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OPIANIKH XHMEIA | (avaokomnaon)

Carbon

atomic
number

symbol a—u—

electron

configuration S|

name

6 [12.0096, 12.0116]

_— atomic weight

of higher-valence oxides

q | acid-base properties
C B~

—

[He]2s22p2

carbon

™~ crystal structure

physical state
at 20 °C (68 °F)

D Other nonmetals

= Solid

® Hexagonal

q  weakly acidic
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OAZMATOZKOMIA MYPHNIKOY MAINHTIKOY SYNTONIEMOY

HPAKAEIO 2023

John McMurry (9t edition), OPFANIKH XHMEIA, NEK 2016, www.cup.gr



TI CEPOUNE MEXPI TWPQA;

» QaouarookoTria uttEPUBpoU (IR)
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» QaopartookoTria opaTou-uTrepiwdoug (UV-VIS)

Electronic Excitation by UV/Vis Spectroscopy :

Xy Uv: IR: Radio waves:
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EUpeon douNG HIKPWY Hopiwv!
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EUpeon doung HaKpopopiwy
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13.1

EIKONA 13-1 (a) Amouoia ewtepikon
payvntikov mediov, Ta mupnvikd omv
npooavatohi(ovrat wyaia, evw (B) napovaia
evo¢ e¢wtepikov mediov, By, amoktoiv
OUYKEKpLPEVO IpooavatoAiopo. Mepikd omy
(kokkwa) dratdocovrat mapalnha mpog 1o
efwtepiko medio, evw kanota ahha (yahadia)
avumapdMnAa. H mapdMnAn didraén twv
omw givat ENa@pw¢ Yapnhotepng evépyelac,
Kai dpa evvoeiTal.

(a)

v Eutuxwg: spin H kai 13C

(B)

17



[TapAAANAOG TTPOCAVATOANIOHOG EAAPPWG
XAMNAOTEPNG EVEPYEIQG

I

Euvoei eAaxiota 1o TTapAaAAnAo spin

H
CUMTEPLYPOPA OTN
pacpatookomia NMR
OPIOMEVWYV CUVNOICHEVWVY
TUPHVWY

MayvnTtikot Mpn
VPN VES RV TIKOL
TOPNVES

e, 12

13¢ 160
2H 32g

14

19

31p
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Energy l
AvaoTpo®n spin

Strength of magnetic field I'Iupr]vu<ég pqur]m(c')g

OUVTOVIONOG

AKpPIBG ouxvOoTNTA OUVTOVIOUOU £COPTATAI:

* ‘Evraon tou egwrtepikou tTEdioU
« Eido¢ Tou TTUpriVa

* HAekTpOVIAKO TTEPIBAAAOV

19



EIKONA13-2 H evepyelaki
dagopa AF petadp Twv
KATAOTAGEWV TTUPNVIKOD OMIV
gfaptarai amo v 1oy Tov
g@appolopEevou payvnTikol
nediov. Me amoppognon
EVEPYELAC OUXVOTNTAC V, EVa
nuprvac petapaivel ano

Hia xapnAotepng evepyelag
Katagtaon omy o€ pia
vnAotepn. (a) Ot kataotdoeig
oM £oLV TV id1a vépyela
amouoia payvnukou nediov,
aMa (B) amoktovv SlagopeTikr
EVEPYELD TIAPOVOIa EVOC
payvntikov mediov. Nay =

200 MHz, AF =8 x 10 kJ/
mol (1,9 x 107 keal/mol).

(y) H da@opa evépyerag
HETagl TV KATaoTAsEWY OV
avéavetar 000 LOXVPOTEPO Eival
T0 £pappo(OpEvo payvnTiko
nedio. Nav=>500MHz, Af =
2,0x10~*kJ/mol.

»

Evépyela

[MupopayvnTIKOG
ANoyog T

14
V = (%) Bo

/ /

2uxvoTnTa
OUVTOVIONOU

loxUG epapuoouévou
Trediou

loxug epappolopevou nediov, By~

20




[TupnVIKA payvnTiki
£y l po1r MapdAANAN
E, oTo B,
S AE AE'
E, [TupNVIKA payvNTIKA
El T POTTA AVTITTAPAAANAN
, . . oto By
Kapia evepyelakn Siagpopd t t
OTIC KATAOTAOCELC TOU TTUPNVIKOU
OTTIV ammouaoia eEWTEPIKOU Bo Bo

HayvnTikov mrediou
Auvénon évtaonc Tou e€wte- —>

PIKoU payvnTikoU mediou

H cuxvotnta Evepyeslakng dtagpopdc
NAEKTPOMAYVNTIKAC eivatavaloyn g  METAEU TWV TTUPNVIKWY eivat avéhoyn tou MayvnTikou mediou
akTivooAiag " KATAOTACEWY TOU OTTIV ' (M
(s7' A Hz) (kJ/mol A kcal/mol)

21







13.2

v' H ouxvotnta guvToviopou dev gival idia yia 6Aoug Toug 1H ) 13C

v “TlpooTagia Twv nAeKTpOViWY”
Repulszon

- Quter

Attmctzon ),(/ ' electrons

Nucleus %
AUTO TTOU TTPaYMATIKG aloBdaveTal AUTS TTOU Trpoo'(pgpouv
0 WUPH<? MaG Ta NAEKTPOVIO TPIYUPW
Bnpaypaan’) = Bapappo{épevo B BrorrlKé

23



B

TOAyUATIKO —

B

epappolouevo -

B

TOTTIKO
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13.2

EIKONA13-3 (a)To (a)
odopa 'H NMR kat (B)

T0 anmoov{guypévo ano
npwtévia pdopa BCNMR
Tov o€1koD peBuheotépa. H
HIKPI| Kopu@r) pe v évdelln
“TMS" oto d¢€i akpo kabe
(Qdoparoc eival pa Kopun
BaBpovopnane, onwg

Evtaon ———

e€nyeital onv ndpevn ™S
evotna. . . |
| 1 | 1 | 1 | T T |
10 9 8 7 6 5 4 3 2 1 0 ppm
XNHIKHA petatémon ()
(B)
g: ﬁ ™S
2 (H3—C—0—CH;
WWWW N ;::'IL-»\M«MWM

|
200 180 160 140 120 100 80 60 40 20 0 ppm
XnHuKn petatomon (8) 26




EIKONA 13-4 Xynpatikij Aettoupyia evog
@aopatopétpou NMR. Evag Aemto¢ yudhvog
owhrjvag mov mepiéxet StdAupa Tov eiypatog
TomoBeTE(Tal avapeoa aToug MOAOUC EVOC
L0XUPOU payvrjtn Kat avrivoBoAsitar pe

evépyelarf.
levviitpla
PaSI0CUXVOTHTWY
AVIXVEUTAC
Kal EVIOXUTNG
v' KAipoka xpévou: To NMR diagépel ammo 10 IR
E 40 4
* IR: «@wToypaia» upnAng avaiuong
* NMR: B0AR «pwToypapia»

Wavelength (nanometers)

27




v' JEOL RESONANCE NMR instrument No. 1, 1956, 32 MHz
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AldAvon deiypartog os Sevuteplwpévo
xAwpopoppio (CDCl3) kat tonmoBétnon
Tou og cwhrjva NMR.

Eicaywyn Tou cwhriva NMR o katakopugn
KOIWAOTNTA (01T, dvolypd) Tou payvitn.

To avolypda ToU HayvhTn TIEPIEXEL
évav alobnthipa mou Aertoupyei we
TTopnog maApwv padiocuxvotntag (rf)
Kal SEKTNG onuatwy amod to deiypa.

O mopmog gival TormoBeTnuévog oe
kovooha padi pe dAAov

NAEKTPOVIKO €EOTTIAICUO.

