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Abstract- The Diels-Alder reaction of 4-methyl-1,2,3- 

triazine with several aldehyde enamines was carried out 

to afford 2,s-disubstituted pyridines. As an application 

of this method, we accomplished the synthesis of alkaloid, 

fusaric acid. 

We have reported Diels-Alder reaction of 1,2,3-triazine with enamine for 

constructing pyridine rin9.l This time, as an expansion of these works, 

we report the results obtained by the treatment of 4-methyl-1,2,3-triazine 

with aldehyde enamines. In addition, we describe the synthesis of alkaloid 

fusaric acid by the application of this result. 



1596 HETEROCYCLES, Vol. 38, No. 7,1994 

The mixture of 4-methyl-1,2,3-triazine (1) and phenylpropionaldehyde enamine 

(3) in dry CHC13 was heated in a sealed glass tube at 90' for 2 h to give 5- 

benzyl-2-methylpyridine ( 4 )  in 1-2% yields. In contrast to this, when Lewis 

acids were present under the same reaction conditions, the yield of the 

preparation of 5-benzyl-2-methylpyridine ( 4 )  became better. The yields of 

the pyridine ( 4 )  in the presence of some Lewis acids are summarized in Table 

I. 

Table I The Yields of the Pre~arations of 5-Benzvl-2-methvlpyridine (4) 

I 

*' Nafion NRSO(beads) purchased from Aldrich 
*' No experience 

Yield (%) 

ZnBr2 A1Cl3 BF3. etherate T i C b  nation*' 

0.1 eq. 

1 eq. 

1.5 eq. 

We also ran the reaction in several other aldehyde enamines, and the results 

in the presence of Lewis acids are summerized in Table 11. The reaction of 

triazine with aldehyde enamines in the presence of znBr2 resulted in the 

formation of pyridines in the best yield. Treatment of 1,2,3-triazine (12) 

with hexaldehyde enamine (11) by the same method gave 3-butylpyridine (13) 

23.0 13.5 14.6 25.0 (0.25eq.) 20.0 

40.0 trace 28.1 13.4 17.0 

- *L 43.2 30.0 - - 
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Table I1 The Yeilds of Pyridines from Aldehyde Enamines with Triazine 

~ ~ r i d i n e  
Yield (%) 

ZnBr2 
* 

MC13 BF3- etherate TiCb nafion - 
R= 

CH3(CH2)2 
(5)  

(1.5eq.j (O.lei.) (M.) (0.25eq.) (O.3eq.) 

36.4 0 11.7 0 trace 0 

CH3(CH2)5 
(6) 

CH3(CH2)10 
(7) 

37.0 trace 11.0 5.0 27.0 0 

55.0 trace 3.0 5.5 15.0 0 

C6H5 
(8) 

C6H5CH2 
(4 )  

On the basis of the above results, we carried out the synthesis of alkaloid, 

fusaric acid.2 Diels-Alder reaction of the pyrrolidine enamine (11) of 

hexaldehyde (10) with 4-methyltriazine (I) in dry CHC13 in the presence of 

ZnBr2 (1.5 eq.) at 90' gave 5-butyl-2-methylpyridine (14) in 52.3% yield. 

Oxidation of the methyl group of the pyridine (14) with selenium oxide3 

afforded fusaric acid (15) in 40% yield, and its spectroscopic data showed 

good agreement with those described in the literat~re.~ 

77.6 48.7 37.5 18.1 6.0 16.6 

43.2 13.5 28.0 25.0 19.8 trace 

C6H5CH2CH2 
(9)  32.0 5.0 trace trace 12.0 0 

* No catalyst 
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cH3(cH2)3 0 c H 3 ( c H 2 ) 3 n  
I -  ___) 

CH3 COOH 
11 1 4  1 5  

EXPERIMENTAL 

l ~ - ~ m r  s p e c t r a  were de te rmined  i n  C D C ~ ~  w i th  MeqSi a s  t h e  i n t e r n a l  r e f e r e n c e  

on a NEVA NV-21 i n s t r u m e n t .  Mass s p e c t r a  were r eco rded  on a  JEOL JMS-OlSG . . 
spec t rome te r .  Ir s p e c t r a  were measured on a  H i t a c h i  270-30 spec t ropho to -  

mete r .  P r e p a r a t i v e  t h i n  l a y e r  chromatography was c a r r i e d  o u t  on K i e s e l  g e l  

60F254 (Merck) w i th  a p p r o p r i a t e  s o l v e n t s .  

Gene ra l  method f o r  t h e  D i e l s  Alder  r e a c t i o n  o f  1 . 2 . 3  - - t r i a z i n e  w i t h  e namines: 
, . 

A mix tu r e  of  f r e s h l y  p r e p a r e d  enamine ( 1 . 3  e q . )  and 1 , 2 , 3 - t r i a z i n e  (95  mg, 1 

mmol) i n  d r y  CHCl3 . ( Z  m l )  was h e a t e d  i n  a  s e a l e d  g l a s s  t u b e  a t  90° f o r  2  h  

i n  t h e  p r e sence  of  Lewis a c i d .  The s o l v e n t  was e v a p o r a t e d  i n  vacuo, and t h e  
. .. 

r e s i d u e  was chromatographed ove r  s i l i c a  g e l  u s i n g  C6H6 and CHC13 a s  t h e  

J l u e n t .  The c r u d e  p roduc t  was p u r i f i e d  by p r e p a r a t i v e  t h i n  l a y e r  chromato- 

graphy on s i l i c a  g e l  (CHC13:MeOH=40:1) t o  g i v e  t h e  co r r e spond ing  p y r i d i n e  a s  

an o i l .  

