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n Multiplicitet Relativni intenzitet Spinovi Signal_i sp_rezanja
0 Singlet (s) 1 J
1 Doublet (d) fi;lﬁ n=1 | i | ¢ |
2 Triplet (t) 1.2 H J J
3 Quartet (q) 13 31 n=2 N
4 Quintet Q/\Jl/ 6 \é[l/w/wlW W N # | I
5 Sextet e e N S
65 = ’ 5
eptet (l\l/6\r15 20 15 6\(1W HT ; ”T
7 Octet (1\(7\(21\f35 35 21\’/7Y1 Mo
8Nonet 1 8 28 56 70 56 28 8 WM

Relativni intenzitet multipleta (/7 = broj ekvivalentnih jezgara (sa spinom '2)

koje se sprezu)
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/ Gemlnalna Sp‘t‘ega FgM:Ix Engineering and Technology
Primjeri nekih konstanti sprega (2J)
H
! TR S
\C/ -9 to-15 Hz /C\ _ 50 Hz
i o
H
5 S e :
=C/ 0to2Hz /C\ =y b1
\H I3C
H
H N
\C/ ~2.Hz’ /C\ 7 - 14 Hz
< \D 311)
/19F
\C ~160 Hz*
P e
I9F
“Absolute values.
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/ Gem i na I ne Sprege (ZJ ) ‘ ‘ Engineering and Technology

FRITMCMXIX

O Geminalne sprege se pojavljuju u spektru samo onda kada ta dva protona
na istom ugljiku dodu u rezonanciju kod razlicitih frekvencija.

O Geminalne CH, sprege kroz dvije veze ovise o H-C-H kutu;
- metilenske skupine: u fuzioniranom cikloheksanu (2J ~12 -18 Hz),
u ciklopropanu (2J ~ 5 Hz),
terminalne =CH, (2J ~0 - 3 Hz).
- elektronegativni supstituenti smanjuju geminalne konstante sprege;
- s/ ili sp hibridizirani C-atomi ih povecavaju;
- geminalne konstante su obi¢no negativne brojke ali se predznak ignorira.
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30 FKITMCMXIX
gy 20
10
0 : . :
90° 100° 110° 120° 130° v Ovisnost veliCine geminalne konstante
o sprege 2J,cy 0 HCH veznom kutu «a.
CH, H =<H
|
CH3—(|:‘ H H H
CH; H H
a=109° a=118° o=120°
2Juu = 12-18 Hz 2 re=s Hy 2 Jeryi= 0-3 Hz

v'Primjeri nekih geminalnih konstanti sprega 2. Vidi se da se povecanjem kuta
smanjuje velicina 2J,q.
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.’ University of Zagreb

Promjene veliCine 2., ovisno o hibridizaciji i veliCini prstena g g;l;;;};;;;;g;ﬁ;g1;;{}“10,02;\
FEITMCMXIX
H H H
=<H X H [ H E>< ©< e
+2 =9 =4 -9 -9to-15Hz

Q U nekim slucajevima nema sprezanja spinova (niti geminalne konstante sprege) ili
uslijed postojanja ravnine simetrije ili uslijed mogucnosti slobodne rotacije koja

geminalne protone Cini ekvivalentnima. H H
Hy ! Hg Al ’

Br

O Kako se i iz gornje tablice vidi, geminalne konstante

sprega ipak postoje u pojedinim slucajevima, (npr. kod

ciklickih spojeva) iako smo ranije naveli da protone na

2J— _ 5 Hz istom ugljiku mozemo smatrati 1 skupinom u kojoj

H nema spin-spin sprege izmedu njih. Ipak, kada je rijeC

o konformacijski-rigidnim ciklickim sustavima kao sto

H su biciklicki spojevi (biciklo[2.1.1]heksan), geminalna
konstanta sprega postoji.
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v’ Vicinalna sprega (°])

i

o =90°

s

|

a = 180°

x>
>

0 Nema preklapanja (ili minimalno)
ukoliko su orbitale okomite jedna
u odnosu na drugu
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Vicinalna sprega ({/) l Univensiy o gt
Enqmeermq and Technology