‘Evacg ocuvtopog (5us), évtovog mahpog rf
amooTé NAeTal and Tov mouno rf tng
Kovoohag otov aloOntripa. H amoppdenon
NG evepyeiag rf Sieyeipel Tn payvnTikn
CUVICTWOA TWV TTUPHVWY TOU

Seiyparoc.

To payvnTiko medio mou oxetiletal pe
TOV VEO TTPOCAVATONOUS TWV TTUPHVWY
eMOTPEPel (amokaBioTatal) oTnv apXIKn
KaTdoTtacon. OL TTUPRVES XaAdpwvouv
ypnyopa, alid pe Siapopetikolg
puBpoug ou e€apTwvtal amod To
XNUKO Toug mepifdaihov. KaBuwg alhalet
TO HayvNnTIKO TTedio, TTapdyel NAEKTPLKN
wBnon mou petadidetal and tov
AVIXVEUTH oToV SEKTN TNG KOVOOAhag

w¢ «gAeVBgpPN eMayouevn amdéoBeon».

H aAAnAouxia maApou-amokatdotacncg
emavalapPAavetal TTOAEG QO pPES Kal

Ta SedSopéva eAeVBepNC eMayopevng
amdéoeong anmobnkevovTal o
UTTOAOYIOTH OTNV KOVOoOoAd.

Mia padnuatikn diepyaacia mou
ovopddleTal HETAoXNUATIONOC Fourier
TTOU EKTEAEITAL ATTO TOV UTTOAOYIOTH
peTatpémel Ta Sedopéva Evtaong
CUVAPTACEL XPOVoU TN eAeUBepng
ETMAYOUEVN G ATTOORECNC O€ EVTAONC
CUVAPTACEL CUXVOTNTAC Kal eppavilel
TO (pACHA TTOL TIPOKUTITEL TNV 0BovVN
) TO EKTUTTWVEL.

30
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H
A A
t H [i
H
H
H  Eovepy. = 45 kd/mol
) H

'H NMR : 1 kopuvon otoug 25°C
2 Kopupéc otoug —90°C 31




AZKH2EIZ

13-3 EgnynoTte viati 1o 2-XAWPOTTPOTTEVIO gM@avieEl ATTOPPOPNOEIC YIa Tpia €idn
TTpwToViwy aTo acua tH NMR.

32



13.3

XapnASTEPN 10XU payvnTikoU TTediou  uwnAoTePN 10XU payvnTikou Trediou

) )

EIKONA13-5 Toypdgnua
TH NMR. H meptoy1i xapnhod
nediov (amonpoaotaciag)
ioKeTal 0Ta apioTepd z z z %

A XOUNAGTEPN CUXVOTNT UYNAQGTEPN CUXVOTNTA
nediov (mpootaosiag) ota
8€€1a. H amoppognon tov § Meptoxn vpnrov——>
tetpapeBuoaaviov (TMS) E nediov (mpootaciac)
Xpnolponolital we Kopugn | «<——Nepioxn xaunhov Kopugr avagpopdg
avagopdc. niediov (amonpootaciac) (TMS) ——

| | | | | | | | | |

10 9 8 7 6 5 4 3 2 1 0 ppm
<—— XaunAoé nedio Kate0Buvon odpwong mediov —— YPnAo nedio——

_ TapatnpoVuEVn ynuikn petatatomnion (anootaocn and TMS e Hz)

ZUYVOTNTA QACUATOPWTOUETPOV 0 MHz

33



_ mapatnpovuevn ynuikn petatatomnion (anootaocn ano TMS oe Hz)

ZUYVOTNTA PACUATOPWTOUETPOV 0 MHZ

v' To 0 cival avedptnTo atrd Ta MHz Tou pnxaviuaTog

v [epioadtepa MHz TOU pnxaviuaTog, KAAUTEPN EUKPIVEIQ

14
V = (g) Bo

34



CaHsCIO 100 MHz
in COCls solution

TMS

! !
6.0 5.0 4.0 3.0 2.0 1.0 0.0 ppm

S00 MHz
CaHsZID

T T T | T T T T | T T T T | pprr
3.500 3.000 2,200
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13.4

St m
2
H!f\ ND
Y\.C mm
Ay
=
—
T -~ o
Ul ¥
[ S
U =
-
O
L g
W
= ~
o
=
3
a
<

XnUIKN petatomion (8)
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Eidog vépoyovov Xnuikn petaromon (0) | Eidoc vopoyovou Xnuikn petotomon (0)
"Evoon avagopdg Si(CH3)4 0 Akkooin ‘ 2.5-5,0
Alxvio (mpototayEg) —CH; 0.7-1.3 —<‘: —O—H
AlxvAo (devtepotayec) —CHy— 1.2-1.6
|
Akkvho (Tprrotayec) - C‘H— 1.4-1.8 AlkooOhec, abépec —Cc—0— 3,345
| N/
AAvixo C=C—C— 1,6-2.2 Buwvvako c— C/ 4.5-6.5
| /N
0]
MebvAokeTovikod !:| - 2.0-2.4 ApoUaTiKo Ar—H 6.5-8.0
—C—Ch3
Apopatiko pebvoio Ar—CHs 2.4-27 AAOeHOIKO ﬁ 9.,7-10,0
Alkxvvoro —C=C—H 2,5-3,0 —C—H
| 0
Alxvlaroyovidio ——C—ANoyovo 2,5-4,0 Koppo&ohko 0&d g o h 11,0-12,0
38




39



O ’
KapBofuhikéd || ArC—H Bev{uAiko
3 o0 RCO —H 0 28— 23
|| H— C—C=N C— H yetrovikd
ANGeGSH RC—H 23=21 oto C=N
10 =9
ApUhio Ar —H //
815 615 H_ C
C=0 (C—H yerroviko
®awohn ArO—H / ot0 C=0
8 6 2,5 —— 2,0
\ / "
BlVU)\lKé/C =C\
H—C=C—  Tehio
6,5 45 | 3M———18 aAKiviou
AANKOOAN 1) alBépag H —Cl —OR
3,7—33 /
H—c~
\C—C/ ANVUAIKGS
AAkuhoxAwpidio H—C—Cl / \ Ko
26 ————15
4,1 =31
R;N —H Apivn
| R,CH
ANkuNOBpwpidlo H—C—Br R,CH,  Ahkdavio
RCH;
4] ——— 27 1,8——09
RO—H  AAkoodAn
5 0.5
L | ! ! [ ! | [ ! ! | L1 ! | I 1 ! L [ | ! ! |
13 12 11 10 9 8 7 6 5 4 3 2 1 0

Xnuikr) petatémion (6, ppm)




AZKH2EIZ

13-6 KdaBe pia atrd TIc akOAoubec evwaelg eugavilel pia yévo kKopupr oto gacua 1H
NMR. lNou TTepitToU Ba avapévaTe va atroppoPouy;

(@) O (B) 2
.-"'C"‘a
HyC” CH,

0) CH,C €) 0 H
(8) CHCl © o )
C—C

/N

H 0

13-7 INpocdiopioTe Ta DIAPOPETIKA €idN TTPWTOVIWV OTO TTAPAKATW MOPIO KAl UTTOOEIETE
TToU Ba avauévarte va atmoppoPd To KABe Eva.

H H
|
H C%c _CHyCH;
|
H
CH30 H

H 41



13.5

v' To euPBadd 1Tou TrepIKAEiel KABE KopuPr] gival avaAoyo TTPog Tov apiBud Twv
TTPWTOVIWV OTA OTToIa OYEIAETAl

XNUIKR  ZXETIKO
Hetatémon ppadov L

1,20 3,00

3,65 1,00
g G g
T ™S
e H,C—C—C—0—CH
|_.|>.| 3 | 3 _J

CHs
—
10 9 8 7 6 5 4 3 2 1 0 ppm

XNUIKA LETATOMION (8)

EIKONA13-6 To gaopaTHNMR tou

2,2-6ipeBuronponavoikol peBuheatépa.

