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model, I, is inadequate for solvolysis in DMF and 
DMSO, if we accept that it is a satisfactory model for 
isomerization in sulfolane. More tentatively we sug
gest that one of the possible interpretations of Figure 1 
is that solvolysis, at least in DMF and DMSO, is an 
SN2 process in which solvent entry is well advanced 
on dissociation. 

Although solvolysis of the cis and trans cations leads 
to the same product, c/5-[CoCl(sol)(en)2]

2+, except in 
water (cf. eq 3 and 4), Figure 1 shows that the transition 
state for solvolysis of the trans cation is a significantly 
different species from that for solvolysis of the cis 
cation. This conclusion is the same, whether the 
mechanism is SNI or SN2. 

The nature of the carbon-metal bonding in the 
transition metal complexes of acetylene has been 

the subject of considerable speculation. According to 
the current theory,1 the carbon-metal bond has two 
components. The first part comprises of a bond of 
a character formed through the overlap between a metal 
hybrid orbital and the bonding TT orbital (ira) of acet
ylene, and is assumed to be largely responsible for the 
bonding. As the iru orbital is doubly occupied in the 
free molecule, the formation of this a bond necessarily 
leads to transfer of electron density from the acetylene 
onto the metal. It is assumed that this transfer of 
charge will be offset by the formation of a 7r-type bond 
through the overlap between a filled d^ orbital of the 
metal and an empty antibonding TT orbital (7rg) of acet
ylene. The net effect of this bonding on acetylene is 
thus the removal of electron density from the wu orbital, 
and a compensating buildup of charge in the 7rg orbital. 

Although this theory has gained wide acceptance, it 
has proved very difficult to find any evidence which un
ambiguously points to the formation of these r bonds. 
Attempts have been made to remedy this situation by 
measuring physical constants of the complexed acet
ylene and then comparing the results with the free-
molecule values. For example, a study of the C = C 
stretching frequency in a number of acetylene com
plexes revealed that, in many instances, it is decreased 

(1) J. Chatt and L. A. Duncanson, / . Chem. Soc, 2939 (1953). 

Experimental Section 

All solubilities were measured on analyzed samples.8'9'12'16'18-21 

The crystalline solids were equilibrated by rapid stirring with ther-
mostated solvent for the longest time possible, consistent with their 
instability in the solvent. The saturated solutions were analyzed 
spectrophotometrically and reproducibility was ±2%. Solvates 
were formed with perchlorate salts in dipolar aprotic solvents. 
The precipitated solid contained solvent which was detected by 
infrared measurements and could not be removed by exhaustive 
washing with dry ether. Solvates could not be detected when per-
chlorates were recrystallized from methanol or water. 
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to a value more appropriate for a double, rather than 
triple, bond.2,3 This may be interpreted as the result 
of 7T bonding, because the addition of electron density 
to the 7rg orbital will reduce the C-C bond order which 
in turn would, presumably, reduce the vibration fre
quency. Results of this type are not, however, very 
conclusive. 

Another interesting feature of the acetylene com
plexes is the change in the acetylene geometry which 
accompanies their formation.4,5 Acetylene, which is 
linear in the free state, usually assumes a czs-bent struc
ture in the complex. This change in geometry has been 
interpreted67 as evidence of metal-carbon -K bonding, 
because such a process would be expected to lead to an 
electron distribution analogous to that of the 1A11 ex
cited state of acetylene, which is known to be bent.8 

While being intuitively very attractive, this theory im
mediately presents two problems which must be re
solved before it can be accepted. The first problem 
is that the analogy with the electron configuration of the 

(2) J. Chatt, R. G. Guy, and L. A. Duncanson, ibid., 827 (1962). 
(3) J. P. Collman and J. W. Kang, / . Am. Chem. Soc, 89, 844 (1967). 
(4) J. O. Glanville, J. M. Stewart, and S. O. Grim, J. Organometal. 

