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AMP-cnekTp.
Kak OH BbIMMAAUT U Kak ero Yyntatb

o Xumcasur

* KWHTerpanbHas MHTEHCUBHOCTb

* MynbTnnneTHocTb curHana. TpeyronbHuku Nackans

* 1 BUHOMManNbLHOE pacnpeaenexHne

« KoHcTaHTa cnuH-cnnHoBoro B3ammoaenctena KCCB. Kak
NX CYNTaTb?

 [Hkana AMP » MnnnunoHHble aonu

Bbibop aTanoHHoro curHana

* CnunHOBbLIE CUCTEMBI pa3Horo Tmna. CnekTpbl NEPBOro

nopsaka
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MHTerpanbHaa . &
MHTEHCUBHOCTb

NMnowagb curHana ("mHTerpanbHas
MHTEHCUBHOCTL") NpsAAMO
nponopunoHaribHas MOJfibHOMY
cogepXaHuio saep, Aarwmux 3ToT
curHan, B AaHHoOM obpas3ey (He3aBUCUMO
OT BuAa - CUHrneT, ayonet, Tpunnet)

Cnektp "H-AMP ataHona, 3anncaHHbIn Ha CrieKTpoMeTpe ¢ paboyen

yactoton 60 My,
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CniekTp "H-amP aTaHona, Bnepsble
3aperncTpupoBaHHbLIN
npodeccopom ApHOSbA0OM

Ha yacTtoTte 30 MI'y B 1951 roay.
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PaHbLle NHTerpanbHYy KPUBYIO MEPASIN JIMHENKOWN :-)

270 MHz "H NMR Spectrum in CDCI,

\\ //
©/ ~
226 mm
15. 2 mm
36.2 mm
A [ A
cal vt byt bovvn b bt bvvaa b bovvn b s bovan bovn s bvvna b bovna bvvaa bosna bay

9 8 7 6 5 4 3 2 1 0

pPpm

4

TN

—
—
——




Ha coBpeMeHHbIX npubopa
9TO BbIMMSAUT TaK:

o

—7.1181
_~7.1064
—7.0956
~-7.0907
\-7.0868
7.0761

—7.1318
—7.1015

0956
7.0907

j-7.1181
1

T T T T T T T T T T T T T T

Chemical Shift (ppm)

7.1318
.0761

94

DMS|O—d6

o
=1
=]
X
o
|

2.60 2.55 2.50 2.45 2.40 2.35 2.30
Chemical Shift (ppm)

R

@ M M0

s Sl o

[P
—

1.20 3.562

R SRR R R B
3.900 3.875 3.850 3.825

Chemical Shift (ppm)

2.2768

UBL L

|

6.5 6.0 5.5 5.0 4.5
Chemical Shift (oom)

"H NMR spectrum (500 MHz) of N-methylmorpholinium 3-cyano-4-(2-methylphenyl)-6-oxo-1,4,5,6-tetrahydropyridine-2-thiolate
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3C NMR spectrum (126 MHz) of N-methylmorpholinium 3-cyano-4-(2-methylphenyl)-6-oxo-1,4,5,6-tetrahydropyridine-2-
thiolate 7{2}
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leMHOro o norpeLlHOCTUMHTErpnMpPoBaHUSI.

The integration of NMR spectra can be carried out with high accuracy, but this is
only possible if a number of sources of error are properly handled. On a modern
spectrometer accuracy of £5% can be achieved easily if relaxation issues are
handled properly. To get errors of <1% a number of factors have to be considered
and optimized.

1. Signal to Noise. The spectrum must have adequate signal to noise to support
the level of accuracy required for the experiment.

2. Saturation Effects. NMR spectroscopy has a feature unique among
spectroscopic methods, that relaxation processes are relatively slow (on the order of
seconds or tenths of seconds), compared to milli, micro, and pico seconds for IR
and UV. In other words, once the spectrometer has perturbed the equilibrium
population of nuclei by scanning over the resonance frequency or pulsing the nuclei,
it takes from 0.1 to 100s of seconds (typically several seconds) for them to return to
their original populations (T, the spin-lattice relaxation time). If power settings are
too high (for CW spectra) or pulse angle and repetition rates too high (for FT
spectra) then spectra can become saturated, and integrations less accurate,
because the relaxation rates of various protons in the sample are different.
Saturation effects are particularly severe for small molecules in mobile solvents, =
because these typically have the longest T, relaxation times. 7 =
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It is important to recognize that integration errors caused by saturation effects will
depend on the relative relaxation rates of various protons in a molecule. Errors will
be larger when different kinds of protons are being compared (such as aromatic CH
to a methyl group), than when the protons are similar or identical in type.

3. Line Shape Considerations. NMR signals in an ideally tuned instrument are
Lorenzian in shape, so the intensity extends for some distance on both sides of the
center of the peak. Integrations must be carried out over a sufficiently wide frequency &
range to capture enough of the peak for the desired level of accuracy. Thus, if the =
peak width at half height is 1 Hz, then an integration of £2.3 Hz from the center of the
peak is required to capture 90% of the area, £5.5 Hz for 95%, £11 Hz for 98% and
+18Hz for >99% of the area. This means that peaks that are closely spaced cannot
be accurately integrated by the usual method, but may require line-shape simulations |
with a program like NUTS or WINDNMR to accurately measure relative peak areas.

