HIGHLY REACTIVE ELECTROGENERATED ZINC:
PREPARATION AND ITS USE IN CROSS-COUPLING REACTIONS

Aishah Abdul Jalil', Sugeng Triwahyono’, Kurono Nobuhito’, Takasugi Shingo’, and Tokuda Masac’
‘Department of Chemical Engineering, Faculty of Chemical and Natural Resources Engineering,
*Ibnu Sina Institute for Fundamental Science Stuedies, Universiti. Teknologi Malaysia, 81310 UTM Skudai, Johor
'Division of Molecular Chemistry, Graduate School of Engineering, Hokkaido University, Sapporo 060-8628, Japan

1.0 INTRODUCTION

Organozinc compounds are very useful organometatlic
compounds for the forming reaction of carbon-carbon bonds
{1]. Organozine halides can usually be prepared by direct
insertion of zinc melal info organic halides, but commercially
available zinc metal is generally poorly reactive [2). Therefore,
activation of the metal is necessary for preparation of
organoziac halides. Various method of zinc activation, such as
Fhe reduction of zinc halide with alkaline metal or alkali metal
naphthalenide, have been reported {3)-[5]. These methods,
however, require high temperatures and long reaction times, or
vigorous stirring dusing the reaction.

A new method for preparation of reactive zinc by
electrolysis and its use in facile isoprenylation [6] and
aliylation of aldehydes and ketones was reported elsewhere
i71.[8]. It was shown that this electrogenerated reactive zing
(EGZn) was an aggregation of very fine crystalline zinc
particles with a large surface area [8]. A facile preparation of
organic compounds from functionalized alky! iodides by using
EGZn and their cross-couplings with aryl halides (Scheme 1),
was also reported [9].
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" spectrometer (ncat between NaCl plates).

However, no organczine compounds have been obtained
from alkyl bromides or were oaly obtained in very low yields
from the corresponding organic bromides, even by the use of
reactive EGZn. Recently, the authors have developed a new
electrochemical method for preparation of more highly
reactive zinc by using naphthalene as a mediator. Such
methoeds for preparing reactive zinc are very convenient and
useful in organic synthesis. In this paper, the authors report a
new method for preparing highly reactive zinc by electrolysis
and its use in cross-coupling reaction of bromoalkanes with
aryl iodides as well as in aryl-aryl cross-coupling reaction.

2.0 EXPERIMENTAL

A, General methods

IR spectra were recorded on a JASCO IR-810 infrared
'H NMR spectra
were recorded on a JEOL INM-EX270 (270 MHz) and JNM-
LA40OFT NMR (400 MHz). 'H chemical shift is reported in
ppm (3) using tetramethylsilane as an iaternal standard. High
and low resolution mass spectra were determined with a JEQL
JMS-AX500 or JEOL IMS-SX102A spectrometer. Products
were isolatcd by kugel rohr distillation or thin layer
chromatograph and column chromatograph (Merck Kieselgel
60 Plre).

B. Solvent and reagents

Commercially available anhydrous NN-dimethyltormamide
(DMF) and tetrahydrofuran {THF) packed under a nitrogen
atmosphere (Kanto Chemical) werz used without further
purification. Tetraethylammonium perchlorate was preparcd
according to the previous reported method {9]. The zinc plate
(Nitaco) is commercially available in more than 99.9%
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purities, and was washed with 2N HCI, methanol, acetone and
dried before electrolysis. Ethyl 4-bromobutanoate, ethyl 3-
bromo-propancate, 4-bromobutancaitrile, bromocyclohexane,
bromohexane, iodobenzene are commercially available, and
were purified by distillation prior to use. 4-Iodoacetophenone
and 4-iodoanisoke are also commercially available and were
used without further purification. Naphthalene (Junsei
Chemical, 99%) was used after recrysiallisation from
methanol.

C. Preparation of electrogencrated highly reactive zinc
{EGZn/Naph)

A normal one-compartment cell equipped with a magnetic
stirrer and a serum cap was used. Electrogenerated highly
reactive zinc (6 mmol) was prepared by the electrolysis of a
DMEF solution (10 ml) containing 0.1M EGNCLO, (230 mg) and
naphthalene (12 mmol) in 4 one-compartment cell fitted with a
platinum plate cathode (2x2 cm?) and a zinc plate anode (2x2
cm?). Electrolysis was carried out at -10°C at a constant current
of 60 mA/cm® under nitrogen atmosphere. The quantity of
electricity passed was 0.012 F, which corresponded to 2 F per
mol pf zinc metal. The amount of EGZn/Naph was calculated
from the weight of dissolved zinc anode metal. A solution
containing EGZn/Naph was directly used for the preparation of
organozinc compound after the zinc anode was removed from
the electrolysis cell.

