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Abstract - Highiy stabilized carbanlon and enolate salts, 

heterocycle-substituted sodiomalononitrile and sodiocyano- 

acetates, were synthesized via Pd-catalyzed ring-alkylation 

of bromohererocyclic compounds and shown to be useful inter- 

mediates for rhe synthesis of various aikyl-substituted hetero 

cyclic compounds. 

Alkylated hetero-5- or 6-membered rings are often very important for the syn- 

thesis of natural products or biolagicaily acrive compounds.l) For instance. 5- 

alkylisonazoles are known to be effective drugs and key inrermediates far 

natural product syntheses,') and generally to be synthesized via enter o r  

intramolecular cyclization of acyclic materials involving appropriate sub- 

~ t i t u e n t s . ~ )  Variously substituted aikyithiophenes also afford useful routes to 

complex allpharic compounds via their reductive desulphurisation. 4, Therefore, 

direct alkylation onto heterocyclic rlngs is considered tu give a useful route 

to biologically or syntheticaliy important alkylated heterocycles. Recent pub- 

llcatlons have presented several convenienr methods for the dlrect inrraduction 

of alkyl groups an aromatic or oiefinic carbons. 5, We srudied the reactions of 

some 5- and 6-membered bromoheterocycles with carban~ons of active methylene 

compounds in the presence of Pd-catalyst, and isolated carbanion or ester eno-  

lare salts surprisingly stabie to air and m ~ i s t u r e . ~ )  The salts w e r e  reactive 

enough r o  give carbon-elongated products by alkyl halides in a polar solvent. 



In a typlcal experiment, pailadium-catalyred reaction of 5-biomo-3-phenyl- 

isonazole ( 1 )  with sod~omalononitr~ir in tetrahydrofuran at 60°C for 7.5 h was 

carried out in the presence of e x c e s s  sodium hydride. After the usual rreat- 

ment, extraction of the a q u e o u s  mixture of products at pH 7 with ethyi acetate 

gave sod~o(3-phenylisonazoI-5-yl)malononitrile 1 2 a )  in 9 4  % yield. The com- 

pound 2a showed the two absorptions at 2165 and at 2205 cm-' on the i r  spectrum, 

attributed to cyano groups. '14-nmr signal at 5.68 ppm assigned to 4 - C  proton o f  
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the isoxaroie ring, and a parent peak at mlz 231 on the mass spectrum. In the 

similar reactions of 1 with methyi and ethyl cyanoacetates, the corresponding 

caupl ing products (2b and 2c) were isolated in 72 Yb and 83 % yields, respec- 

tively. Their nmr spectra gave the signals of aikony groups and 3- 

phenylisoxazoie ring. 2 b  and 2 c  also showed the absorption of cyano groups at 

2180 and 2170 cm-', respectively, but no ester absorption on their i r  spectra. 

Thus they must exist a s  sodium ester enolates o f  ( 3 - p h e n y l i s o x a z o l - 5 . ~ 1 ) -  

cyanoacetates. These structures are supported by their nmr spectra which gave a 

considerably large paramagnetic shift o f  4 - C  proton on the isoxarole rings 

(0.61-0.62 ppm, compared with that of 2 s )  due to an expansion of the n - con- 

jugation. The isolated salts, 2a. 2b and 2c, were much more stable to air 

Table 1 .  Pd-Catalyzed Aikylation o f  Bromoheterocycles 

a b 
Reactants Products isolated at pH 7 

Heterocycle PdX (PPh ) M-H CH RICN) Carbanion(or Enolate) C-H ~ r o d u c t  
2 3 2  2 

1 X=CI N a H  R =  CN 2.3 

C i N aH CCXXH 2b 
3 

C I N aH CCCCH Z c  
2 5 

3 C I N aH R= CN 4 a  

C i N aH COOCH 
3 

4b 
Clc NaH C 5 X H  4 b  

3 
OAc NaH coo31 4 b  

3 
OAc LiH coo31 4 b  

3 
OAC LiH COXH 4 b  

3 

C I N aH COX H 4c 

CIC 
2 5 

NaH COOCH 4c 
2 5 

C i L IH C O X  H 4 e  
2 5 

OAc NaH COOC H 4c 
2 5 

OAc LiH CMX: H 4c 
2 5 

5 C 1 Nai-I R =  CN 6a 

C I N a H  coo31 6 b  
3 

C I N a H  COX H 6 c  
2 5 

a .  PdX (PPh3I2 ( 5  mai%) was used as a catalyst 
2 

b. Ylelds are based on used Br-heterocycles. 

