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Abstract - This report  i s  devoted t o  the r i n g  opening of  the 
imidazole nucleus of funct ional ized imidazo[l,2-alpyridines, by 
methanol i n  strong acld medium (HC104) leading t o  es ters  of  
N-(2-pyridyl)-a-amino acids i n  whlch the heterocycl ic moie ty  
bears a func t iona l  group. D i rec t  obtention o f  t h i s  k ind  of  
compounds could be achieved by condensation of g l yoxa l  
der ivat ives w i t h  ethers of  2-amino-3-hydroxypyridine or  w i t h  
2-amino-3(or 5)Fnitropyridine i n  methanolic perchloric acid. 

The synthesis of  N-phenylamino acids der ivat ives can be performed by reac t ion  of 

ani l ine w i t h  a-halo esters and a-halo n i t r i l es .1  D i rec t  a ry la t ion  of  a-amino acid 

der iva t ives  i s  only possib le w i t h  a r y l  hal ides subst i tu ted  by s t rong ly  e lectron-  

w i thdrawing groups.2 Only a l i m i t e d  range of N-phenyl derivat ives o f  natura l  a-amino 

acids i s  accessible by these procedures. N-Alkyl and N-aryl-a-amino acids have been 

used as s ta r t i ng  mater ia ls  both i n  drugs3 and heterocycl ic  synthesis.4 i n  addition, 

some N-arylalanine derivat ives such as Ridomil  are select ive herb ic ides5 The lack of  

a general methodology f o r  the synthesis of N-(2-heteroary1)-a-amino acids from 

2-aminoazines i s  due t o  the fac t  that the d i rec t  a lky lat ion of the N-endocyclic atom 

proceeds more rap id ly  that  the desired N-exocyclic alkylat ion.6 However, e f f i c i en t  

general procedures f o r  the synthesis of N-(2-heteroary1)-a-amino acids and the i r  

d e r i v a t i v e s  w a s  desc r i bed  by ~ l c a i d e 7  w i t h  t he  one-pot  r e a c t i o n  o f  

2-aminoheterocycles w i t h  glyoxals and alcohols i n  the presence o f  perchlor ic  acid. 

~ r i s t o w e  repor ted  the synthesis of N-(2-pyr idy l )g lyc ine i n  a moderate y i e l d  by 
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reaction of 2-aminopyridine w i t h  formaldehyde, sodium hydrogen sul f i te,  and sodium 

cyanide fo l lowed by the hydrolysis of the N-(2-pyridyl)aminOaCetOnitrile thus formed. 

This react ion was used by ~ o t o 9  in  the synthesis of N-(2-pyraZinyl)gly~ine and some 

der ivat ives i n  re la t i on  w i t h  model compounds of the cypr id ine luci fer ine.  I f  the 

method developed by Alcaide was applied w i t h  success t o  pyridine, pyrimidine, and 

thiazolidine, the substi tuted compounds have seldom been described. Alcaide reported 

the synthesis of methyl and chloro substituted N-(2-heteroary1)-a-amino acid esters 

but no mention of hydrOXy or n i t ro  derivatives was made. I n  order t o  obtain th i s  k ind 

of Compounds, we used t w o  methods. The f i r s t  one was the r i n g  opening of the 

imidazole nucleus by methanol i n  the presence of a strong acid (HClOq) as described by 

the fo l lowing scheme: 

The second method was the application of the procedure described by Alcaide to 

functionalized pyridines as summarized by the fo l lowing scheme: 
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The r e a c t i o n  o f  2-amino-3-hydroxypyr id ine w i t h  g lyoxal ,  me thy lg l yoxa l ,  

phenylglyoxal, p-chlorophenylglyoxal, and p-nitrophenylglyoxal i n  bo i l ing  methanol as 

Solvent and i n  the presence of excess aqueous 6 0  % pe rch lo r i c  ac id  gave 

N-(2-pyridy1)-a-amino acid esters (I-4), and (5)  respectively i n  f a i r  to good yields. 

