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The proton-proton couplings in benzene are typically 7-9 Hz for J__ , 2-3 Hz
forJ .. and<1HzfordJ _.the doubletatd 8.2 with J=2.5Hz the doublet of
doublets atd7.95(J= 8p5 2.3 Hz), The doublet at d 7.6 (J = 8. 5 Hz) 5



First Order Coupling Rules

1. Nuclei must be chemical shift nonequivalent to show obvious coupling to each
other. Thus the protons of CH,CI,, Si(CH,),, CI-CH,-CH,-CI, H,C=CH, and benzene
are all singlets. Equivalent protons are still coupled to each other, but the spectra
do not show it. There are important exceptions to this rule: the coupling between
shift equivalent but magnetically inequivalent nuclei can have profound effects on
NMR spectra 2. J coupling is mutual, i.e. J,; = J;, always. Thus there is never just
one nucleus which shows J splitting - there must be two, and they must have the
same splitting constant J. However, both nuclei need not be protons - fluorine ('°F)
and phosphorus (*'P) are two other common nuclei that have spin %2 and 100%
abundance, so they will couple to all nearby protons (the other 100% spin 1/2 nuclei
are %9Y,'9Rn). If these nuclei are present in a molecule, there are likely to be
splittings which are present in only one proton multiplet (i.e. not shared by two
multiplets).

3. Two closely spaced lines can be either chemically shifted or coupled. It is not
always possible to distinguish J from & by the appearance of the spectrum. For
tough cases (e.g. two closely spaced singlets in the methyl region) there are several
posibilities:

- decouple the spectrum

- obtain it at a different field strength (measured in Hz, coupling constants are field
independent, chemical shifts are proportional to the magnetic field)

- measure the spectrum a different solvent (chemical shifts are usually more
solvent dependent than coupling constants, benzene and chloroform are a good paiﬁ
of solvents).



4. Chemical shifts are usually reported in & (units: ppm) so that the numeric values will not
depend on the spectrometer frequency (field-independent units), coupling constants

are always reported in Hz (cycles per second). Chemical shifts are caused by the magnetic field,
couplings are field-independent, the coupling is inherent in the magnetic properties of the
molecule. However, all calculations on NMR spectra are done using Hz (or, more precisely,
radians per sec).

5. Protons two (?J, geminal) or three bonds (3J, vicinal) apart are usually coupled to each other,
more remote protons (*J, °J) may be if geometry is right, or if T-systems (multiple bonds)
intervene. Long range couplings (*J or greater) are usually small, typically <0.5 Hz, but up to 3 Hz
in some cases where there are intervening 1T bonds.

H H _H . C—H
C/ > 2J=2-15Hz ) small (|3 “J=2-20 Hz < ) 4= 0-3 H;
AN ical” -1 :< 0-3 Hz C Typical: 7 Hz B
H Typical: -12 Hz y ~H Occasionally 0! C—H Usually 0

geminal Note vicinal long-range

6. Multiplicity for first order patterns follows the "doubling rule". If all couplings to a particular
proton are the same there will be 2nl+1 lines, where | is the spin and n is the number of neighboring
nuclei (n + 1 for 'H | = 1/2). The intensities will follow Pascal's triangle.

n=0 1

ﬂ I \

n:: 14641 JJL JJ ’b U U| I1' LL&
ne6 151520156 1 Ju WL W

Intensities fripet n=2 quartet n=3 pentet n=4 sextet n=5 nonet n=8 7



If all couplings are different, then the number of peaks is 2" for 'H, and the
intensities are 1:1:1: . . .. Thus a proton coupled to two others by different couplings
gives a dd (doublet of doublets, see Figure). This pattern is never called a quartet. As
the number of couplings gets larger, accidental superpositions of lines will sometimes
occur, so that the 1:1:1... intensity ratio no longer applies. The intensities are also
often distorted by leaning effects (see AB/AX patterns), as seen in several examples

below.
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Protons or groups of protons form simple multiplets only if the chemical shift
differences between the protons (Av) are large compared to the coupling
constants between them (J). If Av /J (all in Hz) is <5 then second order effects
appear which complicate the analysis. When Av /J < 1 then second order effects
become very pronounced, often preventing detailed manual interpretation of
multiplets, or giving incorrect coupling constants if first order behavior is
assumed.

