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Abstract

As a continuation of studies carried out in this laboratory on the properties of five-membered heterocycles such as furan, thiophene,
selenophene and pyrrole as substrates for excited carbonyl compounds and for methylmaleic anhydride derivatives in photosensitized
reactions, aless common substrate namely 3,4-dimethyl-1-phenylphosphole was chosen this time. The results obt@ipetlag@duct
formed between 2,3-dimethylmaleic anhydride and the heterocycle indicate that phosphole derivatives could be used as well, to initiate a
new series of adducts of synthetic interest.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction ular [2+ 2] and [4+ 2] photodimerizations of phospholes
albeit as ligands in coordination complexes when exposed

Direct irradiation of ketones in the presence of hete- to sunlight.

rocycles such as furafil—3], pyrrole [4], thiophene[5] Anyhow, interest aroused to attempt the direct irradiation

and selenophenfg] derivatives to yield oxetanes as well of benzophenone in the presence of 3,4-dimethyl-1-phenyl-

as photosensitized cycloaddition reactions between maleicphosphole and also the photosensitized cycloaddition of

anhydride derivatives and the five-membered heterocycles2,3-dimethylmaleic anhydride to the just mentioned hete-

mentioned above to yield cyclobutane containing adducts rocycle. The former was not successful, the latter yielded

has been an important field of research in this laboratory. a (2+ 2) adduct which was identified by spectroscopic

Considering the synthetic aspe§?s8] as well as the pho-  methods. This result stimulates further investigation on the

tochemical kineticg[9,10] approach to these reactions it synthesis of other adducts to start a new family of com-

has been possible to have a well round knowledge of thesepounds as has been done before with the other heterocycles,

processes. Nevertheless, since in contrast to the commoras well as attaining the photoadditions with phospholes free

heterocycles mentioned above which are routinely used inof the coordination spheres of transition metal carbonyl

the organic chemistry laboratory, phosphole and its deriva- complexes.

tives are rather uncommon in the sense that they are not

commercially available and their syntheses are cumbersome ] )

perhaps due to the nature of phosphorus as the heteroatorr? EXPerimental details

all this contributes to make it an interesting substrate and _

deserves to be presented as such. That will be done in the?-1: Chemicals

discussion for the sake of coherence in the text. ] ) )
It is important at this point to mention that Mathey and ~ B€nzophenone and 2,3-dimethyimaleic anhydride were
co-workerg11] and Li et al.[12] have reported intramolec- ~ Purchased from Aldrich (Steinheim, Germany). All analyt-
ical or HPLC grade solvents were obtained from Merck
* Corresponding author. Tels+58-2-5041338; fax:+58-2-5041350. (Darmstadt, Germany). The preparation of 3,4-dimethyl-1-
E-mail addressfvargas@ivic.ve (F. Vargas). phenylphosphole was carried out following the procedure of
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Breque et al[13]. The product was identical to that synthe- NMR (CD3OD, 300 MHz):5 = 7.14 (m, 2H, aromatic-H),

sized by Breque et aJ13]. 6.95 (m, 3H, aromatic-H), 5.96 (q, 1H] = 1.3Hz,
_ ' P-CH=C), 4.59 (s, 1H, P-CH-C), 1.78 (d, 3Hl,= 1.3 Hz,
2.2. Photochemical reactions —C=C—CHg), 1.41 (s, 3H, -C—C—C¥), 1.37 and 1.34 (s, 3H

, , each, maleic ring—C#J. 13C NMR (CD30D, 100 MHz):§ =
A solution of 4.8 (0.01 mol) of 3,4-dimethyl-1-phenyl- 173 (s, GO), 172 (s, GO), 134 (s, aromatic-C—P), 132 (d,