D. General procedure for cross-coupling reaction using
EGZn/Naph '

To a DMF solution containing EGZn/Naph was added ethyl 4-
bromobutanoate (1a) (5 mmol) and the mixture was stirred at
50°C under nitrogen atmosphere for 1 h. DMF solution (5 ml)
of ary] iodide (4 mmol) and Pd(P(o-Tol};},Cl; (0.11 mmol) was
added, and the reaction mixture was stirred at 70°C for 3 h. The
resulting mixture was quenched with HCI solution and filtered.
The filtrate was extracted with dicthyl ether (50 ml x 3) and the
combined organic layers were washed with water (100 ml x 3),
saturated Na»S:0h solution (100 mi x 1) and saturated NaCl
(100 ml x 1) and dried over MgSQ.. After evaporation of
diethyl ether, the crude J)roduct was purified by column
chromatograph on silica gel with ethyl acetate-hexane (1:4) to
give ethyl 4-phenylbutanoate 4.

3.0 RESULTS AND DISCUSSIONS

A. ELECTROCHEMICAL PREPARATION OF HIGHLY
REACTIVE ELECTROGENERATED ZINC (EGZn/
Naph)

Clecrochemically  generated  highly  reactive  zine
(EGZn/Naph) was readily prepared by electrolysis of a N.N-
dimethylformamide (DMF) solutien containing naphthalene
and 0.1M tetraethy! ammonium perchlorate (TEAP) it a one-
Ccompartment cell fitted with a platinum cathode and a zinc
anode. Electrolysis at -10°C at a constant current of 60 mA/cm
in & nitrogen atmosphere was found to give highly reactive
zinc. However, other polyaromatic compounds such as
biphenyl, phenanthrene, and pyrene could also be used as
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mediators to obtain activated EGZn/PA (PA: potvarcew
compound). The reactivities of these EGZn/PA are summmaris
in Table 1. They were effective for the formation of orgamor
compounds except anthracene, but naphthalene was choses
the present transformation from the point of view
availability.

Table 1. Effect of various polyarematic compounds om s

reactivity of EGZn/Naph*
Entry Peiymmﬁtic Conversion (%)
1 52
2 57
3 8
4 68
3 84

EGZn {6 mmol), Polyaromatic (12 mmol), Ethyl 4-bromobutanoas:
(5 mmol), 0.1M THEAP-DME * Conversion was determined by Gas
chromatograph

At the cathode, a one-clectron reduction of naphthalene
molecule occurred to give naphthalens radical aniom
preferentially. The formation of the naphthalene radical anioes
was shown by the dark green color appeared on the surface &
the cathode. On the other hand, at the anode, dissolution of e
zinc metal occurred to give zine ions, which were reduced tr
the naphthalene radical anions to give zero-valence hights
reactive  zine, E(GZn/Naph. The EGZn/Naph was an
aggregation of very fine zinc particles with much smaller sizes
than those of EGZn and was dispersed in the DMTF soluiion {81,
Althouph the nature and the structure of EGZn/Naph ar pe
clear at the present stage, it was found to be very reactwe
towards an oxidative addition to organic bromides. ‘

The high reactivity of EGZn/Naph in the forming reactiom
of organozinc bromide (2a} from ethyl 4-bromobutancate (1a:
was compared with the reactivity of other zinc metals (Scheme
2). The tesults are summarised in Table 2.

Bro o~ €O PO pa . _com HO_ - cos
L, lh R
1a 2a k1
Scheme 2

These resuits show that the use of commercially availabl
zinc or EGZn with the addition of naphthalene was nox
effective in terms of reactivity and thal the presence of
naphthalene molecules in the electrochemical reduction sizp i
required for the preparation of much higher reactive zing.
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Table 2. Transformation of bromaoester Ia to erganozine 2a under
various conditions

Entry Zn Temperature Time Conversion of la
0 (b} (%)
1 Zn + Naph® ri. 18 0
2 Zn + Naph* 70 3 ]
3  EGZn + Naph® Lt 3 37
4 BGZn/Naph LL 1 95

