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(a) (b)

By

magspinek rendezddése kuls6 magneses tér hatasara

az eredd magspin nem nulla, ha a magot alkoté nukleonok
kozul legalabb az egyik paratlan — a szerves kémiaban leg-
gyakrabban hasznalt magok 'H és 13C



Strength of applied field, By

v=yB,/2n

az energiaszintek kozotti tavolsag nehany Hz-t6l néhany szaz Hz-ig terjed, a
magnes térerejétdl (frekvenciajatdl) fuiggben — ez a radiodfrekvencias tartomany



applied
magnetic
field

shielding of nuclei from an applied magnetic field by electrons:

\ / small induced magnetic field

shielding the nucleus

1

nucleus electron(s)

Boffective = Bapplied = Bigeal



fontos NMR-aktiv magok és néhany tulajdonsaguk

Isotope

'H

1 IB
HC
I4N
I5N
I?D
I'&!F

>9S5

.;IP

Spin quantum no. |

1/2

3 x1/2
1/2

1

1/2

5 x1/2
1/2

1/2

1/2

Natural abundance (%)

99.98
80.42
1.11
99.63
0.37
0.037
100
4.7
100

NMR frequency (MHz)

at 705 T

300
96.25
75.43
21.67
30.40
40.67
282.23
59.6
121.44




aZ

- a protonok kémiai kornyezete

- az egymastol kémiailag kulonboz6 kornyezetben lévo
protonok relativ szama

- az egymastol kémiailag kulonboz6 kornyezetben lévo
protonok "szomszédsagi viszonyai"
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IH NMR spectrum of acetic acid
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c—C
Ham—cf fC—ﬂCHa 1H NMR
c=¢
/ \ e

&

10 O p.p.m.

on

deuteralt oldészereket hasznalunk: (D,O, CDCl;, stb.)
- ne feledjuk, a D atommag is NMR aktiv, csak mas
frekvenciakon rezonal



regions of the proton NMR spectrum Me,Si
protons on protons on protons on saturated saturated
unsaturated unsaturated unsaturated CH3 CHy
carbons carbons: carbons: CH- CH»
next to benzene, alkenes CH CH
oxygen: aromatic next to not next to
aldehydes hydrocarbons oXygen oxygen
8.5 6.5 4.5 3.0 o (p.p.m.) 0.0

10.5



a kapcsolodd atom(ok) elektronegativitasa

Atom Electronegativity

Compound 1H NMR shift, p.p.m.

Li 1.0 CHgLi -1.94
Si 1.9 CH3-SiMes 0.0
N 3.0 CH3-NH» 2.41
0 3.4 CH3-OH 3.50
F 4.0 CH3-F 4.27
a kapcsolddo atomok szama
CH3Cl CH2Cl, CHCl3
1H NMR shift, p.p.m.  3.06 5.30 7.27
13¢ NMR shift, p.p.m. 24.9 54.0 77.2




a proton(oka)t hordozo6 (szén)atomhoz kapcsolodo csoport elektronszivo
képessége hatarozza meg a kémiai eltolodast (ez legfeljebb csak nagyjabdl
jellemezhet6 az elektronegativitassal)

@ Approximate chemical shifts for methyl groups

No electron-withdrawing Less electron-withdrawing More electron-withdrawing
functional groups functional groups X functional groups X
Me at about 1 p.p.m. MeX at about 2 p.p.m. MeX at about 3 p.p.m.

(i.e.add 1 p.p.m.)

carbonyl groups: acids (CO5H),
esters (CO-R), ketones (COR),
nitriles (CN)

amines (NHR)
sulfides (SR)

(i.e.add 2 p.p.m.)

oxygen-based groups:
ethers (OR), esters (OCOR)

amides (NHCOR)
sulfones (SO5R)




® Chemical shifts of protons in CH, CH», and CH3 groups with no nearby
electron-withdrawing groups

CH group CH5 group CH3 group
0.4 p.p.m. downfield 0.4 p.p.m. downfield
—_—— -
1.7 p.p.m. 1.3 p.p.m. 0.9 p.p.m.
approximate guide CH CH,  CHsj
to group shifts in
proton NMR spectra 1.7 1.3 0.9
= - |
i i
et -
2 p.p.m. 1 p.p.m.
oxygen alkene, aryl
halogens carbonyl, nitrile
nitro sulfur
NCOR nitrogen




shift 1 p.p.m.

