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Abstract : Cychc and acychc B- ketoesters 4,2 typlcal cycllc a-diketone 5 and a typlcal cyclu. B-diketone 6 were
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equiv of NaH in DMF at 20-55 °C followed by treatment with 1.15-1.30 equiv of perfluoro-1-butanesulfonyl
fluoride at 20 °C. These vinyl nonaﬂates, which were pun’l‘ied by MPLC on silica gel, provcd to be excellent
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cyclic and acyclic tetrasubstituted o,B-unsaturated ¢sters which included stereoisomerically pure compounds, a 2-
substituted 3-aryl-2-cyclopentenone and naturally-occurring dihydrojasmone were cleanly synthesized by these
smooth and seieciive cross-coupiing reactions. © 1999 Eisevier Science Ltd. All rights reserved.

In conjunction with our studies on the synthesis of biologically active natural compounds and their
precursors by new procedures based on the use of transition metal-catalyzed reactions between organometallics
and highly functionalized and stereodefined Csp2—electrophiles,‘ recently we became interested in the synthesis
of large amounts of highly functionalized substances, which are characterized by tetrasubstituted carbon-carbon
double bonds, by palladium-catalyzed reactions of organometallics, which are tolerant of a variety of functional
groups, and vinyl perfluoroalkanesulfonates such as those of general formula 1, 2 and 3. On the other hand,
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palladlum-catalyzed cross-couplmg reactions between organoboron, organoaluminum, organozine or organotin
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used in organic synthesis,2-6 although these reactions, which sometimes are low yielding, do not appear to scale
up owing to the high cost of triflic anhydride or N,N-bis(trifluoromethanesuifonyi)-N-phenylimide (N-
phenyltriflimide), which are the reagents usually employed for the synthesis of compounds 1, 2 and 3 from the
corresponding B-ketoesters 4, a-diketones § and p-diketones 6, respectively.”9 We now wish to report that
vinyl nonaflates of general formula 7, 8 and 9 represent a convenient alternative to the triflates of general
formula 1, 2 and 3, respectively, In fact, we found that compounds 7 and 9 can be efficiently prepared by

reaction between the sodium enolates derived from compounds 4 and 6, respectively, and perfluoro-1-
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, although in a modest yield, a typical
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We also found that these vinyl nonaflates, which could be purified by MPLC on silica gel or could be
employed as crude products but almost free from the solvent and the reagents used for their preparation or still
dissolved in the reaction mixtures derived from their preparation, represent efficient electrophiles in palladium-

catalyzed cross-coupling reactions with aryl-, 1-alkynyl- or alkylzinc chlorides.10
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RESULTS AND DISCUSSION

Two cyclic B-ketoesters, i.e. compounds 4a and 4b, the acyclic B-ketoester dc, the cyclic a-diketone 5a
and the cyclic B-diketone 6a were used as starting materials for the preparation of the corresponding vinyl
nonaflates, i.e. compounds 7a, 7b, (E)-7c, 8a and 9a, respectively.
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Compounds 4a, 4¢, 5a and 6a were commercially available and compound 4b was synthesized by
cyclization of bis[2-(ethoxycarbonyl)ethylJmethylamine with NaH!! or TiCls.12 Reaction of 4a, 4b and 4¢ with
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enolates with 1.15 equiv of freshly distilled perfluoro- 1-butanesuifonyl fluoride aliowed to obtain crude 7a, 7b
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and stereoisomerically pure (E)-7¢ in 92-100 % yield and chemical purity higher than 95 %. Crude 7a and (E)-
7¢ were then purified by MPLC on silica gel and were fully characterized. On the contrary, no attempt was
made to purify crude 7b, which was directly used as electrophile in Pd-catalyzed cross-coupling reactions with
organozinc chlorides. Interestingly, the procedure used to prepare compounds 7a, 7b and (E)-7c also allowed to
synthesize very efficiently, starting from 6a, a solution of crude 9a in the reaction mixture derived from its

preparation. However, an attempt to isolate pure 9a proved to be unsuccessful owing to the instability of this

nonaflate at room temperature in the absence of solvents. Therefore. the DMF solution of 9a
nonariat ro 1perature in th sence of solvents. Therefore, the tion of Ya
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obtained in the pr cparan of this compound from 6a, was directly used in a subsequent Pd-catalyzed cross-

