Huumo mak He ymomisisiem,
KaK ebINnoJIHeHHas Ha
coeecmb
yyxxasi paboma

Makc ®pau



AMMUHBLI
(OpraHn4yeckue nponsBoaHbIe

aMMuaka)



Knaccudumkaums
* [lepBUYHbIE
RNH, ArNH,
* BropnyHble
R-NH-R’ Ar-NH-R
* [peTUYHbIE

R,—N—Ar, R;—N—R,
| |



HomMeHKnaTypa

o oo, oo™
CHj,

AHVNMH O eHnn(rrTonm)amMmmH B -H aCbTI/IJ'IaMVIH
(repBAHHBI GMH ) (BT OpHHBI aMVH ) (repBA4HBI GMIH )



HomeHKnaTypa

©/NHCH3 N(CH3)2

N -M etnnaHn InH N, N-Oumernn-B-HadsrniamMnH
(BT opu4HBLIM aMVIH ) (T per n4HBM amMyH )



Hoay4yeHue



BoccTtaHoOBIeHue

NO, NH.,,
© » N (; @ Sn, HCI_ NaOH @ .
NH,  HwutpobeHzon AHWIH

m-H VITpOTOJ'IyOJ'I rF-TonynoyH



BoccTtaHoOBIeHue

CH;-N—-COCH,; CH3=N—CH,CH;

@ LiAIH,
3qmp

N-M etvnaueraHnma  N-M etvr-N -3TMaHWIMH




BoccTaHOBUTENbHOE
aMUHUpoOBaHUue

O

7 N
C\H + NH3 + H2 - @CHZ_NHZ + HZO

beHzansoeva beH3nnamMmH



AMUHONN3 CNUPTOB

@
CH,OH,H, T
'Hzo

CesH:NH,
A HWIVH

> C,H-NHCH,
N -M etvnanHWIMH



PacwenneHne ammaoB no
[odomaHy (YKopadmBaHue Lenn)

ArCONH2 + NaOCl| —
ArNH2 + NaZCO3 + NaBr + H20



dusnyecKkmue CBOUCTBa

* ApoMaTU4YeCKMEe aMUHbI —
XuodKkocmu vinin meepobie mera
C XapaKkTePHbLIM HENPUSATHbLIM
3anaxoM, CUNTIbHO MOKCUYHbI

* B BOOe pacmeopsiromcsi Mmalio,
HakonfeHne aMnHOrpynn BeadeT K
YBENNYEHUNIO PACTBOPUMOCTH



XnmMmmnyecKkue cBomctTBa

* AMUHBI 9BNAOTCS
OCHO8aHUSsIMU

* AMUHBbI CNOCODOHbLI BbICTYNAaTb
B KQ4eCTBEe HYKJ/1e0QhUSIbHbIX
peazeHmMoes



OCHOBHOCTH AMMHOB

ArNH, + H,0 — ArNH,* + OH-

* PaCTBOp JIaKMyca
OKpallumMBaloT B CUHUU usem,
gpeHosIPpbmasieuHa - B
MaJIuUHO8bIU



OCHOBHOCTDH

B+H,O— HB' + HO-

[OH[HB™]
K =

b
[B]



OCHOBHOCTH AMMHOB

ApoMamuy4yecKue aMuHbI
MeHee OCHOBHbI YeM
annuaTtnyeckume



Pe30HAHCHBIM WJINM ME30MEPHbIH

IPpPexT




OcHoBHOCTH (DK . +)

NH, 921

CH,NH, 10.62 C,HNH, 10.63
(CH,),NH 10.71 (C,H,),NH 10.98
(CH),N 976 (C,H)N 10.65

PhNH, 4.58
PhNHCH,4.85
PhN(CH,), 5.06



BnnaHue samectTutenenm Ha
OCHOBHOCTb apoOMaTU4eCKMX aMUHOB

@
NH, |\| H, NH, NH,
W or—) Q=0
G G G
G:_NHz, _OCH3, _CH3 @
G -3/IeKTPOHOAOPHaS Fpyra, G:-NH, -COOH, -NO,
CNOCcOOCTBYET pacnpeneneHnio G -3/1EKTPOHOAKLETTOPHASA
MOJIOXUTEBHOIO 3apsa, CTa- rpynna, NeCTabunnsmpyer aHnn-
OUIMBMPYET aHWIMHWIA-UOH, HWIA-MOH, YMEHBLLIGET OCHOBHOCTb