el —

alkene
includes: alkyne
aldehydes -CHO nitrile —¢

ketones —COR
acids ~COH [ | camomyl  —C=

esters -CO,R thiol —=SH
amides —~CONH3 sulfidle —sg
shift 1.5 p.p.m.
includes: it
benzene -Ar
heterocycles ————| arylring ——Ar
e.g. pyridine amine —NH2

sulfoxide —ﬁ,—n

shift 2 p.p.m.
~allf
alcohol
ether
includes:
chloride —CI amide
bromide -Br halide
jodide -1 sulfone

shift 2.5 p.p.m.

aryl ether ——oOAr

shift 3 p.p.m.




Me Cl Me Cl

Me
M 0 Me N
_ 2.17 H
1.10 ppm mind a 9 protonra
1.35
1.81 2.98
Me
0 IL 0
Me ALY



myrtenal

CH-csoport

3.24
1.7+1+1=3.7H

H
N 2.17
methyl ester
nicotine of lactic acid
H H
O]
COz2  NaOD
H
ND, D20
3.60

phenylalanine

4.30
141 Meg H 7. 041-47

0.74

HO, H 4.05
2 1.7+2=37
0 0

\S\

152 H
1.7+3=47 H

vitamin C (ascorbic acid)

H
DCI COzD
H
4.35



0C

13¢ shift, p.p.m.  127.2 128.5
1H shift, p.p.m. 5.68 7.27

/47 nodal plane

/3

ring current

benzene has six
delocalized © electrons:
applied
magnetic H
field

&

induced field




Hs outside the ring &y +9.28 p.p.m.

2

[T ]-paracyclophane



electron-withdrawing groups

by conjugation

%. Co

R

H
>N
© 8.48
H

N
0@ N0 o

by inductive effect
N
Co S H

C

8.10 8.10 8.07

H H H
C

OH (If H

N

electron-donating groups

by inductive effect

H
H H
i' 7.03
H
CHa

Balance between withdrawal by inductive effect and donation
of lone pairs by conjugation. Electron donation wins:

..._CHj _H H_._H
n”:) u‘j N
T 6.80 T 6.59 T 6.35
H H H
0 0 N
“CH; H H” H




electron-donating and -withdrawing groups

balance between withdrawal by inductive effect and donation of lone pairs by conjugation

C]-T H 7.40 %/H 7.32 é%/ﬂ 7.24 %/H 7.00

az elektronegativitasok alapjan pont ellenkez6 sorrendet varnank

a maganos elektronpar a fluornal van olyan méretl atomi palyan (2p), mint a benzol
n-elektronjai (2p), ezért jelentds a visszadonalas; a visszadonalas annal kisebb mértéki

minél "messzebbrdl" torténne



r"ir‘le

('E@ Co +

N
S0 o SiMe; <" Me
H 7.31 H 473 H 2442
electron-deficient electron-ich electron-rich

nitroalkene silyl enol ether enamine



>_®_<0 >C%“ ME/L\("

10.14 9.0 H 801 H

an aromatic aldehyde an alphatic aldehyde DME

M 0

5.88 0
a formate ester 3-methylbut-2-enal myrtenal

~8.0 1.99
H Q.V Me H 995 9.43
H
R )\ X
~o 0
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®
LI ® N

I'.H\-\-r

Y N0 © ) 0
.a-*‘f U“'«.. -~
X
H 7.31 E}z H 8.48
electron-deficient S| 1,4-dinitrobenzene
nitroalkene
H

K demde ol

pyridine conjugation in pyﬂdme isoquinoline



>

Flease note that the alternative
‘conjugation’ shown in the
structure below is wrong. The
structure with two adjacent
double bonds in a six-membered
ring is impossible and, in any
case, as you saw in Chapter 8,
the lone pair electrons on
nitrogen are in an E.ICZI'2 orbital
orthogonal to the p orbitals in the
ring. There is no interaction
between orthogonal orbitals.