Chem. (Amsterdam), 7, 9 (1967). 
(5) G. R. Davies, W. Hewertson, R. H. B. Mais, and P. G. Owston, 

Chem. Commun., 423 (1967). 
(6) R. Mason, private communication. 
(7) M. Baird, G. Hartwell, R. Mason, A. I. M. Rae, and G. Wilkin

son, Chem. Commun., 92 (1967). 
(8) C. K. Ingold and G. W. King, J. Chem. Soc., 2702 (1953). 
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Abstract: The geometrical effects of metal-carbon -w bonding on complexed acetylene have been investigated 
using a model based largely on acetylene intramolecular interactions. The calculations showed that the accumu
lation of electron density in the 7rg orbital through -K bonding could lead to either a cis- or a trans-bent structure, 
whereas only cis-beat structures are observed experimentally. It was found that it was possible to explain this 
fact in terms of an argument based solely on the symmetry of the metal-acetylene interaction. A similar argument 
showed that the same forces were also opposed to the cis bending of the hydrogen atoms toward the metal but had 
little effect on cis bending away from the metal. 
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Figure 1. Variation of equilibrium CCH angle in acetylene with 
change in electron distribution: (a) separate addition of electron 
density to the T* orbital and subtraction of density from the xu 
orbital; (b) simultaneous addition to r* and subtraction of an equal 
density from T11. 

1A11 excited state is not complete, as may be seen as fol
lows. If the z axis is taken to lie along the molecular 
axis, then the ground-state 7r-electron configuration is 
Ouz)%TTn

yY (D„h), where TTU
X is the TTU orbital in thezx 

plane. The excitation of a ir electron into an anti-
bonding TT orbital leads to a number of excited states, 
1Su-, 1S11

+, and 1Au, together with the corresponding 
triplet states. The 1A11 state probably correlates with 
the 2 U - state of the linear molecule,9'10 which is derived 
from the electron configuration (7ru*)1(7ru

:y)2(7rg
:v)1 (D10n), 

which, in the bent structure, becomes (au) *(bu)
 2Ca8)

1 

(C2n). Turning now to the complexed acetylene, if the 
metal is taken to lie in the xz plane, the combined a and 

(9) H. W. Kroto and D. P. Santry, J. Chem. Phys., 47, 792 (1967). 
(10) J. A. Pople, D. P. Santry, and G. A. Segal, ibid., 43, S129 (1965). 

-a- bonding may be expected to lead to an electron 
distribution in which the electron density is added to a 
7rg orbital in the same plane as the 7ru orbital from which 
density was removed. This distribution would be of 
the type (TTU

X)K^)KT8*)1 (D„h) which corresponds more 
closely to the 1A11 or 1Su+, rather than to the 1Su-, 
excited state. Even here, the analogy is not complete, 
because the excited states have open-shell electron con
figurations, with the appropriate coupling of the elec
tron spins. The second problem is that the observed 
excited-state geometry is trans bent,8 whereas the com
plexed acetylene is always cis bent. 

Although some theoretical evidence exists for a cis-
bent excited state of acetylene,9 the necessity of explain
ing why the trans-bent geometry is suppressed in favor 
of the cw-bent structure remains a barrier to the general 
acceptance of this theory. In the present paper, this 
problem is investigated theoretically, by using CNDO 
(complete neglect of differential overlap) molecular 
orbital theory10,11 to calculate the bond angles of acet
ylene as a function of the electron densities in the 7ru 

and TTS orbitals. The CNDO method lends itself par
ticularly well to this purpose because, while being com
putationally very simple, it has proved very successful 
in the calculation of bond angles for a large range of 
molecules, in both their ground and lowest excited 
states. Significantly, the lowest singlet excited state of 
acetylene has already been successfully treated using 
CNDO theory.912 

Theory 

The model calculation discussed above can be per
formed by making a slight modification to the conven
tional CNDO method.1113 In particular, the bond-
order matrix must be adapted to the acetylene electron 
distribution which results from the formation of the 
metal-acetylene bond. 

Let the electron density which is removed from 7ru 

through the formation of the <x part of the bond be 
p„ and the electron density which is donated to the TT% 

orbital through TT bonding be p*. The bond-order 
matrix for the complexed acetylene is then given by 

/ V = 2]TCMiC,< + PfC111Cn - PrC^C* (D 

where CM< is the coefficient for the juth atomic orbital in 
the /th (occupied) molecular orbital of acetylene. The 
letters k and / label the TTU and 7rg orbitals, respectively. 

