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Carbonyl ylides are elusive compared to their sulfur-containing
analogues. However, there exists ample evidence for their in-
termediacy in photochemical ring opening of oxiranes.? For
example, tetracyanoethylene oxide reacts with a variety of dien-
ophiles such as olefins, acetylenes, and even benzene through the
intermediacy of the carbonyl ylide 1 (1,3-dipolar addition).?
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Stilbene oxides have been photochemically isomerized to the
carbonyl ylide 2 at =196 °C.* The stereochemistry of ring opening
of oxirane to carbonyl ylides has also received considerable at-
tention.>

The parent of all carbonyl ylides is formaldehyde O-methylide
3. Although 3 is well-known to theoretical chemists,> there exists
so far no experimental evidence for it.

We would like to report now the intermediacy of the hitherto
unknown formaldehyde O-methylide (3) in the reaction of dia-
zomethane with monomeric formaldehyde in dimethyl ether so-
lution™ at —78 °C. To a yellow solution of dideuteriodiazomethane
(=0.24 g, 5 mmol)? in 2 mL of dimethyl ether maintained at —78
°C in a dry-ice cooled quartz UV cell under a nitrogen atmosphere

(1) Onium Ylide Chemistry. 5. For part 4, see: Olah, G. A.; Doggweiler,
H.; Felberg, J. D. J. Am. Chem. Soc. 1985, 107, 4975.

(2) Huisgen, R. In “1,3-Dipolar Cycloaddition Chemistry”; Padwa, A., Ed.;
Wiley Interscience: New York, 1984; Vol. 1, pp 23.

(3) (a) Linn, W. J.; Benson, R. E. J. Am. Chem. Soc. 1965, 87, 3657. (b)
Linn, W. J. J. Am. Chem. Soc. 1965, 87, 3665.

(4) (a) For a review, see: Griffin, W. Angew. Chem., Int. Ed. Engl. 1971,
10, 537. (b) DoMinh, T.; Trozzolo, A. M.; Griffin, W. J. 4m. Chem. Soc.
1970, 92, 1402. (c) Lev, L. J; Ishikawa, K.; Bhacca, N. S.; Griffin, W. J. Org.
Chem. 1976, 41, 2654,

(5) Voltatron, F.; Anh, N. T.; Jean, Y. J. Am. Chem. Soc. 1983, 105, 2359.

(6) Feller, D.; Davidson, E. R.; Borden, W. T. J. Am. Chem. Soc. 1984,
106, 2513.

(7) (a) Reaction of singlet methylene with dimethyl ether at -78 °C is
rather sluggish. Even if there is a slow insertion the product analysis of the
formaldehyde reaction is not hampered by it. Also the singlet methylene may
be stabilized by solvation by dimethyl ether solvent. (b) Gaseous di-
deuteriodiazomethane was prepared by treating freshly prepared N-(nitroso-
methyl)urea with 80% sodium deuteroxide in D,O solution in a diazo-
methane-generation apparatus and was predried with NaOD pellets under a
slow stream of nitrogen before transferring into cooled dimethyl ether; see:
Hecht, S. M.; Kozarich, J. W. Tetrahedron Lett. 1972, 1501.
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is added a precooled solution (=78 °C) of monomeric form-
aldehyde® (0.015 g, 0.5 mmol) in 0.5 mL of dimethyl ether. The
resulting yellow solution was irradiated with a Sylvania 275-W
sunlamp. The yellow color of the solution gradually disappeared
(1-2 min) indicating the photochemical dissociation of diazo-
methane. After 10 min of irradiation, the dimethyl ether solution
already containing precipitated paraformaldehyde® was slowly
evaporated under a gentle stream of nitrogen gas. The resulting
white precipitate was analyzed by mass spectrometry. The mass
spectrometric analysis'® of the product showed 10-12% of di-
deuterioformaldehyde (observation of peaks at m/e 32, M* ion,
m/e 30, M* — 2 ion) along with formaldehyde and fragmentation
peaks of polymethylene. The formation of dideuterioformaldehyde
is an indication of the intermediacy of the formaldehyde O-
methylide 4 in the reaction and its general ambivalent character
(Scheme I, 4a <> 4b).!" However, one could also account for
the observation of dideuterioformaldehyde in the mass spectrom-
eter by the fragmentation of dideuterioethylene oxide formed either
by the direct reaction of dideuterio singlet methylene with mo-
nomeric formaldehyde or by the irreversible cyclization of the
formaldehyde O-methylide. The latter two possibilities were
clearly ruled out since no parent ion peak at m/e 46 for di-
deuterioethylene oxide was observed.!> Moreover, ethylene oxide
does not photochemically decompose to formaldehyde and
methylene (especially under the reaction conditions).

