SITEPHBIN
MATHUTHBIU
PE3OHAHC

AMP

AnepHbIn MarHUTHBIN pe30HaHC



MAarHMTHbIe CBOMCTBA sijiep

rmacca agpa M=n+p

N - YACJIO HEUTPOHOB

&S

3apag fapa - YMCro NPoTOHOB

13
6 C n3orton yrnepoga

¢ maccom 13
Anpa umeror

1 H “3oTon Bogopoaa CIIMHOBOC
1

c maccoun 1 - npoTumn KBaHTOBoOE uucyo [/

(ciuH sApa).
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M — macca siapa — M — macca siapa — yéTHas

HedyeTHAaA
N — HEYETHOE N — HEYETHOE n — 4Y€éTHOoe
P — 4€THOE P — HEUETHOE P — 4€THOE
HJIH HeuéTHO-HeueTHBIE | UEéTHO-YETHBIC
n — 4YéTHOE sAApa s1Apa

P — HEUETHOE

HeuyeéTHO-4€THDBIE

sapa

cinivH siapa I =1/2, |cnun ssapal=1,2, |cnun aapa l =0
3/2, 5/2,... 3,... (meoe)

(moJayueJioe)
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I=1/2:H, 13C, I=1:2H (D), “N
15N, 19F, 29§, 31P
I1=3:1B
I1=3/2:1B

I1=5/2:10

IZC, 160’ 3ZS

Bozmooricno naonrooenue saenenusa AMP.

Heeo3mooricno

HaoOil00eHue
aenenus JAMP,

SABjaenue AMP M0KHO HA0JIOIATH TOJbKO JUIS siiep ¢

HCHVYJICBBIM CIIMHOBHBIM KBAHTOBbBIM YHUCJI0M I#0.
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Anpa ¢ I # 0 uMelOT MATHUTHOE KBAHTOBOE YHCJIO0
m;=1, I-1, I-2,...-] (3Ha4yenus ot I no -1 yepes 1).

SAapo aroma Bogopoaa 'H (mporon):
1=12 u m,=1/2,-1/2.

siapo neiitepus “H (D): I=1um;=1, 0, -1.
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Snpa atoMOB MMEKT COOCTBEHHBIM MOMEHT UMITYJIbCA p:

h
p=\/1(1+1)><— [ — ciiuH sapa

21T h — nocrosianag I1nanka

MaraurHnsble saapa (I # 0) xapakTepu3yrTcss MATrHUTHBIM
MOMEHTOM L:

_ X Y — THPOMAarHUTHOE OTHOULICHUE —
U=y p MHAWBUAYaJIbHAsA XapakKTEepUCTHKA siapa

m;— 3T0 NPOCKIHUA BCKTOPA LI HA JINHUHU HANIPHAKCHHOCTHU
MAIrdMuTHOI'O ITOJIA.
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1L

MarautHoe AiApo €O CIIUHOM 1,
HMeInee MArHUTHBIA MOMEHT L.
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Anpo B MAaranutTHom mnoJie. Sijaenue AMP

ATtomHoOe sipo co cimHoM I =1/2 u m;= +1/2 (o), -1/2 (B)
(HanmpuMep, NPOTOH - siApo aTomMa Boaopoaa 'H).

Bo
HanpPsXXéHHOCTb
BHeLUHero

MarHUTHOro
nons

_>
o omy,=-112

MarHUTHbIU
MOMEHT sgpa
OpPUEHTUPOBaH
npoTus
MarHUTHoro
nons

*
L my=+1/2

MarHUTHbIN
MOMEHT siapa
OpPUEHTUpPOBaH
BOOJb
MarHUTHoOro
nons

A
"A

AE = hv

AnepHbIn MarHUTHBIN pe30HaHC

MNMpaBuno ot6opa:
Am =1
(pa3peLwéHHbIe
nepexoabl)




JHeprus sAApa B MATHUTHOM I10J1€:

mh B, — Hapsi>)KEHHOCTD
E = . vB 0 0 MATHUTHOTO ITI0JISI
h
wnm =412 Ey = ——yB
h
st m,=-1/2 E2 =EYBO
h
AE =E,—E,=—VB,

2T
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OcHoBHOe ypaBHeHue AMP

AEzino AE = hv
27T

yBO B, — HANPAKEeHHOCTH MATHUTHOI'O MOJIA

vV

V— pe30HaHCHAsl YacToTa

271- h — mocrossuHada Ilj1anka

Y—THPOMAI'HUTHOC OTHOIIICHUC

Nt sinep 'H: y = 2.674x108 ¢! T,
npu B, =1.4 Tax v =60 MI'n (pe3onanc).
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PasHuIIa 3aCeJICHHOCTEN VPOBHEH
¢ m;=+1/2 () um,=-1/2 (B)

110 3aK0OHY TeMEepaTypHOro pacnpeaejieHusa boabumana:

N _AEN,, _hVN _hyB,N__
—L = ¢ RT =e  RT =e 2nRT
N,
Has spep 'H mpu T = 300K (23°C): Nﬁ — 0.99999
y=2.674x103 ¢’'Tirl, B,= 1.4 T N_ = ().
Na U3 2 000 010 sipep:

=1.00001 1000000 ¢ m,=-1/2 (B) u
1000 010 ¢ m, = 1/2 (v),
T.e. pa3Huna 3acejénnocru 103 %.

Np

AQepHbIn MarHUTHBIN pe30HaHC 11



Penaxkcanus — BO3BPAIICHNC CUCTCMbI AACPHLIX CIIMHOB
B UCXO0/JHOC COCTOAHHUC IOCJIC PEC30HAHCA

E

— —_—
pe3oHaHC penakcauus
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MexaHM3MBbI PeJIAKCAIIMHA

ChnuH-pemiéToyHada pejaKkcanus (MpoaoJabHasn).
Xapakrepusyercsa spemenem T,. Ilepexaua
MATHUTHOM YHEPTrHHU MEKMOJIEKYJISAPHOMY
OKpYyxeHu1o. IlpeBpamieHnne MArHUTHOU IHEPIUHA B
TeIJIOBYIO.

CnuH-CIUHOBAasA pejlakcanusa (monepevyHas).
Xapakrepusyercsa BpemerneM T,. O0OMeH cnuHaMu
MeKIY COCEeTHUMHU sIJIPaMHu.