ONOKAN pwVOVTag TIC KOPUPEC, Mapatnpolie

0Tt mapovaiaouy avadoyia 1:3, 1) omoia

aVTIOTOIYE 0TOV AOYO ToU apiBpol Twy

TpwToviny (3:9) mou civat umeoBuva yia

Kdbe kopugr). Ta olyxpova dpyava mapéxovy

amevBeiag pua Pr@iaxn Evdein Twy

OXETIKWY EPPAdWV TV Kopuguwy. 42



AZKHZEIZ
v NMR-prediction 1

13-8 lMNoéoec kopupéc Ba avauévare oto edopa *H NMR tou 1,4-01ipeBuioBevioAiou (p-
cUAoAiou); lMolov AOyo epfadwyv Kopupwyv Ba avapévare KATd TNV OAOKANPwaOn Tou
@Aaouatog; XpnoipgotroinoTe Tov MNivaka 13-3 yia TIC KATA TTPO0EYYIoN TIMES TWV XNMIKWV
METATOTTIOEWYV KAl oXeDIAOTE TO QAo ua. (QuunbBeite amro tnv Evornra 2-4 011 o1 ApwWUATIKOI
dakTuAiol £xouv duo douég auvroviauou). {prediction 2}
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13.6

v’ Zxdon spin-spin
v Kavévagv + 1
v’ Z100epd 0UlEUENC

EIKONA13-7 Toqdopa'H
NMR tou ppwpoaibaviou,
(H3CHBr. Ta mpwtdvia ¢
opadag —CH,Br epgaviCovtal
¢ TETpamhi| Kopugr| o1a 3,42
4 karta mpwrovia tou —CH3 w¢
Tpumhn) Kopugi) 01a 1,68 4.

‘Evtaon

XNMIK  ZXETIKO
Hetatomion supadov
1,68 1,50
3,42 1,00

' TMS
CH3CH2|3I’ \H
i N \
10 7 5 4 3 2 1 0 ppm
XnuUKA petatdmion (6)
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— CH>,Br —CH; EIKONA13-8 Hmpoéhevon g axdong
OMW-0m 070 fpwpoatdavio. Ta mupnvikd
B&cpupuo(épwo - Baq)upuo(épevo - OV TWV YEITOVIKWY PWTOViWY, Tov
UModeIKvOOVTaL i€ PKpa opilovTia BEAn,
dlevBeTolvTal £iTe opdppoma £iTe avippoma
Tpog 10 EQappolopEvo payvnTiko medio,

TPOKAAWVTAC TN OXAOT TWV AmOpPOPIGEWV

«— B —> e e
Browtovion ™ — &= — mpwtovioy —> | —>  <— o€ MOAGMAEC KOPUPEC.

: - = : J=Z1aBepa oulevéng : - :

| —> < | =7 Hz | | I

o, | | |

I 2 = | | |

T T o

: | | | |

| |
3425 1,685
BI’ - CH2 - CH3 \

Autd ta duo mpwTtdvia oxdlouv / Autd ta Tpia mpwtdvia oxalouv
TO orjua Tou peBUAiou oe pia TO orfjpa Tou peBuleviou ot pia
TPITTA} KOPUPH. TETPATIAN KOPU®H.

45




Y A
AA Ay vy

Yndpyouv técoepic mbavoi
ouvOUACHOI TWV TTUPNVIKWV
omv Twv d0o TTPWTOVIWV
neBuleviou oto CH3CH,Br.

I" 3-"ab 3-" ab1

Autoi ol Téooepic cuvduaopoi
npokaAouv To orfjpa Twv CHs
TIPWTOVIWV VA XWPIOTE[ OE Hia
TPIMAR, OTNV OTTola Ol EVTACEIC TWV

Kopugwv eival og avaloyia 1:2:1. 46




v' Ti ToAaTTAGTATO Ba gppavilel To CH?

A A
by b v Ay
AA A A Ay Ay Yy Yy

Ymapyouv oktw duvatoi cuvduacuoi

TWV TTUPNVIKWV OTIIV TWV TPIWV TTPWTOVIWV
HeBuliov oto CH;CHCL,.

- TN
71 NTS
-7 7 N TS

- ~
Iq— 3. —I— 31 —I— 3 ). —D-I
AuTtoi o1 oKTWw cuvduacpoi TpoKaAoLV
TN oxdon tou orjparog tou CHCl,
TIPWTOVIOU O€ TETPATTAR, TNV Omoia

Ol EVTACEIC TWV KOPUPWV Eival o€
avaAoyia 1:3:3:1.
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EIKONA13-9 To gdopa ™™
NMR tou 2-Bpwpionponaviov.
To orjpa Twv mpwtoviev —CH3
0Ta 1,716 oyaderai o¢ pa
dImhr} KOpLQI| KaL TO O1jial TOU
npwroviov —CHBr—

070 4,28 6 0¢ pua emtamin.
Inpeiwote otin améotaon
HETAEY TWV KOpuQwv

—N aTabepd aidevéne— gival

M id1a ka1 oig Svo moAhamhéc.
InpeiwoTte emiong 6t ot S0o

AKPAIEC KOPLPEC TNC EMTAMAG

(ka1 7") eivar 1000 pIKpéC
1oV pmopéi va nepacouv
amapatrpnreg.

‘Evtaon

Xnuiry ZXETIKO
Hetatoman eppadov

1,71 6,00
4,28 1,00
I?r
CH3CHCH; TMS
10 9 8 5 = 0 ppm
XnUIKA petatomion (6)
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Tiﬂf::?hf:ﬁ:::}ﬂv g:}m M Avohoyia evTAcEOY
0 Amh 1
1 Autin 1-1
: Tpurh 1:2:1
3 Texporhi 1:3:3:1
4 [levtomin 1:4:6:4:1
: Entom) 1:6:15:20:15:6: 1
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Summary of Signal Splitting Patterns in '"H NMR Spectroscopy

The pattern is that n protons split the signal into n+1 peaks, which is known as the n+1 rule.

Multiplicity

Doublet

Triplet

Triplet

Quartet

2+1 =3

2+1=3

3+1 =4

H

a

|
i
i
A

Signal

I
|
i
I

N+l
1+1 =2
1+1=2
2+1=3
1+1=2

Multiplicity

Doublet

Doublet

Triplet

Doublet
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Cl
H—C—Cl
CH,

CHs

C
/7N
cl”  CHs
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0 Kavoveg

* Ta XNUIKWGS I00dUvVaua TTPWTOVIA dev ep@avifouv oxXaon spin — spin
* H ammoppdPnaon evog TTpwToViou TTou culeuyvuTal JE V I000UVANA YEITOVIKA
TTPWTOVIa oXAleTal ue TTOAAQTTAOGTNTA V + 1 Kal oTaBepd ouleucng J

* AUO0 OpAdEC TTPWTOVIWY TTOU culeuyvuvTal £XouV TNV idia oTaBepd ouleucng J

Xnuikwe¢ icoduvaua, dsv axadlovrai

H H Br
Cl
H, TLH H H H**H
H H
H H H H H
H
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Evtaon ————

P —— ’ EIKONA 13-10
NUIK XETIK |
petatémon eufadov ﬁ j To @aopa 'H NMR
1,20 1,50 C rncpara-pz(')ofu-
2,93 1,00 CH,CH; [ TIPOMOQAVOVIG.
3,84 1,50
6,91 1,00 (
7,93 1,00 Gl
| | L \ !
| | | E | ™S
| |
- =] ‘ - JL ‘
10 9 8 7 6 5 4 3 2 1 0 ppm
XNUIK petatémaon (8)
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O Aupuévo mmapadeiypa (prediction-3)

v’ CgH,,O0 mmm) Kopeouévo, un KUKAIKG uoplo
v IHNMR: 0,92 6 (3 H, TpiTARj, J =7 HZz), 1,20 & (6 H, attAR), 1,50 d (2 H, TeTpaTTAn,
J=7Hz), 1,645 (1H, eupcia arrAn)

