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Abstract

The use of allylic alcohols for the direct synthesis of alkenylphenols instead of allylic halides is highly attractive. However, such phenol
allylations mainly lead to the production of phenyl ethers (O-allylation). We introduce herein the potential of palladium TPPTS complexes in
water for a selective C-allylation of phenol and guaiacol by allyl alcohol into allylphenols and eugenolg@u®rtho <2). With the same
reaction conditions, in presence of an excess of phenol in basic conditions, allyl phenyl ether is isomerised into C-allylated compounds through
catalytic allyl transfer from the allyl ether to the phenate which is present in excess in the aqueous phase. A similar isomerisation reaction occur
with allyl guaiacyl ether. Intermolecular allyl transfers between allyl phenyl ether and guaiacol or between allyl guaiacyl ether and phenol were
observed and also led to the production of C-allylated compounds. All these catalytic reactions are based on the well characterized cationic comple
[m-allylpalladium(TPPTS)* generated through the facile heterolytic cleavage of allyl alcohol or allyl phenyl ether by the Pd(0) TPPTS complex.
This w-allylpalladium(ll) TPPTS complex is stable in water at room temperature.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction 2(b) and 3(b) (C-allylation)Kig. 1). Higher yields are obtained
if the reaction is carried out in the presence of a base consumed
Alkenylphenols (propenyl and prenyl, etc.) make up a largepy the acid released. Under optimal conditions, only 50% of
family of natural products having a high economic attraction,C-allylation (and 50% of O-allylation) is obtained with phenol
including flavours and fragrances (isoeugenol, eugenol and angB-5] or guaiaco[6]. Under these conditions, only phenols with
hole) [1] and Vitamins E and K2]. The synthesis of these ahigher electron density increase the C-allylation up to 80-90%.
compounds usually requires the use of allyl halides and leadsor example, with 3,5-dimethylphenol C-allylation selectivity is
to the production of numerous by-products, especially allylicg2%(7].
ethers. The addition of base is also necessary to neutralize the The use of allylic alcohols for the direct synthesis of C-
acid produced. Moreover, the separation of metallic catalysts isllylated compounds is still highly attractive. This path would
often difficult to achieve and not very efficient. limit by-product formation and base consumption. Therefore, it
The allylation of phenol (a) or guaiacol (b) by allyl chloride or is important to be able either to control the C-allylation or to
allyl bromide in water, without catalyst, leads to the productionturn the ether produced into a C-allylated compound under con-
of ethers 1(a) and 1(b) (O-allylation) and allyl phenols 2(a), 3(a)ditions smoother than those of the Claisen transposition usually
carried out at a temperature greater than A0

—_— If only the reaction between phenol and allyl alcohol is
" Corresponding author. Tel.: +33 472431794; fax: +33 472431795, taken into consideration, an interesting perspective is offered
E-mail address: kuntz@cpe.fr (E. Kuntz). ’ gp P

1 present address: Institut de Chimie de Rennes, UMR 6509, Organd?y catalysis with the Pa”adium triph_enylphosphip(_a catalyst (Pd
métalliques et catalyse, Univeriitle Rennes |, 35042 Rennes, France. TPP catalyst) according to the Tsuji—Trost reactibig(2) [8].
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Fig. 1. Allylation of phenol and guaiacol with allyl chloride in water.
/ (vield 82%) by reaction with allyl alcohol (A]9]. Later, the
J/ C-allylation of phloroglucinol was observed by reaction with
OH o cinnamaldehyde diacetil acylal or cinnamyl acetate, but with
yields less than 30% (B|jL5]. Other C-allylations were also
oy PATPP observed: the C-allylation of 1-naphtol by allyl alcohol at 2Q0
N —"Ti( o + RO (78%) (C)[16], the C-allylation of 2-naphtol by methyl (or

ethyl) allylcarbonate (54%) (DjL1] and by isomerisation the
C-allylation of the cinnamyloxy-2-naphthalene into 1-cinnamyl-
Fig. 2. Allylation of phenol with allyl alcohol. 2-naphtol (40%)11] or 1-naphthoxyocta-2,7-diene into 1-(octa-
2,7-dienyl)-2-naphthol (90%) (E17]. As early as 1967, Smutny
Phenol is allylated by allyl alcohol into allyl ether 1(a) (87% ©observed with the use of the Pd TPP catalyst the degradation
of yield) in benzene in the presence of the Pd TPP catalyff 1-(octa-2,7-dienyl)phenyl ether into phenol and octa-1,3,7-
and titanium(IV) isopropoxide and molecular sieves in largetriene together with small amounts of 2- and 4,1-(octa-2,7-
amountg9]. Without titanium(1V) isopropoxide no reactionwas dienyl)pheno[18].
reported. Under similar reaction conditions, the ether 1(a) is sta- A recent study on phenol allylation by allyl acetate and catal-
ble, as already observed in 1974 with the platinum complex PYsed by a i zeolite highlighted the limitations of acid catalysis
(TPP), or Pd TPP catalyg.0—12] In the 1970s, the exchange as only 62% of C-allylation was achieved in the best conditions
of allyl groups between phenols catalysed by Pd TPP cataly$25% of ethers and 13% of dimerfd)9].
were reported, which are other examples of O-allylation reaction In conclusion, the allylation of phenols by allylic com-
(Fig. 3 [13,14] Thus, the C-allylation of phenol by allyl alco- Pounds catalysed by palladium systems generally leads to the
hol has never been revealed with palladium complexes. Oniproduction of ethers (O-allylation). However, C-allylation was
O-allylation has been reported. observed with some electron-rich phenols, unfortunately with
With the same catalytic system based on palladium, a largBon-quantitative yields. With the same catalytic system, the
range of pheno|sl among them pheno| and guaiacoL were a||y-50merisati0n of a”yllC ethers of napht0| into C-allylated com-
lated into ethers usually by the means of allylic acetates or allyli®ounds was also observed, but with non-quantitative yields.

carbonate§l1]. Moreover, whatever the conditions, the separation of the cat-
However, different authors pointed out the C-allylation of alyst remains a problem.
electron-rich phenols by the Pd TPP catalyBig( 4). 3,5- We introduce herein the potential of the palladium TPPTS

dimethoxyphenol was turned into 4-allyl-3,5-dimethoxyphenol(tris(n-sulfonatophenyl)phosphine trisodium salt) complexes in
water for the reactions of allylation of phenol and guaiacol by

allyl alcohol and the transformation of the allyl ethers of phenol
/ 1(a) and guaiacol 2(a) into C-allylated compounds. This system
potentially allows an easier separation of the catalyst system
OH o from the reaction products. Recently it was shown that allyl-
palladium species can be readily formed from allyl alcohol and
85°C, 3n Pd(0) TPPTS in water at room temperat{28]. We have con-
firmed the easy heterolytic cleavage of allyl alcohol and allyl
phenyl ether by the Pd(0) TPPTS complex with the formation of
the cationic complexif-allylpalladium(TPPTS)* that plays a
key role in the catalytic reaction. We have also reported some
results about the C- and O-allylation of phenol by allyl alcohol
Fig. 3. Exchange of allyl group of phenols (Haf4}3,14] in organic medium in the presence of the Pd TPP catalyst.