AnepHbIn MarHUTHBIN pe30HaHC
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IIpyHIMNUMAJIbHasA 0J10K-CXeMa
cnekrpomerpa AMP

Paino4acToTHbEIN -
OCHIIIIIATOD Ycuiureb
OOmoTka i
pPa3BEPTKHU
Ay v
- (N
Pa0ouue
YacTOThI __
- ::&:‘g.-.;._:_%-._-;, i
HpnﬁopoB : AL R R F
200 MT ', Amryna
400 MI'n ‘ j e Crextp
500 MI', Marsur - cgepxmpoBo
COJIEHOU I
900 MI 1. i’
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AMP ¢ dypbe-nipeodpazoBaHuEeM

OOpa3ubl NoaABEPrawTca AeCTBUIO MOIIHOIO
KPaTKOBPEMEHHOr0 uMnyJbca (S0 nuKocekyHa) ¢
IIMPOKUM JUANA30HOM YacToT. [lpu 3TOM pe3oHupyror
BCe si/pa o0Opasua.

Perucrpupyror curaaJj nmo scem yacroram. IlocJiie
MaTeMaTudecko onepanuu Pypbe-npeodpazoBaHuA
nmoJay4amr cruexkrp AMP.

AnepHbIn MarHUTHBIN pe30HaHC 15



BCC YaCTOThI

Curnaj cnajga
CBOOOAHON MHAYKIIMHU —

Dypne-
npeodpasoBaHue
CH;
Cunextp SIMP 'H |
— paclupeacJaicHmue M Tonyon
o 4acToramM B

AnepHbIn MarHUTHBIN pe30HaHC
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XHMHYECKHUM CABUT

]
]
]
’
1 §
]
1
1’
14
r
L]
1
’
’

i

I - TOK 3N1IeKTPOHOB,
WHAYLUMPOBaHHbIN
nonem B,

JIokaJIbHOE MATHUTHOE
[oJie Ha siApe:
B.]]OK. = BO — GBO = BO(I'G)

6 — KOHCTAHTA
IKPAHUPOBAHMUS

si/Ipa JIeKTPOHAMM.

B, - BHeLIHee MarHuTHoe norsne b = o By,

MarHMTHoe norne MHAyunpoBsaHHoe
TOKOM i

AnepHbIn MarHUTHBIN pe30HaHC 17



Kaxnaoe ssapo umMeeT CBOKO KOHCTAHTY G
U CBOKO PE30HAHCHYIO YaCTOTY:

YBrox.  YBo(l—-0)
Vpes. = =
21 27T

;. HEPCIVIM K UBMEPCHUI0 BCJINYUNH, HA3BIBACMbIX

Orv,
XMMHU4YECKUMH CABUTAMM O U M3MEPAEeMbIX B MUJLIMOHHBIX

HOJIAX .

Vpes. obpasua — Vpes. crangapra

6
O = x10° MJIH. 1.
Vpab. nputopa

AnepHbIn MarHUTHBIN pe30HaHC
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B cnekrpockonnu SIMP 'H n 3C B kauecTBe cTaHaapToB
MCIIOJIb3YIOT CHTHAJIBI IPOTOHOB U siiep YIVIePOoaa,
COOTBETCTBEHHO, MOJIeKYJIbI TeTpameTuiacuiaana Si(CH,),
(TMC) past koroporo 6 =0 M. 1.

GH
H3C-§i—CH3
CH,
mempamemursicusiaH
0=0 m.A.

AnepHbIn MarHUTHBIN pe30HaHC 19



Cnekrpockonus SAMP
Ha siapax 'H —
IIPOTOHHBIM MATHUTHBIN
pe3onanc (I1IMP)

AnepHbIn MarHUTHBIN pe30HaHC
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HlIka/ja XUMHYECKHUX CABUIOB IIPOTOHOB

3KpaHUpOBaHMeE AAep OKPYKaloLWUMMN INIeKTPOHaMMU -

pa33aKpaHUpoBaHUe siAep OKPYXaloLWUMUN INEeKTPOHaAMM

cnadoe none CUINbHOe none

mo—
<
h

15
yBeNuUYeHne v pe;

AnepHbIn MarHUTHBIN pe30HaHC 21



I'pynima npoToHoB XMM. CABHI, O ,M.]I.

Hacwvluennnie cpynnbwi

I
Ankanwt _?_ 0.8-1.6
H

>=( 1.6-1.9
CH,
X = 22-25
\ / CH,;

AnepHbIn MarHUTHBIN pe30HaHC 22




O-CH3

AnepHbIn MarHUTHBIN pe30HaHC

2.0-25

2.2-2.6

3.2-4.0

3.6 -4.1

23



Henacovluiennwie cpynnbwi

: H
X =
I

wnu Hetaryl-H

AnepHbIn MarHUTHBIN pe30HaHC

2.5-3.0

4.5-7.0

7-9

24



DYHKUUOHATIbHbIE 2PDYINbI

R-0.
H

cnupmali

X =

gbeHos1bI

R—NH,
dMUHBbI

AnepHbIn MarHUTHBIN pe30HaHC

3-6
6-8
2 -4

25



NH,
amMuobl

7-8
0
R~ 9 — 11
H
aniboea2uodbl
0
R_Q 10 - 13
O-H
KUucJiombali

AnepHbIn MarHUTHBIN pe30HaHC
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IIpumepsl cnekTpoB SIMP 'H
(IIMP) 0€e3 CIMH-CITMHOBOTIO
B3aMMOACUCTBUSA

AnepHbIn MarHUTHBIN pe30HaHC
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Cuexkrp SIMP 'H mernmianerara

XUM. Cco8U2 XUM. co8U2
[e0] (o]
g O S
[s2] N
" unmezpanvhas \b CH UHmMe2PaIbHaA
- Kpusas / 3 - Kpusas
H3C-O CH
OCH,; / 3
-
3H 3H
38 37 36 35 34 33 32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17

(ppm)

AnepHbIn MarHUTHBIN pe30HaHC
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Cuoexkrtp SIMP 'H 1,4-1uokcana

—— ——3.6688

)
4CH, :
HZC/O\CH2 H2C/ 4:D\(;H2 BCE NMPOTOHbI YeTbIPEX
8H | | s e it e METUMNEHOBbIX rpynn
H,C(__ _CH; H,C | _CH, 9KBMBAIIEHTHbI
O ©
:
|
‘—JL&

