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Abstract: The ullmann cros-couplii reaction of halopyridinea with z-bromonimti WaS sllccesfuuy 
cntalyzal by low valent palladium [w@Ph3)4, WCIz(PPh3)z, PdCl21 to afTord (2-nitmphenyl) derivativea in 
good to excellmt yield. 

In search for potent antiarrhythmic active agents possessing the (I-substituted phenyl)pyridine 

framework,’ we have been trying to develop an eflkient method for pnqmring (2-nitrophenyljpyridine 

derivatives,2 which are used as key intermediates for the synthesis of these compounds. (2- 

Nitrophenyl)pyridine has conventionally been synthesized by the Gomberg-Bachmann-Hey reaction3 of 2- 

nitroaniline with pyridine or a palladium catalyzed cross-coupling reaction of diethyl(3-pyridyi)borane with 

2-bromonitrobenzene (30) ?* However, these processes are not satisfactory because regioisomers are 

foaned and a strict condition is required for preparing the pyridylborane.4b We now report a simple and 

effkient method of synthesizing (2-nitrophenyl)pyridine derivatives using a palladium catalyzed Ulhnana 

cross-coupling reaction.5 

As illustrated in Scheme 1, the construction of the phenylpyridine framework was based on the 

selective oxidative addition of balopyridine or 2-halonitrobenzene to two different metals, followed by the 

cross-coupling reaction. 
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1H NMR analysis was performed to compare the relative reactivities of 3halopyridines (halogen ; 

Br, I) and 2-halo-S-ethoxynittnes (halogen, Br, I) to a zero-valent palladium complex Pd(PPh&. 

Consequently, we found that the oxldative addition of 3-iodopytidine (1 b) was faster than that of 2- 

bromo-5-ethoxynitrobenxene (3d).6 On the other hand, 3a is highly reactive in the Ullmann reaction.7 

Therefore, we selected copper and palladium as suitable metals to obtain the preferred oxldative addition 

of 2-bromonitrobenxenes (3) to copper in the presence of halopyridines, and the subsequent cross- 

coupling reaction between the two metal complexes. 

Thus, we investigated a palladium catalyzed Ullmann cross-couplll reactions of lb with 3 (Table 

1). A mixture of lb, 3 (2 equlv), copper bronze (4 equiv) and a catalytic amount of Pd(PPh$ in 

dimethylsulfoxide, stirred at 100 to 130 ‘C for several hours, gave the desired cross-coupling products 

4 in high yields (entries 2 to 6). By contrast, this reaction of lb with 3d without a palladium catalyst 

afforded the homo-coupling product 6 in a high yield (85%) and 4 in a low yield (12%) (entry 1). 

This indicates that the cross-coupling reaction between these two atyl halides in the prcaence of a 

palladium catalyst occurs selectively.l’ 

Table 1. Palladium(O) Catalyzed Cross-Coupling Reaction of lb with 3 

O’ + Brg 

R Cu (4 equiv). Pd(PPh& 

N4 
dimethylsutfoxide 

_flR+ @ +RJjq’ 

lb 3 4 5 6 

3 (2 equiv) Pd(PPh,), Temp. Time 

(mol %) (“C) (h) 
Yield(%)’ of b 

4 5 6 

1 

2c 

3 

4 

5 

6 

3d (R=OE~) - 100 2.5 12 7.5 85 

3d (R=OEt) 5 100 5 78 1.0 56 

3a (R=H) 5 130 1 90 5.7 54 

3b (R=Me) 5 100 5 79 3.8 32 

3c (R=OMe) 5 100 5 89 4.9 52 
d 

d 3e (R=OAd 5 100 5 52 5.5 8.7 

a. Isolated yields of pure pnxlucts. b. Yields based on 3. c. The reaction proceeded to give 4 
in 80% yield using 3d (1.2 equiv) and Pd(PPbj), (2 mol %), but was not optimized. d. Besides 4 
and 6, the deacetyl compounds of 4 and 6 wen obtained in 30% and 5% yieldr, respectively. 

Furthermore, this cross-coupling reaction was examined using Pd(PPh&C12 or PdCl2 as a catalyst 

(Table 2). In the case of lb or 4-iodopyridlne (lc), these reactions proceeded smoothly to give an 
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excellent yield of the corresponding cross-coupling products like the reaction using a zero-valent 

palladium catalyst (entries 1 to 5). However, in the case of 2-iodopyridine (la), the reaction gave an 

unsatisfactory result (entry 6), which indicates that the oxidativc addition of la to low-valcnt palladia 

and copper might occur non-selectively. On the other hand, the reaction of 2-bromopyridiie (2) with 

3d afforded the cross-couplii product in a good yield (entry 7). 

Table 2. Palladium (II) Catalyxcd Cross-Coupling Reaction of Halopyridiies with 3’ 

Entry Halopyridine 3 b 
Catalyst ’ Temp. Time Cross-Coupling Yield d 

(mol %) (“0 Q Product (%) 

CY 
I 

1 /I 3a A (5) 130 1 

fl 
I 

2 :u’ 3a R (5) 130 1 

fl 
I 

3 /I 3b R (5) 100 2 

fl /I 
I 

4 3d R (2) 100 2.5 

I 
5 r, 

/I 
3a R (5) 100 2 

6 (I ‘I 
-N I 

3d R (5) 100 1 

7 n ‘I 
*N Br 

3d R (5) 120 1 

94 

92 

OEt 

90 

OEt 

29 

OEt 

47 

L Ail reactions were unied out in the aame manner as in Table I. b. 2 Equiv of 3 was wed. 

c. Catalyst A: Pdt&(PPb,),, Catalyst B: PdCI,. d. Isohkd yields of pure pmducts. 

