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For some thirty hydrocarbons the s character of hybrids obtained by the application of the maxi-
mum overlap method have been correlated with C—H and C—C spin-spin coupling constants. The
following relationships were obtained:

Jois_y=1079a2,/(1 + SZ) — 54.9,
Jepsocpp = 10205 a2, a2 /(1 + S3) — 8.2.

Here the coupling constants are expressed in cps units. In the calculation of the maximum overlap
hybrids either the experimental bond lengths or a standard bond lengths were used. For the Jguis_y
and Jcis_ c1s coupling constants the standard deviations are 0.9 cps and 1.9 cps respectively. It has been
suggested that the large additive constant in the Jois_p correlation may be attributed to the ionic
character of C—H bonds. A good agreement with the experimental data strongly supports the idea that
the Fermi contact term and the hybridization are dominant factors in determining carbon-hydrogen
and carbon-carbon spin-spin coupling constants across one bond, at least in hydrocarbons.

Fiir einige dreiBig Kohlenwasserstoffe wurde der mittels der Methode maximaler Uberlappung
berechnete s-Charakter mit den CH- und CC-Spinkopplungskonstanten in Zusammenhang gebracht.
Dabei ergeben sich folgende Relationen:

Jets_g = 1079 aZyy/(1 + S2yy) — 54,9,
Jeps_cys = 10205 a2, 2a% /(1 +S%)—82.
(Kopplungskonstanten in cps-Einheiten!)

Im einzelnen basiert die Berechnung des s-Charakters entweder auf der experimenteltlen oder einer
Standard-Bindungsldnge. Fiir die CH-Konstanten sind die Standardabweichungen 0,9 und fiir die
entsprechenden CC-Werte 1,9 cps. Die grofle additive Konstante in der Korrelationsbeziehung der
CH-Konstanten wurde auf den teilweisen ionischen Charakter der CH-Bindungen zuriickgefiihrt.

Die gute Ubereinstimmung mit den experimentellen Daten weist darauf hin, daBl der Fermi-
Kontaktterm und die Hybridisierung tatsichlich die dominierenden Faktoren fiir die CH- und CC-
Kopplungskonstanten einer Bindung, zumindest im Fall von Kohlenwasserstoffen, sind.

Le caractére s des hybrides a recouvrement maximum obtenus pour une trentaine d’hydrocarbures
a été corrélé avec les constantes de couplage spin-spin C—H et C—C. Les relations suivantes ont été
obtenues: 2
Jois_yy = 1079 ady/(1 + SE) — 549,
Jegs—cps =1020,5 at, at,/(1+S&)—82.

Les constantes de couplage sont experimées en unités cps. Dans le calcul des hybrides on a utilisé
soit les longueurs de liaison expérimentales soit des longueurs de liaison standards. Les déviations
standards pour les constantes de couplage Jous.y et Jois_cis sont respectivement de 0,9 cps et
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1,9 cps. Il a été suggéré que la grande constante additive présente dans Jeois _y peut étre attribuée au
caractére ionique des liaisons CH. Le bon accord avec les données expérimentales affermit la
conception selon laquelle le contact de Fermi et hybridation sont les facteurs dominants dans la
détermination des constantes de couplage spin-spin CH et CC, du moins en ce qui concerne les
hydrocarbures.

Introduction

We consider in this paper the carbon-hydrogen and carbon-carbon spin-spin
coupling constants in various hydrocarbons and correlate the experimental values
with the theoretical values based on the hybrids calculated by the maximum
overlap method. Since the most of molecules considered are relatively large a semi-
empirical approach and appropriate simplifications in the formula of Ramsey [1]
were desirable. It is generally accepted that the Fermi contact interaction, which
depends on local properties of electrons near the nuclei, is to a great extent
responsible for the magnitudes of the coupling constants. We used the following
set of approximations, generally accepted in semiempirical treatments [2—4]:
(a) A difference between an excited and the ground state energy appearing in the
second order pertubation sums is replaced by the avarage excitation energy.
(b) Only the pair of electrons forming the chemical bond between the nuclei in
question is responsible for the coupling. In the valence bond formalism the wave
function for the pair of electrons making A-B bond is written as:

Wan(l, 2) = N yp[ (1) $5(2) + ¢a(1) pa(2)
s ¢4(1) 94(2) + 4g dp(1) d5(2)] .
Here ¢ is either a hybrid orbital
¢ =a(2s)+ (1 —a*)*(2p) 2

placed on nucleus A or B, or (1s) hydrogen wave function. The coefficients 4,, /g
characterize the ionic contributions to the bond. The normalization factor is

1)

NAB = [2(1 + S./2\B) + ii + /1]23 + ZXA/IBS%‘B + 4()“A + ’IB)SAB]_% (3)

and S,p=[@,Ppdr is the overlap integral between the functions ¢, and ¢y
Since the difference in electronegativity between carbon and hydrogen is small we
assume in the first approximation that A, = A3 =0. The Fermi contact term takes
then the simple form:

Jap = (167 f1)? YaVB |(nAS)A|2 |(”BS)B|2a;2\‘1123/18hA E(1+ Szsz) > @

where (n,5), and (ngs)p are the values of spherically symmetrical atomic orbitals
on the nuclei A and B respectively. Other constants have their usnal meaning.
If atoms with a similar electron withdrawing power are involved |(n,s),|* and
l(ngs)sl®> are approximately constant and the above expression (4) is further
reduced to

Jan~ axag/(1+83p) . )
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The spin-spin coupling constants between directly bonded nuclei are proportional
to the product of s characters of the bonding orbitals divided by (1 + S2p). The
derived formula is similar to the well known empirical relationship of Muller and
Pritchard [2]

Jors_gy = 50042 . (6)

In fact, when the variations of bond overlaps are neglected the above expression (5)
is reduced to already mentioned relationship of Muller and Pritchard. For CC
bonds Frei and Bernstein [5] derived an analogous relationship between the
carbon-carbon coupling constants in various CC bond types and hybrid s charac-
ter. Again their relationship does not contain the dependence of Jcis_c13 on the
variations of the CC bond overlaps. However, there is accumulated evidence from
the maximum overlap calculations of hybridization in large number of hydro-
carbons (see later) that the variations of bond overlaps are not negligible. They
appear to be about 10% for C—H bonds and exceeding even 15% for C—-C bonds.
Therefore it seems desirable to re-examine the empirical correlations of Muller
and Pritchard and of Frei and Bernstein by considering an explicit inclusion of
bond overlaps and their variations in a relationship between spin-spin coupling
constants and s character of the relevant hybrids.

In this paper we report results for some thirthy hydrocarbons for relevant CH
and CC bonds hybrids and their s character and bond overlap obtained by ap-
plying the maximum overlap method. Some of the molecules reported have not
been previously considered by the maximum overlap method. A dozen of mole-
cules have been considered before, however the earlier work was based on standard
bond lengths, while in this work, whenever available or accurate enough the ex-
perimental bond lengths were adopted. Thus for a number of molecules the hybrids
were re-evaluated in order to have more reliable correlation. Although the differ-
ence between the hybrids and bond overlaps calculated for the experimental
geometry and those based on standard CC bond lengths [6] is in the most cases
small, by adopting the experimental bond lengths we eliminate a possible system-
atic deviation due to other sources which make the prediction of exact experimen-
tal bond lengths difficult. However, since the difference is small we included in the
derivation of the correlation between spin-spin coupling constants and hybrid
s character a dozen molecules whose hybrid parameters, in the absence of accurate
experimental bond lengths, were calculated assuming standard bond lengths.
The maximum overlap hybrids for the most of these molecules have already been
published. Finally, for few molecules by using a correlation between bond overlap
and bond length [7,8] an iterative procedure was used. In this way a consistency
between the calculated bond overlaps and bond lengths and the assumed bond
lengths may be achieved in the process of the calculation. The so obtained results
should be slightly superior to those based on the standard bond lengths.