(ppm)

AnepHbIn MarHUTHBIN pe30HaHC 29



Cuexktp SIMP 'H 6en3zoua

7.3953

AnepHbIn MarHUTHBIN pe30HaHC
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Cuexktp SIMP 'H me3utnnena (1,3,5-TpumMeTniioeHso.ia)

] ]
CH;
H H 3 CH,
H;C CH;
H
‘ 3HapoM.
|
J ‘
|
) M,
3H 9H
6.8 6.4 6.0 5.6 5.2 4.8 (pérl).:;) 4.0 3.6 3.2 2.8 24 2.0

AnepHbIn MarHUTHBIN pe30HaHC 31



(I)aKTOpI)I, BJIUAIONINEC HA XUM. CABUTI

I. UHOQYKTHUBHBIA 3P (PEeKT 3aMeCTUTEJICH.

Haau4ue psaaoM ¢ NpOTOHAMMU
JICKTPOHOAKIENTOPHBIX IPYNIIMPOBOK
IMPUBOJIUT K PA33KPAHUPOBAHUIO ITHX
IPOTOHOB (OTTATMBAHUIO 3JICKTPOHHOU
IJIOTHOCTH OT MPOTOHOB) U CIBUT'Y X CUTHAJIA
B 00J1ee cj1ado0e 1moJjie, B 00.,1aCTh 00J1bIINX

3HAYEHUMN O.

AnepHbIn MarHUTHBIN pe30HaHC
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Coeannenue H-CH, | I-CH; | Br—CH; | HO-CH; | F-CH,
X-CH, (CH))

JIeKTPO- 2.1 2.5 2.8 3.5 4.0
oTpHIATEb-

HOCTb I'PYyIIIbI

X

XHM. CIBHT O 0.2 2.2 2.7 3.4 4.3

(M.1) rpynnsI
CH,

AnepHbIn MarHUTHBIN pe30HaHC
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Cuexkrp SIMP 'H mernmianerara

2 (9) 3
© W S
oM (q\]
/
‘ H3C-O ‘
bonee pazd’KpaHuUpOB8aAHHAS
MeMUNIbHAS 2PYNNa,
cogue 8 ciaboe noje
8 ooOnacmo Oonvuiux O
“““ 39 38 37 36 35 34 33 32 34 30 29 28 27 26 25 24 23 22 21 20 19 18 17
(ppm)

34
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I1. AHU30TpONHBIN dPPeKT

Db heKT KOJbIEBOr0 TOKA B 0€H30J1bHOM sI/Ipe.

KoJ1bYeeoul mox I,

éHeuinee B, uudyu upoeanHbolu
GHEeUIHUM
MAZHUMHOE —
~ O\ /
none / MACHUM HbBIM
4 \ nojiem

[ f

{ \

o |

™.
~ - — MAZHUIHOE
nozne b,
Y UHOYUUDPOBAHHOE

SAnepHbI MarHUTHbIN PE3OHAHC MOKOM 1 35



oonacmo H
PA3IKPAHUPOBAHUSA
— CcO08U2 CUCHAA
npomoHoe 6 ciadoe
nosne 6 ooiacmo
oonvuux O

H oobnacmo
PA3IKpaAHUpO6anus

AnepHbIn MarHUTHBIN pe30HaHC 36



_—7.3023
—7.2289

Cunextp SIMP 'H Toayosa
CH

—2.4031

3H

CH,

SH

apom.

e
7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0

1.0 0.5
(ppm)

AnepHbIn MarHUTHBIN pe30HaHC
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MAarHuTHbIN AHU30TPONHBIA 3P heKT

aBoMHbIX cBs3er C=C u C=0

oonacmo
AHUPOBAHUA

oonacmo
IKPAHUPOBAHUSA

AnepHbIn MarHUTHBIN pe30HaHC
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Cunexktp SIMP 'H nmkjioneHTeH-2-oHa

_J_) i Jui

I I O B DL O R L O I B B
8 B 4 2 PPM 0

AnepHbIn MarHUTHBIN pe30HaHC 39



Cuextp SIMP 'H 6en3zannaernaa

1H
5HapOM.
()-ore
<
H
1;||11||11|]1|l|||||T|r|1i]rilr||lf||lr
10 8 6 4

AnepHbIn MarHUTHBIN pe30HaHC 40



MAarHuTHbIN AHU30TPONHBIA 3P heKT

fon

o

anermwjaeHoBou cea3u C=C

-ﬂ—_.—-——

—
d IKpAHU- )
~ posanue =iz
{
i
I
[
|
oonacmo
l Pa3IKpanu- | | s
poesanus TeoamEE:

IKPAHU- i
posanue =

AnepHbIn MarHUTHBIN pe30HaHC
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MAarHuTHbIN AHU30TPONHBIA 3P heKT

npocroi ceszu C—C

oonacmo
IKPAHUPOBAHUSA

L)
''''''
P

L]
-
-------- "
L]
-

pasilKpanuposeanue i pasIKpanupoeanue

L e )
ttttttttt

oonacmo
IKPAHUPOBAHUSA

AnepHbIn MarHUTHBIN pe30HaHC 42



CIIHH-CIIMHOBOE
B3aUMOJAEHCTBHE MEKIY
IPOTOHAMH

AnepHbIn MarHUTHBIN pe30HaHC
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MyJibmunjiemnocnmbs

Cunexktp SIMP 'H s>Tnianerara CUCHATI06 —

nposeJjienue

CRUH-CRUHOB020

g3aumooeticmeus
0
Hj

H3C—C —
"'CH3_
9 'O—CHz—
H3C"C'0"CH2"CH3

III|ltllIilll[lIITITTII[]!IIIIIII|III(Illif—llllll
B 6 4 2 PPM 0
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Pacemorpum pparment >CH-CH< :

\? ?/
Ha  Hx
esiusirom
dee pasHoge- * A Ha JIOKaJIbHoe
posimHbie v B Ma2HUmMHoe
opueHmauuu .-’ nose y siopa Hy
Ma2HUMHO20 "~ a >
MOMeHma o cuz2Han sidpa Hy
si0pa H, * pacuwenssiemcs
4 Ha dee JIUHUU -
dybsiem
_.. Jax - paccrosiHue
_.-=="7T mexay NMMHUAMK
J Jox & nyoneTos -
—AX <AX
KOHCTaHTa
CMUH-CMMUHOBOIO
B3aMmMoOeucTBus
S5, M.0. anep Haw Hy,
usmepsiemas B 'y,
A X

AnepHbIn MarHUTHBIN pe30HaHC 45



PaccMoTpuM eUHYI0 CIUHOBYIO cucTtemy siaep ¢pparmenra >CH ,—CH< :

npaeusio ombéopa -
pa3peuweHbl nepexoobl
cAm =]

AZA sz ” A AXp2a

?
* W EE— 24 A,-2a
T
¢

Aq TX1 Ait2a X,+2a

A=A, X=X

Jax =0, Hem CCB - Jax#0, ecmb CCB
CUH2/1embl - dy6remp:

A2 X2 JAX = 4a JAX = 4a

A1 X1 A1 A2 X1 X2
A X O, M.O. A X S, M.O.

