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Cyclic organophosphorus compounds, including the phosphorus analogues of «-methylene lactones,
have been synthesized in good yields by palladium-catalysed carbocyclization.

Transition metal-catalysed synthesis of heterocyclic compounds
often permits the use of unconventional starting materials to
prepare compounds under mild reaction conditions with high
selectivity,!™ benzofuran,’ indoles, oxindoles and quinolines
etc.® having been so prepared by palladium-catalysed carbo-
cyclization. Because of their potent biological activity,” cyclic
organophosphorus compounds have received considerable
attention and, recently, we described the synthesis of benzoxa-
phosphacycloalkane derivatives ® and phosphorus analogues of
a-methylene lactones® by way of a palladium-catalysed
carbon—phosphorus bond-forming reaction.'®'2 To our
knowledge, however, the synthesis of cyclic organophosphorus
compounds by palladium-catalysed carbocyclization has not
been reported earlier. Herein we present details of a study of
this reaction and provide a novel and effective method for the
synthesis of cyclic organophosphorus compounds.
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The results are summarized in Table 1. The substituent
attached to phosphorus had little effect on the yield and the
ratio of the product (entries 1-3). Formation of the smaller-
membered ring product is preferred over that of the larger.®
The bulkier the substituent position B to the vinyl moiety, the
higher the preferred selectivity for formation of the smaller-
membered ring products, although the yields are reduced
(entries 1, 4, 5). Since insertion of the ArPdBr into the double
bond and the elimination of the HPdBr was known to proceed
in a cis fashion,? 2e was formed stereospecifically (Scheme 2). If
the same argument was followed for entry 4, only E-2d should
be formed; however, in this case the elimination of HPdBr could
take place in two directions, giving E-2d and 7. The latter gave
E-2d and Z-2d by migration of the terminal double bond
through 5 and 8 (Scheme 3).

Isomerization of the 6-exo-trig cyclized product afforded the
thermodynamically stable 6-endo-trig cyclic product 2g.
Compound 1If gave 7-endo-trig cyclized product 3f and some
polymer, which was supposed to come from the 6-exo-trig
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cyclized product. Moreover, the cyclization could also proceed
under the effect of dichlorobis(triphenylphosphine)palladium
and tetrakis(triphenylphosphine)palladium catalysis, although
the yields and the selectivity of forming the smaller-membered
ring product were lower.

Typical ~Experiment.—o-Bromobenzyl phenylvinylphos-
phinate (3.0 mmol), palladium acetate (0.15 mmol), triphenyl-
phosphine (0.3 mmol) and triethylamine (1.5 cm?3, 10 mmol) in
acetonitrile (10 cm®) were placed in a thick-wall tube. This tube
was flushed with nitrogen, capped and heated to 110 °C. After
30 min, the reaction was completed as monitored by TLC. Ethyl
acetate was added to the reaction mixture which was then
filtered. The filtrate was concentrated and the residue was
chromatographed on a column of silica gel, eluting with ethyl
acetate-light petroleum (1:1) to give 6-exo-trig cyclized product
2a and 7-endo-trig product 3a in 959 yield with a 79:21 ratio
of 2a to 3a.
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Table 1 Synthesis of cyclic organophosphorus compounds via palladium-catalysed carbocyclizations®
Entry Substrate Temp. (°C)/Time (h) Products® Yield (%)¢ Ratio*
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a Reaction conditions: 1 equiv. of 1a—g, 5 mol% of palladium acetate, 10 mol?%; of triphenylphosphine and 3 equiv. of triethylamine in acetonitrile at
100-120 °C for 0.5-20 h under nitrogen. ® All products were isolated and fully characterized on the basis of mass spectral, IR, 'H NMR and
microanalytical or HRMS data. ¢ Isolated yield. ¢ Ratio of 6-exo to 7-endo product. ¢ Ratio of Z-2d to E-2d is 44:56. / Ratio based on the isolated

product.
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