The method of maximum overlap has been described in details in earlier work
(see for example Ref. [9, 10]). We assume therefore that the method and the nota-
tion is familiar. In the method we search for the optimal hybrid coefficients which
will make a suitably weighted sum of bond overlaps maximal. The basic overlap
integrals are taken from the available Tables [11].
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Results and Discussion

The hybrids obtained by the maximum overlap method, the corresponding
s character and bond overlaps for various C—H bonds in the molecules considered
are shown in Table 1. We use a shortened notation sp” for the hybrids, where
n=(1—a*)/a*. Also in Table 1 are listed the computed and the experimental
values of Jc1s _y spin-spin coupling constants. The J values computed by using the
Muller and Pritchard relationship in several cases show a poor agreement when
compared with the corresponding experimental values. These include the following
molecules: cyclooctatetraene, cyclopropane, allene, ferrocene, acetylene and
methyl acetylene, and one or two CH bonds of the polycyclic hydrocarbons at
the end of the table. By using the calculated hybrids and calculated bond overlaps
and the experimental J.1s_g from Table 1 we modified the relationship of Muller
and Pritchard by including the bond overlaps and derived the following linear
relationship:

Jeis_p=1079a24/(1 + S3,) — 54.9. )

It connects the directly bonded carbon-hydrogen coupling constants with the
scharacter and bond overlaps of the hybrids involved. The linear coefficient and the
constant in the expression (7) are determined by applying the least square proce-
dure. The spin-spin coupling constants calculated by the linear relationship (7) are
also given in Table 1. By examining the entries in the table we see that the modified
relationship leads to a better agreement with the experimental J constants. This
is particularly evident in the cases of cyclooctatetraene, allene, ferrocene, acetylene
and methyl acetylene, barrelene and nortricyclene for all of which the Muller and
Pritchard relationship gives a poor agreement. Perhaps acetylene and methyl
acetylene are the most dramatic examples. The maximum overlap method gives for
CH and CC bonds in acetylene sp**3 and sp°8° hybrids respectively. Firstly we
observe the inadequacy of the usual description of linear carbon bonds with sp
hybrids for cases like acetylene when the two bonds are not equivalent. Hybrids
involved in short CC bond tend to increase their s character in the process of
maximizing the total overlap. The so obtained hybrids fail to give a satisfactory
spin-spin coupling constant J.:s_y, however when used in connection with the
linear relationship (7) the discrepancy is removed, after the magnitude of the CH
bond overlap is taken into account. There are, however, several cases when the
both, i.e., Muller and Pritchard relationship and our expression (7), do not give
satisfactory results. For example, this is the case of cyclopropane. It indicates that
in some molecules, especially in highly strained small ring compounds, certain
factors neglected in our treatment and not important in less strained systems may
now be of importance. Another example, when the application of the Muller and
Pritchard relationship gives considerably better result than the linear relationship
including bond overlap, is ethylene. The future work has to account for this
anomaly, but it seems that the presence of CC double bonds leads generally to
somewhat higher computed values of Ji5_y and that in the maximum overlap
procedure some correction for localized = bonds need to be considered. Never-
theless, even in these cases of poor agreement the differences between the experi-
mental and the computed spin-spin coupling constants do not exceed 10% of the
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Table 1. Hybrids obtained by the maximum overlap method, the corresponding s characters and overlap
integrals, and the Jcus_y coupling constants calculated using the relationships of Muller and Pritchard
and the modified expression introduced in this paper and the experimental Jcis_y values

