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corporated into DNA triple helices.

The electronic and conformational properties of MEC versus
CYT at the isolated nucleoside level deserve careful consideration
since both protonated species are cationic and differ only by the
presence or absence of a methyl group at C5. In previous studies,
it has been demonstrated that the methyl group at CS improved
the binding of MEC relative to CYT when incorporated into DNA
duplex systems because of increased base stacking energy.!¢ This
increased base stacking energy which accompanies cytosine me-
thylation results in an improved enthalpy, AH®, in duplex DNA
and may underlie the improved stability of MEC-substituted
triplex DNA complexes. It is reasonable to consider that altered
intramolecular and intermolecular dielectric shielding of the
positive charge of the proton at N3 may be an important feature
of MEC substitution in DNA triple helices. An alteration in
dielectric shielding induced by the C5 methyl group may result
in a more favorable charge polarization of the MEC molecule to
facilitate either Hoogsteen pairing or base stacking within the
DNA triplex. We have previously noted significant changes in
charge density in the region of the C5 methyl group in MEC
relative to the hydrogen atom at C5 in CYT.!¢ We are presently
investigating whether there are any significant differences in the
electronic factors between CYT and MEC which may help to
develop a clear explanation of the improved thermal stability of

MEC-substituted oligomers in DNA triple helices.

The utility of applying ab initio quantum mechanics and sta-
tistical mechanical methods in the study of microscopic and
macroscopic properties of nucleic acid systems appears to have
some utility for future research. The combined application of
experimental data with numerical simulation permits semiquan-
titative and, in some instances, quantitative predictions which can
be tested and further refined by experiment. The combined use
of experimental and theoretical data, as in the present work,
improves the ability to characterize key molecular mechanisms
of interest in a useful and complementary manner. This integrated
approach makes it possible to develop and refine hypotheses which
can be tested in the laboratory. It should be clear from this work
that laboratory data are essential to develop, calibrate, validate,
and improve numerical models in a recursive, stepwise manner.
The key role of numerical simulations will be to provide obser-
vations which should be useful in experimental design and
productivity by proposing increasingly accurate estimations of
physicochemical properties with reasonable confidence.
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Abstract: Isodesmic energy comparisons of 6-31G*//6-31G* calculations for the fulvenes 1-3 and fulvenones 4—6 show significant
destabilization for triafulvenone (4, —=17.1 kcal) and heptafulvenone (6, 5.1 kcal/mol) and stabilization for pentafulvenone
(5, 4.1 kcal/mol). These effects are attributed to enhanced antiaromatic destabilization in 4 and 6 compared to the corresponding
fulvenes and enhanced aromatic stabilization in pentafulvenone (5) compared to pentafulvene (2). Analysis of dipole moments,
atomic charges, and bond lengths provides further evidence for these aromaticity effects. Similar evidence is found for antiaromatic
destabilization upon fluorine substitution in the exocyclic methylene group of triafulvene. Diazocyclopropene (7), diazo-
cyclopentadiene (8), and diazocycloheptatriene (9) are isoelectronic with the corresponding fulvenones 4-6, respectively, and

show the corresponding destabilization and stabilization effects.

The fulvenes, especially triafulvene (1), pentafulvene (2), and
heptafulvene (3), have attracted intense interest because of their
unique conjugated structures.!*® The question of the aromat-
ic/antiaromatic character of these and similar rings has attracted
particular attention.!

Do O=on (Do
1 2 3
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The corresponding ketenes 4-6 may be referred to as fulvenones,
with specific names of triafulvenone (4), pentafulvenone (5), and
heptafulvenone (6).2 Of these, 5°~° and 6% have been studied

(2) Alternative names are cyclopropylideneketene (4), cyclo-
pentylidieneketene (5), and cycloheptylideneketene (6). Chemical Abstracts
names are methanone, 2-cyclopropen-1-ylidone (4); methanone, 2,4-cyclo-
pentadien-1-ylidone (5), and methanone, 2,4,6-cycloheptatrien-1-ylidone (6).
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experimentally, as well as the benzo derivatives of 5.*5 By contrast,
there have apparently been no experimental studies of 4,7 although
there are theoretical studies of its structure” and reaction with
protons and H,0.”

