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10 TYPES OF SPIN-SPIN COUPLINGS AND FACTORS AFFECTING THE 4, 
COUPLING CONSTANTS 

4.1 o.1 Geminal c_oupling constant (2 J) . 

The cnupling interact10n betwc~n two non-cqu 1~alcnt protons on the same carbon atom ' '"' called 

e.emin,i\ coupling an~ th~ cou~ltng constant , de~tgnated as Jgcm or 211111 , may be positive but more 

... , tlv it h:1s a negative sign. 1 he genera l range 1s - 20 to+ 44 Hz. Thus, the geminal protons exhibi t 
u~ua . . J' I . . I ·h I 2 

1. lll1wino ranoes ot -va ues: termma met y ene groups, J = 0 -3 Hz· in cyc lopropane rings 21 the O :::- e 2 ' • 

_ -4 to - 9 Hz; in cyclobutanes , J = - 7 to - 14 Hz; in cyc lopentanes , 2J = - 10 to - 14 Hz and in 
- 1 he,·:rnes 2J = - 12 to - 14 Hz. 
eye o " 

Factors affecting the ~eminal c~upling constant 

The variations in gemmal co.uplmg constants ar~ conveniently explained in terms of the theoretical 

predictions of molecular orbital theory of couplmg and may be summarized as follows : 

4.10. l. l D EPENDENCE OF GEMINAL COUPLING CONSTANT ON HYBRIDIZATION OF 

CA~BON 

The value of geminal cou.'Jling constant depends on the mode of hybridization (s-character of orbitals) 

of carbon bearing the protons. An increase in the H-~C-H angle increases the s-character of the 

orbitals and makes the coupling more positive. 

Table 4.8 The systems in which it is possible to interpret the spin-spin splitting pattern of the NMR spectrum 

in a simple way, according to the ( N + I) rule, are summarized as follows: 

Appearance of Resonance 

A. Spin System A Resonance 

A singlet 

A2 singlet 

A3 singlet 

An singlet 

B. Spin System A Resonance X Resonance 

AX 1: 1 doublet 1: 1 doublet 

AX2 1 :2: 1 triplet 1: 1 doublet 

AX3 1:3:3:1 quartet 1: 1 doublet 

AXn (n + 1) memb. multiplet 1: 1 doublet 

A2X2 1 :2: l triplet 1:2:1 triplet 

A2X3 1 :3 :3 : 1 quartet 1:2: 1 triplet 

A2Xn (n + 1) memb. multiplet 1 :2: 1 triplet 

AmXn (n + 1) memb. multiplet (m + 1) memb. multiplet 

C. Spin System A Resonance M Resonance X Resonance 

AMX pair of doublets pair of doublets pair of doublets 

AMX2 pair of triplets pair of triplets pair of doublets 

AMX3 pair of quartet pair of quartet pair of doublets . 
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i ntcrnr t, ng n11c Ir, 

I. 
2. 
3 AR 

S,•.lfr111,1 i·o11ra111111,~ rlm•c 
inrrmcri,1,;;: 11utl<'1 

4. Al 
5 :\~ , or AiX 
6. AM \'. 

ABX 
S. ABC 

9. AB2 or A2B 

Four spin systems 
10. A2X2 
l I. A2B2 
12. AA' XX' 
13. AA' BB' 

Systems containing 
Five interacting nuclei 

14. A2X3 
15. A2B3 
16. ABB' MM' 

l 122-tctrachloro~ c !C ' l l, CI; ,,, ', 
ncctaldcllydc 

n,chloro 5 chloro thi ophenc 
2 nrot110·- -

I !ace tate contains two A3 systems 
Cll- l , met1y 3 , 3 . hloroethane ; I, 1,2,3, -pentach loropropan 1,1.2-Tnc e 
Vinylacetate . . 