FRITMCMXIX

Dodatni primjeri nekih konstanti sprega (3J)

H-C—-C—-H 6-8 Hz H—C=C—H cis  6-15Hz
trans 11-18 Hz

3C—C—-C-H 5 Hz H—-C=C—-"F cis 18 Hz
trans 40 Hz

F—C—-C—H 5-20 Hz YF—C=C-'9F cis  30-40 Hz
trans —120 Hz

9F—C—C-19F -3 to —20

31p—C—C—H 13 Hz

3Ip—0—C-H 5-15Hz

Razlike u konstantama sprega (3J[Hz]) ovisno o valentnom
kutu u ciklickim alkenima

it B g
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v Karplusova krivulja ;
. . 12 D H .
aproksimativnog odnosa 0
10 10
konstante sprege °] ;. »
o diedarskom kutu el & e
Osim diedarskog kuta ima i drugih faktora koji o L,
utjeCu na veliinu vicinalne konstante sprege a
to su duljina veze, valentni kutevi te _20 2 40 6 80 10 1 1o 1o 1o
elektronegativnost bilo kojeg supstituenta a—>
vezanog na ugljikove atome.
H
H  H
¥ 01 6o H\ /H
o H = c—C
Reg! o X
dihedral angle bond length valence angles electronegative substituents
diedarski kut duljina veze valentni kut elektronegativni supstituenti

‘.’ University of Zagreb
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1SKORIC_MolekulskaSpektroskopija @  Erginceringand Technology
FKITMCMXIX




e,e

v Primjer Karplusove e
ovisnosti na rigidnoj cH,
strukturi T I
cikloheksana J=10-14Hy J=4-5Hr
o =180° o =60°
a,e
HA
T
CH3—(li Hpg
CHs,
J=4-5Hz
o =60°

H
w WHB v’ Ciklopropan kao konformacijski

J=10-12 Hz J—7_8Hz rigidna struktura

o =0° o =120°

‘.’ University of Zagreb

‘ ‘ Faculty of Chemical 2o 4
& 4 .. Engineering and Technology '
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v'"Neekvivalentnost u okviru skupine-slucaj kada n+1 pravilo ne vrijedi!

(a) FREE ROTATION (b) LOCKED CONFORMATION
THE n + 1 RULE APPLIES A TREE DIAGRAM IS REQUIRED
7{\ T(‘ l?/\ H(
DA DR
|
Hg Hg
Os = Op Oa # Op
Jac = Iic Jac # Jgc
Jap = 0 Jag # 0
e 8 zp = o (b) (c)
T 919 79 H H
it O
@) 3.81 ppm 3.09 ppm 2.75 ppm
(d) He Hq Ha

(d) J
Jac Jne e Jag = 5.5 Hz
' JBC = 40 HZ
UuU \} (b) J) Jne . Jac Jac = 2.6 Hz

[ I Il *
. . [ R I
(c) t H : l; A || “ 1‘
R R LI | 1! [ '
(¢) (b) (a) |
iy JL—JL—— v'IH NMR spektar stiren-oksida i sprezanje
oo i neekvivalentna protona

‘.’ University of Zagreb
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‘ v Kompleksniji multipleti

—CH—CH,—CHO

\/\' ! |/\l
[H*" > Jz
12 34
S
. A
—CH—CH,—CH,-
7 J A number of approaches
‘/\ - /\| l/\‘ - ‘/\| are possible. Generally |‘_J—>
FAR WA - J, you should choose an (W ! (w
> i appropriately spaced pair J ’ | J
‘ i I ) of peaks based on their - -
) > A intensities and sharpness. | I 1l

Doublet of Doublets (dd)

To obtain J; measure

the difference between
lines 1 and 3, or 2 and 4,
in Hz.*

“Do not try to find the centers of
the doublets!

J, is the spacing between
lines 1 and 2, or 3 and 4

Doublet of Triplets (dt)

To obtain J; measure the
difference between the most
intense lines (2 and 5) in Hz

J, 1s the spacing between
lines 1 and 2, or 2 and 3, or
those in the other triplet.