D=40=o @:50 =0 ©:c=o

Derivatives of compound § have major practical applications
in photoresists* and have been the object of many experimental
studies,*> while 6 has been generated and utilized as a synthetic
intermediate® but has not been studied theoretically. Despite the
possible influence of aromaticity/antiaromaticity effects on the
structure and stability of 4-6, there has been no systematic study
of this problem, which is the topic of this investigation. The diazo
compounds 7-9, isoelectronic to 4-6, respectively, are of similar
interest and have also been examined.

D:N:N @BN =N @N:N

7

Ketenes have recently been of interest to us® and are also being
actively examined by others both experimentally® and theoreti-
cally.”!®  We have found that ab initio calculations of the
structures and energies of ketenes®®*® and diazo compounds®® are
quite informative as to the influence of structural variables on
the geometries, stabilities, and reactivities of these compounds.
Therefore, we have extended these investigations to the fulvenes
1-3, the fulvenones 4-6, the diazo compounds 7-9, and for com-
parative purposes some fluorofulvenes and some open-chain
analogues. Two recent theoretical studies of 4 have appeared,’®
but these do not address the question of aromaticity; otherwise,
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P.; Lemaire, J. Tetrahedron Lett. 1982, 23, 1581-1584, (c) Delaire, J. A.;
Faure, J.; Hassine-Renou, F.; Soreau, M.; Mayeux, A. New J. Chem. 1987,
11, 15-19. (d) Nakamura, K.; Udagawa, S.; Honda, K. Chem. Lett. 1972,
763-766. (e) Yates, P.; Robb, E. W. J. Am. Chem. Soc. 1957, 79, 5760-5768.
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T.; Morita, N.; Ojima, J.; Fujiyoshi, M.; Wada, K.; Hamai, S. Bull. Chem.
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no experimental or theoretical examinations of the geometries and
energies of these fulvenones and substituted fulvenes are available.

Methodology and Results

Calculations were carried out using the GAUSSIAN 8s!!8 package
implemented by the MONSTERGAUSS program!!® using Apollo
DN10000 and IBM 6000 minicomputers. Gradient techniques
using the Optimally Conditioned method!'® were used for geometry
optimization, and all stationary points were optimized at the
Hartree—-Fock (HF) level using the split-valence 6-31G* basis
set,!c with the constraint of planar ring structures. The orders
(number of negative diagonal elements of the Hessian matrix)
of all critical points were determined at the 3-21G and 6-31G*
levels by analytical differentiation of the restricted Hartree—Fock
wave function and were found to equal zero in all cases except
diazocyclopropane, difluorotrifulvenone, divinylethylene, di-
vinylketene, 6, 9, and 14, which have one such element. The
structures with order zero are thus true energy minima for the
planar structures, while for those with order one the true minima
are presumably nonplanar.

The structures and energies of all the substrates were calculated
at the 3-21G//3-21G and 6-31G*//6-31G* levels as summarized
in Tables I and II. Various isodesmic reactions were used to assess
the stabilities of the fulvenes and fulvenones, as presented in Table
II. More detailed energies, geometries, and dipole moments are
given in Tables III and IV (supplementary material). There have
been other calculations of the structures of 1'2>f and 2.1%

Atomic charges were calculated from the Mulliken population
analysis!!® and are given in Table V (supplementary material).
Charges calculated by the Mulliken population analysis have been
criticized, and alternative methods for the calculation of charges
have been proposed, including that of Bader for partitioning
molecules into atoms, !¢ the natural population analysis,!!* and
generalized atomic polar tensors (GAPT).!f However, Bader’s
method itself has been criticized,!!® and the GAPT method is
admitted!!f to give unrealistic results when applied to compounds
such as ketenes with multiple bonds. While a systematic com-
parison and evaluation of charges calculated by these different
methods is desirable, we believe that trends obtained from the
Mulliken analysis are informative, although the quantitative values
should be regarded with caution,

The isodesmic energy changes as shown in Table II in general
do not vary greatly between the values calculated with the 3-21G
and 6-31G* basis sets. The same behavior has been found for
ketenes®® and diazomethanes®® and suggests that these energies
will not change significantly with even higher level calculations.
Further single-point energy calculations were carried out at the
HF/6-31G**, MP2/6-31G**, MP3/6-31G**, and MP4/6-31G**
levels using 6-31G* geometries to give AE values (kcal/mol) of
-17.3,-14.2, -13.9, and -13.0, respectively, for entry 1 and -23.0,
-25.3, -22.9, and -21.7, respectively for entry 17 (Tables VII and
VIII of the supplementary material). These results suggest that
major changes in the results are not expected at higher levels of
theory.
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Table I. 6-31G* Optimized C-C, C~0, C-F, and C-N Bond Distances (A) and Bond Angles (deg) for Fulvenones, Fulvenes, and Diazo