incorrect impossible
delocalization structure




1.28

0 CH
- 11.2 CH 3 1.91
_H H
i:H 0 o

3 CH3

acetic acid t-BuOH in CDCl3

1.15 CH;

sl
H
CHy Tr"
H

el
H
CH s~

3

1.20

t-BuSH in CDCl3 tBuNHz in CDCl3

Functional group  Alcohol
ROH

pK; 16

oy(OH), p.p.m. 2.0

Phenol Carboxylic acid
ArOH RCO-H

10 5

5.0 =10

chemical shifts of NH protons

0 0 0
Alky—NH,  Ary—NH, R)k“f"' RJJ\NfA'kF' R)J\N,—fﬁ"f'

Onp ~ 3 Oy ~6 Onp ~5

—
o
_.___...--"'"

SNH ~T E’NH ~10 SNH ~10



. N

N~ TCOH = HgN O,

amino acid owittorio

the simplast aming acid — glycine

&
NHg
HS>IA

I N A W N

0;C N N Coz 4
}J 2 NH,
HOzC CO:H
diammonium EDTA
_-]
I I 1 I I T |
8 7 & g 4 3 2 1 0 p.p.m.

— -

DN Sco® + DO

C)
—_— ND: + DOH
DS

0,6~ SN N ol

DO, CO,H
2 NHY +

DOH



60 MHz *H NMR spectrum
of cytosine in D50

J\ |
o N HA
[ [ H
/ /
) h L
T T T T T T T T
7 6 5 3 p.p.m.
HA HJ!;
spectrum with
no interaction
7.5
H"! Hk X
effect of H* and i T H* aligned with
applied field acting H applied field
together on H* *"
7.5
HA H¥
effect of H* and ! ‘ l H* aligned against
applied field acting L applied field
in opposition on H* A
7.5
HA H*
1 1
| |
effect of H* on H* and ‘ ; ‘ ‘ | ‘
HA on HX ! ! resultant
A A spectrum
! !
7.5 5.8

mokon Iévé protonok csa-
tolnak



the two protons couple:

HA

ax 4 Hz

HK

4 Hz Jea

AX's P Inrendszer — et egyforma dublet nagyon kélénb6z8 kémiai eltolédasu protonok csatolasaval

spectrum with coupling

da = 7.5 p.p.m.

i
[

oy = 5.8 p.p.m.

- —-- -

i
Iy = 4 Hz

e = 4 Hz




spectrum with
no interastion

sffect of H and
applisd fisld acting
together on HA

two Hs cancel out
doubls intensity
signal at true position

21"
HA
4
4.6 2H%
HA both H% aligned
| i T 1 with applisd fisld
1
I
)
1
4.6
A 2H* l‘ 13m| T l

one H* aligned with applied field
and one H* against (two ways)

effect of H* and
applied fisld asting
in opposition on H*

effect of H%n HA
and of H* on *

4.5
2H*
HA both H's aligned
| against applied fisld
|
A
4.5
2H*
HA
rezultant
spectrum




coupling in an AX> system HA

coupling to first H* 5 Hz

coupling to second H* 5 Hz

coupling to HA

2 x HX

5Hz

the resulting AX, spectrum




Pascal's triangle

| multiplicity of signal ' ' number of neighbours I

singlet (s) none

doublet (d) one

triplet (t) two
quartet (q)

three

quintet four

sextuplet

septuplet six

n+1 szabaly: ha szomszédos atomon lévé protonok szama n, akkor az illeté proton jele n+1 csucsra hasad



chrysanthemic acid
90 MHz

X 3 expansion

NN M |-

HX HA
ML \
' 4 | 3 | 2 | i
HA
AMX spinrendszer
Jax 8 Hz

jﬂ.}( 8 Hz =—»

a dublet dubletje (dd) vagy masként: torzult triplet



H Cl Cl
. CO,H CKLYG%H COzH HchozH
H

H atoms distant hydrogens are trans H atoms close hydrogens are cis
orbitals parallel J=15Hz orbitals not parallel J=9Hz

a csatolas kotésen keresztul torténik (through bond): minél parhuzamosabbak
a kotések, annal erésebb a kdlcsonhatas (annal nagyobb a csatolasi allandd)

a csatolasi allando nagysaga (a kolcsonhatas er6ssége) harom tényez4tdl fugg:
— a protonok (a kotések mentén vett) tavolsagatol
— a két C-H kotés kozotti szogtdl
— a szubsztituensek elektronegativitasatol

