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REACTIONS OF P-BROHO-N-HETEROAROMATICS WITH PHENYLACETONITRILE 

SetsuYa Ohba. Takao Sakarnoto, and Hiroshi ~amanaka* 

Pharmaceutical Instttute. Tohoku Cniversity, Aabayama. Aoba-ku, 

Sendai 980. Japan -- The reactton of 3-bromopyridine with phenylaceto- 

nitrile in the presence of NaH in THF gave a simple substitution 

product, a - p h e n y l - 3 - p y r i d i n e a c e t o n i t r i l e .  whereas the reaction 

of 5-bromopyrimidine with phenylacetonitrile under similar 

conditions gave a ring-transformation product, 2-amino-5-bromo- 

3-phenylpyridine. 3-Bromoquinoline and ?-bramoisoquinaiine 

undel'xent the former type reaction. while 3-brama- and 3- 

c h l o r o i ~ o q u i n o l i n e ~  were converted into 2-amino-3-phenyl-l- 

naphthalenecarbonitrile according to the latter type reaction. 

Previously, we reported that phenylacetonitrile, unlike other active rnethylene 

compounds, readily reacted vith N-heteroaromatics containing a methaxyl group at 

their active positions t n -  and i-positions to the ring nitrogen atom!, although a 

methoxyl group is recognized as a weak leaving group in nucleophilic substitu- 

tion.' For example, the reaction a f  2-methoxypyridine and 2-methoxyquinuiine with 

phenylacetonitrile gave a - p h e n y l - 2 - ~ Y r i d i n e a c e t o n ~ t r i l e  and a-phenyl-2-quino- 

lineacetonitrile, as shown below. 

Scheme 1 

These findings suggest the high potentiality of phenylacetonitrile for nucleophii- 

ic subs t i  tution. Thus, we investigated the reaction of phenylacetoni trile vith 

fi-halo-N-heteroaromatics which are, in principle, known to be inactive halides 

for nucleophilic addition-elimination Process. Actually, i t  has been reported 

that 3-bromapyridine (la! reacted with phenylacetonitrile in the Presence Of 



sodium amide in toluene to give the substituted product (2), although the yieid of 

2 was poor.2 In the present paper, we descrlbe the formatinn o f  a-phenyl-U- 

heteroareneacetonitriles by the nucleophilic substitut~nn o f  inactive N-heteroaryi 

halides, together with ring transformations from pyrimidine to pyrid~ne and > s o -  

quinoline to naphthalene. 

When 3-bromapyridine (la) was heated with phenyiacetonitrile in the presence of 

sodium hydride in THF under reflux, o - p h e n y l - 3 - p y r i d i n e a c e t o n i t r i l e  (2) was 

Obtained in 26% yield. 3-Fiuoropyridine (lb). 3-bromoquinoiine 4 and 4-bromo- 

isoquinoline ( 7 )  smoothly Underwent this reaction to give the corresponding 0- 

phenyl-N-heteroareneacetonitriIe5 (2, 5, and 81, respectively. These products 

w e r e  converted into the benzoyl derivatives (3. 6, and 9) by the reported method.l 

PhCH2CN, NaH 0 THF, reflux 2) O , ,  THF 

CHCN 1) NaH, THF - rnkPh THF, reflux 2)  Oz, THE 

PhCHCN PhC=O 

Scheme 2 

In contrast ta the above results, the reaction of 5-bramopyl.imidine (lOa) with 

phenyiacetonitriie for 1 h gave 2-amino-5-bromo-3-phenylpyridine !llal and 5- 

b r o m o - a - p h e n y l - 4 - ~ ~ r i m i d i n e a c e t o n i t r i l e  (12aI. The structures lla and 12a were 

confirmed as foiinws. Compound lla was converted into the corresponding pyridi- 

none (13a) by diazotizatian with sodium nitrite in sulfuric acid, which was alter- 

natively synthesized by the condensation of 1.3-bis!dimethylamino)-2-bramotri- 

methinium perchiorate and phenyiacetarnide. Compound 12a was synthesized by the 

substitution of 5-bromo-4-rnethoxypyrimidine with phenyiacetonitrile carbanion. 

