Regions of Organic Proton Shifts
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Table 14.1

Approximate Values of Chemical Shifts for TH NMR?

Type of proton
(CH3),Si

.

—C=C—H

“The values are approximate because they are affected by neighboring substituents.

Approximate
chemical shift
(ppm)

0

0.9

2.1

2.8

24

813

4.7

Type of proton

RNH,
ROH
ArOH

—C—NH,

Approximate
chemical shift
(ppm)

6.5-8

9.0-10

2.5-4

2.5-4

4-45

Variable, 1.5—-4

Variable, 2-5

Variable, 4-7

Variable, 10-12

Variable, 5-8




I'H NMR Chemical Shift Increments

Aliphatic compounds

Table 4.3 Subsntuent constants, 5(3),

Methane §('H) = 0.23 ppm for proton resonances in substtuted

0=0.23+X S;(J) ' 5(3) (ppem)

2.53
2.3}

C Cl o(calc) =2.76 | 82

1.57
d(exp) = 3.1 226
|. 70

.2

C Cl, &(calc) =5.29 %0
8(exp) = 5.3 185

1.56

313
| .55

C Cl; d(calc) =7.82 114
o(exp) = 7.27




I'H NMR Chemical Shift Increments

AI’ Omatic Comp Ounds Chemical Shift Caloulation for Arematic compounds
8= 7.27 + I8(8)

Tabile 4.6 5 values for substituted bepzenes
(fer et 9)

Serpmy

Benzene §(H) = 7.27 ppm - | =

0=7.27+%S;(0)

‘5(H,) = T.27 + 0,22 + 0.95 = 8.44
6(Hs) = 727+ 022+ 033 =182
§(He) = 7.27 =013 + 0.17 = 7.31
é(Hg) = 1.27 - 0.03 4095 = 8.19




I'H NMR Chemical Shift Increments

Olefinic Table 4.7 .St6) velues for substinicd ethylenes (after Ret. 10)

compounds

(&), pom) | HSXppm)
gem cis frams  Substitwent R*  geen ) eix frus

Ethylene _ 044 029 -po 103 69T 12

~Alky o1l 030 NR,
O(*H) = 5.28 ppm 047 -097 -C=0 15T 09 0
;5 0,53 015 o
012 807 €0 LD 14 0
0.66 023 ~ORRaiph) 11§ =106 |28
2% 010 -OR®eai) (14 (g5 -103
| 058 -0COR 200 G40 087
0=528+%XS(J) r ) 0% 031 =Ammslic 135 G37 =010
) 1w 001 —Q 00 19 403
110 o —Br 104 G0 433
% we - Maph) 0 -lag -1
0.§9 038 R e
0.84 056 R
0,68 08 - Remi 250 -e7 -o8

100 =024 =004
158 115 995

i, = ieluicd; som, = conjugated; ali FMWWW'!EZ‘WM_M#EMPF‘F
Toal” when che substent R or the double bond in question i conjugated with sddisonsl pabyitaents. The increrents
B 'Ky ring arr yiged when the subshipalent under considenition and o double Sond foem 4 Hag,




Regions of Inorganic Proton Shifts

Organometallic hydrides

Highly shielded —5 to —60 ppm

[H-Rh(CN).]*> -10.6 ppm

Highly deshielded

[HRu,(CO),]- 16.4 ppm

[HCo,(CO)..]- 23.2 ppm




I'H NMR of Boranes

nido-Decaborane(14)
bridging B, H —2.12 ppm

terminal BH
(2,4)
(5,6,8,10)
(%)

(6,9)




'H NMR Organometallic Hydrides

1J(H,D)




Regions of Organic Carbon Shifts

ranges
||zin||||l'|50||||u|n||||';’:l||||'?(ﬁrn)

R-CH, || 8-30
asocharated carbor (=p¥) .
- no elecironegative alements - RGHR 445