3-dichloropyri<ltne . 2, .. 1 3-nitro-o-xylene, 3-mtrosalicylic . Acrylonttn e, ac1ct 
2,4-dinitrochlorobenzene , 

5-Nitro-m
xylene 

1,2,4-tri
chloro
benzene 

2,5-dichloro
nitrobenzene 2,6-di h c lo PYrict· rr, 

D·t1 omethane; phenylethylacetate 
1 uor . . 'd 

,B-Chlorophenetole, ,B-iodoprop1omc ac1 ' 2-chloroethano\ 
Difluoroethylene 
p-Chloroaniline 

Ethyl group in ethyl acetate 
Terminal ethyl group in n-hexyl bromide 
Bromobenzene 

ine 

For example, the geminal coupling constant changes from -12.4 Hz in methane (sp3-hybridized 
methyl group) to+ 2.5 Hz in ethylene (sp2 

- hybridized methylene group). Cyclopropane, because oi 
its special bonding character, has an intermediate value. The geminal coupling in cyclobutane is nm 
much different from that in methane whereas other strained ring systems exhibit 21 values upto-,.0 
Hz as depicted below. 

Depend~nce of 21 values on carbon hybridization 

H H 
~ / /H ,:, ;c\ H2C=c, r><: (><: H 

H H 
H 

- 12.4 + 2.5 -4.3 . -11 to-15 -5.4 H 
,) 4.10.1.2 EFFECT OF SUBSTITUENTS 

(i) The substitution of an electronegative . . ) on sr1 

and spJmethylene groups leads to a ·r athom m the a-position (i.e. an inductive effecuve titut~ 
poSi ive c ange in the geminal coupling constant. In polysubs 
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methanes the effect of sub t' t· • • . . s 1 uents, to a firs t approxi mation, is additive. The effect of electronegative 
subst1tuent ts shown below 

- 12.4 - 10.8 - 7.5 + 5.5 + 16 .5 + 42.2 

The influence of oxygen in ethylene ox ide results in a positi ve coupling constant for methylene 
hydrogen atoms. The especially large positive coupling constant in formaldehyde (2 J = + 42.2 Hz) is 
due to th~ fact. that the non-bonded electron pair on the oxygen atom has the correct symmetry for 
hyperco~~ugati ve d_onation. Thus, the reinforcement of the a and n effects brings about the very large 
and positive coupling constant observed in formaldehyde . The lower electronegativity of nitrogen 
together with the less effective n overlap in imines decrease the effect (2J = 16.5 Hz) . 

The steric orientation of non-bonded electron pairs relative to the orientation of C-H bonds under 
consideration is also of significance in the case of sp3 -hybridized methylene groups. The comparison 
of 

2
1-values in 1,3-dioxane with those in the conformationally more rigid formaldehyde dioxolane 

illustrates this effect. 

(ii) An ·electronegative ,B-substituent leads to a negative change in the value of the geminal 
coupling constant. An electropositive substituent, on the other hand, leads to a positive change in the 

magnitude of the coupling constant; the value varying from -3.2 Hz in vinyl fluoride to+ 7 .1 Hz in 
. vinyllithium (Fig. 4.30). 

(iii) n-Bonds adjacent to the methylene group in question exert a marked influence on the magnitude 
of geminal coupling constants. They cause a negative change i.e. the absolute value of the constants 

increases. Thus, the geminal coupling constant changes from 12.4 Hz in methane to 20.4 Hz in 

malononitrile (Fig. 4.30). 

+ 2.5 

H, /H H, /H 
"'c c "'c-c / =, /-, 

F 'H c~o H 

-3.2 -2.0 -1.4 

N=C-CH2-C-N 

-20.4 

OCH, 
- 14.5 

+ 7.1 

F. · 4 30 The effect of substituent on geminal coupli~g constants. 1g. • 

(iv) A substituent which withdraws electrons from antisymmetric orbitals (i.e. hyperconjugative 

effects) gives a negative contribution. 
Th ~ f h con,iugative withdrawal of electrons is observed in allene, acetone and toluene. 

e euect o yper .., . . . · \ 1· 9H 
The result of this hyperconjugative electron w1t~drawal 1_s a more negative gemma coup mg, - z 
in the case of 1,1-dimethylallene, as illustrated m the (Fig. 4.31) . . . 