H5C
H3C+C1'|2
HO CH,4
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2&A 201, 7-2, utroAoyIouO¢ BabBuou akopeoToTnTAC

C,Hoyir v Agaipeon 2H: Babudc akopeoTdTNTAC 1

AakTUAIOG: agaipeon 2H (H,)
AITTAG¢ deopdc: agaipeon 2H (H.)
Aloyova: 1a TTpoobéToupue oTa H TG Evwong pag

O: ayvoeital

AN N NN

N: Ta agaipoupue amd Ta H TS Evwong pag
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AZKH2EIZ

13-10 ZxedidoTe DOPEG MOPIWV TTOU AVTATTOKPIVOVTAI OTA TTAPAKATW OEDOUEVQ:

(a)* C,HO, he pia atrAr) Kopuon

(B)* C3H,CI, pe pia dITTAR Kal pia TTTOTTAR

(Y) C,HgClL,0, pe U0 TPITTAEG

(0)* C4,HgO,, HE IO ATTAN, MIa TPITTAR KOl IO TETPATTAN
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AZKH2EIZ

13-11 To oMlokAnpwuévo @dopa *H NMR piog évwong pe popiakd Tutmo C,H,,0
atrelkovideTal TTapakaTw. [NpoTeiveTe PMia OO TTOU VA CUP@WVE JE Ta OedouEva

‘Evtaon

XNUIKK  EZXETIKO
peTatomon eppaddv
1,22 1,50
3,49 1,00
TMS l
10 9 8 6 5 4 3 2 1 0 ppm

XUk Jetatomion (6)

EIKONA 13-11 Togdopa ™™
NMR tou Npophrjparog 13-11.
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13.7

H H H
/ N/
Cl—C—H Cl—C—C—Cl
N RN
H H H

Tpia npwtévia C—H eivar xnuroe  Téooepa mpwtovia C—H efvar xnuikrog
10000 vapa. Asv mmapactnpeital oxdon. 10060vapa. Agv mmapatnpeital oxdon.

H H H H
AN / N |
C—C C—C—C
/ AN VA RN
[Tapatnpeitar oxdon ZuvBwe Oev mapatnpeitar oydon
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\ / Ynokatdotaon \ /
¥

C=¢C > C=C
\ H ané X \
H,C CH, H.C CH,
Ka 01 téooepic pebBulopddec Mévov éva mpoidv povoUunmoKaATdoTaonG
eifval 160000 Vapec efval Suvato
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(@  HyC H (6)
\
C=C
) VAR
(_,:m ) _"SC C
XC\H2 H,C H HSC\ /H H.C
C— C=—C C=—C =
s V2R
_SC XC D, C _SC C X » SC
(a) B (v) (6)

Téooepa S1aqopeTikd TTPOidvTa POVOUTIORATACTACTC
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XNUIKWG PN TOUTOONHUA TTPWTOVIA, Apa Kal Jn 1coduvaua

XNUIKWGS TauTOONUA TTPWTOVIA, dnNA 1I000UVAUA (OMOTOTTIKA)

H H
H H H H
H H H H
H H
HW HW
H H H H
EvavTioToTTIK&
Acev gupavidouv oxaon aro NMR,
> EVAVTIOUEQN
H H
AI0OTEPEOTOTTIKA
OH ] ] ]
T Eugavidovrar oav dIaQOPETIKEC EVIWOEIS
-~ oro NMR, diaotepeouepn

H H 61



AZKHXZEIZ

13-12 AvayvwpioTte o€ KABE POPIO TA UTTODEIKVUOUEVA TTPWTOVIA WG KN OXeETICOMEVQ,

OMOTOTTIKA, EVAVTIOTOTTIKA ) DIACTEPEOTOTTIKA

EVAVTIOTOTTIKA OO TEPEOTOTTIKA
(o) N/ ()N ) \
H H H H H,yC H
N \ /
H OH C=C
OI00TEPEOTOTTIKA N / \
H3C CHs5
0O
> &«
) \ 0 (cr)
O H H
O
OIOOTEPEOTOTTIKA
H ™~
6|0(0T£p£0T0Tr|K0( ,
OMOTOTTIKA
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AZKH2EIZ

13-13 T1éoa €idn NAEKTPOVIAKWG MU 1I000UVAUWY TTPWTOVIWV UTTAPXOUV OTIGC OKOAOUBEC

EVWOEIC, KAl KATA ouvETTEIa TTO0EC atroppo@noclc NMR 6a avapévare yia Kabe pia;

(o) CH,CH,Br (p) CH,OCH,CH(CH,), (y) CH,CH,CHNO,
(6) MebvroPevioro (¢) 2-MeBvro-1-Bovtevio (o1) cis-3-ECévio
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‘Evtaon

EIKONA13-12 To gdopa'H

XNUIK  ZXETIKO Lo
HETATOmON £UBAdOV NN{R TOU TOAOUOMioU, on?u

235 1,50 paivetal n.uupmwpmufn
715 1,50 AAANAEMIKAADYN TWV TTEVTE
7,23 1,00 1N 10060VapwY MPWTOViwY
TOU QpWHATIKOU dakKTuhiov.

CHj TMS
|\
10 9 5 4 3 2 1 0 ppm

XNUIKA petatomion (6)
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13.8

Evtaon —————

XnU. peTaton.  Zyet. epfasd.
6,73 1,00
742 3,00
749 1,00
7,57 2,00
'l" |C|J 9,69 1,00
N
|
H
10 9 8 7 6 5 4 3 2 1 0 ppm

XnMIKA petatomion ()

EIKONA 13-13 To @dopa'H
NMR ¢ trans-xivapardebdng.
To orjpa Tov mpwtoviov Tov @
(yahd(io) dlaondral o TEOOEPIC
KOpUQEC —puta Sumhr ¢ Sumhijc—
and ta 600 pn 100duvapa
YEITOVIKA pwTovIa.
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EIKONA13-14 To devdpoypappa yia o
npwtovio (2 ¢ trans-KIwapardeudng
delyveL ToV Tpomo oUCEVENC e Ta MPWTOVIa
Twv C1ka G, e daopeTike oTabepéc
ouCevénc.

[TpwTtdvio Tou C2

< }J2_3=12HI

J1_2 =6 Hz

6,736
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AITTAR

°J=2Hz <

AITTAR

_JW

J

69 68 6/

(a)

1-Kuavo-1-xAwpoaiBdavio
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AZKH2EIZ

13-15 To 3-Bpwuo-1-@aivuro-1-trpoTrévio epgavilel Eva ToAUTTAOKO pdoua NMR, oT1o
OTT0i0 TO BIVUAIKO TTpwTOVIO Tou C2 ugioTaTtal ouleuén TO00 UE TO BIVUAIKO TTPWTOVIO TOU
C1l (J = 16 Hz) 600 Kkal e Ta HEBUAeVIKG TTpwTOVIA Tou C3 (J = 8 Hz). 2xedidoTe €va
OevOPOYPANMA VIO TO OAPA TOU TTPpwToviou Tou C2 Kal €¢NYNOTE YIATI TTAPATNPEITAl PO

TTOAAQTTAN ATTOPPOPNCN UE TTEVTE KOPUPEG.

M+1=3 "/fki/&/\a
H @6 L
1 3 .
N Br H |
H h H
| | |
| 11— |H| |
E€aTTAN | || || I|'| I
(TTPAKTIKG TTEVTATTAN) —
(V+1 )(“.'.1 ) — 6 '641 6.40 6.39 6.38 6.37 636 635 6.34 6.33 6.32 sf.|31('5.3]u 629 6.28 627 6.26 6.25 624 6.23 622 6.21
1 gpm
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CH30H2CH2_Z

U

Ha Hb Hc

Three H, protons split the H,, signal
into 3 + 1 = 4 peaks.