3 Jyn coupling constants | — vicinalis csatolas

open chain benzene ring cis alkene trans alkene
single bond longer bond (0.5 & bond) double bond double bond
H H H H H H
H H
- >=<
free rotation 60° angle 60 angle 180° angle

J~THz J 810 Hz J10-12 Hz 11418 Hz



R Ph R OPh

Ph OPh

az elektronegativ szubsztituensek csokkentik a C—H kotés elektronsiriiségét,
igy gyengitik a kolcsonhatast



osszefliggés van a 3J csatolasi allandé és a diéderes szog kozott

the Karplus raelationshlp: 0 vs. dinedral angle

/ coup Ing
f constant

/|

o =100 1g07
dinadral angle H-C—-C-H

Karplus-osszefiiggés



dihedral
angle

______ the dihedral
angle between
these two C-H

------- bonds is 180°

csatolasi allandok

H
. . H
diaxial Hs diequatorial Hs axial /equatorial Hs
dihedral angle 180° MH dihedral dihedral angle 60°
3. 10-12 Hz angle 60° H 3, 354

3~ 23 Hz



H 0
JJ\ ezt a konformaciot varjuk
0 CF,

IH NMR adatok: 1H tt J4 8.8 Hz s 3.8Hz

axialis helyzetl protonok csatolédasa

ezt is kapjuk

felhasznalas konfiguraciomeghatarozasra

W& alsohol t
L trans alcohol axlal H
e
aquatorial H
2.5 Hz— =—
11 Hz axial H

equatonal H

3.6 3.5 3.4



/ 360°+4=90° H

360° + 6 =60°
H H ) H H — H
H H H H —— H
1207 ag® T2 GO F1®
J=0.51.5% J=25-4.0 JF=5.0-7.0 J=8511.0 J=8.0-12.5

minél jobban szétterul a két hidrogén, annal kisebb a csatolodas lehetbsége,
azaz annal kisebb a csatolasi allando



J 16 Hz

Me Me
H CO,H

trans chrysanthemic acid

Ph

& %, diéderes sz6g: 109°
o H
H J=5Hz

CO,Et

-
T o

J2.0Hz

the Karplus relatlonship: J vs. dihedral angle

-

coupling
constant

H
ff
H \ /.r !
CO>Et -
J 11 Hz v dihedral ang?::—l—c—c—H -
Me Me
H J=8BHz
H diéderes szog: 0°
= “C0,H
H
cis chrysanthemic acid
H kisebb csatolasi allandok, mint a ciklo-
0 propanoknal, mert a C-C koétés hosz-
H szabb, és van egy elektronegativ szub-
sztituens (a gyUrdoxigén) is
0,Et
J5.0Hz



ugy
mint a transz, de a csatolasi allandok nagyobbak, mint a haromtagu gyariknél (ke-

vésbé terulnek szét a hidrogének)

konfiguraciomeghatarozas ottagu gylri esetén

az ottagu gyird flexiblis, ezért a cisz csatolas kb. ugyanakkora, mint a transz



meta coupling

L9f

allylic coupling

<Y

weo_L__ow |
s M :

HA HA HA

j‘ 60 MHz  ©
_f

L

-~
(&)}

4 p.p.m.



geminalis csatolas lr {

1.4 Hz 0SiMe,

1.4 Hz—

X 6

HA és HB nem azonosak — nincs lehetdéség rotaciora a kettés kotés kordl



Typical coupling constants

Gominal Ly,

saturatad 1016 H
“.l.
H/“?T
unsaturated - 0-3 Hz
vicinal 2y
Ht
R
R
sgturatad B E-aHz
Ht
R
R
Unsaturatad rans B 14-16 Hz
Ha
R/L%f H
unsaturated ois a-11Hz
5/“
unsaturated aromatle -0 Hz
Long-range iy
KA., : LHE
meta 1-3 Hz
hed
allylle 1-2 Hz




két alapszabaly

— azonos protonok nem csatolodnak egymassal (pl. a CH;-csoport protonjai)
— azonos kornyezetben lévd ugyanolyan szomszédok nem csatoldédnak egymassal

X
| no coupling
Pl. H between
these identical
neighbours
H | one 4H singlet
X
de van csatolddas itt
Y coupling is seen
HB between
these similar
neighbours
A two distorted
doublets
H-V'
OMe
haztet6t formaz