If the chemical shift between the protons H, and H, is large compared to the
coupling between them (v,, >>J,, ), we label them as AX. If the chemical shift is
comparable to the coupling between the protons (v,, <5 J,,),we have

an AB system.

We can define a hierarchy of coupling patterns which show increasingly
larger number of second-order effects:

AX and all other first order systems (AXZ, AMX, A3X2, etc.)

AB (line intensities start to lean, J can be measured, & has to be
calculated)

AB, (extra lines, both J and 0 have to be calculated)

ABX, ABX,, ABX,, J,z can be measured, others require a simple
calculation

ABC (both J and & can only be obtained by computer simulation)

AA'XX' (these do not become first order even at higher fields) 1 2

AA'BB'

AA'BB'X (etc)
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Four lines are present, as for an AX
spectrum, and J is the same:

Magl = (v - v2) = (va-vs)

The line intensities, i, are no longer
1:1:1:1, but given by the ratios:

B2l (vi-vy)

Iy B Ig B (v2-va)
va and vg are not exactly halfway
between line 1 and line 2, or between

line 3 and line 4.

C = center of AB pattern
= Ya(vo+vy) = Ya(vy V)
Avpg = .,/(20)2 -J2

= -\/(\’1 -va)-J?

(V4= Va) (v2 - va)

If vy - vg were calculated as if the pattern were AX instead of AB,

one would get 2D instead of the correct value.
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2D/Av is the error

in the measured

chemical shift v,g

AviJ 2D/Av
5 1.02
4 1.03
3 1.05
2 1.12
1 1.41

The distinction between an AB q and a regular q is not always trivial. In fact, if
an AB quartet has the same Hz separation between the center two lines as
the coupling constant J, then the intensities of the four lines are 1:3:3:1,
exactly the same as for a regular q. Of course, an ABg must always integrate
to at least 2 protons, and that may help with a distinction in this peculiar case.

AB Quartet with increasing vag
Constant Jyg = 10 Hz
all printed at same Hz scale

Vag = 50 Hz

)
L

\-AB =

AB Quartet with J,g = 10 Hz and v,g = 0.1 ppm
at various spectrometer frequencies
all printed at same ppm scale
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Solving an AB pattern:

o. - a a
1. Determine the four line positions in Hz, and measure Jag ai ? ? g‘
Masl = (v1 - v2) = (va-ve) =10 Hz
2. Caliculate the center position (in Hz):
Veenter = 72 (V2 + v3) =2024 1
3. Calculate vug. '
Avag = .\/ (V4 - vs) (V2 - v3) =994 Hz
4. Calculate v, and vg (spectrometer frequency: 300 MHz). m E]
VA = Veenter ¥ 72 Avpag = 2029.1 Hz
VB = Veanter - 72 Avag = 2019.1 Hz A J \ J&
0a = va/MHz = 6.76 A £
8s = vg/MHZ = 6.73 2050 2040 2030 HZ2020 2010 2000

16



Graphical method for determining the position of a leaning coupled
partner. The point Q is the horizontal projection of the tip of line 2 on the
position of line 1, and point P is the projection of the line 1 on the position of
line 2. The line through P and Q intersects the baseline at the midpoint
between the chemical shifts of A and B (point C)
(http://www.ebyte.it/library/docs/kts/KTS isoAB Geometry.html). You can use
this method to quickly estimate where a leaning doublet's coupling partner
should be, if other peaks obscure the region of interest, or to determine
whether you are looking at a leaning doublet, or two unrelated peaks.