Two H, protons further split the Hy, signal
into 2 + 1 = 3 peaks.

Jap [F the coupling constant
h %" between H, and H,

/

a quartet of triplets

L_LEL lll Lh LLL«

Jpe[F the coupling constant

Total = 12 peaks

between H, and H,

e The Hy signal is split into 12 peaks, a quartet of triplets. The number of peaks actually seen for
the signal depends on the relative size of the coupling constants, J,, and Jy.. When J,, >> Jie,
as drawn in this diagram, all 12 lines of the pattern are visible. When J,, and J,, are similar in
magnitude, peaks overlap and fewer lines are observed.
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CH30H2CH2—BI'

8

Hy Hp He njs
—_— <
sextet
Hp
il G lal Ll ad 0 Dol el Labis] Gl & G cisl Goled SEAD ot G b [0 Gadeg) Balel il 0 fo Ehal [l dabl G ) TRl Eilnl LEbG
T 6 5 4 2 1
ppm

v Jab and Jbc, cival TTapoépola, TTPakTIK& gaivetal wg e€atTAn (v+1).

v' Aev gival Spw¢ owoTo (BewpnTIKAG)

70
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(n+1) = (1+1) =2 C—

e H

O

doublet of a doublet

<:l peak of H, if coupled to no
hydrogen nuclei

<::I peak of H, if coupled only
to H,

<:I peak of H, when coupled to both
Hp, and H,
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Mo Coupled
Hydrogens

Cne Coupled
Hydrogen

Twio Coupled
Hydrogens

Three Coupled
Hydrogens

5,
=
/
i C
i H
N, /
=
H,{f C
H H
N/
[
H,{f C
He H
iy
=
%,
H,n:u, ':_HC

oot A Singlet
T
P . 7 e B Dooub et
I I
I T I
J ——
r J-E [] r J.E hl
I I I I A Doublet
: T, : : 7, : of Doublets
T S
."I". ."I". ."I". ."I".
IIIJ-EIII IIIJ-c 1 |I J‘c I| IIIJ-CIII
UL I e
of Ooublet
of Doublets
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13.9

CH,0H CHj
CH»
1. BHg, THF H OH
— or H
2. H,0,, OH
Methylenecyclohexane Cyclohexylmethanol 1-Methylcyclohexanol
(a) T — EIKONA 13-15
MUK XETIK co
petarémion supadov (a) To paopa NMR e
T 093 200 Kllml\osf,uhoulaﬂuvohrlc, Tou
121 3,00 €ival 1o mpoiov vépopopiw-
1,44 1,00 on¢/oéeidwong Tov
1,72 5,00 pebuhevokukhogaviou, kat
- 2,82 1,00 (B) 1o oy 'HNMR g
,8 3,40 2,00 el 1-pebulokukhosavihng,
i s mOavol eVaAaKTIKoD
TipoidvTog e avtidpaong.
J LJ L .
10 9 8 7 6 5 4 3 1 0 ppm
Xnuikn yetatémnion (d)
(B
Xnuikrp  ZIXeTIKS
petarémion supadov
1,19 1.00
1,46 3,67
= CH3
¢
<]
2 OH TMS
10 9 8 7 6 5 4 3 1 0 ppm

Xnuikr petatomon (6)
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13.10

EIKONA13-16 Odopata
BCNMR ¢ 1-neviavodng,
(H3CHCHyCHoCHy0H. To
(pdopa (a) kataypdgnke
HETAd amo pia povo odpwon
Kat gpaivetal o peydhog
nAekTpovikdg Bopupoc. To
(pdopa (B) eivar o péoog opog
200 6apwOEWV.

()

g | .: ["' .:Ii'ii |.'1I I|.'_: I|. I!l ! :.I 4 |i.:| . l' |
£ sl ol ) !,-I‘_'..',-u';‘-_ [
i it k! 1B YA A {1 il l
| I | | | I I | | | I
200 180 160 140 120 100 80 60 40 20 0 ppm
XnUIKr) petatomon (6)
(B)
o
S
s
g
[
\ ; ik i ! \ i y
| | | | | | | | | | |
200 180 160 140 120 100 80 60 40 20 0 ppm

XnUIKr) petatomon (6)
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v" Ox1 a0leuln ue yerrovikoug 13C (1,1%)
v’ 20Ceugn Je Ta TTPWTOVIO TOU
v' Amroouleugn eupeiag {uwvng

Hs 3H ool 5 3
1 1
i3 6 0-C-C-H
H H )
H H 2 1
6
'H Decoupled

Phenetole °C spectrum
75 MHz

2
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13.11

XapNAOTEPN 10XV payvNnTIKoU TTediou

( \

uwnAOTEPN 1I0XU JayvnTIKou TTediou

)

EIKONA13-17 —CHs
Euo)(sTmpo[ — CHy—
XNHIKTC — CH—
JETATOMIONG 0T | C—AMoyévo
(aopatooKomia C—N
BCNMR. -0
C=C

3 C=N

2 Apwpatikoi

e c=C

C=0
| | | | | | | | | | |
220 200 180 160 140 120 100 80 60 40 20 0 ppm

XNUIKN HeTatomion (8)

v Emaywyiko (x1): nAekTpapvnTiKOTNTA
v' Zuluyiako (£R): -ocUoTnpa
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EIKONA13-18 Ta gdopata 3¢
NMR twv (a) 2-Boutavovng kat
(B) para-ppwpoakeToaivovng.

(a) C3
2 c4
‘ 208,75 o
5 0]
S ,“ﬁj I
2 thevt CH3CCH,CH3 ™S
1 23 4
WWWWWWWWmeJWMWNW
|
|
200 180 160 140 120 100 80 60 40 20 0 ppm
XNk petatoémion (6)
) c4,C4'
C5, C5'
5
g o ™S
o | C2 ji 6
200 180 160 140 120 100 80 60 40 20 0 ppm

XnNUIKA petatémon (6)

/8




O Aupévo mapadeiypa (prediction-4)

v' Tlou mrepiTou Ba avapévarte va epgavioel ammoppopnrocic 13C NMR o akpuAIKOg

AIBUAECTEPQG;
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AZKHXZEIZ

13-19 lNMpoodiopioTe TIC ATTOPPOPACEIC TwV avBpdkwv oTo gacua 13C NMR Tou
TTpotravoikou peBuAeatépa, CH,CH,CO,CH,

EIKONA13-19 To @dopa
13C NMR Tov mpomavoikoo
peBureatépa (MpoPAnpa13-19).

‘ T™MS

o

S) O

g I

@ CH3CH,COCH;

4 3 21
|
200 180 160 140 120 100 80 60 40 20 0 ppm

XNHIKR) HeTATAOMION ()
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13.12  °

Evraon

Xnpukrj petatémon (3)

EIKONA13-20 ®dopata
DEPT-NMR g, 6-pebudo-5-
emtev-2-ohng. Lo Tpnpa (a)
naparifeTal 1o TUmKG pdopa
ow £xe1 Anepei pe T TEYVIKG
anooi{evéng evpeiag {wng,
Kl KITAYPAPE TA OTjpaTa

Kl TWV OKTW avBpdruwy.

o nyijpa (B) maparifiera
eva paopa DEPT-20, mow
KOy patpel povov orjjiara
yia toug dio avBpareg (H.
1o tpijpa (y) napariferal
gva paopa DEPT-135 mouw
kaaypager BeTid orfjpata
i toug Sio avBpakeg (H km
Touy Tpeg dvBipareg (Hs, km
apwnTIKd orjpara yia Toug Sio
avipareg (H;.

uovo C-H

(DEPT-90)

(DEPT-135)




AZKH2EIZ

13-22 lNporteivete pia doun yia Evav apwpatikd udpoyovavlpaka, C,,H; g, TTOU €XEI TA
akdAouBa paouaTookoTTiKd dedopéva 1B2C NMR:

ddopa ammoouleung eupeiag dwvng B3C NMR: 29,5 - 31,8 - 50,2 - 125,5 - 127,5 -
130,3-139,80