123 456

‘.’ University of Zagreb

I1SKORIC_ MolekulskaSpektroskopija :I:M? Engineering and Technology

Faculty of Chemical




; ; 4 .' University of Zagrel
‘ v Cis-trans izometija B
‘ ‘ Engineering and Technology
FKITMCMXIX

H:\ H: B Oy, # Oy, # O,
R Hc 3a# Jac? e
H A Hp HA— :<HB
Hc Hc
cis-izomer trans-izomer terminalni metilenski (geminalni) vodici
3/=6-15Hz 3J=11-18Hz J=0-5Hz

O U oba geometrijska izomera stilbena, vinilni protoni u NMR spektru daju samo
singletni rezonancijski pik bez sprezanja.

|
Hy | Hg
—
|
|
|
|
(1O (>
ravnina simetrije 0s simetrije
cis-stilben trans-stilben
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v’ Razlika u konstantama
sprezanja u c/s- i trans-
izomerima

(c) ~—
H COOH GEMINAL
: |
(b) a
|
a
/b
| J &\
YT FTTTTTTrTTTTTTTTTTTT T Eaananananss ol
8 7 74 6.5
J (c) (b) (a)
Wb )
W5 80 75 70 65 60 55 50 45 R Y 20 s o os oo

(mnm)

‘.’ University of Zagreb

Faculty ol Chemical
v . . @ WO  Engineeringand Technology
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v'Sprege dalekog dosega (*]-7)) 0P i

Engineering and Technology

FRITMCMXIX

HA HA _C—HB
_C_HB
|
/~0-3Hz 4/~0-3 Hz

v'Raspored u prostoru s maksimalnim i minimalnim alilnim sprezanjem

SN
/ H

maksimalna interakcija minimalna interakcija
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v Sprege dalekog dosega (/ong range coupling)
- alilne sprege (H-C-C=C-H) : 4J oko 1,6 Hz

- u butadienu: 5J oko 1,3 Hz
- meta-sprega u benzenu: 1-3 Hz
- para-sprega u benzenu: 0-1 Hz

- 5-Clani heteroaromatski spoj:  4Jje 0-2 Hz

Ha H
Ha C H
NN B
H ¢
HB n o 111
Ipp =7 Hz W konformacija

4 ¢ veza izmedu H,i Hg
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v’ Primjer ("H NMR spektar

Faculty of Chemical

e kise]jne) ‘. University of Zagreb
79

4 ©w 2w 92 & 8 snze wx oo Engineering and Technology
) oaes:. Wyon e ? g B o = 3

F o fifn & 2 SE2 = o wemcaree

ol ol [ Na] ol el

(I Y O T SN \ETY

(a)

\\ H COOH
|
|

——
S p——

i‘\ Z\ i 1%
~ NG "
N /'.’ \\"
. —_ O s e B
T T i T T T T T T T T T - T o8
12.20 7.1€ 7.12 7.08 7.04 5.88 84

)| .

T ——r—rTrT—TT T T ]
v|||vvI\lrri!llv‘\v|1|\|1|1|vlv‘vv\|v T
T —TT T T T T
o L s T e o B S e e et [ B S

5 5 0.0
7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2:5 2.0 1.5 1.0 0.5

" , . (ppm)
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5 2.85 .
‘ ’ University of Zagreb

CH, o M €W i o |
N\ ey N: FKITMCMXIX =
H CH, H CH, = Keto-enolna tautomerija
6 2.94
0 0 15% ketone
/H\ k CH3 enol
H,C~ CH, CH, ~
OH l}
a4 85% enol
_H
o 0
)‘\ /)\
........... H,.C~ C  CH;
16 ppm 15 H CH3 ketone
=CHl el CH» ketone K’
I} J o

————————————— T T T T v T ¥ v e

5.5 5.0 4.5 4.0 3.5 3.0 2.3 2.0 1.5 ppm
FIGURE 3.45 Acetylacetone in CDCl; at 300 MHz and 32°C. The enol-keto ratio was measured by integration

of the CHj; peaks. y )
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v’ Primjer )