Finally, several attempts were made to prepare selectively compound 8a from 5a either using
experimental conditions similar to those employed for the synthesis of 7a, 7b. (E)-7¢ and 9a or by
modifications of these conditions. Nevertheless, GLC/MS analyses of the reaction mixtures obtained in these
attempts showed that in any case they contained the desired vinyl nonaflate 8a contaminated by significant
amounts of unreacted Sa and a compound, which presumbly corresponded to the dinonaflate 10.
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The best result was obtained when 5a was reacted with 1.5 equiv of NaH in DMF at 55 °C for 1.5 h and

the resulting deep violet reaction mixture was treated with 1.3 equiv of perﬂuoro-l-butancsulfonyl fluoride at
20 °C for 3 h. The so obtained reaction mixture proved to contain compounds 5a, 8a and 1§ ina 9.5:77.1:
13.4 molar ratio, respectively, the ratio being determined by GLC analyses. Purification of this mixture of
compounds by MPLC on silica gel allowed to obtain compound 8a in 33 % yield.

We next examined the palladium-catalyzed cross-coupling reactions between a variety of organozinc
halides 12, which included aryl-, 1-alkynyl- and alkylzinc chlorides, and the chemically pure vinyl nonaflates
7a, (£)-7c¢ and 8a, crude compound 7b as well as crude 9a, which was dissolved in the DMF solution derived

from its preparation. These reactions were carried out in THF solution (or in a mixture of THF and DMF when

compound 9a was used) at 65 °C for 5-28 h using 1.5 equiv of organozinc chlorides 12 and in the presence of 2
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(dppf). As shown in the Table, where the results of these smooth and clean cross-couplings are summarized,
these reactions, although not optimized, afforded the desired cross-coupled products 13-19 in satisfactory to
good yields. As expected the lower yield (38 %) was obtained when the above mentioned DMF solution of
crude 9a was employed (entry 6, Table). As regards the reactions involving the vinyl nonaflates 7a, 7b and
stereoisomerically pure (E)-7¢, it must be noted that they allowed to prepare selectively and very efficiently a
variety of tetrasubstituted o,B-unsaturated esters which are not easily available by other methods (entries 1-5,
Table) and that the esters derived from (E)-7¢, i.e. (E)-16 and (E)-17, were stereoisomerically pure. Finally, it is
worthwhile mentioning that by the palladium-catalyzed reaction between 8a and the alkylzinc chloride 12f
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substance used as a perfume ingredient. Thus, the experimentally very simpie two-step synthesis of this
compound from commercially available 5a represents an attractive alternative to the existing literature
procedures./3
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Table. Paliadium-catalyzed reactions between organozinc chiorides, 12, and vinyl nonaflates 7a, 7b, (£)-7c, 8a

and 9a, respectively.2
Entry Vinyl nonaflate  Organozinc Solvent Reaction Product Isolated
chloride conditions Yield
(h/°C) (%)
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(a) Unless otherwise reported these reactions were carried out in the presence of 2 mol % Pd(dba)? and 2 mol % dppf. b) This reaction
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was carried out using crude compounds 7b. c) This reaction was carried out using a catalyst system constituted of 4 mol % Pd(dba)2
and 4 mol % dppf. d) This reaction was carried out using the DMF solution of crude compound 9a which derived from treatment of
6a with a suspension of NaH in DMF followed by addition of perfluoro-1-butanesulfonyl fluoride.

Ul summary, we have shown that (,y(,ll(, and dcyuu p -Ketoesiers and Ly(,ll(, o- and ]) dikeiones can be
easily and, in general, conveniently converted into the corresponding vinyl nonaflates. Moreover, we have
demonstrated that these last compounds represent efficient electrophiles in palladium-catalyzed cross-coupling
reactions with a variety of organozinc derivatives. In fact, these smooth reactions allow to prepare efficiently
and selectively a variety of tetrasubstituted o,p-unsaturated esters, which include stereoisomerically pure



compounds, 2-substituted 3-aryl-2-cyclopentenones such as compound 18, as well as 3-substituted 2-alkyi-2-
cyciopentenones such as naturaily-occurring dihydrojasmone, i9. Thus, it is possible to conclude that the vinyl

nonaflates derived from B-ketoesters, a— and p-diketones represent an excellent alternative to the corresponding