DEPT-90: 125,5-127,5- 130,30

DEPT-135: O¢mikéc Kopu@éc ota 29,5 - 1255 - 127,5 - 130,3 & kaI apvnTIKA
kopupn ota 50,2 &

CHs3

oL

CHs3
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13.13

Evtaon ———s

HsC ClI CH3 CH,

KOH or >,
Ethanol ]

1-Chloro-1- 1-Methylcyclohexene Methylenecyclohexane

methylcyclohexane

EIKONA13-21 To gaopa B¢

NMR Tou 1-peBuokukhoeeviou.
TMS
Nt ‘LJ w st Mmooy et Ve
200 180 160 140 120 100 80 60 40 20 0 ppm

XnHIKA petatomon (8)
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12 «e€wtepikd» uSpoydva: 69,3 12 «e€wtepikd» udpoyova: 65,3
6 «€OWTEPIKA» LOpOYyOVQ: §-3,0 4 «eoWTEPIKA» LEpoyoOVA: 510,6
[18]avvoulévio [16]avvoulévio
(@) B
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['1a TTELIOOOTEQN UEAETN

https://sdbs.db.aist.go.jp/sdbs/cqgi-bin/cre index.cqi

https://www?2.chem.wisc.edu/areas/reich/nmr/

https://www.youtube.com/watch?v=ywR6alL pfjl0&ab channel=Dr.PuspendraClasses

https://www.youtube.com/watch?v=SBir5wUS3Bo&ab channel=ProfessorDaveExplains

https://www.chemaquide.co.uk/analysis/nmr/background.html
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KE®.13. MPOZAIOPIZMOZ THZ AOMHzZ:
OAZMATOZKOIIA MYPHNIKOY MAINHTIKOY 2YNTONIZMOY

gmravainyn



EUpeon douNG HIKPWY Hopiwv!

HsC—N

EUpeon doung HaKpouUopiwyv
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13.1
v' Eutuxwg: spin H ka1 13C

H
CUUTIEPLPOPA OTN
paocparockomia NMR
OPIOUEVWY OUVNBICHEVWVY

UPHVWV
Moayvntikoi My
TUPNVES payviTiKoi
TUPNVES
g 12¢
13¢ 160
2H 32g
14N
19
31p

(a) Xwpic e€wtepikd payvntiko nedio (B) Me epappoyn e§wtepikov payvntikou nediouv By



B =B

TOAYUATIKO —

B

TOTTIKO

£Qapuolouevo -




EIKONA 13-4 Xynpatikij Aettoupyia evog
@aopatopétpou NMR. Evag Aemto¢ yudhvog
owhrjvag mov mepiéxet StdAupa Tov eiypatog
TomoBeTE(Tal avapeoa aToug MOAOUC EVOC
L0XUPOU payvrjtn Kat avrivoBoAsitar pe

evépyelarf.
levviitpla
PaSI0CUXVOTHTWY
AVIXVEUTAC
Kal EVIOXUTNG
v' KAipoka xpévou: To NMR diagépel ammo 10 IR
E 40 4
* IR: «@wToypaia» upnAng avaiuong
* NMR: B0AR «pwToypapia»

Wavelength (nanometers)
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13.3

XapnASTEPN 10XU payvnTikoU TTediou  uwnAoTePN 10XU payvnTikou Trediou

) )

EIKONA13-5 Toypdgnua
TH NMR. H nepioxr} xapnhou
nediov (amonpoaotaciag)
ppiokeTal ota aploTepd
Katn mepioyr vyniou

nediov (mpootaosiag) ota
Meploxn vnhov——

6¢€1d. H amoppdgnorn tou 5
tetpapeBuoaaviov (TMS) E nediov (mpootaciac)
Xpnolponolital we Kopugn | «<——Nepioxn xaunhov Kopugr avagpopdg
avagopdc. niediov (amonpootaciac) (TMS) ——
| | | | | | | | | |
10 9 8 7 6 5 4 3 2 1 0 ppm
<—— XaunAoé nedio Kate0Buvon odpwong mediov —— YPnAo nedio——

_ TapatnpoVuEVn ynuikn petatatomnion (anootaocn and TMS e Hz)
B ZUYVOTNTA QACUATOPWTOUETPOV 0 MHz
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13.4

St m
2
H!f\ ND
Y\.C mm
Ay
=
—
T -~ o
Ul ¥
[ S
U =
-
O
L g
W
= ~
o
=
3
a
<

XnUIKN petatomion (8)
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Eidog vépoyovov Xnuikn petaromon (0) | Eidoc vopoyovou Xnuikn petotomon (0)
"Evoon avagopdg Si(CH3)4 0 Akkooin ‘ 2.5-5,0
Alxvio (mpototayEg) —CH; 0,7-1,3 —(\I —O—H
AlxvAo (devtepotayec) —CHy— 1.2-1.6
|
Akkvho (Tprrotayec) - C‘H— 1.4-1.8 AlkooOhec, abépec —Cc—0— 3,345
| N/
AAvixo C=C—C— 1,6-2.2 Buwvvako c— C/ 4.5-6.5
| /N
0]
MebvAokeTovikod !:| - 2.0-2.4 ApoUaTiKo Ar—H 6.5-8.0
—C—Ch3
Apopatiko pebvoio Ar—CHs 2.4-27 AAOeHOIKO ﬁ 9.,7-10,0
Alkxvvoro —C=C—H 2,5-3,0 —C—H
| 0
Alxvlaroyovidio ——C—ANoyovo 2,5-4,0 Koppo&ohko 0&d g o h 11,0-12,0
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13.5

v To euPadd tmou TrepIKAEiel KABE KopuPn gival avaAoyo TTpog ToV apIBud Twv
TTPWTOVIWV OTA OTToIa OYEIAETAl

XNUWIKR ~ ZXETIKO
Hetatémon eppadov L

1,20 3,00

3,65 1,00
5 o0
(o ™S
E H,C—C—C—O0—CH
|_.|:3 3 | 3 _J

CHj
10 9 8 7 6 5 4 3 2 1 0 ppm

XnUIKA petatomion (6)

EIKONA13-6 To gdopa 'HNMR Tou
2,2-6ipeBuhompomavoikov peBuheatépa.
OMokAnpwvovTag Tig KopuPEC, mapatnpolie
0TI mapovatdaouy avadoyia 1:3, 1) omoia
avTigTolyEi oTov Adyo Tou apibpol Twy
npwToviwv (3:9) mou ival vmeoBuva yia
KdbBe kopugr. Ta oiyxpova 6pyava mapéxovv
anevBeiac pa Pn@iaxn Evdein Twv
O)ETIKWV EPPAdWV TwV Kopueuwy.
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13.6

v’ Zxdon spin-spin
v Kavévagv + 1
v’ Z100epd 0UlEUENC

EIKONA13-7 To@dopa'H
NMR tou ppwpoaibaviou,
(H3(CHBr. Ta mpwtévia ¢
opadag —CH,Br epgavifovtal
¢ TETpamhi| Kopugr| o1a 3,42
4 kai ta mpwrovia tov —CH3 w¢
TpumAn Kopugr) 0ta 1,68 4.