Compounds
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Table II. Energies (hartrees) (6-31G*//6-31G*) for Fulvenones and Fulvenes and Stabilization Energies (AE, kcal/mol) for Some Isodesmic
Reactions of Fulvenones

3-21G 6-31G*
1 l C=—=0 + CH3CH=CH;3 e %CH + CH3CH=C=0O -13.2 171
"227.3303 -117.0715 -153.6698 -190.7592
2 >c=o + CHaCH=CH, ——= D=CH2 + CHiCH=C=0 2.4 0.5
-228.5758 -154.8873
3 %CH2 + CHCH=CHF ~ ——= %CHF + CHjCH=CH, 5.4 5.7
-252.5106
-215.9215 (2)
-215.9205 (E)
4 }CH2 + CH3CH=CHF —_— }CHF + CH3CH=CH; 1.7 1.4
-253.7350
5 %CHZ + CHyCH=CF, ——» %CF2 + CHiCH=CH, 8.6 10.3
-314.7780 -351.3599
6 }cr{z + CHaCH=CF; —= }CFz + CHyCHaCHy 1.5 1.9
-352.5909
7 ©r=c=o + CH3CH=CH, —= ©r=CH2 + CHiCH=C=0 -3.4 -5.2
-266.4275 -192.7481
8 %c=o + CHiCH-CH; ~—= %CHZ + CHCH=C=0 -1.2  -2.3
-267.6264 -193.9424
9 &:C=o + CH3CH=CH; —_— ©=CH2 + CHsCH=C=0 5.1 4.1
-304.3387 -230.6444
1 0&:0=0 + CH3CH=CH, —_— &CH2 + CH3CH=C=0 1.1 1.6
-305.5091 -231,8240
11&@42 + CHiCH=CHF —» |:>=CHF + CHiCH=CH, 0.3 0.3
-329.4939
12&0% + CH3CH=CF, —_— &CF2 + CH3CH=CH, -0.8 -0.2
-428.3513
13}C=0 + CHsCH=CH, —» :>=CH2 + CHaCH=CH, -0.2 0.0
—/ -305.4814 ==/ .231.7937
1C}=C=O + CH3CH=CH; —_— ©=CH2 + CH3CH=C=0 -3.2 -3.8
-343.3735 -269.6918
15 c=0 + CH3CH=CHz —_— &CH2 + CH3CH=C=0 -5.2 =51
-381.2164 -307.5368
F F
16 c=0 + CH3CH=CH, —_— CH, + CH3CH=C=0 -19.7 -23.4
-424.9962 -351.3457
F
17%% + CHaCH=CH, —» D=CH2 + CH3CH=N; -15.1 -22.8
-223.4425 -186.8805
1 N, + CH3CH=CHz —_— %CH2 + CH3CH=Ny -2.5 -6.4
-224.6861
19 N, + CHyCH=CH, —= CH,  + CH3CH=N, 1.2 0.3
-301.6326 -231.8240
20 N, + CH3CH=CH,  ——= E%CFQ + CH3CH=N2 11.6 7.8
-300.4659
1.4 -0.5

21 ©=N2 + CHaCH=CHy

-377.3450

—— ©=CH2 + CH3CH=N,
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A comparison of experimental bond distances!? for the fulvenes
1-3 with the calculated (6-31G*) values is given in Table VI
(supplementary material). The calculated bond distances differ
from the experimental values, by amounts that vary from 0.007
t00.024 A. Comparable behavior was found for acyclic ketenes.?
It was found!? that the MP2/6-31G* basis set including electron
correlation gave a calculated geometry for 1 that agreed with the
experimental structure within the experimental error of the
measurement. Unfortunately calculations at this level for the
larger molecules 4-6 are not feasible for us at this time. The
calculated dipole moments are in rather good agreement with
experiment, although in some cases the calculated values are
somewhat larger. The same trend was found with acyclic ketenes.3

Despite two reports of microwave studies of cyclo-
propylidenemethanone (10),!22° no experimental geometries of
cycloalkylidene ketenes or fulvenones have been reported.