4. Digital Resolution. A peak must be defined by an adequate number of points if
an accurate integration is to be obtained. The errors introduced are surprisingly
small, and reach 1% if a line with a width at half height of 1 Hz is sampled every O.g
Hz.
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5. Isotopic Satellites. All C-H signals have 1°C satellites located tJ. /2 from the center of
the peak (J. , is typically 115-135 Hz, although numbers over 250 Hz are known) Together
these satellites make up 1.1% of the area of the central peak (0.55% each). They must be
accounted for if integration at the >99% level of accuracy is desired. Larger errors are
introduced if the satellites from a nearby very intense peak fall under the signal being
integrated. The simplest method to correct this problem is by *C decoupling, which
compresses the satellites into the central peak. A number of other elements have significant
fractions of spin 2 nuclei at natural abundance, and these will also create satellites large
enough to interfere with integrations. Most notable are '7/119Sn, 2°Sj, 77Se, 12°Te, 9°Hg.
6. Spinning Sidebands. These can appear at * the spinning speed in Hz in spectra run on
poorly tuned spectrometers and/or with samples in low-quality tubes. They draw intensity
from the central peak.

7. Baseline Slant and Curvature. Under some conditions spectra can show significant
distortions of the baseline, which can interfere with obtaining high-quality integrations.

8. Decoupling. When decoupling is being used, as is routinely done for >*C NMR spectra
and occasionally for "TH NMR spectra, peak intensities are distorted by Nuclear Overhauser
Effects. Integrations of such spectra will not give accurate ratios of peak areas.
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3C NMR spectrum (126 MHz) of N-methylmorpholinium 3-cyano-4-(2-methylphenyl)-6-oxo-1,4,5 6-tetrahydropyridine-2-
thiolate 7{2}
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OTKy,D,a 6epch;| XMMCLI,BVII'VI? I'quemy CUTHarsbl pa3HbIX A0€ep
"pasbesxatorca” no cnekTpy?

CTMHHOE 3Ha4YeHne Hanps>XeHHOCTU NOSIS B TOYKE, r4e HaxoamTcs s4p0, He paBHO
HanpsHkeHHOCTW nons MarHuTa B . ATOMHbIE iApa OKpYXXEHbI NIIOTHOWN 3NEKTPOHHOW LLyOoW.
[Mog oencTBMEM MarHUTHOIO MOMSA SNEKTPOHbI HAYMHAKT coBepLUaTh LMPKyNnaumm (Kypc
doM3MKKN B CpedHeN LLKOSIE), KOTopble NPMBOAAT K BOSHUKHOBEHUIO BTOPUYHbIX,
MHAYUMPOBAHHbIX BHELIHUM MarHUTHbIM nonem B, MarHuTHbIx nonew. BosHukaet
9KpaHupoBaHue dapa. B pesynsrarte adpdpekTMBHOE nore B TOYKe pacnonoXxeHnsa sapa
OKa3blBaeTCs OT/IMYHBLIM OT NPUNOXeHHOro nonsi B . Ero komnoHeHTa no ocn Z MoxXeT
yBENWYMBATb UM YMEHbLIATb B . ANeKTPOoHHbIe NSIOTHOCTU Ha aToOMax o4HOro Tuna
(HanpumMmep, Ha NPOTOHAX), 3aHUMAKLLMX pa3Hble CTPYKTYPHbIEe MOJIOXKEeHNUsA B MoJieKyrne,
pasnuyarTca. Berneactaue 3toro adhhekTnBHbIE nons B, o Y PA3HbIX aTOMOB Takxke oyayT

Pa3nnYHbI.
3KpPaHHPOBAHHE

LT
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OTtkyna 6epyTtcsa xumcasurn? Nodemy curHanbl pasHbixX S4ep

"pasbesxarTcs” No cnekTpy?

O — «KKOHCMaHmMa 3KpaHUpPo8aHUs1» AAHHOIO
Bgd,,], =By (1 — O') aapa. Ee MOXHO BbIMMCINTD.

5 p(r) — QyHKUNSA pacnpeneneHnsa aNeKTPOHHOM

Ho€ o MNSIOTHOCTU, @ ¥ —pacCcTodAHue OT aapa. BennunHa o &
6= — II‘P(F) dr MOXET ObITb 1 MONOXUTENBHON, N OTPULLATENBHOWN. =
3m, 0 Uem Oonblue 3rnekTpoHHAadA NMNOTHOCTb HAa HEM, TEM

