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Abstract-Molecular orbital calculations have been conducted on a series of planar, cyclic, completely 
conjugated carbenes and their nonplanar isomers. Energy surfaces have been probed using reaction 
coordinate diagrams and vibrational force constant calculations. The importance of the nonplanar allenic and 
carbenic isomers is emphasized. In most cases, planar, cyclic, completely conjugated carbenes are not found to 
be energy minima. 

Completely conjugated, carbocyclic carbines have 
held a special place. in the chemistry of divalent carbon 
intermediates. The earlier simplicity of a series of 
carbenes whose properties might be described in terms 
of the Hiickel4n + 2 rule has recently given way to more 
complex relationships in which nonplanar isomers 
must also be considered. We would now like to follow 
up our preliminary reports,‘.’ with the full results of a 
theoretical investigation of a series of planar carbenes 
and the search for their potential valence isomeric 
nonplanar allene and carbene counterparts using the 
MNDO molecular orbital (MO) method.30 

There have been various MO calculations on 
carbenes 1, 3, 5 and 7 reported in the literature.” 
These have used a wide range of sophistication in MO 
computational techniques. The structural assumptions 
have also varied and in all cases, some sort of artificial 
symmetry constraint has been imposed or implied with 
the structures. Nonplanar structures have been 
considered in only two ca.se~.~*~ 
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An important aspect of this report which eases 
comparisons is the fact that a single MO technique has 
been used in all cases. More importantly, the energy 
surfaces have been probed by the use of reaction profiles 
and by the use of vibrational force constant 
calculations. 

The pertinent questions for each ring size will be the 
following. (1) What is the electronic ground state of the 
carbine ifit is constrained to planarity? (2) Is the lowest 
energy singlet carbine better described as a a2 or a n2 
carbene?94 (3) Is a nonplanar, conjugated allene or 
another nonplanar form a reasonable alternative to the 
planar carbene form? (4) Finally, if a nonplanar form is 
a viable intermediate, does an energy barrier separate it 
from its planar carbene analog? The results of the 
calculations will be compared to experimental data 
whenever possible. 

RESULTS AND DlSCUSSlON 

General 
The MNDO program is capable of minimizing the 

energy of a given species by changing all of the 
geometric variables in the structure. Since an 
“optimized” geometry may turn out to be a local 
minimum, at least two different starting geometries 
were used to approach each energy minimum. It is 
sometimes very difficult to recognize the nature of a 
molecular orbital (symmetric or antisymmetric, u or n, 
etc.) if the molecule is not oriented in the coordinate 
system in a logical way. In this work, dummy atoms and 
dependent functions which kept the x-axis bisecting the 
carbenic angle or the angle at the central allenic C and 
kept these carbons and their flanking C atoms in the 
x-y plane were used. 

The inappropriate use ofsymmetry constraints when 
calculating structural energy minima can lead to 
erroneous results. This point must be checked. In the 
cases of the planar singlet carbines 1, 3, 5 and 7, the 
geometric optimizations were performed with and 
without C,, symmetry. There were essentially no 
differences in the geometries, heats of formation (AH,), 
orbital energies, and charge distributions. For 
simplicity in reporting the geometries (Fig. 1). 
symmetric structures are given.‘” The allene 6 was 
treated with and without C2 symmetry constraint. The 
difference was again negligible. The same held true for 
nonplanar 7 with C, symmetry and with those 
constraints removed. These examples are in contrast 
with 8 where C, constraint led to a much different 
geometry than when this symmetry was relaxed. The 
half-electron method was used for the triplet states. 

An MNDO-based program was used tocalculate the 
vibrational force constant matrices for intermediates 
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Fig 1. The geometries of singlet 1, and 3-g. The bond lengths 
are in Angstroms and the angles are in degrees. See ref. 96. 

and transition states ofinterest. 1 1 Structures which had 
all of their 3N-6 degrees of geometric freedom 
optimized (2N - 3 for planar structures) were used for 
calculating the vibrational force constants. An energy 
minimum (a stable compound or a reactive 
intermediate) has no negative vibrational force 
constants.” A transition state is a saddle point which 
has one and only one negative vibrational force 
constant. A species which has two or more negative 
force constants indicates a structure which is not a 
significant point along a reaction pathway. The very 
recent and profitable use of these criteria has been 
reported.’ 3a 

