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The synthesis of medium- and large-sized ring systems via e o o o
intramolecular cyclization often requires highly diluted reaction Organic phase PO ® @ = hydrophobic substrate
conditions or the use of a slow addition technique to prevent L ?', LJ triynes
intermolecular reactionsHowever, the use of large quantities of Aqueous phase u. ® O @ | - water-soluble catalyst
solvent is uneconomical and inconvenient, and the process of slow  (reaction phase) a RhCl(tppts)s

addition requires a special apparatus and is a laborious operation rjgure 1. Control of concentration in the biphasic reaction system.
In addition, using highly diluted reaction conditions often retards

the reaction rate and results in lower efficiency. It is highly desirable Scheme 1

to develop a new tactic to circumvent these drawbacks. Y M
We anticipated that a biphasic system could control the concen- M Il — @M'm — {m} — ©
tration of an organic hydrophobic substrate in the aqueous phase N

(Figure 1)%2 Distribution of substrate would keep the concentration
of substrate in the reaction phase low. If the reaction proceeds in
the aqueous phase, the system would achieve diluted reaction X [RhCI(cod)], (2.5 mol%)

Scheme 2

conditions without the use of a large amount of solvents. o/\/ tppts (16 mol%) 0
. . K . A 0
We examined a rhodium-catalyzed{22 + 2] cyclotrimeriza- H,O/E,0
tion of alkynes as a test case for our biphasic syste Diels— X ] ah o} ) 79%
a a

Alder type mechanism involving the intermediacy of metallacy-
clopentadiene complexes has been postulated for the cyclotrimeri-rape 1. Cyclization of Triynes in a H,0—Et0 Biphasic System?
zation of alkynes (Scheme &)Rate enhancement of the Diels

Alder reaction in agqueous media is well-recognizetie hoped Qﬂ A S [ROl(cad)l, (2.5 mol%)

o) tppts (16 mol%)

that water might also accelerate this metal-mediated cycloaddition,

compensating for the sacrificed efficiency due to high dilution. 5 h HoO/EL0

A water-soluble rhodium catalyst was prepared in situ from o1
[RhCl(cod)} and the trisodium salt of trisgsulfonatophenyl)- . . :
phosphine (tppts) in water at 7&. The ability of this catalyst to eny  tryne n R fime () product yield (%)
promote cyclotrimerization in the biphasic system was examined 1 1b 1 H 10 2b 93
with 4,9-dioxadodeca-1,6,11-triyrle. A solution of triynelain g ig g : ig gg gg
ether was introduced to the catalyst at room temperature, and 4 1le 4 H 19 2 91
tricyclic compound2awas obtained in good yield after stirring for 5 1f 5 H 22 2f 89
3 h (Scheme 2). 6 19 2 CHs 19 2g 85

We then focused on the synthesis of medium and large rings in
the water-ether biphasic systefnThe reaction of triynes with
Wilkinson’s catalyst generally induces polymerization of alkynes
except in cases where-%—5 tricyclic systems are formedTo
our delight, we found that medium and large rings can be obtained
in excellent yields with only trace amounts of polymeric com-

pounds. In addition, no dimerization products were detected in the the forrnanon of dimes a”‘? trlmer6 would b,e suppressed in a .
reaction mixturé® Table 1 summarizes the results of the cyclo- biphasic system due to the limited concentration of the hydrophobic

trimerization of a series of triynes. It is noteworthy that 4,15- diyné in the aqueous phase. Propargyl, homopropargyl, and
dioxaoctadeca-1,6,17-triynaH) furnished 12-membered methacy- bishomopropargyl alcohol,_\{vhlch are completely soluble in water,
clophaneh in 32% yield along with the normal cyclized product ~Were selected as hydrophilic alkyne partriérsve were pleased
2h (57%) (Scheme 3). Macrocyclization &f to provide 12- and to find that the reaction in the biphasic system cleanly provided
13-membered ring systems was also succesful. the desired cross-annulation produdts good yields even with
We also examined the cross-annulation of dipropargyl ether with 1.5 equiv of alkynols. The use of hydrochloric acid and sodium
alkynols (Scheme 4). The [2 2 + 2] annulation between a 1,6- chloride improved selectivity and conversion of the reaction,
diyne and an alkyne often suffers from dimerization and trimer- although the reason is not yet clear at this stage. In addition, the
ization of the diyne. In particular, dipropargyl ether is a highly ~cross-annulation ol-tosyl-N,N-dipropargylamine with propargyl
reactive substrate and provides the dimerized product, propargylalcohol furnished isoindoline4d in 84% yield. Diethyl 2,2-
ether5, and the trimerized product, benzyl etl&rvery rapidly. dipropargylmalonate, which is completely insoluble in water,
Grigg has already reported that reacting a large excess (5 equiv)yielded none of the annulation product. This result indicates that,

a8 Reaction conditions: [RhCI(cod){0.0125 mmol), tppts (0.08 mmol),
triyne (0.5 mmol), HO (50 mL), ether (10 mL), room temperature.

of propargyl alcohol with dipropargyl ether yields the desired
product4ain 44% yield along with6 and6.12 We anticipated that
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— OH
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T + —_— Ts
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H,O/Et, O .
(1.5 equiv) rt,72 h 4d 84%

for the reaction to proceed, some of the diyne partner must be

present in the aqueous phase.

To date, transition metal catalysis in biphasic systems has been
developed mainly for the purpose of easy separation and for the
efficient recycling of catalysts. Here, we expand the utility of the
biphasic system by demonstrating its ability to control substrate
concentratiort* A rhodium-catalyzed [2- 2 + 2] cyclotrimerization
of triynes in a water organic biphasic system has been explored.

Further research on the watasrganic biphasic system is currently
underway in our laboratory.
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