phosphole, 1.8g (0.01mol) of benzophenone and 1.2695¢ aromatic-CH), 131 (s, ~GHC~CHg), 129 (d, P=EI=C),
(0.01mol) of 2,3-dimethylmaleic anhydride in 200ml of 154 (d, 2C, aromatic-CH), 120 (d, aromatic-CH), 67 (d, P—
dry benzene was placed in a 250ml reaction vessel. A CH-C), 58 (s, CH=ECH), 56 (s, maleic ring=CCHs),
quartz immersion well containing a Pyrex filter sleeve and g (s, maleic ring=ECHs), 20 (g, CHC—-CH3), 14 (q,
a Hanovia 250 W lamp was fitted into the reaction vessel. CH-C—-H3), 10 (g, maleic ring=€l3), 8 (g, maleic
The lamp was cooled at € (Colora Kalte thermostat) fing—CHg). MS: m/z (%): retro Diels—Alder 188 (§H13P,

and nitrogen was bubbled through the solution before 10), 127 (90), 126 (§HgOs, 40), 149 (25), 108 (80), 83
and during the irradiation. At the end of 8h (optimum (60), 67 (100), 52 (10), 39 (60).

time on the basis of product isolated), the irradiation was
stopped and the liquid portion was evaporated under re-
duced pressure (14 Torr) at room temperature. The residues  piscussions
was purified by column chromatography (silica gel) using
dichloromethane—methanol mixture (1:1 (v/v)) as elutant
and the photoproduct was isolated by preparative TLC

chromatography (silica gel, Merck 60x4) or alterna- 54 Te, Scheme Y and their methyl derivatives have been
tively by preparative high-performance liquid chromato-  gygje in this laboratory as substrates both for excited car-
graph (HPLC). The high-performance liquid chromatograph 1),ny| compounds under direct irradiation with UV light and

(HPLC) used in all experiments described herein was a for maleic anhydride derivatives in benzophenone photosen-
Waters Delta Prep 4000 equipped with.& 81m x 300 mm sitized reactions. In addition to the synthetic work, photo-

Porasil 1Qum column using a CbCl-MeOH binary  chemjcal kinetics haven been used to elucidate the mecha-
solvent system. The isolated produttwas analyzed by  nism of the reaction.

IH-NMR and 13C-NMR spectroscopy (Bruker Aspect
3000, 300 MHz), FT IR (Nicolet DX V 5.07) and GC-MS

First of all it is interesting to note that in group six of
the periodic table the series of compountis = O, S, Se

In group five of the periodic table, the compound
: 1, X=N-R has been partially studied and now hope-
(HP-5890 (series I1)-HP-5972, DBS-column, 25 m). fully compounds1, X =P-R starts a new series of
The experimental procedure for the direct irradiation of compounds beginning with above mentioned derivative,
benzophenone in the presence .of 3’4'dimethyl'1'phenyl'3,4-dimethyl-l-phospholeSI.
phosphole was as follow: a solution of 1.8g (0.01mol) of 5 the other hand, it is important to describe phosphole
benzophenone and 4.89 (0.01 mol) 3,4-dimethyl-1-phenyl- y, nderstand its chemical behavifir4]. Phosphole is a
phosphole in 200ml of dry benzene was irradiated in the 6. membered heterocycle where the lone pair of electrons

pho?orea}ctpr described for the previous experiment. After phosphorus exhibits a pyramidal configuration and as a
8h irradiation, the solvent was evaporated under reducedyegyjt the third valence of the heteroatom is not coplanar

pressure (14 Torr) and the work up of the residue was car- it the ring. Therefore, phospholes may not be aromatic

ried out as in the previous experiment. The isolated photol— and presumably this property facilitates theK(2) cycload-
product was not the expected oxetane; instead a polymericyition reactions since the two double bonds in the ring are

compound was formed. not interacting with each other as much as they would if the
compound were aromatic. However, the fact that phospho-

3. Results les have been shown by variable temperature NMR deter-
minations to require less energy for interconversion of the
3.1. Photocycloaddition products: (2 2) adduct? isomer2 (Scheme 2to the isomerd than would for a sat-

urated analogue may indicate that the? ®brid transition
Yield: 80%. d.p.: 206-208C, Ry = 0.40. IR (KBr; state3 is aromatic. Nevertheless, this character is probably
cm1): v = 3095, 3075, 2960, 1700, 1392, 1375, 8bA. very weak.
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Scheme 1.
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Scheme 3.