YBETMHMBAET OCHOBHOCTb



RC H,NH, (pK,, ) R=H 4.58

R CH, Cl OH NH,
opmo- 4.45 2.64 4.74 4.71
Mema- 2.72 3.5 4.3 4.98
rnapa- 5.10 3.98 5.65 6.16




B3anmoaoencreBue ¢ KUCNoTamMm

@O
RNH, HHOXT
rneps. oH®

Dy O
RNH _FHEXE
BTOP. OH®
RN + H®Xx ©
TpeT. -

OH®

He pactBOpUMLI

B BOJE

00 O
roeX - Cl, NO,, OSO,H

® ©
RNH X

® O
R,NH,X

N

® O
R;NHX

C oM - NOHHbIe coenmHeHus. PacT-
BOPWMbI B BOJE, HE PaCTBOPUMBI
B HEMOJIIPHbIX PACTBOPUTENSAX



[Mpoba XuHcbepra

e [lepeuUYHbIE€ aMUNHDI

— 0O =
NaOH I _H NaOH
CeHsSO,Cl + RNH, “‘@‘“—* C6H5ﬁ_N\R HQO’
_ O |
O O
o @ H I
» C¢HsS-NR Na > C4HsSNHR
| H,O |
O O
PacTBOpUM HEpPaCTBOPUM

B BOJC B BOAC



[Mpoba XuHcbepra

* Bmopu4yHbie aMUHbI

NaOH
CeHsSO;Cl + RyNH ———> CcHsSO,-NR;

2
 [pemuyYHbie aMUHbI

@ ® NaOH
C¢HsSO,Cl + R3N > [CeHsSO-NR3] Cl - — ™
> C6H5307-0Na + NR;
® e

R;N + HCI > RNHCI



ApomMmaTuyecKkme aMuHbI

e[lepeUYHbIe Npw
B3aMMOOENCTBUMN C a30TUCTOU

KUCNOTOW OAak0T Conu
NNAa30HUSA:

PhNH_-HCI + HONO —
[Ph-N=N]CI + 2 H,0



ApomMmaTuyecKkme aMuHbI

e Bmopu4Hbie npwu
B3aMMOOENCTBUMN C a30TUCTOW

kncnoton obpasytot N-
HUTPO30COeaNHEHNS

@*I}IH + NaNO, + HCl —— Ql}l— NO + NaCl + H,0O

CH; CH;
N -H1TPO30-N -MeTMNaHWIMH



ApomMmaTuyecKkme aMuHbI

s T[pemuyYHbIe Npw
B3aMMOOEUCTBUMN C a30TUCTOU

KNCNoTon obpasytoT

dpoMaTunyeckume
HUTPO30COEANHEHUSA
N(CH>), N(CH ),

© + NaNO, + H,S0, 2 + NaH30, + H0

NO
r-Huntpo3o-N,N -ommerniaHWwInH



ApomMmaTuyecKkme aMuHbI

/ \ /jﬁ\ ﬁ§ / \
O - NH, + ¢  »—CHO —( > ¢ ~—N-CH<{
\ —/ N— / B HZO —/ \\ ///

[O] o o



Br—d__ S—NHA0=N-¢ S5 /7N No N—/ .

— H;0 pe—
e ﬁpomannnml erpoe.o n-spomasoﬁeuaon
Gers00




3amMelleHue B KorbLe
apomMaTn4eCKUxXx aMMHOB



OpUMeHTaHTLI

—NH,, —NHR, —NR,

10,
it

~NH;



[[anoreHnpoBaHue

NH, NH,

3Br
© 2 . + 3HBr

Br




[[anoreHnpoBaHue

NH, NHCOCH, NHCOCH, NH,
CH,C0),0 Br,, NI ;NI 11
(CH,COR0 " H,0, NaOH + CH,CO0®
SN(AN: E) S Ar SN(AN' E)
5 . ~ bBr
Al eéel AOI 683 i-Ad aoaoal eéed i-ASI 1 o eéel

N-Od eéadatal e



HutpoBaHue

NH, NHCOCH, NHCOCH, NH,
(CH;C0),0 HNO,, H,S0, _ H,0, H®
- + CH;COOH
Sy(Ay, E) SeAT Sy(Ay, E >
A HWIVH AL',eTaHVU-"/',D,

n-H MTpoaueTavamp, -HwvTtpoaHwnH



CynbdhupoBaHue

NH, NHHso® HN —SOH NH,
H250,4 180-200°C _ 180 - 200°C
'H 20 g
A HAMH " napocynsthaT CynbaHnnng,
aHWINHUSA SO,H
CynbdaHnnoBast