The charge densities pT and p,* can be interpreted in 
terms of molecular orbital theory as follows. If the 
coefficient of 7ru in the molecular orbital for a metal-
acetylene (X bond is g, and the coefficient of TTS in the 
corresponding TT orbital is / , then 

Pn = 2 2g2 

Pr" = 2/2 

(2) 

(3) 

Given the densities p„ and p*, an approximate Fock 
matrix may be calculated for the complexed acetylene 
using eq 1 for the bond-order matrix, and the molecular 
energy and electron distribution can then be calculated 
using the conventional SCF procedure.14 

(11) J. A. Pople and G. A. Segal, ibid.. 44, 3289 (1966). 
(12) H. W. Kroto and D. P. Santry, ibid., 47, 2736 (1967). 
(13) J. A. Pople and G. A. Segal, /. Chem. Phys., 44, 3289 (1966). 
(14) C. C. J. Roothaan, Rev. Mod. Phys., 23, 69 (1951). 
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Figure 2. Variation of acetylene energy with change in electron distribution. The energy plotted here is the difference between that for 
linear acetylene with its normal electron distribution and that for acetylene bent at the equilibrium CCH angle for the specified electron dis
tribution: (a) addition of electron density to the T* orbital; (b) subtraction of density from xu; (c) simultaneous addition to ir* and sub
traction of an equal density from TTU. 

In the present treatment a series of values is as
signed to p , and px* to represent the various degrees of 
a and IT bonding, and the molecular energy is then cal
culated as described above. The theoretical geometry 
of the complexed acetylene is calculated, for each pair 
of values for p, and p„*, by minimizing this energy with 
respect to both cis and trans bending. 

Theoretical Results for Acetylene 

In the following section the geometry of acetylene is 
discussed in terms of the electron densities in the 7ru and 
7rg orbitals and the effect of the metal-acetylene inter
actions. 

As a range of C-C bond lengths are observed for 
acetylene in the various complexes,4,5 it would appear 
necessary to repeat our calculations for several dif
ferent values of this parameter. However, calculations 
based on both the free molecule bond lengths,15 and the 
C-C bond length observed in [(>BuC=CBu-r)0-tolui-
dine)PtCl2]-,5 showed that bond-length changes of the 
magnitude observed have an insignificant effect on the 
final results. Hence all calculations presented here were 
performed using a single set of bond lengths (rCc — 
1.27 A5 and/-en = 1.058 A). 

(a) Bond Angles. Figure la shows the geometry 
changes which result from the addition of electron 
density to the 7rg orbital, or the subtraction of density 
from the wn. It can be seen that the latter process does 
not lead to any change in geometry, the only effect 
being a steady increase in energy (Figure 2b). How
ever, Figure la shows that if electron density is added 
to 7rg, the linear molecule becomes unstable with re
spect to both cis and trans bending. Furthermore, the 
degree of bending induced is almost linearly propor
tional to the added electron density, with trans bending 
being slightly greater than cis. Figure lb shows the 
effect of simultaneously adding and subtracting 
equal charge densities to and from the 7Tg and 7ru orbi-

(15) G. Herzberg, "Molecular Spectra and Molecular Structure," 
Vol. Ill, D. Van Nostrand Co., Inc., Princeton, N. J., 1966. 

tals, respectively. Qualitatively, the results are similar 
to those shown in Figure 1 a; however, the simultaneous 
removal of electron density from the 7ru orbital has en
hanced both trans and cis bending. 

So far, the calculations have shown that the electron 
distribution which is likely to result from 7r bonding can 
lead to either a cis- or a trans-bent acetylene. How
ever, as yet it is not clear why the cis geometry is ob
served but not the trans. The possibility of a nonplanar 
geometry was also investigated, but the molecule was 
found to be planar for all the above electron distributions. 

(b) Energies. The removal of electron density 
from the 7ru orbital and its effective substitution in the 
7rg orbital will lead to a significant increase in the energy 
of acetylene. If the complex is to be stable this must, of 
course, be more than offset by the decrease in energy 
which results from the formation of the metal-acetylene 
bond. Unfortunately, we are only in a position to 
study the energy changes in the acetylene fragment. 
This is, however, of some interest, and probably has a 
bearing on the reason why the trans geometry is not ob
served. 