PACI(TPP),0.2%
NaOCgH5 2%
X
X=CHy, yield: 41%; X = Cl, yield: 26%.
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Fig. 4. C-allylation with electron-rich phenols (palladium catalyst).
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2. Results and discussion

2.1. General information about the catalytic system in
presence of the reagents

The allylation of phenol or guaiacol by allyl alcohol in water

on the selectivity of the catalyst, various ethers and allylated
phenols were produced (mono-, bi- and triallylation). Those
products were also observed for the allylation of phenols by
allyl chloride in basic media according to the Kornblum method
[3.4,7]

Ethers have a low solubility in water, less than 1 |Lbut

was carried outin the presence of the catalytic systemin aneutralso C-allylated phenols, particularly if sodium hydroxide has
or slightly acidic medium, or in basic medium in the presencetoo low a molar ratio. Thus, an organic phase appeared after half
of sodium hydroxide. The allylation of phenol or guaiacol mayan hour of reaction even in the absence of the formation of ethers.
lead to a range of O- and C-allylated products as described im the case of guaiacol with of sodium hydroxide (molar ratio
Scheme & and b. sodium hydroxide/guaiacol =0.6), the organic phase essentially
Generally, only one phase appeared at the beginning afontains thertho andpara eugenols produced. This is because
the reaction at 80C with phenol or guaiacol and sodium they have a low solubility. This phenomenon limited the forma-
hydroxide. Above 65C, phenol and water are miscible in all tion of polyallylated compounds.
proportions. Guaiacol is less soluble and with too great a ratio The Pd TPPTS catalyst was synthesized in situ in the deoxy-
of guaiacol/water the initial system may be biphasic. Dependingienated mixture—water (neutral or acidic), allyl alcohol, phe-
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Scheme 1. (a) Phenol and its allylated compounds and (b) guaiacol and its allylated compeeugisnpl 2(b) ang-eugenol 3(b)).
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nol, TPPTS and palladium acetate, which was dissolved by Phenols were turned (4%) into allyl ethers 1(a) and 1(b). No

TPPTS, and then reduced by a reagent or by TPPTS in exces3-allylated phenols were observed. On the contrary, in the pres-

Sodium hydroxide was added last. ence of sodium hydroxide, C-allylation of phenol and guaiacol
However, a palladium TPPTS complex in aqueous solutiorwas observed with a selectivity of 97.5% and 99.7%. The main

could be introduced last to the deoxygenated reagents in th@oducts were allylated phenols with a selectivity of 90% 2(a),

two following cases: the Pd(0) TPPTS complex prepared fron8(a) ortho andpara allylphenol and 2(b), 3(b) (eugenols). The

palladium acetate and TPPTS in excess at adjustefPfpH  para allylation selectivityp/(o + p) was 45% for phenol and 64%

or the r-allylpalladium(I)TPPTS]" complex prepared from for guaiacol.

TPPTS and allyl palladium chloride dimgQ]. O-allylation was observed: 2.5% of three ethers 1(a), 4(a) and
To analyse the reaction products by GC-MS, the biphasi&(a) with phenol and 0.13% of 1(b) with guaiacol.

reaction medium was neutralised by an acid and then subjected The influence of the amount of sodium hydroxide was studied

to an extraction by toluene. on similar reaction conditions with guaiacol, 15 min of reac-
tion, which gave us the required low conversioraljle 2.
2.2. Evidence for a C-selective allylation The previous results with an excess of sodium hydroxide

(1.05eq.) or without sodium hydroxide were confirmed. The
Phenol and guaiacol were allowed to react with allyl alco-use of sodium hydroxide at 0.6 eq. decreased the C-allylation
hol (0.5eq.) either in the absence of a base or in the presenselectivity to 95.6% with a higher reaction rate. Thera
of sodium hydroxide (1.05eq.). The results are summarized iallylation of guaiacol was close to 62% for all these experi-

Table 1 ments.
Table 1
Allylation of phenol and guaiacol at 8€, 1 h reaction time
NaOH/phenols Conversion (%) O-allylation (%) C-allylation (%)  pl(o+p) (%) Mono C-allylation (2) + (3) (%)
Phenol 0 4 100 0 - -
Phenol 1.05 8 25 97.5 45 98.5
Guaiacol 0 4 100 0 -
Guaiacol 1.05 18 0.13 99.7 64 )

Conditions: water 4.08 g; phenol 0.542 g, 5.75 mmol or guaiacol 0.715 g, 5.75 mmol; molar ratios Pd(TRT S/NaOH/allyl alcohol/phenol or guaiacol: 1/4/0
or 105/50/100.

2 Selectivity ethers: 1(a) 1%, 4(a) 0.5%, 5(a) 1%; selectivity phenols: 6(a) 2%, 7(a) 4%, 9(a) 1%.

b Selectivity ether 1(b) 0.3%, selectivity 6(b) 10%.
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Table 2

Allylation of guaiacol at low conversions at 8C, 15 min reaction time

NaOH/guaiacol molar ratio(100) Guaiacol conversion (%) C-allylation selectivity (%)  pl(o +p) selectivity (%) TON TOF (h1)
1.05 3.7 100 62.2 3.7 14.8
0.60 6.8 95.6 61.5 6.8 27.2
0.20 2.3 70 62.5 2.3 9.2

0 3.7 0 - 3.7 14.8

Conditions: water 2.75 g; guaiacol 0.434 g, 3.5 mmol; molar ratios Pd(QA®PTS/NaOH/allyl alcohol/guaiacol: 144200/100.

Table 3

Allylation of guaiacol at 80 C with NaOH 1.05 eq.