none 

none 

none 

n o n e  

n o n e  

none 

none 

none 
d 

Nu 

none  
d 

ND 

none 

llc ~5~ 

IOC 9.4 

12a 62 

12b 38 

12c 21 

c .  Repeated experiment under the same conditions a s  just above experiment. 

d. Not determined. 

e. Products isolated from the aqueous product mixture at p H  3. 



and moisture than the known carbanlon salts.6) The solid state-carbanion salts, 

after being stored in a refrigerator at 2 to 3 'C for two months, showed the 

same ir and nmr spectra as those of the freshly prepared materials. The results 

of rhe analogous reactions of 5-bramopyiimidtne (3) and 2-bromothiophene 15) a r e  

summarized in Table 1. The alkylated products involving ester groups aiso were 

isulated in the enolate form, since they showed no ester absorption on the ir 

spectra in spite of the nmr observation of alkoxyl groups. Although all reac- 

tions were carried out under completely drying conditions and by usual syringe- 

work, the reactions using sodium hydride did not glve constant yields of the 

sodium salts in the repeated experiments, presumably owing to the sensitivity to 

moisture. The use of lithium hydride in place of sodium hydrlde gave the car- 

responding lithium salts constantly in good yields, as shown in Tabie I .  

The aqueous solution of rhese carbanion lor enolate) salts, 2 a  and 2c, gave the 

corresponding o-C protonated products 17a and 7c l  in almost quantitative yields 

by the ethyl acetate extraction at pH I ,  after an acidification with hydrochloric 

acid. The protanated product from the enulate 2c showed an ester absorption at 

n e a r  1760 c m - l  on its ir spectrum. In the case of thiophene derivatives, the 

yields of the sodium salts ( 6 )  were lower than those of others 12 and 41 as shown 

in Table 1, indicating that 6 was considerably pratanated even at pH 7. Recent 

pub1 icat ion7) describes that pyridine ring causes the activation of ring C- 

methyl groups toward carbanion formation. The present results evidently support 

that the heterocycles such as pyrimidine and isoxazole rings also result i n  the 

stabilization of the anions on the side chain. 7a showed l ~ - n m r  signais of 4-H 

of isonazole ring and a-methine H at 6.76 ppm and 4.60 ppm (br.) r n  C2D2Clq, 

respectively, while the corresponding signals in d4-methanol were completely ab- 

sent. Similarly, 7c had the absorption signals of 4-H and a - H  at 6.63 and 4.93 

ppm in CDCI3, respectively, but the addition of D 2 0  to the solution caused the 

gradual disappearance o f  the 4 - H  and a-H absorptions. The results may show ready 

deuterium exchange on 4 -  and a-posi tions of the compounds 7 .  The high reactivity 

o f  4 - H  proton in 2 was also shown in the bromination of 2 c .  Namely, the reac- 

tion of 2c with bromine i n  carbon tetrachloride gave 4-bromo-2-phenylisoxazol-5- 

ylcyanoacetate ( 9 1  as major product (40%). 

The alkylation of 3 with ethyl cyanoacetate using lithium hydrlde and palladium 

catalyst gave the N-protonated product IOc, which was considered r o  involve the 

zwitterionic structure, along with the usual lithium enolate 1-1. The struc- 

ture of 10c was supported by the result of 13c-nmr measurement and the fact that 
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thz protonation of the lithium enolate 4c-Li at pH 3 gave the idenrical compound 

(31.3 % I .  The k n m r  spectrum of 10c showed considerably large paramagnetic 

shift for pyrimidine ring-Hs (0.46-0.68 ppml and ethoxy methylene (0.17 ppm). 

compared with those of u, and showed the N-H signal at very low field (at 

15.0 ppm). On the other hand, 2b and 2c dissolved in acetone showed an inter- 

est ing behavior by the add, t ion of tri f luoroacet ic acid. The nmr rneasuremenr 

o f  2c in d6-acetone gave 4 - H  signal at 6.29 ppm, but after the addition of a few 

drops of trifluoroaceric acid, the signal was shifted paramagnetically to 7.13 

ppm. 2b a l s o  showed the similar behavior (at 6.40 ppm to 7.08 ppm). The at- 

tempted isolation of the formed products( A m a x  in acetone; 319.2 nm) gave a pale 

yeliow solid after rhe addition of trifiuoroacetic acid to 2c, but t h e  soltd was 

