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Abstract The oxtdauve addition ofacuve zinc to mdo- and bromo-subsututed x-deficient heteroarenes such as pyndme, 
pynmldme, and qumohne gave the correspondmg betercxuylvnc hahdes whtch were transformed to the arylated and benzoylated 

denvahves by pa&&m-catalyzed reactmn 

As summarized m the recent rev~ew,~ arylzmc halides are useful reagents for transmon metal-catalyzed 

reacuon to introduce carbon subsutuents mto aromanc nuclei The reagents have an enough nucleophthclty 

for carbon-carbon bond formauon reacnon by the palladmm-catalyzed reaction of aryl, alkenyl, or acyl 

halide, but they are mtact to functlonal groups such as alkoxycarbonyl and cyano groups 

In general, the zmc reagents are prepared by transmetalatlon reactlon of arylhthtum or arylmagnesmm 

halides with zmc hahdes The preparation of the zmc reagents contammg a carbonyl group by this method, 

however, lose the remarkable feature described above due to the strong affinity of hthmm or magnesium 

reagents to carbonyl groups Although some x-defictent heteroarylzmc halides such as pyndmylzmc 

halides can be synthesized by the tradltlonal method, there 1s no genera1 preparattve method of the 

heteroarylzmc halides because of lack of the corresponding hthmm or magnesmm reagents 

Recently, Knochel et al 3 and Rleke et al 4 reported the direct synthesis of arylzmc hahdes by the 

oxldahve addttton of acnve zmc with aryl hahdes 5 This method has a value to make synthesis of arylzmc 

hahdes contammg a carbonyl group possible 

Here, we reported the first direct preparanon of Ir-deficient heteroaqlzmc hahdes from the correspond- 

mg heteroaryl halides with active zmc, and the palladium-catalyzed arylanon and benzoylatton of the zmc 

reagents 

2-Iodopyndme (1 b) was treated m tetrahydrofumn (THF) with acuve zmc prepared by Rleke’s method4 
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at room temperature for 5 h to gve 2-pyndmylzmc rod& which reacted with mdobenzene m the presence 

of tetrakts(mphenylphosphme)palladmm [Pd(PPh3)4] at room temperature for 66 h to afford 2- 

phenylpyndme (6a) m 77% yield Slmllarly, 3-phenylpyndme (7), 2,6-dunethyl-4-phenylpyndme (8a), 

4,6-dtmethyl-2-phenylpynmtdme (9), and 3-phenylqumolme (10) were obtamed from the palladmm- 

catalyzed cross-couplmg reactton of mdobenzene wrth the corxspondmg heteroarylzmc tod&s prepared 

from the heteroaryl md&s (2b, 3b, 4, and 5) andacttve zmc 

0 X ZflX Ph 

N 
acttve - N 0 Phi - N 

room temp D I Pd(PPh& 
THF, room temp 

a 
. 

a4’ ;x Meb;e t;lJ$;‘“wx 

1 a-c, 6 ab 2a.b,7 3abb,6ab 486 6, 10 

1 a X=Br, R=H 2a X=Br 3a X=Br, R-H 4 X=l 5 X=l 
1 b X-I, R=H 2b X=l 3b X=l, R=H 9 X=Ph 10 X=Ph 
lc X=l, R=COOEt 7 X=Ph 3c X=l, R=COOEt 

6a X=Ph, R=H 6 a X=Ph, R-H 

6b X-Ph, R=COOEt 6 b X=Ph, R=COOEt 

Scheme 1 

?flble I Palladmm-Catalyzed Cross-Couphng Reaction of Heteroarylzmc Hahdes with Iodobenzene 

Substrate Reaction RiXlO Reactton Product Yield 
No ame 1 (h) PhVSubstrate ume2(h) No (8) 

la 45 
la 4 
lb 3 
lb 5 
lc 4 
2a 27 
2b 15 
2b 15 
3a 15 
3b 5 
3b 5 
3c 15 
4 6 
5 15 

2 
05 
‘1 

i5 
05 
2 
2 
05 
2 
2 
05 
05 

19 6a 54 
41 6a 76 
14 6a 48 
66 6a 77 
lga) 6b 82 
70 7 8 
44 7 47 
48 7 75 
45 8a 31 
41 8a 55 
41 8a 65 
45 8b 80 
41 9 26 
47 10 96 

a) Under reflux 
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Alkoxycarhonyl-substituted pyndmylzmc hahdes such as ethyl 2-lodopyndme-3-carboxylate (1 c) and 

ethyl 4-todo-2,6-dunethylpyndme-3-carboxylate (3 c) ylelded the correspondmg zmc reagents and coupled 

with uxlobenzene to gve the phenylated products (6 b and 8 b) 111 good yields 

An mterestmg feature of the reactmn IS that the unsymmemcal bheteroarenes can easdy be synthesized. 