KNOI0Ta



CynbdhaHnnamuabi

NH, NHCOCH, NHCOCH, NHCOCH,
© (CH,C0O),0 © CISO,0H (136bITOK) @ NH(CH,), ©
SO.CI SO,N (CH,),
A HWWH AueraHwma A Ll,el'aMVI,D,OﬁeH- N,N- ﬂ,I/IMel'I/IJ'I-I'I-aLIEI'aMVI,D,O-
30J1Cy Nibcoxsiopua OeH3oncy isdamMna
NHCOCH;, NH,
@
HOH ™ + CH,COOH
SO-N (CH5), SO,N(CH5),

N ,N -dumermnnbeH3os-
CybdaHWIaMnA



IlnasocoeanHeHUS
Conu gnasoHusn



IlnasocoeaAHeHUS

* B koTOpbIX rpynna —N_— cBA3aHa
C yrnmeBOoA4oOpPOAHLIM pagnKkarnom u

HEeyrneBoaopOaHbIM paauKanom
X

* Ar—-N_X, roe X = Br, Cl, NOS,
HSO4 - CONY Ana3oHus

* Ar-N,OH - pguwasorungpat



[lony4yeHue

@ O
<;>|\|H2 + NaNO, +2H,50, —= <;>—N2 OSO;H + NaOSOsH + 2H.,0

NaNO, + 2H,SO, ~HNO, +H,S0, + NaHSO,

I 1a30TnpyoLLas
CME&Ch

H
|@ Q)
HONO +H,S0, =—= HO-NO + HSO,

h

@
H.O + NO




Hutpo3supyrowme areHTbl

NO* >>
H,NO,” > NOBr > NOCI > N,O, >>
HNO,

* B HEBOOHbLIX pacTBOpax -
anKUNHUTPUTLI

* [1N9 ManoOOCHOBHbIX aMWUHOB —
HUTPO3UNcepHaa Kncrorta



MexaHusm

. @ \‘
@NH2+NO<—_> NHNO —

. @ @
—_— @—NH-N =0H =——> NH=N-—-0OH| =—™




MexaHusm

o H
o/ D
e nevcon +8 == (el —

Aéad 35620

e Ok e O] 1,

— N\ A ANN\NA/

Aéad &0 i

>




dopmbl AnasocoeaNHEHUN

N=N SSEN N N/Oe
A T \Oe‘ hv A T
CUH-[MA30TaT axHmu-anua3orar
o OH® [ H® HO®|| H®
® OH
Ar—Nm=N 5 =~ Ar—N=N—-OH Ar—NH—N=0
KaTHOH H AUa3oruapar N-HMTpO3aMIH

A1a3oOHHUA \\H@ H@
OH® o A:le



CBoucTBa coneu
ANa3oHUN



Peakuuu c BbigeneHmem a3orta

*BoccmaHoaesieHue
dooCcPOpPHOBATUCTOMN KUCITOTOW
(MNN LWEeNOYHbIM PAacTBOPOM
dopmanbgernga)

@ .9 HPO, H,0
@—NENCI ST @—H + H;PO5; + HCI + N,




Peakuuu c BbigeneHmem a3orta

ArN* CI + H,0 —
ArOH + HCI + N,
ArN* CI"+ X" — ArX + CI" + N,

— Ar—Cl
— Ar—Br
& .. o — Ar—|
Ar-H — Ar-NO,——~ Ar—NH;——Ar-N=N (] ~ Ar—CN
— Ar—OH
> Ar—H




SNlAr

ArN,” — N, +Ar" (meaneHHo)
Ar'+ Nu — Ar-Nu

Ph*+H,0 — PhOH,*
PhOH,* — PhOH + H*



SNlAr
Ar* + CH,OH — Ar-OCH, + H*

Art+ 1" — Arl

Art + SCN— ArSCN



3amMelleHue Ha asugorpynny

Na

Cl ]+

K
Oren




3amMelleHue Ha asugorpynny

® ' _

Ar—N=N + NaN,—» Ar—=N | + NaCl —= Ar—N=N=N®+ N,
\

cr© N=

NEHTAa3€¢H



SNlAr

*1) Ckopocmb He 3aBUCUT OT
[Nu]

»2) BnusiHue 3amMmecmumeJsieu
B apomMaTU4yecKoM KofsibLie

+3) Ar'5N*=N ¢ ArN*=N"5



Katanus (SRN)

e

ArNu

ArNu ArN,



Peakuunun sameLlleHUs Ha ranoreH

* Peakumn ¢ UCnorib30BaHUEM
ranoreHnga meam (l) HasblBatloTCA
peakunamn 3aHomMmeuepa

* Peakumn ¢ UCcnornb30BaHUEM
MeTannyeckon meau
Ha3bIBAOTCA peakUnaMU
F'ammepmaHa



Peakuunun sameLlleHUs Ha ranoreH

@ ..0
\ N=N C| CuzBr2> @—Br +N2.
@ ..0
@NEN Cl CU’HCI> @CI + N..