M-H: NaH , LiH 
4 b R1 = CH3 - 

,OLi NC ,O- 
C=C, aq.HClipH3), 

0CH2CH3 EtOH 

insoluble in most o f  organic solvents after the isolation, probabiy due to the 

polymerirat~an. The quarernalized isoxazole rings are known to show the nmr 

signais of 4-Hs in lower region than at 7.0 ppm, as c a n  be seen in rhe c a s e  of 

Woodward reagents K and L, whlch give them at 7.56 and at 7.00 ppm, respec- 

t i ~ e l y . ~ '  Thus, the intermediates formed in acetoneltrifluaroacetic acid 

sit" may be considered to be mesoionic ( o r  rwitter ionic) compounds 13 from the 

analogy to IOc. 9 )  

The carbanion or enolate salts 2 were reacttve enough to give carbon-elongated 

products by t h e  treatment with various alkyi halides at higher temperatures. 



Tabie 2. Alkylation o f  Carbanlon and Enoiate Salts 2 

a b 
Reagents Solvent Temp. Time Product 

2 R X O C  hr 8, sc 
1 

CH i C H OH 
3  2 5 

C H I  C H O H  
2 5 2 5 

C H I  CMF 
2 5 

C H  I CMF 
2 5 

n-C H CI CNF 
3 7  

C H I  CMI 
2 5 
, - C H I  CNF 

3  7  , -C H 1 MI 
3 7  

t-C H CI CMF 
4 10 

8a(R =CH I ,  6 6 . 0  
1 3  

8a( C H I ,  4 8 . 1  
2 5 

8al C H 1 ,  7 3 . 0  
2 5 

8b( C H I ,  7 9 . 8  
2 5 

8b( n-C H I ,  16.4 
3  7  

8bl C H I ,  81.0 
2 5 

8c( I-C H I ,  11.2 
3  7  

scl I-C H ) ,  69.1 
3 7  

8ci t-C H I none 
4 10 

a .  In a typical experiment, 2 (0.1 m o l l  and R X (0.2 mnol) were used 
1 

b. Ethanol (10 mll. CMF ( 4  ml). or ZMI ( 4  ml) was used as a solvent. 

c. Yields are based on used 2 .  

The results of the reactions of 2 wlth various aikyi halides in poiar solvents 

are sumnarized in Table 2. Primary or secondary alkyi iodides were good 

alkylating reagents of the carbanions or enolate salts. Alkyl chlorides showed 

relatively low reactivity and t-butyl iodide resulted in no aikylation probably 

due to steric repulsion of the bulky alkyl group. Dimethylformamide IaMF) and 

1,3-dimethyl-2-imidamlidinone iWI1 were e f f e c t ~ v e  solvents for the aikylation 

of 2. Therefore, the present double aikylating method a the carbanlon or e n o -  

late salts is considered to givc a promising method for the synthesis of various 

long chain alkyi-substituted heterocyclic compounds. 

Consequently, bromoheterocycl~c compounds were coniirmzd ta b e  successfully 

alkylated by a c t ~ v e  methyiene carbanions in the presence of paiiadium catalyst 

and to give the highly stabilized carbanions or the enalate salts. Especially, 

the reactivity of the carbanion or enolate salts containing isunarole ring was 

investigated with aikyl halides and with proton i n  detail. The result showed 

that the salts were active enough to give carbon-elongated products. M o r e o v e r ,  

the acidification of the carbanion or enolate salts containing nitrogen- 

heterocycles was found to result in the competitive o r  rcgioselective pratona- 

tion on the ring nitrogen o r  on the side chain o-carbon, depending on the r e a c -  

tion conditions. 



HETEROCYCLES, Yo1 3 1, No 3, 1990 

All melting points were measured by uslng a Yanagimoto mp apparatus and were un- 

corrected. Uv spectra were recorded on a Hitach, 226 double beam spectrophoto- 

meter. I r  spectra were recorded on a JASCO I R A 1 0 0  spectrophotometer. 'H- 

and 13c-nmi spectra were taken on  JEOL PhO-60 and J W - E X - 9 0  instruments, respec- 

tively. Chemical shifts are given as values from retramethylsilane as an in- 

ternal standard. Ms were recorded with a JEOL JMS-OISG mass spectrometer. 

B i ~ ( t r i p h e n y l p h o ~ p h i ~ ! e ) p a l l a d i u m ( l l )  chloride and acetate were synthesized by 

the reaction of comercial paliadium(1l) chloride and acetate, respectively, 

with trtphenylphosph~ne in acetonitrile. 