University of Zagreb
Faculty of Chemical

‘ ‘ Engineering and Technology
CHZ—CH?’
h h T™S
e SAMARRAAS AAMRBARRS BABARARAS r T CRARRAASER BRARARRAA EAARRRARE e
1600 1590 1580 Hz 760 750 740 Hz s
frer [T Tt | I | IR [rrrrrr | R REEREREREE R
7 6 5 4 3 2 1 0 ppm

FIGURE 3.34 Ethylbenzene in CDCI, at 600 MHz. The ethyl moiety is recognized by the CH, triplet and the CH,

quartet.
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Spektar etanola snimljen na 300 MHz, nakon Sto je uzorak u
otapalu ostavljen na sobnoj temperaturi na zraku preko noci

H,C-CH,~OH
in CDCl,
!
e——— T o
110 1100 1090 1080 Hz 3’;'0 3&0 35I0 34|I-0 HIZ -
|| .
L I R
4.5 4.0 3.0 2.5 2.0 1.5

ISKORIC_MolekulskaSpektroskopija

"’ University of Zagreb
Faculty of Chemical

/ 2

o it i

% el

- - = e e i )

‘ ‘ Engineering and Technology  GudiilHizs
MBeiR

FRITMCMXIX




|
Spektar etanola snimljen na 300 MHz u suhom )T,
deuteriranom DMSO (dimetilsulfoksidu) INEYEN

H,C-CH,~OH — | | |
in DMSO- d6 1050 1040 1030 1020 Hz
o [T [Ty | N | i RAREEE RARAAMMRN | AR [ | AR M AR | R |RARARRRAN o IR —
1310 1300 1290 Hz 1050 1040 1030 1020 Hz 330 320 310 Hz J
DMSO — dg h
. .
" — T - 1 'I""l""l"!""l""l"
; 4.5 4.0 3.5 3.0 2.5 2.0 1.5 ppm

‘.’ University of Zagreb
Faculty of Chemical

. . . Engineering and Technolog
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FRITMCMXIX

University of Zagreb
Faculty of Chemical
Engineering and Technology

1250 Hz 1210 380 Hz 340
O
| v-
H3C_NH_C—O—“CH2_CH3
- 6 5 4 3 2 1 ppm

FIGURE 3.40 FEthyl N-methylcarbamate, at 300 MHz in CDCl,.
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v Neki jednostavni sustavi H — 1H sprezanja .' Facultyof Chemeal

Engineering and Technology

FRITMCMXIX

v’ prema konvenciji— A, B, C protoni: bliski po kemijskim pomacima;
X, Y, Z protoni: oni koji su daleko od ovih prethodnih;
M, N, O protoni: negdje u sredini.

% ]

JUL UL

Vi Ay

-

Spinska sprega izmedu dva protona s vrlo razliitim kemijskim pomacima
(Av / J je iznad ~8).
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‘.' University of Zagreb
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‘ ‘ Engineering and Technology

FRITMCMXIX

TTTTT | AR | R I ||||||||| [ | AL T | AR | LAARAMR | AR | AR | ShLARRLAN ]-rn

T ' T " | '
1320 1300 1280 Hz 630 620 610 600 590 Hz 330 320 310 300 290 Hz

L
— A; My X, ’
{ CH3_CH2_CH2_N02
71 - 1 - 1 71T —7r - - - 1 - - 1 77
4.0 3.5 3.0 2.5 2.0 1.5 1.0 pp

FIGURE 3.51 1-Nitropropane in CDCl; at 300 MHz.
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Av/. J ‘. University of Zagreb
Faculty of Chemical
‘ ‘ Engineering and Technology

FRITMCMXIX

(a) 3.0

(b) J’\_’L“-O

v" Dvoprotonski sustav, spinsko

sprezanje sa smanjenom razlikom

(Av / J) u kemijskom pomaku dvaju

protona i velikom konstantom (©) ,\ ‘ | 3.0

sprege (10 Hz).