‘Evtaon

XNUIK  ZXETIKO
petartomion supabdov
1,68 1,50
3,42 1,00

UL s

A
CH3CH23I’ |
10 7 5 =+ 1 0 ppm
XnNUIKA petatémion (6)
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—CH zBI' —CH 3
B&tpupuo(épt:\m Bacpuppo(épx—:vc
— B — «—
Brpwroviou — = = = Tipwroviou —|> —
| - = | J = T1aBepd oulevéng =
: — : =7 Hz | |
| T | |
S e I |
T T o
|
L
| - A
| |
3426 1,686

e

EIKONA13-8 H mpoéheuon g oxaong
OMW-0m 070 Bpwpoatdavio. Ta mupnvikd
0TIV TWV YEITOVIK®V MIPWTOVIWV, ToU
UmodeIkvoovTal i pkpa op{ovia BéAn,
dlevBeTolvTal £ite opdppoma £ite avtippoma
Tpog 10 EQappolopEvo payvnTiko medio,
TPOKAAWVTAC TN OXAOT TWV AmoppoPIoEwV
0 MOMAMAEC KOPUPEC.
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13.8

Evtaon —————

XnU. peTaton.  Zyet. epfasd.
6,73 1,00
742 3,00
749 1,00
7,57 2,00
'l" |C|J 9,69 1,00
N
|
H
10 9 8 7 6 5 4 3 2 1 0 ppm

XnMIKA petatomion ()

EIKONA 13-13 To @dopa'H
NMR ¢ trans-xivapardebdng.
To orjpa Tov mpwtoviov Tov @
(yahd(io) dlaondral o TEOOEPIC
KOpUQEC —puta Sumhr ¢ Sumhijc—
and ta 600 pn 100duvapa
YEITOVIKA pwTovIa.
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EIKONA13-14 To devdpoypappa yia o
npwtovio (2 ¢ trans-KIwapardeudng
delyveL ToV Tpomo oUCEVENC e Ta MPWTOVIa
Twv C1ka G, e daopeTike oTabepéc
ouCevénc.

[TpwTtdvio Tou C2

< }J2_3=12HI

J1_2 =6 Hz

6,736

99




AZKHZEIZ

13-15 To 3-Bpwuo-1-@aivuro-1-TrpoTrévio epgavilel Eva ToAUTTAOKO pdoua NMR, oT1o
OTT0i0 TO BIVUAIKO TTpwTOVIO Tou C2 ugioTaTtal ouleuén TO00 UE TO BIVUAIKO TTPWTOVIO TOU
C1l (J = 16 Hz) 600 Kkal e Ta HEBUAeVIKG TTpwTOVIA Tou C3 (J = 8 Hz). 2xedidoTe €va
OevOPOYPANMA VIO TO OAPA TOU TTPpwToviou Tou C2 Kal €¢NYNOTE YIATI TTAPATNPEITAl PO

TTOAAQTTAN ATTOPPOPNCN UE TTEVTE KOPUPEG.

p+1=3

W

N

J1_2= 16 Hz

vy
=
N\ \
y
N
y
y

/
\
/
—_—
A
\

«—>| J»_ 2 =8Hz
|23

E€amAn,

(mpokTKd TtevTamAn) MMJL

(v+1)(u+1) = 6
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v" Ox1 a0leuln ue yerrovikoug 13C (1,1%)
v 20Ceugn UE YEITOVIKA TTPWTOVIA
v' Amroouleugn eupeiag {uwvng

s sy 5 |3
4 6 1 Phenetole °C spectrum
H 0-C—-C—-H
11 75 MHz
H H 4
H H 2 1 2

=

'H Decoupled




13.11

XOUNAOTEPN oYU poyvnTkou mediou

A

uPnAdtepn LoxL payvntikoL Tediov

)

EIKONA13-17 —CHs
Euo)(sTwpo[ — CHy—
XNHIKNG — CH—
JETATOMIONG 0T ‘ C—AMoyévo
(aopatooKomia C—N
BCNMR. -0
C=C

3 C=N

2 Apwpatikoi

e c=C

C=0
| | | | | | | | | | |
220 200 180 160 140 120 100 80 60 40 20 0 ppm

XNUIKN HeTatomion (8)

v Emoywywko (£ 1): nAektpopvnukotnta
v' Suluylako (£R): m-ovotnua
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(a) EIKONA13-20 ®dopata

13 . 1 2 DEPT-NMR g, 6-pebudo-5-

emtev-2-ohng. Lo Tpnpa (a)
naparifeTal 1o TUmKG pdopa
mow EgerAnpOe pe v TERVIKG
anooi{evéng evpeiag {wng,
Kl KITAYPAPE TA OTjpaTa
Kl TWV OKTW avBpdruwy.

OH
/l\/\/]\ Fro ipa (B) mapariBera
T eva paoypa DEPT-90, mow
| | KaTaypagEl povov orjuTa
yia toug dio avBpareg (H.
200 180 160 140 120 100 80 60 40 20 0 ppm g Tpripa (y) naparifieral
Xnpukr| petatdmor () éva paopa DEPT-135 now
kaaypager BeTid orfjpata
i toug Sio avBpakeg (H km
Touy Tpeg dvBipareg (Hs, km
apwnTIKd orjpara yia Toug Sio
avipareg (H;.

Evraon

B

uovo C-H

Evraon

(DEPT-90)

200 180 160 140 120 100 80 60 40 20 0 ppm
Xnpukrj petatéman (3)

(v}

(DEPT-135)

Evraon

200 180 160 140 120 100 80 &0 40 20 0 ppm

Xk petatémaon (§) 103




E=A2KHxzH

13-34* Téoa €idn un 1000UVAPWY TTPWTOVIWV UTTAPpXoUV o€ KABE Eva atrd Ta TTOPAKATW

HopIq;
([I) H3C CH3
(9) I|4
C
NCH,
ZTUPEVIO

(P) CH3CH,CH,OCH;

C” TCO,CH,CH;

AKpPUAIKOC alBulsoTépacg

)

NagBaAévio

104



13-36 Méoa oAuaTta Ba avauévare va TTapouoialel kaBe Eva atrd Ta akoAouba uopia ota

¢aopata H kai 13C;

() ch\ fCHg P) CH3 42 iﬁ'
,:’CZC\ CH3 CH3CCH;
H,C CH;
0
(0) H31|C t|2|} () CH; (671) D<CH3

CH3C — C—0CH; CH;

|
H;C H3C
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13-38* TlpoBAEWTE TOV TUTTO OXAONG (TTOAAATTIAOTNTA) yia KABE €idog udpoydvou oTa

akOAouBa uopla

(@) (CH)CH  (B) CHCH,COOCH,  (y) frans-2-Bovtévio

106



13-39 TpoPAEwTe TOV TUTTO OXAONG (TTOAAATTAOTNTA) yIia KABe €ido¢ udpoyovou oTov

TTpoTTavoiko IooTTpoTtuAecTépa, CH,CH,COOCH(CHy),
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13-42* 21NV KataAudpevn ammd  o¢éa apuddatwon TnG  1-pueBulokukAoecavoAng
oxnuartifetal éva peiyua dUo aAkeviwv. MNMwg Ba xpnoiyotroloUoare TN pacuatookoTria tH

NMR, TTPOKEINEVOU VO OTTOQPACIOETE TTOIO €ival TTOIO;

CH
. ~ _CH;

i ,EH -,
OH H30™F R J/
- -
ﬂwf

"'\-u-"f.
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13-45* Tlpoteivete OOMEC yia TIC OUO €VvWOEIG, Twv omoiwv Ta @dopata 'H NMR

atreikovidovral TrapakaTtw: (a) C,HyBr

XNUIKR  ZXETIKO
petatomon sppadodv
1,05 6,00
1,97 1,00
3,31 2,00
—
o
e
=
=
il
TMS
L A _Jt'\._
10 9 8 7 6 5 4 3 2 1 0 ppm

XNHUIKR petatomion ()

CH
S
Br
H3C
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13-45* Tlpoteivete OOMEC yia TIC OUO €VvWOEIG, Twv omoiwv Ta @dopata 'H NMR

atreikovidovrtal Trapakatw: (B) C,HLCl,

XNUIKY  ZXETIKO
petatomaon edfadov

1,56 3,00
2,13 2,00

3,72 2,00
4,25 1,00 JJULJL

S B S

1 0 ppm

Evtaon

10 9 8 7 6 5
XNUIKA petatomion (6)

H3C)\/\CI
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13-47 MNoéoec atmroppoPriocic Ba avauévare va raparnproere ota eaopara 3C NMR Ttwv

TTAPAKATW EVWOEWV,

(a) 1,1-AipeBulokukAoecavio
(Y) tert-BoutulokukAoegavio

(€) cis-1,2-AipeBUAOKUKAOECAVIO
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13-51 AmTodwoTe 600 TO dUVATOV TTEPICTOTEPEG ATTOPPOPNTEIC OE OUYKEKPIUEVA ATONA

avBpaka oto pdopa 13C NMR Tou BevloikoU alBuAeoTépPQ:;

| I
c COCH,CH3
]
I_E TMS
Wltm ‘“&MJ*'
At A A A i
I I I I I I I I I I
200 180 160 140 120 100 80 60 40 20 0 ppm

XNUIKA HETATOMION (6)

112



13-53* H évwan, tng omoiag 10 @doua *H NMR atreikovileTal TTOpaKATw, £XEl HOPIOKO

TUTT0 C4HBr,. NpoTeivete pia dopn.