‘_A\'.AB :\.-A - \rB—.
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Shown above is the 60 MHz spectrum of Abel's ketone in CDCI, solution.
There are three sets of protons that one would expect to form AB 1 8
quartets. Exercise: Identify them on the structure.




INnpunyeckoe otctynnenne ob onncaHum AMP
CNEeKTPOB

ITUIIOBBIH ypup 4-(4-opompennn)-1-meTun-2-okco-6-{[(3-unano-5,6,7,8-

TeTPAruAPOXHHOJIUH-2-HJ1)THO|MeTHJ)-1,2,3,4-TeTparua-ponupumMuIuH-
S-xapoonoBoii kuciaorbl 207k. bexenbiii nmopomok, T.m1. 202-204 °C (i- Q\QB

PrOH:DMF:H,0=2:1:1), Bbixon 86%. WK-cnekTp (Ba3eanHOBOE Macio), \gb
v/em™: 3360 (NH), 2221 (C=N), 1705, 1677 (2 C=0); Crextp SIMP 'H (400 i
MI ', IMCO-ds, 8, m.x., J/Tn): 1.11 (3H, T, °J 7.1, CH,CH;), 1.71-1.72 (2H, M, CH,), 1.78-1.80
(2H, m, CH,), 2.68-2.71 (2H, m, CH,), 2.81-2.84 (2H, m, CH,), 3.17 (3H, ¢, NCH3), 4.06 (2H, k8, *J
7.1, CH,CHj3), 4.80 (1H, m, °J 13.2, SCH), 4.93 (1H, x, *J 13.2, SCH), 5.15 (1H, m, °J 2.9, H-4),
7.20 (2H, n, °J 8.3, H-Ar), 7.52 (2H, 1, °J 8.3, H-Ar), 7.93 (1H, ¢, H-4quinolin2-y1), 8.16 (1H, 1,°J 2.9,
HN); Crrextp SIMP "°C (101 MI't, IMCO-de, 8, m.1.): 13.9, 21.6, 21.9, 27.0, 27.8, 29.8, 32.2, 51.9,
60.1, 1035, 1049, 115.6, 120.6, 128.3, 1290, 131.3; 141.9; 142.6, 148.5, 152.7; 155.3; 1616,

164.6; Macc-criextp, m/z (APCI): 543.2 [M+H]"; Beraucneno mas C,sHysBrN4OsS (541.46): C,
55.46; H, 4.65; N, 10.35. Haiineno: C, 55.55; H, 4.60; N, 10.48. C |

19




How to report an AB quartet.

Journals require that NMR spectra be reported in text format. There are
several ways an AB quartet could be reported:

1. Treat the pattern as first order (i.e., as two doublets). This is OK for AB
quartets with a large v, / J,; ratio, say > 4, where the error in chemical
shifts caused by simply taking the middle of each doublet is small:

3.68 (d, 1H, J=10.3 Hz), 3.79 (d, 1H, J = 10.3 Hz)

2. For closely spaced AB quartets (v, / J,; < 4) the AB character should
be explicitly shown, to indicate that the pattern was recognized, and the
shifts were calculated correctly. One way is to report the chemical shift of
the center of the AB quartet, and Ad,; and J, .

2.66 (ABq, 2H, Ad,, = 0.05, J,, = 12.2 Hz)
3. A third way is to report the two chemical shifts, and the coupling.
2.63, 2.69 (ABq, 2H, J,; = 12.2 Hz)
Note that the latter two formats not only use less journal space but also
contain more information than the "first order" format (1). There is nothing
in the first description that specifies that the two doublets are coupled to

20

each other, yet that would be obvious from observing the spectrum.



Normal spectrum:

3C AMP cnekTpbl

Turn on decoupler:

A X ’{ Irradiate at this frequency
" Decoupling :
}/ Saturation: the irradiated signal disappears

Turn off decoupler:

1

Saturation will reappear on a timescale of T,

o

Coupling returns quick
_~ Coupiing quickly
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