The results of the energy calculations, for three elec
tron distributions, are shown in Figure 2. The most 
significant feature of these diagrams is that they show 
that, for a given electron distribution, the m-bent 
structure is lower in energy than the trans, by an amount 
which can be more than 1 eV. Although too much sig
nificance should not be attached to this result, it does 
offer some explanation for the absence of trans-bent 
complexes. 

(c) The Metal-Acetylene Interaction. The calcu
lations reported above are based on the assumption 
that the geometry of complexed acetylene is largely 
determined by forces from within the acetylene mole
cule itself. As this will only be true if the metal-acet
ylene bond is not weakened by the geometry changes con
sidered, it is clearly necessary to discuss the dependence 
of the metal-acetylene interaction on the cis- and trans-
bending coordinates. 

Blizzard, Santry j Geometry of Acetylene 
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Figure 3. The relative signs of the 2s and 2pT atomic orbital com
ponents of the w- and o--bonding molecular orbitals for /raw-bent 
acetylene: (a) irn orbital with metal <r orbital; (b) T* orbital with 
metal d„ orbital. 

Figure 4. The relative signs of the 2s and 2p, atomic orbital com
ponents of the T- and <r-bonding molecular orbitals for cw-bent 
acetylene: (a) xu orbital with metal a orbital; (b) T* orbital with 
metal d,- orbital. 

Both cis and trans bending of acetylene cause certain 
of the a and ir orbitals to mix through a reduction in the 
molecular symmetry. This mixing leads to a change in 
the composition of the 7ru and rg molecular orbitals, 
which in turn modifies their overlap with the central 
metal atom. The resultant dependence of the metal-
acetylene overlap on the bending coordinates gives rise 
to a bending force, both directly through changes in the 
total energy of the complex, and indirectly through in
duced changes in pT and p*. Fortunately, many im
portant properties of this force may be determined from 
symmetry arguments alone, without recourse to detailed 
calculations. 

Although the original proponents of the current de
scription of the metal-acetylene bond formulated their 
theory in terms of the 7ru and irg orbitals, there are no 
symmetry restrictions on the <rg and <ru orbitals also 
forming the same type of bonds. Thus the a part of the 
metal-acetylene bond could be formed through the 
overlap between a filled ag orbital and a metal hybrid 
orbital, and the n bond could be formed through the 
overlap between an empty cru orbital and a metal d„. 
orbital. There is, however, an important distinction 
between the a and -K orbitals, in that the parities of the a 
and 7T orbitals which occur in a given type of bond are 
reversed; <rg goes with wu, and ua with ir%. It follows 
from this discussion that a decrease in the overlap be
tween the metal and the acetylene ir orbitals will result 
if the symmetry of the bending coordinate is such as to 
allow a- and w orbitals of the same parity to mix. The 
resultant decrease in overlap will weaken the metal-
acetylene bond and hence give rise to a strong force 
opposed to the bending. 

Applying these arguments to the case of trans-bent 
acetylene, we see that as the /ra«5-bending coordinate 
preserves a center of symmetry (Dah -*• C2h), it only mixes 
<r and IT orbitals which are of the same parity, as shown 
in Figure 3. Hence the trans bending of an acetylene 
molecule within a complex leads to a strong opposing 
force, which is derived from the weakening of the metal-
acetylene bond. Furthermore, as trans bending must 
also lead to a reduction in pT and pT* under these cir
cumstances, this opposing force will be stronger than the 
intramolecular trans-bending force previously discussed, 
and the dominant force operating within the complex 
will therefore be opposed to the trans bending of the 
acetylene. Thus, according to the present theory, 
the absence of trans-bent acetylene complexes can be 

explained in terms of the weakening of the metal-
acetylene bond which accompanies trans bending. 

