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Abstract
Organozinc compounds of functionalized alkyl iodide carrying an alkoxycarbonyl, cyvano or alkenyl group were
prepared in high yields under mild conditions (0°C-r.t, 10min in DMF) by the rcaL“"“.tim of iodides wiih an
electrogenerated reactive zinc (EGZn). Cross-coupling of the organozinc compounds with various aryl halides in
the nresence of S mol% Pd(P(o-Toh ).Cl in THF gave the corresnonding cross-cotnled nroducts in moderate 1o
the presence of 5 mol% Pd(P(o-Tol),),Cl, in THF gave the corresponding cross-coupled products in moderate to

kevwords: coupling reactions; elecirode; palladium and compounds; zinc and compounds

Introduction

We have aircady reporied a new method for the preparation of reactive zinc by electrolysis and its use in facile
isoprenylation’ and allylation® of aldehydes and ketones. Characterization of the clectrogenerated reactive zinc
(EGZn) shows that it was an aggregation of very fine crystalline zinc particles with a large surface area.*> Although
various methods of zinc activation, such as the reduction of zinc halide with alkaline metal or alkali metal
naphthalenide, have been reported,’ these methods require high temperatures and long reaction times or vigorous
stirning during the reaction. On the other hand, Perichon and colleagues recently reported the preparation of a

small amount of reactive zinc by a cathodic reduction of zinc bromide in acetonitrile, and they carried out the

Blaise reaction in the presence of a catalytic amount of the reactive zinc under electrolytic or nonelectrolytic
. Tt + . . a ot . the o £ Al ated eaast RS 5P g Ly SUEN SN Sy
conditions.™ As one of our continuing studies on the usc of clectrogenerated reactive zinc (EGZn) in carbon-

o
o)

carbon bond forming reactions, we examined the uscfulness of a method for preparing organozine compounds
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dium-catalyzed cross-coupling with aryl
halides. In this paper, we report that the corresponding organozinc compounds can readily be prepared under mild
conditions with a short reaction time by the reaction of EGZn with functionalized alkyl iodides and that a cross-
coupling reaction of the organozinc compounds with various aryl iodides readily took place in the presence of a
palladium catalyst to give the corresponding cross-coupled products in high yields. We also report that these
cross-coupling reactions can be achieved in one-step and in one-pot by using an electrochemical method.
Cross-coupling reactions of organozinc compounds with a variety of organic electrophiles using transition
metal catalysts provide efficient methods for chemo- and regioselective formation of carbon-carbon bonds.?

nic halide with activated zinc® or by
3

Usually, organozi
PANRAS - =2

nc compounds can be prepared by direct
3

transmetallation of the corresponding organolithium or Grignard reagents with zinc halide.> For example, Tamaru
and co-workers prepared eihvi 3-(iodozinciojpropanoaie and ethyl 4-(1odozincio)butanoaie by ihe reacuon of ethyl
3-10dopropanoate and ethyl 4-1odobutanoate with a Zn-Cu couple 1n benzene containing a small amount of DMA
or DMF at 60°C for 3-4h.** They utilized these organozinc reagents for a palladium catalyzed cross-coupling
reaction with acid chlorides® or aryl iodides.®® Similar cross-coupling of ethyl 3- and ethyl 4-(iodozincio)-

alkanoates with N-heteroaryl halides has also been reported by Sakamoto and co-workers.”

esults and Discussion

Cross-coupling Using Electrogenerated Reactive Zinc

Reaclive zinc metal was readily prepared by the electrolysis of a DMF solution containing 0. 1M E{,NCIO, in a
one-compartment cell fitted with a platinum plate cathode (2x2 ¢m?) and a zinc plate anode (2x2 ¢cm?). Electrolysis
was carried out at a constant current of 60 mA/cm® at room temperature under a nitrogen atmosphere. The
electrolysis resulted in an anodic dissolution of the zinc anode to give zinc ions, which were reduced at the

platinum cathode to give a black, zero valent reactive zinc (Scheme 1).

eiectroiysis

Pt cathode - Zn anode "Zn" (EGZn)

A solution containing EGZn was directly used in a preparation of functionalized alkylzinc iodide after the zinc
anode was removed from the clectrochemical cell. The reaction of alkyl iodide with the reactive 7inc thus prepared
(1.2 cquivalents) at room temperature for 10-30 min gave the corresponding alkylzine iodide in an almost
quantitative yicld. In the case of cthyl 3-iodopropanoate, a preparation of the corresponding organozine species
was carried out at 0°C. Formation of the organozinc compounds was monitored by GC and was determined by the

disappearance of alkyl iodide and by the formation of protonated alkane after hydrolysis with a diluted HCI

solution. It was found that organozinc compounds could rcadily be prepared from functionalized alkyl iodides



under milder conditions than those of previously reported methods. These organozinc compounds can
successfully be utilized for the palladium-catalyzed cross-coupling reaction with aryl halides.®’

A DMF solution of alkylzinc iodide (3 mmol) was transferred into a THF solution containing aryl halide (2
mmol) and Pd(P(0-Tol),),Cl, (0.11 mmol) with a syringe, and the reaction mixture was stirred at 60°C for 3h. All
of the cross-coupling reactions were carried out under an argon atmosphere. Usual work-up of the reaction
mixture gave the corresponding cross-coupled products in good vields (Scheme 2). Results of the cross-coupling

reaction of cthyl iodoalkanoates (1a-c¢) with aryl halides are summarized in Table 1.

| / \COOEt "Zn" (EGZn) - /HCOOE Ar-X A  \COOEt
> IZn > Ar
n 0°C-r.t., 10-30min n 5 mol% Pd(P(o-Tol) ), Cl, n
THF

fan=1 2a-2c 3a-3m

ibn=2

1icn=3

Scheme 2

Ethyl 3-10dopropanoate (1a), ethyl 4-10dobutancate (1b), and ethy! 5-iodopentanocate (1¢) could all be readily
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with iodo or bromobenzene having electron-withdrawing and electron-donating groups gave the corresponding
cross-coupled products (3a-m) in high yields. 1t should be noted that 1-10do-3,4-dimethoxybenzene and 1-iodo-
3.4-methylenedioxybenzene can be successfully used as aryl halide, and the corresponding cross-coupled
products (3g and 3h) were oblined in 74% and 90% yields, respectively. Cross-coupling of 2b with 1-bromo

and 2-bromonaphthalene also ok place clficiently to give the products 3i and 3j in 85% and 79% vields,

respectively.