AnepHbIn MarHUTHBIN pe30HaHC 46



Paccmorpum ¢pparment —CH,—CH< :

Ha
l /
¢—¢
Ha  Hx  gpusiom
\
mpu opueHmayuu Ha JI0OKaJlbHOe
Ma2HUmMHo:20 MaeHum:-éoe u
MOMeHma rnosne y siopa riy
si0pa H, f; * >
C 8epOSIMHOCMbIO cu2Han siopa Hy
1:2:1 pacwennsemcs
Ha mpu JIUHUU -
7 mpurnsiem
J C COOMHOWHUEM
AX ~
BOY > UHMeHcusHocmel
1:2:1
J AX JAX
) ‘_bl S, M.O.
A 1:2:1
\ 47

AnepHblit MarHMTHbIN pesoHaHe X



Oo0mas ¢gopmyJa MyJbTHILUIETHOCTH CUrHajios B SIMP:
M,=2N, + I
M ; — MyJbTHIVIETHOCTHh CUTHAJIA AAeP JaHHOU IPYNIbI

Ny — KOJINYEeCTBO si/iep B coceTHeN rpyie CBA3aHHbIX

CIIUH-CIIMHOBBIM B3aUMOJACHCTBUEM C S/I[PAMM ITAHHOU
rpynnbl

I, — cniuH Aaep coceaAHEeH IPYIIIbI

AnepHbIn MarHUTHBIN pe30HaHC 48



Jlois mporoHos I,=1/2 , 1.e. :

IIpaBuio MyabTHILIETHOCTH B cniekTpax I[IMP (SIMP 'H):

Ipu nanuyuu cnuH-CRUHO06020 63AUMOOCUCMBUA
MYToMUNTIEMHOCHb CUZHA106 6 chekmpax IIMP

onpeoensiemcsa Koauuecmeom aoep 6 CoCeonell 2pynne niioc
eouHuuda.

AnepHbIn MarHUTHBIN pe30HaHC 49



YucJio
saep X

A N A W= O

OTHOCHTE/IbHASI HHTEHCHUBHOCTH CUTHAJIOB

BHYTPU MVYJIbTHILIETOB. TpeyroasHuk Ilackajis

Curnanu

1 CUHZIem

1 1 0yonem
1 2 1 mpunJjiem

1 3 3 1 Keapmem
1 4 6 4 1 KeUHmem

1 5 10 10 5 1 cekcmem

1 6 15 20 15 6 1  cenmem

AnepHbIn MarHUTHBIN pe30HaHC 50



Ilepeaaya COIMH-CIMHOBOIO B3aAUMOIEHCTBUSA

B opzanuueckux coeounenusax cnuH-cnuHoeoe
g3aumooeicmeue nepeoaemcs 6 HACbIUEHHbIX
¢ppazmenmax no cucmeme npocmulx c-cean3ei

yepes 3 cea3u;

8 HEHACBHLUWEHHBIX OPAZMEHMAX RO CUCmeMe TT-CBA3ell
yepes 4 (unozoa 5) ceasei;

Hanuvue zcemepoamoma (0, N, S) moixcem @vIKaIOUAMD
NPOMOHBL U3 CHUH-CHUHO0B020 63AUMOOCUCHIBUAL

AnepHbIn MarHUTHBIN pe30HaHC
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OCHOBHBIE THIILI CIHHOBLIX CHCTEM

Cucrema AX
\ /
——¢—  Se=c(
Ha Hx Ha Hy
dybsiem dybriem
Jax Jax

A X

AnepHbIn MarHUTHBIN pe30HaHC 52



: 5
@®parMenT ClieKTpa CH 2
NN ] )
SIMP 'H coequnenus 8
2 Hs
Haillb 1§ f
ayoaer ] Hi - H
| }i nyoaer
e it s
k |
]
& ol B
o “ i
5 o
1“"‘1*31‘;1— 1r‘li'r‘"‘£r‘ilii
3.5 7.8 G5 BB
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Cucrema AX,

\ [

- _CH2
X

> IT-0

mpurnsiem dybsiem
1:2:1 1 - 1
A X

AnepHbIn MarHUTHBIN pe30HaHC 54



®dparment cnexkrpa SIMP 'H coennnenus

vy
P =4
&5
Ha o
HsCO -\ ~OCHs L
|
~
HX HX & ﬂ 2HX %
u | g
| Y
| %
X U =
I > 1 |
H;CO OCH; 1 »
1:1 1:2:1
ny6ner Tpunnert

AnepHbIn MarHUTHBIN pe30HaHC
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Cucrema AX,

Keapmem dybsniem
1:3:3:1 1:1

A X

AnepHbIn MarHUTHBIN pe30HaHC
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Cuexkrtp SIMP 'H 0-0poMnponuoHOBO KHCJIOTBI

Br

| + e
HOZC-?—CH;», 3 3
X |
H 3H
A CH,
nyoJier
[ .
KBapTeT:
1:3:3:1
| 4.‘46 | 4.‘44 | 4.‘42 | 4.‘40 | 4.58 | 4.56 | 4.54 | 4.52 ‘1.‘90‘ | ‘1.‘88‘ | ‘1.‘86‘ | ‘1.‘84‘ | ‘1.‘82‘ | ‘1.‘80‘ -

(pPm) o o (ppm)
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CH 52
NA7 X :
Cucrema AX c X ]
H/ CH, .
X . 6H
A / | 2CH,

/ nyoJier

DdparMeHT crieKkTrpa C

SIMP 'H n-numo.ia.