bonbLue no moayno o.
|El,J'IFI NPOTOHOB O MNMOJIOXKNTESIbHA. Pacnpe,qeneHl/le SﬂeKTpOHHOVI MJIOTHOCTU OKOJ10 NMPOTOHOB B
OpraHn4yecknx Mmosnekyrnax 6nmsko K cpepmyeckm CUMMETPUYHOMY, a NO3TOMY CO34aBaeMoe
ANEKTPOHHbIMU UNPKYINAULNAMN BTOPUYHOE MoJie HanpaBiieHO NMpoTuB nossd BO' 3ﬂeKTpOHHa$I
MIIOTHOCTb Ha aTtOMax BOAOPOA4a B MOJIEKYJIE 3TaHOJ1a HandonbLuas Ha NMPOTOHaXx CH3
rpynnbl, 4714 HAX KOHCTaHTa 3KpaHMUpOoBaHNA O CaMas 6OJ'IbLIJaF|, N NMNO3TOMY CUTHaI1 NPOTOHOB
METUNbHON rpynnbl HAXOOUTCA B CNEKTpe 3TaHOJ1a B CaMOM CUJTbHOM Tr10Js1€e. A curHan OH
MPOTOHA, 3NEKTPOHHAA NMNJIOTHOCTb HA KOTOPOM CUJ1bHO MNMOHM>KEHA, MOCKOJIbKY OHa CMeLlEH
ANEeKTpooTpunuaTteribHOMY KMcnopoay, pacnojioxxeH B CaMoM cnabom norne. a &

JUHHHHIHE
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C TOYKM 3peHNs KBAHTOBO-MEXaHUYECKNX npeacTaBrieHnn agodekT
9KpaHMpOBaHUSA 3aKIl04aEeTCA B YMEHbLUEHNN PacCTOAHUS MexXay
9HEPreTUYeCKNMUN YPOBHAMMU UNU, OPYrMMn crnoBamu, NpuBOAMUT K
CONMKEHU0 3eeMaHOBCKUX YPOBHEN. [1py 3TOM KBaHTbI 3HEPTUH,
Bbl3blBaloLLMe nepexoabl Mexay YPOBHAMU, CTAHOBATCHA MeHbLLUE W,
criegoBaternibHO, pe30HaHC HacTynaeT Npu MeHbLUMX YacToTax.

a 6
vo = (Y/2n)(l — 0)H,. /

yCcIioBuMe pe3oHaHca —’\
C y4aCTMEM KOHCTaHThI

9KpaHNPOBaHUSA \
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JUHHHHIHE

Pe3lomMmupyem: pasnuume pe3oHaHCHbIX YacToT saep H, 3aHnmarowmx
CTPYKTYPHO HE3KBUBANEHTHLIE MOMOXEHUS B MONEKYNE, UMEET YMUCTO
XUMUYECKYIO Npupoay. STO ABMEHNE NOSMYyYNIo Ha3BaHNE «XUMUYECKO20
cdeuza». BennunHbl 0 04eHb YyBCTBUTENbHbI AaXXe K O4EHb MaribiM
N3MEHEHUSM B CTPYKType Mornekyrn. OHM YyTKO pearnpyrot Ha fntodble
dakTopbl, OKa3blBalOLWME BNUSHME HA pacnpeaeneHne aneKTpoHHOM
NNOTHOCTM B MOJEKYIE.

Cnekmp SIMP kaxx0020 coeOUHeHUs1 MoXkem codep)Xamb CMOJILKO
pa3HbIX cu2Hasi08, CKOJIbKO 8 HeM muroe HeakeuesasieHMHbIX

Ma2HUMHbIX si0ep.
(CH3) Si
Ecnun 3adomkcmpoBaTtb YacToTy 3MEKTPOMarHUTHOro

nonsa V, 1 nnasHoO NoBbILWATb HANPSXKEHHOCTb
MOCTOSAHHOMO MarHUTHOrO NONA (pasBepTka No Norsko),
TO YCIOBUSI pe30HaHca HacTynaT paHbLle (T. e. npu
bonee cnabom none) ans npotoHos Me rpynn
avmetunosoro acupa (AM3), satem — Me,N

(TMA) 1, HakoHel, -TeTpameTuncunana (TMC)

(CH3)3N

(CH,),0
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LLikana AMP n munnunoHHblie gonn. 3a4emM MUNJMOHHbIE
005NN, eCny MOXXHO YyKasbliBaTth [epubl Unn Tecnbl?

Hertz

40000144 crnektp AMP npencrasnsier A010T
cobou rpadomk 3aBUCUMOCTU B
KOOpAMHaTax « MHTEHCUBHOCTb
norroLweHnsa — yacrtoTa =
4o00pt4gz || 4000714 pPagMo4acTOTHOrO Nons» 400001085 || 400001069

B - -

400001472 400001408 400001344 400001280 400001216 400001162 400001088 400001024 400000960
CnekTp cpeHnnatunosoro cnupta PhCH,CH,OH (dpparmeHT), per. B none

9.4 Tecna. lkana B gaHa lNepuax. Pasnnyne B 6 3Hake. HeygobHo.
AHanoruyHo bynert, ecnv rpagynpoBarTs LwKany B Tecrnax.

15
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[Tpoie Bcero H3GABHTBCSA OT JIMIUHMX 3HAYAIHX IHGP IPH ONpEAENICHHH
YaCTOT MOrJIOMIEHHA HEAKBHBAJICHTHBIX MArHHUTHBIX A7Ep, €CIIH CYUTATh, YTO Yac-
TOTa OJHOTO H3 CHIHAIOB PaBHA HyN!0. OTO IKBUBAIEHTHO BHIYMTAHHIO U3 HC-
THHHO# 49acTOTBI IIMKA YacTOThI criekTpoMeTpa B I'l. B 3TOM ciyyae MBI H3Me-
pAeM He YacCTOTHI MOTJIOLIEHMS, @ pa3HOCTH YacTOT MOITIOLIEH A IHKOB B CIIEKT-
pe. Ans sToro ¢akThyecky ucnonedyercs popmyna (1.6):

V= (Vi - Vo), (1.6)

e Vo — 4acTOTa cnekTpoMerpa B I'n.

