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Summary: The flash vacuum pyrolysis of the 1-amino-
2-phenylaziridine hydrazone of 2-methyiferrocenecarbox-
aldehyde (8) gives ferrocenocyclobutene (5), presumably
by the formation of (2-methyiferrocenyl)carbene (7), which
rearranges to 5. Heating 5 in the presence of N-
phenyimaleimide (NPMI) in phenyl ether at 200 °C for 30
h gives two stereoisomeric Diels—Alder adducts of NPMI
and (n3-4,5-dimethylenecyclopentenyl)(n®-cyclo-
pentadienyl)iron (4), the parent ferrocene-based o-quino-
dimethane.

The reactive molecule o-xylylene (1) is the parent
benzene-based member of the large and important class
of reactive molecules called o-quinodimethanes (0-QDM’s).
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0-QDM’s have been shown to be transient intermediates
in many reactions?® and have been used extensively as
dienes in several organic syntheses. 2mostv.xz Many o-
QDM’s based on aromatic systems other than benzene are
known. Examples of these are the 0-QDM’s which are
derivatives of naphthalene (2)* and furan (3).5® In gen-
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eral, 0-QDM’s readily undergo reactions such as dimeri-
zations and Diels-Alder reactions which generate the
aromatic system on which they are based.2™

Although many 0-QDM’s have been prepared and
studied, only a few organometallic 0-QDM’s are known.
A number of o-xylylene derivatives with a metal coordi-
nated to the exocyclic diene moiety have been synthesized,?
but these compounds lack the high reactivity characteristic
of free o-xylylenes. Kiindig’ and Butenschon® have re-
cently reported the syntheses of substituted tricarbonyl-
chromium~benzocyclobutene complexes which, when
heated in the presence of a dienophile, exhibited chemical
behavior similar to that of the uncomplexed analogs.
Apparently the chromium-complexed substituted benzo-
cyclobutenes undergo ring opening to give the corre-
sponding complexed substituted o-xylylene, which reacts
with the dienophile at a rate comparable to that of the
uncomplexed species.”® Also, Butenschon has recently
reported the generation of a (n°-4,5-dimethylenecyclo-
pentenyl)cobalt complex that appears to exhibit 0-QDM-
like reactivity.? In this communication we present evi-
dence for the generation of the parent ferrocene-based
0-QDM (4) by the electrocyclic ring opening of ferrocen-
ocyclobutene (5).
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Ferrocenocyclobutene (5)!° was prepared by the flash
vacuum pyrolysis (FVP)!? of hydrazone 6,%!* which was
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prepared from 2-methylferrocenecarboxaldehyde!® and
1-amino-2-phenylaziridine!® by the method of Eschenmoser
et al.'® It has been proposed that carbenes can be con-
veniently and efficiently generated by the decomposition
of 1-amino-2-phenylaziridine hydrazones.'” FVP of 6
presumably gives molecular nitrogen, styrene, and (2-
methylferrocenyl)carbene (7), which rearranges to 5 by
C-H insertion. Compound 5 was obtained in relatively
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high purity (>95%; the rest of the material was ferrocene,
methylferrocene, 1,2-dimethylferrocene, and an uniden-
tified ferrocene derivative!!) but in only fair yields
(30-35%). No vinylferrocene was detected, which indicates
that the ferrocenylcarbene 7 does not readily undergo the
analogous series of rearrangements which converts o-
tolylcarbene to styrene in the gas phase.!®

Evidence for ring opening of 5 to 0-QDM 4 was obtained
from a trapping experiment analogous to the one used to
provide evidence for the production of o-xylylene by the
ring opening of benzocyclobutene.?®* Compound 5 was

(13) FVP (sample head, 65-95 °C; pyrolysis tube, 380 °C; 6 X 107
Torr; 4-6 h) of ca. 75 mg (0.22 mmol) of 6!* gave two products in the cold
trap. The lower white band (styrene) was dissolved in CS, and removed.
The yellow-orange upper band was concentrated and chromatographed
on ﬁie)utral alumina with hexanes. The first major fraction was 5 (30-35%
yield).

(14) 1-Amino-2-phenylaziridine (0.192 g, 1.43 mmol) was added to
2-methylferrocenecarboxaldehyde (0.150 g, 0.66 mmol) in 15 mL of
benzene. After 30 h, chromatography on neutral alumina with 8% EtOAc
in hexanes gave 0.157 g (0.46 mmol, 70%) of a dark red oil (6) as a pair
of diastereomers: 'H NMR (300 MHz, CD.Cl,) é 8.55, 8.54 (1 H, two 8),
7.51-7.31 (5 H, m), 4.56 (1 H, m), 4.31 (1 H, m), 4.26 (1 H, t, J = 2.4 Hz),
4.14, 4.13 (5 H, two s), 3.07-3.01 (1 H, two dd), 2.51-2.47 (1 H, two dd),
2.40-2.37 (1 H, two dd), 2.15, 2.14 (3 H, two s).

(15) Sokolov, V. L; Troitskaya, L. L.; Reutor, O. A. J. Organomet.
Chem. 1979, 182, 537-546.

(16) (a) Eschenmoser, A.; Felix, D.; Miller, R.; Horn, U.; Joos, R.;
Schreiber, J. Helv. Chim. Acta 1972, 51, 1276-1319. (b) Miiller, R. K,;
Joos, R.; Felix, D.; Schreiber, J.; Wintner, C.; Eschenmoser, A. In Organic
Syntheses; Noland, W. E., Ed.; Wiley: New York, 1973; Collect. Vol. VI,
pp 56-61.