Energies

Recently® we have been able to account for the effect of
substituents on the stability of ketenes by using the isodesmic
reaction of eq 1 and the ketene energies calculated by ab initio

RCH=C=O0 + CH,CH=CH, —
CH,CH=C=0 + RCH=CH, (1)

methods using the 6-31G*//6-31G* basis set. It was found that
AE for this reaction could be correlated by substituent-group
electronegativity parameters Xpg as reported by Boyd and Ed-
gecombe.l?  Further analysis of the results suggested that ketenes
are stabilized by w-acceptor substituents and destablized by =-
donors and by g-donors.?e

To examine the factors that contribute to the stability of the
fulvenones, we have also used the 6-31G*//6-31G*-calculated
energies and isodesmic reactions according to reaction 2, as
summarized in Table II.

CH,;CH=C=0 + R,C=CH, (2)

Ketenes are negatively charged on Cg,% and this leads to the
prediction that triafulvenone may be destabilized by antiaromatic
effects. The calculated AE for the isodesmic reaction of tri-
afulvenone (eq 3) shows this ketene is indeed destabilized by 17.1
kcal/mol. This effect is not due to some ring-strain effect of the
cyclopropyl ring, for the saturated analogue 10 shows a net sta-
bilization of 0.5 kcal/mol (eq 4).

—17.1 kcalmol
[>=c=o + CHyCH=CH, ———""

4
D:CH2 + CH;CH=C=0 (3)
1

0.5 kcal/mol
D:C:O + CH;CH=CH, ————

10
>=CH2 + CHCH=C=0 (4)
11

The small net energy change shown in eq 4 may result from
a combination of opposing stabilizing and destabilizing effects on
the ketene 10. Thus, the cyclopropy! ring is ¢-electron-with-
drawing by hybridization effects,' and electronegative groups are
destabilizing as ketene substituents.®* However, to the extent that
10 has the character of a cyclopropyl anion, a stabilized species,!4+®
it would also be stabilized, and 10 also has the orbital arrangement
of the cyclopropylidene cation 12, which is suggested to be sta-

(13) Boyd, R. J.; Edgecombe, K. E. J. Am. Chem. Soc. 1988, 110,
4182-4186.

(14) (a) Tidwell, T. T. In The Chemistry of the Cyclopropyl Group;
Rappoport, Z., Ed.; Wiley: London, 1987. (b) Walborsky, H. In Cyclo-
propane Derived Reactive Intermediates; Patai, S., Ed.; Wiley: London, 1990.
(c) Hanack, M. Acc. Chem. Res. 1976, 9, 364-371.
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bilized by delocalization from the C—C ¢-bonds of the cyclopropyl
to the vacant p orbital of the vinyl cation.!4

.
[>=CH
12

Some support for stabilizing influences in 10 is seen in the
isodesmic comparison of eq 5, which shows that 10 is favored by
2.8 kcal/mol in comparison to the 4-membered ring analogue 14.
This argument assumes that stabilization of 13 relative to 11 does
not cause the observed effect.

[Se=c=0 + (o, 2r2ecam_
10 13
S=cH; + <>=C=o (5)
" 14

To probe the origin of the destabilizing effect of the carbonyl
group of 4 compared to other electronegative substituents, the
effects of fluorine have also been examined.'® There are only
small effects on methylenecyclopropane (11), with destabilizations
of 1.4 and 1.9 kcal/mol for one and two fluorines, respectively
(entries 4 and 6, Table II). Thus, effects due to electronegative
substituents on the methylenecyclopropane structure appear to
be small. However, fluorines are strongly destabilizing to tri-
afulvene (1) and by almost additive amounts for one and two
fluorines (5.7 and 10.3 kcal/mol, respectively). The fluorines
resemble the carbonyl group in being electronegative and in their
w-donor ability. The latter effect leading to resonance structure
18 would result in 47-electron antiaromatic destabilization, and
evidently this causes the large net destabilization.

F F*
/ -/
D=C ——t (o]
\ \
H H
15

Pentafulvenone (5) itself is found from the isodesmic reaction
to be stabilized by 4.1 kcal/mol relative to methylketene (entry
9, Table II) or by 5.7 kcal/mol by the comparison of eq 6.
Nonaromatic dienylketenes show no stabilizing effects (Table II,
entries 13 and 14). There are no significant energetic effects of
fluorination on the pentafulvene structure (entries 11 and 12, Table
II).