@ 2.0

20 0 20 Hz
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‘.' University of Zagreb

Faculty of Chemical 2l
‘ ‘ Engineering and Technology ¢
FKITMCMXIX

A B
<>
J J

Av=./(1-4)(2-3)

(pozicije signala (1, 2, 3, 4) s lijeva
u desno u Hz; kemijski pomak
svakog protona je Av/2 od

sredine skupine signala)
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v Sprezanja protona Ai X...Y... :

A
AX

ppm 940

(dublet)

A
AX,

ppm 100 085

(triplet)

‘.' University of Zagreb

Faculty of Chemical
‘ ‘ Engineering and Technology
FKITMCMXIX

AXY

ppm 4.15 4.10 4.05
(dublet-tripleta)
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Faculty of Chemical
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FKITMCMXIX

AXYZ

AXY

|
el |
11111 171
ppm3.92 390 ppm 748
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.’ University of Zagreb
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FRITMCMXIX

AB ABX

AB
J N R
J ——I-a" Y -—/F-J: i
e A
A B I ~ ux
o ™ W
ppm 4650 4600 4550 4500 ppm4.40 430 ppm330 320 310 3.00

H H

ISKORIC_MolekulskaSpektroskopija



AA' BB’ &
N\\/ n
T e e T -
4460 4450 4440 4430 4420 4410 4400 4390 4‘480 4370 4360 4350 Hz
X M A
1
E
4050 404() 40%0 40"0 Hz 3470 3460 ‘%45() 3440 Hz '«!170 3160 3150 3!40
(’_—_ HX HA
A o=
’ ) Hy
O Sxpaa Al
B' T [
H
'j\JL —
o T ' T : T T ' 1 : T T T T T T ]

7.4 T2 7.0 6.8 6.6 6.4 6.2 6.0
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‘.' University of Zagreb
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‘ ‘ Engineering and Technology
FKITMCMXIX

O Konstante sprega prikazanog multipleta sastoje se od 2 dubleta s 4 i 12 Hz
i 2 kvarteta od 7 Hz. Na horizontalnoj skali je 10 mm = 5 Hz.

0 Podudaranje pikova koji potjecu od tripleta-tripleta s konstantama sprega
od 5i 10 Hz dovodi do pojednostavljenja ukupnog signala.
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‘ v Selektivno spinsko rasprezanje (double resonance)

Irradiated

HO-CH,-CH,~C=CH

“ I R

Irradiated

“ 1
i

(b) ’

(a)

Il

1

_J

it
{10
o o)
S

(i T 1 T T T T T T T ERAAAMMY AAMdAsAel Aasiianttd AAMMALALY MAAAAMAL! MAAARAA) MAAMAMMI

37 36 35 34 33 32 3.1 30 29 28 27 26 25 24 23 22 21 20 ppm

IH — 1H rasprezanja kroz veze }b’ Facunyof Chermial
ISKORIC_MolekulskaSpektroskopija B EogneigmdTachnciog
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- - - - - . Iniversity of Zagreb
v' Kemijski pomaci metilne skupine u CH;-X }{ Faculty of Chemial

Engineering and Technology

FRITMCMXIX

Spoj, CH;X CH,F CTjO CH,Cl CHjBr CH,l CH, (cgi3)4
X F O Cl Br I H Si
elektronegativnost X 4.0 3.5 3.1 2.8 2.5 2.1 1.8

kemijski pomak, 5 / ppm 426 3.4 305 268 216 023 0

3 kemijski pomak (& /ppm) se mijenja ovisno o elektronskoj gustodi
oko protona;

Q elektronegativne skupine uz C-H sustav smanjuju elektronsku gustocu oko protona,
kazemo da je proton manje zaklonjen (ili nezaklonjen) i kemijski pomak se povecava;

ISKORIC_MolekulskaSpektroskopija
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FKITMCMXIX

Spoj CH, CH,Cl CH,CI, CHCI,

5 / ppm 0.23 3.05 5.30 7.27

O utjecaj susjednih skupina je kumulativan — prisutnost vise elektronegativnih
skupina jace otklanja, veci kemijski pomaci

