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Table I. *C NMR Data for 2a-d

C-14 C-2,3 C-5,8 C-6,7 C-9,10 C-8a,10a C-4a,9a other
2a° 200.8 35.7 124.4 130.4 154.9 129.1 107.3
2b® 149.5 (s)¢ 20.0 (t) 122.3 (d) 125.9 (d) 146.5 (s)° 125.3 (s) 108.0 (s)
2¢4 148.2° 20.1 122.2 125.3 146.2¢ 125.8 107.5 30.72¢
2d4/ 164.4 (s) 23.1 (t) 123.9 (d) 128.1 (d) 154.5 (s) 128.0 (s) 106.1 (s) & h

3CDCl,5 ®DMSO-dg, proton coupled. ©Assignments may be reversed. ¢ DMSO-dg, proton decoupled. ¢ Methyl group bonded to nitrogen.
/Reference 9 reports data for (CH3),C=NN(CHjy),, azines, and other hydrazones. ¢-N=C(CH,), (q) for anti CHj at 25.62; (q) for syn CH,
at 18.96. See ref 9. "~C=N(CH,),, 166.07 for hydrazone carbon, may be reversed with C-1,4.

acterize. On the other hand, when 2a was refluxed in
methylhydrazine, 1,4-diaminoanthracene-9,10-dione (le)
was obtained (30%).

Treatment of 2a with N,N-dimethylhydrazine at room
temperature led to 1-amino-4-hydroxyanthracene-9,10-
dione (1f; 59%). A small amount of the desired bis(hy-
drazine) 1a (10%) was also isolated. In this case, the same
1f:1a product ratio also resulted if the reaction was con-
ducted at reflux.

While the formation of hydrazones 2b and 2¢ is unex-
ceptional, the observation that they exist predominantly
as these tautomers is of interest.

A N-N bond cleavage of a hydrazine intermediate has
been found in the conversion of a 1,2,3,4-tetrahydro-3-
carboline to a 4-amino-B-carboline.l® A mechanism has
been proposed for this transformation. In the formation
of 1f from N,N-dimethylhydrazine and 2a, an intermediate
such as 4 might be involved which could undergo a N-N
bond cleavage to 5 followed by a tautomerization to 1f.

OH  NHN(CH;), OH NH
OH OH O OH
4 5

The formation of the double N-N cleavage product le
from 2a and methylhydrazine is interesting, but mecha-
nistic speculation about its formation would appear to be
unwarranted at this time.

Experimental Section

Melting point were determined on a Thomas-Hoover apparatus
and are uncorrected. 'H NMR were run on a Bruker WM-250
pulsed Fourier transform spectrometer. TLC precoated silica gel
plates (Eastman chromagram sheets with fluorescent indicator)
were used to monitor reactions. For column chromatography
Baker analyzed 80-200-mesh silica gel was utilized. Microanalyses
were performed by Robertson Laboratories, Madison, NJ.

2,3-Dihydro-9,10-dihydroxy-1,4-anthracenedione Bis(hy-
drazone) (2b). Leucoquinizarin (2a; 1 g, 4.1 mmol) and an-
hydrous hydrazine (24 g, 757 mmol) were stirred at room tem-
perature under nitrogen for 3.5 h. The reaction mixture was
poured into brine and filtered to yield a brownish solid (1.02 g,
91%). Analysis by TLC (silica gel, 95% CHCl;/MeOH) showed
one major yellow spot, a minor red spot, and traces of other
components: 'H NMR (DMSO-d) 6 2.77 (s, 4 H), 6.68 (s, 4 H),
7.45 (m, 2 H), 8.15 (m, 2 H), 14.32 (s, 2 H).

Column chromatography (silica gel, 95% CHCl;/MeOH) of 210
mg of the crude product gave a yellow solid (100 mg) and a red
uncharacterized solid (20 mg). The yellow solid changed to red
on standing in air for 1 day and had an 'H NMR similar to that
of the crude reaction product.