Products 3a, 3b, 3d, and 3e werc also obtined in yields of 90%, 96%, 90%, and 75%, respectively, by the
reported procedure using a Zn-Cu (_:Q.J,plcf"’ Lower yiclds of 3a and 3b in our procedure are probably due to a
formation of cthy! acrylate, a side reaction product, in the preparation step of ethyl 3-(iodozincio)propanocate, since
the EGZn was so reactive

It should be noted that ethyl 5-(iodozincio)pentanoate (2¢) could effectively be prepared from the
corresponding iodoalkanoate (1¢) by the use of EGZn, although ethyl 3-(iodozincio)propanoate (2a) and ethyl 4-
(iodozincio)butanoate (2b) arc known W be rclatively stable as metal homoenolate and bishomoenolate. Therefore,
we next studied on a preparation of organozine compounds of iodoalkanes carrying a cyano and an alkenyl group
or of simple iodoalkane. It was found that the organozinc compounds $a, Sb, and Sc¢ could be efficiently
prepared from l-iodobutane (4a), 4-iodobutanenitrile (4b), and 6-iodo-1-hexene (4¢) under mild conditions by
the use of EGZn. Cross-coupling of these organozinc compounds with various aryl halides under the same

conditions as those of Scheme 2 gave the corresponding products (6a-6g) in high yields (Scheme 3). Results of
. - = !
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Ethyl lodoalkanoate Ar-X Product Yield (%))

ko~ COOEt CgHsl CgHsCH;CH,COOEL (3a) 76
b 4-CH;OCgH,4Br 4-CHy 0CgH; CH2CH,COOEt (3b) 58°)
4-CHyCOCGH 4Br 4-CH3 COCgH 4CH,CH, COOE (3¢) 66°)

A~ -COOE CeHsi CsHsCH ,CH,CHCOOE (3d) B4
" CgHsBr CegHsCH2CH,CH,COOE (3d) 85°
4 CH;OCgH;sBr 4-CH30C¢H4 CH,CH, CH, COOE (3e) 90°

4-CH;COCgH Br 4-CH;COCgH 4CH,CH, CH, COOEt ( 3f) 84°

3,4{(CH40) ,CgHyl 3,4{CH30),CcHaCH,CHCH,COOEL (3g) 74

(3,40CH,0)CeHyl  (3,4-OCH,0-)CeH3CH,CHoCHoCOOEL (3h) 907!

1-CygH;Br 1-C1oHy CH, CHoCH,COOE ( 3i) 85°

2-CyoH;Br 2-C1oH7;CHyCHL,CH,COOEt (3j) 79°)

N ™" ookt CeHsl CsHsCHCH2CH ;CH,COOE? (3K) 86

1c
4 CH30CgH,Br 4-CH3 OCgH,4CH, CH, CH, CH,COOE (30) 80
4-CH3COCgH,Br  4-CH3COCgH 4CH,CH,CH,CH,COOEL (3m) 82

a) Organozine reagent of La-c¢ (3 mumol) was reacted at r.t. for 3k with aryl halides (2 mmol) in THF (20 ml)
in the presence of Pd(P(o-Tol)1),Cl, (0.11 mmol).

by Isolated yields.

¢) Cross-conpling reaction was carried out at 70°C

Table 1. Cross-coupling Reactions of Ethyl w-lodoalkanoate (1a-¢) with Various Aryl Halides Using
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"Zn" (EGZn) Ar-X
TR —= izn” "R ~ A" "R
r.t., 10-30 min 5 mol% Pd(P(o-Tol)3)2Cl
4a R=CH, 5a-5¢ THF 6a-6g
4b R=CN
4c R =CH,CH=CH,
Scheme 3
Table 2. Cross-coupling Reactions of Functionalized Iodoalkancs (4a-c) with Various Aryl Halides
Using Electrogenerated Reactive Zinc (EGZn) 3
ICH;CH,CH,R Ar-X Product Yield (%)
T AGIUAy /O
17NN 4 CH3OCgH4Br 4-CH3;0CgH4CH,CH2CH; (6a) 79
4a
4-CH,COCgH 4Br 4-CH,COCH ,.CH.CH,CH, (8h) a8
1“>""cN CeHsl CsHsCH2CH,CH,CN (6¢) 66°
4b
CeHsBr CgHsCH,CH,CH ,CN (6¢) 87
4-CH30C gHyBr 4 CH30C gHa CHoCH, CHLCN (6d) 87
4'@”3@@@5”45!’ 4‘CH3 COCeH 4CH 2CHQCH2CN (69) 78
NN 4 CH;0CgH4Br 4-CH30C ¢H4 CH, CH, CHaCHCH=CH ; (6f) 51
4c

4-CH3COCgH4Br 4-CH3COCgH sCH,CH,CH,CHo CH=CH, (6g) 98

a) Organozinc reagent of da-c (3 nunol) was reacted at 70°C for 3h with aryl halides (2 mmol) in THF (20 ml)
in the presence of Pd(P(o-Tol)3Cls (0.11 mmol).

b) Isolated yields.

¢) Cross-coupling reaction was carried out at r.t. for 3h.

