 BBepeHue 20.ApomaTuyeckoe 3amelleHue

APOMATUHECKOE HYKNEO®UIIbHOE 3AMELLEHUE

/ Nu
+Nu: —> @ +7
X
MexaHnambil:

OTWEMNIMEHNA-NMPNCOEANHEHUA ApuHoebili mexaHU3M
NMPUCOEONHEHNA-OTLWEIMIEHNA S\Ar
MOHOMONEKYNAPHbI MEXAHU3M S, 1
NOH-PAOVKANBHBIN S, s1

HYKIEO®UIIbHOE SAMELWEHWNE YEPE3 PACKPbITUE-
3AMbIKAHVE UWKITA ANRORC

X




OTwennexnne-npucoeguHeHne 20.ApomaTtunyeckoe 3amMmelLleHune

Hal
X

P

@D (D)

Peakuunun apnHoB

5y
|
<

X X
l HNu: l HNu
Nu H

H Nu
+ Nu:



* OTwenneHne-npucoegnHeHne 20.ApomaTunyeckoe 3amelleHue

e NaNw, MoK
O/ NH3()K ) ©/ crnnaeneHue ©/
Br Br
e T @;
emnz ©

3anonHeHHan sp’-opbutanb

Br
—_— ©| pervapobeH3on (apuH)
45‘
o NH, NH;
O — U, — O
%H—Nﬂz




« CrtpoeHue 1,2-gerngpodbeHsona 20.ApomaTnyeckoe 3ameLleHne

n-opbutanu perngpobeHzona

r/’ P O
3 4

obblyHaA M-CBA3b, «HeHOpPMalbHaA»

001acTE NepeKpPEIBAHHA OOKOBOH
T-CBA3H B JeTHApoGeH30Te

nge p-opbutanu M-CBA3b,
BHYTPW LWKNa nee sp*-opbutann
Ha BHELWHen

CTOPOHE LUMKNa



* OTwenneHne-nNpmcoegnHeHmne 20.ApomaTtunyeckoe 3amMmelLleHune

OQHo U3 gokasaTenbCTB

MEeXaHn3Ma
NH; (xnax.) el @
+KNH, ——> — —
* * o %
Cl Cl B -
= OOl OO
— + +
IIPOTOHUPO-
. *.
* .- - BaHHEC * *
NH, NH, NH, NH,

(48%) (52%)



* OTwenneHne-nNpmcoegnHeHmne 20.ApomaTtunyeckoe 3amMmelLleHune

[lepexBaT apnHOB AneHaMm

Br Li )
@ Li - He @ _LiF ©| 0
—_— —_— —_—
- LiBr
F F
OH
HCl
—_— —_—

(76%) (90%)

br Mebr 200
CC s [O0™]— O] £
TI'd; 60°C
F F

- = O"% TpurrtuiieH (28%)




e CnocoObl reHepauuu 1,2-
aerngpobeHsona

20.ApomaTnyeckoe 3ameLleHne

NH, NEN
C.H,,ONO
— > —_— =
©: TT; - 10°C ©: :
COOH COO

hv
— @l +CO,+N, A~ tpurrrateH (75%)

NH, HNO, N\\N 20°C
—_— = ; — =
a¢up - H,O; - 10°C S~
-0

O

OeH30ThAINA30JI-
1,1-muokcun

OH
HOH
- ©| 80, +N, ———> ©/

(88%)

Na n CH,0H OCH,
/N e | — >
S=o CH;OH; - 50°C

4 (95%)



* Cnocobbl reHepauun 1,2- 20.ApomaTtunyeckoe 3amelleHue
nervapobeHsona P B

Pb(OA
w (OAc), - \k,w —_— | + N
N’N CH,(l,; -78°C NJS >
I Il
NH, N

I—C H,
©i 150°C; murmim @l " C6HSI ¥ C02

COO
Ph Ph

Ph
Ph Ph Ph
__° o OO (68%)
Ph

Ph
@
O
OL8 2 O 2 O
i _— | -~ ||
,O -2650C 2650C / N\
C O



Pernoxummnsa 3ameLleHuns

20.ApomaTnyeckoe 3ameLleHne

2 NH,
_ N :
+NH,
opT O-
NH, NH,
- NH
3 + NHZ-



Pernoxummnsa 3ameLleHus 20.ApomaTnyeckoe 3amMeLleHue

[Ipoaykrel peaknnn XCgH,Br ¢ KNH,/NH; (%)