5-Bromo-3-phenylisonazole was synthesized according to the mrthod described in 

I !  terature. l o )  5-Bromopyiimidine and 2-bromothiaphene were comnercial ly avai 1 -  

able and used after recrystallizat~on or distillation. 

Sodio(3-phenylisoxsrol-5-y1)maIononitrile (2a) 

To the THF 120 ml) solution o f  sodium hydride 11.73 g of the 50% oil suspension 

w h ~ c h  was washed with THF four times; 36 m o l ) ,  malononitrile 11.19 g, 18 -01) 

dissolved in THF 113 ml) was added dropwisely. To the resulting mixture, the 

THF solution (4 mll of 5-bromo-3-phenylisonazole ( 1 ,  1.35 g, 6 m o l )  and sub- 

sequently b i s ( t r i p h e n y l p h a s p h i n e l p a l l a d i u m ( l l )  chloride (210 mg, 0.3 mnol) were 

added and stirred at 60°C for 7.5 hr under nitrogen atmosphere. The complete 

consumption of I was confirmed by tlc. T h e  reaction products were poured on 

ice-water mixture and the aqueous solution was adjusted at pH 7 by I M hydioch- 

ioric acid. The extraction with ethyl acetate a n d  subsequent work-up of the e x -  

tract gave 1.3 g of almost pure 2a as pale brown solid (94% based on 1). F u r -  

ther purification was performed by preparative tlc, using silica gel and 

developed by C H C I 3 - M e w  (6:2l. The O.IM aqueous salution of 2a gave white 

precipitates by an  addition of 0.05M potassium pyraantimonate solution, showing 

the presence of sodium tons. 

2a was characterized as follows: mp 220'C decomp, i r  (KBr, cm"); v 2205, 2165, 

i560(br), 1480, 1420, 960, 735, 665. ' ~ - h r  (d6-acetone, TMS); 6 (ppm) 5.68 ( s ,  

IH, 4-HI, 7.26-7.53 (m, 3H, aromatic HI, 7.68-7.97(m, 2H, aromatic HI). Ms; m l z  

231 (M?. Anal. Calcd for C12H6N30Na: C. 62.34; H, 2.62; N, 18. 18. Found: 

C ,  62.63; H ,  2.34; N, 18.26. 

Methy . ~ S ~ d l ~ ( _ 3 y ~ _ h e ~ " _ y ~ l : 5 ~ i  po_xa_2_0_Iy).!c~anoacetate i 2b) and EthyJ-Sod_i a (  3 p h e n y  1 -5= 

1soxazolyl)cyanoacetsfe ~~ ~~ (2cj 



The reaction of 1 with methyl cyanoacetate or ethyl cyanoacetate in the presence 

of bisltriphenylphasphinelpalladium(ll) chloride was carried out and treared in 

the same procedure as described above. 2b and 2c were isolated i n  the yields 

or 72 % and 83 %, respectively. The yields are based on the used 1. 

2b: mp 180°C decomp, i r  (KBr, cm-l I ;  v 2180, 1560 ( b r  1 ,  1440, 1410, 1355, 

1185, 1140, 1035, 755, 723, 680. l ~ - b r  Id6-acetone, TMS); 6 (ppm) 3.62 ( s ,  

3H, -CH31, 6.40 ( s ,  IH, 4-HI, 7.32-7.45 (m, 3H, aromatic HI, 7.69-7.82 (m, 2H, 

aromatic HI. Ms; mlz 264 (~'1. Anal. Calcd for C13H9N203Na: C, 59.10; H, 

3.43; N, 10.60. Found: C, 58.80; H, 3.74; N, 10.76. 

2c: mp 160'~ decomp, ir (KBr, cm-'1; W 2170, 15601br I ,  1460, 1415, 1330, 

1155, 1095, 1040, 758, 686. ll-~-Phr Id6-acetone, TMS); 6 (ppm) 1.33 i t ,  J = 7 . 2  

Hi, 3H, - M 3 ) ,  4.13 (q, 1.7.2 Hz, 2H, -M2-1, 6.53 I s ,  IH, 4-HI, 7.17-7.83 (m, 

5H). M s ;  mlr 278 1~'). Uv (acetone, nml; A m a x  212.6 ( E 1.03~10~), 330.0 

3 lbr)( c5.46~10 ) .  Anal. Calcd for ClqHI1N2O3Na: C, 60.03; H, 3.99; N, 10.07. 