Two-step Procedure for the Cross-coupiing Reaction

Organozine compounds can be prepared directly from haloesters by utilizing an electrochemical method using a
znc¢ anode. Electrolysis of ethyl 4-iodobutanoate (1b) in a DMF solution containmg 0. 1M E{NCIO, with a
platinum cathode and a zinc anode gave the corresponding organozinc compound 2b, which was reacted with aryl
halides in the presence of Pd complex to give the corresponding cross-coupled products 3d, 3e, and 3f in 5i-
79% vields (Scheme 4, Table 3). Bromide can also be converted (o the corresponding organoznc compound by

. Electrolysis of ethyl 4-bromobutanoate (1d) at 70°C under similar conditions as those

dlaliogqlc 1 (LIRLE 0
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‘ed by a cross-coupling reaction with 4-bromoacetophenone gave 3f in a 60% yield. Yields of the
products 3 obtained by using the present two-step procedure were slightly lower than those obtained by the
reactions using EGZn.

" on -
X/\/\CODEt e e XZn/\/\COOEt Ar-X - Ar/v\COOEt
0. 1M Et NCIO 4-DMF 5 mol% Pd(P{o-Tol) 3} 15
1b X=l 2b X=! THF 3
1d X=Br 2d X=Br

Table 3. Cross-coupling Reactions of Ethyl 4-Haloalkanoate (1b, 1d) with Aryl Halides by the Use of
an Electrochemical Method using Zinc Anode?

Haloester Ar-X Product Yield (%)
N_-~_-COOE! CeHsl CgHsCH2CH ;CH;COOEt (3d) 79
1b o
o 4-CH;0CgH4Br 4-CH3 OC gH4CH, CHo CH, COOEL (3e) 51

4-CH3 COC5H 4Br 4-CH3COCGH 4CH 2CHzCH2 COOEt(Sf) 69

4PCH3 COCGH 4Bl’ 4-CH3COCGH 4CH QCHQCHZ COOEt (3’) 60

a) Electrolysis ot haloester 1b (3 mmol) was carried outin 0.1M F4NCIO 4-DMF (15 ml) at 60 mA‘em? at r.i.
with a Pt cathode and Zn anode. After electrolysis, the DMF solution containing 2b was reacted atr.t. for 3h
with arvl halide (2 mmol) in THF (20 ml) in the presence of Pd(P(0-Tol)3)»Cl, (0.11 mumnol).

b) [solated yields.

¢} Flectrolysis of 1d was carried out at 70°C. Other reaction conditions were almost the same as those described

in footnote a.

One-step and One-pot Cross-coupling Reaction

We found th:

eparat rgan C lid ¢ carmed
out in a one-step and in a one-pot reaction by utilizing an electrochemical method. Thus, electrolysis of a mixture

1 NS B Py 147 1T TR AT 1. 1\‘ T2 BT
of ethyl 10doalkanoate (1a-¢), aryl halide, and 5 mol% Pd complex in a DMF solution containing 0. 1M Et,NCIO,

with a platinum cathode and a zinc anode gave the corresponding cross-coupled products 3 in one step (Scheme
5). When Ni{PPh,),Cl,, Pd(PPh,),Cl,, or Pd(P(o-Tal);),Cl, was used in the present one-step cross-coupling of
1b with iodobenzenc, cthyl 4-phenylbutanoate (3d) was obtained in 5, 49, or 67% vield, respectively. A complex
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42 / £ 1%

m P
Vr—-——l“’ 60 mA/em*
c

Pt Zn 2F/mol
1/‘(V)°°°E' +  ArX . Ar/~(\,}coost
n 5 mol% Pd(P( O-TO')3)2G 2 n

1a n=1 0.1M Et4NCIO 4-DMF
itb n=2
icn=3

Scheme §

e}

T'abie 4. Onc-sicp Cross-coupling Reactions of Ethyl w-lodoaikanoate (1a-¢) with Aryl Halides by the
Usc of an Electrochemical Method using Zinc Anode®

Haloester Ar-X Product Yield (%))
'\/\cooa CgHs| CgHsCH;,CH,COOFEt(3a) 49
1a =0 709 C)
1 WCOOEt CgHsl CgHsCHCH,CH,COOE?! (3d) 29(or)
1b
4 CH30C gH,Br 4-CH30CgH,;CH,CH,CH, COOE! (3¢) 63
4-CH3COCgH 4Br 4-CH3 COCgH 4CH,CH,CH, COOET ( 3f) 21
l\/\/\c OOEt CgHsl CgHsCH,CH,CH,COOEt (3k) 53
1c
4-CH30C¢H4Br 4-CH3;0CgH;CH,CH,CH, COOER (31) 45
4-CH3COCgH 4Br 4-CH3COCgH 4CH ,CH,CH, COOEL (3m) 43

a) A mixture of iodoester la-c (5 mmol), aryl halide (2 mmol), and 5 mol% Pd

d&) 1 OCLOCRE 2a-C L il il HLY) Ul

0.1M ENCIO4-DMF (15 ml) was electrolyzed at 60 mA/em? with a Pt cathode and Zn anode. Electricity
passed was 2 F'mol.
b) Isolated yields

¢) GC yield is shown in parenthesis.

i tla f 1 | Ty

The oo sromd s B NG C N T at 2R | R, 707
LD Wdd el I 1 CIUHB'CUUPI lg Wl]l lUUUULIl /7t

i€, t" PIUUULL 30 was UUldi[lB(.l lﬂ ‘+U or o
respectively. Electrolysis of a mixture of ethyl iodoalkanoate (1a-¢) (5 mmol), aryl halide (2 mmol) and Pd(P(o-
Tol);),Cl, (0. 11 mmol) in a DMF solution gave the corresponding cross-coupled products in the vields shown in
Table 4. Although these yields were lower than those obtained by the procedure using EGZn and the two-step
procedure using an electrochemical method, the present one-step and one-pot method is very convenient [or the

palladium-catalyzed cross-coupling of functionalized 10do compounds with aryl halides. These low yields in this
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one-step procedure are probably due to the occurrece of several competing reduction steps. Thus, an
electrochemical reduction can take place at a Pd compiex, aryl halide, and/or ethyl m-1odoaikanoate and the most
reducible compound is the Pd complex. The Pd(0) species generaled by a two-electron reduction might undergo
an oxidative addition preferentially to aryl halide and, however, the desired product 3 would not be obtained in
this case. We are currently carrying out detailed studies in order to improve the yield and to clarify the reaction

pathways of the present one-slep cross-coupling rcaction.