RsCH RLC 30-60

saburabed carbon (gp®) ¢0 S0-70
- alecironegativity effects - X 40-65




Table 14.4 Approximate Values of Chemical Shifts for 13C NMR

Type of Approximate Type of Approximate
carbon chemical shift (ppm) carbon chemical shift (ppm)
(CH»),Si 0 =] 0-40
R—CH; 8-35 C—Br 25-65
c—(l 35-80
R—CH,—R 15-50 C—N 40-60
=0 50-80
R
| =
R—CH—R 20-60 /C=O 165-175
=N
S
R
| =
R—C—R 30-40 /C=O 165-175
| RO
R
N
—C 65-85 /C=O 175-185
HO
5 S
=C 100-150 C=0 190-200
5
H
S— R 5
. 110-170 C=0 205-220
\_/ e




13C NMR Chemical Shift Increments

d(1*C) = 128.5 ppm

+/- substituent X increments
for each carbon (ipso, o, m, p)




ions of 3P NMR Shifts

- Phosphorus Shifts Overview
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Regions of PF NMR Shifts

- Fluorine Shifts Overview
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Regions of ’Se NMR Shifts

- Selenium Shifts Overview
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Regions of Si NMR Shifts

235j NMR chemical shift ranges
for various silyl groups
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Silicate Anions in Aqueous Alkaline
Media Detected by *’Si-NMR

M = OSIR,
D = O,SiR,

T = O,SiR
Q = 0,Si

Q0 = O,Si

Q! = 0,SiOS]
Q2 = 0,Si(0Si),
Q2 = 0Si(0Si),
Q* = Si(0Si),




Regions of 7O MAS NMR
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Octahedral Metal Clusters

_nalagen or

—=r, Mo or W
—L

Six axial igands (L) coordinate
to the metal atoms

How many
derivatives and
isomers for

2 different L

PPPPPPP PP PP PP P

WeSa(d-tbp)e(FEls) Cis="Wa Sa(d=tbp)a(PELs)y




NMR Identification of the Clusters
)
WGSSLnL 6-n
For 2 different L, L.’

there are
10 complexes

W, Sy(MeNH,),

How many signals e 4% _
in 31P NMR W,Sq(PBuy);
if L” = PR, 77?7 :

W, S(marpholing), WS, (tBuNC), WS, ( butylamine),



NMR Identification of the Clusters

Series of 200 complexes

ag

”ﬂ
_ _L__.___ _J\______,.._,__.l (NP | S ‘i___._.,_,l_

12 Signals in P NMR




NMR Identification of the Clusters

WeSs(PR3), (L)

P-W-W-P coupling
through the cluster
core in the 3'P{H}
NMR spectra




NMR Identification of the Clusters

|l.ll. Fl

&

W6SS (P R3)n(L)6-n

183W (I=1/2)

the satellite peaks
flanking the main P
peaks




NMR Identification of the Clusters

Dean-Evans Relation of &("'F) for W gSg(PEtg) ,(thp) 5., Cluster cq:.meV
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]
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relation N R B

T
B -4 -10 -11

Dean-Evans Relation in &(*'P) of W 5.1, (PR.) Cluster Complexes

a two-parameter linear SCIP) = 8., + pC + 4T

°
relatlon B3P chemical shift of the P atom under consideration
reference chemical shifi
number of ligand L in ¢is position to P (0-4)
q number of ligand L in rrans position to P (0,1}
Cand T empirical increments of chemical shifts comresponding to cis and frans




NMR Identification of the Clusters

Dean-Evans relation = a two-parameter linear relation

O0C'P) =0+ pC+ qT

o

ref

two variables (p and g, the number of ligands L in the cis or
trans position to PR, respectively)

two constants (C and 7| characteristic of a given ligand L)




NMR Identification of the Clusters

Dean-Evans relation = a two-parameter linear relation

”[B}.Dean-E;ﬁnﬁ Relation of 5(31 P) for W ¢Sg(PEts) (op) ., Cluster Complexes
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“'P NMR Chemical Shifts & (ppm)
A 2 a3 4 5

O0C'P) =0+ pC+ qT