M · I 1·ngs through a sp2 carbon atom fall between the large positive value for 
ost gemma coup 1 

formaldehyde and imines and the moderately negative value for allene~ 1 nd ketenes. 
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Fig. 4.31 Effecf of hyp('rro,\j ugulivc withrJrawn l of electrons on gcmlnal coupling conot ,~ ant4! , 
fornrnlrl<'hJ•d(', iminr nnrl l , l •di111rthy lnllc11c. tn 

Tobk 4. 10 Some gcmi nal coupling constants (Hz) 

Compound..., Coupl ing constants 

CH4 

CoH12 
CH3CCI3 

C6H5CH3 

0 

CH3-~ - CH3 

CH3CN 
BrCH2CH2CN 
C6H5CH2CN 
CHz(CN)2 

CH3OH 
CH3C1 
CH3F 

/CH3 
H2C=C=C" 

CH3 

(J<H 
0 H 

C
O H . x 

H2C=CH2 
H2C=CH Li 

CH3 

H2C=N-t-CH 3 

~H3 

- 12.4 
- 12.6 
- 13 .0 
- 14.4 

- 14.9 

- 16.9 
- 17.5 
- 18.5 
-20.3 
- 10.8 
- 10.8 
-9.3 

-9 

- 8.3 

- 6.0 

- 3.2 

0 

+ 2.5 
+ 7.1 

+ 17 

+ 42.2 
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4, 10.2 V1cmal coupling con t 3 
- --

ff . s ant ( J) 
factors a ectmg the vicinul cou 1

. 
P mg cnnstnnts 

4. 10.2. l DIHEDRAL AN GLE IIETWFP . " 

I. 
,N I WO VICIN/\1 (' f'J 

The coup mg constant between lwo . . · BONDS: 

. . . b d b , v1c1nal protons, i, ( ·h ' . , , . 
111te1 vemng on s et ween th e cou,JI . I .1 .

 · 111 1 t c supcr~cript 1 ind icates lhc number of 

b d 
cc nuc c1) depends , ·I 1 · 

c-H on s. L upon 1 ·,e c 1hedra l angle <P between the two 

I l 
C- --c 
~ I" 

H~ 7 H 

The relationship between dihedral angle ,,,. d th • . . 
. . -r an e v1cmal couplmg t JJ · • 

Karplus equation, the simplest form of which • cons ant HH 1s gJVen by 
ts represented by the following equation 

3
JHH = 8.5 cos2 </)- 0.28 (1) 

The variation of vicinal coupling constant with the d'h d l 1 
• 

h F. o 4 32 t e ra ang e </) ts represented graphically in 
t e 10 , · · 

H 

-i ~-
H q, 

&H 
H 

eclipsed trans 

t 
j 

q> ➔ O 40° 80° 120° 160° 

* gauche 

Fig. 4.32 Dependence of 3JUII on dihedral angle~ 

The value is at a maximum ( ~ 10 Hz) when ¢ is 180° (trans conformation) or 0° (eclipsed) and at 

a minimum ( ~ zero), when ¢ is about 90° (gauche conformation). 

The vicinal coupling constants for protons in cyclohexanes have been determined experimentally 

and also calculated using Karplus equation resulting in the following important generalizations: · 

(i) In a saturated six-membered aJicyclic ring, an equatorial proton resonates slightly downfield 

(Llo ~ 0.4 - 0.5 ppm) than the corresponding axial proton. Thi~ rnay be due to the anisotropic 

deshielding caused by the a electrons in the f3y bond as shown in the following Figure. 
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~ · .. , ...... \ 
/ II \ 

y ~ ( ) !/ ~ / 
// ► 

. d' of equatoria l 
Anisotropic des h1 : :e::oos in {3y bonds. 