Turning to the m-bent geometry, we find that the 
symmetry properties are now reversed. As the cis-
bending coordinate preserves a plane of symmetry 
which connects the two hydrogens (D«.h -*• C2v), it 
mixes only <r and x orbitals which are of opposite par
ity, as shown in Figure 4. Thus the a contributions, 
to both 7T orbitals in the cis-bent acetylene, are of the 
correct symmetry to overlap with the appropriate metal 
orbitals and to form the metal-acetylene bond. These 
a overlaps will weaken or reinforce this bond depending 
on whether or not they are of the same sign as the cor
responding IT overlaps. The relative signs of the coef
ficients of the 2s and 2pT orbitals, as found by calcula
tion, are shown for both IT molecular orbitals in Figure 
4. The contributions from other a atomic orbitals 
are not included in this diagram as they were found to be 
much smaller than that of the 2s orbital. It can be seen 
from Figure 4 that if the metal atom and the protons 
are situated on opposite sides of the C-C bond, all 
atomic overlaps will have the same sign and will com
bine to yield a large net overlap. However, if the metal 
and protons are on the same side of the C-C bond, the 
atomic overlaps will have opposite signs and will yield a 
small net overlap. Thus the theory predicts that there 
will be a strong force opposed to the cis bending of the 
protons toward the central metal. It is difficult to de
termine the magnitude or direction of the corresponding 
force for cis bending away from the metal, as this de
pends on the magnitudes of the 2s-d, overlap as com
pared with the 2pT-d». overlap. In the case of Pt at 
least, a direct calculation shows these overlaps to be 
comparable in magnitude, 2s-5d, = 0.232 and 2p,-5d r 

= 0.189,16 so that cis bending away from the metal 
should have little effect on the strength of the metal-
acetylene bond, and this contribution to the bending 
force may be safely neglected. 

The discussion of the metal-acetylene interaction, 
which has just been outlined, raises the interesting ques
tion of the nature of acetylene orbitals which are re
sponsible for the metal-acetylene bonding in the cw-bent 
complex. The present calculations suggest, in agree
ment with the accepted theory, that it is the iru orbital 
which participates in the formation of the <r component 
of the bond. However, at experimental values of the 
m-bending angle, this orbital does have a small, yet 

(16) These figures are based on the geometry given in ref 4. 
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nevertheless significant, contribution from a <rg orbital. 
In the case of the TV component, our calculations suggest 
that the situation is not as clear-cut, and that, in fact, the 
<xa and 7rg orbitals make about equal contribution to the 
metal-acetylene ir bond. The calculations also suggest 
that the 7r-bonding orbital correlates with <ru in the linear 
molecule. 

In view of the strong mixing between the <xu and 7rg 

orbitals, the symbol r* will be adopted for the 7r-bond-
ing orbital in preference to irg. 

Comparison of Theoretical and 
Experimental Bond Angles 

As the present theory is based on two empirical pa
rameters, pr and p*, it does not lend itself to the pre
diction of the acetylene bond angles to be expected in a 
given complex. Also, the electron distribution cannot 
be determined unambiguously from the experimental 
geometry, as it is defined approximately by two pa
rameters, P1, and p*. However, Figure 1 does give 
some indication of the magnitude of the intramolecular 
bending force, so that a comparison with experimental 
data should show whether the proposed charge redistri
butions are physically reasonable. 

The molecular geometries of the acetylenes in [(/-
BuC=CBu-0Otoluidine)PtCl2]-s and [(triphenylphos-
phine)(diphenylacetylene)Pt]4 have been determined 
from the X-ray analysis of their crystal structures. The 
?-butylacetylene was found to be 15° cis bent while the 
diphenylacetylene was found to be 40° cis bent. 

Turning to Figure 1, the first fact to emerge is that, 
according to the present theory, the presence of a cis-
bent structure must indicate metal-carbon ir bonding in 
the complex. This may be deduced from the fact that 
the removal of electron density from the iru orbital does 
not by itself lead to a change in geometry. It can also 
be seen from Figure 1 that, if we limit ourselves to the 
simple electron distributions investigated in the present 
paper, the above bond angles can be accounted for by 
an effective transfer of respectively 0.35 and 0.7 electron 
from the 7ru to the w* orbitals. As no attempt has been 
made to find the electron distribution which optimizes 
the bending, it seems probable that the above densities 
represent an overestimate of the amount of charge 
which it is necessary to transfer in order to achieve the 
desired bond angles. The fact remains, however, that 
significant electron redistributions are necessary to 
achieve the observed bond angles. Although these 
electron transfers are rather larger than generally en
visaged, it is observed experimentally that the excita
tion of one electron from trn to 7rg in acetylene leads to 
only a 60° (trans) bend.8 

The m-Bending Force. The origin of the c/s-bending 
force in a complexed acetylene molecule can be deter
mined from the variation of the atomic charge densities 
with this bending coordinate. 