> I—0

I
O
/ \
O
T xF

—2.9306
—2.9172
—2.9034
— ——2.8896
—2.8758
—2.8620
—2.8484

I

1H /\N "

|/

JJU kLJ \x

I
2 2. 90
(Ppm)

cermter 1:6:15:20:15:6:1
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Cucrema A,X, Cuextp SIMP 'H xsop3TanoJia

—3.8368
3.8267
—3.8158

HC=CHp

\/HO \CI\
|

n 2H
“ )\/{ CH:

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
3.92 3.88 3.84 3.80 3.76 3.72 3.68 3.64 3.60

(ppm)

Tpumier 1:2:1
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Cucrema A,X,

Cunexktp SIMP 'H s>Tnianerara
o)
i
H3C—C—
—CHs;.
9 'O—CHz_
C—C-0-CHz=CHjs
Ha A~ X N
kBaprert 1:3:3:1 1:2:1
[ TpUnneT
lll|ltl!|il]l[lII_II—I—TII[l!IllllII|IIIlIlllf‘[illl]
B 6 4 2 PPM 0
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TpéxcnunoBas cucrema AMX

DdparMeHT crekTrpa
SAIMP 'H coennnenus

" Juix
; COCH3"'
> Hm Hy'
:.JAM
" Hy
OCH,

OCH;

g
~ Jmx
Y
Ny &
SRS 5
Jnx f % ~ T J
i
_l JAM /L
:
1P
nyoJieT nyoaer
ny0J1eToB

AnepHbIn MarHUTHBIN pe30HaHC
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Eciau 1aHHasg rpynmna sigep CBsi3aHA CNIUH-CIIMHOBBIM
B3aUMOACHCTBHEM C HECKOJIbKUMH Pa3JINYHBIMU
rpynnamMu sijiep, T0 MyJbTHILUIETHOCTH €€ CUTHAJIA
onpeaeasierca Kaxk npousBeaeHue MYJIbTHILICTHOCTEH

OT Ka’KJ10U COCEeTHEeH IPynibl.

s TpéxcnuHoBou cucremMbl AMX:

My =M vixMxy = (N, + Dx(Ng + 1) =1 +D)x(1+1) =4
nyoJierT a1y0J1€eTOB
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Cnexkrp AMP 'H 1-6pomnponana

Br—CH,—CH,—CHj

A M X\

TPUILJIECT CECKCTET TPHUILJICT
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DennabHoe koJabo0 —C H.B cnekrpax IIMP

®dparment cnekrpa AMP 'H

N-MmeTnia0eH3amMmuaa.
CONHCH;
o' HO' f |
p 2H
J : | MeTAa-
Q\ I:Im_ [ i i
. Hp it
J } i Hnapa-l lﬂ
A

/A ik '\

.
~AYOICT e i TPUILIET
)f { ‘LT])I/IH.]IGT P er
) f% t )
7.¢ 7 5 7.4
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ITapa-3ameniéHHass 0eH30J/1bHAsA cucTeMa B cniekrpax IIMP —

DdparMeHT crekTrpa

SIMP 'H coequHeHMs.

ABa 1yosiera ¢ 3GpdekToM “Kpbiim’

H, + Hp,

wl
< “kpbima” vl
i RN
CONHCH; H +H,
Ha- |
!
Hg:
| | %
CIIMHOBas
CucCTemMa ’j \ }
AA’BB’ ) = o 1
§- i 1 = p——t
AnepHbIn MarHUTHbBIN Bengch 7.6 gt 7. 465



Cuextp SIMP 'H coennnenus

|
-CH-Br —CH—Br ~CHy— —CH-

H,

I | I )] | I | ] | I I | { 1 ] | I | 1 ! |
4.0 3.5 3.0 PPM 2.5
OAc
Br
CHy—Br
l!]l]TIIIII]_llllllillIIIIIIII‘III!]T!IIIIII—
8 6 4 2 PPM
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MexaHu3M nepeaayy CIMH-CIIMHOBOI0 B3AMMOACHCTBUS

110 CUCTEéMe XUMHYECKHX CBA3en

J/ a, napaJuleJbHast OPHEHTALHS
BO — l
/C ' Jop < 0 MarHuTHBIX MOMEHTOB
\H , saep Ha u Hb
bl
napaJjuiejibHasi OpHEHTAIUA
CIIMHOB JJICKTPOHOB CBsI3el
>
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]
AHTUNIAPAJUICIbHAS OPUEHTALUS
— ' Jap > 0 P P .
l ‘ MArHMTHbIX MOMeHTOB siiep Ha u Hb
\ l.
A

NMapajlie/;IbHAS OPUEHTAIMSA
CIIMHOB JJICKTPOHOB CBsI3el

Nnapajie/;IbHAS OPUEHTAIUA
CIIMHOB JICKTPOHOB CBsI3el

AnepHbIn MarHUTHBIN pe30HaHC
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YucjgeHHbIC 3B HAYCHUA KOHCTAHT
CIIMH-CIIMHOBOI'O
B3aMMOACUCTBUSA MPOTOHOB
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1. 'emuuaJibHbIe KOHCTAHTHI CCB

y (qepe3 OBe CBS3M

)cs/p?, :2J=6-18Ty

N\ L
H

a

=Csp2 : J=2-3Ty

AnepHbIn MarHUTHBIN pe30HaHC
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2. Bunnunaababie KOHCTAHTHI CCB

H.. yepes TP CBA3MU
<. (

~~Vsp3

| :3J=5-9Ty
\C "
/ sp3\ p

4

H

KoncranTa 3J 3aBHCHT OT IUYAPAJIbHOrO yria ¢.
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Kpusasi Kapniyca-Konposi — 3aBucumoctsb 3J o1 ¢

J

72

w

N MarHUTHbIN Pe30HaHC
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yue-=8-12Tu < Jppanc. =10 -18 Ty
¢=0 o =180

AnepHbIn MarHUTHBIN pe30HaHC
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Koncranthl CCB B apoMaTM4ecKUX CHCTEMaX

- Hi™+3J,,%,6.5-9 Ty
o" I‘-Iz "
°J1.4=0-1TL :
: 24d3=1-3TU
" Hy -

AnepHbIn MarHUTHBIN pe30HaHC
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Chnekrpockonust SAMP na sapax
yriepoaa 3C
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H3oron yriaepona *C:
I =0 (SIMP He nHaOaronaercs).