Time (min) Guaiacol conversion (%) C-allylation Selectivity (%) pl(o+p) selectivity (%) TON TOF (h1)
3 (02 - - 0 0
5 0 - - 0 0

10 0 - - 0 0

15 0.3 100 33 0.3 0.3

30 4 100 62 4 4

60 8.6 100 62 8.6 8.6

Conditions: water 2.75 g; guaiacol 0.434 g, 3.5 mmol; molar ratios Pd(QA&)PTS/NaOH/allyl alcohol/guaiacol: 1/4/105/200/100.
@ Conversions cannot be compared to the previous experiments since the system was put out of the bath for taking.

2.3. Kinetic studies 100

o . . . . . 90 4
Kinetic studies were carried out with guaiacol in the presence °

of sodium hydroxide (1.05eq. and 0.60 eqialfles 3 and ¥ 80 1
With 1.05 eq. of sodium hydroxide, no conversion was observed
during the first 10 min. At 0.3% of conversion, no ether 1(b)
was detected. Therefore, the anion was quantitatively C-allylated 60 1
(Table 3. 50

With 0.60eq. of sodium hydroxide at 0.1% of conversion
in the first 3 min, the “initial” C-allylation selectivity was 88%. 03 5 10 15 20 25
This selectivity quickly increased to reach 97.5% at 7.5% of con- Guaiacol or phenol conversion (%)
version and 99.5% at 14% _and 22% of C,Onve,rsmn' Th(_a arnourl“—'tlg. 5. Percentage of C-allylation of guaiacol and phenol at low conversion.
of ether 1(b) produced during the reaction time remained low
(Table 4.

Under the same conditions in the presence of 0.6 eq. gbhenolsis around 9.9-10, the ratio of the species (AADOH)
sodium hydroxide, phenol led to an initial C-allylation selec-is slightly different from the ratio (NaOH/ArOH) that controls
tivity of 44%. This selectivity quickly increased to reach 86% the initial selectivity for C-allylation. However, with sodium
(1.4% of conversion) and 98.5% (4.6% of conversidfiy(5). hydroxide (0.6 eq.), the C-allylation selectivity very quickly

We can consider that the allylation of phenol or guaiacolreaches 98—99% at conversions less than 10% as though another
by allyl alcohol in agueous phase is shared between the Qghenomenon occurred. The hypothesis of a fast transforma-
allylation of molecular phenol or molecular guaiacol and thetion of ethers produced into C-allylated compounds had to be
C-allylation of the phenate or guaiacolate anion. Sincefgp  studied.

+ Guaiacol/NaOH = 1.05
70 4 x Guaiacol/NaOH = 0.60
o Phenol/NaCH =0.60

C-allylation (%)

Table 4

Allylation of guaiacol at 80 C with NaOH 0.6 eq.

Time (min) Guaiacol conversion (%) C-allylation selectivity (%)  p/(o +p) selectivity (%) TON TOF (1) 1(by* (mmol L=
3 0.1 88 47 0.1 2 0.069
5 1.2 94.4 58 1.2 14.4 0.69

10 4 96 60 4 24 0.63

15 7.5 97.5 61 7.5 30 0.78

30 14 99.5 63 14 28.6 0.81

607 22 99.5 64 22 22.6 1.29

Conditions: water 2.75 g; guaiacol 0.434 g, 3.5 mmol; molar ratios Pd(@A&)PTS/NaOH/allyl alcohol/guaiacol: 1/4/60/200/100. Note that using the Pd(0)TPPTS
complex or the Pd(II)TPPTS complex as catalyst the results were similar (conversion and selectivity).
a Calculated in mmol per litre of water (2.75 mL).
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2.4. Isomerisation of allyl ethers on the allylation
conditions: allyl phenyl ether 1(a) + phenol, allyl guaiacyl
ether 1(b) + guaiacol

The ratio paral(ortho + para) was close to 50%. During the
reaction, the amount of phenol was stable or increased slightly,
so that the excess of phenol with an appropriate amount of

NaOH allowed a low selectivity in diallylated phenol 6(a)

As ethers 1(a) and 1(b) are slightly soluble in water, the reacand 7(a).
tion was always biphasic. With the Pd(0) TPPTS catalyst without Under the same conditions in the presence of 6% of phenol
NaOH, allyl phenyl ether 1(a) was inert (8C, 15h). After and5% of sodium hydroxide (NaOH/1(a)/phenol =0.05/1/0.06),
heating, the conversion was only 0.7% into phenol without thehe conversion of 1(a) was 3% in 1 h and 6% in 2 h, mainly into
formation of C-allylated phenol. However, with sodium hydrox- 2(a), 3(a) and ethers 4(a) and 5(a). It was therefore essential to
ide and an excess of phenol (NaOH/1(a)/phenol=0.6/0.5/1)}yse an excess of phenol in the presence of sodium hydroxide to
1(a) was turned at 97% conversion into phenols: 81% oftonvert 1(a) into C-allylated compounds at a reasonable rate.
monoallylated phenols 2(a) and 3(a), 7.5% of diallylated phenol Under the same conditions, 2(a) was converted at 99.9%,
6(a) and 7(a), 0.3% of triallylated phenol 9(a) and 11% of phenoincluding 80% of eugenolaral/(ortho + para) = 58%), 9% of
(Fig. 6). A part of 1(a) was converted into phenol by hydrolysis C-diallylated product 6(b), 0.5% of eugenols O-allylated 4(b)
with the formation of allyl alcohol (3% of selectivity) on the and 5(b), and 10.5% of guaiacdFi§. 7). The allyl alcohol
one hand, and by successive allylation reactions with diallylatedbtained by the hydrolysis of ether 2(a) was produced with a
and triallylated compounds (7.8% of selectivity) on the otherselectivity of 1%.

allyl phenyl
balance balance

/mo 0 75
OH (a)

9 \ OH OH
(a)
— 81 81
NaOH/1(a)/(a)
0.6 /05/1
1(a) 2(a) 3(a)
X OH Z XY OH
15 75
6(a) 7(a)
\ OH /
09 03
9(a)
OH
H,O o
—F 3 3 N

(a)

Fig. 6. Allyl phenyl ether isomerisation at 8C, 2h. Conditions: water 4.08¢g, 1(a) 0.386g, 2.9 mmol; molar ratios Pd(QAdYPTS/NaOH/1(a)/phenol:
1/4/60/50/100. Selectivity 6(a) 2% and 7(a) 5%.
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Fig. 7. Allyl guaiacyl ether isomerisation at 8G, 2 h. Conditions: water 4.08g, 1(b) 0.472g, 2.9 mmol; molar ratios Pd(QAGPPTS/NaOH/1(b)/guaiacol:
1/4/60/50/100.