Peakuunun sameLlleHUs Ha ranoreH

« 3ameLleHne gmasorpynnbl Ha |-
He TpebyeT NpUMEHEHUS,
NOCTATOYHO NOAENCTBOBATbL Ha
COJ1b ANAa30HMNA NoaANOOM Kanus




Peakuuuv s3ameLlleHnUA Ha
TUOLMOHAT

® .0 KSCN
CeHsNy O 5550 CeHs=S—C=N

(54%)




3amewieHue Ha —CN
(Peakuua 3aHgmeunepa)

@ .0
__ CuCN
QN=NCI ~ ¢ Nrc=N +n,

beH30HUTPWN

®
H.O, H
@CEN AL @COOH + NHS

BeH30MHas KUCI0Ta




3amMmewieHue Ha -OH
* Peakuusa meaneHHo npoTeKkaeT
Oaxe B neggaHom pacTtBope

e COnun gnasoHuna Hago
MCMosb30BaTb cpa3y Mnocrie nx
NPUroTOBIEHUS

@ ..06 H-.O
7 N\ N =N Cl| —2—>©—OH + HCl + N,.




3amMelleHue Ha -NO2
peakuma 3aHgmenepa

@ ..0 CuNO,
@NEN Cl + NaNO, - <;>»NO2 + NaCl + N,

* HUTpUT-NOH — aMbuOdeHMHbIU
HyKneogowun



[Mony4vyeHune bmnapunos

Cul(NH,)® @ Cul(NH,)®
AIN=NAr geron ANy ——>—> Ar-Ar + N;




Peakuuu coneu
avasoHus oes
BblaeneHUs a3oTa



AnKunnupoBaHue

' da Na®
— N 20°C
_N=N + RI » Ar—N—N=0 + Nal ;
Ar CH,OH |
R (70—80%)
Q.. ®
O Na @ _— o O
EN/ + (QH5)3OBF? 20 C’_ N—-_.._—_—N/ CQHS
A CH,Cl, , ~

(60—70%)



CBoucTBa 1HA30CO0ECAUHECHUH

ArN2+ + [H] —
ArNHNH2



A3o0co4vyeTaHue

» Conn anasoHus B onpeneneHHbIX
YCITOBUSIX pearnpytoT C
apoMaTU4eCKUMMmM coeauHEHNSAMN
c obpa3oBaHUEM
azocoeduHeHut Ar—-N=N-Ar’

* OTU peaKkunmn Ha3bIBAKOTCH
peakunamm azocovemaHusi



A3o0co4vyeTaHue

. 3O

Aead i BEJbUSY A i AOSBEJb U 3y
i elsead i &y
558 G-yB38051 {141 1131 &y 356 T & -OH, -NH,,, -NHR, -NR,

» 3aMeLLeHne 00bIYHO NPOTEKAET B
rM-rioJ1o)KeHue, eCrnii OHO 3aHSATO,
co4yeTaHue nponcxoauT B O-
NnonoXeHue



A3o0co4vyeTaHue

CHN,Cl + @OH — QNNOOH

M-OKCKa300eH30N

CH, CH,
/ B /
CH, CH,

M- QMMeTWI1aMrHOQ3006eH301



OKpacka BeLleCcTB

* XPOMOMOPHbIE TpyNnbi:
>C=C<, >C=0, >C=N-, >C=S,
-N=N-, -NO,
XUHOUAHOE AAPOo U Ap.
* AYKCOXPOMHbIE Tpynnbl:
-OH, -NH,, -N(CH,),, -NHCH,,
-COOH, -SO_H v gp.