triflates.
EXPERIMENTAL
All boiling and melting points are uncorrected. Precoated plastic silica gel sheets Merck 60 Fys54 were
used for TLC analyses. GLC analyses were performed on a Dani GC 1000 instrument with a PTV injector,
which was equipped with a Dani data station 86.01. Two types of capillary columns were used: an Alitech AT-
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I bonded FSOT column (30 m x 0.25 mm i.d.) and an Alitech AT-35 bonded FSOT column (30 m x 0.25 mm
1.d.). Purifications by MPLC were performed on a Biichi instrument, using a Bischoff 8100 differential
refractometer as detector. GLC/MS analyses were performed using a Q-mass 910 spectrometer interfaced with
a Perkin-Elmer 8500 gas-chromatograph. 1H NMR spectra were recorded on a Varian Gemini 200 MHz
spectrometer using TMS as an internal standard. IR spectra were recorded on a Perkin-Elmer 1725-X FT-IR
spectrophotometer. All reactions of air- and water-sensitive materials were performed in flame dried glassware
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Ethoxycarbonylcyclohexanone 4a, ethyl 2-methylacetoacetate 4¢, 3-methyl-1,2-cyclopentanedione 5a and 2-
methyl-1,3-cyclopentanedione 6a were commercially available. 1-Methyi-3-ethoxycarbonyi-4-piperidone db
was synthesized by cyclization of bis[2-(ethoxycarbonyl)ethyl]methylamine with NaH10 or TiCly.1! Pd(dba),
and dppf were commercially available. 4-Fluorophenylzinc chloride 12a, 1-butylzinc chloride 12b, 3,5-
dichlorophenylzinc chloride 12¢, phenylethynylzinc chloride 12d, 4-methoxyphenylzinc chloride 12e and 1-
pentylzinc chloride 12f were prepared by reaction of THF solutions of the corresponding Grignard reagents
with a THF solution of 1.3 equiv of dry ZnCl».

Ethyl 2-(perfluoro-1-butanesulfonyloxy )-1-cyclohexene carboxylate, 7a. A dispersion of NaH (60 %, 0.72 g,
1Q@ N mrmial) 1 srimaral At ac achad toith mamtana amol oho oo 1ot Sitele TYMAL 7272 1\ T, sl
10.V HHIIVL) U1 HTHHCIAL U wadd waddliCU will pCliidlc dald thic CSIUUC was U“ULC l WILIL L2IVIT (22 1H1). 10 e
resulting suspension stirred at room temperature was added dropwise a solution of 4a (2.55 g, 15.0 mmol) in

DMF (9 ml). After stirring for 1.5 h, perfluoro-1-butanesulfonyl fluoride (5‘21 g, 17.25 mmol) was added
dropwise and the resulting mixture, which was periodically monitored by TLC and GLC analyses, was stirred
for an additional 6 h. It was then poured into a large excess of a cold saturated aqueous NH4Cl solution and
extracted repeatedly with Et20. The collected organic extracts were washed with water, dried and concentrated
in vacuo to give crude 7a (7.47 g) as a colourless oil. GLC/MS analysis showed that this compound had 95 %
chemical purity. Crude 7a was then purified by MPLC on silica gel, using a mixture of hexane and THF (97 : 3)
as eluant, to give 7a (6.50 g, 96 % yield) as an oil, which had chemical purity higher than 99 %. MS, m/z (%):

452 (0.4), 407 (8), 219 (5), 169 (39), 123 (100), 99 (23), 96 (42), 79 (20), 55 (26). IR (film): v 1728, 1426,
10 1 1 lry ama s TY v ry Yy 1 .
148/ i1

1.62 (4H, br m
34.80; H, 2.60.
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compound, having 99 % chemical purity, was prepared in 92 % yield starting from 4b by the same procedure
employed in the synthesis of crude 7a. Crude 7b was obtained as a pale yellow oil. MS, m/z (%): 467 (0.5),
422 (45), 218 (28), 184 (98), 168 (24), 137 (88), 11 (100), 84 (71), 69 (98). IR (film): v 1724, 1429, 1280, 1241,
1202, 1144, 1034 cm1. IH NMR (CDCh): 6 4.29 (2H, q, J = 7.0 Hz), 3.34 (2H, t, ] = 2.5 Hz), 2.70-2.50 (4H,
brm), 2.42 (3H, s), 1.33 ppm (3H, t, J = 7.0 Hz). Anal. Calc for C13H14F9NOsS: C, 33.41; H, 3.02. Found: C,
33.72; H, 2.70. This compound was used in the next step without any further purifiction.

as eluant, to give chemically and stereoisomerically pure (E)-7c¢ (6.10 g, 83.5 % yield) as a colourless oil. MS,
miz (%): 381 (75), 380 (62), 131 (28), 127 (34), 98 (80), 87 (61), 83 (24), 70 (72), 69 (100). IR (film): v 1728,
1422, 1282, 1241, 1205, 1146, 1081 cm-l. IH NMR (CDCl3): 8 4.26 (2H, q, J = 7.1 Hz), 2.42 (3H, br s), 2.01
(3H, brs), 1.33 ppm (3H, t, J = 7.1 Hz).Anal. Calc for C;H1F90sS: C, 30.99; H, 2.60. Found; C, 31.24; H,
2.75.