The mechanism of this unexpected reaction was considered as similar to that of the 

conversion of 5-nitropyrimidine with nitrile-stabilized carbanions into 2-arnino-5- 

nitropyridine derivatives.3 Namely, an initial addition of a carbanion to the 



HETEROCYCLES, Vol 31, No. 7, 1990 

C,-N3 double bond of 10a forms an initial intermediate !12a'), then 12a' undergoes 

ring-cleavage reaction to give the second intermediate !1la3) which recyclizes to 

lla, accompanied by the loss of the iminornethine group for aromatization, 

according to the so-called SNANRORC A Concomitant formation of 1Za 

suggests that the conversion may start from the addition of the carbanion tn the 

C,-N3 double bond of lOa. 

n P h  Ph Ph 
H CHCN H ICCN H CHCN P ~ C H C N  

c :  - "'8 - N$ 

mpj I PcEN 

J N 
HN' 

n -c lor  
lla 13a 

Scheme 3 

When 10a was heated with phenylacetonitrile for 16 h, the yield of lla increased. 

and 12a was not isolated from the reaction mixture, although 12a itself is stable 

under the conditions. This is evidence of the route from 10a to lla via the in- 

termediates 12a' and a because the formation of 12a may be explained by auta- 

oxidation of 12aV derived from 12a' during usual work-up of the reactlon mixture. 

In this mechanism, the substituent at the 5-position plays no role to Progress of 

the reaction. In practice, the reaction of 5-chior-opyrimidine (lob), 5-pyrimi- 

dinecarbonitrile ( 1 0 ~ 1 ,  and pyrimidine itself tlOd) with the same reagent gave 

similar products (Ilb. 12b, llc. Ild, and 12d). In the case of 5-methox~p~rimi- 

dine (10e). the starting material was recovered under similar conditions, probably 

due to the electron-donating character of the methoxyl group, which decreases the 

reactivity of the 4-position of the pyrimidine ring toward nucleophiles. 



c: X=Cr, 

THF, reflux NH2 

lob-d 11 b-d 12b.d 

Scheme 4 

Similar ring-transformation was observed on the reaction of 3-bromoisoquinoline 

(148) with phenylacetonitrile. In this c a s e ,  when the reaction mixture was heated 

for 1 h under reflux. 3 - b r o m o - u - p h e n y l - 1 - i s a q u i n o l i n e a c e t o n i t r i l e  !16a! was ob- 

tained in 36% yield, together uith 2-amino-3-phenyl-1-naphthalenecarbonitrile 

(151. Similarly to the reaction of 10, prolonged reaction led to the selective 

formation of 15. Thus, when 14a was heated with phenylaceton~trile for 16 h, 15 

was obtained as the sole product. 

The mechanism of this reaction illustrated in Scheme 5 is in the same type to that 

in Scheme 3, although the difference in reactivity between 3-bramo- t14a! and 4 -  

b r o m ~ i ~ ~ g u i n ~ l i n e  (71 is not well explained by this consideration: the reaction of 

7 vith phenylacetonitrile did not give the adduct corresponding to 16a'. but gave 

the substituted Droduct 18). 

15 
16a,b,c 

Scheme 5 

A S  the halogen atom at the 3-position acts as a leaving group in these c a s e s ,  the 

behavior of 3-chloroisoquinoline t14b) was similar to that of 14a giving 15 and 

16b, while the reaction of isoquinoline itself 1 1 4 ~ 1  gave no naphthalene deriva- 

tives. In this case, most of isoquinoline was recovered vith a small amount of 

(I-phenyl-1-isoquinalineacetonitrile (16~). These findings may support our pro- 

posed mechanism. 
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EXPERIMENTAL 

A1 1 me1 ling paints were  determined by capillary method and are uncorrected. 

Proton magnetic resonance ('~-nmr) spectra were recorded at 6 0  MHz on a JEOL JNM- 

PMX 6 0  spectrometer, Chemical shifts are quoted in 6 value (ppm) with tetrarneth- 

y l ~ i l a n e  (TMS) or 2 , ? - d i m e t h y l - 2 - s i l a p e n t a n e 5 u l f o n i c  acid sodium salt (DSS) as an 

internal standard, and coupling constants ( J )  are given in hertz ( H z ) .  The follow- 

ing abbreviations a r e  used: s=singlet, d=doublet, t=triplet, qzquartet, m=rnulti- 

plet, and br=broad. Infrared (ir) spectra were produced a n  a JASCO IR 810 spec- 

trometer. Column chromatography was carried out on silica gel (NAKARAI CHEMICALS, 

Ltd. silica gel 6 0  o r  KATAYAMA CHEMICALS Ltd. silica gel 60). 