Bis(acetone hydrazone) 2d. Crude 2b (212 mg, 0.78 mmol)
was refluxed in acetone (20 mL) for 4 h. Crystalline purple needles
were collected upon cooling (177 mg, 65%) and were identified
as 2d: 'H NMR (CDCl,) 4 2.01 (s, 6 H), 2.20 (s, 6 H), 3.25 (s, 4

(10) Trudell, M. L.; Fukada, N.; Cook, J. M. J. Org. Chem. 1987, 52,
4293,
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H), 7.6 (m, 2 H), 8.4 (m, 2 H), 15.34 (s, 2 H); mp 208-211 °C. Anal.
Calced for CyoHyoN,O,: C, 68.57; H, 6.28; N, 16.00. Found: C,
68.34; H, 6.51; N, 15.73.
2,3-Dihydro-9,10-dihydroxy-1,4-anthracenedione Bis(2-
methylhydrazone) (2¢). Leucoquinizarin (2a; 0.5 g, 2.1 mmol)
and methylhydrazine (8.7 g, 190 mmol) were stirred at room
temperature for 18 h. The mixture was poured into saturated
brine, and a brown solid was collected (0.5 g, 80%). Analysis by
TLC (silica gel, CHCl;) showed the presence of a major yellow
compound: 'H NMR (DMSO0-dg) § 2.79 (s, 4 H), 2.99 (s, 6 H),
6.59 (s, 2 H), 7.48 (m, 2 H), 8.15 (m, 2 H), 14.08 (s, 2 H); mp
120-128 °C (attempts at purification led to decomposition).
1,4-Bis(N,N-dimethylhydrazino)anthracene-9,10-dione
(la) and 1-Amino-4-hydroxyanthracene-9,10-dione (1f). (a)
Reflux Conditions. Leucoquinizarin (2a; 500 mg, 2 mmol) and
N,N-dimethylhydrazine (4.0 g, 16 mmol) were stirred at reflux
under nitrogen for 4 h. The mixture was poured into ice-water,
and a purple solid (510 mg) was collected. A 200-mg portion of
this crude solid was crystallized from benzene to yield dark red
needles with a greenish metallic luster of 1f: 116 mg, 59%; mp
208-209 °C (lit.!* mp 206 °C); tH NMR (CDCl,) 6 7.01 (d, 1 H),
7.20 (d, 1 H), 7.80 (m, 2 H), 8.35 (m, 2 H), 13.56 (s, 1 H). Analysis
of the crude product by TLC (silica gel, CHCly) indicated the
presence of yellow, blue, and red components (1f). Chromatog-
raphy (CHCly, silica gel) yielded a yellow compound, which was
not characterized, and a blue compound was identified as 1a: 10%;
mp 152-154 °C (EtOH/H,0); 'H NMR (CDCl,) 2.69 (s, 12 H),
7.72 (m, 2 H), 7.95 (s, 2 H), 8.30 (m, 2 H), 10.98 (s, 2 H). Anal.
Caled for C;gHp0N,Oy: C, 66.64; H, 6.21; N, 17.28. Found: C,
66.48; H, 6.14; N, 17.08. The red component 1f was also isolated.
(b) Room-Temperature Conditions. Leucoquinizarin (2a;
1 g, 4.1 mmol) and N,N-dimethylhydrazine (12 g, 197 mmol) were
stirred at room temperature for 19 h. The mixture was poured
into brine to yield a purple solid (1 g). Analysis by TLC and R
comparisons showed la and 1f to be present. Analysis by !
NMR (CDCl,) indicated a la:1f ratio of 1:2.8.
1,4-Diaminoanthracene-9,10-dione (le). Leucoquinizarin
(2a; 300 mg, 1.24 mmol) was refluxed in methylhydrazine (3 mL)
for 4 h under nitrogen. The purple solution was poured into brine,
and a purple solid (295 mg) was collected. Crystallization from
pyridine/water gave le: 89 mg, 30%; mp 247-251 °C (lit.}2 mp
263 °C); 'H NMR 6 6.91 (s, 2 H), 7.07 (s, 4 H), 7.71 (m, 2 H), 8.33
(m, 2 H).