2.5. Intermolecular allyl transfer: allyl phenyl ether These results involve a cleavage of ethers by the catalyst in
I(a) + guaiacol, allyl guaiacyl ether 1(b) + phenol aqueous solution that releases the phenoxy group either as an
anion or as phenol according to the pH. The catalyst reacts on
At 80°C, 1(a) was allowed to react with a large excess ofnucleophiles in solution in function of their reactivity: guaiaco-
guaiacol, whereas 1(b) was allowed to react with a large excedate anion > phenate anion water. For example, in the reaction
of phenol (molar ratios NaOH/1(a) or 1(b)/phenol or guaia-of allyl transfer between 1(a) and guaiacol in a molar ratio gua-
col=6/1/10). iacol/1(a) =10, the phenol concentration in the solution is null at
In the case of allyl phenyl ether 1(a) and guaiacol, the allylthe beginning of the reaction and then increases to reach about
group transfer leads to the production of eugenols 2(b) and 3()0% of the quantity of guaiacol at the end of the reaction. Its
(97.5% andp/(o +p) =58%) and C-allylphenols 2(a) and 3(a) average value is about 5% of the quantity of guaiacol. About
(2.5%) as described iRig. 8 No ether 2(a) was detected and 2.5% of C-allylated phenols were obtained because the reac-
the conversion of 1(a) was 99.9%. tivity of phenate is less than that of guaiacolate (about two or
In the case of 1(b) and phenol, 1(b) was turned intothree times less if all the results are taken into consideration).
C-allylated products with 99.5% of conversion. The allyl Thus, for the same reasons, at the end of the reaction between
group was converted into C-allylphenols 2(a) and 3(a) (86.5%1(b) and phenol in the same molar ratio (1(b)/phenol=0.1),
pl(o+p) =50%), eugenols (13%/(o + p) =50%). 1(a) was pro- 13.5% of C-allylated guaiacol were obtained because
duced with a selectivity of 0.5%, so in this case some O-allythe reactivity of guaiacolate was greater than that of
transfer from 1(b) to phenol was observed. phenate.
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41%

/ \ OH OH
100%
OH H
OCHj OCH, Octts
0 +
X 97.5%
(100%) _

F

Fig. 8. Allyl transfer from allyl phenyl ether 1(a) to guaiacol in large excess aC80L5 min. Conditions: water 2.5g; 1(a) 0.134g, 1 mmol; molar ratios
Pd(OAch/TPPTS/NaOH/1(a)/guaiacol: 1/4/120/20/2000%, allyl balance; (100%), phenyl balance.

It is worth noting that the formation of allyl alcohol is low ratio 1(b)/1(a) remained at the value of 0.6 during the reaction
(from 1 to 3%) in those reactions involving ethers. The cata-before their complete conversion. After 21 h, the conversion of
lyst preferentially reacts with the phenate anion instead of watet(a) was 99.8% with a very low selectivity 0.04% to 1(b). The
or the hydroxide ion. Moreover, the thermodynamic equilib-main products were eugenols 2(b) and 3@« + p) = 64%) and
rium of hydrolysis is favored towards ether, and allyl alcohol C-allylphenols 2(a) and 3(api(o + p) = 45%) in the percentages
may react with the catalyst. All these considerations explain th§(b) + 3(b)] =88% and [2(a) + 3(a)] =12%. These values are in
low production of allyl alcohol observed for those allyl trans- harmony with the previous results. The excess of guaiacol, and
fers. However, some O-allyl transfer from 1(b) to phenol wasits greater reactivity compared to phenol limit the production of
observed. Does O-allylation occur simultaneously at the begin€-allylated phenols 2(a) and 3(a).
ning of the reaction? In conclusion, the intermolecular-© C allyl transfer from

The selectivity of the reaction with 1(a) and guaiacol in thean allyl aryl ether to another phenol by C-allylation is accom-
molar ratios NaOH/1(a)/guaiacol =0.6/0.5/1 at a lesser tempepanied by allyl exchange with ether formation {©0 allyl
ature 55 C was studied. The appearance of the various allylatetransfer). The ethers are then converted into C-allylated phe-
products versus reaction time is showrFig. 9. The ether 1(b) nols.
was present after 15 min at 30% conversion of 1(a): O-allylation
occurred at the beginning of the reaction. Therefore, the molas 6. poes C-allylation occur with phenol in organic

medium?
100 4

In organic medium, allyl phenyl ether 1(a) was the only prod-
uct identified during the allylation of phenol by allyl alcohol in

«1(a) the presence of the Pd TPP catalyst, titanium(lV) isopropoxide
o 1(b) and molecular sieves at 8C [9].

4 2(a) We confirmed this result: C-allylation did not occur without a
fgig base and conversion reached 7 P4l(e 5. With 5% of sodium
 3(b) methoxide, conversion reached 51% with a selectivity of 16%

for C-allylation (ratiop/(o + p) = 9%).

However, without titanium(lV) isopropoxide and a base,

our analyses established that the reaction was slower but C-
' o5 allylation into 2(a) and 3(a) occurred with 23—-28% of selectivity
Time (h) (pl(o +p) =23%) Fig. 10andTable 5.

The use of various bases was investigated, but it has not been
Reagents and conditions: water 3.22 mL; NaOH 4 M 0.86 mL; Pd(0)TTPPTS pOSSI.bIe to improve the SG'GCtIVIty—dp'? 3. The USPT of a polar
catalyst 0.35mL (Pd concentration 0.081M); 1(a) 0.386g, 2.88mmol; (n2Protic solvent (DMSO, NMP)or pyridine with or withoutabase
guaiacol 0.917 g, 5.76 mmol; molar ratios Pd(0)TPPTS/NaOH/1(a)/guaiacolinhibited all C-allylation. Ethanol does not improve the results.
1/120/100/200. The dilution in toluene or in tributylamine allows a slightly