In summary, a simple and efficient method of synthesii (2-nitrophenyl)pyridine derivatives has 

been developed by using a palladium catalyxcd Ulhnamt cross-coupling reaction, which proceeds in a 

highly chcmosclective manner. From a preparative point of view, it is noteworthy that the most 

accemrble and cheapest palladium compound PdCl2 can be applied in the cross-coupling reaction. Further 

applications and limitationa of this methodology are now being inveAgatcd. 



3424 

Ack8owledgement: The~~~Dr.M.N~Dincta0follr~~~~~Dr.K Kawamum 
for thalr contbluous caawrsancntaodsulwt. 

References and Notes 
1. 

2. 
3. 

4. 

5. 
6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

(a) Kowa Co., Ltd., Japan. Pa&at Kokai 63-253067 (1988); C&em. Abstr., 1989, 110, 1926602. (b) 
Kawada M., Sawaaoborl K.. Nakamura M. 4 Uchkla Y., Eur. /. -I., 1990, 183, 1769. 
Shibuya K., Takaha&i Y., Shigyo H. and Ohta T., Hat~les, 1989, 29,2199. 
(a) GombarS M. and Baohmana W. E., 1. Am. Ckm. Sot., 1924,46, 2339. (b) Hawrth J. W., Hailbmn I. 
hi. and Hay D. H., 1. m. Sor,, 1940, 349. (c) CIEA Ltd., Netb, Appl., 6,414,307 (1%5); Ckn. Al&., 
1966,64, 7138. 
(a) Ishikura M., Kamada M. and Tamshlma M., ffe&mcyclea, 1984, 22, 265. (b) Tan&ma M., Kakimi H., 
Llhikwa M. aad Kamata K., C&m. w Bull., 1983, 31, 4573. 
Thompson W. J. and cudlno J., /. Org. C&n., 1984, 49, 5237. 
The typical axpwimw was done as follow. A mixture of equlmolar amounts of lb, 3d aud Pd@Ph3)4 la 
dimathylsulfoxidad6 was heatad at 100°C for 40 mbmtas. Aftar tha raactioa ww complatad, the pmduct ratio 

of iodo(3-pyridyl)~um(II~ (7)*” to bromo(44thoxy-2-nitmpha@)bi&ripkylpho+iaa~ 

pdladium(II) (8)” was a&matad to be about 20 : 1 by the uss of ths b~tagratioa vale for tba aromatic pmtoas 
at 6 6.05 ppm (@al bmssd on 7) and 6.61 ppm (signal based 011 8). 
(a) Fanta P. E., Synthesis., 1974, 9. (b) Goshaav M., Oh&dmko 0. S. and Sadykov A. S., Ru&ao 
chemical Reviews, 1972, 41, 1046. (c) Faata P. E., Ckn. Rev., 1964, 64, 613. 

7: ‘H NMR (CDCl$ I 6.OO(lH, dd, J17.8, 4.9Hz), 6.66(1H, d quint, J17.8, 1.5Hz), 7.90(lH, d, J-l.SHz); IR 

(KBr) 1476. 1431, 1091, 738, 689, 520 cm-‘. 
(a) Isobs K.. Nakamum Y., Miwa T. and Kawa@uzhi S., Bull. k, Sot. Jp., 1987, 64 149. (b) Isoba K. 
and Kawaguchl S., Hetemcydes, 1981, 16, 1603. 
8: ‘H NMR(DMSO-da) 6 1.20(3H, t, J=6.8Hz), 3.73(2H, q, J-6.8Hz), 6.50(lH, dd, J-8.3, 2.4Hz), 6.61 

(IH, d, J-2.4H.z), 7.14 (lH, dt. J-8.3, 24Hz); IR(KBr) 1502, 1432, 1250, 1093 cm-‘; mp 230-231-C. 
lhe probable reaction pathway is as follows. It is the key stap in which the oxidative addition of lb to 
Pd(PPh3)4 is fastar thau that of 3 in the pmssaca of coppa. followad by the pzaferantial formation of 7. 
llw subsaquant reactloa of 7 with tha arylcopper producc~ tha arylpyrldylpalladlum(II) complax, which undcgoes 
1,1-reductive elimlnatkm to yield 4 aad mgawatas a palladbun(0) specks. 

R 

3 

Gawml raaction pmcaiure : A mlxhur of halopyrldine (1 mmol). 3 (2 ma& copper brooza (4 mmol) and 
palladium catalyst (0.05 mmol) in dry dlmathylsulfoxids (3 ml) was stlzred at 100 to 13O’C for 1 to 5h 
lmdar nltro96n w. To the a&d e mixture was a&&d 10% NHqOH solutloa aad CHCl3, the 
mixturs~dinaduntilooppcrdi~lved.The~wufd~ardthaor~c~wu~~~ 
the~~~~wu~withcHc13.~oom~~c~~wuhdwithbrineudW~ 
(MgSo4). aad ths solvmt was av;lporcltad. The pmductn warn purlfled by pmpamtiva thin-layer w on 
silica gal or column chromatog@y on silica gal. 
All isolatad compoundr wre idantlflad by tb& IR, 27OMHz ‘HNMR, and elemantal aaalysw or mass 

(Received in Japan 13 October 1992) 