2)aHaks & 518 cnyd%2 soaifh

y4yae BO3HUKHYT
CJIOXXHOCTHU, CBAA3aHHbIE C TeM, YTO B
pa3HbIX CNEeKTpax CUrHanbl He oyayT
coBnaparb, T.K. pabo4yasi yactora
npubdopa MoxeT ObITb pa3Hou, u3a 0
NPUHUMAIOTCA pa3Hble TOYKU. HyxeH

16

CTaHAaApPT U eAnHasn LUKana.
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Oro coegmMHeHus

LEEERR R

ncnonbyetcsa TeTpametuncunad (Me,Si unu TMC). Yoobcteo ncnonb3oBaHus
TMC coctouT B TOM, 4TO

BCe ABeHaauaTb NPOTOHOB B HEM 3KBUBAJIEHTDI,

NoKasbIiBalOT B CNEKTPe eaANHCTBEHHbIW Y3KUIA CUrHamn B CamMown

5 (TMC) = 0

BbICOKOMOJSIbHOW YacTu CreKkTpa OTHOCUTEJSIbHO OCHOBHOIO bonbLUMHCTBA
CUrHasnoB MNMPOTOHOB OpPraHN4YeCcKnx COEUHEHUN.

Kpome Toro, TMC xnMmmnyeckun MHepTeH, MarHUTHO N30TPOMNEH, UMEET HU3KYIO
Temnepatypy kunenus (26.5°C), nobasnserca B obpasel, B Marbix

KonuyecTteax (2-3 kansnuv) n nerko yaansercs na obpasua rnocrie 3anncu

cnekTpa.
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JUHHHHIHE

Ncnonb3oBaHne TMC B kadeCcTBe BHYTPEHHErNO 3TanoHa He BCerga BO3MOXHO. Ero
Hernb35 MCNosb30BaTh B BOAHbLIX pacTtBopax, nockosribky TMC coBepLUeHHO He
pacTBOpuM B BoAde. B aTom criyyae BMeCTO Hero vaule BCero MCnonb3yrT XOpPOLIO
pacTBOPUMYIO B BOAE HATPUEBYIO CONMb 3-(TpumeTtuncunun)-3,3,2,2-
TeTpagenTeponponmoHOBOW KNCSOTLI

(CH,),SICD,CD,COONa. Xvumnyecknin caBur MOLLLHOTO cUrHana npoToHOB rpynnbl
(CH,),Si B 3TOM coefuHeHUM B O-LUKare TOYHO COBMaAaeT C XMMUYECKUM COBUMOM
TMC (0 m.4.), a curHarnbl METUSTEHOBBIX FPYMMn OTCYTCTBYIOT B CMEKTpPE.

Horga B KayecTBe 3TasioHHOro MOXHO UCMNONb30BaTh OAWH U3 CUTHaNoB
pacTBopuTena. XoTsa Anga naMepeHns CNeKTpoB 00bIYHO NCMOSb3YHOT
OenTepupoBaHHble PAacTBOPUTESNM OYEHb BbICOKOIrO Ka4yecTBa, CTEMNEHb
nevTepmpoBaHus B HUX peako npesbiwaeT 99,9%. B cBa3u ¢ aTuMm B criektpe 'H-
AMP Bce e NpuUCYyTCTBYIOT CUTHaAsbl «OCTATOYHbLIX NMPOTOHOB» PACTBOPUTENS,
KOTOPbIE MOXHO UCMNONbL30BaTh A1 3TanOHMPOBAHUA.

18
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XNMUYECKNe CABUMM «OCTaTOYHbIX NPOTOHOBY B crnekTpax 'H-AMP HanbGonee
4aCTO UCMNONb3yeMbIX 4ENTEPUPOBAHHbBIX PaCcTBOPUTENEN.

LEEERR R

PacTBopuTens dopmyna XUMHYECKU T Curnanel mpumecei
CIIBUT, O M.]I.
Xnopohopm—d, CDCly 7,26 1,56 (H,O)
AuetoH-dg CDs;COCD3 2,05 2,84 (H,0O)
JTumeTuicynbhokcua-de (CD3),SO 2,50 3,33 (H,0)
benzon dg CeDs 7,16 0,40 (H,0O)
AueroHuTpui—d; CD;CN 1,94 2,13 (H,0)
Metanon- ds CD;OH 3,31 4,87 (H,0)
Terparugpodypan-dg (CD»)40 1,72
357
JuxiaopmeraH-d; CD,Cl, =T 5|

1N




LEEERR R

500.0 Hz

433.0 Hz

300.C Hz

ﬂ B « AT

JL J | Jf Me-O-Me

_(228-0)
60-10°

T I 1
7 6 9 4 3 2 1 06 5

10°m.0. = 3,8Mm.0.

