
TABlE 13.5 Regions of the 'H NMR Spectnun

R<gion(li} Proton type Comments

0-1..5 I I Protons on carbon De%t to ""turated eeeeees
-C-C-H absorb in this rq:ion. Thus, the alkane

I I portions of most organic molecules show
_Ie>: ahsorpIiaaheo-e.

1.&-2.5 I I Protcms on carbon _ to •••••••turated
=C-C-H eeeters (aD.11ic. benzylic. ..- to carbonyl)

I show cha.raderistic absorptioos ,in this region,
just downIield &om other alkane reo;unance.

2.5-4.5 I Protons on carbon Ded to etectronegatiYe
X-C-H .toms (halogen, 0, N) •••.•deshielded because

I oCthe eJedroD-withdrawiDg ability of these
atDms. Thus, the pn>lDD&abomb in tbi&
"';d6eId~

4.5-6.5 H Protons on double-bond carboDs ('rinylir::

" / prot<>ns) are •••.• ngly deshielded by the
C=C oeigbboriDg: pi bood aDd therefore abscnb in

/ " this characteristic downfield regiDn.

6.5-8.0 o: Protons on aromatic rings (aryl protons) are

~I
o<n>ogi.1 destDelded by _ pi orbiWa of the
ring and abomb in this cba:raderistic low-
6eId nmge.

l~·"hle 13.7 13C-NMR Chemical Shifts
b

'I)"., of Chemical Type of Chemical
(:.urbon Shift (Ii)* Carbon Shift (Ii)*

IlCll, 10-40

CC-RRCH,R 15-55 110-160
",CI; 20--60
ItCH,I 0-40 a

U
IH:H,Br. 25-65 RCaR 160-180
I<CH,Cl 35-80 a
«.coa 4!h'!0 U

RCNR.; 165-180
11.con 40-80 a
IIC==CR 65-85 II
It,C=CR.2 100-150 RcaH 175-185

a a
U II----- J8().:c~n5-

TABUO 13.4 CorrelatiOll of 'H Chemical Shift with
Environment

Type of proton FormulG CIu!mi=! .bi(I (6)

Reference peak (Cll,).Si 0

Soturated primmy -CIl. 0.7-1.3

Saturated seamdary -CH.- 1.2-1.4

\.
Soturated tertiary -C-lI 1.4-1.7

/

-,
1:.6--1.9.AIlyIk primaly /C=Y-Cll •

0
I

Methyl ketones -C-Cll. 2.1-2.'

Aromatic methyl Ar-CH3 2.&-2.7

Alkyl chloride CI-'c-H 3.0-4.0
/

"Alkyl hn>m;de Br-C-H 2.5--4.0
/

\
Alkyl iodide l-C-H 2.0-4.0

/

\
Alcohol, ether -O-C-1I 3.3--4.0

/

AlkJDyI -C""C-Il 2.&-2.7

Vinylic \:=C-H 5.0-6.5
/ I

Aromatic Ar-Il 6.:;-S.0

0
I

Al.w.yde -C-II 9.7-10.0

0
I

Carboxylic acid -C-O-H 11.0-12.0

-,
Erlrem~1y variableAlcohol -C-O-l!

/ (2.&-5.0)
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1611)-1590 (m-s) 3030 (nH)
-Ct!, = 138G-1370 (m-s) i 1510-1475 (m-s) 900-690 (m-s)
[1470-1430; 1100-7ooJ ¥ Substituted Benzenes· Overtone Regions

CH, i 2000-1667 (vw-m): 910-660(s);
H,CyCH, {1385 H C±CH {11339705i diagnostic; bands between 2000 -1667I 1370 3 3 :: are often broadened, obscured. or absent

-, I iSubstitution pattern Substitution pattern
. ~ . ,. (2000-1667)

C=C 1660-1600 (vw-m) ~;=\...R no-730{m-s). wm
H 3150-3000(m) j ~ .•. 710-680(m-s) M2n2-

C::C"" 1000-650 (5) 1 R R ( dlagnosbc for MOno-), b m-IC-C Substitution Pattern I j ~ ~ TIifm
H H 3140-3080 1m) i _ 760-740 (m-s) ortho
\ I 1650-1640 m) i R·

C=C .1420-1410 w-m) i b- TIW1I , {1010-9S0 (5) ; - {a90-e70 (m)
R H 920-890 (5) ,1 ~ A R 810-760 (m-5) meta

740-680 (m·s)

R H 3140-3080 (ml i'c=cf 1660-1650 em i -0 mn' \ 1420-1410 (s) i R ~ A R 860-800 (m-s) para
R H 900-880 (a) j

·1 R RI0-R

i RIR-OR
i RI P-R mg::~g~:::-':l
i R ~j A )l 1690-1640 ,. CoN = 1410-1390 (s)Irnmif@ Tmfhm lTmi.\ :(1690rR2,o_ {~(:~ ~=~f::
. " - 3200-3150
i (810-800) (850-<140) (870-<150) (870) i CtN-H] 2°= 3500-31oo(m)

(10, 2° often broadened)
N·H bend: 1° = 1640-1620 (a)

2" = 1550-1500 •

o 0II II {'830-18oo (s)
R/'--.O/'--.R 1n5-174O (s)

(1810; 1760)

o 0
II U 1725-1715 (Keto form) . .