protons caused by a 

. J == 8 to 14 Hz (calculations: <Pa, a== 1800 piing constant. a,a ) d' to · I (J ' (ii) Diaxial protons display large c?u whereas axial-equatori~l (Ja,e or ~equ! na - e,e) protons 
J = l lHz according to Karplus equation) 1 5 Hz (calculat10n: <P a,e - 60 ' J ae - 4 Hz). For n.n t usually to tants exhibit smaller coupling constan s, ws the following coupling cons . 
example 4-t-butylcyclohexyl acetate sho ' Ok 

H 
Jaa = 11.4 Hz 
Jae=4.2 Hz 

H 

OAc 

H 

Jea = 2.7 Hz 
Jee= 2.7 Hz 

H 

. · · membered rings are dependent on the configurations; ( ... ) Th he vicinal couplmg constants m six- . . m e gauc . t t for a series of steroidal alcohols and theu acetates are For example, the gauche coupling cons an s h b 1 . 
found to depend on the relative orientation of the C-0 bonds, as s own e ow. 

RO H,-/··::::··------·:/' r ------J 
Ha OR 

Jae= 5.5 ± 1.0 Hz Jae= 2.5 - 3.2 Hz 

Sundaralingham3 suggested that this dependence on orientation (with respect to the ring) of the 
substituent on .a ring carbon brings about small changes in the hybridization of that carbon. 

(iv) In olefinic systems, the coupling of trans protons is always greater than that between cii 
protons. 

(v) In the /3-form of glucose, the anomeric proton possesses, in addition to higher shielding, a larg1 

vicinal coupling constant than in the a-form. 
(vi) 

3
JHH in aromatic systems is quite large (6-10 Hz in benzene) because ortho protons have 

3. M. Sundaralingham, J. Am. Chem. Soc. 87, 599 (1965) . 
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ence can b d" . 
e istingui shed from J 

4 10 2 2 
meta ( 1 - 3H z) and J para (0 - l 

Th
. . . ·. ( ll ) B OND LENGTH 

e v1crnal coupl i BETWEEN T WO 

. ng consta Y ICINA L C H 

can give informat" nts are very sens·t· - BONDS 

f io n regard · , ivc to small d ' ff 

acto rs are considered to be ~:g the deg_ree of bond altern ~ti ; ~e~ces in_the C-C bond length ( 1) and 

nstant. S ince then bond orde p n cyc li c n systems, provided other 

r, µ v, of MO theory correlates linearly 

H 
'-.. /H 
"-c--c 

: 
' : 
r 

with the bond length the I . 
. . , re a so exists a lin I . 

Pµv and vrcma1 coupling constants as per thear re at~on for benzenoid aromatic compounds between 

· 
e equation (9) . ' 

3J -
HH - 12.47 (P µv) - 0.71 

Thus, the length of the central C-C . 
bond (smgle or double) is proportional to 3JHH. 

(9) 

4.10.2.3 (III) VALENCE ANGLES B C . . 
ETWEEN ..... H AND C-C 

The dependence of vicinal coupling co t t BONDS 

vicinal cis coupling constants acr•:)SS th:sd~n ~tpbon H~C-C ~alence angl~s is b~st described with the 

(Table 4.11). Here a constant dihedral ~ e o~d m cyclic mono olefms with different ring sizes 

assumed. ang e of O and the absence of substj.tuent effects may be 

H e 0' 

~H 

The data in the Table 4.11 reveals that there is a steady increase in 3Jcis in passing from cyclopropene 

to larger rings; the maximum value being observed in the eight-membered ring. Consequently a 

decrease in the valence H-C-C' and C-C' -H ' in the fragment, H-C-C' -H' or H-C=C' -H' angles 0 

and 0' leads to an increase in the values of vicinal coupling constants. 