(11) El'tsov, A. V.,; Studzinskii, O. P. Russ. J. Org. Chem. (Engl.
Transl.) 1979, 15, 987.
(12) Morley, J. O. Synthesis 1976, 528.

On the Resonance Energy of
Methylenecyclopropene and Cyclopropenone

Steven M. Bachrach

Department of Chemistry, Northern Illinois University,
DeKalb, Illinois 60115

Received February 5, 1990

The aromaticity of methylenecyclopropene (1) and cy-
clopropenone (2) have been discussed and debated over
many years.!® The arguments revolve about the defi-

© 1990 American Chemical Society
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nition of the term aromaticity. Recently, Staley and
co-workers detailed a list of criteria that can be used to
quantify the aromaticity of 1 and 2.7® One criterion is the
resonance energy (RE), defined as the energetic stabili-
zation relative to appropriate reference molecules. Staley’®
and others?®8 have used the energy of reaction 1 and 2 to
indirectly predict the RE of 1 and 2, respectively. We
present here an analysis of the assumptions inherent in
these reactions.

A A A A reaction 1
PN (yN—"

The RE in these systems is thought to arise from the
interaction of the two = bonds in their T-arrangement,
leading to the resonance structures la—e and 2a-e. The

X X" X" X X~
A—~A—~A - A—-A
+ +
a b c d ]
1:X=CH2
2:X=0

reference system is chosen such that it contains all the
structural and electronic features of 1 and 2 without any
of the charged resonance structures. For 1, the reference
system is methylenecyclopropane and cyclopropene (re-
action 1), where the two = bonds are isolated but present
in a structural environment similar to 1. Analogously, the
reference 2 is cyclopropanone and cyclopropene (reaction
2). Unfortunately, the energies of these isodesmic reactions
do not directly yield the RE.

Both 1 and 2 contain ring strain energy (RSE) that must
be accounted for in order to determine the RE alone. For
these systems, a reference that separates RE from RSE
cannot be constructed. Instead, the claim is made that the
RSE of 1 is approximately equal to the RSE of methyle-
necyclopropane and cyclopropene less the RSE of cyclo-
propane;® however, evaluation of this claim is impossible.
Further, Staley® has shown in-plane = (“¢”) delocalization
stabilizes these molecules, but again the energy associated
with this stabilization cannot be evaluated. Therefore, the
isodesmic reaction energies of reactions 1 and 2 include
some unknown energetic contribution due to these effects,

(1) (a) Breslow, R.; Haynie, R.; J. J. am. Chem. Soc. 1959, 81, 247. (b)
Manatt, S. L.; Roberts, J. D. J. Org. Chem. 1959, 24, 1336. (c) Krebs, A.
W. Angew. Chem., Int. Ed. Engl. 1965, 4, 10. (d) Breslow, R.; Eicher, T.;
Krebs, A.; Peterson, R. A.; Posner, J. J. Am. Chem. Soc. 1965, 87, 1320.
(e) Benson, R. C,; Flygare, W. H,; Oda, M.; Breslow, R. J. am. Chem. Soc.
1978, 95, 2772. (f) Skanchke, A. Acta Chem. Scand. 1973, 27, 3423. (g)
Fitzpatrick, N. J.; Fanning, M. O. J. Mol. Struct. 1975, 25, 197. (h)
Hopkins, H. P., Jr.; Bostwick, D.; Alexander, C. J. J. Am. Chem. Soc.
1976, 98, 1355. (i) Grabowski, J. J.; Simon, J. D.; Peters, K. S. J. Am.
Chem. Soc. 1984, 106, 4615. (j) Steele, W. V,; Gammon, B. E.; Smith, N.
K.; Chickos, J. S.; Greenberg, A.; Liebman, J. F. J. Chem. Thermodyn.
1985, 17, 505. (k) Davis, H. E.; Allnger, N. L.; Rogers, D. W. J. Org.
Chem. 1985, 50, 3601. (1) Dahn, H.; Ung-Truong, M.-Y. Helv. Chim. Acta
1987, 70, 2130.