Since the MNDO method is parameterized to give 
excellent heats of formation and geometries for 
ordinary organic molecules, one might wonder how 
closely it predicts the properties ofsuch reactive species 
as carbenes. Unfortunately, there is not much 
experimental data on the heats of formation and 
geometries of carbenes. There is information, though, 
concerning the parent carbene, methylene (CH,). The 
MNDO (and experimental) heats of formation for 
singlet CH, are 107.4 kcal/mo13* ( 10213*) and for triplet 
CHI are 77.3 kcal/mo13* (9313*). MNDO significantly 
overestimates the stability of triplet CH,. If this 
difference holds roughly for all carbenes, it could 
possibly alTect our conclusions in this study in the case 
ol’carbene 5 (Tables 1 and 2). Since singlet 5 is predicted 
not to be an energy minimum, though, this possible 
error in the calculated singlet-triplet energy gap loses 
some of its significance. The need to experimentally test 
the predictions of any molecular orbital method is 
paramount. It is hoped that clever experiments will be 
designed to test the results of these calculations, 
determining the level of confidence that can be placed 
on MNDO calculations for very reactive intermediates. 

Table 1. Heats of formation and nature of the energy surface for 1.3 and 5-8 

Structure AH,, 
kcal/mol 

Number of negative 
vibrational 

force constants 

Nature of 
structure 

1 (triplet, C,,) 180.4 
1 (singlet, C,.) 152.3 
3 (triplet, C,,) 119.5 
3z (singlet, C,,) 146.9 

3u (singlet, C,,) 
3 (singlet, CJ 
4 (singlet, C,) 
5 (triplet, C,,) 
5 (singlet, C,,) 
6 (singlet, C,) 
6 (triplet, C,) 

141.2 
140.5 
145.0 
97.4 

114.4 
91.5 
- 

7 (triplet, C,,) 
7 (triplet, CJ 
7 (triplet, C,) 
7 (singlet, C,,) 
7 (singlet, C,) 
7 (singlet, CJ 
8 (singlet, C,) 
8 (singlet, C,) 

126.0 
(119.7). 
(124.6). 
141.0 
139.4 
133.0 
97.1 

zero 

two 

one 

one 
Zero 

- 

one 
zero 
zero 
zero 

an energy minimum 

not a significant 
structure 

a transition state 

- 

a transition state 
an energy minimum 
neither a transition 

state nor an energy 
minimum 

a transition state 
an energy minimum 
an energy minimum 
an energy minimum 

* These energies are the results of single calculations for the triplet state at the geometry of 
the corresponding singlet states. Geometric optimization would lower these energ@. 
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Fig.2.Thegeometriesofplanar(C,,),triplet 1,3,5and7,Thebond lengthsarein Angstromsand theanglesare 
in degrees. 

Cyclopropenylidene (1) and 1,2-cyclopropadiene (2) 
The parent cyclopropenylidene (1) has not yet been 

generated but the diphenyl derivative has been 
reported.14 It shows nucleophilic behavior by adding 
to dimethyl fumarate but not to cyclohexene. This is 
indicative of the a* carbene. There is no information 
concerning the electronic state of the carbene which is 
responsible for this reaction. 

There have been more calculations reported for 1 
than for 3, 5 or 7 due, in part, to the economy of 
theoretical work with small rings. In each case, asinglet 
ground state carbene is predicted with the carbenic 
electrons occupying the u system (c’).~ Not 
surprisingly, MNDO also predicts a singlet ground 
state with a a2 carbene configuration. Singlet 1 is 
predicted to be more stable than triplet 1 by 28 
kcal/mol. Other values reported for this separation are 
80.9 (INDO? and 52 kcal/mol(MCSCF4’). The triplet 
1 reported in Fig 2 has a shorter Cl-C2 bond than the 
C2-C3 bond. We also find a local minimum at 16 
kcaI/mol higher energy with a shorter C2-C3 bond. 

Since the three carbons of 2 must reside in a plane, 
any nonplanarity in 2 is most simply described as out- 
of-plane C-H bond bending. This could skew the II 
system and might allow some overlap with the 
previously orthogonal e orbital. Starting geometries 
that had the hydrogens on the same or opposite sides of 
the ring resulted in final structures that were essentially 
identical with planar 1. In addition, the vibrational 
force constants for planar singlet 1 were allpositioe. The 
evidence that planar 1 is an energy minimum is indeed 
strong. 