Effect of electronegativity of substituents 

A decrease in the vicinal coupling is observed when an electronegative substituent is introduced 

at the H-C-C-H moiety in both saturated and unsaturated systems. For substituted ethanes, the 

relation between the vicinal coupling constant (3JHH) and the electronegativity change, .1E = E(X) 

- E(H), caused by the replacement of a hydrogen atom with a group X, is given by the 

equation ( l 0). 
3JHH = 9.41 - 0.80 J.E 

Similar relations ( 11 ) and (12) result for substituted ethylenes: 

3J trans = 19.0 - 3.3 L1E 

(10) 

(11) 
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on the angles 0 and 0

1 

,- consra11ts 
-r: bl 4 ll The dependence o,f' icmal coup 1118 --------::----,a e . 3J HH (Hz) 

Cyclic mono-olefins 

u : 
O H 
ex: 
a : 
a : 

3Jci5 = 11.7 - 4.7 LIB 

These effects are illustrated in the Table 4.12. 

0.5-1 .5 

2.5-3 .7 

5.1-7 .0 

8.8-11.3 

9.0-12.6 

10.0-13 .0 

(12) 

Effective nuclear charge .. 
Since the Fermi contact mechanism for coupling between most common nuclei involves the pamng 
of electron and nuclear spins, it is, therefore, reasonable to assume that the magnitude of coupling 
should be a function of the amount of electron density at the nucleus. Furthermore the theoretical 
expression developed by Ramsay and Purcell4 involves the amount of s-electron density between the 
coupled nuclei, the magnitude of coupling should be related to the amount of s-electron density 

4. N.F. Ramsay and E.M. PurceU, Phys, Rev, 85 (1 952), 143. 
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Ta ble 4.12 
-

Effect of elecr rone t.f · . f . 
systems g , ,v,111 q ,n 1b,vr1r11 e111s o11 l' ir ino / to11pll11R rm, ffo111 f /11 w111 mted cmd u11 rmurated 

- II H 

CH3C'Hr R 
C= C' / 

If / K1 

R J JHII R, 'Jcl1 I J,,.m, 

Li 8.9 Li 19.8 23 9 

SiR3 8.0 SiR3 14.7 20 4 

CN 7.6 CH3 10.0 16 8 

Cl 7.2 Cl 7.3 14 4 

OCH2CH3 7.0 F 4.7 12.8 

between them. Grant and Litchman
5 

have reported that the coupling constant is proportional to the s

character (S) and the third power of the effective nuclear charge as per the following relation: 

J ocS Z3 

For example, the 
13

C-
1
H coupling constant for CH4 is 125 Hz, while that for CHC13 is 209 Hz. 

This difference may be due to the effective nuclear charge at the carbon. In CHCl3 the electronegative 

chlorines remove the electron density from the carbon, thereby exposing more nuclear charge to the 

remai.ning electrons. 

The dependence of coupling constant on effective nuclear charge for compounds that have 

approximateiy sp
3 hybridisation at the carbon has been illustrated in the following Table 4.13. 

Table 4.13 . 
IJ 

The dependence of effective nuclear charge on 13c_1 H 

Compound 
J (Hz) 

CH4 

125 

(CH3)2O 
140 

CH3F 
149 
178 

CH2Cl2 185 
CH2F2 209 
CHCJ3 238 
CHF3 

Number of intervening bonds . . . mber of bonds separating the nuclei. This is 

The coupling constants are attenuated with mcreasmg nu 

illustrated by the following examples. (3J = 6_ 1 o Hz) is higher than that of the 

· · ~ tho coupled protons ortho 

(1) The couplmg constant 1or or . . . t r than that of the para coupled protons 

4 1 3 H ) hich m turn 1s grea e 
meta coupled protons ( l meta = - z w 

(5Jpara = 0 - 1 Hz). 

s 87 ( 1965), 3994. 

5. D.M. Grant and W.M. Li tchman, J. Am. Chem. oc., 
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lln 

I IO /,,., ( or I ho) 6 IO 111 

J0m (rnrtn) I 1 ff 1 

Hm .1 11r (porn ) 0 I If, 

I T11 

(ij) The genera l rn ngc for Olll! bond ,,(' ' 11 cou1Jli11g constants is from J 00 to 250 Hz while the 

bond '3C 'H . 
two 

- couplmgs range fro m - 10 to+ 10 Hz. 