H3oron yriaepona 13C:
I =1/2; npupoaHas pacnpocTpaHéHHOCTb ~1%.
I'mpoMarauTHoe oTHOIeHHe Y = 6.728%x107 ¢ 1Ta!

YyBCTBHTEJIBLHOCTDL B criekTpockonuu SIMP 13C

MEHbIIIe, YeM B cnneKkTpockonuu IIMP.

Jlast peructpanun cnekrpa SIMP 13C neodxonnumo
20 - 100 mr Bemecrna.

AnepHbIn MarHUTHBIN pe30HaHC
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I xana xumuueckux casuros B AMP 13C

dllJ1eHbl
=C=
~200
R
R:C=O N\ CI'IVIprI
N AN C=N O agpupei
0-190 ~150 110 - 100 60 - 40
/0O
R-C
\(;@_ X C-C @ C=C
/  kamuoHbl  190-160 90 - 60 C B ankaHax
250 - 200 150-100 50 - 0
| | I I | S, M.A.
250 200 150 100 50

AnepHbIn MarHUTHBIN pe30HaHC

77

I
0



B cnekrpockonuu SIMP 13C perucrpupyior:

1. CnexkTpsbl ¢ HogaBJIEeHUEM CIIUMH-CIIMHOBOI0
B3aUMOJACHUCTBHUS C IPOTOHAMM.

CurnaJjsl B ciekrpe SIMP 13C — cunriersl.
2. CrieKTpbl ¢ COXpPaHEHHEM CIIMH-CITUMHOBOI0

B3aUMOACHUCTBHUS C IPOTOHAMM.

Curnajsl B ciekrpe SIMP 13C — MmyJbTHILIETHI.

AnepHbIn MarHUTHBIN pe30HaHC
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Cnekrpsl AMP 3C ¢ nogaBiiennem
CIIMH-CIIMHOBOI'0 B3aMMO/J1€UCTBUA

C IPOTOHAMM
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Cuekrp AMP B3C okranoJa-1

B crpykrype — 8 aroMoB yriiepoaa;

B CIIEKTpPE — 8 CUTHAJIOB.

AANNN0H
SEESREARSEEREERENARNERERRR ARG ENAREREREDRERERNEREEE
680 ot H AQ 30 20 PPM

AnepHbIn MarHUTHBIN pe30HaHC
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Cuexktp SIMP BC ann3zoJia

130 114

C3
CZ

335

OCH,

pacmeopumeiinb

CDCl,

L N L L LR R R LA LA TR LT TR
00 180 160 140 {20 100 80 60
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Cuekrtpsl SIMP 13C ¢ coxpanenunem
(0e3 mogaBJIeHUs) CIIMH-CIIMHOBOI'O

B3aUMOJACUCTBHSA C IPOTOHAMMH

AnepHbIn MarHUTHBIN pe30HaHC
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KOHCTAHTBI CHUH-CHIMHOBOI'0 B3aMMOAE€HCTBHUSA

suiep yoiepoaa 3C ¢ mporonammu

1. Ipsimbie kouctantel CCB  1J .,

\ fH 1U=125Ty =c§2
—c N\ J=150Tuy
sp3 H
/
H
=C,,—H

11 =
1J=250 ru J=160 Fu,

AnepHbIn MarHUTHBIN pe30HaHC
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2
2. Koncraursl “J

....%J=4-5Ty

Ho

s ~ C

/(‘:sp3_/cip3

2J=2-7Ty.--H ,

-~
0

. sp3
/P

—Csp2

AnepHbIn MarHUTHBIN pe30HaHC
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3
3. Koncrantsl °J -y

3J=8-14Tu H---
Ho’ .s‘\// /
c=c" -
/0 A N2

AnepHbIn MarHUTHBIN pe30HaHC
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MyJbTHILIETHOCTh CUTHAJIOB B ciiekTpax AMP

13C ¢ coxpanennem CCB ¢ nporonamu

—CH3 Keapmem
_C\HZ mpunsem
\
—CH dyb6snem
[
\
—C— CUHas1Iem

AnepHbIn MarHUTHBIN pe30HaHC
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®dparment cnekrpa AMP 3C nuneponass

13, 458
g2, G64
198,624

O
/
‘E)"-(:I_l2
A Sl A
1%3 léZ iél
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®dparment cnekrpa AMP 3C nuneponass

I oyénem “"
| 5 A p 0yon1emoes
J C 0yon1emoe
e
] ] T ]
189 188 107 186
O, M.1.
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Metoa DEPT-135
DEPT («Distortionless Enhancement by Polarization Transfer») —
HEMCKa)KEHHOE YCUJICHHUE MyTEM MEpPEeHOca MOJISIpU3aluu

CrienuanabHas MoCiaeA0BaTEIbHOCTh PAJMOYACTOTHBIX UMIIYJILCOB
B AMP, npuBoadIias K NOSBICHUIO:

-ITOJIOKUTEILHBIX CUTHAJIOB sifiep atoMoB 3C, UMEIOIIUX
HEYETHOE YUCJIO IPOTOHOB, - rpymnn CH u CH;;

-OTPHULIATEIILHBIX CUTHAIOB s1ep aTOMOB 3C, MMEIOIINX YETHOEC
YUCJIO NIPOTOHOB, - rpymn CH,;

- HICYE3HOBEHUIO CUTHAJIOB s1ep aroMoB 3C, BooOI1IE HE
MMEIOIINX IPOTOHOB, - YETBEPTHUHBIX YINIEPOIHBIX aTOMOB.