1N

3a eanHNLY XMMUYECKOro caBura NnpuHMMaeTcs ogHa MUISIMoOHHasa ong
HaMpPs>KeHHOCTN Nons UM pe30HaHCHOW YacToTbl (M.A.), NO3TOMY B ypaBHeHUe
sBOauUTCH paktop 10°. B 3apyBexHon nutepaType 3TOMY COKpPaLLLEHWNIO
cooTBeTCTBYeT ppm (parts per million). 20




YacToTsl NoriaoleHusA MNUKOB

Cnaboe nose CunpHoe nosne
- >
Ph
OCH,; PhCH; =
OH =
[Tpumecwu [Mpumecu

st — ——
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& ;\I/IHTeHCl/lBHOCTH TIIMKOB \9 ﬁ
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~ e

_ s 1lIkana
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PPM

Puc. 1.6. Criektp Ha sgpax 'H 2-dennnstanona 1.2, H3MepeHHbIH Ha CIEKTPO-
METpPE, HMEIOLIEM MarHUT C HaIpsHXKEHHOCThIO nond 9.4 Tecna. lllkana cooTBer-
CTBYET MHJUIMOHHBIM J0JAM OT BenuuuHsl nond. Crangapt — TMC — umeer cur-
Hai nip 0 m.1.
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Tenepb camoe CrnoXXHOe U BKYCHOe. l
¢ L )&

* [loyemy HeKoTopble curHarnbl
pacLiennsaTca’?

* TpeyronbHUKKU Nackana u
buHOMMarnbHOE pacnpeneneHme

* KOHCTaHTa CnnH-CNMMHOBOIO
B3anmoaeunctesma KCCB
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0 HCOOCH20H3
]
HC - —CHy~
} 1 |
8 6 4
CHg-rpynna Mp CHga-rpynna
aa +1 aaa
af fa 0 eof afe  Poa
BB =] off Bap PPa
Bpp

B(B)
B(o)

a(B)
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B MoneKynax raoe CrvHbl 0boumx npoTot
nonto (aa) unu npotue Hero (BB), r'IpOTO- | METUIBHON rpynnbl 6yayT NCMbITLIBATH
BMUSIHWE [JOMOSTHUTENLHOTO NONS M MX pe3oHaHC byaeT cMmelleH B 6onee cunbHoe
nnn dosee criaboe none No cpaBHeEHUIO C Npeablaywmm cnydaem. CurHan
NMPOTOHOB METUSbHbIX FPYNMN BCEX Morekyn B obpasue byaeTt cocTosATb N3 Tpex
NMMHNIA, NPUYEM CpeaHASA, OTBeYaloLlas pe3oHaHcy ToWM YacTu MOrekyrs, rae
peanusyeTtcsa cutyauus o3 unuv Ba ans MeETUIEHOBbIX NPOTOHOB, byaeT MMEeTb
BOBOE DONbLIYID WHTEHCUBHOCTb, YeM KpanHne. OTMETUM, YTO Hannyune Tpex
NPOTOHOB B CaMOW PE30HMPYIOLLIEN rpyrne HUKaK He OTpaXaeTcsa Ha Buae ee
curHana.

Tabauya 5.3. Boamoxcuvie opuenmayuu cnurnos npomonos CH ,-zpynnor (1 —nanpasaenue
nApoexyuyu cnuna 800ab nanpasaenus Hy, | —npomus nanpaeaenusn Hg)

ITpoTOHB METUACHOBOH rpymiibl OpueHTauus CHHOB CHga-rpynna my
1 2 3 4
ao +1
u o,
IepBblif 1 1 | | ¢ P (l)
Bropo# t { t l BB s
CyMmapHas NpoeKUUs CHHOB NEPBOTO U 1 0 0 -1
BTOPOTO NMPOTOHOB ) P,
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Tabauya 5.4 Boamoscnbvie opuenmayuu cnunos npomornos CHy-epynnol (1 —nanpasaenue Hg-rpynna

npoeKyuu CNUHAa 004b HANPAGACHUSA NOAA, | —NPOMUE HANPABACHUA NOAA)

[TpoToHsl MeTHABHOM rpyrbl OpHeHTALHS CIHHOB aaa | +3/2

caf afo  Poa +1/2

1 2 | 3 4 5 6 7 8 off Pap PPa —1/2

Bpp —3/2
TepBbiii 1 T 1 & I ! ! !
Bropoi 1 7 4 1 Iy 1 ) }
TpeTuit ‘; } i } I !