Note added in proof: a report of the matrix isolation 
of 1 appeared subsequent to the submission of this 
paper. H. P. Reisenauer, G. Maier, A. Riemann and R. 
W. Hoffmann, Angew. Chem. Int. Ed. Engl. 23, 641 
(1984). 

Cyclopentadienylidene (3) and 1,2,4_cyclopentatriene (4) 
The chemistry of3 appears to be well established. It is 

a ground state triplet” but its solution chemistry 
results from the singlet state.16 Extended Hiickel (EH) 
calculations predict 3 to be a ground state triplet.& 

Two MNDO energy minima are found for planar 
singlet 3 and are shown in Fig. 1. The eigenvectors show 
that these correspond to a2 and n* carbenes, with 3a 
being more stable than 3~ by ca 6 kcal/mol (probably 
within the error ofthe calculation method). It is possible 
to find both only because widely different starting 
geometries were used for the optimizations. All reports 

d d 
3n 30 

to date have been concerned with the rr* carbene(3n)” 
The structural differences between 3a and 3~ are 
exactly what one would expect for the u* and rr* 
carbenes. The antiaromatic 3u is expected to show 
bond localization. Since 3n has six 7~ electrons, we 
expect some x bond delocalization, which is indeed 
found. The angle at the carbene carbon in 3n (129.7”) is 
larger than the corresponding angle in 3u (105.2”). We 
would expect that a rr* carbene would have a larger 
carbenic angle to allow for more p character in the 
LUMO which is a u orbital, highly localized on the 
carbene carbon. 

Although 3u and 3n both have positively charged 
carbene carbons (+ 0.073 and + 0.2 19, respectively), it 
is the frontier MO considerations that are important in 
determining the cycloaddition tendencies.‘* The 
HOMO-LUMO separations in 3u and 3x are very 
similar and would make their cycloaddition electronic 
tendencies very similar. In other words, the 
antiaromatic component of 3u gives it electrophilic 
properties which would also be consistent with 
previously reported experimental results.i9 Figure 3 
shows slices of the energy surface as a function of the 
carbenic angle and illustrates the need to try quite 
different starting geometries in these structural 
optimizations. If a normal pentagon is used for the 
starting carbon framework (carbene angle = 108”) 3u 
will finally result. If a carbene angle greater than about 
119” is used, 3n will result. The conversion of 3n to 3u is 
forbidden for the planar structures but their 
interconversion could occur through a nonplanar 
intermediate or transition state. 

The force constant calculations for planar 3u and 3n 
are extremely informative and makes much of the 

I - I ’ I . 

Fig. 3. The heat of formation of planar cyclopentadienylidene 
(3) as a function of carbenic angle. The C-H bond distances 
were maintained at 1.1 Angstroms and the C-H bonds were 
forced to bisect the C-C-C angle to whose central carbon 
the hydrogen in question was attached. Therefore, the energies 
of the minima differ somewhat from those reported in Table 1. 
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above discussion moot. The planar 3u has one negative 
oibrationulforce constant. The vibrational mode which 
corresponds to this force constant (“frequency” = 171 
icm-’ ) would transform the intermediate to a structure 
of C, symmetry (mirror plane). In other words, the 
planar C,, 3a carbene is a transition state and not an 
energy minimum. It would transform into the C, 
version of 3 which is shown below and in Fig. 1. This 

3. c, 

structure was then optimized. It was the lowest energy 
cyclopentadienyhdene found in this study. Even 
though the energy difference between %(C,,) and 3(C,) 
is very small, we would expect that the carbene C of 
3c(C,,) would lift out of the plane of the other carbon 
atoms due to its antiaromaticity. The C, isomer has also 
been found in the theoretical search for a molecule 
which contains a pyramidal tetracoordinated carbon 
atom.’ 

The planar n2 carbene 371 has two negative 
vibrational force constants (503 and 796 km-‘). It is 
neither an energy minimum nor a transition state, 
according to MNDO. The two “normal modes” for 
these negative force constants correspond to atomic 
movements which would yield C, and C2 structures, 
respectively. Optimization of the CSH, structure was 
then done with C2 constraint. A slightly twisted 
structure showing the bond length alternation of the 
allene 4 was found at an energy slightly lower than that 
for 371 (Fig. 1 and Table 1). 