Products were 1solated hn kueel rohr distillation or TLC (Merck Silica o g ned
rroducts e 1Solated xugel rohr distillaton or 11L.C (Merck sthica gel Pr, ). spe ned

e obtain
using on a JASCOIR&10 spectrometer (neat between NaCl plates). 'H-NMR Sne(,lm were delenmned by JEOL

JNM EX-270 (270MHz) and JINM-LA400FT NMR (400 MHz) with tctramcthylsilanc as an internal standard.
Gas chromatographic analysis was carried out with a Hitachi G-5000 using a capillary column (OV-17, 20m).

a
-

.

9

Solvent and Reagents

Commercially available anhydrous N, N-dimethylformamide (DMF) and tetrahydrofuran (THF) packed under a
nitrogen atmosphere (Kanto Chemical) were used without further purification. Tetracthylammonium perchlorate
was prepared as follows. A saturated aqueous solution of 50 g (0.238 mol) of Et,NBr in 50 mi of water was

treated with 24 mi of aqueous 60% HCIO, (0.238 mol). After filration of the resuiting insoiuble perchiorate sait,
the salt was washed with cold water and dried. Recrystallization from water and drying under reduced pressure

IO MIrp l:‘ ?\Tp‘n p2 1A \(’l’l;fﬂ nnm“nu I" /8] \'If\'ll T o Ilnl‘ l'\",l'l1 R0 (R h 11 1A l‘]’\ "’?\T u(-‘] maot Lll’\l\l aontane
&.(—L‘ ~ luul\. l4|.41 V\/I\JJ €A VY LRI REWAAGIWD LI A\ /L )‘ A, 1 1N ZuikhN t—ll“l\.{ LA " N A wuvu ¥V 1uil 9 LIV LI ECALIN/L, W\/L\Ill\(,
and dried before electrolysis. lTodobenzene, bromobenzene, 4-bromoanisole are commercia \”\ available and were

used after distillauon. 4- Bromﬂacetoohenone was used without further purification. 3,4-Dimethoxy iodobenzene
and 3,4-methylenedioxy iodobenzene were prepared according to a previous described method® and were used

3,4-Dimethoxyiodobenzene: 44% ; b.p. 70 “C/0.15 mmHg (lit8 b.p. 68-74 °C / 0.2 mmHg).
3.4-Methylenedioxviodobenzene: 54% ;b.p. 76°C / 1.0 mmHg (lit8 b.p. 78.5-79 °C /0.2 mmHg).

Ethyl 3-iodopropanoate (1a). 99% ;, b.p. 91°C / 18 mmHg; IR (ncat) 1740 cm™; 'H-NMR (CDCl,) 84. 19 (2H, g,
J=6.93H7z), 3.33 (2H, t, J=7.26Hz), 2.97 (2H, t, J=7.26Hz), 1.28 (2H, t, J=6.93Hz).

Ethyl 4-iodobutanoate (1b). 96% ;b.p. 56 °C /3.0 mmHg; IR (neat) 1734 cm™; 'H-NMR (CDCl,) 6 4.15 (2H,
J=6.93Hz), 3.24 (2H, t, J=6.83Hz) 2.44 (2H, t, J=7.07Hz), 2.14 (2H, m), 1.27 (3H, t, J=6.93Hz).

Ethvl 5-iodopentancate (1¢). 90% - b.p. 86 °C /3.0 mmHe: IR (neat) 1735 cm™ - 'H-NMR(CDCL.) §4.13 (2H. ¢
1 pentancate (1¢). 0% ;o.p. 86 C/ 3.0 mmhbg; ik (neat) 1/30am 5 r-NMR(CDCL) 04.13 (24, g,
J=6.93Hz), 3.19 (2H, t, /=6.77Hz), 2.33 (2H, t, J=7.10Hz), 1.90-1.73 (4H, m) 1.26 (3H, t, J/=6.93Hz)

4-lodobutane (4a). 64%; b.p. 39 °C /30 mmHg; 'H- NMR(CDClL,) 65.76 (1H, m), 5.12 (ZH, m), 3.19 (2H, ¢,
J=7.26Hz), 2.14 (2H, m).

4-lodobutanenitrile (4b). 94% ; b.p. 55 "C / 1.5 mmHg; IR (neat) 2248 cm";‘H-NMR((IDCg) 6 3.30 (2H, t
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J=6.6Hz), 2.53 (2H, t, J=6.93Hz), 2.14 (2H, m).

6-lodo-1-hexene (4c¢).
Tosyl chloride (1.2 eq) was added to a solution of 6-hexene-1-o0l (10 ml, 83 mmol) in dry pyridine (100 ml ) at

0°C. The reaction mixture was kept overnight in arefrigerator. The mixture was fiitrated to remove excess tosyi
AT B PR R ,_-“J ...... I WE 141" - AN Toaele o0 e o oo [RUPIp P ISR 1Y 10/"7 ¥ ¥ -4

chloride, and extracied with Ei,O (50 ml x 3). Ethereal solution was washed with 18% HCI solution (50 mi x 3),
saturated aq. NaHCO, (50 ml x 3) and saturated ag. NaCl (50 ml x 1), and dried over Mgou,, The solvent was
evaporated to give crude tosylate. Nal (2 eq) was added to the solution of the crude tosylate in acetone (50 mi) and
heated for 3h under reflux. The reaction mixture was filtrated 0 remove excess Nal and evaporated to remove

acetone. Usual work-up gave crude 6-iodo-1-hexene, w hu.h was purified by column chromatography (silica gel,
hexane).; 81% ; b.p. 65 °C/ 16 mmHg; IR (neat) 1642 cm; '"H- NMR (CDCl,) 8 5.79 (1H, m), 5.00 (2H, m),
3.19(2H, t, J=6.93Hz), 2.08 (2H, q, J=7.26Hz), 1.84 (2H, qui, J=7.26Hz), 1.50 (2H, m) ; EIMS m/; (relative
intensity) 83 (100), 55 (99), 41 (78), HRMS Calcd for CH, 1 m/z 209.9903. Found m/z 209.9904.

