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A new type of trisannelation reaction of acrylates through
acetal formation was developed by Pd(OA@mbined with
molybdovanadophosphoric acid (HPR¥) and Lewis acid
under atmospheric dioxygen. Thus, the reaction of isobutyl
acrylate in the presence of Pd(OAdiPMasV4, and Ced
under Q (1 atm) in MeOH/AcOH afforded isobutyl 1,3,5-

Note

known to lead to polysubstituted benzene derivatfvé&sr
instance, the Ru-catalyzed cyclotrimerization of ethyl propiolate
is reported to give a 4:1 mixture of triethyl 1,2,4- and 1,3,5-
benzenetricarboxylates, but the regioselectivity of these two
isomers is usually difficult to control by this methddriethyl
1,3,5-benzenetricarboxyl&tevas prepared by a stoichiometric
reaction of ethyl 3-ethoxyacrylate with benzyltrimethylammo-
nium ethoxide®. Jacobsen et al. showed the formation of triethyl
1,3,5-benzenetricarboxylate in the course of the distillation of
the dimer of ethyl 3-ethoxyacrylate in the presence of NaklHSO
or p-TsOH1% We have now found that a novel regioselective
trisannelation reaction of acrylates to 1,3,5-benzenetricarboxy-
lates is promoted by Pd(OActombined with molybdovana-
dophosphoric acids in the presence of a small amount of Lewis
acids in a mixed solvent of methanol and acetic acid (eq 1).

%atpd(0AC),

catHPMoV CO,R
calCeClys 7H,0
Z>Co,R > 2 )
MeOH/AcOH
under O, (1 atm) RO,C CO,R
1a:R="Bu 70°C 2a:R="Bu
1b:R=Et 2b:R=Et

Table 1 shows the result of the reaction of isobutyl acrylate
(1a) by Pd(OAc)y combined with HPMogV 4040-23H,0
(HPMasV,4) and Ce-7H,0 under several reaction conditions.

A typical reaction was carried out as follows: To a solution
containing Pd(OAg)(0.10 mmol, 3.3 mol %), HPM§V4 (0.023
mmol, 0.77 mol %), and Cegl7H,O (0.20 mmol, 6.7 mol %)

benzenetricarboxylate in fair yield. The reaction was found in a mixed solvent of methanol (2 mL) and acetic acid (3 mL)
to proceed through the palladium-catalyzed acetalization of was added.a (3 mmol) in acetic acid (0.3 mL) and methanol

acrylate with methanol followed by the trisannelation reaction
of the resulting acetal promoted by CeCl

Dimerization of acrylates is a well-known synthetic method
to obtain bifunctional dicarboxylates, which are highly useful
compounds as polymer materials. This type of dimerization

(0.2 mL) over a period of 3.5 h under,@L atm) at 70°C, and

the mixture was stirred for an additional 18 h (entry 1). The
reaction afforded triisobutyl 1,3,5-benzenetricarboxylas (n
40% yield along with unidentified polymeric products. This is
the first successful direct trisannelation reaction of acrylates to
1,3,5-trisubstituted benzene derivatives through a catalytic
process, although the product yield2# must be optimized. It

reaction has been extensively studied by using various transitionjs npoteworthy that the trisannelation @& was catalytically

metal complexes such as €bli,2 Ru? Rh*and Pcf In contrast

achieved in a regioselective manner to gig2a since the

to numerous studies on the dimerization of acrylates, however, yrimerization of terminal alkynes is difficult to carry out

there has been little study on the trisannelation reaction of regioselectively. When the amount of Pd(OAw)as increased
acrylates. To the best of our knowledge, the synthesis of {45 mo| 95, 2awas obtained in 56% yield (entry 2). The reaction

benzenetricarboxylates by trisannelation of acrylates has neve
been studied, although the cyclotrimerization of alkynes is
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fof 1a under these conditions ff@ h afforded2a (15%, entry

3). The reaction ofla in the absence of Ceg€under these
conditions producegain poor yield (6%, entry 5). The reaction
did not proceed catalytically under an argon atmosphere (entry
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TABLE 1. Trisannelation of 1a to 2a by the Pd(OAcYHPMogV 4/
CeCly/O, System under Several Reaction Conditiorfs

Pd(OAc) HPMoV CeCh conv yield?
entry (mmol) (umol) (mmol) (%) (%)
1 0.10 23 0.20 83 40
2 0.15 23 0.20 97 56 (55)
3 0.15 23 0.20 23 15
4 0.15 30 0.20 97 35
5d 0.15 23 0 16 6
6° 0.15 23 0.20 no reaction
7 0.15 23 0.20 28 4
89 0.15 23 0.20 93 19
g 0.15 23 0.20 56 n.t16y

aTo a solution of AcOH (3 mL) and MeOH (2 mL) containing Pd(O4xc)
HPMosV4, and CeG)-7H,0 was added.a (3 mmol) in AcOH (0.3 mL)/
MeOH (0.2 mL) at 70°C over a period of 3.5 h and stirred for additional
18 h.PGLC yields. The number in parentheses shows isolated yield.
¢ Reaction time was 4 K. Reaction was performed in the absence of
CeCh-7H0. ¢ Reaction was performed under ABcOH (5 mL) was used
without MeOH.9 Water (2 mL) was used in place of MeORFMeOH (5
mL) was used without AcOH.Not detected! Yield of 3a

6). When methanol was removed from a mixed solvent, the
conversion became very low (entry 7). However, the use of
water instead of methanol affordé&h to some extent (19%,
entry 8). No trisannelation was induced in the reaction in
methanol alone, and isobutyl 3,3-dimethoxypropionas (as

acid in a mixed solvent dFBuOH and acetic acid under various
reaction conditions (eq 2, Table 2).