Molecule Geometry CH-hybrids s % Bond overlap Jois_yspin-spin coupling constants
Refs. Refs.  exp. Muller  This
Refs. and paper®®*®
Pritchard
Cyclohexane 2 sp*87 258 0722 4 124 a2 129 128.3 cps
Ethane b sp*®% 254 0718 B 1249 ©®b 127 126.0
Methane b sp>%9 250 0722 A 125 [3] 125 122.4
H,C=C[C¥¥H;], ° sp*% 254 0721 © 126 [3] 1272 125.8
Neopentane 4 sp*°% 254 0718 A 126 ce 127.2 126.2
C¢H,-H,C'*_CH, [14] sp*®° 257 0721 P 127 [6] 1284 1274
Cyclopentane i sp*82 262 0724 B 128 aa 131 130.5
HC=CC"H, b sp>%° 250 0717 B 1314 125.1 1234
Cyclobutane ¢ sp*%5 274 0729 B 134 [16] 1369 138.0
C13 136 ee
cB
f sp¥%8 272 0.728 E 138 ft 136.0 136.9
cs g sp**® 287 0725 B 139 g8 143.5 148.2
Cyclooctatetracne sp*3? 301 0736 [12] 155 b 150.5 155.8
Ethylene sp*1% 315 0740 A 1564 1579 165.3
ECB
i sp?2% 30,7 0.737 A 157 i 153.3 159.5
Benzene b sp¥1® 315 0741 A 159 i 157.5 164.4
Cubane ST sp¥tt 321 0750 F 160+5 ¥ 1607 167.0
Cyclopropane i sp*3° 286 0733 B 161 n 143.0 1459
Allene k sp¥2° 312 0739 A 1682 =m  156.1 162.3
Ferrocene @ sp?00 333 0742 A 175 o 166.7 176.4
H,CC=C*-H b spt?* 446 0773 A 2476 4 2232 246.6
Acetylene b spt?5 445 0771 B 2487 ®° 2226 247.8
' ST
@z 1H sp*>%% 275 0.728 ¢ 140+1 ° 1373 138.5
2H sp*°% 331 0.744 176 +1 165.7 175.3
ST
1 1H sp*>% 283 0.741 F 148 e 141.3 141.2
@2 2H sp*7* 269 0.738 133 1344 1330
? 3H sp?% 32.8 0.751 175 164.2 171.5
g
7 1H sp*% 274 0726 & 1355 % 136.9 138.6
2H sp*3% 283 0.728 146 141.5 144.8
4 7H sp™®° 334 0.738 172.5 167.2 178.6
2
ST
\A> , 1H sp>' 321 0750 F 164 160.7 1670
2H sp*45 289 0.743 144 144.6 146.1
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Table 1(continued)

Molecule Geometry CH-hybrids s % Bond overlap Jeis_y spin-spin coupling constants
Refs. Refs.  exp. Muller  This
Refs. and paper®®*®
Pritchard
1
2 34 1H sp?0 327 0.744 A 179 s 1633 172.0
1<:©5 2H sp292 331 0743 164 1653 1745
3H sp*32 301 0.738 154 150.5 1554
4H sp??° 307 0.739 154 153.6 159.5
5H sp®3* 301 0.738 154 150.5 155.4

222 Footnotes of Table 1 are placed at the end of Table 2.

magnitude of Jis . Thisis below the upper limit of the dipole-dipole and orbital-
dipole interactions [3] neglected in our calculations.

The superiority of here introduced correlation which includes bond overlap
variations over the simpler relationship of Muller and Pritchard is illustrated by
application to 1,3,5-cycloheptetriene. This molecule was not used in deriving the
linear relationship (7) and is therefore more suitable for the comparison. The
experimental Jeis_y coupling constants for CH bonds at carbon atoms C,, C,,
and C; are 163.5 cps, 132.6 cps, and 177.0 cps respectively. By using the available
maximum overlap hybrids [12] the Muller and Pritchard relationship gives 161,
154, and 156 cps respectively [13], while the modified relationship (7) gives for
the corresponding J constants the values: 173.4, 125.3 and 190.0. Although the
both calculated sets of J values deviate appreciably from the exeprimental values,
the constants calculated by the modified relationship do show correctly the relative
values of different J, what is not the case for the values based on the J = 50042

Several trends in the J¢:5_y coupling constants are evident from Table 1. For
instance, the decrease in the Jci:_p with the increasing of CCC angle along the
series: cyclopropane, cyclobutane, norbornadiene (at C,), cyclopentane and cyclo-
hexane, discussed by Foote [14], is very well reproduced. There is a decrease
in the p character of the ring CC bonds along the series reflecting the tendency of
carbon to attain tetrahedral interorbital angles as closely as possible. An analogous
angle dependence of the olefinic spin-spin coupling constants found by Laszlo and
Schleyer [15] in the series: norbornadiene (olef)), barrelene, cyclohexene, and
cyclooctatetraene is similarly reflected by a regular variation of the s — p content
of the CH hybrids along the series. The calculated and the experimental coupling
constants in the conjugated systems considered: ferrocene, benzene, and azulene
show a fairly satisfactory agreement. In azulene is particularly the difference
between the J values for the five and the seven membered rings well reproduced,
although the agreement for the individual J.:s_y values is less satisfactory.