3 Methyl (perﬂuoro 1- butane.sulfonyloxy -cyclopenten-1-one, 8a. A dispersion of NaH (60 %, 1.50 g, 37.5
T
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suspension stirred at room temperature was added dropwise a solution of 5a (2.80 g, 25.0 mmol) in DMF (3
mi) and the mixture was stirred for 1.5 h at 55 °C. The resulting reaction mixture, which was quite viscous and
deep violet coloured, was then cooled to 0 °C and perfluoro-1-butanesulfony! fluoride (9.82 g, 32.5 mmol) was
slowly added. The resulting mixture, which became more fluid and brown coloured, was stirred at room
temperature for 3 h. GLC and GLC/MS analyses of an its small sample showed that it contained a mixture of
$a, the expected vinyl nonaflate 8a and another compound, which presumably corresponded to the dinonaflate
10,in a 9.6 : 77.1 : 13.3 molar ratio, respectively. The reaction mixture was then poured into a large excess of
cold saturated aqueous NH4Cl solution and extracted with Et;O. The organic extract was washed with wate
ried and concentrated in vacuo. The resultant oil wa
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2.17 ppm (3H s) A nal. Calc for C1oH7F904S: C, 30.47; H, 1.78. Found: C, 30.83; H, 1.60.
2-Methyl-3-(perfluoro-1-butanesulfonyloxy)-2-cyclopenten-1-one, 9a. A dispersion of NaH (60 %, 0.96 g, 23.0
mmol) in mineral oil was washed with pentane and the residue was diluted with DMF (44 ml). To the resulting
mixture stirred at room temperature was added dropwise a solution of 6a (2.24 g, 20.0 mmol) in DMF (10 ml).

After stirring for 4 h at room temperature and for 45 min at 45 °C, perfluoro-1-butanesulfonyl fluoride (6.93 g,
23.0 mmol) was added dropwise and the resulting mixture, which was pcrmdically monitored by GLC analysis,

Jh R -

r 3.5 h. After this period a GLC/MS analysis of a sample of the reaction
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mixture, which was poured into water and extracted with Et20, showed that 6a had been completely consumed
and the presence of a new compound which had MS spectrum corresponding to that of 9a. MS, m/z (%): 394
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an attempt to isolate 9a from this DMF solution was unsuccessful'.

General procedure for the palladium-catalyzed cross-coupling rections berween organozinc chlorides 12 and
the vinyl nonaflates 7a, 7b, (E)-7c, and 8a. A THF slurry of an organozinc chloride 12 in THF was prepared by
addition of a 0.50 M THF solution of the corresponding Grignard reagent (40 ml, 20.0 mmol) to a solution of
dry ZnCly (3.54 g, 26.0 mmol) in THF (30 ml), which was stirred at 0 °C. After stirring for an additional 40

I

min, Pd(dba)» ( 0.40 mmol). donf (0.22 o. 0.40 mmol) and a solution of a vinv] nanaflate 13 2 mmol) in

1, Pd(dba)p (0. , V.almmol), dppt (022 g, 0,40 mmel) and a solution of yinenatiate (123 mmel)m
THE (M8 m ware canmentially addsd Tha racnlting miveiira g allnurad 04 o 11n fA AN famnaratnea and
ot (&3 My WOIT sequeiitiany aGGea. € réstiilinng miXlui® was auowea 10 warm up 10 1oom wemperature ana

then heated to 65 °C for the period of time reported in the Table. After usual aqueous workup, the crude
reaction product was diluted with the solvent which was subsequently used for its purification by MPLC on
silica gel and filtered over Celite. The filtrate was concentrated in vacuo and the residue was purified by MPLC
on silica gel. Compounds 13, 14, 15, (E)-16, (E)-17 and 19 (entries 1-5 and 7, Table) were prepared according
to this procedure.