Actually, for a long time controversial arguments sup- There are examples in our research where 3,4-dimethyl sub-
porting and opposing delocalization have been going on. stitution does not favor oxetane formation; that is the case
However, the most accepted viewpoint is that the P atom of 3,4-dimethylthiophenfl7] and 3,4-dimethylselenophene
in simple phospholes retains its pyramidal charafi&. [18]; the reason for this behavior is not very obvious because
Recent investigations on planarization of phospholes hasit has been observed that in methyl-substituted furans, thio-
shown that significant flattening of the pyramid is attained phenes and selenophenes the excited carbonyl compound
by substituting very bulky groups, such as 2,4,6484H> reacts preferably with the double bond with a higher de-
on the P atom with the concomitant delocalizatjaf]. gree of substitution as in the case of 2,3-dimethylfuran and

Irradiation of 5 in the presence of benzophenone was 2,3-dimethylthiophene; therefore the argument in favor of
carried out for different lengths of time reaching in one steric hindrance is not valiccheme 3
of the experiments up to 70h, different solvents, includ- Irradiation of 2,3-dimethylmaleic anhydride in the pres-
ing hexane, benzene, dichloromethane, methanol, were use@&nce of 3,4-dimethyl-1-phenylphosphole using benzophe-
as well as different temperatures but it was not possible none as a photosensitizer yielded as expected the Zp
to isolate the expected oxetale This result is not en-  cycloadduc (80% yield) which was isolated and identified
tirely discouraging for it is possible that substituting the by spectroscopic methods.
methyl groups in other positions in the ring or substitut-  Regarding the stereochemistry of addidctt can be de-
ing only one methyl group the oxetane may be obtained. scribed asanti as depicted irscheme 4on the basis of an

7 CHy P
o {DP 4
Ph,CO
@ ~g

Scheme 4.
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analogy to several other adducts with the carbon skeleton [5] C. Rivas, M. Vélez, O. Crescente, Chem. Commun. (1970) 1474.
whose stereochemistry was elucidated by means of homonu- [6] D. Pacheco, C. Rivas, F. Vargas, J. Heterocycl. Chem. 20 (1983)
clear[19] *H {*H} and heteronucledH {13C}NOE [20]. 1465-1468.

[7] C. Rivas, F. Vargas, Photosensitized{22] cycloadditions of maleic
anhydride derivatives to heterocycles: cyclobutane formation, in:
. S.G. Pandalai, F. Vargas (Eds.), Modern Topics in Photochemistry
5. Conclusions and Photobiology, Research Signpost, Trivandrum, India, 1997,
pp. 41-64.

After the isolation and characterization of Compouﬁd [8] C. Rivas, F. Vargas, Oxetane formation: addition to heterocycles,

a cycloadduct from 3,4-dimethyl-1-phenylphosphole and in: W.M. Horspool, Pill-Soon Song (Eds.), Handbook of Organic
y y P yip P Photochemistry and Photobiology, CRC Press, Boca Raton, FL, 1995,

2,3-dimethylmaleic anhydride, other derivatives of phosp- pp. 536-549,

hole will be tested as substrates both for excited carbonyl [9] R.A. Bolivar, C. Rivas, J. Photochem. 19 (1982) 95-99.
compounds and maleic anhydride derivatives in photosensi-[10] R.A. Bolivar, R. Gonzalez, R. Machado, C. Rivas, M.L. Tasayco, J.
tized reactions. It is expected that substitution of the methyl Photochem. 32 (1986) 363-368.

roups in positions in the rina other than 3 and 4 will favor [11] C.C. Santini, J. Fischer, F. Mathey, A. Mitschler, J. Am. Chem. Soc.
group P 9 102 (1980) 5809-5814.

formation of oxetanes. [12] H.L. Li, J.H. Nelson, A. DeCian, J. Fischer, B. Li, Ch. Wang, B.
McCarty, Y. Aoki, J.W. Kenney, L. Solujic, E.M. Milosavjevic, J.
Organomet. 529 (1997) 395-408.
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