One can account fo r  the format ion of compounds ( 1 - 5 )  by a react ion pathway 

analogous t o  that  described by Alcaide which involves the tautomeric 0x0 form of a 

protonated 3-hydroxyimidazo[l,2-alpyridine intermediate. 

indeed 2-substi tuted 8-benzyloxy-3-hydroxyimidazo[l,2-jllpyridines were obtained by 

condensation of 2-amino-3-benzyloxypyridine w i t h  glyoxal der iva t ives  when the  

reaction was performed ei ther in benzene at room temperature; or i n  dichloromethane 

i n  the presence of BF3.Et20 complex, or i n  some cases i n  hot  hydrochloric acid.1 0 

S im i la r l y  2-methylF(6) or 3-hydroxy-2-phenyl-8-nitroimidazo[1.2-alpyridine (7) 

obtained by condensation o f  2-amino-3-ni t ropyr id ine and methy lg l yoxa l  o r  

phenylglyoxal gave an analogous reaction and produced on treatment w i t h  methanol- 

HClOq, N-(3-nitro-2-pyridy1)-a-amino acid esters (9, 10). These compounds were 

d i rec t ly  obtained from 2-amino-3-nitropyridlne and glyoxal der ivat ives i n  a one-pot 

synthesis w i t h  the same reactional medium (HClOq, methanol). In the case of 2-amino- 

5-ni t ropyr id ine,  no imidazor 1.2-alpyridine was obtained on t reatment w i t h  glyoxal 

der ivat ives under the usual above conditions, but w i t h  methanol -perch~or ic  acid, 

N-(5-nitro-2-pyridy1)-a-amino acid esters (1  1 - 13) were produced. These resu l t s  

showed that  the nucleophi l ic i ty  of the endocyclic nitrogen i s  very sensi t ive t o  the 

nature and the posit ion of the substituent borne by the 2-arninopyridines. 
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benzene or 
CH2C12, BF3 or 11 R=H 

12 R=CH3 
H20. H', A 13 R=C6H5 - 

t)H 
Hydrolysis of the N-(2-pyridy1)-a-amino acld esters so obtained was real ized i n  hot 

concentrated hydrochloric acid as described i n  the fo l lowing scheme: 

7 
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Table 1: l H  nmr (400 MHz. CDC13). chemical shins in pp 
comnounds 1-6. 8-13 

coupling -1 

downfield m TMS for 

6.67 

1 7  
8.39 

1 8  
8.45 

Table 2: 1H nmr(4( MHz. DMSO-D6), chemical shifts in ppm downfield lo TMS 
Y 
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1 6  1 160.71 1108.62 1 134.93 1 131.82 1146.36 1 52.01 1 17.31 1 1174.32 1 
1 7  1151.OOl 127.11 1135.031 111.181156.431 46.23 1 I 1 170.77 1 
1 8  1 150.94 1127.83 1 135.34 1 112.77 1155.87 1 49.44 1 17.75 1 1173.92 1 

Table 4: 1% nmr (100 MHz), chemical shins in ppm for compounds 8-13 (CDCC) and 14-18 (DMSO-D6) 
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The benzyl ether l inkage was cleaved under these condit ions so that  phenols were 

d i rec t ly  obtained. In the case of phenyl glycinate, important res in i f i ca t i on  occurred 

and it was no possible t o  obtain the desired compounds. E f f o r t s  t o  rea l i ze  th i s  

t ransformat ion are undertaken a t  the present t i m e  by a t w o  steps procedure: 

saponif icat ion of the ester group fo l lowed by the hydrogenolysis of the benzyl ether 

linkage i n  the presence of Pd/C. The assignments of the sructure of these compounds 

were based mainly on spectroscopic and analytical data. 

I n  conclusion, the present Work shows that the Alcaide synthesis of N-(2-pyridy1)-a- 

amino ac id  es ters  or acids by r i ng  opening of intermediate 3-hydroxyimidazo- 

L1.2-alpyridines could be extended to the synthesis of functional ized derivatives 

bearing an ether, an hydroxyl or a n i t ro  group on the pyridine ring. 

EXPERIMENTAL SECTION 

Melt ing points were determined i n  capillary tubes on a Buchi SMP 2 0  apparatus and are 

uncorrected. IH and 1 3 ~  nmr spectra were recorded on Bruker WP60 (60  MHz), Bruker 

WP80 ( 8 0  MHz), and Bruker AM 400WB (400 MHz) spectrometers. The fo l lowing 

abbreviations are used: br = broad, d = doublet, dd = double doublet, m = mul t ip le t ,  q = 

quadruplet, s = singlet, t = t r ip le t ,  i = ipso, in = meta, p = para, o = ortho. Chemical 

s h i f t s  were re la ted t o  tetramethyls i lane as an internal  standard i n  DNSO-Dg 

(hexadeuteriodirnethyl sulfoxide) and CDC13 (deuteriochloroform). Uv spectra were 

determined on aBeckman 5270 or Perkin Elmer Lambda 15 spectrophotometer. Mass 

spectra were measured on a Riber 10-10 apparatus operating W i t h  an ac t iva t ion 

energy of 7 0  ev or on Kratos Concept 1 1  NH spectrometer i n  a FAB mode ( I ~ A ,  7kv, Xe). 