Cycloheptatrienylidene (5) and 1,2,4,6-cyclohepta- 
tetraene (6) 

Our preliminary report concerning the MNDO 
study of the !X system has appeared.’ The partial 
geometries for planar 5 and nonplanar 6 are given in 
Fig. 1. An important point is that several compu- 
tational methods all predict 6 to be more stable than the 
a* 5.‘~~ STO-3G calculations for the much higher 
energy R* version of 5 have been reported.6b The AH, 
for 6 can also be estimated using the group values of 
Benson” (74.9 kcal/mol). The difference between this 
and the MNDO value (91.5 kcal/mol) represents a 
strain enthalpy of about 17 kcal/mol. As was pointed 
out,’ the crucial question no longer involves the order 
of stability of 5 and 6, but does a barrier exist for a5 + 6 
conversion? 

We can look at the process using a forceful reaction 
coordinate method. The reaction profiles in Fig. 4 are 
generated by changing all of the dihedral angles and the 
central carbene angle a certain percentage of the total 
changes necessary to convert the planar carbene to the 
nonplanar allene form. At each point, the bond 
distances and remaining angles are reoptimized.*’ The 
process was also repeated in the allene -+ carbene 
direction. The use of less forceful reaction coordinates 
shows discontinuities which sometimes plague the 
reaction coordinate method.** While the reaction path 
for the 56 interconversion in Fig. 4 is not necessarily 
the actual path, the true path must be at least this 
jauorable. The conclusion is that 5 is not an energy 
minimum, according to MNDO. 

The vibrational force constant matrix has been 

Fig. 4. Reaction profiles for the interconversion of 5 and 6 and 
the interconversion of their benzo derivatives. See the text for 
the definition of the reaction coordinate. 0, optimized 
geometries for $6, !H8; 0, reaction path from left to right ; 

@, reaction path from right to left. 

calculated for 5 and shows a single negative jorce 
constant. Inspection of this “normal mode” of vibration 
(“frequency” = 428 km-‘) shows precisely the atom 
movement necessary to convert 5 into 6. Thus, 
according to MNDO, planar 5 is a transition state for 
the interconversion ofchiral6 and its enantiomer. AHr 
for racemization would be about 23 kcal/mol in the gas 
phase.23 The vibrational force constant calculation for 
6 shows no negative force constants. The infrared 
spectral frequencies which can be obtained from this 
calculation will be reported shortly along with the 
calculated infrared spectral features of other reactive 
intermediates. 

The very strong tendency for planar 5 to seek a 
nonplanar C2 geometry is illustrated by the following 
calculation. Even if the entire carbon framework and 
H4-H7 are constrained to the same plane ; H 1 and H3, 
given complete geometric freedom, resist joining the 
plane. A C, structure with Cl-C2-C3-H3 and 
C3-C2-Cl-H1 dihedral angles of 200.5” results, 
due to what must be very significant repulsions between 
Hl and H3 and the c carbene electron pair. 

Inspection of the molecular orbitah of 5 and 6 is 
instructive. The highest occupied molecular orbitals 
(HOMO) of 5 and 6 are shown below. The protonation 
of the HOMO of 5 would result in the formation of the 
tropylium ion. The HOMO of 6 is similar to that of 5 
having a large contribution of an atomic orbital which 
lies along the C2 axis of symmetry. The symmetries of 
the frontier orbitals for protonation (LUMO = 1 s on 
hydrogen+HOMO for 6) are proper to yield a 
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tropylium aM0 and a nM0 (one of the degenerate 
tropylium LUMOs). The nature of the HOMO of 6 is 
consistent with the observed chemistry of the 
intermediate.24 

There is experimental evidence baaed on the chirality 
of 6 that shows it is the intermediate in a cycloaddition 
to diphenylisobenzofuran. *s’ The matrix isolation IR 
spectrum of 6 has been reported.2sb These reports, 
coupled with the fact that MNDO predicts 5 to be a 
transition state, incapable of intermolecular reactions, 
gives the best picture to date of the S-6 system. 

A very interesting feature of the HOMO of 6 is the 
Mobiusrelationship oftheA basis set. Eight electrons 
in a Mobius system such as 6 possesses would 
constitute an aromatic system. Heilbronner pointed 
out this possibility for cyclic allenes.26 Unfortunately, 
ring strain prevents strong overlap for this Mobius 
arrangement and, thus, 6 is not strongly stabilized. 