] Tt opino-XCoELBr (aepes ) Tt npa-XCeH,Br (vepes T
ﬂpma- Mema- Méemd- Hﬁpﬂ'-
F <] =99 20-25 75 - 80
CN 10-135 85 -90 0-3 95 - 100
OCH,; 0-3 95 -100 45 =50 50 - 55
CH; 55 45 60 40
0 83 - 90 10-15 100 0




e OTwenneHne-npncoeanHeHe:
npumMepsbl peakumnm

20.ApomaTnyeckoe 3ameLleHne

NH,; (xugx.)
Q—CHKNHz e Hsc@ + Hﬁ@
- 330C
CH

3

OCH

3 3
“/Cl
OO = OO
+KNH, ——>
NH

@ _CHLi CH.Li
_— —_—
adup; - 78°C - LiF

Li F JETUIPO-

) OeH30I1
CI)L1 (I)H

CH—C-CH, CH—C-CH,

Li
BN . —_—



[TpncoegnHeHue-oTLEeNneHne 20.ApomaTnyeckoe 3amMeLleHue

Nu
_@,Q+Ze
X

npuncoeanHeHmne oTwernrneHume

OCH;
NO,

NO,




Komnnekcobl MenseHrenmepa 20.ApomaTnyeckoe 3ameLleHue

(ZUMHBI cBSI3el JAHBI B A

©
f\\ OMe —
ME—N/@_P( Me—N
NO2 ycToRYMBoe
KpacHoe
— coefjUHeHne
05N N
? oXd 0~ @::‘““o



* [lpucoegnHeHue-oTLLENNEHNE 20.ApomaTuyeckoe 3amelleHune

52.2

128.5

N S
+ + -

(Linkno)neHtaguerHun aHNOH pagukan  KaTWUOH




[TpncoegnHeHue-oTLEeNneHne 20.ApomaTnyeckoe 3amMeLleHue




* [lpucoegnHeHue-oTLLENNEHNE 20.ApomaTtunyeckoe 3amMmelLleHune

CTajuA, onpegenawolan
CKOPOCTb peakLum ObicTpO

Br
/O/ O /‘<@;
+
Z N O /Q/
H
L =
"
0
k.,=0,013 k.=0,031



* [lpucoegmnHeHue-oTLENIEHNE 20.ApomaTnyeckoe 3ameLleHne

PeakUWOHHaA cnocoBHOCTb 2-ranoreH-1-HUTpofeH30N0B B peakuuax HykneodunbHoro
apOMaTWUYecKoro 3ameLleHus

E © ca o° Br 0° | ©

. 0 0
| A X \
a0 >> oS0 ~ o> > o

caman GbicTpan caman mefneHHanA
peakyua peakuuA



* [lpucoegmnHeHue-oTLENIEHNE

20.ApomaTnyeckoe 3ameLleHne

OnacHocTb AnA NHTenneKTyasbHOro BHDPDBbH!

B HekoTopbIX yueOHUKaX YTBEpPXKOAETCA, UTO
HYKneogubHOe apOMaTUUYECKoe 3amelleHne
He NPOWUCXOOWUT B CllyYae NpocTbiX apwunra-
noreHVAoB BcNedcTBre CONpAKeHUA Mexay
HenogeneHHbLIMU Napamuy 3NeKTPOHORB aToMa
ranoreHa u apoMaTMyecKon cucTemoi.

Ha 3TOM OCHOBaHWK MOXHO NPenonoXuTh,
YTO peaKkLMio MOXKHO OCTaHOBWTL, CIeNaB CBA3b
C-Br 6bonee npo4yHoi. 3TO HOHCeHC. Peakywa
He NpoTeKaeT B UJ1y4yae NpOCTbIX apuranore-
HWAOB, NOCKONbKY A/1A Hee HeT NPUemMnemoro
MexaHW3ma. Jlerko rnokazarb, YTo YKa3aHHanA
B yueOHMKax NpuYnHa HeBepHa. ConpmxeHue
B 3TOM HUTPOCOEAWNHEHUW HamHoro Bonblue,
yem B bpombeH30ne, Tak YTO OHO AON¥HO ObITh
ellje MeHee peakLMOHHOCNOCOBHbIM.