As expected, the trisannelation of the ac8talvas achieved
by CeCk in a mixed solvent of-BuOH!2 and acetic acid at 90
°C for 2 h togive triethyl 1,3,5-benzenetricarboxylat2bj in
a considerable yield (63%, entry 1). When the reaction was
prolonged to 6 h2b was obtained in 78% vyield (entry 2). The
reaction was induced to some extent in either acetic acid or
t-BuOH alone (entries 3 and 4), but the reaction was slow at a
temperature below 70C (entry 5). Among Lewis acids
examined, lanthanide metal chlorides were found to be more
efficient than normal metal chlorides. Cg@las the best Lewis
acid followed by GdG and Smd (entries 6 and 7). Use of
AICl3 and ZrC}, resulted in2b in low yields (entries 8 and 9).

No trisannelation was induced by protic acids such as TsOH
and HSO, (entries 10 and 11).

On the basis of these results, a plausible reaction path for
the trisannelation ofla to 2a is outlined in Scheme 1. The
reaction is initiated by the Pd(ll)-catalyzed acetalization of
acrylatelato 3a, and the resulting acet&h is believed to be
converted to 3-methoxy acrylatéd) through a Ce acetalA)
as a transient intermediate. It seems rather difficult to presume
the subsequent reaction paths involved in the annulation.
However, we can make a proposal about the trisannelation which
seems to agree with the experimental data. The Michael-type

obtained in 16% yield (entry 9). These results show that a mixed aqdition ofA to 4a affords an adductg) on which subsequent
solvent of methanol and acetic acid is needed to obtain aqdition to4a followed by annelation leads t2a. Indeed,4b

trisannelation produ@a. The fact that the acet8ais formed

prepared independently was allowed to react in the presence of

in the early stage of the reaction may provide powerful evidence ceCy, in a mixed solvent of-BuOH and AcOH (3:2) at 99C

that2ais formed througtBa. Previously, we have reported that
the acetalization of ethyl acrylatdlf) in ethanol is achieved
by a Pd(OAc) molybdovanadophosphate/hydroquinone system
under Q to afford ethyl 3,3-diethoxypropionat8lf) in quan-
titative yield1!

CO,Et
OEt cat| ewis Acid
COEt ——— > 2
EtO o
Solvent, 90°C EtO,C CO,Et
3b 2b

TABLE 2. Trisannelation of 3b to 2b by Several Lewis Acids
under Various Conditions?

solvent yield®

entry (mL) Lewis acid (%)

1 t-BUOH/ACOH (3/2) Ced 63

2 t-BUOH/ACOH (3/2) Ced 78 (70)

3 AcOH (5) CeC4 41

4 t-BUOH (5) CeC} 56

5d t-BUOH (5) CeC} 7

6 t-BUOH/ACOH (3/2) Gdd 58

7 t-BUuOH/AcOH (3/2) Smd 49

8 t-BUOH/ACOH (3/2) AICE 12

9 t-BUOH/ACOH (3/2) ZrCh 13
10 t-BUOH/ACOH (3/2) HBHSO, n.de
11 t-BUOH/ACOH (3/2) TsOH n.de

a3b (3 mmol) was allowed to react in the presence of G€@B mmol)
at 90°C for 6 h.? GLC yields. The number in parentheses shows isolated
yield. ¢ Reaction time was 2 H.Reaction was performed at 7. ¢ Not
detected! p-Toluenesulfonic acid.

Thus, the trisannelation of acetab, available from com-

to give2bin 50% vyield (eq 3). These results led to a conceivable
reaction sequence which involved the formation of acatal
promoted by the Pd(ll) catalyst followed by trisannelation of
the resulting3a to 2a induced by CeGl

CO,Et
¢t CeCly+7H,0
e
O OB " LBuoHiAcOH ®)
o) 90°C,6h EtOC CO,Et
4b 2b
50 %

In conclusion, we have developed a novel trisannelation
reaction of acrylates through acetals to benzenetricarboxylates
2aand2b by using a Pd(OAgJHPMosV 4/CeCk system under
O, in a mixed solvent of methanol and acetic acid. In addition,
acetal3b derived from ethyl acrylate was found to undergo
trisannelation by Lewis acids to gi\zb in good yield.

Experimental Section

A typical reaction procedure of the reaction withwas carried
out as follows (Table 1, entry 2): To a solution containing Pd-
(OAC), (0.10 mmol, 3.3 mol %), HPMg 4 (0.023 mmol, 0.77 mol
%), and CeGr7H,0O (0.20 mmol, 6.7 mol %) in a mixed solvent
of methanol (2 mL) and acetic acid (3 mL) was added3 mmol)
in methanol (0.2 mL) and acetic acid (0.5 mL) over a period of 3.5
h under Q (1 atm) at 70°C, and the mixture was stirred for an
additional 18 h. The conversions and the yield of products were
estimated from the peak areas based on the internal standard
technique using GLC and showed tt## was obtained in 56%
yield. Then, the solvent was removed under reduced pressure,

mercial source, was examined under the influence of a Lewis neutralized with sodium bicarbonate, and extracted with ethyl
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(12)t-BuOH was used to avoid the exchange reactioBloivith primary
alcohols employed at higher temperature {€).
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SCHEME 1. A Plausible Reaction Path

) cat pg(OAc): . i
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