Molar percentage of allyl products

Fig. 9. Allyl transfer from allyl phenyl ether 1(a) to guaiacol at“&521h.
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Table 5
Allylation of phenol in organic phase at 8@ 2 h with PA(OAc)TPP catalyst
Solvent Base Phenol conversion (%) Selectivity para-Selectivity 3(a)/(2(a) + 3(a))
1(a) O-allylation 2(a) + 3(a) C-allylation
No No 12 77 23 23
No Yed 15 72 28 17
DMF No 0 - - -
DMSO Yes 35 100 0 -
NMP Yes 11 100 0 -
Pyridine Yes 1.2 100 0 -
Ethanol Yes 2.0 100 0 -
Ethanol No 2.37 100 0 -
Toluene Yes 29 70 30 17
Tributylamine No 17 62 38 0
No? No 71 100 0 -
No? Yes 51 75 16 9

a Titanium(IV) isopropoxide 10%/phenol. DMF: dimethylformamide; DMSO: dimethylsulfoxide; NMP: 1-methyl-2-pyroli®engents and conditions: solvant:
none or 9mL, 3mL (2.91 g) of an equimolar solution of phenol (19.1 mmol) and of allyl alcohol (19.1 mmol); molar ratios RPd{®RE3odium methoxide or
base/allyl alcohol/phenol: 1/4/0 or 5/200/200.

b Similar results with bases: LiOH, BaO, KOCH(GH, NaOGHs.

greater C-allylation (30% and 38%, respectively) with a ratio During the course of the work presented here, there
pl(o+p) equal to 17% with toluene and 0% with tributylamine. was a publication reporting the evidence of ther- [
No reaction was observed with DMF. allylpalladium(TPPTS)]* species[20]. Those species are
Allyl phenyl ether 1(a) had a very low reactivity at 90 in ~ formed from Pd(OAg), TPPTS, allyl alcohol and N&Og in
the presence of the Pd TPP catalyst at 0.5% molar ratio. A lowvater or O or from allyl palladium chloride dimer reaction
conversion including only a low percentage into phenol (4%)with TPPTS.
orthoallylphenol 3(a) (1.5%), and diallylated compounds (0.5%) We showed also the heterolytic scission of allyl alcohol
was obtained. The dilutionin DMF or the addition of phenolfully and allyl phenyl ether in water, but under neutral conditions.
inhibited the reaction. The addition of allyl alcohol to aqueous solution of the Pd(0)
In conclusion, the C-allylation of phenol with allyl alcohol (TPPTS)} complex ([Pd]=0.0055M) at pH 7.2 and room tem-
occurs in an organic homogeneous medium with the Pd TPP cgperature produced an immediate increase of the pH value. The
alyst, butthe selectivity is limited to 30% and fhea-selectivity  pH was kept at 7.2 by the addition of perchloric acid 0.2 M:
to 23%. The ally phenyl ether 1(a) isomerisation into C-allylated? eq. of perchloric acid per mole of complex were added. The

compounds does not occur significantly. initial dark red colour progressively turned yellow. The same
phenomenon was observed on the addition of allyl phenyl ether

2.7. The catalytic system: hydrosoluble cationic to a solution of Pd(0) (TPPTS)

w-allylpalladium(Il) complex formation The3P NMR analysis of the aqueous solutions having 20%

of D,O showed the complete disappearance of the signal of

Since the discovery of the Pd(0) TPPTS systemin 228t  the Pdlz complex at +23.85 ppm and the appearance of sig-
only a few analytical studies have been carried out on this sysials at +22.31 ppm and at +25.60 ppfFig; 11). The signal

tem despite its numerous uses in organic syntia8js Studies  at +22.31 ppm corresponded to the allylphosphonium TPPTS

were essentially focused on the preparation of the Pd(0) TPPT&tion. The allylphosphonium TPPTS chloride was prepared by

catalystin agueous solution by the reduction of palladium(ll) bythe reaction of allyl chloride with TPPTS and presented the same

TPPTS[24-26] signal at +22.31 ppm (see Sectidib andFig. 123).
OH
+ /\/OH Pd,TPP @ ?
(@) 1(a) (a)

Fig. 10. Allylation of phenol in organic phase.
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TPPTS = P(Ar)

+ A~ _PlAs
OTPPTS /N =

SRV RO

40 39 38 37 36 35 34 33 32 31 30 29 28 27 26 25 24 23 22 21 20
(ppm)

Fig. 11. 3P NMR (300 MHz) spectrum. Aqueous solution having 20% gOfter allyl alcohol reaction with Pd(0) (TPPES)t pH 7.2 = +35.14 ppm (OTPPTS),
§=+25.60 ppm (complext-allylpalladium(TPPTS)* ands =+22.31 ppm (allyl phosphonium of TPPTS).

The signal at +25.60 ppm corresponded to the cationic comsmall signals at +23.85 ppm and +22.31 ppm corresponding to
plex [w-allylpalladium(TPPTS)*. After a few months, thé'P  a low concentration of the palladium(0) TPPTS complex and
NMR spectrum was still the same, which demonstrates a verthe allylphosphonium of TPPTS. THel NMR analysis of the
good stability of the complex at room temperature. solution in DO revealed ar-allylpalladium complex similar to

The same complex was prepared by the quick dissolution ahat already published inf® [20] or in DMF from the oxidative
allyl palladium chloride dimer in an aqueous solution of TPPTSaddition of allyl acetate to a Pd(0) TPP compl€ig( 12b) [27].
(water or deuterated water) strongly stirred at room tempera- In conclusion, allyl alcohol or allyl phenyl ether 1(a) under-
ture (molar ratio TPPTS/Pd =2). The initial dark red solutiongoes a heterolytic cleavage in the presence of palladium(0) at
turns yellow. ThélP NMR analysis of the solution showed the room temperature. Palladium(0) is transformed into a cationic
main signal at +25.60 ppm, a signal at +35.14 ppm in a ratiar-allylpalladium(ll) complex. The TPPTS released, reacts on
of 3% due to TPPTS oxide present in the initial TPPTS, andhe cationic complex to produce the phosphonium species by

(a) Allylphosphonium of TPPTS HDO
He
HhYl\ﬁHu
“Pianks
Ha Hd
He Ha Hb Hd
He
Hb, Ho
R
(b) [r-allylpaliadium (TPPTS),]* /P{ Ha
(AP (Arky
TPPTS = P(Ar)y
He Hb Ha

64 62 6.0 58 56 54 52 50 48 46 44 42 40 38 36 34 32
(ppm)