Combustion analysis f o r  C, H, and N were performed by Serv ice  Central  de 

Microanalyse du CNRS. 

Methyl N-(3-benzyloxy-2-pyr1dyl)-a-glycinate (1 1: 

To a so lu t ion  of 2 g ( 1 0  mmol )  of 2 -amino-3-benzy loxypyr id ine l3  i n  3 ml  of 

perchloric acid (65 % aqueous solution), was added in  one port ion a mix ture  of 1.93 m l  

(10 mmol) of an aqueous solut ion of glyoxal (30 %) and 10 m l  of methanol. The mixture 
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was warmed a t  re f l ux  f o r  48  h. A f te r  cooling a t  0 'C and neutra l izat ion by a saturated 

solut ion of  sodium carbonate, the resul t ing mixture was extracted by three port ions of 

methylene dichloride. The organic phases were dried on magnesium sulfate, f i l t e r e d  

and evaporated under reduced pressure. The o i l y  residual product was chromatographed 

on a s i l i ca  gel column w i t h  the fo l lowing eluents: hexane / e thy l  acetate ( 1  / 1-75 m l )  

then e thy l  acetate ( 1 0 0  ml) .  The l as t  f rac t ions  (homogenous CCM) were  dr ied  over 

magnesium su l fa te  and evaporated under reduced pressure to  give the compound (I ) as 

an o i l y  product ( 5 0  %, 1.36 g); n ~ 2 3 1 . 5 7 3 5 ;  ir vmax ( l iqu id  f i lm ,  KBr) c m - I :  3410, 

3 1 5 0  ( s e c o n d a r y  a m i n e  NH), 1 7 4 5  ( e s t e r  CO); 1 H n m r  and 

1 3 ~  nmr:  see theore t ica l  par t ;  ms  m / z  ( re l .  in t . ) :  272  (M+., 10.32), 213(7 .26) ,  

199(22.7 1 ), 9 1 ( 1  00). Anal. Calcd fo r  C l 5 H  16N203: C, 66.16; H, 5.92; N. 10.28. Found: 

C, 66.65; H, 6.13; N, 9.93. 

Methyl  N-(3-benzyloxy-2-pyrldyll-a-alanlnate (2): 

a) F i r s t  method 

The preceding procedure was applied t o  2-amino-3-benzyloxypyridine ( 2  g, 10 mmol)  

and pyruvic aldehyde (1.8 m l  of 40  % aqueous solution, 10 mmol)  which were  warmed 

i n  methanolic (10  m l )  perchloric acid (3 m l )  fo r  25 h. A s im i l a r  work-up led  a f t e r  the 

slow evaporation of the l as t  f ract ions of e lut ion t o  a so l id  which was recrys ta l l i zed  

from methanol af ford ing the compound (2)  as a yel low sol id (78  %, 2.23 g): mp 62-64 

'C; ir vmax (KBr) c m - I :  3460, 3000 (NH),1750 (es ter  CO); l H  nmr and 1 3 ~  nmr  see 

theoret ical par t ;  ms  m / z  ( re l .  int.): 286 (Mf, 14.52), 227( 18.881, 135(30.42), 9 1 ( 1  00). 

Anal. CalCd fo r  C I 6H l8N203 :  C, 67.1 I ;  H, 6.33; N, 9.78. Found: C, 67.08; H, 6.38; N, 

9.65. 

b) Second method 

To a so lu t ion  o f  I g (3 .54  m m o l )  of  8-benzyloxy-3-hydroxy-2-methyl imidazo 

[1,2-dpyr id ine (10) i n  10 m l  of methanol was added 3 m l  of  perchlor ic  ac id ( 6 5  % 

aqueous solut ion). The resul t ing mixture was warmed a t  re f lux  fo r  2 0  h. A f t e r  cooling, 

the m ix tu re  was t rea ted w i t h  saturated aqueous solut ion of  sodium carbonate and 

ex t rac ted w i t h  methylene dichloride. The organic layers were  evaporated under 
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reduced pressure and chromatographed on a s i l l ca  gel column w i t h  the same solvents 

used i n  the f i r s t  method t o  give a f te r  evaporation a c rys ta l l ine  product (0.86 g, 8 5  %) 

which presented physicochemical data ident tcal  t o  those described above f o r  the 

compound (2) .  