0,N HM )
A




Ad == J

Ad =1

Ad ~

Ad < J

Ad

I
L=

2H

AX spectrum

AM spectrum

AB spectrum

AB spectrum

A spectrum



a valasz mindkét kérdésre igen, de ezeket a lehetéségeket csak néha hasznaljuk ki

miért?
13C-13C: nagyon kicsi intenzitasu csucsok, mert nagyon kicsi a 13C izotép gyakorisaga
IH-13C: a J.y altalaban nagy, nagyon sok atfedd csucsot kapunk, igy nehéz az értelmezés

IH-31p: az 1J,,, nagyon nagy, sokszor nehéz az értelmezés

13C-19F: az )¢ nagyon nagy, sokszor nehéz az értelmezés (az *H-'°F csatolassal nincs
gond)



Iradiation of four =~ #

ldantlcal black Hs

laads 10 nuclear Ovarmavser
enhancameant of slgnal due 1o
dlkne proton

black and gresn protons must be
close In Space, 50 alkens mMust be £



Az NMR (*H és 13C) spektroszkopia a legalkalmasabb az aldehidek és ketonok
azonositasara, addig a savszarmazékokat pedig IR spektroszkdpiaval lehet a
legjobban megkulonboztetni



21
< Energy
& . |
4 (
Ultraviolet Visible BECL Infrared Far infrared Microwaves )
B R infrared <
5 | | | i
A 1075 1074 1073 1072
{cm)
A=25x%x10"%*cm —— A=25%10"3cm
=25 um =25um
# = 4000 cm” " 7 =400 cm™]

egy molekula csak akkor mutat elnyelést az infravoros tartomanyban,

ha legalabb egy olyan rezgése van, ami megvaltoztatja a molekula
dipéimomentumat



bond vibration in the infrared

c c
I = E=hv=h— A== y=1/i=vc
Q—0Q A v
M4 my |
1 |f mym,
contracting || stretching V=—|— u=——2=°_
2nc \ u mq +ms
_____ _h-. .-‘______
e
Q Q
My mq

Symmetric Antisymmetric In-plane Out-of-plane
stretching stretching bending bending



Stronger bonds vibrate faster and so do lighter atoms.

Values chiefly affected by mass of atoms: (lighter atom, higher frequency)
C-H C-D Cc-0 c-Cl

3000 cm ™t 2200 cm™t 1100 cm™ 700 cm ™t

Values chiefly affected by bond strength (stronger bond, higher frequency)

C=0 Cc=0 c-0
2143emL 1715 em™L 1100 em™2

® The regions of the infrared spectrum

e e e b frequency scale in wavenumbers (cm)
4000 3000 2000 1500 1000
0—H c=c c— c—0
N—H C—F
c—H C=N = c—cl




® The summary chart shows some typical peak shapes and frequencies for X—H
bonds in the region 4000—-3000 cm™".

4000

3800

3600

3400 3200 3000

non H-bonded
0-H 3600

U

H-bonded O-
3500-3000

C-H 3000

N-H
3300




conjugation
lengthens

N | m bond
result > ' weakened
and weakens -

the C=0 bond R LQH R OH R OH

C=0 frequency reduced

inductive effect C.'O 0 partial = bond
Sh(}r‘ter‘lﬁﬁﬂd A E Ji““_ --- becomes more
strengthens like a full © bond
the C=Obond R OH R OH again
C=0 frequency increased
acid chlorides anhydrides esters amides

RJJ&C |

inductive effect
dominates

1815cm™1

0 0
ﬁ%fg
tug-of-war for lone

pair: inductive
effect dominates

two peaks:
~1790, 1810 cm1

0
jot\_gH

inductive effect
slightly dominates

1745 cm™1

9
R™ {NH,

conjugation
strongly dominates

~1650cm1




Wﬂ 0

1640 cmrl H 1730cm? 1620 el 1690 cnrl
weak strong strong strong
pent-4-enal: not conjugated pent-2-enal: conjugated
5 3 120
Z 1 2

=20



0 0

B=120° B=108"°
0° of strain 12° of strain
1715 em™t 1745 ecm™t

0 0

30° of strain B0° of strain
1780 cm™t 1813 cm™*

a gylrifeszultség novekedésével n6 a o-kotés s-karaktere, igy er6sodik a kotés
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