(17) (a) Chen, N.; Jones, M., Jr. J. Phys. Org. Chem. 1988, 1, 305-308.
(b) White, W. R.; Platz, M. S.; Chen, N.; Jones, M., Jr. J. Am. Chem. Soc.
1990, 112, 7794~7798. (c) Chen, N.; Jones, M., Jr.; White, W. R.; Platz,
M. S. J. Am. Chem. Soc. 1991, 113, 4981-4992,

(18) (a) Jones, W. M.; Brinker, U. H. In Pericyclic Reactions; Marc-
hand, A. P., Lehr, R. E., Eds.; Academic: New York, 1977; Vol. 1, Chapter
3. (b) Jones, W, M. In Rearrangements in Ground and Excited States;
deMayo, P., Ed.; Academic: New York, 1980; Vol. 1, Chapter 3. (c)
Wentrup, C. In Reactive Intermediates; Abramovitch, R. A., Ed.; Plenum:
New York, 1980; Vol. 1, Chapter 4. (d) Wentrup, C. Top. Curr. Chem.
1976, 62, 173-251. (e) Vander Stouw, G. G.; Kraska, A. R.; Shechter, H.
J. Am. Chem. Soc. 1972, 94, 1655-1661. (f) Baron, W. J.; Jones, M.;
Gaspar, P. P. J. Am. Chem. Soc. 1970, 92, 4739-4740. (g) Hedays, E.;
Kent, M. E. J. Am. Chem. Soc. 1971, 93, 3283-32856. (h) Jones, W. M,;
Joines, R. C.; Myers, J. A.; Mitsuhashi, T.; Krajca, K. E.; Waali, E. E,;
Davis, T. L.; Turner, A. B. J. Am. Chem. Soc. 1973, 95, 826-835. (i)
Gleiter, R.; Rettig, W.; Wentrup, C. Helv. Chim. Acta 1974, 57, 2111-2124.

(19) Jensen, F. R.; Coleman, W. E,; Berlin, A. J. Tetrahedron Lett.
1962, 15-18.

Organometallics, Vol. 11, No. 6, 1992 2007

heated in the presence of N-phenylmaleimide (NPMI) in
phenyl ether at 200 °C for 30 h. Compounds 8 and 9, the
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Diels—Alder adducts of 4 and NPMI, were formed in an
11:1 ratio as determined by NMR spectroscopy. Com-
pound 8 was separated from this mixture in pure form in
13% yield; 9 was not isolated in pure form.2 Production
of these adducts provides strong evidence for the con-
version of 5 to 4 under these conditions. Notice that the

B4 g4+ 9

conversion of 5 to 4 is an example of a ring-slippage re-
action,?? with the hapticity of the reacting ligand changing
from 7° to #°. Possibly a solvent molecule coordinates with
the iron atom of 4 to retain the inert-gas electronic con-
figuration, or possibly the coordinatively unsaturated 4
remains intact long enough to react with NPMI. Reaction
of 4 with NPMI to produce 8 and 9 involves changing the
hapticity of the reacting ligand from n° to n®.

Acknowledgment. We thank Maitland Jones, Jr., for
helpful suggestions and the National Science Foundation

for generous financial support of this research (Grant
CHES8710712).

Supplementary Material Available: Experimental details,
including additional spectral data, for 2-methylferrocene-
carboxaldehyde, 1-phthalimido-2-phenylaziridine, 1-amino-2-
phenylaziridine, 5, 6, 8, and 9 (5 pages). Ordering information
is given on any current masthead page.

OM910716Q

(20) Compound 5 (8.9 mg, 0.042 mmol), NPMI (15.1 mg, 0.087 mmol),
and 0.5 mL of phenyl ether were heated to 200 °C for 30 h in a sealed
tube. An orange precipitate in an orange solution was obtained; analysis
by 'H NMR spectroscopy indicates that the precipitate was a mixture of
two products in an 11:1 ratio. The solution from the tube was chroma-
tographed on neutral alumina with hexanes and then acetone to give an
orange powder. This was combined with the precipitate, and the mixture
was recrystallized from toluene/hexane to give 2.1 mg (0.0065 mmol,
18%) of orange needles, which turn dark at 185 °C. The 'H NMR
spectrum of this material shows it to be the major component of the 11:1
mixture. The NMR signals of the tertiary protons of the major product
are 0.32 ppm downfield from those of the minor product, and therefore
the major isomer was assigned structure 8;2! the other product was as-
signed structure 9. 8: 'H NMR (300 MHz, CD,Cl,) 4 7.53-7.43 (2 H, m),
7.43-7.37 (1 H, m), 7.21-7.17 (2 H, m) 415 2 H, d, J = 2.4 Hz), 4.14 (6
H, s),4.03 (1 H, t,J = 2.4 Hz2), 3.59-3.49 (2 H, ABC m), 3.03-2.95 (2 H,
ABC m), 2.57-2.49 (2 H, ABC m); *C NMR (75 MHz, C.Hj) 5 178.912,
132.556, 129.358, 128.864, 127.008, 83.183, 69.263, 66.545, 65.464, 41.028,
24.170; MS m/z (relative intensity) 385 (M*, 100), 172 (15), 121 (6.9), 121
(6.1), 113 (37), 103 (3.7), 101 (5.6), 56 (5.6); HRMS m/z for CouH;sFeNO,
(M*) caled 385.076 48, found 385.07654. 9: *H NMR (300 MHz, CD,Cl,)
4 (pheny! and ferrocenyl proton signals are obscured by the absorptions
of 8) 3.34-3.28 (m), 3.30~2.95 (m), 2.57-2.49 (m).
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