H signal -CH,-CH,-CH,Br
&/ ppm 1.25 1.69 3.30

O ove induktivne efekte osjecaju i drugi protoni u lancu ali utjecaj znatno opada
s udaljenosti od elektronegativne skupine
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I3C nuklearna magnetska
rezonancija (13C NMR)
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= 13C NMR spektroskopija ™

= |zotop!3C obuhvacéa 1,1% ugljika iz prirodnih izvora
0 12C nema magnetski spin i ne daje NMR signal

o Jedan pik za svaki ugljikov atom
= Ugljik-ugljik sprege su vrlo rijetke
= 1H i 13C jezgre se medusobno takoder sprezu
0 Proces uklanjanja sprege jezgre 1H s ugljikovom jezgrom na
koju je vezan, naziva se “broadband (BB) proton decoupling”
= Veéina 13C NMR spektara, uslijed toga, pokazuje samo jedan
pik za svaki pojedini ugljik
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a 13C kemijski pomaci
= Kao i u IH NMR spektroskopiji, kemijski pomaci u 13C
NMR spektrima ovise o elektronskoj gustoci oko jezgre
ugljika
0 Opadanje elektronske gustoce uzrokuje pomak signala u
nize magnetsko polje (desheilding)

a Povecanje elektronske gustoce uzrokuje pomak u vise
magnetsko polje (sheilding)

= Uslijed Sirokog podrucja kemijskih pomaka, vrlo je
rijetko sluCajno podudaranje 13C signala

= Grupa od 3 linije pikova na § 77 ppm potjece od
uobicajenog NMR signala deuterokloroforma kao
otapala i ne treba se uzimati u obzir
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v 13C NMR

NE vrijedi isto pravilo - veliCina signala za C-atom nije proporcionalna s
brojem C-atoma - brzina relaksacije ugljikovih atoma direktno vezanih na
vodikove atome je puno veca nego ugljikovih atoma koji nisu tako vezani.
(moguce je povecati intenzitet slabih signala dodatkom paramagnetskih soli,
koje ubrzavaju relaksaciju).

O

metilni eter estrona

“l J LLWVWMLLMJN L\,.A,....J

v (nejednako veliki signali, 19 C-atoma, 5 signala niskog intenziteta odgovara
5 kvaternim C-atomima)



T T Y T T T T T “T
200 /80 60 140 120 100

V77778 Aldehydes
V777777777 /3 /. romatic

77777770 "] Terminal Methylene

Conjugated Alkene NEE/77777777
B ”C Shift Range
C3 ‘H Shift Range

NN 7777777 7) Alkene ng
Z21 Overlap Region

( w2777 78 SCH-0
[TV -CH,-0
[ N -0-CH,

/ /3 ’
Hand “C Chemical
5'/1/}"{3 SCH-NZ-CH,-NE, CHy N
-C:C-H EEEE [
— /H ,O ,p o)
SCH-CJ,-CH,- €, CHy-C%,
oy = 5,28 ppm 'CH,-C=C! [T I
o HH
oc = 123,3 ppm 3C ~"CH,-C I 77H
CH,-C% 77
" /0.0 9.0 80 70 2o ) o 'H
L 1 1 A [ i
L\ L T :
(cHy), é=0\,” AT ~ /\J l‘j TLS
} ’ ~q ~
cu,-"cf:. cone oMso ) CeHi
(CHy); C=0
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v'Usporedba 'H i °C kemijskih pomaka
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Priblizne vrijednosti kemijskih pomaka I
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200 150 100 50 0 Ranges
1 | 1 ] ] | 1 1 ! ] 1 i 1 1 I ] | 1 | 1 1 1 (ppm)
8-30
Saturated carbon (sp3) 15-55
— no electronegative elements —
20-60
40-80
Saturated carbon (sp3?)
— electronegativity effects — 35-80
25-65
Alkyne carbon 65-90
Unsaturated carbon (sp2) 100-150
Aromatic ring 110-175
carbons
Carbonyl groups
yIErtp Acids Amides 155-185
Esters  Anhydrides
Aldehydes 185-220
Ketones
| I I T I I ] ! | I | I I T | I i I ! i I I
200 150 100 50 0
FIGURE 4.1 A correlation chart for '3C chemical shifts (chemical shifts are tisted in parts per million
from TMS).
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v Primier
HO-CHo—CHo—CHs
c b a