R~R 1&4O-'1&1~·(br-~j~tOrm)
[Enol form: H-bondll)g;,~ ~6:00. (a)]

Isu,itir~~~0r:>~:··
o ... ·0·,.·
11 .••..

R-S-R R-S-OR
U· -.It.,:::..•~::·
o .·0:..-_·...

j C-O-C 1300-1000 (s) i1050-1000 (5) 1370-1290 (s) 1375-1~(a)
j c-o-c (SP"l1130.1110 o-o-c 1'260-1240 i 1170-1110 (s) 118S-:''165.(a) .
; {'260-124O - 1050-1030 F 15-0.=.,000-750 (s) I

. C=N 2260-2220 (I1>-a) i p, 950-815 O-C ('225.,215 j
--NSN2300-2100(S-vs)-----';-L..:> 850-750 /. l~l03o l IBoronFunct!onelGrOups ~

N, 2250-2080 (vs) Pretsch. Clerc. Seib~ and Simon: Tables 01 Spectral Data lor Structure B-H 2640-2200 (s) ; B-C 1240-620 (s)
Deterrninanon 01 OrganIC Compounds. Springer·Verlag. 1983; Pavia. B-O 1380-1310 (va) l B-F 1500-800 (a)
Lampman. Kriz:lntroductlOn to Spectroscopy. 2nd Ed .• Saunders. 1996;
Rapport. Ed. Handbook 01Tables lor Or~c Compound identification B-N 1550-1330 (va) 1 B-C! 1100-850 (a)
~~~~'B~n:~~6'979. pp.441-449; ley: Inlrared Spectroscopy; _B/H .••••B_ 2200-1540 (m-s)

···.H/ C22bands)

3030-3010 fm)
16S0-1670 m)
'295-1305 w-m)
9BG-960(8)

III-

{
780-750 (m-s) Tl7I7l7Il
720-680 (m-s) I r HI I 1,2,3-

H R'c=,J
J .,

R H
H H'c=,J
J \

R R

{
9Oo-B70 (m-s) Tliffifl,,2,A
830-780 (m-s) II ~ I V I ~

3030-3010 (w-m)
1665-1650 (w-m)
1420-1400(w-m)
720-660 (s)

CycliC Alkenes rmn 1,3,5-3C = 1641 SC = 1611 7C = 1650
4C = 1566 BC = 1646

R H'c=c!
I \R R

3030-3010 (w)
1675-1665 (w)
640-790(m)

'~I
C-C H (33211-3200 (5)

~ .• - 70t'-600 (s)

CEC 2250-2100 (w-m)
IAlkyl Halides I

C-CI 850-600(s) H2C-CI 1300-1200(s)
C-Br 680-S00(s) H,C-Br 1250-1150(s)
C:"I 500-200(s) H.C-I 1200-1150(.)

I Nitrogen Functional Groups

N-H 3500-3300 (_a)
(RNH2 = 2 bands; R2NH = 1 band)

1° = 1640-1560 (br, m)
CoN= 830-760 lbr, m)

2° = 1510-1490 (br, m)
CoN=.720-690 (br, m)

IAlcohols end Ethers I
O-H 3500-3200 (br, vo) (H-bonded)

['free" OH (non-H-bonded) = 3650-3600; mamJ
~K 1250-1000 (a)
Free ..QH ..c-o
1°=_3640 1060-1040
2"=-3630 1110-1090
3" ~ -3620 1160-1140
Phenol = -3810 1230-1210

C-NR. 1350-1000 (br, w-m)
(aromatic) 1350-1250
(aliphatic) 1250-1000

R2C=NR 169D-1640 (WoS)
Imlnes [R = alkyl]: OxIme< [R = OH]

(aliphatic) 16711-1650 (s)
(aromatic) 1650-1645 (s)

NO (1600-1500 (Sl
2 1'390-1300 (5

Carbonyt eomoowds
: 0 GeneralRange:1830-1640 em·.
, AU g = (•.••) C=O overton •• : ·3~oO (Vi) :

(Base Value) a,,6-Unaalurated '" -20 to -30

o (af!phalic) 1720-1740, .Jl. (aromatic) 1685-1710

,H R 0 .
, (1725) rIf---l = {2850-2800 (m-w)L!!I 27S0-2700 (m-w)

·"..~,I~1;i=~;;m:;~~
o 1300-1100( ••••.•) ~g:mg

~ (aliphatic) 1220·1100 4C = 1785
~ (aromatic) 1300-1220 3C = 1815

o .A '-.123.0-1700

R OH OH = 3400-2400 (vbr, V$)
(1710) CoO = 1320-1210 (m)

oR)l.;X
(1800)

~ (afiphatic) 1740-1730
••..•••........ (aromatic) 1720-1680

R OR (a-halo = +20)
(1735)

(X=CI,Br)
(aliphatic) 1810-1800
(aromatic) lno-17S0

Lactone.
BIn!l..$ID
6=1735
5 =1770
4= 1820o

I~'O--C I= 1330-1000 (vs)

C22 sharp closely-spaced bands)

o