Fig. 12. 'H NMR spectra in deutered water solution. (a) Allyl phosphonium of TPPTS, three sets of sigialsh63,5 = +5.25 ands = +4.19 and aromatic proton
of TPPTS, (b) complexif-allylpalladium(TPPTS)Z2] three sets of signals at +5.98 (1H, Hc) s = +4.23 (2H, Hb), and = +3.58 (2H, Ha) and aromatic proton of
TPPTS.
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OH + hol instead of allyl halides in the allylation reaction of phenol.
PAP(ANgly + 2 2 " ven The mechanism of the Tsuiji reaction based on a catianic
allyl intermediate in organic medium mainly led to allyl phenyl
ether because the C-allylation is controlled by the solvation of
the phenol anion. By using reagents without a solvent with the

+P(Ar)3 Pd TPP catalyst, we have found that the O-allylation selectiv-
/E\h N + 2 H0 ity was 75% and the C-allylation selectivity was 25% with a
(A1) F,/ \P(Ar) ratiOpara/(_ortho + para) less than 25%_. The addition of organic
8 3 solvents did not improve the C-alylation rate. We propose that
P(Ar)s = TPPTS the reaction mixture phenol + allyl alcohol allows generation of

a Tsuji cationicr-allyl intermediate in ion pair with OH that
Fig. 13. Cationic complexd-allylpalladium(TPPTS)" and allyl phospho-  reacts with phenol to create phenate ions in an ion pair.
nium of TPPTS formations from allyl alcohol and Pd(TPPF&)pH 7.2. Phenate (or phenolin solution) reacts to produce mainly ether.
However, the solvation by protic reagents (phenol, allyl alcohol
releasing Pd(0) that reacts with allyl alcohol one more timepr produced water) may play a role in the minor appearance of

(Fig. 13. the C-allylation Scheme P
The allyl phenyl ether alone in the presence of the Pd TPP cat-
2.8. Mechanism in the organic phase alyst is comparatively stable (only a few percent of phenol and

2(a) at 90°C after 2 h of reaction). Ar-allylpalladium phenate

Before concluding on the mechanism describing the observeid probably formed, but the absence of solvation of the phenate
phenomena with the Pd(0) TPPTS catalyst, we reiterate thexygen atom limits the C-allylation, and the appearance of a low
specificity of water used as solvent in the allylation reactionsamount of phenol stops the reaction. The allyl exchange between
of phenol by allyl halides. Such allylation reactions have beemphenols occurs according to the HATA reactiddclieme P
known since the sixties through the works of Kornbl{B].  [13,14]
Water is the only common solvent allowing a significant C-  Aninteresting case is the C-allylation of electron-rich phenol
allylation that remains limited to 50% by a massive solvationby allylic compounds in the presence of solvents with the Pd TPP
of phenate anion or guaiacolate anion reducing the O-allylatiosatalyst reported in the introduction of this articked. 4). For
rate. However, the produced allyl ether, stable in the reactioexample, 3,5-dimethoxyphenol was employed with allyl alco-
conditions, accumulates. hol to give 4-allyl-3,5-dimethoxyphen@®]. We think that the

In organic medium, the use of the catalytic system of thePd TPP catalyst in organic medium, allows the oxidative addi-
Tsuji reaction — Pd TPP catalyst — allowed the use of allyl alcotion of allyl alcohol by generating a basicity (OHlin ion pair

solvent

@ 70%  100% 78%

J/ Toluene DMSO  without

Allylaicohol  Z )

OH
Pd(TPP), o = OH =
H
@I H+> 25% 0% 18 %
(0] OH
OH’ H*
AT e 5% 0 % 4 %
Pd
VAN
TPP  TPP
OH [
Phenol para << ortho
O =
AT HATA OH
Pd reaction
AN
Hz0 TPP  TPP + a0

AFOH

Scheme 2. Allylation of phenol in organic pha$&olvatation by protic reagents (phenol, allyl alcohol or water) may play a role in the minor appearance of the
C-allylation.
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Ar Ar
Pd(TPP), H
O\/\/Ar o} OH
Plecgales
A

0,

\/—\\'F
Pd

N
TPP  TPP
Scheme 3. Cinnamyloxy-2-naphthalene isomerisation to 1-cinnamyl-2-naphtol.

that reacts with 3,5-dimethoxyphenol to give the ion pair respecttoreaction (lll) keeps the concentration of allyl ether low
allylpalladium(Il)—electron rich phenate eventually solvated by and allows the isomerisation of allyl guaiacyl ether into eugenols
allyl alcohol. The electronic effect of substituents is enough to(Scheme 4reactions (IV) and (Il)).
spontaneously generate the C-allylated derivative through the The easy cleavage of allyl compounds by the catalyst at
release of the PA(TTRomplex since phenol itself leads par- room temperature suggests that the slower step of this system
tially to this C-allylation. essentially studied at 8@, is due to the nucleophilic nature of
The ion pair w-allylpalladium(Il)—electron rich phenate reagents present in the aqueous phase. This hypothesis could
(Scheme B must also play a role in the isomerisation of not have been proposed without the observation of the het-
the allylic ethers of electron-rich phenols. For example, theerolytic cleavage of the allyl alcohol by palladium in aqueous
cinnamyloxy-2-naphthalene reacts with palladium(0) to give thesolution.
1-cinnamyl-2-naphtol (40%) (EL1]. In this case, the absence  Two points are clearly important: first, the selectivity of the
of molecules able to solvate the ion pair and the low dielectridormation of allylated compoundsaral(ortho + para) that is
constant of the system must be noted. It must be assumed tHE@% with phenol and 65% with guaiacol under the best con-
the system has an electron density high enough to spontaneouslifions. Therefore, it seems difficult to improve this selectivity
generate the C-allylated derivative with a non-quantitative conexcept by a large steric hindrance of the ligand located in the
version, which could be due to the products of the reactionother half-space bordered by the plane of the allyl group. In fact,
The 1-cinnamyl-2-naphtol formed, the nucleophile presentin theccording to the Tsuji mechanism, the approach of a soft nucle-
solution should limit the isomerisation according to the HATA ophile on the allylic carbon is done in a space without interaction

mechanism of allyl exchange with phenfls$,14] with the coordination sphere of palladium. Thea-selectivity
is then essentially controlled by the solvation of phenate or gua-
3. Mechanism in aqueous phase and conclusion iacolate anion.