AE = 5.7 keal/mol
@:o:o + E>=CH2 .
5
E>=CH2 + D:c:o (6)
2 16

Even heptafulvenone (6) shows destabilization of 5.1 kecal/mol
by the isodesmic comparison of eq 7. This is consistent with
antiaromatic destabilization of 6, although the effect is consid-
erably attenuated relative to 4.

-5.1 kealmol
©=C=o + CH;CH=CH; ———
6
©:CH2 + CH;CH=C=0 (7)

3

(15) (a) For a recent study of the effects of fluorine substitution on the
aromaticity of cyclopropenone, see: Jacobs, C. A.; Brahms, J. C.; Dailey, W.
P.; Beran, K,; Harmony, M. D. J. Am. Chem. Soc. 1992, 114, 115-121. (b)
Broxsvn, R. D; Godfrey, P. D.; Woodruff, M. Aust. J. Chem. 1979, 32,
2103-2109.



Fulvenones and Isoelectronic Diazocyclopolyenes

Scheme 1. Dipole Moments (Debye, in Parentheses) of Triafulvenes

and Analogues
D=CH2 - b—éHz D:C:O - b—é:O

1(2.34) 4 (4.39)
[>=CH2 O:c =0 [>=c=o
11 (0.40) 14 (2.51) 10 (2.87)
CH,=CHCH=C=0 =~—= &H,CH=CHE=0 &c =0
17(087) 18 (2.28)

Scheme II. Dipole Moments (Debye, in Parentheses) of
Pentafulvenes

E>=CH2 @:c:o———csé <}c=o

2(0.43) 5(0.35) (1.76)
[>=CH2 D:c:o N\=c=0
(0.40) 16 (2.36) (1.20
:D:a—«2 ::>=c=o D _:\>—CE<3 CH;CH=C=0
(0.24) (0.73) (1.99)
Dipole Moments

As noted above, the calculated dipole moments of ketenes agree
within limits with available experimental values, being consistently
higher by 0.2 D for 6-31G*//6-31G* calculations.’* For the
fulvenes 1,!2b 2,12 and 3!2¢ and the ketene 10,122 the calculated
values are 0.44, 0.01, 0.01, and 0.28 D larger than the ketene
experimental values (Table VI, supplementary material). Thus,
the calculated values give reasonable agreement with experimental
values and with discretion can be used as an aid in the inter-
pretation of the electronic structure of the fulvenones.

A detailed study'?" of effects of electron correlation on the
calculated dipole moment of pentafulvene (2) revealed that MP2
level calculations gave somewhat poorer agreement with the ex-
perimental value than did the HF method, although still higher
levels did give quite good agreement. Interestingly, of all the levels
of theory examined, none gave good agreement for the dipole
moments of both cyclopentadiene and fulvene (2) when the same
level of theory was applied to both.!?® Rather fortuitously our
calculated value of the dipole moment for fulvene (2) of 0.43 D
matched the best of the 19 values obtained at higher levels of
theory. 2k

The dipole moments given in Scheme I show a 1.94 D greater
value for fulvene 1 compared to 11, whereas the difference in the
dipole moments of fulvenone 4 and 10 is 1.52 D. This smaller
difference for the ketenes is evidence that the dipolar resonance
structure shown for 4 is not as favorable as in the case of 1.
Ordinarily vinylketenes have reduced dipole moments. Thus, the
experimental dipole moment of vinylketene 17 is 0.4 D less than
that of ketene itself, and this is attributed!*" to a contribution from
the dipolar resonance structure shown for 17. A similar effect
is seen for the 4-membered ring structures 14 and 18. The fact
that the dipole moment of 4 is significantly greater than that of
the saturated analogue 10, in contrast to the opposite effect with
17 and 18, is further evidence for the unfavorable effect of electron
donation to the cyclopropenyl ring.