AnepHbIn MarHUTHBIN pe30HaHC 89



Crektp SIMP 13C
COEIMHEHMSI
(CDCL,, 100 M)

EERkE2HED N oo @ oo o o
— L R e N oo [} &
£ 8 B&F “HEANNRG o = ER S 2 = 8
B & Ben VS OSSN = Sl | |
TS CH [
° g g B
X BN
| | 1
3 , =

] T T T T T L T T ] T ] T
132 131 130 129 128 127 126 125 124 123 F23 121 120 119 118 117
T W s
T T T —— T T T %

143 142 141 140 139 138 137

3CH 2CH, CH
3

T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 &0 50 40 30 20 1o
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Cnektp DEPT

COCIUHECHUA
(CDCl,, 100 MI'm)
RV |
CHs CH-apowm.
N
3 ) 1// :
CH CH,
75 N
| CH-apowm.
‘ 2CH,
132.0 1315 1310 1305 130.0 129.5 129.0 1285 128.0 1275 127.0 1265 1260 1255 125.0 124.5 1240
IlE;EI ' IlE;EII 1 rlPr'EII | 1éEII | Il;EI1 ' Il‘JIrU1 1énﬂ.ﬂ|el2pDHbll\;lljli\'}larHjl-/lill%Hbll\/’lgere3O?-|UaHC ?:D rISIEII ErEI 14EI I3IEI IZIIZI | 91 1rEI [;I



PR EE
6989k
CET LP
SEE' P

=
2 3
§;

125

z
O eogor -
el i ——
SEE' L ——
£99' b ~__

f1 (ma)

128

131

47.5

f1 (ma)

B6LE'SE — =

CH;

CEOPIT
88T'p1l

Poe &2
ZET9T
B0 971

ebE'821

£89'8¢1
ebl'ecl
89r°0ET
08 PET

e e Ny
1

LPTLET
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70 60 50 40 30 20 10

80

120 110 100 90

150 140 130

160

210 200 190 180 170

f1 (ma)
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C3

—8L'PE

BLbE — B

o4

Cnektp DEPT
COCJTUHEHMUS
(CDCl,, 100 MI'n)

[y
(1)
M~
T
=
C4

10

34.8
fl (ma)
CS
30 20

40

coo'Lp
99z'Lk
T1ES'LP

f

CHs

C2
50

0sc'ss

ZO8'ETT %

475 47.0 46.5
fl (ma)
80 70 60

90
f1 (ma)

100

110

mmﬁ_vz |
00C b1l M.

oce'set
rale oty M -

120

(92)
I zeL 621 k\\
O ObE'0ET
O

COBEIT —

BET'PIT ~ _
00Z'#11

JUAL

140 130

150

114.0
f1 (ma)

180 170 160

190

200



Cnekrpockonus SAMP PF

AnepHbIn MarHUTHBIN pe30HaHC
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SAapo aToma ¢propa °F:
ciuH I = 1/2;

rHpoOMarHuTHoOe oTHomeHnue ¥ = 2.517x103 ¢ 1T,
npupoaHas pacnpocrpanéHocts 100%.

s perucrpanuu cnekrpa SIMP PF neooxoaumo
1 - S Mr BeliecTBa.

AnepHbIn MarHUTHBIN pe30HaHC
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Ilkana xumudeckux casurop B AMP F

Crangapt — CFCl; ¢ 6 =0 m.a.

CTpYKTYpHBIii XMM. CABUI, O M.].
(pparmMeHT

R—-CH,F -200 =+ -230
-CH=CF- -120 = -130

ArF -105 =+ -130
-CO-CF, -65 =+ -75

Ar-CF; -55 +-70
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—-58.2684
—-70.3700

CF,

Cuextp SIMP PF coenunenus

O
=
®

MO ™M ~— 0 N
COCF
3 oo o S o
gy oo
2Ar-F
\\\\‘\\\\‘\ \\\\‘\\\\
-129.60 129.75
(ppm)
©
-— o e} @
£ |8 2 =
™ ™ A=)
L R B T T T 1 T T T T T T L — T T T T [ T T T T [ T T T T [ T T T T [ T T T T [ T T T T [ T T T T [ T T T [ T T T T T 1T
60 65 -70 75 -80 -85 -90 -95 -100 -105 -110 -115 -120 -125 -130 135

(ppm)
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Cnekrpockonus SAMP

HA I[pyFI/IX AApax.
31p_ 29Si, 2H(D) u np.

AnepHbIn MarHUTHBIN pe30HaHC
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Cuexkrp SAMP ?°Si coeqmneHusn

CH,

CH;0 C=C—Si—CH,

H;

-18.7265

T

Al T ¥ 1 T { T H T I T : T I

T ¥ GRS
120 100 80 60 4() 20 0 -20 -40 -60
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7.38815
7. 04482

Cnexrp AMP 2H(D)

COeIMHEeHUSA

e - e s g S
r""[ 'T_""T"'"'l"‘i‘ 5 Rty iy foan: I" | R (e v et 1*—7*'“;'"7"‘"}’"'7"‘"'7"‘1—*(““1"‘

2.5 7.9 G5 6.0 ) 5.9

w
uwl
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JInanamuyeckun AMP
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Chnexkrpockonusi IMP — MOIIHBIN 1 TOHKUHA
HHCTPYMEHT 1JIs1 HAOII0AeHUA U
XapPaAKTEePUCTUKH JUHAMUYECKHX

BHYTPH- M MEKMOJIEKYJISAPHbIX

NPOLECCOB.
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Cuekrpol AMP 'H

N.N-auMeTnjaaneraMmuaa

[P Pa3HbIX TEMIIEPATypPax

memnepamypa
KoanecuyeHyuu
0, o,
C—CH; ® ,C—CH;

H;C—N -¢—>» H;C—N

\ \
b{cm \/CH:,

npu 8bICOKUX MpuU HU3KUX
memnepamypax memmnepamypax
MemurbHbIe 2pynnbl MemuJsbHble 2pynnbl

3KeueasieHMHbI U3-3a HeaKkeueas/leHMHbI
epauwieHusi 2pynnbl

N(CH;), eokpya

ces3u C(O)-N

N(CH3)2
L

65 °C

___J\

61°C

AN -

57 °C A /\
—

N(CH3)2

38°C ﬁ A
-

Kl 1
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Temnepamypa xkoanecuenyuu ~85°C
Inepeus akmusayuu (bapwvep) epauiernus 58.6 K/ bc/monw

Crextpsl SIMP 'H nipu pasubeix Temmneparypax —
curnan H2 (DMSO-d,, 400 MI'n)

CH; HsC

: L]
Z-2p

- Z2 s 120°C
Arpomomsomepnt .~ E,
W _________________________ — _____________________ ..................... _____________________ _____________________ .................... _°lOO°C

______________ S 1) 6

T ] 80°C
______________ - 170°C
£60°C
', 50°C
40°C
30°C
- 25°C

104

T T T T T T T T T T T T T T T T T T T T
5.2 5.0 4.8 4.6 4.4 [ppm]
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TemneparypHas 3aBUCUMOCTD
SAMP F coenunenus