As shown m Table II, blpyndmes (13 and 14), pyndmylqumnohnes (15 and 17), and a ppdmyl- 

pynmldme (16) were synthesized m 60-84% yields by preferable matching of heteroarylzmc halides and 

heteroaryl hahdes 

X Ar 
active Zn 

THF 
room temp 

l-5 time 1 time 2 13-17 

Me 

11 12 13 14 

15 16 17 

Scheme 2 

Table II Pall&urn-Catalyzed Cross-Couphng Reacuon of Heteroarylzmc Halides with Heteroaryl Halides 

Substrate Reaction ArX RatlO Reacnon Product Yield 
No ame 1 (h) No AWSubsirate nme2(h) No (%) 

la 
la 
la 
2b 
2b 
2b 
3b 
5 

2b 07 45 13 23 
3b 05 44 14 72 
5 05 43 1s 53 
la 05 48 13 81 

12 05 43 16 84 
11 05 45 17 73 

la 05 44 14 67 
la 2 67 15 60 
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Since it IS well known that pyndmes can not be acylated under Fnedel-Crafts condmons. we studled the 

preparation of acylpyndmes from the pyrtdtnylzmc halides The palladium-catalyzed cross-couphng 

reacnon of 2-pyndmylzmc bromide with benzoyl chlonde or benzolc anhydnde afforded phenyl2-pyndmyl 

ketone (1 II) 11141 or 18% yield The results are not sansfactory but we hope general synthetic method of 

acylheteroarenes would be estabhshed by use of heteroarylzmc halides 

Table III Palladmm-Catalyzed Benzoylanon of Pyndmylzmc Hahdes 

PhCOY ) 
Pd(PPhd4 

la,2b,3c t~mel 
THF. room temp 

time 2 18-20 

Substrate Reactton Y Reictton Product Yield 
No ame 1 (h) me 2 (h) No (S) 

la 5 cl 46 18 41 
la 4 mPh 42 18 18 
2b 1 cl 43 5 19 20 
2b 1 mph 63 19 39 
3c 6 cl 64 20 56 
3c 65 OCOFh 48 20 12 

ExperImental 

General Comments 

Meltmg points axe uncorrected Botlmg pomts and sublimation points are bath temperature of Kugel- 

rohr apparatus IR spectra were measured on a JASCO IR-AI spectrophotometer ‘H-NMR spectra were 

recorded on a JEOL PMX-60 (60 MHz) spectrometer usmg tetramethylsllane as an mtemal standard 

Chemical shifts are expressed m 6 (ppm) values, and coupling constants are expressed m hertz (Hz) The 

followmg abbrevtatlons are used s=smglet, d=doublet, t=mplet, q=quartet, dd=double doublet, dt=double 

mplet, m=mulnplet Mass spectra (MS) and htgh resolution mass spectra (HRMS) were recorded on a 

JEOL JMS-PX303 spectrometer 

Materials 

Pd(PPh3)4 m THF suspension was prepared by ad&aon of BuLl (2 eq ) In hexane to a THF sus- 

pension of Pd(PPh3)C12 (1 eq ) and PPh3 (2 eq ) at room temperature 1 M THF soluaon of ZnC12 was 

prepared as follows ZnC12 (0 1 mol) contained m a lOOn+round bottomed flask was heated to melt on 

free frame under reduced pressure, cooled to room temperature, and dissolved m dry THF (100 ml) under 
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argon atmosphere THF was freshly distilled before use from sodium-benzophenone under argon 

atmosphere 

Ethyl 2-Iodopyridine-3-carboxylate (lc) 