Pt Br
b —

e

®Br
G
@Br
/’N‘M
0 @06

B necTBMTENbHOCTW, KaK Bbl 3HaeTe, 3T0 coefIMHeHue
HamHoro 6onee peakUMOHHOCNOCOOHO Mo OTHOLIEHMIO
K Hykneopunam. OwmbouHaa NpuYMHa, yKasaHHaA
B yuebHmKax, morna Obl TakKe 03HaYaTb, YTo GTOPWA-MOH
3HauMTeNbHO MeHee 3PPEKTMBEH B KauecTBe YXOAALLei
rPYNMbI B AaHHbIX PeaKLMAX, MOCKONbKY aHaNormyHoe
conpsXeHue ellie cunbHee B clyyae GTopa, uem apyrux
ranoreHoB, Tak Kak ero p-opburanb COOTBETCTBYET Mo
pa3mepy (2p) p-opbutanu atoma yrnepoga, ¢ KOTOpow
NPOMCXOAMT COMNpPAXeHe. Bbl e 3HaeTe, UTo Ha CaMmom
[ene cMTyauwa NPOTMBOMONOMHA.

MpoyYHoCTb CBA3W C yXOAALLe rpynnoi He BNWAET Ha
3G GeKTMBHOCTL peakumn HyKneodpunbHOro apomaru-
YeCcKoro 3amelLieHWA, MOCKONbKY 3TO CBA3b He pa3pbl-
BaeTCA Ha CTafun, onpefenALler CKopocTb peakLyK.
MoAMKTE MexXaHWU3M, U BCe 3TO CTaHeT ACHO.



* [lpucoennHeHrune-oTuieneHme: 20.ApomMaTnyecKoe 3ameLleHmne
npUMepbl peakLnii P B

O,N Cl + CH;0Na > OzNQCI (73%)
JIAMOO-CH ;0H; 60 0C

N02 NO2
OQNQCI + CHg,O'NaJr > OQNQOCH3
I'M®TA; 100 0C
(78%)

Cl Cl

O2NQC1 i DA; 100 OC OzNQI
AM®A; (70%)
NO, NO,

F + HN ) QN ) (93%)
STWICHITIMKOJIL, 10 OC

NO, NO,



* [lpncoeanHeHne-oTLLENNEHNE 20.ApomaTuyeckoe 3amMelleHune

OpVIeHTaLI,I/IFI npumn 3amMmeLleHnmn

NO, NO, NO,
F F F NH, F F
_ NH +
F F F
F F NH,
NH NH,
E F F F
+ CHo° — |
F OCH;
F

(OCHOBHOM MPOJTYKT)

F
F OCH
+ CHOS —>
F

F



[TpncoegnHeHne-oTWENNEHNE 20.ApomaTnyeckoe 3amMeLleHue

[MpocTpaHCcTBEHHbIE 3PEKTHI

NO, NH,
CH; CH,; CH,; CH;
NH
N + HNO,
NO, NO,
CH; CHs,
NO, NH,
B

NO, NO,



[TpncoegnHeHne-oTWENNEHNE 20.ApomaTnyeckoe 3amMeLleHue

KnHe-3amellueHune: peakuuns
PuxTtepa

(X = Alk, Hal. SO3H)



* [lpucoegnHeHue-oTLLENNEHNE 20.ApomaTuyeckoe 3amelleHune

BukapnosHoe 3amelleHne —
3amelleHue «rugpuga!
IMcoKoH 9
CICH,SO,Ph = CHEEOQh H,O
(H_~26) K®

NO,

2 NOQ NOZ
© CHESOEPI]
+ CICHSO,Ph ——> +

CHESOEPII

©0 @ 0o @0 @ 0°®
NO»