There are no many experimental data on directly bonded carbon-carbon
coupling constants in hydrocarbons. Fortunately, the data are available for typical
carbon-carbon bonds, which makes it possible to extend the correlation over a
wide range of CC bonds. In Table 2 are listed the maximum overlap hybrids



76

Table 2.

Z. B. Maksi¢, M. Eckert-Maksié, and M. Randié:

Hybrids obtained by the maximum overlap method, the corresponding s characters and CC

overlap integrals, and the Jcis_ cis coupling constants calculated using the relationship of Frei and Bern-
stein and the modified expression introduced in this paper and the experimental Je1s _c1s values

Molecule Geometry CC-hybrids s % Bond overlap Jcis_cis spin-spin coupling
Refs. ————— constants
Refs.
Exp. Frei This
— ————— and paper
Refs. Bern-
stein
Ce¢Hs—H,C*~CPH, PP IT ab sp¥it 244 0.649 P 34+1 [6] 299 334cps
ba sp*?® 238 ‘
Ethane b sp*2® 238 0.648 B 36.6+03 292 326
Neopentane d ab sp*° 250 0.651 4 36.9 ce 306 34.2

ba sp*?* 237

<:>—C3—C"H3 m ab sp*?3 310 0.676 © 442403 [6] 395 441
ba sp*5 241

HC = C*CH, b ab spt1® 458 0.718 4 67.4 “ 623 687
ba sp*>°t 249

Ethylene b spt7? 368 0.764 A 67.6+0.1 ®™ 746 79.1

CH,~C=C~C'H, T ab spt1® 458 0718 © 68.6 [6] 619 683
ba sp®% 2438

C¢Hs—HC*=CPH, T ab sp*’t 370 0.765 © 70+3 [6] 749 794

Acetylene b sp®80 555 0858 B 171.5+0.2 173.7 172.8

CeH,—C*=C"H I ab sp®®  53.6 0.856 © 1759403 [6] 1678 167.1

bbb The pair of carbon atoms for which C**—C*? spin-spin coupling constants are calculated are
marked with superscripts a and b.

Bond lengths:

ST

=

e o

Standard bond lengths, as suggested in Ref. [6].

Bond lengths calculated by iterative procedure described in Ref. [7].

Tables of interatomic distances, L. E. Sutton ed., Chem. Soc. Special Publ. No. 11, 1958.
Costain,C.C., Stoicheff,B. P.: J. chem. Physics 30, 777 (1959).

Laurie, V.W.: J. chem. Physics 34, 1516 (1961).

Zeil, W,, Haase,J., Dakkouri, M.: Z. Naturforsch. 22a, 1644 (1967).

Almeningen, A., Bastiansen, O., Skancke, P.N.: Acta chem. scand. 15, 711 (1961).
Lawrence,J. L., MacDonald,S.G. G.: Acta crystaliogr. B 25, 978 (1969).

Morino, Y., Kuchitsu, K., Yokozeki, A.: Bull. chem. Soc. Japan 40, 1552 (1967).
Bastiansen, O., Hedberg, L., Hedberg, K.: J. chem. Physics 27, 1311 (1957).
Naumov, V. A., Bezubov, V.M.: Zhur, Strukt. Khim. 8, 530 (1967).

Bastiansen, O., Fritsch, F.N., Hedberg, K.: Acta crystallogr. 17, 538 (1964).

Maki, A.G., Toth,R.A.: J. molecular Spectroscopy 17, 136 (1965).