Found: C, 59.09; H, 4.36; N, 10.11. 

Protonation of 2 

The carbanion salt 2a (0.40 g, 1.7 m o t )  was dtssolved in 30 ml of water and the 

resulting solution was adjusted at pH I by 1 M hydrohluric acid. The extraction 

of the aqueous soiution with ethyi acetate gave 3-phenyi-5- 

~sonazolylmalononitriie (7a, 330 mg, 92 "hi as paie yellow powder, which was 

characterized as follows: 7a: mp 141-143T decomp, ir IKBr, cm-'); v 2201. 

2182(sh), 1608, 1473, 1445, 1415, 912, 775, 693. lH-~$nr (C2D2CI4, TMS); 6 (ppm) 

4.60 (br s ,  IH, a-HI, 6.76 I s ,  IH, 4-HI, 7.10-7.90 (m, 5H, aromatic HI. Ms 

(relatlve intensity]; mlz 209 (MI, 52.91, 144 (1001, 116 (21.4), 77 (64.31. 

High-resolution ms (hrmsj; calcd far Cl21i7N30: 209.0589; found: 209.0575. 

The protonation of 2c was carried out in the same manner as described above, and 

gave ethyl 3-phenyl-5-isuxazolylcyanoacetate (7cl as a pale yellow llquid in the 

yield of 87 %. 

7c: iiq., ir IKBr, cm-ll;u 1758, 1605, 1463, 1441, 1402, 1250, 1025, 910, 768, 

686. l ~ - h r  (CLXI3, TMS); 6 (ppm) 1. 18 ( I ,  J = 7 . 1  Hz, 3H, -CH31, 4. 18 lq, J=7.1 

Hz, 2H, CH2-I, 4.92 Is, IH, =-HI, 6.62 ( s ,  IH, 4-HI, 7.10-7.90 (m, SH, aromatic 

HI. Ms (relative intensity); mlz 256 (M', 65.51, 1841100), 144185.01, 77183.21. 

Hrms ; Calcd for C1 4H1 2N203: 256.0847. Found: 256.0820. 

After the nmr spectra of 2b and 2c w e r e  measured in d6-acetone, a few drops of 

trlfluaroacetic acid were added lnto each solution. Then the remeasurement of 

the samples gave the following data; Zb: 'H-hr (d6-acetonelCF3C03H. TMSI; 6 
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Mnr (d6-acetoneICF3C03H, TMSI; 6 (ppm) 1.03 (t, J - 7 . 4  Hz, 3H), 4.34 ( q ,  J - 7 . 4  

Hz, ZHI, 7.13 ( s ,  IHI, 7.31-7.68 (m, 3Hl, 7.71-8.02 (m, 2H). 

The enolate salt 2c 150 mg, 0.18 mall was dissolved in acetone I35 mil, and 

then trifluoraacetic acid (45 mg, 0.4 moll was added to the resulting solution. 

After a few min, a paie yelow solid ( 1 3 ~ 1  was precipitated and filtered out. 

The isolated solid was almost insoluble in most of organic solvents and thu s  

could not be purified furthermore. 13c: mp ,200 'C decomp, ir (KBr, cm-ll;v 

2150, 1670, 1550, 1475, 1400, 1132, 1025, 765, 683. 'H-Nnr of 13" in solution 

are shown a b o v e .  Uv lacetonel; A m a x  319.2 nm. 

Alkylation .~ ~ of 2 

The sodium salt 2a (0.30 g, 1.3 moil and methyi iadide (0.94 g. 6.6 mnoi) were 

dissolved in ethanol 13.5 ml) and the mixture was stirred at 70' C f a r  7 h under 

nitrogen atmosphere. The reaction mixture was poured into 10 mi of water and 

extracted with 7 mi of ethyl ether four times. The extract gave a white solid, 

which was purified by the silica gel chromatography with elution by chioroform 

and further by the recrystallration from ethanol-water (9:ll. Methyll3- 

phenylisoxarol-5-ylImaIononitrile (8a, R1= CH31 was obtained as colorless plates 

(171 mg, 66 36). A similar aikylatian of Za 10.20 g,  0.84 moil with ethyl 

iodide (0.20 g, 1.3 m o l )  gave e t h y l l 3 - p h e n y l i s o n a ~ o l - 5 - y i ~ m a 1 o n 0 n i t r 1 l e  l8a. R1 

=C2H5. 137 mg, 73 %I. 