For pentafulvene (2), there is no evidence for any significant
change in the dipole moment due to aromaticity effects, as com-
pared to cyclic nonconjugated and acyclic conjugated analogues
(Scheme II). However, for pentafulvenone (5), there is a large
decrease of 2.01 D in the dipole moment compared to the non-
conjugated analogue 16, consistent with the dipolar resonance
structure shown for § and opposite to the behavior of triafulvenone
(4). As already noted, other conjugated alkenylketenes also show
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Scheme III. Dipole Moments (Debye, in Parentheses) of
Heptafulvenes

©=<;H2 ©:c=o —~ o=

3(0.49) 6(1.30)
(Ore=
(1.76)

Chart I. Calculated Intraring C~C Bond Lengths (A) and
Differences (Parentheses) between Adjacent Bond Lengths
1.327

1 46 1343 | 4eo 1472 1476
1.280 [>=c=o 1456 c=0 1.328 c=0

4(0.184) 5(0.113,0.116) 6(0.149, 0.145, 0.144)

1.332

1428 1333, 4 477 1461 =y 1.474
1302 [>=CH2 1479 @:cr—«z 1331 CH,

1(0.126) 2(0.146,0.144) 3 (0.142, 0.128, 0.130)

decreases in dipole moments, and these have been interpreted in
terms of r-donation from the carbonyl group.!s® Thus, there is
strong evidence for significant electron donation to the cyclo-
pentadienyl moiety.

The dipole moment of heptafulvene (3) of 0.49 D (Scheme III)
is much less than that of triafulvene (1) and gives no evidence
in 3 for the dipolar character that is prominent in 1. The dipole
moment of heptafulvenone (6) of 1.30 D is also much less than
that of 4.39 D for triafulvenone (4). Comparison of the dipole
moment of 6 to those for other polyenylketenes (Scheme IIT) shows
no trends in the results and no firm evidence for dipolar structures
involving either aromatic or antiaromatic effects of the cyclo-
heptatrienyl system.

Atomic Charges

As already noted, there are a variety of methods for the cal-
culation of atomic charges, but there is widespread disagreement
as to the best method and the validity of the results.!!48 This
topic is the subject of a different study, but a brief comment on
the calculated Mulliken atomic charges is warranted. The detailed
list of the charges is given in Table V (supplementary material),
and the trends are summarized in Table Va (supplementary
material), which lists the net charge on the carbonyl (C=0) group
of the fulvenones and the terminal methylene (=CH,) of the
fulvenes, as well as the most negative charges for these groups
found in our recent comprehensive study of the effects of second
and third period groups on ketene structures.®

These charges show that the most negative carbonyl and
methylene groups are —-0.16 for triafulvenone (4) and —0.26 tri-
afulvene (1), respectively. These are also more negative than for
25 other ketenes and 25 alkenes, respectively, that we have recently
studied,? in which NaCH=C==0 and NaCH=CH),, with cor-
responding charges of —0.11 and —0.18, respectively, were the most
negative.

The concomitant positive charge accumulation on the cyclo-
propenyl group is consistent with aromatic character in this moiety
and thus supports some 2w-electron aromatic character in both
the fulvenone and the fulvene.

Bond Lengths

The conclusion was reached by Neuenschwander!? that the
fulvenes “are characterized by typically olefinic properties”. A
major argument for their lack of aromaticity was the characteristic
alternation of bond lengths in the rings.

However, as shown (Chart I), the bond alternation, or difference
in the length of the ring bonds, in triafulvelenone (4) is more than
that of triafulvalene by 0.054 A, and this can be taken as evidence
of lesser aromaticity (or greater antiaromaticity) in the ketene.
This is in accord with the negative charge on C; of the ketene.
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For the pentafulvenone/pentafulvene comparison, there is less
alternation by an average value of 0.03 A in the lengths of the
ring bonds for the ketene, indicative of greater aromatic character.
Even for heptafulvenone (6), this effect is noticeable, as the average
difference in adjacent bond lengths is 0.012 A greater than for
heptafulvene (3). Alternatively, it may be noted that the nominal
annular double bonds are shorter and the single bonds longer in
the fulvenones 4 and 6 compared to corresponding bonds in
fulvenes 1 and 3, indicative of greater antiaromatic character in
4 and 6, while the reverse is true for 8 and 2, indicative of greater
aromatic character in 5. While these differences in bond lengths
are not great, in every case they are in the direction expected for
greater aromaticity/antiaromaticity effects in the fulvenones as
compared to the fulvenes.

