[Tocne | 0.3—x 0.7—-2x 2X
(0.3—x) + (0.7-2x) +2x=0.8; x=0.2
K(393K) = ¢ = 0.4° _=17.78
P.P? 0103
T=140°C=413K
P(A), 6ap | P(B), 6ap | P(C), 6ap
Jlo 0.3 0.7 0
ITocnme | 0.3—x 0.7-2x 2%
(0.3—x) + (0.7-2x) + 2x =0.85; x=0.15
K(413K) = id = 0.3 > =375
P,P? 0.15-0.4

DHTaNBIUS PEaKIIUU MOXKET OBITh HaliZiIeHa U3 TeMIIepaTypHOU 3aBUCUMOCTH K:

AT (ﬁj _8314-393:413 (17'78j — —105.0 k/TK/Momb
(T,-T,) K, 393-413 3.75
Peakumus 2:
T=120°C=393K
P(A), 6ap | P(B), 6ap | P(D), 6ap | P(E), 6ap
Jo 0.3 0.7 0 0
ITocne | 0.3—X 0.7-2x X X
(0.3—x) + (0.7-2x) +2x=0.8; x=0.2
K(393K) = PDPEZ _ 0.2-0.22 s
P.P> 0.1.0.3
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T=140°C=413 K
P(A), 6ap | P(B), 6ap | P(D), 6ap | P(E), 6ap
Jlo 0.3 0.7 0 0
ITocne | 0.3—X 0.7-2x X X
(0.3—x) + (0.7-2x) + 2x =0.85; x=0.15
K(413K) = PDPEZ = 0'15'0'1‘? =0.94
P,P? 0.15-0.4

I/IHTepeCHO, YTO KOHCYHOC 3HAYCHUC DHTAJIBITNH PCAKIINU 6YI[€T TAaKHM JKC, KaK 1 PaHCC!:
Apoo KT | (K, )_8314-393-413 In[4.44j
T,-T,) |K, 393-413 0.94
5. I[J'ISI OTBCTAa Ha HOCJ'ICI[HPIIZ BOIIPOC COCTAaBHUM Ta6JII/ILIBI MaTCpUAJIBHOT'O 6aﬂcha )51
HpOBGI[éM pacqéT KOHCTAHT PAaBHOBCCHUS AT KaXKIO0I'0 ClIy4dasd:

=-105.0 kx/>x/mMoib

Peaknus 1:
T=?
P(A), 6ap | P(B), 6ap | P(C), 6ap
Jo 0.3 0.7 0
[Tocne | 0.3—x 0.7—-2x 2X
(0.3—x) +(0.7-2x) +2x=0.9; x=0.1
P? 0.2%
(T =)= PA(E; T02.05
Peakuus 2:
T="
P(A), 6ap | P(B), 6ap | P(D), 6ap | P(E), 6ap
Jo 0.3 0.7 0 0
ITocne | 0.3—x 0.7-2x X X
(0.3—x) + (0.7-2x) +2x=0.9; x=0.1
P,P. 0.1.0.1
== e p " 0205 2

Temnepp BOCHOJIB3yeMCsl paHEe HAWMACHHBIM 3HAYEHUEM DHTAIBIINU U1 HAXOXKICHMS
HEHU3BECTHOU TEMIIEPATyphl B KaXKIOM Cllydae.

Peakuus 1:
A Ho= ol [ Ko ) _8.314-T 413 In( 08 J: ~105000 [Jli/morms
T,-T, K T -413 3.75
Pemenuem ganHoro ypaBuenus spisietcst T = 435 K =162 °C
Peakumus 2:
AH°= RN [ K, ) _8314-T-413 |n( 08 j: —105000 J[x/Moub
T,-T, (K T 413 3.75

[Tpu paccmoTpenuu 3To peakiuu oTBeT He n3menmics: 1T =435 K =162 °C.
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Cucmema oueHusanus:

1

VYkazaHue Ha CTEXHOMETPHIO B3aUMOJIEHCTBUS ¢ 00OCHOBAaHHUEM — 3
Oama

JIto60e BO3MOXKHOE YpaBHEHHE pEaKIIMu ¢ 000CHOBaHHEM — 2 Oajia
(6e3 obocnosanus — () 6bannos)

5 6as10B

[Topsimok peaknmuu TO KaXIAOMY peareHTy, TOITBEPXKAECHHBINA
pacdyE€ToM MM pacCyKICHHEM — 10 3 Oaa.

Ipu omcymcemeuu 8ephbix NOpsIOK08, HO HATUYUU 0OOCHOBAHHOU UdeU
0 ux paserncmee — 3 banna

CoOTHOIIIEHNE PEareHTOB IS JOCTHIKECHUS MaKCUMAJIbLHON CKOPOCTH
— 2 Oanna

8 6as10B

CooTHoIIeHne KOHCTAaHT CKOPOCTH TIPH IBYX Temrmeparypax — 1 Gamr
DHeprus akTuBanuu — 2 0asmia

3 0aaaa

KoHcTaHThl paBHOBeCHs MpU JBYX TeMIlepaTypax JUisl 000l u3
BBIOpAHHBIX peakiuii 1o 2 6asia
DHTAIBIUS peakiuu — 2 6aia

6 0a,Ls10B

BepHoe 3HaueHue TemnepaTypsl ¢ pacu€éToM

3 0aaaa

Hroro: 25 6a110B

TepMO()MHaMMUQCKue pacuemsl npu HEBEPHOM XUMUHECKOM YpPAGHEHUU 6 n4d ul e

oYyerusaronics
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