MexaHu3m peakuuu

* ANEKTPOPUNbHOE 3aMeLLEHNE

S_Ar
* INEKTPOPUIbHBIN areHT - NOH
NNa30HUSA, O4EeHb crnabbin

aneKkTpodun

@ .. . @
N =N HQN =N




MexaHu3m peakuuu

@Nj +QG . TT-KOMMNeEKC
.
R _ o -
QN NQ G
i S S




CoyeTaHue c peHONamMm

 Benetcsa B crriabowesiodHou
cpede, NpU NOHMKEHHOW
Temnepartype

OH

o°
©
@ + OH = @ + H,0

M eHee aKTUBHbLIN BoJsiee ak TUBHBLIU



CoyeTaHue c peHONamMm

* B npucytcteum OH" noH anasoHus
CyLLEeCTBYET B paBHOBECUU C
HEWOHU3NPOBAHHLIM COeAVNHEHNEM

G
@ ..o CNGC)
QNENX 2, @—N=N—OH 20, N=N—0 Na

Cosb anazoHus OviazormnopaT OVaz0TaT HaTpWs
COYETAETCS HE COYETaETCA HE COYETAETCA



CoyeTaHue ¢ amMmmHamMmm

* Bbicokaga KMCMOTHOCTb cpeabl
CNOCOOCTBYET TOMY, YTO
anasocoeanHeHne NnornHOCTLIo
HaxoguTcAa B BUae gmasokaTnoHa



CoyeTaHue ¢ amMmmHamMmm

* UeM BblLLe KUCIOTHOCTb, TEM
BblLLE OO aMnHa B BUAE NOHA

dMMOHWUA
f NH

A MWH coYeTaeTcs 1 OH aMMOHNS
He COYEeTaeTCH

» Cpena gormkHa obITb
csiabokucnou



CWHTEe3 N-HUTPOAHUITMHOBOIO

KpaCHOro

" , 0-50°C R @06

| 2N—©—NI , + NaNO, + 2HCI | ZN—Q N,Cl + NaCl + 2H,0
O&i derdié

-1 8001 0l ecaeadl i &é

OH

et . 2
Cpe€ia
A 30CcocTaBnsoLWAA \ 7/

1-(rrHUTPOeHnna30)-2-Hadoron



CuHTe3 meTUnopaHxa

@ @
NH; NH, N,
SoH NaNO, +2H.S0,
- - -
S05 SO soP

N =N
cabokmcras cpe,ua
b O mions, RGN N, 1o
e
C)
o_&@

N(CH ), M eminiopaHx }
B LLEIOYHOW CPENE - OPaHXEBLIN

naals
i SLLELE @— =N OMCHQZ + H,0
e

M etmnopaHXx
B KMCJIOW CPEnE - MaJMHOBbIN



BoccTaHoBNneHue
a3zocoeaAnHEeHUN

@ N=N @ Zn, NaOH ,@ ITIH IT'H @

A 300eH301

OPaH>XEBO KPACHbIN ['nopasobeHson
1ab0 OKpaLLEHHbIN



BoccTaHoBNneHue
a3zocoeaAnHEeHUN

®
NaO3SON=N—®N(CH3)2 SNCl H NaO3S©—NH2 + NHz—Q N(CH ),




CBoucTBa 1HA30CO0ECAUHECHUH

e JIJ1 IEpBUYHBIX U BTOPUYHBIX
ApPOMATHYECKUX aMHUHOB a30rpyIIia
BCTYIIAET HE B ApOMATUUYECKOE
KOJIBIIO, @ B AMHUHOIPYIIY:

H
/

C,H:N,Cl + @N\ = QNNNH@
H

arasoamMmmHobeH3on



CBoucTBa 1HA30CO0ECAUHECHUH

Ky ®
ArNgD-i-HzN o— Ar—N N NH2‘©

k_, [
K,
l +H®||-H*
= /
ArN=N-A ©® )»)—NH, Ar-N*—*N-NH—@
o e
B
l roe k_, >> k|>k2

®
AN=N—~())-NH, + BH



CBoucTBa 1HA30CO0ECAUHECHUH

/,/ﬁ\ , /ﬁ\ T //ﬁ\\ ) /i\\

\ - Y, \ - )
(- N-N-NH< o = (NN (o NH,
\\\\—/// \\ \\\—///l /- \\\ / ,,/ \\\\—/// Y,



Cunre3 0eH3TpHa30/1a

H
— — N
NH, N, N



Peaxnusa ¢ CH-xkucioramu

H [ j
EtO C. _OFEt
©\N+ ¥ \\( \\( N//N

Eto\/K/OEt

O O
|
sIVRR
_NH
N
EtOWOEt
O O



HykneodounnbHoe 3aMeLleHUue

N02 NO2
f‘lzo @
®N2~©>-Cl —» Nz—Q‘OH