2 12 12 —12 —ll/2 —Tl/2 —3p

o
N

CymMmapHas mpoekuus
CIIMHOB TPex IPOTOHOB Y P,

MeTunbHaga rpynna. ns Kaxaou KOHKPeTHOM MOSeKysibl BO3MOXHa ofHa U3 BOCbMU
CUTyaunn B OTHOLLEHMN CNUHOB METUSbHOW rpynnbl (Tadbn. 5.4). [Npn opneHTaumnu
CMNHOB BCEX MPOTOHOB MO MO0 (aaa) cymmapHasi Npoekuma CrMHOB Ha
HanpasneHve H_coctaenseT 3/2, npu NpoT1BOMNONOXHOW opueHTauum (BBR) -3/2. B
OCTanbHbIX cryyadax npoekuma coctasndaeT 1/2 unu -1/2; nockonbKy ata cutyaums
peanusyeTcsa TpeMs pasfndHbiMU crocobamm, BEPOATHOCTbL BCTPETUTbL MOSEKYITY C
TakKnM CyMMapHbIM CMMHOM 47151 MPOTOHOB METUSbHOW rpyrnbl BTPOe DosibLue, Yem
co cnuHom 3/2 unu -3/2. B pesynbraTe CUrHan MeTuneHoBomn rpynnbl oyaet
BbIMMALETb Kak KBApTeT C COOTHOLWEHUEM UHTEHCMBHOCTEN NnHMK 1:3:3:1.
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3 2 1 0 m.o.

Puc. 1.15. Cniextp mustunosoro s¢upa Ha sapax 'H. Buxg Mymstumieros mo-
Ka3aH B YBEJIHYCHHOM pa3Mepe. PaccTosiHie MEeXAy KOMIIOHEHTaMH MYJbTHILIE-
ToB B ['1] paBHAETCA KOHCTAHTE CIIMH-CMTHHOBOTO B3aUMOJEHCTBUA J.

SO oo _JJUUL JUUUt

quartet AB quartet 1:1:1:1 quartet doublet of doublets

;!llliI|IIIllIIIIIIIIIIIIIIIIHIiJi”IIIllllllii‘
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l. [lna apep co cnHHOBBHIM KBAaHTOBbIM YHCAOM [ =1/2 mysp- N 2"
TUNAETROCTG cuenara paBHa n -+ 1, roe n — yucno Anep B co- 0 1
cenHed rpynme. Ecau umeercs apyras CoceHsss rpynna, mpOTOHH 1 2
KOTOPOM OTIMYAIOTCS MO XHMHYECKOMY CABHTY OT npow’m{os nep-

BOM, €€ BIMSHHE HAa MYJIBTHIJIETHOCTL CJedyer paccmaTtpuBaTth O7- : ;
nenbHo. Ilpu stom [10C/1e0BATEILHOCTD, B KOTOPOH paccmarpusa- : :
0rcst 3QOEKTH NPOTOHOB cocemHmx TpynN, He HMeeT 3HaYeHuy : 1o
Tak, ecin aapo Hy wumeer nsa XHMHYECKH Pa3/WuHBIX COCENHHX - 22
snpa Ha u Hx, To curman Hy pacuennsercs B ay6ser ay6ieros 6 64
Tpuner Gyaer Habmozarbes aMmb B TOM cIyuae, eCau ciyuaino /128
Jam ¥ Imx OKaXyTes 0fuHAKOBBLIMY, , Y & 236

2. Paccroanusn Mfofcay AURUAMU MYTBTHIJIETOB B repnax (Be«
JIMTHHBL DaCUICNJIEHHH) COOTBETCTBYIOT KOHCTAHTAM CIIHH-CNIHHOBO-

ro B3aHMOJIeH
o nﬁ}f?‘fﬁ@“ MEX]y paccMaTpHBAaeMbIMH SIADAMH.

. 1 - TTTTTopasesavinunun AAPAMUA,
3. OTHocuresvrole unTencusnocry JHHUH  BHYTPH MyJIbTH-
JIETa  COOTBETCTBYIOT K03 ¢HIHEeHTaM OuHOMHaJNbHOTO  psaa

Lin/lin(n—1)/(2-1):nin=1) (n—2) /(3.9.] A
IHICHTEL "MOXHO onpezennts u3 Tpeyronl{igxa H)a”c'KaJIziP.I Kosbpw-

n=I( 1
i 1 : 1 1
2 1 2 1
3 1 3 3 1
4 1 4 6 4 1
5. 1 5 10 10 5 1.
6 1 6 15 20 15 6 1

Tpeyeorvrux IMackans

Multiplet Intensities - Pascal's triangle

1 Singlet (s)
1 1 Doublet (d)
1 2 1  Triplet (t)
1 3 3 1 Quartet(q)
1 46 4 1 Pentet
1 51010 5 1 Sextet
1 6152015 6 1 Seplet

;l|IIII|IllllllllllIIIIIIIIIIlIIiJ“lIIIHIIHi”J

Octet
Nonet

1 721353521 7 1
1 8§ 28656705628 & 1

HITHT
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Intensities tripet n=2 quartet n=3 pentet n=4 sextet n=5 nonet n=38