Preparation of Electrogenerated Reactive Zinc (EGZn)

A normal one-compartment cell equipped with a magnetic stirrer and a serum cap was used. Reactive zinc metal

T e W T

as prepareu D) the electr Ol\ sis of a DMF solution (13 lTll) cun[ammg 34> mg of t‘l NLIU (l 5 mmol) in a one-

compartiment cell fitted with a pmuuum p te Latf 1ode \2 X2 cm? ) and a zinc pw.v., anode (2 (2x2 sz). rlCCilm\sls Was
carried out at a constant current of 60 mA/em? (electricity 2.0 F/mol) at room temperature in an argon aimosphere.

containing EGZn was used J.rW‘J in the reaction after the zinc anode was removed from the

': !“?

A solution

electrochemical cell.
General Procedure for Cross-coupling Reaction Using I:GZn

Functionalized atkyl iodide (10 mmol) was added to a DMF solution containing EGZn (12 mmol). The reaction
mixture was stirred for 10 min at room temperature (at 0°C in the case of ethyl 3-iodopropanoate), which gave the
corresponding organozinc 1odide. A DMF solution of erganozine iodide (3 mmol) was transferred into a THF
solution (20 ml) of aryl halide (2 mmol) and Pd(P(o-Tol) ,),Cl, (0. 11 mmol), and the mixture was stirred for 3h at
room temperature in the case of aryi iodide or stirred at 65°C in the case of aryi bromide. The reaction mixture was

quenched with HCI soluiion and exiracied with Et,O (50 mi x 3). T‘ne combined organic iavers were washed with
H,O (100 ml x 5) and saturated NaCl solution (100 ml x 1), and dried over MgSO,. Evaporation of E,O gave the

o ¥
crude product, which was purified by TLC (silica gel, hexane @ cthyl acctate / 4:1).

General Procedure for Two-step Cross-coupling Using an Electrochemical Method

Electrolysis of ethyl 4-iodobutanoate (1b) (3 mmol) in 0. IM Et,NCIO,-DMF (15 ml) at r.t. with a Pt cathode
and zinc anode gave the comresponding organozinc compound (2b) in high vield. In the case of ethyl 4-
bromobutanoate (1d), the electrolysis was carried out at 70°C. The resulting organozinc halides (2b and 2d) were
subjected to the cross-coupling reaction with aryl halides in the same way as that described above.

General Procedure for One-step and One-pot Cross-coupling Using an Electrochemical Method

A mixture of ethyl iodoalkanoate (1a-¢) (5 mmol), aryl halide (2 mmol) and Pd(P(o-Tol) ,),C
). 1IN E‘r Y\IFI(\ an: (18 ml 1A elm'vt‘rnluzer

,,
t roym temneratiure with a Pt cathowlo and 7n annd
\ 4 \\ A o/ LERI VV LK L2 AN

VAT WAl PRI GtuI Y WY i a i aainode ang Zn an

r of 2 Fa ;“laxx per mol of 1odoalkanoate was passed.

Tied (.,H. at 60 mA/em?®, and an electri v
up of the electrolyzed mixture gave the cross-coupling products (3a, 3d-f, 3k-m). This procedure inv ol s only
one-step and can be carried out in a one-compartment cell (one-pot).
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Spectral data of the products are shown below.

Pthvl j’~phenvlpropanowe (3a). b. p 85°C/ 2.6 Hg,l (neat) 1737, 1605, 1498 ¢cm™ ; 'H-NMR(CDCL,) 8
7 2.62 (2H, t, J=7.59H7), 1.23 (3H, t,
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Lthy! 3-(4-methoxy )phenvipropanoate (3b). b.p. 79 °C/ 0.16 mmHg; IR (neaty 1736, 1613, 1515, 1248, 1037

m”’; '"H-NMR(CDCI,)  7.12 (2H, d, J=8.29Hz), 6.82(2H, d, J=8.29Hz), 4.12 (2H, q, J=7.26Hz), 3.78 (3H,
5), 2.89 (2H, t, J=7.76Hz), 2.58 (2H, t, /=7.76Hz), 1.23(3H, t, J=7.26Hz) ; EIMS m/; (relative intensity) 208
(31), 134 (39), 121 (100); HRMS Calcd for C,H, O, m/z 208.1141. Found m/z 208.1120; Anal. Calcd for

C,,H,,0,: C.69.21; H, 7.74. Found: C, 69.17; H, 7.80.