(2) Hehre, W. J.; Pople, J. A. J. Am. Chem. Soc. 1975, 97, 6941.

(3) Hase, H.-L.; Muller, C.; Schweig, A. Tetrahedron 1978, 34, 2983.

(4) Herndon, W. C. Pure Appl. Chem. 1980, 52, 1459.

(5) Greenberg, A.; Tompkins, R. P. T.; Debrovolny, M. Liebman, J. F.
J. Am. Chem. Soc. 1983, 105, 6855.

(6) Budzelaar, P. H. M.; Kraka, E.; Cremer, D.; Schleyer, P. v. R. J.
Am. Chem. Soc. 1986, 108, 561.

(7) Norden, T. D.; Staley, S. W.; Taylor, W. H.; Harmony, M. D. J.
Am. Chem. Soc. 1986, 108, 7912.

(8) Staley, S. W.; Norden, T. D.; Taylor, W. H.; Harmony, M. D. J.
Am. Chem. Soc. 1987, 109, 7641.

(9) For example, see: The Jerusalem Symposia on Quantum Chem-
istry and Biochemistry. IIlI. Aromaticity, Pseudiaromaticity, and An-
g;'ari)(maticity; Bergman, E. D., Pullman, B., Eds.; Academic Press: New

ork, 1971,

Notes

Table I. Groups and Their Energy Equivalents (in kcal
mol™!) for Reactions 1 and 2

reactants products
number number
group present AH, group present AH;
Reaction 1
Cyq-(H)2 1 6.26 Cq-(H)2 1 6.26
Cy4-(C)2 1 10.34 Cq-(Cy)2 1 172
C-(Ce)(C){H)2 2 -4.78 Ce-(CoH 2 6.78
C4-(Cy)(H) 2 8.59 C-(C)2(H)2 3 -4.95
C-(Cy2(H)2 1 -4.29
total 19.97 total 12.17
AH(rxn) = -7.80
Reaction 2
(CO)-(C)2 1 -3815 (CO)-(Cy)s 1 -39.1
C-(CO)CyH)2 2 =50 Co(COYHYy 2 177
Cy-(C)Y(H) 2 8.9 C-(C)2(H)2 3 -495
C-(Cy2(H)2 1 -4.29
total -28.61  total -38.55
AH(rxn) = -9.94

which must be deducted from the reaction energy to yield
the RE.5"8

Staley calculated the energies of reaction 1 and 2 at the
MP2/6-31G* level.”® The energies are —8.5 kcal mol™ for
reaction 1 and -24.1 kcal mol™! for reaction 2. Similar
values have been reported at various other calculational
levels.2® Based on these energies, and primarily geometric
and charge distribution considerations, Staley concluded
that 1 is nonaromatic’ and 2 is moderately® aromatic.
However, the isodesmic reaction energies, even with the
consideration of RSE and “¢” delocalization seem to in-
dicate anomalously large REs.