General Procedure for the Reaction of 0-Haloazines and the Related Colnpaunds with 

Phenylacetonitrile - A 60% oil dispersion of NaH (0.18 g, 3 . 5  mmol) was washed 

vith hexane, to which phenylacetonitrile (0.49 g. < mmol) in dry THF i20mll was 

added, and the mixture was refluxed for 30 mi". Then a 0-haloazine (2 mmol) was 

added, and the mixture was refluxed under nitrogen atmosphere. After removal of 

the THF under reduced pressure, the residue was diluted vith H20. 

1) In the case of 1. 4, and 7 :  The aqueous solution was neutralized with 5% AcOH 

and extracted vi th CHC13. The CHCI3 solution was washed with sat. NaCI, dried 

over MgS04, and evaporated. The residue was subjected t o  silica gel column 

chromatography. Elution bith hexane-AcOEt ( 9 : l )  gave the product ( 2 ,  5 .  or 8 ) .  

2) In the case  of 10: The aqueous solution was extracted vith CHC13. The CHC13 

solution was washed with sat. NaCI, dried over MgSO$, and evaporated. The resldue 

was subjected to silica gel column chromatography. Elution with hexane-AcOEt 

(4:1) gave unreacted phenylacetonitrile, then elution vith hexane-AcOEt (1:li gave 

11. The aqueous solution was neutralized with 5 %  AcOH and extracted with CHC13. 

The CHC13 solution was washed with sat. NaCI, dried over MgS04, and evaporated. 

The residue was recrystallized from AcOEt to give 12. 

31 In the case of 14: The aqueous solution was extracted with CHC13. The CHC13 

Solution was washed with sat. NaCI, dried over MgSO?, and evaporated. The residue 

was subjected to silica gel column chromatography. Elution with hexane-AcOEt 

(9:l) gave 15. The aqueous solution was neutralized with 5 %  AcOH and extracted 

vith CHC13. The CHCI3 solution was washed vith sat. NaCl, dried over MgS04, and 

evaporated. The residue was recrystallized from hexane-AcOEt to give 16. 



Table I. Reaction of 4-Haloazines and the Related Compounds with 

Phenylacetonitrile 

Substrate Reaction Products Substrate Reaction Products 

No. Time Yo.  Yield No. Yield I'o . Time No.  Yield No. Yield 

!hi (%I (Xi t h i  ! % i  ( X i  

2 26 

2 i 3  

5 62 

8 58 

lla 28 12a 4 i  

lla 69 

llb 42 12b 18 

llb 63 

I 1Ic 68 

3 lld 20 12d 53 

L O  lld i l  

1 15 36 16a 36 

16 15 71 

1 15 48 16b 12 

14 15 66 

? 4 L6d i 

Table 11. Melting Points and Spectral Data for the Products of the Reaction of 

0-Haloazines and the Related Compounds with Phenylacetonitrile 

2 

5 

8 

lla 

128 

Ilb 

12b 

1lC 

lld 

12d 

16 

168 

16b 

16c 

a. Lit.' mp 63-65-C. b. Lit.' mp 117-118'C. c .  Lit.' mP 143-145'C 

- 1306 - 
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5-Bromo-3-phenylpyridin-2(~1-one (13a1 - 1) 1.3-Bis(dimethyamina~-2-bromo- 

trimethinium perchlorate (0.37 g ,  1 mrnol) and phenylacetamide (0.14 g. 1 mmail 

were added to a solution of EtONa in EtOH, prepared from metallic sodium (0.07 g. 

3 mmol) and abs.  EtOH (15 ml), and the mixture was refluxed for 5 h. After evapo- 

ration of the EtOH, the residue was diluted with H20 and neutralized with dil. 

HCI. The resulting solid was collected by suction, dried in air, and recrystai- 

lized from EtOH to give colorless needles, mp 158-160'C. Yield 0.18 g 17W1. 