*Ethyl 4-bromobutanoate (1a) (5 mmol) was reacted in DMF (10 ml)
with zine metal {6 minol). "‘Determined by gas chromatograph
analysis. ‘Commercialty available Rare Metallic zing (6 mmol) in the
presence of naphthalene (12 mmol) was used. ‘EGZn {6 mmol) in
the presence of naphthalene (12 mmol) was used

B. Cross-coupling of Functionalised Bromoalkanes with
Aryl lodides using EGZn/Naph

Ethyl 4-bromobutanoate (la) can efficiently be transformed
nto the corresponding organozine 28 by a reaction with
EGZa/Naph at 50°C. Cross-coupling of 2a with iodobenzene,
4-acetyliodobeazene or 4-methioxyiodobenzene at 70°C for 2h
in the presence of 5 mol% Pd(P(e-Tol).).Ch catalyst gave the
corresponding cross-coupled products 4 in 75~97% isolated
yields (Scheme 3) (Table 3, entries 1~3).

Ethyl 3-bromopropanoate (1b), instead of ethyl 4-
bromobatanocate (1a), was also transformed into the
corresponding organozinc compound by a similar reaction with .
BGZn/Naph. Subsequent one-pot cross-coupling reactions of a
DME solution containing 2b with various iodobenzenes in the
presence of 5 mol% Pd(P(o-Tol)s)Cl, catalyst at 70°C for 2 h
gave the corresponding cross-coupled products 4 in 84,81, and
63% isolated vields, respectively (Table 3, entries 4-6).

1-Bromobutaneniuile (1c) and bromohexane (1d) could
also be converted into the corresponding organozine bromides
2¢ and 2d by their reaction with EGZn/Naph. Pafladiym(Il)-
catalysed reaction of 2¢ and 2d with aryl iodide carrying
electron-withdrawing or electron-donating subsiituents gave
the corresponding cross-coupled product in almost high yields
(Table 3, entries 7-9 and eatries 10-12). The reaction of a
secondary-aikyl bromide such as bromocyclohexane (le} with
EGZn/Naph also efficiently gave the corresponding alkylzinc
bromide, which was reacted with ary! iodides in the presence
of PA(ID catalyst to give the cotresponding cross-coupled
products in good yiekds (Table 3, entries 13-15).

C. Aryl-aryl Cross-coupling using EGZn/Naph

Aryl iodides carrying a p-acetyl, p-methoxy-, or p-Cyano group
(5) can readity be transformed into the corresponding arylzine
iodides (6) by a reaction with BEGZn/Naph. Prepasation of
arylzinc compounds is not readily achieved when usual zinc
meial is uscd. This fact shows that the electrochemically
generated EGZn/Naph has a very high reactivity. The reaction

Br.__. COE FGZnNeph 5,7, oo A Ar COE of arvlzinc iodides (6) with other aryl iodides gave the cross-
& SUER o B Calyn coupled biaryls (6) in good yields (Scheme 4).
Scheme 3
Table 3. Cross-coupling of functionalised bromoalkzanes (la~1e) with Aryl Iodides using EGZn/Naph®
Entry Bromide Arl Product Isolated Yield (%)