Methyl  k(3-benzyloxy-2-pyrldyll-a-phenylglyclnate (3): 

a) F i rs t  method 

According t o  the procedure described fo r  the compound ( I  and s tar t ing  f r o m  2-amino- 

3-benzyloxypyridine ( 2  g, 10 mmol) and phenylglyoxal monohydrate (1.52 g. I 0  mrnol, 

t i m e  of re f lux :  40 h)  the compound (3) was obtained as a c rys ta l l i ne  product  (76 % 

2.64 g): mp 79 -80  'C; ir vmax (KBr) c m - I :  3400, 3000  (NH), 1750 (es ter  CO); l H  nmr 

and 1 3 ~  nrnr: see theore t ica l  part;  ms m/z  ( re l .  in t . ) :  348  (N+, 21.881, 289(46.70) ,  

197(41.92), 91 ( 100). Anal. Calcd fo r  C21 H20N203: C, 72.39; H, 5.78; N, 8.04. Found: C, 

7 1.99; H, 5.77; N, 8.10. 

b) Second method 

According t o  the procedure described fo r  the compound (2) (second method, 3 0  h)  and 

s t a r t i n g  f r o m  8-benzyloxy-3-hydroxy-2-phenyl imidazo[ 1 .2-dpyr id ine  (1 .58  g, 5 

rnmol), the compound (3)  was obtained as a c rys ta l l i ne  product ( 5 0  Z, 0.87 g). I t  

presented physicochemical data identical t o  those described above fo r  the compound 

synthetized by the f i r s t  method. 

Methyl N-(3-benzyloxy-2-pyrldyl)-a-p-chlorophenylglyclnate(4): 

According t o  the procedure described fo r  the compound ( I )  ( f i r s t  method, r e f l u x  t lme:  

4 5  h)  and s t a r t i n g  f r o m  2-amino-3-benzy loxypyr id ine  ( 2  g, 10 m m o l )  and 

p-chlorophenylglyoxal (1.68 g, I 0  mmol),  the compound ( 4 )  was obtained a f t e r  the 

usual t rea tment  as an o i l y  product (56 %, 2.19 g): n ~ 2 3 1 . 5 9 3 8 ;  ir vmax (KBr) c m - I :  

3450, 3050  (NH), 1750 (ester  CO); l H  nmr and 1 3 ~  nmr see theoret ica l  par t ,  m s  rn/z 

( r e ] ,  i n t . ) :  3 8 4  (M+., 10.521, 382(27.79) ,  3'25(25.85), 3 2 ~ 7 5 . 9  I ), 2 3 3 (  1 oo), 

23 l(58.641, 91( 100). Anal. Calcd fo r  C ~ I  HlgN203CI.0.5 H20: C, 64.36; H, 5.14; N, 7.14. 
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Found: C, 64.06; H, 4.93; N, 6.80. 

Methyl  N-(3-benzyloxy-2-pyrldyl)-a-p-nltrophenylglyclnate (5): 

According t o  the procedure described for  the compound (I) ( f i r s t  method, re f l ux  t ime: 

4 5  h )  and s t a r t i n g  f r o m  2-amino-3-benzy loxy~yr id ine  ( 2  g, 10 mmol )  and 

p-n i t ropheny lg~yoxa~ (1 .79 g, 1 0  mmo l ) , l 4  the compound ( 5 )  was obtained a f te r  the 

usual t reatment as a c rys ta l l ine  product (40 %, 1.57 9): mp 144-146 'C; ir vmax (KBr) 

cm-1: 3450, 3350 (NH), 1745 (ester  CO); IH nmr and 1 3 ~  nmr: see theoret ical  part; ms 

m / z  t re l .  in t . ) :  393(Mf', 25.42). 334(82.2), 242(30.27), 91(100). Anal .  Calcd fo r  

C2 I H I 9N305: C, 64.1 I; H, 4.86; N, 10.68. Found: C, 64.08; H, 4.72; N, 10.52. 