I H - N ~ ~  (DMSOd6-DSS): 12.6-11.8 (br, lH), 8.1-7.2 t m ,  7H). I r  IKBrI: 1645 cm-I. 

21 The compound lla (0.25 g. 1 mmol) was dissolved in conc. HZS04 (3 mll and a 

Solution of NaNO? (0.08 g. I.? mmail in H20 (1  mi) was added dropwise with stir- 

ring. After 20 min, H20 110 mil was added, and the resulting solid was collected 

by suction. dried in air. and recrystallized from EtOH to give Coloriess needles. 

mp 158-160eC. Yield 0.22 g (89%). 

5-Bromo-a-phenyl-4-pyrimidineacetonitrile 112a) - A 60% oil dispersion of 

NaH (0.18 g. 3.5 mmol) was washed with hexane, to which phenylacetanitrile 

(0.19 g. 4 amol) in dry THF (20 mi I was added. and the mixture was refiuxed for 

30 min. Then 5-bromo-4-methoxypyrimidine (0.39 g. 2 mmoll was added, and the 

mixture was refluxed under a nitrogen atmosphere for 3 h. After removal of the 

THF under reduced pressure, the residue was diluted with H 2 0  The aqueous solution 

was neutralized with 5% AcOH and extracted with CHC13. The CHCI3 solution was 

washed with sat. NaCl, dried over MgS04, and evaporated. The residue was subjected 

to Si 1 ica gel column chromatography. Elution with hexane-AcOfit (4: 1) gave the 

product which was recrystallized from hexsne-AcOEt to give colorless needles. mp 

65-66'C, Yield 0.32 g (59%). 

General Procedure for the Oxidative Decyanation of a-Phenyl-N-heteroareneaceto- 

nitriles into Benzoyl-N-heteroaromatics - A 60% oil dispersion of NaH 

(0.04 g ,  1 mmoll was washed with hexane, to which a-phenyl-N-heteraareneacetoni- 

t i  I 1 in dry THF (10 ml) was added, and the mixture was stirred for 

5 min, while the evolution of hydrogen was ceased, and the mixture turned to 

reddish yellow. A current of oxygen was passed into the solution, until the 

solution turned to colorless. After evaporation of the solvent, H20 110 mll was 

added to the residue, and the mixture was extracted with CHC13. The CHCI3 solu- 

tion was dried over MgS04 and evaporated. The residue was recrystallized from an 

appropriate solvent a r  distilled in vacua to give the product. 

3-Benzaylpyridine (3) : A colorless liquid, hp 14SeC/3 mmHg (lit.5 bp 139- 

140°C/1 mmHg1. Yield 0.17 g 194%). I H - N ~ ~  (CDC13-TMS): 8.95 td, 1.2, iH1, 8.75 



(dd. J'S, 1'2. 1H). 8.10 (ddd. J=5, i.2. 1.2, 1Hl. 8.0-7.7 (m, 2H). 7.i-i.2 tm. 

4H). Ir (CHC13): 1665 cm-l. 

3-Benzoylquinoline (6) : Colorless needles from hexane, mp i6-78'C (lit.6 mp 

i6-i7.C). Yield 0.23 g (93%). l ~ - ~ m r  (CDC13-TMS): 9.20 (d, J.2. lH), 8.5-8.4 ( m ,  

lH), 8.3-i.3 (m. 9H). Ir tCHC13): 1660 c K 1 .  

4-Benzoylisoquinoline ( 9 )  : Colorless needles from hexane, mp 79-80.C (lit.i 

mp 76-iR0C). Yield 0.22 g (90%). ' ~ - ~ m r  (CDCI3-TMS): 9.40 ( 5 ,  lH!. 8.65 ( s .  1H). 

8.3-7.3 ( m ,  9H). Ir (CHCi3): 1660 cm-l. 

Table I l l .  Analytic Data far the New Compounds 

Analysis ( % !  

N o .  Formula Ca 1 cd Found 

C H N CI o r  Br C H I' C1 or 81' 

'17~12~2 

C17H12N2 
Ila CllHgN2Br 

12a C12H8N3Br 

llb CllHgNZCl 

12b C12H8N3CI 

11C C12H9N3 

Ild C11H10N2 

CliH12N~ 
16a C17HllN2Br 

16b CliHl1NZCI 

13a CllH8NOBr 
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