The chemistry of various benzo substituted 
derivativesof5and6hasbeenreported.*’Theresultsof 
INDO calculations for these derivatives have also been 
reported.6“.c Our calculations can give the benzo 
derivatives as much geometric freedom as possible. For 
instance, the 35 geometric variables of planar 9 and 11 
were optimized for the vibrational force constant 
calculations. 

To summarize our results, all of the planar carbenes 
were found to be of higher energy than their analogous 
allene forms. Even the dibenzo and naphtho allenes 
were found to be more stable but the energy differences 
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Table 2. Singlet-triplet energies of 5 and its benzo derivatives 

Heat of formation 

Structure 

5 
9 

11 
13 
15 
17 

Singlet 

114.4 (116, 115.5)* 
130.5 (118)* 
1324 (133)* 
134.8 (116). 
144.7 
154.9 

Triplet 

97.4 
(117.4)7 
(115.9)T 
(120.l)t 

l Thermochemical estimates by Wentrup (ref. 28). 
t A single triplet calculation was conducted at the optimized 

geometry of the singlet version. While the heat of formation of 
the triplet would be less than this value, this puts an upper limit 
on the heat of formation and shows that the triplets are all 
more stable than the singlets. 

were much less in these cases, possibly within the error 
of the method. 

Wentrup’s thermochemical estimates of the heats of 
formation of the 5 and its benzo derivatives** are 
compared with the MNDO heats of formation in 
Table 2. 

The energy surfaces around these benzo substituted 
carbenes were also very interesting. The -reaction 
coordinate analysis which was done for the 5-6 system 
was also done for the benzo derivatives (Fig. 4). For 9,11 
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6 

and 13, no energy barrier was found on the reaction 
path to the allene forms. For the naphtho and dibenzo 
derivatives 15 and 17, very small barriers were found. 
Since there are 69 degrees of geometric freedom for 15 
and 17, it is not surprising that these heavy-handed 
reaction profiles might not correspond to the actual 
minimum energy reaction path (MERP). If indeed 15 
and 17 are less stable than 16 and 18, respectively, it is 
quite possible that they exist on a plateau and are more 
accessible than the monobenzosubstituted derivatives. 
In this way intersystem crossing to their corresponding 
triplet states could occur giving rise to their observed 
triplet properties.27b*c*d 

The planar carbene 9 gave one negative force 
constant with a “normal mode” (“frequency” = 161 
icm-‘) that shows the conversion of 9 to the allene 10. 
One negative vibrational forceconstant was also found 
for the planar constrained 11 (“frequency” = 1350 
icn- ‘). Due to software limitations, it was not possible 
to conduct the force constant calculations for the rather 
large 1518. 

At one time, rearrangements were thought to take 
place between aryl carbenes and cycloheptatrienyl- 
idenes, such as 5 and 9.“’ In light of the fact that 
cycloheptatrienylidenes are unlikely intermediates in 
any chemical reaction, it is best to explain these 
rearrangements in terms of allene structures. In fact, 
when Dewar and Landman computed (MIND0/3) the 
reaction profile for phenyl carbene itself, no evidence 
for a planar 5 was found. 29 Instead, thedirect formation 
of 6 was indicated. A driving force for the 
rearrangement of 10 to 2-naphthyl carbene appears to 
be the aromatization of the benzo substituent in the 
cycliccarbene. Allene 10 undergoes this rearrangement 
at rather low temperature.27” On the other hand, no 
rearrangement products have been observed from 
allene 12.” In every case, the planar constrained 
carbine triplets are of lowe? energy than the planar 

singlet carbenes. Triplet allene 6 is not an energy 
minimum and transforms into planar triplet 5 upon 
optimization with no activation energy. It appears that 
any authentic carbene chemistry derived from 5 or its 
derivatives must occur through the triplet state. 
Experiments designed to constrain the seven mem- 
bered ring of 5 to planarity and maximize the chance of 
observing triplet carbine chemistry are in progress. 