Ethyl 2-(4-fluorophenyl)-1-cyclohexene-1-carboxylate, 13. The crude reaction product, which was obtained

from the palladium-catalyzed reaction between 7a and 4-fluorophenylzinc chloride, 12a, according to the above

mcnt;or}{:d nracadnrs {entry 1 ahla) wae murified hy MDI ( Aan cilica g2l nicing a mivinre af havana and FialD)
1Aves yl AV VAN A AN 1 Y 1, LAUVlIv ), Wao yulxxu.au v AVEL RUNC VIL D1lEIVQA SVL’ UOIIIE QA LULV VI BIvAQLIV QLI VN

Mg & 2licn e - o7 ialAd ameaen A A T2 no o ~Anlaialaas 1223 WA ~
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1), 133 (40), 109 (100), 79 (15). IR (film): v 1708, i
1051 cm'l. 1H NMR (CDCl3): §7.09-6.98 (4H, br m), 3.89 (2H, q, J = 7.1 Hz), 2.42-2.35 (4H, dd, J = 11.9 and
2.1 Hz), 1.73 (4H, t,J = 7.1 Hz), 0.89 ppm (3H, t, J = 7.1 Hz). Anal. Calc for C15H17FO3: C, 72.56; H, 6.90.

Found: C, 73.01; H, 6.75.

Ethyl 4-(4-fluorophenyl)-1-methyl-1,2,5 ,6-tetrahydropyridine-3-carboxylate, 14. The crude reaction product,

which was obtained from the palladium—gatalvzcd rection between 7b and 12a (entry 2, Table) according to the

above mentioned procedure, was purified by MPLC on silica gel, using a mixture of hexane, AcOFEr and EfsN
(75 : 20 : 5) as eluant, to give in 57 % yield chernically pure 14 as a pale yellow oil. MS, m/z (%): 263 (20), 234
FZeta B 40 /71 1N 41 1T N 1NN JONDN 1~ ~ T ng i Ea 1o ln |
(92), 218 (11), 191 (13), 190 (89), 175 2 95, 1227,

3): 8
m), 2.46 (3H, s), 0.92 ppm (3H, t,
69.00; H, 7.50.

Ethyl 4-butyl-1-methyl-1,2,5,6-tetrahydropyridine-3-carboxylate, 15. The crude reaction product, which was
obtained from the palladium-catalyzed reaction between 7b and 1-butylzinc chloride, 12b, according to

above mentioned procedure (entrv 3. Table). was purified bv MPLC on silica eel, using a mixtur 1
above mentioned procedure (entry 3, lable), was purified by LC on silica gel, using a

and havana (TN « 2N\ aec aliant tna giva in 7Y 0L viald chamicrally nora 18 ac a ralanrlace anmid NMCQ an/s (0L
allu 11ICAaliC \IU JU} ad> Liualii, W EIV\/ m f& 70 ]l\/lu \rll\/llli\-ﬂ.il] UiV AJ dD 4 VUIUVULIVDD 11\1u1u AVIT, [1i7 & \(/UJ.
Lt Y Ve X% 1N 1NN\ 10N 711\ 1™MO /719N 1770 79NN 15 /8N 1 AN NN\ 1NN £1) 1NO 71 1N T /L001_ N\ 1" T1 A
225 (10), 196 (100), 180 (11), 178 (13), 168 (30), 152 (35), 140 (26), 109 (12), 108 (11). IR (film): v 1714,
1465, 1385, 1294, 1274, 1239, 1091 cm-1. IH NMR (CDCl3): § 4.18 (2H, q,J= 1 .
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Ethyl (E)-2-methyl-3-(3,5-dichlorophenyl)-2-butenoate, (£)-16. The crude reaction product, which was
obtained from the palladium-catalyzed reaction between (E)-7¢ and 3,5-dichlorophenylzinc chloride, 12¢,
according to the above mentioned procedure (entry 4, Table), was purified by MPLC on silica gel, using a
mixture of hexane and benzene (75 : 25) as eluant, to give in 77 % yield chemically and stereoisomerically pure
(E)-16 as a colourless solid. M.p. 64.5-65.5 °C. MS, m/z (%): 274 (20), 272 (36), 227 (73), 226 (100), 199 (20),
198 (22), 191 (25), 149 (20), 128 (50). IR (KBr): v 1716, 1557, 1291, 1260, 1150, 1089, 800 cm-1. 1H NMR

) (25), 12 . IR (KBr): 16, 1557, 1291, 1260, 1150, 1089, 800

(CDCl3): 87.28 (1H, 5), 7.04 (2H, 5), 4.26 (2H, q, ] = 7.0 Hz), 2.20 (3H, s), 1.75 (3H, 5), 1.34 ppm GH, t,J =
- - nl~ £ <~ Y o) P o WD o BN (o B V4N & 1L Tooizoe - 1. /™ £ 0¥