Second point is the stability of the catalytic system. The

In the presence of allyl alcohol, Pd(0) TPPTS catalyst isallylpalladium(ll) (TPPTS) systemis stable at room temperature
mostly converted into f-allylpalladium(TPPTS)* cationic  in @ neutral medium. However, in a basic medium, a light pre-
complex by the ionisation of allyl alcohoStheme 4reaction ~ Cipitate of metallic palladium appears after several weeks. This
(1)). This complex has a key role for the interpretation of the C-pPhenomenon of precipitation is also observed in the studies of the
and O-allylation of phenol and guaiacol by allyl alcohol and theallylation of phenols at 80C in highly basic media. Supplemen-
allyl transfer phenomena with allyl ethers. tary fundamental studies of the-allylpalladium(ll) (TPPTS)

By considering the case of guaiacol in basic medium, thecomplex are therefore necessary, including the equilibria con-
fully dissociated cationic complex reacts on the one hand witiferned and their evolution under the reaction conditions are still
guaiacolate solvated by water to produseio andpara ally-  under investigation.
lated compounds (eugenol§daheme dreaction (I1)) and on the
other hand, with molecular guaiacol to produce the allyl ethed. Experimental
of guaiacol and a protorScheme 4reaction (l11)).

The reaction (Il) is unusual in organic chemistry because it ist.1. Chemical reagents
areaction of neutralization between two ions solvated by water:
an organometallic cation and an organic anion. This neutraliza- All the following reagents were used as supplied by the man-
tion transforms the cationic complex Pd(ll) into Pd(0) TPPTSufacturer: Pd(OAg), PdSQ, allyl palladium chloride dimer,
by releasing the C-allylated compounds as enone irreversiblghenol, guaiacol, allyl phenyl ether 1(a), eugenols 2(b) and 3(b),
turned into eugenols. The higher rate of the reaction (V) withorthoallylphenol 2(a), allyl alcohol, allyl chloride (Aldrich);
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0 = OH
_ H OCH, OCH,
B 35%
OH

o)
OCH;, OCHj,
—_—> 65 %
Pd(TPPTS)
Allyl alcohol A H
OH V.
C-allylation (Il o
<j,ocri3

/\*

\

o
OCH3 PPTS TPPTS e
©/ OCHs Gamacos
O-allylation  (Ill)
J/
Allyl guaiacyl ether P Y o
PA(TPPTS),

OCHa

Scheme 4. Allylation of guaiacol in aqueous phase.

HCIO4, HoSOq, NaOH, NaOCH (Laurylab). TPPTS was a gift with an HP-5 capillary column (30 m 0.25 mm) and an HP

from Hoechst (mixture of TPPTS 92%, TPPDS (sodium saltGCD series mass spectrometer.

of di(metasulfophenyl)phenylphosphine) 5%, OTPPTS TPPTS Order of retention time: allyl alcohol, diallyl ethétpluene,

oxide 3%. phenol, 1(a), 2(a), 3(a), 4(a), 5(a), 8(a), 6(a), 7(a), 9(a) and gua-

Allyl guaiacyl ether 1(b) was prepared by condensation ofiacol, 1(b), 2(b), 3(b), 4(b), 5(b), 7(b), 6(b).

guaiacol and allyl chloride in ethanol with 1eq. of sodium

hydroxide. After reaction, the sodium chloride was separated.3. Pd(0) TPPTS catalyst preparation

by filtration. The organic solution was then poured into water

and the ether 1(b) was extracted with toluene and distilled. The Pd(0) TPPTS catalyst was prepared from
Purity: 98% ¢rthoeugenol 1.5%paraeugenol 0.4% and guaia- Pd(OAch +nTPPTS (3.7%<4.5) by a redox process:
col 0.1%). the excess of TPPTS reduced palladium(ll) to palladium(0).

The pH was controlled by NaOH additig2l]. At the end

42 Measurements of the reaction, the pH was brought to 7.0-7.2. [Pd con-
- centration 0.06 M to 0.10 M, molar ratio OTPPTS/Pd=1.2,

TPPTS/Pd=2.7-3.5].
31Pp NMR spectra andH NMR spectra were recorded on a ]

Bruker Avance 300 MHz spectrometer (external reference f024 Allvi alcohol 1l phenvi eth "
phosphorous analysesPIQy 85%). The samples of palladium *% T%})‘;;”;;}g%fp; p3 Z"y 6506'2,'”6“6”0” wit
TPPTS complexes or phosphorous compounds were dissolvgdl( ) ( :0) at

in 0.5 mL of D,O or 0.4 mL of water with 0.1 mL of : .
! D2 W WI 20. A 20-mL Schlenk tube was equipped with a pH electrode.

The pH measurements were performed with a PHN 330 T
pH meter and a combined electrode (Tacussel, France). Five millilitres of an aqueous Pd(0) solution [Pd] =0.0054 M at
H 7.2 were added in the Schlenk in an atmosphere of argon.

All experiments were performed under inert atmosphere”. o :
ghteen microlitres of allyl alcohol (molar ratio allyl alco-

using argon. The oxygen concentration in water was measur LT
with a Bioblock Scientific 9071 oxymeter (Bioblock, France) ol/palladium = 10) were then added. In a few seconds, the pH

and found to be less than 0.1 ppm.

The concentration of reaction products in the toluene phase2 Inthese studies on phenol or guaiacol allylation with allyl alcohol in aqueous
(toluene was used to extract the organic products from the aqugnase, only minor amounts of diallyl ether were observed. In organic phase, the
ous phase) was determined by GC analysis using an HP-58%@hounts of diallyl ether were larger.
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reached 8.5 and perchloric acid 0.2 M was added to keep the8. Isomerisation of allyl phenyl ether 1(a) and allyl
pH at 7.2. After 80 min, the pH became stable, and 0.026 mL ofuaiacyl ether 2(a)
HCIO4 was then poured in (solution S).

