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Abstract - 3-Sulfinyl-2,5-dihydro-1, 2A.5-oxaphosphol-2-ones (3) and 3-phosphoryl-
1,2)04-oxahiol-2(5H)-ones (4) were synthesized in good yields via eectrophile-
induced cyclization reactions of 1-sulfinyl-substituted phosphorylated dlenes (1) and
(2). Bromination of dimethyl 1-sulfinyl-1,2-akadiene-1-phosphonates (1) led to
formation of 4-bromo-3-sulfinyl-2,5-dihydro-1, 2\.5-oxaphosphol-2-ones (3), while
the reaction with methyl 1-diphenylphosphoryl-1,2-akadiene-1-sulfinates (2)
afforded 4-bromo-3-diphenylphosphoryl-1,2\4-oxathiol-2(5H)-ones (4).

In the past three decades, synthesis and use of alene derivatives have been expanded in preparative organic
chemistry.1 Reactions of dectrophilic addition to alenes? present the possibility of formation of different
monoaddition products.2 An impressive number of heterocyclic systems has been prepared from dlenic
starting materials. The eectrophile-induced cyclization of a variety of monofunctiondized alenes such as
acohols,3 carboxylic acids and their esters,4 sulfoxides, 5@ sulfinates, 5P sulfones, 5b:5¢,5d phosphonates, 506
phosphinatesdb:6 and phosphine oxides,  to heterocydlic systems has received considerable attention due to
its synthetic utility and remarkable stereosd ectivity. 3a3f,4b,4f,5¢,5d.6¢c Allenesulfinates and alenyl sulfoxides
underwent eectrophilic attack on the centra atom and ring closure correspondingly to 1,2A4-oxathiol-
2(5H)-ones (y -sultines)Sb and 5H-1, 2-oxathiol-2-ium salts®@ when treated with eectrophiles. On the other
hand, the reactions of phosphorylated alenes with dectrophilic reagents have been intensively investigated
in the past 25 years. It has been shown€ that depending on the structure of the starting alenic compound as
well as the type of the eectrophilic reagent, the reactions proceed with cyclization of the dlenic system
bearing phosphoryl group (O=P-C=C=C) to give heterocyclic compounds in most cases. In a continuation
to our previous reports on the synthesis’@7b and eectrophile-induced cyclization reactions’c7d of
bifunctiondized dlenes, we have investigated the bromine-induced heterocyclization of 1-sulfinyl-1,2-
akadienyl-phosphonates and phosphine oxides. It must be noted that conceptualy there exist two distinct
modes of cyclization of the 1-sulfinyl-substituted phosphorylated alenes if the bromine atom forms a new
bond with the central carbon of the alenic system, which seems likely.>6 It is evident that these pathways
are closdly connected with the intramolecular participation of the sulfinyl and/or the phosphoryl groups as
internal nucleophile(s) in the final step of the heterocyclization.

In order to establish the preferred pathway, we treated the dimethyl 1-alkyl(aryl)sulfinyl-1,2-akadiene-1-
phosphonates (1) with bromine in dichloromethane at -20 oC and found that the reaction took place with



electrophile-induced cyclization by neighboring participation of phosphonate group only as an internal
nucleophile to give in good yields (64-73%) the 3-alkyl(aryl)sulfinyl-4-bromo-2-methoxy-2,5-dihydro-
1,2A5-oxaphosphol-2-ones (3)8 as shown in Scheme 1:
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Scheme 1

In contrast, the bromination reaction of the methyl 1 -diphenylphosphoryl-1,2-alkadiene- 1-sulfinates (2) in
the same conditions afforded the 4-bromo-3-diphenylphosphoryl-1,2A4-oxathiol-2(5H)-ones (4)° in 68

and 73% yields, i. e. the electrophile-induced cyclization proceeded by neighboring participation of
sulfinate group as an internal nucleophile, according to the following sequence outlined in Scheme 2:
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The resulting heterocyclic compounds (3) and (4) were isolated by column chromatography as light yellow
oils or white crystals and exhibited correct IR, 1H and 13C NMR spectral data8:9 which are in good
agreement with spectroscopic properties reported for similar structures.5:6 The data from elemental analysis
confirm the structure of compounds prepared. In addition to the above, we observe second-order kinetics,
first-order in electrophile and first-order in substrate, which establishes the composition of the rate
determining transition state as containing one equivalent of each reactant as has been reported by Garratt
and coworkers3f in the cyclization reaction of allenic alcohols with PhSeCl. These data are indicative of a
reaction hypersurface containing the cyclic bromonium ions (A1) or (A2) or the open carbenium ions (B1)
or (B2), formed either competitively with onium ions formation or by the partial opening of the initially
formed onium ions intermediates,l0 which collapse to the products (3) and (4) after attack of internal
nucleophile (phosphonate or sulfinate groups). These are presumed to arise from attack on the allenic C2-
C3 double bond anti to the functional group which assisted in the heterocyclization by neighboring group
participation as an internal nucleophile. On the other hand, a possible explanation of the occurred two types
cyclization consists in the following. These reaction pathways are probably favorable from energetic point
of view. If the sulfoxide group (Scheme 1) and phosphine oxide group (Scheme 2) take place as internal
nucleophiles in the cyclization, the prepared cyclic compounds should be sulfonium>2 and phosphonium
salts,!1 since in these cases the stabilization by the elimination of an alkyl bromide and formation of stable
products with sulfinyl and phosphoryl groups is impossible. The above mentioned explanation should be
corroborated or refuted from the results on study of the bromination reactions of other functionalized
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phosphorylated allenes and specially their stereochemistry. Further work in this area is being focused on
exploiting and extending the synthetic utility of the bifunctionalized allenes for the preparation of different
heterocyclic systems using the electrophile-induced cyclization methodology.

In summary, our results indicate that the 1-sulfinyl-substututed phosphorylated allenes (1) and (2) are
efficient synthons for the synthesis of the 3-sulfinyl-2,5-dihydro-1,2A5-0xaphosphol-2-ones (3) and the 3-
phosphoryl-1,2A4%-oxathiol-2(5H)-ones (4) via electrophile-induced intramolecular ring closure. Whereas
the intramolecular cyclizations are also possible for other monofunctionalized allenes,3-6 the nature of the
electrophile-induced cyclization opens new synthetic routes for several classes of heterocyclic compounds
from the bifunctionalized allenes72.7b as precursors. Studies in this area are currently in progress and the
results of them will be reported in the near future.
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