(DMSO-d,, 370 MI'w)

I —E
Pal T=393K |
R T=373 K
-8
T=363 K
T=353 K
- &
T=343 K
T=333 K
: ._,-"‘._h ¥ L
= B fﬁ‘a___ NP J -l T=323 K
:': f.". I-"-.;,I T=313 K
-"'.I " EE -'. ....... fdiddy g
Vo, T R i ARk |
A 1 E
‘ T=298 K i
i o ka_ ___// 18
-8 w2 834 638 e ' T leem wom)



MeToabl ABYMEPHOH
cinekrpockonuu A MP

Aoepnolit MacHUMHbBIU DEe30OHAHC




JIBymepHbIn cieKTp AMP — TpéxmepHasn
3AaBHCHUMOCTH MHTEHCUBHOCTH curHajga JAMP
OT XMM. cABHIOoB M KOHCTAHT CCB,
IMOJIYYCHHASI B pe3yJjbTare CrienuaJabHOu
[OCJIeI0BATEIbHOCTH PAAHOYACTOTHBIX
UMITYJIbCOB, BO30YKIAIIMX

si/IcPHbIC Mepexoabl.

Aoepnolit MacHUMHbBIU DEe30OHAHC




CurnaJa B aBymepuom AMP

HHTCHCUBHOCTD

O0Cb 4aCTOThbI

KOHTYpPHOe€
npeacTaBieHne
CHUTHAaJIa

Aoepnolit MacHUMHbBIU DEe30OHAHC




KoppeasiiMOHHAA CIIEKTPOCKOIUA
(COrrelation SpectroscopY - COSY):

1. TH-'H COSY;
2. BC-H COSY;
3. SAAnepusbiii 3¢ dext OBepxaysepa

(NOESY - Nuclear Overhauser Effect SpectroscopY).

Aoepnolit MacHUMHbBIU DEe30OHAHC




TH-TH COSY — nosiBjieHUE B CIIEKTPE
HEIWArOHAJIBLHBIX (KPOCC-IIMKOB) I
IPOTOHOB, CBI3aHHBIX CIIMH-CITMHOBEIM
B3aUMOJIECUCTBHUEM.

Aoepnolit MacHUMHbBIU DEe30OHAHC




CHGKTp 1H-IH COSY H4 H7 Ha Hé & HB
¥,

COEIMHEH NS _J MU

re 3
(PPm)
“ 0
6.6
| HeduazoHanbHbie
6.8%  nuxu
7.0- -
e <
7.2- =
= 3 i i ‘B?KOMCZZOHCUZUHble
% —— . e " :g K nuxKu °
) ot
S e
= = S
E PRt -::JB
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Crextp 'H-'H COSY Ho &
COEIMHEHMNS fo Hy 0

Ha . O | Hp
/A 0
HB H HE
c He
L

Vv
=i -3 —
5.5 - : Hy
H .
] , s
\\ 1|
5.5 R b
@e------—-Q-a----—-—----m@ — Hc
4.5 - "'""""“";"" N d | — Hy
. s a
3.5 - C: N
- : \h v
2.5 - o
1 0 N Inl I 1 1 IB:@ - H
F
7.06. 6.0 5.0 4.0 3.2.5
V2
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3C-TH COSY — nuk# B CIIEKTPE
COOTBETCTBYIOT HEMOCPEACTBECHHO
cBs3aHHBIM sapam °C u 'H gepes onny
cBs13b ¢ koHcTanTo CCB J 4.

HETCOR — HETeronuclear CORrelation —

rereposaAepHas Koppeisaius

Aoepnolit MacHUMHbBIU DEe30OHAHC




Cnextp HETCOR

COEIMHEHUS

Aoepnolit MacHUMHbBIU DEe30OHAHC

xuMm. casur 'H

—

7.0

6.0 1

5.0

4.0 -

3.0

2.0

T ] ] ] | ] ]
200180160140420100 80 &0 4

xuM. caur 13C

;
]
|
!
i
!
1
I
I
0

HC
HD
1 Hg
L
[ Hg



Perucrpaliysi CHrHaJIOB B CIIEKTPE, OTBEYAIOIIUX
HEIIOCPECTBEHHO CBsI3aHHEIM ssapaM 3C u 'H
qyepe3 OAHY CBS3b.

HSQC — Heteronuclear Single Quantum Correlation
—reTeposiIcpHasl OJHOKBAHTOBAsI KOPPEIIALIUS

HMQC — Heteronuclear Multiple Quantum
Correlation — rereposiiepHas MHOTOKBAHTOBAS
KOPPEISALIMS

Aoepnolit MacHUMHbBIU DEe30OHAHC




Crnextp HMQC coennHeHus

CH2=
8
7 4
M.I. l 'y
20 ‘lh E i # =
- M.JL. 3 i :
i ] of it s S
B ; ‘" S L s :
' 25 - [
60 - e CH,
12 11 1.0 09 OROMVEN Yoa 6|C| 4
5 7 S
F1 807 H.C \|(|3H
: |
100 - ‘cH_ 5 8cH,
_ - g
oo HO 2 CH.=
120 hi 9 |
- 1/CH\1
— omp 7
140 | H4C CH,
‘""!'T"IrT"I'"'I'f”IT"'l""I""_I""I""T""I'r'_'l_""]""
THTTES T o i, 6 o - o 3.5 AU bl 10 . 10,03 M.I.
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HMBC — Heteronuclear

Multiple Bond Correlation

— reTeposiAepHasl MHOIOCBSI3€Basl
KOppeIISIus

— IIUKHU B CIIEKTPE COOTBETCTBYIOT SApaM
BC u 'H cBsa3aHHbIM yepes 2 uin 3
CBSI3M C KOHCTAHTaMU 2J - ;M 3J .

Aoepnolit MacHUMHbBIU DEe30OHAHC




Cnextp HMBC coennnenus
F2

Cnekrp HMBC (600 MTi) | - it
OH
380 7
e R i
20- : .
i d | I \
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(NOESY - Nuclear Overhauser Effect
Spectroscopy)
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Crnektp JAMP F coequnenns (CDCl;, 100 MI'm)
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Cnektp JAMP F coequnenns (CDCl;, 100 MI'm)
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