Let us consider the redistribution of electron density 
among the acetylene atomic orbitals which results from 
the formation of the metal-acetylene bond, which we 
simulate by the transfer of 0.3 unit of electron density 
from the TTU to the w* orbital, and the corresponding 
electron redistribution which results from an increase in 
the c/s-bending angle. These atomic charge redistribu
tions, as represented by the differences in the atomic 
charge densities (PMM), are set out in Tables I and II. A 

Table I. Difference between the Diagonal Elements of the 
Bond-Order Matrices for Acetylene with 0.3 Electron Removed 
from the *•„ Orbital and Placed in the T* Orbital, and Acetylene in 
the Usual Ground-State Electron Configuration0 

Atomic orbital h 2s 2px 2p„ 2ps 

Charge density 0.043 0.082 -0.1340.0 0.010 
° h = hydrogen Is orbital, etc. 

Table II. Difference between Diagonal Element Matrices for 
4 ° cw-Bent Acetylene, and 1 ° w-Bent Acetylene0 

Atomic orbital h 2s 2px 2pj, 2p, 
Charge density -0.009 -0.016 0.028 0.0 -0.003 

" The electron distribution in both cases corresponds to 0.3 
electron added to ir* and 0.3 electron removed from ira. 

comparison of the density differences in these two tables 
shows that the electron redistribution which is produced 
by the change in geometry is exactly opposite to that 
produced by the formation of the metal-acetylene bond. 
It appears, therefore, that the acetylene intramolecular 
c/s-bending force derives from the tendency of acetylene 
to reverse the atomic redistribution of electron density 
which is produced by the formation of the metal-acet
ylene bond and to approach the free-molecule electron 
distribution by mixing the <ru and -irg molecular orbit
als. 

The above discussion suggests that there are two, al
most complementary, bending mechanisms for acet
ylene. According to Walsh,17 the trans-bending force 
derives from the mixing of <rg character into the 7rg or
bital, whereas we have found that, in the case of cis bend
ing, the force derives from the mixing of 7rg character 
into a <ru orbital. 

Summary and Conclusions 

The nature of the bonding between acetylene and a 
central metal atom, in a transition metal complex, has 
been investigated using an idealized model which mainly 
considers the interactions within an isolated acetylene 
molecule. It was hoped that this investigation would 
help to determine whether or not the presence of a cis-
bent acetylene in a complex indicated T bonding of the 
type described in the introduction, and also add to 
the qualitative description of the ir bond. 

The calculations snowed that the addition of electron 
density to the ir* orbital could lead to either a cis- or a 
trans-bent acetylene structure, with the cis structure 
being slightly lower in energy. The removal of electron 
density from the 7ru orbital did not lead to a change in 
geometry by itself, but when it accompanied the addi
tion of density to IT* it strongly enhanced the bending/ 
It was also shown, using symmetry arguments, that the 
trans bending of a complexed acetylene led to a weaken
ing of the metal-acetylene bond, and that the dominant 
force within the complex is therefore opposed to this 
change in geometry. The same argument suggested 
that cis bending of protons of the complexed acetylene 
away from the central metal probably has little effect on 
the strength of the metal-acetylene bond, so that the 
acetylene geometry is largely determined by the c/s-
bending force calculated in the previous sections. 

These results suggest that, according to the present 
theory, the presence of c/s-bent acetylene in transition 
metal complexes is a strong indication of ir bonding. 

(17) A. D. Walsh, J. Chem. Soc, 2260 (1953). 
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Furthermore, they help to clear up some of the para
doxes of the excited-state theory discussed in the intro
duction, and to clarify the relationship between T bond
ing and the w* •*- r excited states. 