N-(3-Hydroxy-2-pyrldyl)-a-glyclne( 14): 

A solut ion of compound ( 1  (1.07 g, 10 mmol) in 5 m l  of hydrochloric acid was warmed 

a t  re f lux  fo r  2 h. A f te r  evaporation under reduced pressure, hydrochloride of  compound 

(14) was obtained i n  a nearly quant i ta t ive  yield. A f t e r  neut ra l iza t ion  w i t h  a hot 

aqueous solut ion of  sodium carbonate, the resul t ing m ix tu re  was evaporated under 

reduced pressure. The residue was dissolved in hot ethanol; the mix ture  was f i l t e red  

and cooled. A f t e r  f i l t r a t i o n  the compound(14) was obtained as a c rys ta l l ine  product 

( 8 5  %, 1.43 9): mp)230 'C; ir vmax (KBr) cm-1: 3420-2980 (NH, OH); uv )Lmax (H20) nm: 

305( l0g E 2.73), 244(3); uv Xmax (H20, HCI) nm: 309(lOg E 2.53). 242(2.69); Uv Xmax 

(H20, NaOH) nm: 305(2.67), 246(2.95); IH nmr and 1 3 ~  nmr: see theoret ical  part;  ms 

m / z  ( re ] .  in t . ) :  168(M+, not observed), 150(37.92), 122(41.25), 9 4  10.421, 66(27.92). 

Anal .  Calcd fo r  C7H8N203: C, 50.00; H, 4.79; N, 16.66. Found: C, 49.88; H, 4.65; N, 

16.34. 

N-(3-Hydroxy-2-pyrldyl)-a-alanlne ( 15): 

According t o  the procedure described fo r  the compound ( 14) the compound ( 1  5 )  was 

obtained a f t e r  recrys ta l l i za t ion  from methanol as a c r y s t a l l i n e  product i n  a 95  % 

yield: mp108-1 I 0  'C; ir vmax (KBr) Cm-I: 3400, 2985(NH, OH); uv Xmax (H20) nm: 

3 12(log E 3.731, 243(3.60); uv h a x  (H20, HCI) nm: 307(log ~ 3 . 9 6 ) ,  240(3.83); uv h a x  
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(H20, NaOH) nm: 31O(log €3.92). 250(3.9 l ) ;  IH nmr and 1 3 ~  nmr: see theoret ica l  part; 

m s  m / z  ( re l .  i n t . ) :  182(M+,  no t  observed), 164(27.60), 136(8.46), 107(8.1 O), 

66(  18.06). Anal. Calcd f o r  C8H 10N203: C, 52.74; H, 5.53; N, 15.57. Found: C, 52.39; H, 

5.25; N, 15.15. 

Methy l  W(5-nitro-2-pyridy1)-a-glyclnate (1  I ) :  

According t o  the procedure described fo r  the compound (I) and s ta r t i ng  f rom 2-amino- 

5 -n i t ropyr id ine  ( 1 0  mmol, 1.39 g) and glyoxal (1.93 m l  of 3 0  % aqueous solution, 

r e f l u x  t ime:  4 8  h), the compound (I I )  was obtained a f te r  r e c r y s t a l l i z a t i o n  from 

methanol as a c rys ta l l i ne  product (80 %, 1.69 g): mp 180-182 'C; ir vmax (KBr)  

cm-1: 3380(NH), 1730(ester CO); 1H nmr and 1 %  nmr: see theore t ica l  part;  ms  m/z  

( r e l .  i n t . ) :  2 1  l ( M t ,  11.09), 152(100), 106(62.96), 78(25.16).  A n a l .  Calcd for 

CgHgN304: C, 45.50; H, 4.29; N, 19.89. Found: C, 45.13; H. 4.43; N, 19.60. 

Methy l  N-(5-nitro-2-pyrldy1)-a-alaninate (12): 

According t o  the procedure described fo r  the compound ( I  I )  and s t a r t i n g  from 

2-amino-5-ni t ropyr id ine ( 10 mmol, 1.39 g) and pyruvic aldehyde ( 1.8 m l  of 40  % 

aqueous solut ion, 10 mmol), the compound (12) was obtained a f t e r  recrys ta l l i za t ion  

f rom methanol as a crys ta l l ine  product (88  %, 1.98 g): mp 115-1 16 'C; ir vmax (KBr) 

cm-1: 3370(NH), 174Xes te r  CO); I H  nmr and 1 %  nmr: see theore t ica l  par t ;  ms  m/Z 

( r e l .  i n t . ) :  225 (M+,  13.1 3), 166( 1001, 1 19(23.16), 75(83.35).  A n a l .  Calcd for 

C9H I 1 NjOq: C, 48.02; H, 4.92; N, 1 8.65. Found: C, 47.83; H, 4.99; N, 1 8.06. 