1 Br({CH.):CO.lit (1a} CH.l {5a) C:Hs(CH.);CG:Et) (4a) 97

2 Br{CIH,CO:Et (18) p-CHCOCH (5b) p-CHCOCH(CH,)CO:EL (4b) 84

3 Br(CH.),CO:Et (1a) «p-CH;OCHLI (5¢) p-CHOCHLCHNCO:EL (4¢) 75
4b Bri{CH,}CO:Et (1b) Cslid CsH{(CH.),CO.Ex) (4d) 84

5 BriCH.)COEL (b} p-CHLCOCHI pCHCOCH(CH)COEL (4¢) 81

6 Br{CH-CO.EL (1) p-CHOCHE p-CH;OCH(CH.:COLit (41} 63

7 Br{CH,):CN (1¢} CHi CH;(CH)CN {4g) 89

8 Br{CH:):CN (1¢) p-CH:COCH.I p-CHLCOCH(CH:LCN (4h) 91

9 RBr(CH.}CN (1c) p-CH,OCHI p-CH;OCHL(CH:)CN (4i) 97

10 Br(CH;):CH, (1d) CHsk CHACH,).CH, (4) g9

1 Br{CH,)Cl, (1d) p-CH;COCH.I p-CHCOCH{(CH,)CH; (k) 85

12 Br(CH.):CH, (1d) p-CH,OCHI p-CH:OCH(CH.)<CH, (41) 71

13 CellBr (1e) CoH.I CHCeH,, (4m) 77

14 CH,Br (1e) p-CH.COCH.I p-CH.COCH.C.Hy (40) 71

15 CHyBr {le) p-CHOGH.I p-CH:OCELCH, (do) 76

* Bromides a-le {5 mmol), except 1b were reacted at 50°C for 1 h with E
Za-2e were reacted with ArT (4 mmeol) in the presence of 3 mol9e Pd{P{o-Tol),)

1 h with EGZn/Naph (6 mmot), and subsequent cross-coupling reaction is similar as above
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Scheme 4

The results are summarised in Table 4. Lower yield was
observed from the reaction of organozinc compound of 4-
methoxy-iocdobenzene with iodobenzene (entry 3).

D. Reaction Pathways

Probable reaction pathways of the preparation of EGZn/Naph
are shown in Scheme 4. Elecirolysis of a DMF solution with a
platinem cathode and a zinc anode resubts in anodic dissolution
of zinc metal to give zinc ions. On the other hand, at the
cathode, a one-electron reduction of naphthalene molecule
occurs to give radical anion of naphthalene, which was shown
by the appearance of the dark green color on the surface of the
cathade {10]. Reduction of zinc ion with naphthalene radical
anion would give zero-valent reactive zinc ( EGZn/Naph).

oy 2[Naph Za*
Cathode X
Je 2[Naphj

Scheme 4

Probable reaction pathways of the present cross-couplings
arc shown in Scheme 5. Oxidative addition of Pd(0) to aryl
halides would give Ar-Pd-X, which undergoes metal exchange
reaction with organozine bromide 2 10 give an intenediate Ar-
Pd-R. Reductive elimination of Ar-Pd-R would give the cross-
coupling product, ethyl 2-arylpropenoates 4.

R—Br EGZn/MNaph R 7am
1a _— 2a

ArPd-X

; ZaBrX

ArX
5
Ar—Pd—R
Pa(6}
Ar R
4
Scheme 5
4.0 CONCLUSION

A new electrochemical method for preparation of highi
reactive zinc (EGZn/Naph) by using naphthalene as a mediat
in the electrolysis was developed. The correspondinr!
organozine bromide could readily be prepared under milé
conditions by the reaction of ethyl 4-bromobutancate with
EGZa/Naph. Subsequent cross-coupling reaction of the
organozine bromide with various aryl halides readily took
place in the presence of a palladium catalyst o give the
corresponding cross-coupled products in high yiclds.
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{Note: The spectral data of the products are shown in Table *
on page §9)

Table 4. Paladiurn catalysed Aryl-aryl Cross-coupling reaction using EGZn/Naph®

Entry Arl Arl Product Isolated Yield (%)
1 CHJI p-CH,COCH.I p-CHCOCH.CH, 82
2 p-CH.COCH.I p-CH,OCHI p-CHCOCH,CHOCH-p 70
3 p-CH:OCHJ CHJl p-CH:OCH.CsHs 51°