Turning now to the nature of the acetylene orbital 
which is used to form the metal-acetylene T bond, we 
find that at experimental values of the ds-bending angle 
it is an almost equal mixture of ivg and crn molecular 
orbitals. As the au orbital is antibonding between the 
carbon 2s orbitals, the formation of the metal-acet
ylene IT bond will lead to a reduction in the 2s character of 

The availability of several 4-substituted pyridine 1-
oxides3 has prompted many attempts to correlate 

substituent constants for the various groups with ob
servable properties of either the N-oxides themselves or 
their complexes. In almost every instance it was neces
sary to use adjusted Hammett a constants (a+, a~, or 
a*) rather than the <r constants themselves in order to 
obtain these correlations. In fact, some correlations 
utilized a+, a, and a~ on the same plot. 

Many reasonable correlations between measured 
physical properties of a system containing substituted 
pyridine 1-oxides and a hybrid set of substituent param
eters have been found.4_ '4 Nevertheless, it is indeed un
fortunate that one single set of substituent parameters 
has not been employed. As is now the practice, use 

(1) National Institutes of Health Predoctoral Fellow, 1966-1968. 
(2) National Science Foundation Trainee, 1966-1969. 
(3) E. Ochiai, J. Org. Chem., 18, 534 (1953). 
(4) D. S. Dyer and R. O. Ragsdale, Inorg. Chem., 6, 8 (1967). 
(5) R. G. Garvey and R. O. Ragsdale, J. Inorg. Nucl. Chem., 29, 

745 (1967). 
(6) D. W. Herlocker, R. S. Drago, and V. I. Meek, Inorg. Chem., 5, 

2009 (1966). 
(7) C. R. Kanekar and H. V. Venkatasetty, Curr. ScU, 34, 555 (1965). 
(8) S. I. Shupack and M. Orchin, J. Amer. Chem. Soc., 85, 902 (1963). 
(9) T. Kubota and H. Miyazaki, Bull. Chem. Soc. Jap., 39, 2057 

(1966). 
(10) W. E. Hatfield and J. S. Paschal, J. Amer. Chem. Soc, 86, 3888 

(1964). 
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the acetylene carbon-carbon bond, which should be re
flected by a corresponding reduction in the carbon-
carbon nuclear spin coupling constant. 

The above discussion suggests that the theory of metal-
acetylene 7T bonding could be tested experimentally by 
measuring the change in the acetylene C = C nuclear 
spin coupling constant which accompanies the forma
tion of an acetylene complex. 
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of a hybrid set of substituent parameters makes com
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Therefore, we suggested a return to the fundamental 
definition of substituent parameters. An internally 
self-consistent set of values based upon the measured 
acid dissociation constants, KBii+, was calculated from 
the Hammett relationship15 for the pyridine 1-oxides. 
All of the presently available data may be satisfactorily 
correlated with crpyKO constants. There exists no ex
ample to our knowledge where adjusted <TpyNO values 
are necessary. 

Until now, no correlations have been made with any 
of the properties of the quinoline 1-oxides. An in
vestigation of the hydrogen-bonding properties of a 
series of 4- and 6-substituted quinoline 1-oxides was 
undertaken to test the applicability of these new con
stants and to compare the properties of the quinoline 
1-oxides with those of the pyridine 1-oxides. The 
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Abstract: The use of pyridine 1-oxide a constants (<rpyN-0) has been extended to the quinoline 1-oxide system. 
The hydrogen-bonding interactions of /j-chlorophenol, phenol, and />-methylphenol with 4-substituted pyridine 
1-oxides and 4- and 6-substituted quinoline 1-oxides (the substituents being (CHs)2N, CH3O, CH3, H, Cl, Br, 
CN, CO2CH3, and NO2) have been studied. AH values for the reactions have been calculated and are tabulated. 
Correlations have been obtained with crPyNo constants for the change in the hydrogen-oxygen stretching frequency 
Â oH- It is found that Av0s frequencies for the interactions with 4-substituted pyridine 1-oxides and 4-substituted 
quinoline 1 -oxides correlate with crpyNo constants, whereas, the AVOH values for the interactions of 6-substituted quino
line 1-oxides are best correlated with Hammett a constants. 
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