A mixture of ethyl 2-chloropyndme-3-carboxylate (0 95 g, 5 1 mmol), NaI (7 5 g, 50 mmol), p- 

toluenesulfomc acid (190 mg, 5 1 mmol), and 2-butanone (10 ml) was refluxed for 40 h The mixture was 

diluted with water and extracted with CHC13 The CHC13 extract was washed with aq Na2S203 and 

dned over MgSO4 After evaporation of the CHC13, the residue was dlsnlled to remove the startmg 

mater& and purdied by slhca gel column chromatography usmg Et20 as an eluent to give colorless needles 

which were recrystallized from hexane Yield 0 46 g (33%) mp 69°C ‘H-NMR (CDCI,) 6 (ppm) 158 

(3H, t, J=7), 4 37 (2H, q. J=7), 7 30 (lH, dd, 5=7, 2), 7 96 (IH, dd, J=7, 2) 8 40 (lH, J=4, 2) IR 

(CHC13) cm-’ 1728 MS m/z (relative mtenslty) 277 (M+, IOO), 232 (26), 204 (18), 150 (6O), 127 (9), 

122 (79), 106 (23), 94 (40), 78 (32), 77 (42) And Calcd for C8H81N02 C, 34 68, H, 2 91, N, 5 05 

Found C, 34 69, H, 2 87, N, 5 10 

General Procedure for the Preparation of Heteroarylzmc Halides 

All operations were performed under argon atmosphere A mixture of naphthalene (3 07 g, 24 mmol) 

and lithium (84 mg, 12 mmol) m dry THF (5 ml) was snrred at room temperature for 12 h, followed by 

addition of 1M THF solution of ZnC12 (6 6 ml, 6 6 mmol) dunng 15 mm The mixture was cenmfuged 

(3500 rpm) for 20 mm, add the supematant was discarded The remamed acnve zmc was suspended m dry 

THF (4 ml) followed by addmon of of an aryl halide (2 mmol) The mixture was stirred at room 

temperature for an appropnate time shown m Tables and centnfuged (3500 rpm) for 20 mm The 

supematant was transferred to another flask 

General Procedure for the Palladtum-Catalyzed Reaction of Heteroarylzinc Halides with 

Heteroaryl Halides or Benzoylatmg Reagents 

To the THF (3 ml) solunon contammg a heteroarylzmc hahde (1 mmol) was added an aryl halide (0 5 

mmol) or a benzoylatmg reagent (0 5 mmol) m dry THF (2 ml) and Pd(PPh3)4 (0 5 mol%) The whole 

mixture was stirred at room temperature The reaction was quenched wtth NH4Cl, and the THF was 

removed in vucuo The residue was partmoned between H20 and CHC13 The crude product obtamed 

from the CHC13 extract was punfied by slhca gel column chromatography usmg hexane-AcOEt as an eluent 

followed by &snllanon, recrystalhzanon, or subhmatlon to give a pure product 

2-Phenylpyrldine (6a) Colorless llquld, bp 130- 15OU16 mmHg (bath temp ) 
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HRMS Calcd for C12H9N0 183 0684 Found 183 0658 

Phenyl 3-Pyridinyl Ketone (19) Colorless needles, bp 135-14OU3 mmHg (bath temp ) [lit l2 bp 

156-157%X mmHg] ‘H-NMR (CDC13) 7 3-8 0 (6H, m), 8 13 (lH, dt, J=8 0, 2 0), 8 81 (lH, dd, 

J=5 0, 2 0), 8 99 (lH, d, J=2 0) IR (CHC13) cm-l 1655 MS m/z (relative mtens~ty) 183 (M+. 92), 

154 (5), 127 (3), 105 (lOO), 77 (69) HRMS Calcd for C12H9N0 183 0684 Found 183 0689 

2,6-Dimethylpyridin-4-yl Phenyl Ketone (20) Colorless solid, subhmatton pomt 120-14OV18 

mmHg (bath temp ), mp 82-83r ‘H-NMR (CDCl3) 2 60 (6H. s), 7 23 (2H, s), 7 4-7 9 (5H, m) IR 

(CHC13) cm-l 1665 MS m/z (relattve mtenstty) 211 @I+, 50), 105 (lOO), 77 (30) HRMS Calcd for 

C14H13N0 2110996 Found 2110971 Anal Calcd for C14H13N0 C, 79 59, H, 6 20, N, 6 63 

Found C, 79 54, H, 6 15, N, 6 50 
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