Hanson,A. W., as cited by Bastiansen, O., Derrisen,J. L.: Acta chem. scand. 20, 1319 (1966).

Coupling constants:

aa

bb
cc
dd

ee

Jackman,L.M., Sternhell,S.: Application of the NMR spectroscopy in organic chemistry,
2nd ed., p. 346. Oxford: Pergamon Press 1969.

Lynden-Bell,R.M., Sheppard, N.: Proc. Roy. Soc. (London) A 269, 385 (1962).

Litchmann, W. M., Grant,D.M.: J. Amer. chem. Soc. 89, 6775 (1967).

Schoolery,J. N., Johnson, L. F., Anderson, W.A.: J. molecular Spectroscopy 5, 110 (1960).
Burke,J.J., Lauterbur, P.C.: J. Amer. chem. Soc. 86, 1870 (1964).



C-H and C-C Spin-Spin Coupling Constants - 77

involved in various CC bonds of the several selected hydrocarbons, together with
the corresponding CC bond overlaps and the experimental carbon-carbon
Jcis_c1s Spin-spin coupling constants. By applying the least square procedure the
following correlation expression, assuming a linear dependence, is obtained:

JC13—-C13 =1020.5 af a%/(l + Séc) —8.2. (8)

The above expression may be considered as an extension of the relationship
introduced by Frei and Bernstein [5]:

']C‘3~—C13=575-5a% 35—344 (9)

who have ignored the dependence of J on variations of CC bond overlaps. The
overall agreement between the calculated, using the relationship (8), and the experi-
mental J values is fairly good. In several cases the calculated spin-spin coupling
constant is somewhat better than the one obtained by using the relationship of
Frei and Bernstein.

Before concluding this section we should comment on the relatively large
constant term in the linear relationship for Jeis_y (Eq. (7). Since the additive
constant in the Jeis_c1s correlation (Eq. (8)) is small it seems plausible to assume
that the constant term originates from the ionic character fo CH bonds. A simple
calculation for ethane and acetylene shows that by including as little as 1.2% of
ionic VB function describing the charge flow from hydrogen towards carbon the
additive constant —54.9 cps would be eliminated,

ff. Fraenkel, G, Asaki, Y., Mitchel, M.J., Cava, M. P.: Tetrahedron 20, 1179 (1964).

88 Alden,R. A, Kraut,J,, Traylor, T.G.: J. Amer. chem. Soc. 90, 74 (1968).

bk Spiesecke, H., Schneider, W.G.: Tetrahedron Letters 1961, 468.

i Laszlo,P., vonR.Schleyer, P.: J. Amer. chem. Soc. 85, 2017 (1963).

i Lauterbur, P.C.: J. chem. Physics 27, 217 (1957).

¥k Faton,P.E., Cole, T.W.: J. Amer. chem. Soc. 86, 962 (1964).

' Reddy,G.S., Goldstein,J. H.: J. molecular Spectroscopy 8, 475 (1962).

™ Whipple, E.B., Goldstein,J. H., Stewart, W.E.: J. Amer. chem. Soc. 81, 4761 (1959).

™% Muller,N., Pritchard, D.E.: J. chem. Physics 36, 359 (1962).

°°  Zimmermann, H.E., Grunewald,G.L., Paufler,R.M., Sherwin,M.A.: J. Amer. chem. Soc. 91,
2330 (1969).

*? QOlah,G.A.: J. Amer. chem. Soc. 91, 3954 (1969).

99 Tori, K., Numeyuki,R., Tanida, H.: Canad. J. Chem. 41, 3142 (1963).

”  Wiberg,K.B., Lapman, G.M., Ciula,R. P., Connor,D.S,, Shelter, P, Lavanish,J.: Tetrahedron
21, 2749 (1965).

* Lauterbur, P.C.: J. Amer. chem. Soc. 83, 1838 (1961).

Weigert, F.Y., Roberts,J.D., as cited by Gray,G.A., Maciel,G.E., Ellis,P.D.: J. Magnetic

Res. 1, 407 (1969).