8a (Rl = a 3 ) :  mp 66.5-66.8 'C, ir IKBr, c W 1  ) ;  u 1983 (wl, 1608, 1477. 1442. 

1407, 1179, 1113, 910, 778, 699. l ~ - b r  (CiXI3, 1MS1; 6 (ppmI 2.23 ( s ,  3H, -CH3 

I ,  6.84 ( s ,  IH, 4-HI, 7.40-7.97 (m, 5H, aromatic HI. Ms: mlz 223 IM'). Uv 

(CH3CN, nml; h m a x  224.6 ( s  118001. Anal. Calcd f o r  C13H9N30: C 69.95, H 4.07, 

N 18.83. Found: C 69.83, H 3.94, N 18.77. 

8a (R1=C2H51: mp 50.6-51.5 'c, i r  ( K B r ,  an-']; v 1983 (w), 1608, 1470, 1442, 

1407, 1142, 1110, 1003, 920, 773, 690, 'H-M~ (CDC13, TMS); 6 (ppml 1.30 ( t ,  j =  

7.1 Hz, 3H, -CH3 I ,  2.53 (t, J.7.1 Hz, 2H, -az-), 6.84 ( s ,  IH, 4-HI, 7.33-7.95 

(m, 5H, aromatic HI. Ms; mlz 237 IM'I. Uv (CH3CN, nm); h m a x  244.4 ( E  13000). 

Anal. Calcd f o r  C14HllN30: C 70.86, H 4.67, N 17.71. Found: C 70.77, H 4.53, N 

17.68. 

Similar reactions of 2b or 2c with ethyl iodide, n - p r o p y l  c h l o r i d e ,  or isa- 

prapyl iodide gave methyl e t h y i ( 3 - p h e n y l i s o x a z o i - 5 - y l l c y ~ n o a c e t a t e  (8b, R,= C2H5 

1 ,  methyl n - p r o p y l l 3 - p h e n y l i s o ~ a z 0 l - 5 - y i l ~ y a n 0 a ~ e t a t e  (8b, Rl.n-C3H7), o r  ethyl 



8b IRIS C2H51: liq, l r  lneat, cm -)I; v 2320, 1745, 1235, 905, 760, 685. ' H- 
Nmr ICDCl3, TMSI; 6 lppml 0.98 I t ,  J=6.6 Hz, 3H, -a3], 2.41 lq, J-6.6 Hz, ZH, 

-CHz-I, 3.90 Is, 3H, -OCH31, 6.57 Is, IH, 4-HI, 7.23-7.50 lm, 5H, aromatic HI. 

Ms; mlz 270 1~'). Hrms ; calcd far ClgH14N203: 270. 1003; found: 270.0990. 

8b IR sn-C3H7): l i q ,  ir lneat, cm-'1; v 2325, 1745, 1230, 905, 760, 685. 'H- 

Nmr iCX13,TbSI; 6 lppml 1.01 (t, JZ6.6Hz, 3H. -CH3), 1.10-1.80 im, ZH, -CHz 

- 2.46 I t ,  J.6.6 Hz, 2H, -CH2-I, 4.00 Is, 3H, W31, 6.92 Is, IH. 4-HI. 7.30- 

7.73 lm, 5H, aromatic HI. Ms; mlz 284 IMtl. Hrms; calcd f a r  Cl6Hl6N2O3: 

284. 1161; found: 284. 1135. 

8 c  lRl;i-C3H71: liq,  ir lneat, cm-');v 2250, 1750, 1468, 1440, 1402, 1235, 

1030, 910, 765, 725, 683. 'H-M~ lU)C13, TMSI; 6 lppml 1.10 ldd, J=6. 4 and 9.6 

Hz, 6H, - a 3 ) ,  1.32 I t ,  J.6.7 Hz, 3H, -CH31, 2.97 (sep, J =  6. 4 Hz, IH, CH-I, 

4.30 lq, 1.6.7 Hz, 2H, - a 2 - ) ,  6.78 Is, IH, 4-HI. 7.28-7.90 im, 5H, aromatic HI. 

M s ;  mlz 298 IM'I. Hrms; calcd for C17H18N203: 298. 1239; found: 298.1255. 