Xnukn  ZYETIKO
petatomon euPadov
2,33 1,00
3,56 2,00
m JUUL\ ™S
5 4 3 2 1

0 ppm

Evtaon ———

10 9 8 7 6

Br\/\/Br
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13-57* Aivovtal Ta @doparta tH kal 133C NMR 1ng évwong A, CgHBr. MNporteivete pia dopr

yia TNV A Kal attodwaoTE TIC KOPUPEC TV PACUATWY 0TN dOPNA auTh

Evtaon —————

Evrtaon ———————s

Xnuikn ZYETIKO
petatomon spPfaddv
1,20 3,00
2,58 2,00
7,07 2,00
7.39 2,00
™S
10 9 8 7 6 5 4 3 2 1 0 ppm
XNUIKE JeTaTomion (8)
TMS
200 180 160 140 120 100 80 60 40 20 0 ppm

Xnuikn petatomon ()

Br

14



13-58* Aivetar 10 @aopa tH NMR 1ng évwong A, C,H-Br. lNpoteivete pia dopn Kai

ATTOOWOTE TIC KOPUPEC OTN OOMN QUTN

Xnuikn ZNETIKO
petatomon eufaddv

2,31 1,50
7,01 1,00
7,35 1,00

TM5S

Evtaon

10 9 8 7 6 5 4 3 2 1 0 ppm
Xnuikn peraromon (6)

115

Br



- —
[ap]
I
g8’
G8'L - _ o~
wwvHWv n Foo'g
98'L
z8'€ — = Foo¢€|

809
60°9
L9
Z2L'9

9g'9
1€9
1€9 E—
6€9

6€°9
0v'9

169
_\m.ow _—

Foo'L

= F00'Z |

¢6'9
€6°9 L
€6°9 |J Foo¢

€6°9 N
€€’ L
€€L
€€ L
ve'L
Ge'L
Ge'L

C10H1,0

6,08-6,12: TTOAAQTTAN (OKTATTAR)

1,86 ppm: dITTAN
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13-60 H évwon A, €vac udpoyovavBpakac ye M* = 96 oto @aoua palwyv Tou, OIABETEN TA
(POAOUATOOKOTTIKG dedopéva 13C NMR TT0U Oivovtal TTapakdTtw. Katd tnv avtidpaaor Tng
ue BH; akoAouBoupevn atrd karepyacoia pe Baciko diaAupa H,O,, n A HETATPETTETAI TNV
évwaon B, Tn¢ omroiacg Ta pacuatookoTrikd dedopéva Tou 13C etriong divovral. MporteiveTe

OOMEG VIa TIC evwoelc A kal B.

‘Evoon A
Amooulevypévo @aopa eupeiag (wvng *C NMR: 26,8 -28,7-35,7-106,9-149,7 6
DEPT-90: dev epgavifovtal KOpuEg
DEPT-135: kapia BeTIKr) KOpu®@N Kal apvNTIKEG KOPL@EC 0Ta 26,8 -28,7-35,7-106,9 6
‘Evooen B
Anoculeuypévo @aopa eupeiag (wvng *C NMR: 26,1-26,9-29,9-40,5-68,2 6
DEPT-90:40,5 6
DEPT-135: Betikr) kopu@r ota 40,5 6 Kal apvnTIKEC KOPUPEC 0TA 26,1-26,9-29,9-68,2 6
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13-65 H 3-peBuro-2-BoutavoAn epgpavilel TEvTe Kopupéc oto paocua BC NMR, ota 17,9
- 18,15 - 20,0 - 35,05 ka1 72,75 . MNari Ta dUo peBUAIa TTou cuvdéovTal oTov C3 dev gival

IcodUvauaQ;

H3C| Cl)H

§H3§H(2:H(1ZH3 3-MegBulo-2-BoutavoAn
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13-67 Ta kapPoguAikd o¢ta (RCO,H) avmidpouv pe aAkooAeg (ROH) trapoucia evog
O¢lvou KataAuTtn. To TTpoidv TNG avTidpaong TOU TTPOTTAVOIKOU OCEOC ME TN MEBAVOAN

gM@aviCel T TTAPAKATW PACHATOOKOTTIKG dedouéva. [poTeiveTe pia dour).

O
| CH3OH
CH3CH,COH -

kataAvTnc H

Mpomavoiko o&u

MS: M* = 88

IR: 1.735 cm™

'H NMR: 1,11 & (3 H, TpimTAR}, J = 7 Hz) - 2,32 & (2 H, teTpattAf, J = 7 Hz) - 3,65
0 (3 H, atrAn)

3CNMR: 9,3-27,6-51,4-174,6d
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13-69* Mapakdtw Ttrapartiferar To eaoua H NMR yia upia évwon pe popiakd TUTTO

C:HgNO,. 210 paopa utTtEPUBPOU UTTAPXOUV IOXUPEG TAIVIEG aTToppOPnong ota 1750 kal

1562 cm~1 kai pia péong évraong ota 1320 cm=t. Ta dedopéva Tou aouartog 13C NMR

Kal Twv Treipaudatwyv DEPT trapariBevral otov Trivaka. 2XedidoTte Tn dour authG NG

Evuong.

Odopa TH NMR

CsHgNO,
)N\orz(
0,92 2,01 ; 3,00
L L L L
55 50 4,5 4,0 35 3,0 25 2,0 15 10 05 0

Amoppognosig *C NMR  DEPT-135 DEPT-90

14 ppm G=TIKI] KOPLOT) Kopiia xopogn)

16 GETIKI] KOPLOT) Kopia xopoon)

63 Apvnuiki kopuer]  Kopio xopogn)

&3 GETIKI] KOPLOT) GeTiK1) Kopuen

120

165 Kouia xopoen)

Kopio xopoen)



13-70* Mapakdtw Ttrapartioerar To eaoua H NMR yia pia évwon pe popiakd TUTTO
C:H, 0. Ta dedopéva Tou @dopatog BC NMR kal Twv Treipapdtwyv DEPT trapatiBevral
OTOV TTiVOKA. 2T0 QPACHa UTTEPUBPOU UTTAPXE! Mia gupgia Talvia atmroppdPnong TTEPITTOU
ota 3.340 cm~ kal pia KopuPr yéong évraong ota 1.651 cm—1. XxedidoTte Tn dour) AuTAg

NG Evwong

®dopa 'H NMR
CgH190

Ao

JLWL 1

2,1 2,13 1,97 1,22 2,99
55 50 45 4,0 35 30 25 20 15
Anoppooneeic “'C NMR  DEPT-135 DEPT-90
22,2 ppm OeTikn KopLPI) Kapia xopoon)
40,9 Apvntua kopoeny Kopio kopogn)
60,2 Apvntir| kopvoer,  Kopia xopogn)
1125 Apvnrir| kopver,  Kopio xopogr)

121
1423 Kopia kopogn Kaypiia kopoen