Maximum overlap hybrids:

This paper. :
Maksi¢, Z.B., Eckert-Maksi¢, M.: Croat. chem. Acta 42, 433 (1970).
Randi¢, M., Mei¢, Z., Rubci¢: (To be published).
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Randi¢, M., Vujisi¢, Lj.: (To be published).
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Maksi¢, Z.B., Eckert-Maksi¢, M., Randi¢, M.: (To be published).

Z 0T m g o % >



78 Z. B. Maksi¢, M. Eckert-Maksi¢, and M. Randié:

Concluding Remarks

The Jcis_y coupling constants are the most thoroughly investigated spin-spin
coupling constants. However, their theoretical investigation and interpretation
have been the subject of controversy. Muller and Pritchard [2] and Schoolery [16]
proposed a linear dependance of J1s_y on the s character of the carbon hybrid
participating in the CC bond. This has been supported by a VB treatment of
Gutowsky and Juan [17]. Musher [ 18] argued that the influence of the hybridiza-
tion would be of minor importance if other factors, tacitly assumed to be constant,
like the dependence of J 15 on the effective carbon charge, are taken into account.
Duijneveldt, Gil, and Murrell [19] suggested that the avarage energy approxima-
tion and a localized bond concept are not justified and that the success of localized
bond models is accidental. Even more divers opinions persist on the theoretical
explanation of the Malinowski additivity rules [20]. Goldtsein and Hobgood [21]
used a simple orbital overlap argument in rationalizing the increases of the J.is_g
coupling constants of adjacent CH bonds by a substitution of a more electronegati-
ve nucleus. Considine [22] correlated Jgis_y of substituted methanes with the
orbital electronegativities and found a good linear dependence. Grant and
Litchman [23] have shown that the substitutent effects could be explained by
changes in the effective nuclear charge of the carbon atom in question. On the
other hand, Cyr and Cyr [24] invoked the variation of the lowest excitation energy
of substituted methanes and found a good agreement with the experimental data.
Brown and Puckett [25] investigated the correlation between CC stretching force
constant and J1s .y and concluded that J is influenced by bond polarity but not
by hybridization. Undoubtedly, all these factors contribute to the coupling con-
stants of a directly bonded nuclei and in many instances it has been difficult to
separate the individual contributions. This is especially true for systems having
atoms of very different electron withdrawing power. In hydrocarbons some of the
above mentioned factors are expected not to vary sharply from molecule to
molecule. Therefore, inspite of the drastic approximations involved, the linear
correlation presented in this paper may well contain all the essential factors of
importance when considering hydrocarbons. The good agreement between the
experimental and the calculated Jis g and Jois_ s coupling constants shows
that the hybridization is the dominant factor in determining and influencing the
variations of the direct spin-spin coupling constants, at least in the large family
of hydrocarbons. This confirms that the Fermi contact mechanism is responsible
for the magnitude of the coupling of the bonded nuclei. Also some superiority of
the relationships which take into account the variations of bond overlaps has been
demonstrated. The improvement obtained by the inclusion of the overlap integral
in the expression (5) is not unexpected, since it is equivalent to some measure to the
inclusion of the correlation between the electrons with different spins [26]. The
calculated coupling constants are generally quite sensitive on the magnitude of
bond lengths and bond angles employed in the calculation. The use of additional
and more accurate data may alter somewhat the correlation parameters appearing
in Egs. (7) and (8), but will not, we expect, change our main conclusions.

The present correlation of J and s character, the correlation of the chemical
shifts with the exponent n of s p” hybrids [27], the correlation of CC and CH bond
overlaps with bond lengths [7, 8], the possibility of the prediction of molecular
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angles [9, 12, 28, 291, the correlation of bond energies [ 30, 31] and thermodynamic
proton acidities [32], all these amply show that the hybrids obtained by the
suitably scaled maximum overlap method offer a good and useful approximate
description or, at least, hydrocarbon molecules.

Acknowledgement. We express our thanks to Professors H. J. Bernstein, M. Barfield, and M. M.
Kreevoy for their critical reading of the manuscript and useful comments.
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