It'my[ 3-(4-acetvl)phenvipropanoate (3¢). b.p. 108 °C/ 0.25 mmHg; IR (neat) 1735, 1684, 1608, 1571, 1415
em'; TH- NMR(CDCI3) 87.89 (2H, d, J=8.29Hz), 7.30 (2H, dd, J=8.29Hz), 4.13 (2H, q, /=7.10Hz), 3.01 (2H,
t, J-7 76Hz), 2.64 (2H, t, J=7.76Hz), 2.58 (3H, s), 1.23 (3H, t, J=7.10Hz); EIMS m/; (relative intensity) 220

(49), 205 (100), 177 (11), 149 (9), 131 (18) ;HRMS Caicd for C,H O, m/iz 220.1151. Found m/z 320.1125;
Al Lt S TINQON. TT 727 TToaawde 4 TN 200 11 77 el
Aldlcdt \_,dlk,u lUl \.,nn,(,u3 w, /UOF, 1, /.0, FOUNU, U, /UQ0, 11, 7.20,
Ftlr\:l 4 nbon\ Ihutanoate ('!rl) b. p. 97 °C/ 4 mmtl Ig: IR (ne;t) 1734, 1498 700 ¢ ml: lH NR/[R(C[)CI Y8723
(SH m), 4. 1" (2H, q, J=7.26Hz), 2.65 (2H, t, J=7.59Hz), 2.32 (2H, t, J=7. 59_,2] 1.96 (2H, quin, J=7.59

Hz), 1.25 (3H, t, J=7.26Hz) ; EIMS m/z (relative intensity) 192 (60), 147 (76}, 117( 18), 104 (100), 91 (85), 88
(79), 70 (25); HRMS Caled for C,H,, 0, m/z 192.1124. Found m/z 192.1137; Anal. Caled for C,H, O,
C,74.97: H, 8.39. Found: C,74.75; H, 8.45.

Ethvl 4-(4-methoxy Jphenvilbutanoate (3e). b.p. 99 "C/ 0.2 mmHg; IR (neat) 1734, 1613, 1514, 1247, 1037cm '
'H-NMR(CDCL,) & 7.09 (2H, dd, J=1.98, 4.61Hz), 6.83 (2H, dd, J=1.98, 4.61Hz), 4.12 (2H, q, J=7.10Hz),
3.78 (3H, s), 2.59 (2H, t, J=7.43Hz), 2.30 (2H, t, /=7.59 Hz), 1.92 (2H, m), 1.25(3H, t, J=7.10 Hz) ; EIMS
m/z (relative intensity) 222 (30), 177 (20), 134 (100), 121 (63), 91 (10) ; HRMS Calcd for C ;H ,O; m/z

TT Q 14 T o1, 270 ™M AA YY O 17

Y ¥ -d =
V.22, 1,810, rouna: U, /u. 227 11,8.10.

AN 1IN0 A 1 AANSY

222.1198. Found m/z 222.1227 ; Anal. Caled for C,,H, G, : C,

Fthvl 4-(4-acetyl)phenylbutanoate (31). b.p. 126 °C/ 0. 18 mmHg; IR (neat) 1734, 1683, 1607, 1571, 1413 cm™;
'"H-NMR(CDCl,) 8 7.89 (2H, d, J=8.42Hz), 7.28 (2H, d, J=8.42H7), 4.13 (2H, g, J=7.26Hz), 2.72 (2H, 1,
J=7.76Hyz), 2.59 (3H, s), 2.32 (2H, t, J=7.42Hz), 1.99 (2H, m), 1.26 (3H, t, J=7.26Hy) ; EIMS m/; (relative
intensity) 234 (58), 219 (19), 189 (12), 147 (100), 131 (26), 118 (7), 105 (6), 90 (9) : HRMS Caled for
C,H,,O, m/z 234.1274. Found m/; 234.1265; Anal. Caled for C, H,;0,: C, 71.77; H, 7.74. Found: C, 71.83;

H, 7.83.

Lihvl 4-(3,4- (Iimetlmx\!)p/wn_vlbutmoale (3g). b.p. 110 °C/0.15 mmHg; IR (neat) 1733, 1608, 1591, 1517,
1465, l”() 1238 cm™; 'H- NMR(CDCI,) 6 6.81-6.71 (3H, m), 4.13 (2H, q, /=7.26Hz), 3.87 (3H, s), 3.86
(3H, s), 2.60 (2H, t, 1—7 26Hz), 2.32 (2H, t, J=7.26Hz), 1.94 (2H, qui, J=7.26Hz), 1.26 (3H, t, J=7.26Hz) ;

EIMS m/z (relative intensity)252 (77), 207 (27), 164 (100), 151 (75); HRMS Caicd for C, \H,,0, m/z 252.1355.
Found m/z 252.1358; Anal. Caled for C, |H,,0, : C, 66.65; H, 7.99 Found: C, 66.40; H, 8.00.
‘(’4}1‘,’;“’/1_13 d_suothvilsnodinvvy inhesnvlhutmaonte (Thy hn 11A4°C/0 7 mmHo: 1 (nepaty 1722 1AIN0 18NS 1/

-.V" - ‘LI, - lllf,l.ll' l,(,ll(Lll(I./‘.‘V, IlLLll.VLlILLLL(ll(/l"L \-’ll,. . P. il r Nl \J. e B1R111 lb, IR AN \Il\.ul] i I..}.._l7 N7 I\I, IJ/J, l_f/\l,
1248, 1038 cm™; lH»‘”\”‘\/ER(C.,VI%) 86.72(1H, d, J=7.92 Hz), 6.67 (1H, d, J=1.65H7), 6.61 (1H, dd, J=1.65,
7.92Hz), 5.91 (2H, s), 4.12 (2H, q, J=6.93Hz), 2.57 (2H, t, J/=7.26Hz), 2.29 (2H, t, J=7.26Hz), 1.90 (2H,

qui, J=7.26H7), 1.25 (3H, t, J=6.93Hz) ; EIMS m/: (Iclauvc intensity) 236 (28), 191 (18), 148 (100), 135 (46),
77 (13); HRMS Caled for C;H, O, m/z 236.1113. Found m/z 236.1081; Anal. Caled for C;H, (O, : C, 66.09;
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H. 6.83. Found: C, 65.85; H, 6.98.