— B I I I I |
L LI | N | N | O | N | B |}
[& P IS I S LR O B -
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1. Nuclei must be chemical shift nonequivalent to show obvious coupling to each
other. Thus the protons of CH,CI,, Si(CH,),, CI-CH,-CH,-CI, H,C=CH, and benzene
are all singlets. Equivalent protons are still coupled to each other, but the spectra
do not show it. There are important exceptions to this rule: the coupling between
shift equivalent but magnetically inequivalent nuclei can have profound effects on
NMR spectra 2. J coupling is mutual, i.e. J,; = J;, always. Thus there is never just
one nucleus which shows J splitting - there must be two, and they must have the
same splitting constant J. However, both nuclei need not be protons - fluorine ('°F)
and phosphorus (*'P) are two other common nuclei that have spin 2 and 100%
abundance, so they will couple to all nearby protons (the other 100% spin 1/2 nuclei
are %9Y,'%Rh and *®Tm). If these nuclei are present in a molecule, there are likely to
be splittings which are present in only one proton multiplet (i.e. not shared by two
multiplets).
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N eLue HeEMHOro
o xumcasurax n KCCB

'J-npsiMas KoHcTaHTa Yepes oOHY CBA3b, 2J-reMUHarnbHas KOHCTaHTa
yepes ABe CBA3W, °J - BULMHANbHasa KOHCTaHTa Yyepes Tpu CBA3n, “J
N T. A.-0anbHUE KOHCTaHTbI.

Mpamas koHcTaHTa 'J. O npamoit npoToH-npoToHHon KCCB MOXHO
rOBOPUTL NULLb B Crlydae MoreKynbl Bogopoaa. ATy KOHCTAHTY HemMb3s
HabnogaTbh 3KCNepUMEHTarbHO N3-3a COBMaAeHNsS XUMUYECKNX
CcOBUroB, OABYX NPOTOHOB B MOSEKYIEe, HO €€ MOXXHO BbIYUCNUTD,
onpegenus KCCB B monekyne HD. KoHCTaHTbl B3anmanencremg
NponopuUMoHanbHbl FTMPOMarHUTHbIM OTHOLLEHUAM A0ep:

Jun = AYuYu; Jup=AYuYp; Jup/Jup = Yu/Yp = 6,5,

rae A —xo3pdAuyeHT NPONOPUHOHANBHOCTH; Yy U Yp—THPOMArHUTHBIE OTHOUICHUA
OpOTOHA U ACUTEpHS.

LT

Hnst Monekyast HD 'J = 43 I'n; cnenosatensHo, 'Jy 4 = 43 x
X 6,5 =280 I'm.

29



_—

LT

[Mpamble KCCB 1Jc13_H;~:|BJ'|5~:|+0TC$:| npUYnHOM paciienneHus curdanos AMP °C
METMHOBbIX, METUITEHOBbLIX N METUMBHBLIX FPYMn B AyOrneTbl, TPUNNEeTbI U
kBapTeTbl. KOHCTaHThI 1JC13_H B HanOorsbLlen cTeneHn 3aBUCAT OT
rmbpungmsaummn atoma yrrepona (Bo3pacTaloT C yBelIM4eHNeM s-xapakrepa
CBS3M1), @ TaKXKe OT Yucra U 3NeKTpooTpULaTenbHOCTU 3aMecTuTenen npu

aTomMme yrnepoga (Bo3pacTtalT C POCTOM 3MEKTPOOTPULIaTENBHOCTH

- Tab. 5.3 : KCCB 'J 6pud mom
3aMecTuTenem n nx quCﬂa) yeaﬂe;t:)%‘zfj asucumocme cu om eubpudusayuu a a =
CoennHeHnre ['a6puaniamms aroma KCCB, I'y
yriaepoaa
Drax sp3 125
DTHieH sp? 156
AUETHICH sp 249 —
Tabauya 5.6. 3asucumocme KCCB 'J¢  om 11exmpoompuyame avliocmu 3amecmume aeil —
U uUx yucaa .
Coenunenne KCCB, || Coennnenne KCCB,
I'u I'u
9rtan, CH,CH, 125 Metunxiopua, CH,Cl 150
Meranon, CH,OH 141 Merunenxmaopun, CH,Cl, 178 30
Hutpomeran, CH,NO, 146 Xnopopopm, CHCI, 209
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Protons two (2J, geminal) or three bonds (3J, vicinal) apart are usually
coupled to each other, more remote protons (*J, °J) may be if geometry is
right, or if rT-systems (multiple bonds) intervene. Long range couplings
(*J or greater) are usually small, typically <0.5 Hz, but up to 3 Hz in some
cases where there are intervening bonds.

- ’ B . C—H =
& > 2= 215 Hz small ¢ J=2-20 Hz d ) sj=03m
AN Tvpical' -12 Hz :< 0-3Hz C Typical: 7 Hz L I
H yp = ~H Occasionally 0! &4l Usually 0
geminal Note vicinal long-range
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3aBUCMMOCTb XMMCOBUIOB OT adKUenTOpPHOCTN 3aMEeCTUTENA
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CH;—COOH

—COOH

1.00
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BT
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0.86

1.5

1.0

T T | T T T T I T T T T T T T T T I T
0.5 0.0

1.43

[Mpn HN3KMX Temnepartypax yaaeTcs
PasfnnyYnUTb CUrHasbl akCUanbHbIX U
9KBaTOpUanbHbIX MPOTOHOB, NMpu4ye
CUrHan akcuasnbHOro npoToHa
pacnosfioxeH Ha 0.5 m.4. npasee
(bornee akpaHMpPOBaH), YeM cUrHar
SKBaTOpMasibHOro NPoToHa.
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The lecal magnetic field is higher here, so a higher frequency
or lower external magnetic field is needed to achieve
fj resonance. Signal is deshielded.