Careful examination of reactions 1 and 2 reveals that
while these are isodesmic reactions, they do not conserve
groups as defined by Benson.!® For example, C3 of me-
thylenecyclopropane is classified by Benson as C4-(C)2,
having an energy equivalent of 10.34 kcal mol™l. This
carbon should correspond with C3 of methylenecyclo-
propene, which belongs to a Cy4-(Cy)2 group. We estimate
the energy of the C4-(C,)2 group to be 7.2 kcal mol™! based
on the equivalents Cy-(H)2, 6.26 and C4-(Cy)(H), 6.78. The
energy for reaction 1, using only the Benson equivalents
and neglecting any RSE corrections, is -7.8 kcal mol ™. The
details of this calculation are given in Table I. This en-
ergy, an estimation of the energetic consequences due
solely to regrouping the atoms, also must be deducted from
the calculated reaction energy to obtain the RE of 1. This
leads to a revised isodesmic reaction energy of ~0.7 kcal
mol™, suggesting a small RE, in agreement with geometric
and charge distribution arguments presented by Staley.’

Similar analysis can be applied to reaction 2. Here the
carbonyl of cyclopropanone, (CO)-(C)2 (-31.5 keal mol™),
must correspond with the carbonyl of 2, (CO)-(Cg)2. We
estimate the energy of the (CO)-(C,)2 group to be -39.1
kcal mol™! based on the equivalent for (CO)-(Cg)2, -39.1
kcal moll. The reaction energy for reaction 2, based on
the Benson equivalents alone, is —10 kcal mol™ (see Table
I). Subtracting this energy from the calculated reaction
energy of -24.1 kcal mol™ leads to the revised reaction
energy of 14 kcal mol™l. Assuming that this corrected
energy reflects the RE, the geometric, charge distribution,
and RE arguments consistently indicate moderate aro-
maticity in 2.2

We recently proposed the group equivalent reaction!!
as a method for constructing balanced chemical reactions

(10) Benson, W. W. Thermoochemical Kinetics, 2nd ed.; J. Wiley:
New York, 1976.
(11) Bachrach, S. M. J. Chem. Educ. In press.
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to measure such quantities as RE and RSE. This reaction
conserves groups as defined by Benson and gives a reaction
that minimizes the structural differences between reactant
and product. Possible group equivalent reactions to obtain
the RE of 1 and 2 are given in reactions 3 and 4, respec-
tively. Unfortunately, these reactions involve fairly sizable

A+A+\/\/ +\)l\¢——
A+A+W +\/lk/ reaction 3

o} o}

A+A+\/\/ s A~

O

(o]
A+A+W N reactions

molecules that will tax most computational resources.
However, if care is excercised in utilizing simple reactions
and one corrects for nonconservation of chemical groups,
quite reasonable estimates of RE can be readily calculated.

Registry No. la, 4095-06-1; 2a, 2961-80-0.
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1,1,2,2-Tetracyanocyclopropane can be prepared rather
easily by reaction of aqueous formaldehyde and malono-
nitrile! or tetracyanoethylene with diazomethane.? A large
number of substituted 1,1,2,2-tetracyanocyclopropanes are
available by the Wideqvist reaction,* in which a carbonyl
compound reacts with 2 equiv of bromomalononitrile. A
similar cyclopropanation procedure was reported by
Hart.58

In a previous report, we described the rather unexpected
formation of a cyclopropane ring in the reaction of 1,1-
diethoxy-2-bromoethylene with ethyl a-cyanoacrylate.” A
zwitterionic tetramethylene is formed by reaction of the
electron-rich olefin with the electron-poor olefin. The
expected cyclobutane cycloadduct was not formed. In-
stead, elimination of the bromide anion takes place with
formation of a cyclopropane ring. Dealkylation of the
dialkoxycarbocation by Br~ leads to an ester substituent.
A similar reaction has been described by Scheeren: 8,3-
dicyanostyrene with 1,1-diethoxy-2-chloroethylene also
yields a cyclopropane derivative as a reaction product.®

In the present work, we react bromoketene acetals with
tetracyanoethylene to form tetracyanocyclopropane-
carboxylates.

(1) Scribner, R. M,; Sausen, G. N.; Prichard, W. W. J. Org. Chem.
1960, 25, 1440.

(2) Bestus, J.; Castells, J. J. Proc. Chem. Soc. (London) 1962, 216.