Ethyl 4- (1 prhthyl)butmawe (3i). b.p. 150°C/0.5 mmHg; IR (neat) 1733, 1598, 1509, 1490 1460, 799, 790,
779 em*;, 'H-NMR(CDCl,) 8 8.07 (1H, d, J=7.92Hz), 7.85 (1H, dd, J=2.64, 7.91 Hz), 7.72 (IH, d, J=7.92
Hz), 7. 43 {4H, m), 4.14 (2H, q, /=7.26Hz), 3.12 (CH, i, J=7.26Hz), 2.41 (2H, i, /=7 Z’Hz), 2.09 (2H, qui,
J=T7.26Hz), 1. ,..6 (31”1, t, J=6. 93HZ), EIMS m/z (xelaiive xi"t"’"iSiify’) 242 (43), 197 (15), 167 I4), 154 (i%), 141
(36), 128 (3), 115 (11); HRMS Caled for C,(H,,O, m/z 242.1287. Found m/z 242.1297; Anal. Caled for

2
H, 7.49 Found: C, 7934: H, 7.53

4 2 R F7.09, 18, 1.0,

C,H,50,: C, 7931;
Fthyl 4-(2-naphthyl)butanoate (3j). b.p. 125 °C/0.2 mmHg; R (neat) 1734, 1602, 1508, 1490, 1243, 1027, 854,
819, 748 cm™; 'H-NMR(CDCL,) & 7.79 (3H, m), 7.61 (1H, s), 7.40 (4H, m), 4.12 (2H, q, J=7.26 Hz), 2.82
(2H, t, J=7.26Hz), 2.35 (2H, t, J=7.26Hz), 2.05 (2H, qui, J=7.26Hz), 1.25 (3H, 1, J=7.26Hz) ; EIMS m/:
(relative intensity) 242 (32), 197 (14), 154 (100), 141 (24), 115 (9); HRMS Calcd for C, H,,0, m/z 242.1283.
Found m/z 242.1295; Anal. Caled for C, H,,O, : C, 79.31; H, 7.49. Found: C, 79.29; H, 7.59.

Ethy! 5 phenvlpenlmwale (3k). b.p. 99 °C/1.6 mmHg; IR (neat) 1733, 1497, 700 cm™; 'H-NMR(CDCl,) & 7.22

oYy /Y Y 1TAYY N W) 5 ~ A AT AT Y -y £,

(5H, m), 4.12 (2H, q, /=7.10Hz), 2.63 (2ZH, m), 2.32 (2H, m), 1.65 (4H, m), 1.24 (3H, t, /=7.10Hz) ; EIMS

R | 21 lAr ANL 71N 1 £ II 127 7179 1 Fie 1o &Y 1MA YO O 780V, TITINACQ
mi/z {relative luunny) 206 (10), 160 (100), 132 (12), 1 (27), 104 (29), 91 (58); HRMS Calcd tor C 13“ u2

177
17
m/z 206.1320. Found m/z 206.1313; Anal. Caled for C;H, 0, : C, 75.69; H, 8.79. Found: C, 75.36; H, 8.84.

indeatd

m"; 'H-NMR(CDCl,) & 7.08 (2H, dd, J=1.98, 6.59Hz), 6.82 (2H, dd, J=1.98, 6.59Hz), 4.12(2H, q,
J=7.26Hz), 3.78 (3H, s), 2.57 (2H, t, J=7.26Hz), 2.31 (2H, t, J=7.26Hz), 1.64 (4H, m), 1.20 (3H, t
J=7.26Hz) ; EIMS m/z (rclative intensity) 236 (26), 191 (11), 147 (9), 134 (10), 121 (100), 91 (4) ; HRMS
Calcd for C, H,O, m/z 236.1414. Found m/z 236.1413; Anal. Caled for C,H,,O; : C, 71.16; H, 8.53. Found:
C, 70.94; H, 8.58.

Fihyl 5-(4-methoxy )phenyipentanoate (31). b.p. 110 °C/0.18 mmHg; IR (neat) 1736, 1613, 1514, 1246, 1036

I:thvl5 (4-aceryl)phenylpentanoate (3m). b.p. 135 °C/0.18 mmHg; IR (neat) 1734, 1683, 1607, 1571, 1413cm’™

: 'H- -NMR(CDCl,) 8 7.88 (ZH, d, J/=8.58Hz), 7.26 (2H, d, J=8.58Hz), 4.12 (2H, q, J=7.10Hz), 2.69 (2H, m),
2.58 (3H, s), 2.33 CH, m), 1.66 (4H, m), 1.25(3H, t, /=7.10Hz) ; Ei‘ AS m/z (relauve intensity) 248 (97), 233

F20N YN 20N O"’fﬂ’\\ 1774 17\ 1£1 /&N 1A77 71NN 121 /91y 1 /1 Y\ II\CII"I\ r\l 1A V7 sON TTDAAS
(38), 203 (30y, 187 (32), 174 (17), 161 (25), 147 (100, 131 (21), 11 \ 2), WUS(17), 91 {14), 77 (8) ; ARMS
Caled for C, jH,,0, m/z 248.1360. Found m/z 248.1386; Anal. Caled for C,(H,,0, : C, 72.55; H, 8.12. Found:
C,7244; HR 21,

4-Butvlanisole (6a). 1!—I-I‘\II\/IR(CDCI}) 8 7.09 (2H, d, J=8.58H7), 6.82 (2H, d, J=8.58H7), 3.78 (3H, s), 2.55
(2H, t, J=7.59 Hz), 1.56 (2H, qui, J=7.59Hz), 1.35 (2H, m), 0.92 (3H, t, J=7.59Hz).

4-Butylacetophenone (6b). b.p. 71 °C/ 0.25 mmHg; IR (neat) 1684, 1608 cm™; "H-NMR(CDCL,) 6 7.88 (2H, d,
J=8.25Hz), 7.26 (2H, d, J=8.25Hy), 2.67 (2H, t, J/=7.59Hz), 2.58 (3H, s), 1.62 (2H, qui, J=7.59H7), 1.36
(2H, m), 0.93 (3H, t, J=7.59Hz); EIMS m/z (relative intensity) 176 (26), 161 (100), 149 (4), 133 (9), 118 (5),

105 (19), 91 (33), 77 (13) ; HRMS Caled for C,,H, O m/z 176.1201. Found m/z 176.1211.