We also considered a direct thermal 1,3-dipolar addition of
dideuteriodiazomethane with monomeric formaldehyde (Scheme
II) resulting in oxadiazoline § which upon nitrogen loss would
provide 4. To test this possibility dideuteriodiazomethane (5
mmol}) in 2 mL of dimethyl ether at =78 °C in a cooled glass cell
under nitrogen atmosphere was treated with monomeric form-

(8) Paraformaldehyde was obtained from Fisher Scientific Co. and was
thoroughly dried before cracking (in an oil bath at +160 °C) into monomeric
formaldehyde. Solutions of monomeric formaldehyde in dimethyl ether at 78
°C are indefinitely stable.

(9) The reaction of dideuteriodiazomethane with monomeric formaldehyde
in dimethyl ether under both photochemical and thermal conditions produces
quite a bit of insoluble paraformaldehyde. Hence in the reaction we seem to
get less exchange (<12%) since most of the monomeric formaldehyde is
already polymerized.

(10) Mass spectrum was obtained on a Hewlett-Packard 5985A GC/MS
system. The analysis was performed by comparing the mass spectrum of
predried prepolymerized sample of monomeric formaldehyde.

(11) We also attempted to observe the formaldehyde O-methylide by
carrying out the photochemical reaction in a NMR tube with subsequent 3C
NMR analysis at low temperature. However, we could not find any spec-
troscopic evidence for the ylide in accordance with its expected short life time.

(12) Mass spectrum of ethylene oxide shows the molecular ion as the base
peak (most abundant peak).
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aldehyde (0.5 mmol) in 0.5 mL of dimethyl ether in total darkness.
After 4 h of reaction, the ether solvent was evaporated and the
analysis of the resulting white precipitate showed ~6% di-
deuterioformaldehyde. Again no evidence was obtained for the
formation of dideuterioethylene oxide.

These results show that formaldehyde O-methylide 4 is formed
by the reaction of dideuteriodiazomethane with monomeric
formaldehyde under both photochemical and thermal conditions
(latter involving oxadiazoline 52).

The symmetrical nature of formaldehyde O-methylide has been
probed theoretically by Borden and co-workers.® Results of ab
initioc MCSCF and CI calculations indicate that the formaldehyde
O-methylide shows strong preference for equal C—O bond lengths,
indicating an allyl type resonance interaction (3a <> 3b). Our
experimental work seems to support the theoretical prediction.

In conclusion we have shown that formaldehyde O-methylide
is indeed an intermediate in the reaction of diazomethane with
monomeric formaldehyde under both photochemical and thermal
conditions.

Acknowledgment. Support of our work by National Science
Foundation is gratefully acknowledged.

Cubane-Type Mo,FeS,** Aqua Ion and X-ray Structure
of [MO3F€S4(NH3)9(H20)]CI4

Takashi Shibahara,* Haruo Akashi, and Hisao Kuroya

Department of Chemistry, Okayama University of
Science, 1-1 Ridai-cho, Okayama 700, Japan

Received October 1, 1985

We have recently reported on the preparation and properties
of Mo;S,** aqua ion (I).! A sequence of incomplete cubane-type
aqua ions of M030,**.2 M0,0,8%* 2 M0;0,8,**,* and Mo,0S,;**,°
are known;® the second to fourth aqua ions have u;-S and the
presence of the isomeric forms having u,-O has also been reported.’
Actually, four types of triangular molybdenum(IV) complexes
have been reported.! However, as far as aqua ions are concerned,
only the incomplete cubane-type is known so far.