Cyclononatetraenylidene (7) and cyclononapentaene (8) 
It is in the more flexible 7-8system that there is a very 

good chance of having two distinct intermediates 
capable of detection. In fact, there are reports of the 
intermediacies of 7 and 8 when they’are generated from 
their classical precursers. The carbene 7 gives a dimer 
via its triplet state3* while 8 apparently undergoes 
electrocyclic ring closure and hydrogen migration to 
give indene.32 

The construction of a Dreiding model of 8 using 
standard allene and olefin components is possible and 
results in a structure with no elements of symmetry. The 
MNDO optimized structure is shown in Fig. 1. In this 
structure, C2 and C6 are rather close to one another 
with their portions of the n molecular orbital pointing 
almost directly at one another. It is not surprising that 
the electrocyclic ring closure is so facile. The dibenzo 
analog of 8 32 has been trapped, though, by 
diphenylisobenzofuran.33 

A planar, Clr constrained version of singlet 7 (a x2 
carbene34) is much less stable than 8. The vibrational 
force constant calculation for CzV singlet 7 shows one 
negative force constant. It, according to MNDO, is not 
an intermediate. It would transform to a lower energy 
C2 structure (an allene) with no activation energy. If a 
version of 7 which can give the reported hydrogen 
abstraction reaction is possible, it must not be planar. 
The potential flexibility of 7 and the possibility of 
nonplanar isomers has been recognized.’ 
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There are at least two nonplanar versions of 7, both 
being more stable than the planar constrained C1, 7. 
The lowest energy version of 7 which we have found 
contains a mirror plane of symmetry (C, symmetry). 
There is another version of nonplanar 7 which contains 
no element of symmetry. Analysis of their bond lengths 
and their orbital configurations (eigenvectors) indicate 
that the following resonance structures are rather 
accurate descriptions of their electronic configurations. 
The triplet states of both of these intermediates are 
more stable than the corresponding singlet states. 

III 7.c, 
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SUMMARY 

It was once thought that the planar, singlet carbenes 
1, 3, 5 and 7 could achieve very stable “aromatic” 
structures by the inclusion of the carbenic electron pair 
in the cr or n system in order to give 4n + 2 1~ electrons. 
While the following structures may have some 
importance, it should now be understood that such 
complete resonance delocalization would result in 
extensive charge separation in 3,5 and 7. The result is 
that these singlet “aromatic” carbenes are not actually 
as stable as was once thought. Because of its small ring 
size, the carbene 1 can take good advantage of this 
aromatic stabilization without extensive separation of 
charge. Only 1 is likely to be a planar, ground state 
singlet carbene. Planar 3, 5 and 7 are not energy 
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minima, according to MNDO. More stable nonplanar, 
singlet carbene or allene analogs would be formed from 
these with no activation energy. 

While these semiempirical MO calculations may 
suffer from a limited basis set and the lack of 
consideration of electron correlation which may be 
important in carbenes, they do point out the 
importance of nonplanar isomers of the carbenes of 
interest. Any future higher level calculations must take 
into account the many nonplanar options available to 
the cyclic, completely conjugated carbenes. 
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J4Glidewell and Lloyd have communicated brief reports of 

some MNDO calculations on some C,H, intermediates 
(ref. IO). It is difficult to completely assess this work for 
several reasons. First, it is stated that the structures were 
completely optimized but the C-C bond lengths and 
C-C-C angles are reported for only halfofeach structure 
implying that symmetry constraints were used. Second, they 
report a planar structure (AH, = 127 kcal/mol) which is 
given the a2 carbene configuration and an octet of electrons 
with the following bond lengths. When we use these bond 
lengths and angles in a completely planar structure and then 
optimize the remaining variables (C,,), we find that a x2 
carbeneresults(AJI, = 144kcal/mol).Thebondlengthsand 

I .3tna 

a 125.6” 
b 131.4” 
c 138.9” 
d l44.1=’ 

bond angles in Glidewell and Lloyd’s structure are 
surpsisingly close to those of the Cx version of 8 reported in 
Fig. 1. It is also stated (ref. IO) that if the allene 8 is more 
stable than the corresponding carbene isomer 7, it would be 
impossibletoobtainchemistryuia theallene.This,ofcourse, 
assumes thermodynamic control of the isomer distribution 
and ignores the nature of the energy surface and the 
possbility ofkinetically controlled product distributions. In 
the present work, we show that 5 and 6 are not separated by 
an energy barrier but that 7 and 8 are capable of exhibiting 
their own unique chemistry. We must await the full reports 
of these preliminary communications (ref. 10) before any 
more can be said about these apparent discrepancies. 