* Todobenzene, 4-acetytiodobenzene or 4-methoxyiodobenzene (5 mmol), were reacied at 80°C for 2 h
with EGZn/Naph (6 mmol), and the resulting DMF solutions were reacted with Arl (4 mmol) in the
presence of 5 mol% Pd(P(e-Tol),),Cl, at 70°C for 2 h. * Cross-coupling was carried out in THF solution
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Product ‘H NMR (ppm) IR {(neat, cm') MS (70 V), m/e Analysis
mmHg
Bt 914 7.23 (5H, m), 1734, EIMS 192 C.Hi:0:
O/W 4.12 (2H, q, 1498, (M’, 60), 147 C, 74.97;
(4a) J=7.26 Hz), T00 (76), 117 (18), H, 8.39
2.65 (ZH, t, 104 (100}, 91 Found:
J=17.59 Hz), (85), 88 (79), C, 74.75;
232 (2H, t, 70 (25). H, 8.45
J=1.59 Hz), HRMS Caled
1.96 (2H, quin, for Ci,.He(h
J=7.59 He, m/z 1921124,
1.25 (34, ¢, Found m/z
J=7.26 Hz). 192.1137.
’ COEs 126/0.2 7.89 (ZH, d, 1734, EIMS 234 CuHiO::
\‘/g\/\ - J=8.42 Hz), 1683, (M, 58), 219 C,71.77;
- 7.28 (2H, d, 1647, {19), 189 (12), H, 7.74.
(4b} J=8.42 Hz), 1571, 147 (100), Found:
4.13 (2H, q, 1413 131 (26), 118 C.71.83;
J=7.26 Hz), (73, 105 {6), I, 7.83.
272 2H, ¢, 90 (9).
J=7.76 Hz), HRMS Calcd
2.59 (3H, 5), for C,.H;s0;
232 2H, t, mfz 234.1274.
J=7.42 Hz), Found m/z
1.99 (2H, m), 234.1205.
1.26 {3H, t, '
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Product bp*C/ H NMR (ppm) . IR (neat, cm®) MS {70 V), m/e Analysis
mmHg
O/Wo;&. 99/0.2 7.09 (2H, dd, 1734, EDMS 222 CuHy0y
. ' J=1.98, 4.61 1613, (M, 30, 177 C, 70.25;
(4c) Hz), 6.83 (2H, 1514, 20), 134 H, 8.16
dd, J=1.98, 4.61 1247, {100}, 121 Found:
Hz), 4.12 (2H, 1037 (63), 91 (10). C,70.22;
. q,J=7.10 Hz), HRMS Calced H, 8.16
3.78 (SH, S), for Ci:HisOs
2.59 (2H, t, m/z 222.1198.
J=7.43 Hz), Found m/z
2.30 (2H, t, 222,1227.
J=7.59 Hz),
1.92 (2K, m),
1.25 (3H. ,
J=1.10 Hz).
- 85/2.6 7.24 (SH, m), 1737, EIMS 178 CuHu0::
©/\' 412 (H, g, 1605, OV, 48), 133 C,74.13;
(4d) J=7.26 Hz), 1498 (16), 104 H,7.92
2.95 (21, «, (100), 91 (53). Found:
J=7.5% Hz}, HRMS Calcd C.73.9L;
262 (2H, 1, for C,;H..0,. H,7.92.
J=7.59 Hz),1.23 mvz 178.1046.
(3H, t, Yound m/z
J=7.26 Hz). 178.1020.
CO,E 108/0.25 7.89 (2H, d, 1735, EIMS 220 CisHOs:
\(g/\/ J=8.29 Hz), 1684, (M, 49), 205 C, 70.89;
o 7.30 (2H, dd, 1608, (100), 177 H,732
(4e) 7=8.29 Hz), 1571, (113, 149 (9), Found:
4.13 (2H, q, 1415 131 (18). C, 70.68;
J=7.10 Hz), HRMS Calcd H, 7.36.
3.01 (24, 1, for C,,H,:0;
J=7.76 Hz), m/z 220.1151,
2.64 {2H, 1,
J=7.76 Hz),
2.58 (3H, s),
1.23 (34, ¢,
J=7.10 Hz).
CO.E 79/0.16 712 (24, d, 1738, EIMS 208 C.HO;:
MeO Q/\’ J=8.29 Hz), 1613, (M, 31), 134 C, 69.21;
(46) 6.82 (2H, d, 1515, {39), (100y 121 H,7.74
J=8.29 Hz), 1248, HRMS Calcd Found:
4.12 (2H, q. 1037 for Ci.H, 05 C, 69.17;
J=7.26 Hz}, m/7 2081141, H, 7.80.
3.78 {(3H, s), lFound m/z
2,89 (2H, ¢, 208.1120.
J=7.76 Hz),
258 (2H, 1,
J=7.76 Hz),
1.23 ¢3H, 1,
J=7.26 Hz}.
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Product bp°C/ 'HNMR (ppm) IR (neat, cm) MS (70 &V), nve Analysis