Me thy l  W(5-nitro-2-pyridy1)-a-phenylglyclnate ( I  3): 

According t o  the procedure described fo r  the compound ( 1  I )  and s t a r t i n g  from 

2-amino-5-nitropyridine ( 1  0 mmol, 1.39 g) and phenylglyoxal monohydrate (1.52 g, 

10 mmol), the compound ( 1  3) was obtained af ter  recrys ta l l i za t ion  f rom methanol as a 

c rys ta l l i ne  product (80  %, 2.29 g): mp 135- 137 'C; ir vmax (KBr) cm-1: 3400(NH), 

1750tester  CO); IH nmr and 1 3 ~  nmr: see theoret ical part; ms m / z  (re].  int.) :  287(Mt, 
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7.06), 220( 1 OO), 182(28.94), 77(22.26). Anal. Calcd for C l 4H  13N304: C, 58.53; H, 

4.56; N, 14.62. Found: C, 58.52; H, 4.72; N, 14.57. 

Methyl N-(3-nitro-2-pyrldyll-a-alaninate (8): 

According t o  the procedure described for  the compound (I I )  and s tar t ing from 

2-amino-3-nitropyridine (1.39 g, 10 mmol) and glyoxal (1.93 m l  of 30 % aqueous 

solution), the compound ( 8 )  was obtained as a c rys ta l l i ne  product af ter 

rec rys ta l l i za t ion  f rom methanol (85 %, 1.79 g): mp 88-90 'C; ir Vmax (KBr )  

cm-1: 3395(NH), 3 lOO-295O(CH), 1750(ester COI; uv hmax (H20) nm: 40 l ( log ~ 3 . 1 4 ) .  

258(3.04),21 g(3.65); uv h a x  (H20, HCl) nm: 371(log ~ 3 . 5 2 ) .  266(3.48), 209(4.03); uv 

Xmax (H20, NaOH) nm: 414( log e3.78), 264(3.72), 213(4.56); \ t i  nmr and 1 3 ~  nmr: see 

theoretical part; ms m/z  (rel. int.): 2 1 l ( M f ,  15.17). 152( 100). 105(7.83, 7N26.15). 

Anal. Calcd fo r  c g t i g ~ 3 0 4 :  C, 45.50; H, 4.29; N, 19.89. Found: C, 45.53; H, 4.31; N, 

19.66. 

Methyl N-(3-nitro-2-pyrtdyl)-a-alaninate(9): 

According t o  the procedure described for the compound ( 1 )  and start ing from 2-amino- 

3-ni t ropyr idine (1.39 g. 10 mmol) and pyruvic aldehyde (1.8 m l  of 40 % aqueous 

solution, 10 mmol), the compound ( 9 )  was obtained af ter recrysta l l izat ion from 

methanol as a crystal l ine product (80 %, 1.8 g): mp 60-62 'C; ir vmax (KBr) cm- I :  

3395(NH), 1740(ester CO); uv h a x  (H20) nm: 38 1 (log E 3.42), 246(3.15), 204(3.85); uv 

Xmax (H20, HCI) nm: 348(log e3.82), 250(3.72), 195(4.2); uv Xmax (H20, NaOH) nm: 

97(1og e 3.97), 251(3.84), 202(4.54); l H  nmr and 1 3 ~  nmr: see theoretical part; ms 

m/z  trel .  int.): 225(Mf., 8.44), 166( I OO), I I 9(74.82), 79(50.68). Anal. Calcd for  

C9H 1 1 N304: C, 48.00; H, 4.92; N, 18.65. Found: C, 48.09; H, 4.85; N, 18.52. 