7.0 Hz). Anal. Calc for Ci3H14Cl30;: C, 57.16; H, 5.16. Found: C, 57.14; H, 4.97.

Ethyl (E)-2-methyl-3-phenylethynyl-2-butenoate, (E)-17. The crude reaction product, which was obtained from
the palladium-catalyzed reaction between (E)-7¢ and phenylethynylzinc chloride, 12d, according to the above
mentioned procedure (entry 5, Table), was purified by MPLC on silica gel, using a mixture of hexane and
benzene (70 : 30) as eluant, to give in 85 % yield chemically and stereoisomericallly pure (E)-17 as a pale
yellow liquid. MS, m/z (%): 228 (58), 200 (56), 199 (50), 183 (54), 155 (34), 153 (45), 143 (73), 128 (49), 115
(100). IR (film): v 1710, 1323, 1267, 1184, 1098, 757, 691 cmrl, 1H NMR (CDCh): § 7.49-7.32 (5H, m), 4.23

(2H, q,J =7.1 Hz), 2.26 (3H, s), 2.19 (3H, s), 1.32 ppm (3H, t, J = 7.1 Hz). Anal. Calc for CjsH1602: C, 78.92;
H.7.06.F

L1y 1.U

und: C, 79.08; H, 7.21
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3-Methyi-2-pentyl-2-cyciopenten-i-one (dihydrojasmone), 19. The crude reaction product, which was obtained
from the palladium-catalyzed reaction between 8a and pentylzinc chloride, 12f, according to the above
mentioned procedure (entry 7, Table), was purified by MPLC on silica gel, using a mixture of CHClp and
hexane (80 : 20) as eluant, to give 97 % chemically pure 19 as a colourless liquid. B.p. 121-122/14 Torr. Lit!3f
b.p. 110-112 °C/10 Torr. MS, m/z (%): 166 (4), 151 (68), 137 (17), 123 (20), 110 (100), 95 (28), 81 (27), 67
(23). IR (film): v 1702, 1650, 1386, 1178, 1074 cm-1. IH NMR (CDCl3): § 2.60-1.90 (6H, m), 2.05 (3H, s),

1.45-1.15 (6H, br m), 0.87 ppm (3H, t, J = 6.9 Hz). The physical and spectral properties of this compound
matched those previously reported. 13f
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3-(4-Methoxyphenyi)-2-methyi-2-cyclopenten-1-one, 18. Pd(dba)y (0.23 g, 0.40 mmol) and dppf (0.22 g, 0.40
mmol) were added to a slurry of 4-methoxyphenylzinc chloride 12e in THF, which was prepared by reaction of
a 0.47 M THF solution of 4-methoxyphenylmagnesium bromide (63.8 ml, 30.0 mmol) and a solution of dry
ZnCl3 (5.31 g, 39.0 mmol) in THF at 0 °C. To this mixture, which was maintained under stirring at 0°C, was
slowly added a DMF solution of crude 9a, which, as described above, had been obtained by reaction of a
solution of 6a (2.24 g, 20.0 mmol) in DMF (10 ml) with suspension of NaH (24.0 mmol) in DMF (44 ml)
followed by treatment with perfluoro-1- butancsulfony] fluoride (23.0 mmol). The resulnng mixture was
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solution and extracted with EtpO, showed that 9a had been compietely consumed and the presence of three
compounds in a ca. 48 : 49 . 3 molar ratio, which were identified as anisole, compound 18 and 4,4'-
dimethoxybiphenyl, respectively. After usual workup the crude reaction mixture was purified by MPLC on
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silica gel, using a mixture of benzene and Etz0 (90 : 10) as eluant, to give chemically pure 18 (1.54 g 38 %
ry 6, Table). M.p. 58-61 °C. MS, m/z (%): 202 (100), 201 (78), 171 (61), 159 (19), 146 (9),

2). IR (KBr): v 1691, 1680, 1607, 1512, 1294, 1258, 1182, 1027, 837 cmrl. IH NMR (CDCl3):
7.54 (2H d,J = 8.8 Hz), 6.98 (2H, d, J = 8.8 Hz), 3.86 (3H, s), 2.90-2.86 (3H, br m), 2.52 (3H, br m), 1.99
ppm (3H, s). Anal. Calc for Cy3H1407: C, 77.13; H, 6.92. Found: C, 77.25; H, 7.02.
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