mmHg
- 7510.2 7.25 (5H, m), 2244,  EIMS 145 CioHuN:
o 278 QH, ¢, 1603, (M 36), 104 C. 8272,
(@g) J=726 Hz), 1497 (25), 91 (100). H, 7.64;
232 2H, ¢, HRMS Calcd for N, 6.65.
J=1.26 Hz), ' CioHuN Found:
1.98 (2H, qui, miz 145.0879. C, 8272
J=7.26 Hz) H, 7.64;
N. 9.61.
i 120 /0.2 7.92 (2H. d, 2246, EIMS 187 C.:H,:ON:
YQ/V\ J=1.92 Hz), 1683, M, 18), 172 C, 76.98;
' 7.30 (2H, d, 1608, (100), 144 (7), H, 7.00;
(4h) 7=7.92 Hz), 1499, 131 (4), N, 7.48.
2.86 (2H, 1, 1458 116 (9). Found:
J=7.26 Hz), HRMS Calcd C,76.43;
2.60 (3H, s), for C.HLON H, 7.09;
' 234 (2H,t, m/z 187.0967. N, 7.48.
J=1.26 Hz),
2.01 (2H, qui,
J=7.26 Hz).
-~ 95 /0.2 7.10 (24, dd, o EIMS 175 CHON:
weohe O J297,1158 o, 17), 121 C, 75.40:
@ Hz), 6.84 OH, (100}, 91 (15), H, 7.48;
dd, 7=2.97, 77 (15). N, 7.99.
11.55 He), 3.79 HRMS Calcd for Found:
(3H, 5), 2.72 C,H,;ON C, 75.20;
(2H, 1, J=7.26 : mtz 175.1023. H, 7.48;
Hz), 2.30 (2H, t, Found m/s N, 7.95.
J=7.26 Hz), 175.1010.
1.95 (2H, qui,
J=1.26 Hz).
- 7.22 (SH, m), 1588, EIMS 162 "
) @N\/\CN 2.60 (2H, 1, 1572, (M, 36), 91 (100).
o J=1.59 Ha), 1487, HRMS Calcd
. 1.59 (2H, m), 1469, for CaHe mz
1.32 (6H, m), 1244, 162.2749,
0.88 (3H, 1, 1175 Found m/
J=6.93 Hz). 162.1394.
- 7.88 (2H, d, 1685, EIMS 204 CreHin0:
\(Q/W\ J=8.58 Hz), 1608, (M, 70), 189 C, 82.30;
g 727 (2H, d, 1572, (100), 148 (8), H, 9.87.
(k" J=8.58 Hz), 1413, 133 (32), 91 Found:
2.65 (2H, t, 1377, (25}, 43 (10). ¢, 82.15;
J=1.59 Hz), HRMS Calcd H, 9.97.
2,58 (BH, S), for C1HxO m/z
1.62 2H, m), 204.3114.
[.30 (6H, m), Found m/z
0.88 (3H, 1, 204.1517.
J=1.26 Hz).
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Product ‘HNMR (ppm) . IR (neat, cmr') MS (70 eV), mle Analysis
. 6.99 (2H, 4, EIMS 192 CuHO:
Q/V\A J=8.58 Hz), (19) 121 C. 8120;
20 i 6.72 (2H, d, (100). H, 10.48.
(41) J=8.91 Hz), HRMS Catcd Found:
3.68 (3H, 8), for C1sHwO C, 80.69;
2.44 (2H, 1, mfz 192.1514. H, 10.54.
1=7.59 Hz), Found m/z
1.46 (2H, m), 192.1487
1.20 (6H, m),
0.78 GH, t,
1=6.60 Hz).
7.89 (2H. d, 1690, EIMS 202 CoH,:0:
1=8.25 Hz), 1610, (M’ 83), 187 C, 83.12;
7.29 (H, d, 1461, (100), 159 H, 8.97.
J=8.25 Hz), 1267, (13), 131 (49), Found:
2.58 (3H, ), 824 115 (26), 105 C, 82.89;
o (dn)’ 2.56 (1H, m), (17), 91 29), H, 8.99.
1.83 (4H, m), 77 (13), 43
1.39 (6H, m). 13).
HRMS Caled
for C..H..O
mfz 202.29.
Found m/z
202.1353.
7.13 (2H, d, 1515, EIMS 19¢ Ci:H: 0
@,O J=8.58 Hz), 1461, (90), 147 (100}, C, 82.06;
o » 6.84 (2H, d, 1249, 134 (17), 121 H, 9.53.
(do)’ J=8.58 Hz), 1045 (72), 108 (7), Found:
3.78 (3H, s), 91 (13). C, 82.04;
2.44 {IH, m), HRMS Caled H, 9.64.
1.78 (5H, m), for CsHaeO
1.32 (5H, m). m/z 190.1358.
Found m/z
190.1354.

.

** Separated by column chromatography on silica gel with hexanefethyt acetate as eluant (5:1)
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