Effect of hybridisation 

When an element other than hydrogen is involved in the coupling, the coupling constant is proport ion I 

to the product of the amount of s character in the hybrid orbital used by each element in forming tha 

bond. The fo llowing relation has been observed for a variety of one bond 
13

C-
13

C couplings.6 e 

11 (Cx - Cy) = 7.3 [(% Sx) (% Sy)/100] - 17 

The equation predicts a value of 165 Hz for ethylene whereas the observed value is 157 Hz. The 

effec t of hybridisation on one bond l3c_lH coupling constants is depicted in the Table 4.14. 

Table 4.14 
13 ly [' 

Effect of hybridisation on one bond C- coup mg 

constant ( 1 J 13c_ 1 H) 

Compound 
J (Hz) 

CH4 
125 

H2C=CH2 
157 

C6H6 
159 

HC=CH 
249 

The percents character is given by the relation, % s = 0.2 1 J (13C - 1H) 

For cubane I J( 13C - 1 H) = 160 Hz 

Therefore % s = 0.2 x 160 = 32% 

which corresponds to sp2 hybridisation. 

4. 10.3 Long range coupling 

The coupling through four or more bonds is often called long range coupling. The coupling constants 

are obviously quite small, the usual range is O - 3 Hz. Long range coupling occurs in the following 

types of systems: 

4.10.3.1 tONG RANGE COUPLING IN 'Ir SYSTEMS 

When a double or triple bond is one of the four intervening bonds, the coupling is called allylic 

coupling. Allylic coupling constants may range from 0.3 to 3 Hz. 

6. F.J. Weigert and J.D. Roberts. J. Am. Chem Soc., 94 (1972) 6021. 
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H-c' =C' - l'l-1 

Allylic coupling 

(J = 0.3- 3.0 I 17) 

Stereochemical req11i remr 11 rs 

llC C- C C' II 

I lomo:illyl,c co11pl\ng 

(.I () • I ~ II , ) 

\I l ( ( II 

1\ll ) hC 

(J ■ l - 1 11 ,l 

Car_eful examination or the mag,nltudc of Jl\ll yl\c for ll dnuhlc hond incorpornted in 3 ri ng clearl y indtcates that thc_ vnluc ~:r :i depends upon 1hc extent of overlap of the c.arhon hydrogen <i bond wi th the nbond· That is. allyhc coupling is dependent upon stere()chemicol fr,ctor, . This ,~ well 11\u-;trnted by taking. the example of two structures (u) and (b) in Fi~. 4.3J, only the one 1n which the allylic carbon-hydrogen bond is axia l, and 1hcrefore nearly parallel with the p-orhnals of the n hond, exhibits a doublet for the vinyl proton (J = 1.5 _ 2.00 Hz) . 

H 
X 

0 0 

H (a) X = CH3, OH, Br, OAc H (b) 

Fig. 4.33 Stereochemkal requirements for allylic coupling (a) favourable (b) unfavourable. 

Long range coup1ing has also been observed between two carbon-hydrogen groups separated by a double bond (homoallylic coupling) but the coupling constant is always less than 2 Hz and is difficult to observe . 

. 4.10.3.2 LONG RANGE COUPLING THROUGH FOUR O' BONDS (W-COUPLING) Long range coupling in completely saturated systems involves coupling through four crbonds that are oriented in the form of W. 
The W effect in saturated systems is well illustrated in cis and trans decalins. 

H 

H 

J =7 Hz J ::::;3 Hi 
Long range coupling through four a bonds 

H 
J =\Hz. 

The singlet pertaining to the angular 9-methyl group in the spectrum of 9-methy\-trans-deca\in is broadened because of the long-range coupling to several protons as shown in the Fig. 4.34. In 9-methyl-cis-decalin the methyl peak is a s_harper singlet because on\y one W-arrangement of H-C-C-C-H is possible for methyl carbon-hydrogen bonds. 
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