©
@ + CICHSO,Ph—> i? ¢ @

CHSOvPh CH,SO,Ph CH,SO,Ph
C

AHHOHHBIH G—KOMILTIEKC



*  MoOHOMOMNEKYNAPHbIN MEXaHN3M 20.ApomaTunyeckoe 3ameLleHue

N
Ar—N=N —2—> A®

MEJICHHO BBICTPO

>ArNu+H®

Nu =1, Cl, Br, CN, N,

ISN
Ar |l
N
@ Nue

Ar—15N=N »  MOJIEKYJIIPHO- >
HMOHHAs1 mapa ArNu

Ar—N=IN < I

AI'®+N2



MoHOMONEKYNSAPHbIA MEXaHN3M 20.ApomaTuyeckoe 3amelleHne

oo

Nq H H R ®
=@ — /} y H@J - Op OH " @N jl‘l R—N=N
(\ RO N/f,v R NN e -

R—NH, CONb ANA30HKA

N=N

® / F ) ® -HO
Anudar. RE) :O0H, —> R—0H, —> R—OH

2

® _N
=
NH, NZ
NaNO,, HCI
f—
Apomar. H,0, 5 °C o S
dpomaTyec KA Conk apungwa3oHUA,

NepBUYHBIA aMWH yCTOMYMBa NPW HU3KOKW Temnepartype



« MoHOMONEKYNAPHbIA MEXaHU3M 20.ApomaTuyeckoe 3amelleHne

3Ta peakumnA He MOXKeT ObITb NpOBefeHa HaNPAMYIO, TaK KaK He CYLLLeCTBYeT peareHTa, EI{BMBaHEHTH{Jr{J «OH*»

NO
HNO 2 H, Nauo,. HC _Ho
—iie —_
H,S0,4 Pd/C H;ZD 5°C HarpEBaHHE'
R

X
|

@ _N ceobopHan sp>-opbutans

HarpeBaHue .ﬁ ﬁ: OH,
— -
o H-0
Cl APWNBHBIA KaTUOH

W



MoHOMONEeKYNApPHbIN MEXaHN3M

20.ApomaTnyecKkoe 3amMeLleHue

.

SO

HNO,

HaSO0s _

NaNO,, HC KI, H,0 ! G
. - Bbixog 75 %
H,0, 5 °C a®

H,/Pd/C

N 0,BOCCTaHOBNEHWE,
Hanpmm,:O/

NaNﬂz. HCl ewx X
Hzﬂ' 5°C

X =Cl, Br,CN



MoHOMONEKYNSAPHbIA MEXaHN3M 20.ApomaTuyeckoe 3amelleHne

H
NH, N
1. HNO3, H,S0, Ac,0 \'( Br,
e — 0 —
R 2.H,/Pd/C R R
H
N NH2
NaOH 1. NaNO,, HCI
_ = =
0
R Br H0 g Br % H3PO2 R Br




NoH-paguKkanbHbI MeXaHn3m 20.ApomaTuyeckoe 3ameLleHue

ei eoeedi dai ed

ddcdae o ed odi e

ArX + ¢ —= ArX

ArX —= Arf +X
Ar + Nu —> ArNu
ArNu + ArX — ArNu + ArX
Ar + _fioai

6é(‘)e°1 il — ArH

Z Nu
y Jl:kr. &

AtfZ+e —= Ar7Z ArNu

ArNu Ar/



*  WoH-paguKanbHbIi MeXaHn3m 20.ApomaTuyeckoe 3ameLleHue

Qm CHS %» SCH, (96%)

I I
Cl+CHS —2 > SC.H. (90%)
62 NH3 ®eié. 675
I SC,H:
OK +CHBr —2 = 0 (72%)
o 6775 NH; o0

CH



* VoH-pagnkanbHbI MEXaHN3M

20.ApomaTnyeckoe 3ameLleHne

CL,
OCH

Pasnnune B NpoayKkTax apuHOBOIO U
NOH-paanKanbHOro MeXaHM3MOB

KNH,; K

3 xedé.




ANRORC 20.ApomaTuyeckoe 3amelleHue

Addition of Nucleophile followed by Ring Opening and Ring Closure

C ¢Hs B CeHs ™ C¢Hs
% e L0 ¥z
N)j _NHy )j _ B )N\Jj s
A H = ik
Br N N N
_ NHE _
fy 2
CGH_; B CﬁHﬁ ]
e
N X NH_F N~ |
/I\ T 2 B')“\ N
N 7 o
B CeHs] CsHs
3 ,
—> | (85%)
* @
eN/L N HqN)\
N H, _