Proton-decoupled

WM—WWMWWMW
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CH,

CH,

CHg

200 180

FIGURE 4.5 The proton-decoupled !*C spectrum of 1-propanol (22.5 MHz).
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v'Racunanje ’C kemijskib pomaka 0P
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University of Zagreb
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B . ™ i rap=
‘ ‘ Engineering and Technology gL
S
MCM.

C1 =base + ipso + meta =128.5+9.3+(-0.1)=137.3 ppm
C2 = base + ortho + ortho=1285+0.7+0.7 =129.9 ppm
C3=Cl1
C4 = base + ortho + para =128.5+ 0.7 +(-2.9) = 126.3 ppm
C5 = base + meta + meta =128.5+2(-0.1) = 128.3 ppm
C6=C4



v" Utjecaj vezanih protona na rezonanciju 3C jezgre

3 protons

Methyl
carbon
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v “Proton-coupled” (gore) i “proton-decoupled” (dolje)
13C NMR spektar etilfenilacetata

0
1

(a) Proton-coupled

WWWU'

I i
i L L

2.6/13,5 M
(b) Proton-decoupled ~CH2C
1
4 62 —0-CH; —CH3
5 3
C=0 1 4
J J T™S
NSO SRS N NN IR SN (NN NN N RN S NN N SN S S T B e
200 180 160 140 120 100 80 60 40 20 0

8¢ {(ppm from TMS)

FIGURE 4.4 Ethyl phenylacetate. (a) The proton-coupled '*C spectrum (20 MHz). (b) The proton-
decoupled '°C spectrum (20 MHz). (From Moore, J. A., and D. L. Dalrymple, Experimental Methods in
Organic Chemistry, W. B. Saunders, Philadelphia, 1976.)
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13C - 2H sprege

1‘JCD
c __
D—Cll—CI deuterij: 1=1; 21+1=3
Cl
o 77 ppm
13C — 1H sprege
C CH CH, CHs CHy
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intenziteti: prema koeficijentima
N |‘ ‘n (c+1y
A B
e ¥
f v Hg
Ph —
CH,C}I‘: —r\>< / ;
0¢——N E
“COO-K*

L

3
3-
)

ISKORIC_MolekulskaSpektroskopija



‘.' University of Zagreb

Faculty of Chemical g
“ Engineering and Technology &
FKITMCMXIX

v Velicina konstanti sprega

120 - 150 Hz

-3
)
3

I

(sp?) = 155-205Hz

~ 250 Hz

(sp)

13C — 13C sprege

v'Zbog niskog udjela izotopa 13C —ne vidi se signal ili je jako slabi (rijetkost je
da jedna 13C jezgra bude vezana za drugu

13C jezgru).
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3, 2CH3
o CH, CHy -
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CDCl3
L
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FIGURE 4.6 (a) Diethyl phthalate, decoupled 1*C spectrum at 150.9 MHz in CDCl,, (b) coupled *C spectrum (c—£)
expansions of coupled '*C spectrum.
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O Kemijski pomaci ugljika i vodika u, na i pokraj visestrukih veza:

Campaund (5(: 151.[ Cﬂmpound &C 5}{
. CH;H ~2.3 0.23 CH,CHO 31.2 2.20
- CH;CH=CH, 22.4 1.71 CH,COCH, 28.1 2.09
CH,C=CH 1.80 CH,CN 1.30 1.98
CH,=CH, 123.3 525 CH,CHOQ 199.7 9.80
CH,C=CH 66.9 1.80 CH,COCH; = 206.0
CH;C==CCH, 79.2 CH;CN 117.7

a Konjugativni efekti na kemijske pomake supstituiranih alkena:

H B Y H,
Cs—C
VELEREN

H X
X Electronic nature dcp dce iz BHa
H Reference compound 123.3 123.3 5.28 5.28
Me Weak n- and o-donor 115.4 133.9 4.88 5.73
OMe r-donor, g-acceptor 84.4 152.7 3.85 6.38
Cl o-acceptor, weak z#-donor 117.2 125.9 5.02 5.94
CH=CH, Simple conjugation 130.3 136.9 5.06 6.27
SiMe, n-acceptor, o-donor 129.6 138.7 5.87 6.12
COMe m-acceptor, g-acceptor 129.1 138.3 6.40 5.85

‘.’ University of Zagreb

“ Faculty of Chemical %f"‘ ....m%
x . " Engineeringand Technology  CSHBNEL)
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L1000 150 160 140 120 100 50 0 400 20 0
ppm

v'acetofenon: 6 razlicitih C, 6 signala
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v" Deuterirana otapala B e

‘ ‘ Engineering and Technology
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4 otapalo CDCl; - u protonskom spektru singlet na 6 7,26 ppm je posljedica malih
koli€ina CHCI; u CDCl;;
- u 13C spektru triplet (1:1:1) na 6 77 ppm posljedica je cijepanja
13C pika s deuterijem [multiplicitet = 2nl+1 = 2x1x1+1 = 3];
4 otapalo (CD;),S=0 — dimetil-d4-sulfoksid (DMSO):
- U protonskom spektru kvintet na 6 2,49 ppm je posljedica malih
kolicina HCD,-S(=0)-CD, [H cijepan s 2 deuterija; multiplicitet =
2nl+1 = 2x2x1+1 = 5];
- u 13C spektru septet na 6 39,7 (1:3:6:7:6:3:1) [multiplicitet: 2nl+1 =
2x3x1+1 =7].

B 1 primjer
v'dijagram Pascalovog trokuta

za deuterirana otapala CDCly

CD,Cl,

\1‘ (CD3),SO
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Structure Name &(ppm) Jc_p(Hz2) Multiplicity”

CDCl, Chloroform-d, 77.0 32 Triplet
CD;0OD Methanol-d, 49.0 21.5 Septet
CD;SOCD; DMSO-d, 39.7 21 Septet
I
DCN(CDy), DMF-d, 30.1 21 Septet
352 21 Septet
167.7 30 Triplet
CeDsg Benzene-dg 128.0 24 Triplet
D,C—CD,
p.d_ /\002 THF-d; 252 205 Quintet
O 67.4 22 Quintet
D,c~ O\CD2
| | Dioxane-dg 66.5 22 Quintet
D,C.___CD,
O
D
D D Pyridine-ds 123.5 (C-3,5) 25 Triplet
135.5 (C-4) 245 Triplet

O 149.2 (C-2,6) 2715 Triplet
D N D

(0}

I 29.8 (methyl) 20 Septet
CD,CCD, Acetone-dg 206.5 (carbonyl) <1 Septet?
CD,CN Acetonitrile-d; 1.3 (methyl) 32 Septet

1182 (CN) <1 Septet?

CD;NO, Nitromethane-d; 60.5 23.5 Septet
CD,;CD,0OD Ethanol-dg 15.8 (C-2) 19.5 Septet
55.4 (C-1) 22 Quintet

(CD;CD,),0 Ether-d;, 134 (C-2) 19 Septet
64.3 (C-1) 21 Quintet

[(CD3),N];P=0 HMPA-d;g 35.8 21 Septet
CD,CO,D Acetic acid-d, 20.2 (C-2) 20 Septet
178.4 (C-1) <1 Septet?

CD,Cl, Dichloromethane-d, 53.1 29 Quintet

(Methylene chloride-d,)

Triplet intensities = 1:1:1, quintet = 1:2:3:2:1,septet = 1:3:6:7:6:3:1.
b Unresolved, long-range coupling.
Source: Breitmaier, E., and Voelter, W. (1987). Carbon-13 NMR Spectroscopy, 3rd ed. New York: VCH, p. 109; with permission. Also Merck & Co., Inc.
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