Diazocyclopropene (7), Diazocyclopentadiene (8), and
Diazocycloheptatriene (9)

The fulvenones 4-6 are isoelectronic to the diazocyclopolyenes
7-9, and the structures and energies of these latter substrates were
also calculated. It is thought!® that the resonance structure 19
contributes to the overall electronic distribution of diazomethanes,
so analogous effects to the fulvenones are expected. A full report
on substituent effects in diazomethanes is forthcoming.?®

D:N2 E>=N2 ©:N2 >c—ﬁ =N
8 9

7 19

Apparently there are no previous theoretical or experimental
reports of diazocyclopropene (7).!7 Entries 17 and 18 (Table II)
show major destabilization for 7 attributable to antiaromatic
effects. This is summarized in the AE of —16.4 kcal /mol for eq
8, which illustrates the major destabilization of 7 independent of
effects due to the small ring.

AE = —16.4 keal/mol

D:N2 + >=CH2 _
7
[>=CH2 + >=N2 (8)
1

Diazocyclopentadiene (8) has been widely studied experimen-
tally,?™!8b byt the most recent theoretical study was only at the
minimal STO-3G level.l¥ As shown in entries 19 and 20 (Table
IT), this species is appreciably stabilized, as expected for the
operation of aromaticity effects. This stabilization is illustrated
by the AE of 6.6 kcal/mol for eq 9.

(16) (a) Regitz, M.; Maas, G. Diazo Compounds. Properties and Syn-
thesis; Academic: New York, 1986. (b) Moffat, J. B. In The Chemistry of
Diazonium and Diazo Groups; Patai, S., Ed.; Wiley: New York, 1978. (c)
Moffat, J. B. J. Mol. Struct. 1979, 52, 277-280.

(17) Extensive but unsuccessful efforts to prepare the diphenyl derivative
of 7 have been described: Jones, W. M.; Stowe, M. E.; Wells, E. E,, Jr.;
Lester, E. W. J. Am. Chem. Soc. 1968, 90, 1849-1859.

(18) (a) Doering, W. v. E.; DePuy, C. H. J. Am. Chem. Soc. 1953, 75,
5955-5957. (b) Sakaizumi, T.; Fukuda, S.; Ohashi, O.; Yamaguchi, I. J. Mol.
Spectrosc. 1990, 141, 325-333. (c) Moffat, J. B. J. Phys. Chem. 1978, 82,
1083~-1087.
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AE = 6.6 kcalmol
E>=N2 + [>=CH2
8
E>=CH2 + [>=N2 (9)
2

Diazocycloheptatriene (9) is known experimentally,® but the
negligible energy change in entry 21 (-0.5 kcal/mol) shows that
any antiaromaticity effects in this derivative are completely at-
tenuated.

The calculated bond lengths, which for 8 are within the ex-
perimental uncertainties of values recently derived from microwave
results, ! give further evidence for antiaromatic character in 7
and aromatic character in 8. Thus, as shown below for 7, the

1.232 1,160 1.250 1.127 1.290 1.121
N=N N=N N=N
7 20 .
1.3051.104 1,284 1.121 1.267 1.127
@:N:N <z>=N=N D:N:N
8 21 22

C=N bond length is shorter and the N=N bond length is longer
compared to 20, whereas for 8 the C=N bond length is longer
and the N=N bond length is shorter compared to 21 or 22. The
differences in the C=N and N=N bond lengths between 7 and
8 are 0.073 and 0.056 A, respectively. These trends are consistent
with a greater contribution from the dipolar resonance structure
19 and aromatic character for 8 and a lesser contribution for 7.
The patterns in the C—C bond lengths for 7-9 correspond to those
of 4-6 (Chart I), respectively, consistent with antiaromatic
character in 7 and aromatic character in 8.

The net Mulliken charge on the diazo group is —0.44 in 7, -0.22
in 20, -0.16 in 8, and —0.23 in 9, again in agreement with a greater
contribution from the dipolar structure 19 for 8 and a lesser
contribution in 7 and 9.

In summary, the calculated structures and energies of the
fulvenones 4-6 indicate the influence on these species of simple
Huckel aromatic effects, in that triafulvenone (4), pentafulvenone
(5), and heptafulvenone (6) have the character of 4-, 6-, and
8m-electron systems, respectively. Antiaromatic destabilization
of 4 and 6 and aromatic stabilization of § is most prominent in
isodesmic energy comparisons but is also manifested in dipole
moment, atomic charge, and bond length comparisons. Similar
behavior is seen for diazocyclopropene (7), diazocyclopentadiene
(8), and some fluorinated analogues.
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