CHa3d : 1610, 1580, 1570.  N m r  6: 1r " m m  

2.50(3H, s ,  ~ i i 3 . f ~  3.94 (2H, s,  CH2), 7 .07 ( l H ,  d, J=8 H z ,  3-H), 7.12-7.32 

(SH, m ) ,  7 . 3 6  ( l H ,  dd, J=2 and 8 Hz, 4-HI, 8 .38  ( l H ,  d, d=2 Hz, 6-H). 

Ms &: 183.1045 M c a l c d  f o r  C13H13N, 183.1046)  . 
Ma3m-': 1620. N m r  6: 0 . 9 6  (3H. t, J=6 Ir " m a  

Hz, C H ~ ) ,  1 .16-1:88 ( Z H ,  m, C H Z ) ,  2 .57 (3H. s ,  2-CH3), 2 .59  ( Z H ,  t ,  11-6 Hz, 

C H z ) ,  7 .12  ( l H ,  d ,  J=8 Hz, 3-H), 7 . 4 3  ( l H ,  dd, J=2 and 8 Hz, 4-H), 8 . 38  ( l H ,  

d, J=2 Hz, 6-H). Ns &: 135.1040 (M+, c a l c d  f o r  CgH13N, 135 .1047) .  

W x v l  2  m e t h v l D v r ~ d m e  (6 )  - - . . CHa3cm-' : 1610, 1570.  N m r  6: 0 .82 (3H, 1r " m m  

t, J=6 Hz, CH3), 1.02-1.74 (8H, m, CH2X4), 2 . 18  (2H, t ,  J=6 Hz, CH2), 2.46 
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(3H, s, 2-CH3), 7.02 (lH, d, J=8 Hz, 3-H), 7.34 (lH, dd, J=2 and 8 Hz, 4-H), 

8.26 (lH, d, J=2 Hz, 6-H). Ms d z :  177.1518 (M+, calcd for C12H19N, 

177,1517) . 
CHq&' : 1610, 1570. Nmr 8: 0.88 (3H, Ir vmax 

t, J=7 Hz, CH3), 1.15-1.86 (18H, m, CH2X9), 2.52 (3H, s, 2-CH3), 2.60 (2H, 

t, J-7 HZ, CHZ), 7.06 (lH, d, J=8 HZ, 3-H), 7.38 (lH, d, J=8 Hz, 4-H), 8.32 

(lH, s, 6-H) . Ms h: 247.2307 (M+, calcd for C17H2gN, 247.2299). 

EMsthvl 5 - - , . Ir " E F c m . '  : 1610, 1580. Nmr 8: 2.61 (3H, 

s, CH31, 7.24 (lH, d, J=8 Hz, 3-H), 7.32-7.62 (5H, m), 7.78 (lH, dd, J=2.5 

and 8 Hz, 4-H), 8.74 (lH, d, J=2.5 Hz, 6-H). Ms &: 169.0893 (M+, calcd 

for C12H11N, 169.0891). 

p Ir "max CHqcm-': 1610, 1570, 1500. Nmr 8: 

2.45 (3H, S, CH31, 2.88 (4H, s, CH2X2), 7.08 (lH, d, J=8 Hz, 3-H), 7.10-7.32 

(5H, m), 7.36 (lH, dd, J=2 and 8 Hz, 4-HI, 8.32 (lH, d, J=2 Hz, 6-H) . Ms 

h: 197.1215 (M+, calcd for C14H15NI 197.1204). 

Ir v z F c m - '  : 1575. Nmr 8: 0.93 (3H, t, J=8 Hz, 

CH3), 1.30-1.72 (4H, m, CH2X2), 2.61 (2H, t, J=8 Hz, CH2), 7.21 (lH, dd, J=5 

and 8 Hz, 5-HI, 7.50 (lH, dd, J=2 and 8 Hz, 4-H), 8.43 (lH, d, J=2 and 5 Hz, 

6-H), 8.45 (lH, brs, 2-H) . Ms mLz: 135.1059 (M+, calcd for CgH13N, 

135.1047) . 
- - - : 1604, 1570. Nmr 6: 0.92 (3H, 1r " m n  

t, J=7.5 HZ, CH3), 1.33-1.70 (4H, m, CH2X2), 2.51 (3H, s, 2-CH3), 2.53 (2H, 

t, J=7.5 HZ, CH2), 7.06 (lH, d, J=8 Hz, 3-H), 7.41 (lH, dd, J=2 and 8 Hz, 4- 

H), 8.32 (lH, d, J=2 Hz, 6-H). Ms &: 149.1212 (M+, calcd for C ~ O H ~ ~ N ,  

149.1204) . 
A suspension of 5-butyl-2-methylpyridine (14) (40 mg, 

0.27 mmol) and selenium oxide (60 mg, 0.54 mmol) in pyridine (1 ml) was 

refluxed for 10 h with stirring. After it was filtered, the filtrate was 

washed with hot water and concentrated under reduced pressure. The residue 
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was extracted with CHC13. The CHC13 solution was washed with water, dried 

over, and evaporated to dryness to give the crude acid. The crude product 

was separated by preparative thin layer chromatography (CHC13:MeOH=25:1) to 

give fusaric acid. Yield: 19.5 mg (40%). mp 101-103° (MeOH) (lit.,2: mp 

102.5-103. S o )  . 
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