The reaction of 2b I100 mg, 0.38 moll with t-butyl chloride I234 mg, 2.5 -01) 

was carried out in DW I10 mil at 80 "C for 5 h. After the usual work-up, the 

silica gel column chromatography of the reaction mixture with benzene-ethyl 

acetate gave 3-phenyl-5-isoxarolylacetonitriie as colorless needles ( 4 9  mg, 86.0 

% I ,  whtch was characterized as follows: mp 67.0-68.0 'C, i r  IKBr, cm-I 1;v 

3100, 2320, 1605, 1463. 1410, 1155, 1002, 913, 822, 760, 685. 'H-M~ (CDCI3, 

TMS); 6 (ppml 3.93 Is, 2H, -CH2-). 6.64 Is, lH, 4-HI, 7.23-7.73 lm, 5H, aromatic 

HI. Ms; mlr (relative intensity] 184 IM', 45.21, 144 11001, 116 (21.6). 77 

151.3). Hrms ; calcd for C I I H ~ N Z O :  184.0637; found: 184.0660. However, the 

alkylated product 8b IR =t-CqHg I could not b e  isolated. 

Bromination of PC with Bromine. 

To the carbon tetrachloride solution 15 mll of 2c I280 mg, I mnal), 10% carbon 

tetrachloride solution 17.5 mil of bramlne was dropwise added under stirring at 

5 'C, until the decalarization of bromine ceased. After the usual work-up of 

the reaction mixture, the pale yellow oil was isolated, along with 31 mg of 2c. 

The column chromatography of the oil twice using silica gel with benzene-ethyl 

acetate gave ethyl l 4 - b r o m a - 3 - p h e n y l i s 0 ~ a z 0 l - 5 - y I l ~ y a n 0 a ~ e t t e  I91 as a color- 

less liquid I120 mg, 40 %). 

9: ir lneat, cm-'1; v 1760, 1608, 1260, 1210, 1150, 1058, 1025, 920, 860, 765, 

690. ' ~ - h r  lCDC13, TMSI; 6 lppml 1.33 I t ,  J-7.2 Hz, 3H, -CH3l, 4.37 lq, J =  7.2 

Hz, 2H, -CH2-), 5.15 I S ,  lH, a-H), 7.30-8.00 lm, 5H, aromatic HI. Ms; mlr 

(relative intensity) 336 IMt, 19.91, 334 IMt, 19.71, 224 145.3). 222 145.11, 143 
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Sadio(5-pyrimidinyl)maIo~onitriIe .- .- 14a), Methyl 5-Pyrimidinylcyanoacetate Sodium 

Enolate (4b) and Ethyl 5-Pyrimidinylcyanoacetate Sodium Enolate l4c) - 

Sadiol5-pyrimidinyllmaiononitrile 14a) and methyl or ethyl 5-pyrimidinyicyano- 

acetate sod~um enolate 14b a r  4c) were synthesized from the reaction of 5- 

bromopyrimidlne (3) with maiononitrile and methyl or ethyl cyanoacetate using 

sodium hydride and b i s l t r i p h e n y l p h o s p h i n e ) p a I i a d ~ u m ( l l )  chloride o r  acetate, 

analogausly to the method described in the synthesis of 2. 

4a: mp 227-23O0C decomp, ir IKBr, cm-'I; v 2170, 1560 (br), 700. '~-k.bnr (d4- 

M e w ,  M); 6 lppm) 8.20 Is, 2H, 4,6-H), 8.33 Is, IH, 2 - H .  Anal. Calcd for 

C7H3N4Na; N, 33.73; Na, 13.84. Found: N, 33.36; Na, 14.12. 

4 b :  mp 179.184 decomp, ir IKBr, cm-'I; v 2180, 1550 lbr), 710, no ester ab- 

sorption. 'H-M~ Id4-MeOD, RrlS); 6 lppm) 3.98ls, 3H, -IXH3), 8.35 Is, IH, 2-HI, 

8.87 ( s ,  2H, 4,6-HI. Anal. Calcd for C8%NF2Na: N, 21.10; Na, 11.54. Found: 

N, 21.43; Na, 11.29. 