3lp NMR spectrum: aqueous solution S (0.4 mL)#D In atypical reaction, 4.08 mL of water, 2.9 mmol 1(a) or 2(a),
(0.1 mL) exhibited 2 new signals: + 25.61 ppm (see Seatidn 5.8 mmol of phenol or guaiacol and 0.232 mmol of TPPTS were
and +22.31 ppm (see Sectidmg). The Pd(0)TPPTS signal at putinto a 20-mL Schlenk tube with a magnetic stirrer. The solu-

+23.85 ppm disappeared completely. tion was deoxygenated and 0.058 mmol of Pd(QAeas added

and dissolved in the aqueous phase. Then, 3.48 mmol of sodium
4.5. w-Allylpalladium(Il) complex preparation in deutered hydroxide were added. After 2h at 80 and cooling down
water solution at room temperature, 3.48 mmol of perchloric acid (4 M) were

added. Three millilitres of toluene were added to extract the
Into a 20-mL Schlenk tube with a magnetic stirrer, 1.4 mLorganic products (GC analysis).
of deuterated water and 0.4 mmol of TPPTS were combined. Test without sodium hydroxide: Two millilitres of water and
The solution was deoxygenated by passing argon through it fa#-1 mmol 1(a) (raw material with 0.03% of phenol) were putinto
an half an hour, 0.1 mmol of allyl palladium chloride dimer & 20-mL Schlenk tube with a magnetic stirrer. The system was
complex was then added with fast stirring. The complex wagleoxygenated and 0.5 mL of Pd(0) TPPTS ([Pd] =0.054 M) was
dissolved in the deuterated water in 2 min (the complex was natdded (0.027 mmol, molar ratio 1(a)/Pd complex =300). After
soluble in water without TPPTS). 15h at80°C and cooling down to room temperature, the pH was
31p NMR spectrum of the solution exhibited a large signal6.5. Three millilitres of toluene were added for analysis. Only
at 25.60 ppm and small signals at +23.85 ppm and +22.31 pp®-7% of phenol/1(a) was found, corresponding to the molar ratio
corresponding to alow concentration of the palladium(0) TPPT$henol/Pd =2.
complex and the allylphosphonium of TPPTRY. 11).

IH NMR spectrum of the solution is shown fig. 12 4.9. Allyl transfer from 1(a) to guaiacol or 2(a) to phenol
These analyses were similar to those found in the recent pub-
lication [20] reporting the fr-allylpalladium(TPPTS)]* cation At 80°C: Experiments were carried out under inert atmo-
formation. sphere (argon). One mmol of 1(a) and 10 mmol of guaiacol
were added to a stirred solution of TPPTS (0.2 mmol) in water
4.6. Synthesis of allylphosphonium of TPPTS chloride (2.5mL). The system was deoxygenated and 0.05mmol of

Pd(OAc) was dissolved in the aqueous phase. Six millimoles of
In a stirred solution of TPPTS (6 mmol) in water (10 mL), Sodium hydroxide were then added. After 15min at8Cand

0.98 mL of allyl chloride (12 mmol) was added. After 5h at ¢ooling down to room temperature, 6 mmol of HGl@erchloric
55°C, evaporation of the water at 5C afforded 4.8 g of a white acid (4 M) were added. Three millilitres of toluene were added
solid. The3lP NMR spectrum in BO solution exhibited two 0 extract the organic products (GC analysis).
signals: +22.31 ppm and +35.14 ppm (OTPPTS 3Biy.(1). At 55°C: 3.22 mL of water, 0.86 mL NaOH 4 M, 5.76 mmol
For the’H NMR spectrum of the solution (séég. 12. of guaiacol and 2.88 mmol of 1(a) were put into a Schlenk
Similar phosphonium species, such as, the aIIyIphosIUbe with a magnetic stirrer. The system was deoxygenated and
phonium of TPPMS hydrogenocarbonate (TPPMS: metasuff-35mL of Pd(O)TTPPTS catalyst was added (Pd cpncentration
fophenyl(diphenyl)phosphine, in this case the lithium salt) werd-081 M, molar ratio Pd(0)/1() = 1/100). After 15 min at'¥5

prepared. ThP NMR in sulfolane—water mixture resulted in @n aliquot of the organic phase was sampled (0.02mL+0.1mL
a peak at +21.35 ppii28]. toluene for GC analysis), and then again at 45min, 1 h 40 min,

2h 40min, 4h and 21 h. We consider that the major part of the
ethers, C-allylated phenols and eugenols were in the organic
phase (>95%). During the reaction the major part of phenol and
guaiacol were held in water by sodium hydroxide because the
molar ratio (guaiacol + phenol)/NaOH is greater than one. Con-
sequently the low solubility of eugenol and allylphenol in water
'pinits their concentrations in the aqueous phase.

4.7. Allylation of phenol or guaiacol with allyl alcohol

In a typical reaction, 4.08 mL of water, 5.75 mmol of phe-
nol or guaiacol, 2.87 mmol of allyl alcohol, and 0.23 mmol of
TPPTS were put into a 20-mL Schlenk tube with a magnetic
stirrer. The solution was deoxygenated by passing argon throud
it for an half an hour and 0.0575 mmol of Pd(OAg)as added. . . ) .
Once the palladium salt dissolved in the liquid phase, 6.0 mmgf-/0- Allylation of phenol with allyl alcohol in organic
of sodium hydroxide were added. After 2 h at@and cooling €4
down to room temperature, 6.0 mmol of perchloric acid (4 M)

were added. Three millilitres of toluene were added to extract In a typical reaction, 3mL (2.91g) of an equimolar solut_ion
the organic products (GC analysis) of phenol (19.1 mmol) and of allyl alcohol (19.1 mmol) (solution

S) and 0.4 mmol of triphenylphosphine were put into a 20-mL
Schlenk tube with a magnetic stirrer. The system was deoxy-

3 Using a Pd(0) TPPTS catalyst solution omaallylpalladium(ll) catalyst ~9€nated and 0.1 mmol of Pd(OAayas added and dissolved in
solution, these solutions were added last after the sodium hydroxide. the organic phase. After 1 h at 80 and cooling down to room



138 E. Kuntz et al. / Journal of Molecular Catalysis A: Chemical 244 (2006) 124-138

temperature, the organic products were flashed to separate thg| R. Barner, H. Schmid, Helv. Chim. Acta (1960) 1393.
organic phase from the Cata|yst_ [6] R.D. Simone, H. Ramsden, US Patent 3,929,904 (1974).
The solvents were added before solution S (volume ratio:m W.J.Il. Noble, T. Hayakawa, A.K. Sen, Y. Tatsukami, J. Org. Chem. 36

_ . (1971) 193-196.
solvent/S = 3). The base was added after Pd(@4wplar ratio: [8] J. Tsuji, Palladium Reagents and Catalysts Innovations in Organic Syn-

5%/phenol). thesis, Wiley-Vch, 1996.
[9] T. Satoh, M. lkeda, M. Miura, M. Nomura, J. Org. Chem. 62 (1997)
4.11. Allyl phenyl ether 1(a) in organic medium (Pd TPP 4877-4879.
catalyst) [10] G. Balavoine, G. Bram, F. Guibe, Nouveau J. Chim. 22 (1974) 207-
209.
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