H When the benzene ring is criented with the ring
parallel to the magnetic field, the electron circulation
Hg H is much weaker. The shielding effects in these
H orientatiocns do not cancel the deshielding effects
in the other orientaticn.

The lecal magnetic field is lower here, so a lower frequency
or a higher external field magnetic field is needed to achieve
resonance. Signal is shielded.

7.5

7.0 6.5 6.0 5.5 5.0 4.5 4.0
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CwurHanbl apomMaTnyecKkux nNpoTOHOB
[2.2] napaunknodaHa pacrnosioKeHsbl
npu 6.5 M.4. - T.e. OHU MEHee
Ae33KpaHMpoBaHbI, YeM B OeH3one, T.
K. nonagarT O4HOBPEMEHHO B
obnacTtu ge3skpaHupoBaHua "ceoero”
KOSibLia N 9KpaHUpPOBaHUS - BTOPOM
apoMaTU4eCcKon CUCTEMBI.

—6.48
3.07
C  ITTIITINNnnnnnRRRIIIeIIIIIIIIeeTA Ao,
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8.00 8.03
- L
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6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 20 1.5 1.0 0.5 0.0
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B ankuHax curHanel npotoHoB C=CH pacnonomemé?na—:ﬁ mM.A. B 1O XXe Bpems B ankeHax
CUrHanbl BUHUITbHbBIX NPOTOHOB -CH= pacnonoxeHbl B 06nacTtu 5-6 M.A., T.€. NPOTOHbI, =
CBsI3aHHbIE C MEeHee AneKkTpooTpuuaTesibHbiM aTOMOM (Sp2-rmbprnan3oBaHHbIM), OKa3blBalOTCS
6oriee ge3akpaHMpoBaHHbIMU. NS 06bACHEHUS 3TOro (hakTa TaKKe NpuBreKaeTcs NoHATUE 00
obnacTtax akpaHupoBaHus. B anknHax "B koHyce" C=C HaxoamnTcs obnacTb 3KpaHUPOBAHUS:

il

l

i

B arlkeHax U KapOOHUNbHbLIX coeanHeHNAX (1 BOOOLLe, B Criyyae sp2-rmbpunan3oBaHHOro atoma
C) B NSI0OCKOCTU SP2-rmbpuan3oBaHHON CUCTEMbI pacnosiokeHa obnacTtb

[e33KpaHNPOBaHUS:
e
- s
ijiCll,;t/‘;,.";I 2 /—\W/\T O]% = 7
= /c=c\— a- — =N -
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COOH! COOH? COOH!
D,O
H 2 2
Hooc | ©H H H2 W H H
COOH?2 CHs; OH
1 2 3
Juacmepeomonnvivu Ha3bIBAlOT TPYNIIBI, KOTOPHIE HENb3sl B3aHMO3aMEHHUTh B pe3yibTare JIt00it
ornepauud CUMMETPHH.
I JL LL A L
3.31 1.04 1.03 3.00
(. L L (.
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5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0
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| 300 MHz "H NMR in CDCl,
Source: Aldrich Spectra Viewer/Reich
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'"H NMR spectrum (400 MHz) of 3-(2-furylmethyl)-8-(2,3-dimethoxyphenyl)-6-ox0-3,4,7,8-tetrahydro-2H,6 H-pyrido[ 2,1 -
b][1,3,5]thiadiazine-9-carbonitrile 8{20,4}
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Cnektp AMP 'H (400 My, AMCO- -dg), 0, M. . (J, T'u):
1.30 (3H, ¢, Me); 1.46 (3H, c, Me); 300(1H 0,4 =
11.6, CH,NCH,); 310(1I—,L|,,2J—11 .6, CH,NCH,);
319323(2H M, CH,NCH,); 3.70 (2H, ABK 2J—137
NCH_Ph); 7.15 (2H, g, 3J = 75 Ph); 7.24-7.31 (3H, m,
Ph); 13 81 (1H, c, NH).

Cnextp AMP °C (126 MI'u, AMCO-d,), 5, m. A.: 20.3
(Me); 23.3 (Me); 38.3 (C-9); 51.9 (C-1 nunun C-5); 52.0
(C-6 nnun C-8); 54.4 (C-5 nnn C-1); 58.3 (C-8 nnn C-6);
60.4 (NCH_,Ph); 114.9 (C=N); 115.9 (C=N); 127.5 (C-Ar);
128.2 (C-Ar); 128.4 (C-Ar); 136.3 (C-Ar); 164.5 (C=0);
200.6 (C=95).
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13. Dmuxaopruapus (1 — xqaop — 2,3 — 3MOKCHNIPONIAaH).
PacTBOopuTens: nenTepupoBaHHbIN METUIICH XUMHUUYECKUM CABUT CTaHaapTa: 5,28 M.1.
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14. 2-IluanonupuauH
PacTtBopuTens: nefitepupoBaHHbli XJ0podopm XUMUYECKHU CABUT cTaHaapTa: 7,25 M.1.
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