4c: mp 270-27I0C decomp, ir IKBr, cm-'I; v 2160, 1550 l b r l ,  710, no ester ab- 

sorption. ' ~ - h r  Id4-Mew, TMS);  S lppml 1.26 I t ,  J=7.2 Hz, 3H, -CH3), 4.09 (q, 

J=7.2 Hz, ZH, OCH2-), 8.34 Is, LH, 2-HI, 8.89 Is, ZH, 4.6-H). Anal. Calcd for 

CgHaN3O2Na: N, 19.71; Na, 10.79. Found: N, 20. 10; N a ,  10.35 

Ethyl (I-Protopyrimidinium-5-yl)cyanoacetate Enolate Anion IIOc) ~ 

The ieacrion of 3 (4.0 -01) with ethyl cyanoacetate I15 -01) in the presence 

of lithium hydride I60 moll and b i s l t r ~ p h e n y l p h a s p h i n e ) p a l l a d i u m l I I I  acetate 

(0.45 moll at 70 ' C  for 3 h i n  THF 120 ml) g a v e  9.4 % yield of LOc, together 

w ~ t h  ethyl (5-pyrimidinyllcyanoacetate lithium enolate l4c-Li, 53 % I .  After the 

lithium enalate (4c-L1) dissolved in ethanol I50 rnl) was treated with aqueous 

hydrochloric acid (pH 31, the extractton of rhe reaction mixture with ethyl 

acetate gave IOc in the yieid of 31.3 % (based on rhe  used 4c-Lil. 

10c: ir ( K B r ,  an-'); v 2200, 1650, 1605, 1545, 1400, 1250, 1052, 1022, 898, 763, 

no ester absorption. ' ~ - h r  ICDCl3, TMS); 6 ippm) 1.36 I t ,  1.7.2 Hz, 3H, CH3). 

4.27 lq, 1-7.2 Hz, 2H, -Cii2-I, 8.18-8.32 lm, 3H, pyrimidine HI, 15.0 lbr.s, IH, 

N-H). 13~-h\hnr (CDC13, TMS); S (ppml 12.77 (-CH31, 60.50 ( - a 2  - 1 ,  109.25 i=C-I, 

144.22 (2-C), 151.77 i=C-), 155.23 14,6-C), 169.28 (5-C), 189.72 (C-N). Anal. 

Calcd for CgHgN302; C 42.36, H 3.55, N 16.47. Found; C 42.72, H 3.83, N 16.16. 

4c-Li: ir (KBr, cm-ll;v 2160, 1610, 1550, 1425, 1375, 1337, 1298, 1120, 1042, 

710. I ~ - h r  Id6-acetone, TMS); S lppm) 1.91 I t ,  1~7.2 Hz, 3H, -CH3), 4.10 ( q ,  

J=7. 2 Hz, 2H, -CH2-I, 7.50-7.86 Im, 3H, pyrimidine HI. '3c-kr Id6 - a c e r o n e ,  



TMS); 6 (ppm) 14.9 (-CH31, 61.0 ICH2l, 110.2 1=C), 135.9 l=C), 150.0 (2-Cl, 

150.1 (4,6-C), 170.4 (5-C), 207.3 IC-Nl. 

Sodio(2-thiophenyl)malononitriIe ~~~ l6a), Methyl ~ 2-Thiophenylcyanoacetate Sodium 

Enolate l6b), and Ethyl 2-Thiophenylcyanoacetate Sodium Enolate (6ci 
~~~ ~.~ 

Similar reactcons of 2-bromothiophene with malononitrile and methyl or ethyl 

cyanoacetate in THF in t h e  presence of sodium hydride and palladium catalyst 

gave the carbanlon salt 6a a n d  the sodium enolate 6b or 6c, i n  the yields shown 

~n Table I.  

6a: mp ,298" C decomp, i i  (KBr, cm-' I ;  v 2180, 1540, 680. '~-Nnr Id6-acetone, 

TMS); 6 Ippmi 7.70-8.15 lm, 3H,  Ar-Hi. Anal. Calcd for C7H3N2SNa: Na 13.51. 

Found; Na 13.39. 

6b: mp 123-128'C decomp, i r  lKBr, cm-'1; v 2150, 1430, 680, no ester. l~-l\bnr 

Id4-MeOD, N S I ;  6 (ppm) 3.77 ( s ,  31-1, CCH31, 7.33-7.67 lm, 3H, Ar-HI. Anal. 

Calcd for CEH6NO2SNa: Na 11.31. Found: Na 11.20. 

6c: mp 128-131°C d~comp, ir IKBr, cm-'I; v 2190, 1420, 680, no ester. l~-Nmr 

lCiX13, 7MSl; 6 lppm) 1.25 I t ,  J = 6 . 7  Hz, 3H, CH31, 4.25 lq, 1 - 6 7  Hz, 2H, -CH2 

- 1 ,  7.37-7.68(m, 3H, Ar-HI. Anal. Calcd fur C9H8N02SNa: Ns 10.58. Found: 

Na 10.28. 
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