4 171 L VoW AN . TY__ . ITY s M~ AA A V42 ] 1 AT Y NTR ATY 7T QoA
4-Phenylbulanenitrile (6¢). b.p. 75 °C/ 0.2 mmHg; IR (neat) 2244, 1603, 1497 cm™; 'H-NMR( i,) 8 7.25
(SH m), 2.78 (2H, , J=7.26Hz), 2.32 (2H, 1, J=7.26Hz), 1.98 (2H, qui, J=7. °6H/) ; EIMS m/z (relative

ntancite) 1AS (246 10A MKy Q1 71N » HIRNMNMS Calad far(® H N an/ 1485 OR70 I:\ nd i/ TAS (YRRS: Annl
lll llDllV} 1% lJ ’)’ ey \g,l], s ‘ l\’\" Y L LINIVILY oAl TV O lol llll‘ eis, _T PAAVLE o S uuu PRl L¥T_7.\JO0 I Mkicl.
Caled for C, H, N: C, 82.72; H, 7.64; N, 9.65. Found: C, 82.72: H, 7.64; N, 9.61

4-(4-Methoxyphenyl)butanenitrile (6d). b.p. 95 °C/ 0.2 mmHg; "H-NMR(CDCL,) & 7.10 (2H, dd, J=2.97,
11.55Hz), 6.84 (2H, dd, J=2.97, 11.55Hz), 3.79 (3H, s), 2.72 (2H, t, J=7.26Hz), 2.30 (2H, t, J=7.20Hz),
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1.95 (2H, qui, J=7.26Hz) ; EIMS m/; (relative intensity) 175 (17), 121 (100), 91 (15), 77 (15) ; HRMS Calcd
for C,\H,;ON m/z  175.1023. Found m/z 175.1010; Anal. Calcd for C, H,,ON: C, 75.40; H, 7.48; N, 7.99.
Found: C, 75.20; H, 7.48; N, 7.95.

s

A 7 4 A i JIVE — i - 1AN el AN Y = - TYYY 7 . N N, £ ] -~ b AV} 1 -
4-(4-Acety pﬂ(’”Vl)UIl I emmu)( e D.p. 12U U/ U 1D mm g Ik (neat) 2.2 , 1 3, 10U8, 14YY, 1408 Cm |
LLY NIRADR/OTW ™ N & 77 (N (ALY 4 77 ONLIy 7 2N /71X 4 F."7 O LTN A OL MY + ) Sy o V-4 i SN N LN ST Y
A-NMIR(CLA L) O /.92 (=, O, y=/.Y.nZ), /.00 (&n, 4, J=/.%2Z), 2,60 (2n, {, y=/.2002z), 2.6 (31, §),
4 (2H, t, J=7.26 00y, 144 (7)

6H7), 2.01 (2H, qui, J=7.26H7) ; EIMS m/z (relative intensity) 187 (18), 172 (1
HRMS Calcd for C._H .ON mi/z 187.0067. Found m/- 187.0082: Anal. Caled for C

YO ¥ L PR R ST A IR L VS R0 IR S A i Ui T 1070704, Sakk. Clulia o

16(
1), 116/¢(
76.98; H,7. OO; N,7.48. Found: C, 76.43; H, 7.09; N, 7.48,

6-(4-Methoxyphenyl)hexene (61). b.p. 68 °C/ 0.2 mmHg; IR (neat) 1683, 1641, 1608, 1571, 1413, 1359, 1267,
1182 em™; "H-NMR(CDCl,) 8 7.09 (2H, d, J=8.25Hz), 6.82 (2H, d, J=8.25Hz), 5.80 (1H, m), 4.97 (2H, m),
3.78 (3H, s), 2.55 (2H, t, /=6.93Hz), 2.05 (2H, m), 1.55 (4H, m) ; EIMS m/z (relative intensity) 190 (14), 147
(15), 134(7), 121 (10), 91 (13) ; HRMS Caled for C3H, O m/z 190.1369. Found m/z 190.1363; Anal. Calcd
tor C,,H,,0: C, 82.06; H, 9.53. Found: C, 82.14; H, 9.69.

6-(4-Acetyiphenyijhiexene (6g). b.p. 93 °C/ 0.2 mmHyg; IR (neat) 1641, 1614, 1585, 1513, 1465, 1442, 1247,
R Ny v FIVILOY e I_ 1[' \Il‘f\/f‘f\fl NOR Y O s 4.1 I_1 7N Q NI T e e VArEaS I 4 = g | I 1T AN [ 2Ea Wl BB PN e 7R U g 4
1177, 1035 eam™; "H-NMR{CClL) 67.87 (21, ad, /=1.32, 8.25kH7z), 7.26 (2H, dqd, /=1.32, 8.25Hz), 579 (1H

m), 4.98 (2H, m), 2.67 (2H, t, J=7.59Hz)), 2.58 (3H, s), 2.08 (2H, q, J= 7.26Hz), 1.57 (4H, m) ; EIMS m/;

{rolative intangitvY 2 {’)’7\ IRT (10N 124724y 121 /1Y 117 /11y Q1 /D1y - HRAMMS Calead far €0 0 32/

‘l\al“ll'\f 111D )l e\ et ’\— , iy s ‘l\/\l}, LI=T \J_"}, 1 \l/}’ 181 tl ll, 1 \—l} Y A ARV LY NCAINAL LV \,141118\/ (a7

202.1358. Found m/7 202.1360; Anal. Caled for C \H ,O: C, 83.12; H, 8.97. Found: C, 83.06; H, 9.07
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