(3) Ramberg, L.; Wideqvist, S. Arkiv. Kemi. 1937, 12A(22).

(4) Ramberg, L.; Wideqvist, S. Arkiv. Kemi. 1941, 14B(37).

(5) Hart, H.; Freeman, F. J. Org. Chem. 1963, 28, 1220.

(6) Hart, H.; Kim, Y. C. J. Org. Chem. 1966, 31, 2784.

(7) Hall, H. K., Jr.; Padias, A. B.; Deutschman, A., Jr.; Westerman, 1.
J. J. Org. Chem. 1979, 44, 2038.

(8) Scheeren, W. J. Recl. Trav. Chim. Pays-Bas 1986, 105, 75.
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Results and Discussion

1,1-Dialkoxy-2-bromoethylenes 1 or 2 react with tetra-
cyanoethylene (TCNE, 3) at -10 °C to form methyl or
ethyl 2,2,3,3-tetracyanocyclopropanecarboxylate (6 or 7),
respectively. In analogy to the a-cyanoacrylate case,” the
following mechanism is proposed. The initially formed

Br OR, NC CN
)c:c: + )c:c’ —_
H OR, NC cN
1,2 3
—
/O-R, Br
Br OR, H_cZ H. COOR,
H~}—Lon, ORy
W —— NC CN — NC N
NC———CN
N O N N N N
4 5 6,7
1,6: R1=CH3
2.7: Ry = CH,CH,

1,4-zwitterion 4 undergoes intramolecular elimination of
bromide to form the dialkoxy cation 5, which in turn un-
dergoes dealkylation to form cyclopropane (6, 7) and alkyl
bromide. When the reaction is carried out in THF as
solvent, a large quantity of poly-THF is formed together
with the desired cyclopropane. This is additional evidence
for the formation of a 1,4-zwitterion in the course of re-
action, which can initiate the cationic polymerization of
THF.®

1,1-Diethoxy-2-bromopropene was much less reactive
than 1,1-diethoxy-2-bromoethylene. Even at room tem-
perature, no reaction occurred when 1,1-diethoxy-2-
bromopropene was mixed with TCNE in a 1:1 molar ratio
in THF.

Cyclic ketene acetals also undergo the reaction. When
2-(bromomethylidene)-1,3-dioxolane (8) or 2-(bromo-
ethylidene)-1,3-dioxolane (9) reacts with TCNE, a high
yield of 2-bromoethyl 2,2,3,3-tetracyanocyclopropane-
carboxylate 10 or 11 is obtained. The cyclic ketene acetal
8 has a tendency to undergo spontaneous cationic polym-
erization and the cyclopropane was always contaminated
by the homopolymer of 8. In this case, the extra methyl

Br O NC CN
\ / N\ /
= + =
C C\ ] /C C\ —_—

/
o) NC CN
Fe 8,9 3 —
Br
( 0 @/\
o __B' |/X Ro Mg Rp. ,COOCH,CH,B
R —= NC CN —= NC CN
NC——T—CN Nd N VY
NC CN 16,11
8,10: R2=H
9,11:R2=CH3

group on the double bond of the ketene acetal did not
reduce the reactivity significantly.

All 2,2,3,3-tetracyanocyclopropanecarboxylates (6, 7, 10,
11) were very sensitive to base or nucleophile. Saponifi-
cation to carboxylic acid has failed so far. Even weak
bases, such as silver acetate, attacked the ring or the cyano
groups. We were unable to obtain the vinyl ester deriva-
tives in attempted dehydrobrominations of 10 and 11.

Experimental Section

Melting points were obtained on a Thomas-Hoover capillary
melting point apparatus. 'H NMR and ®C NMR spectra were
taken on a Bruker WM 250 nuclear magnetic resonance spec-

(9) Padias, A. B.; Hall, H. K., Jr. Acc. Chem. Res. 1990, 23, 3.
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