We describe here the reaction of the aqua ion I with metallic
iron as follows:

Mo,;S** + Fe — MosFeS,**

This is the first example of a reaction in which the missing corner
of the incomplete cubane-type core is filled with another metal.

(1) Shibahara, T.; Kuroya, H. “Abstrascts of Papers”, 5th International
Conference on the Chemistry and Uses of Molybdenum, New Castle upon
Tyne, England, July 1985. The peak positions (¢ values in M™ cm™ per
trimer) in 2 M HPTS are 602 (e 351) and 367 nm (e 5190). Sykes and
co-workers also reported their Mo;S,** aqua ion (peak positions are 585 (e
663) and 326 nm (e 7860)). The corresponding values reported by the two
groups are clearly different from each other, although Sykes and co-workers
referred to the excellent agreement: J. Chem. Soc., Chem. Commun. 1985,
953.

(2) Rogers, K. R.; Murmann, R. K.; Schlemper, E. O.; Shelton, M. E.
Inorg. Chem. 1988, 24, 1313 and references therein.

(3) Shibahara, T.; Hattori, H.; Kuroya, H. J. Am. Chem. Soc. 1984, 106,
2710.

(4) Shibahara, T.; Yamada, T.; Kuroya, H.; Hills, E. F.; Kathirgamana-
than, P.; Sykes, A. G. Inorg. Chim. Acta, submitted for publication.

(5) Shibahara, T.; Miyake, H.; Kobayashi, K.; Kuroya, H. Chem. Lett.,
submitted for publication.

(6) Strictly speaking, the term aqua ion cannot be used for ions containing
sulfur atom(s). The term aqua ion, however, will be used here for species in
which bridging sulfur atom(s) exist and other ligands are only water.

(7) Personal communication from: Sykes, A. G. J. Chem. Soc., Chem.
Commun., submitted for publication.

(8) Benory, E,; Bino, A.; Gibson, D.; Cotton, F. A.; Dori, Z. Inorg. Chim.
Acta 1985, 99, 137.
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Figure 1. Perspective view of [Mo;FeS,(NH;)g(H,0)]** cation. Bond
distances (A): Mol-Mo2, 2.766 (8); Mol-Mo3, 2.783 (3); Mo2-Mo3,
2.830 (8); Mol-FeA, 2.684 (13); Mo2-FeA, 2.675 (15); Mo3-FeA,
2.691 (13); Mol1-SA2, 2.34 (1); Mo1-SA3, 2.38 (3); Mo1-SA4, 2.30
(3); Mo2-SA1l, 2.33 (1); Mo2-SA2, 2.39 (1); Mo2-SA4, 2.36 (3);
Mo3-SAl, 2.37 (1); Mo3-SA3, 2.35 (3); Mo3-SA4, 2.42 (3); FeA-SAl,
2.26 (2); FeA-SA2, 2.25 (2); FeA-SA3, 2.25 (3); Mo—-N (av), 2.29 (5);
FeA-OA, 2.04 (4).
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Figure 2. Electronic spectra. (A) Mo;FeS,** in 2 M HPTS; (B)
[Mo;FeS,(NH;)s(H,0)]** in concentrated aqueous ammonia (In order
to avoid the strong light absorption of ammonia, dilute aqueous ammonia
solution (1 M) was used in 800-1300-nm region, although the spectrum
is gradually changeable.); (C) Mo;S,** in 2 M HPTS.

There are many clusters with a core like, but none the same as,
Mo,FeS,; cubane-type clusters of Mo,S,,” Mo,Fe,S,,'!° MoFe,-

(9) (a) De Hayes, L. J.; Faukner, H. C.; Doub, W. H., Jr.; Sayer, D. T.
Inorg. Chem. 1975, 14, 2110. (b) Perrin, C.; Chevrel, R.; Sergent, M. C. R.
Acad. Sci., Ser. C. 1975, 281, 23. (c) Edelblut, A. W.; Wentworth, R. A. D.
Inorg. Chem. 1980, 19, 1110. (d) Edelblut, A. W; Folting, K.; Huffman, J.
C.; Wentworth, R. A. D. J. Am. Chem. Soc. 1981, 103, 1927. (e) Muller,
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munication.
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