Methyl N-(3-nitro-2-pyridyll-a-phenylglyclnate ( 10): 

According t o  the procedure described for the compound (I) and start ing from 2-amino- 

3-nitropyridine (1.39 g, I 0  mmol) and phenylglyoxal monohydrate (1.52 g, 10 mmol), 

the compound (10)  was obtained as a crystal l ine product after recrystal l ization from 
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methanol (82 %, 2.35 g): mp 138- 140 'C; ir vmax (KBr) cm-1: 3400(NH), 1745(ester 

CO); uv hmax (H20) nm: 348(log E 4.37), 22 1(4.12), 206(4.08); uvmax (H20, HCI) nm: 

31 7(log E 4.13), 2 19(4.29), 206C4.25); uv hmax (H20, NaOH) nrn: 370(log E 4.06). 

217(4.55); IH nmr and 1 3 ~  nmr see theoretical part; ms m/z (re l .  int.): 287(Wt, 7.25), 

228( 1 OO), 78(41.82). Anal. Calcd for C l4H 13N304: C, 58, 53; H, 4.56; N, 14.62. Found: 

C, 58.22; H, 4.51; N, 14.58. 

N-(3-Nitro-2-pyridy1)-a-glycine( 17): 

According to  the procedure described for the compound ( 1  4) and start ing from 8 (2.1 1 

g, 10 mmol), the compound (17) was obtained as a crysta l l ine product a f ter  

recrystal l ization from water (80 %, 1.97 g): mp>230 'C; ir vmax (KBr) cm-1: 3550- 

3530(NH), 3300-3000(0H), 1690(C=0 acid); uv hmax (H20) nm: 486(log ~ 3 . 8 7 ) ,  

29 1 (3.79), 233(4.36); uv hmax (H20, HCI) nm: 402(lOg E 3.22), 265(3.22), 2 14(3.79); uv 

h a x  (H20, NaOH) nm: 41 4(log E 3.82), 262(3.72), 2 12(4.57); 1 H nmr and 1 3 ~  nmr see 

theoretical part; ms m/z (rel. int.): 21 1 (M+, 6.191, 167(65.55), 120( 100). Anal. Calcd 

for C7H7N304: C, 42.64; H, 3.57; N, 2 1.3 I .  Found: C, 42.78; H, 3.74; N, 2 1.92. 

N-(3-Nitro-2-pyridy1)-a-alanine( 18): 

According t o  the procedure described for the compound ( 1  4) and start ing from g(2.5 g, 

I 0  mmol), the compound ( 1 8 )  was obtained as a crysta l l ine product a f ter  

recrystal l ization from water (78 %, 1.65 g): rnp 128- 130'C; ir vmax (KBr) cm-I :  3550- 

3535(NH),3300-2895(0H), 1 695(CZ0); UV Xmax (H20) nm: 41 6(log E 3.52). 245(3.52), 

231(4.04); uv h a x  (H20, HCI) nm: 359(log E 3.42), 245(3.52), 209(3.90); uv Amax (H20, 

NaOH) nrn: 401(log &4.09), 268(3.93), 21 l(4.59); l H  nrnr and 1 3 ~  nmr: see theoretical 

part; ms m/z  (rel. int.): 197(Mt, not observed), 179(2 1.951, 150(44.12), 123(71.0), 

77(48.09), 139(47.44), 93( 15.65), 66( 100). Anal. Calcd for  CgHgN304: C, 45.50; H, 

4.30; N, 19.90. Found: C, 45.24; H, 4.34; N, 19.67. 

M5-Nitro-2-pyrldy1)-a-alanine ( 1  6): 

According t o  the procedure described for the compound ( 1  4) and start ing from l2(2.25 
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g, 10 mmol), the Compound ( 1 6 )  was obtained as a c r y s t a l l i n e  product a f te r  

rec rys ta l l i za t i on  from wa te r  (81 %, 1.71 g): mp 166-168 'c; ir vmax (KBr) cm-1: 

3300(NH arnine), 3100-3000(OH), 1700(C=O); uv l m a x  (H20) nm: 370(log ~ 2 . 9 2 ) .  

232(2.69), 1 gO(3.66); uv l m a x  (H20, HCl) nm: 3 13(log E 3.95), 2 13(3.82), 1 ga(4.47); uv 

l m a x  (H20, NaOH) nm: 370(log E 4.5). 21 l(4.58); IH nmr and 1 3 ~  nmr see theoretical 

part;  ms m/z  (rel.  int.): 2 I l (PI'., 8.84), 160( 1001, 1 19(62.20), 78( 18.29). Anal. Calcd 

for  C8HgN304: C, 45.50; H, 4.30; N, 19.90. Found:C, 45.22; H, 4.1 3; N, 19.59 
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