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The preparation of several 3-alkyl~5~aryl~2(l~)pyrazinanrs is 

described. The regiochemical outcome of che condensation reacrion between 

amino acid aloides and phenylglyonvl is discussed and an alternative, mare 

efficient rouce  is reported, involving ringclosure of o-oxo-i-(2~ 

onocrhyljcarboxamides. 

During the course of a incdicinal chemistry project1 we required significant quantities of a 

number of 3~alkyl~5~aryl-2(1H)-pyrazinanes (1). In this paper we wish to describe a new 

route to this class of compaunds, involving ring-closure o f  dikero amides (7) wirh ammonium 

acetate (Scheme 2 ) ,  and to indicate its advantages aver the previous synthesis of 2(1H)- 

pyrazinones with this substitution pattern. 

Of the known routes2 to 2(1H)~pyrarinones, only the condensation of amino acid amides with 

glyonvls appeared readily applicable to the required disposition of s u b s t i c u e n t - ~ . ~ ~ ~  It 

has been reported, bafh for alkyl-3~5 and arylglyonals,3~6 that this process gives mainly 

3.5~disubscitufed 2(1H)-pyracinones, together with lesser amounts of the 3.6-disubstitufed 

isomers, which in same instances have proved difficult t o  separate. We applied chis method 

10 t h e  synthesis of several 3-alkyl5phenyl-Z(lii)-pyrazinones as summarised in Scheme 1. 

Reaction of amino acid amides (2a-d) wirh phenylglyo~al under b a s i c  conditions4 in aqueous 

methanol ac 4 0 ° C  gave modest yields of 3,5-disubstiruted compounds 3a-d. In the 
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preparation 3a-c, examination of rho 1 ~ -  and 13c-mr spectra of the crude products 

indicated the presence of less than 10% of the unwanted regioisomers ( h a - c ) ,  which could 

be removed during recrystallisation. 

r or our chemical i c  was important to establish unambiguously that the 

major products corresponded to the 3.5-disubscirurion pattern. By analogy w i d ,  earlier 

w ~ r k . ~ . ~  the regiochemi~try o f  3a-d was assigned initially on the basis of the values of 

che carbon to proton coupling constants observed for the C2 carbon atom in the I3C-nmr 

TWO ~oupling ~ ~ n t a n t s  were apparent with values typically in the ranges 2 - 3  Hz 

and 5-6 H z ,  these beins assigned respectively to coupling with the adjacent CH2 protons of 

the 3-alkyl substiruerit and the mera H6 proton This interpretation is in agreement with 

data reported previously7 for 3.5-dimerhyl-2(1H)-pyr~~iiinn. As mentioned below in 

relarion to 4d, the magnitude of the  coupling between C2 and H6 contrasts with a 

typical value of less than 2 Hz for the analogous --coupling of C2 to H5 in 3 . 6 -  

disubs~ifured~2(1~)-pyr~rinones.~ An X ~ r a y  crystal scrucrure determination9 o n  3a 

confirmed ~nequivocally the assigned regiochernisrry. 

In the case of preparation of 3d. the crude product contained 25% of the unwanted isomer 

(4d). which could only be removed by a tedious chramaroeraphic separation In accord with 

previous data for 3,h-dimerhyl2(1H)-pyrizinone.7 in the 1 3 ~-nmr spectrum o f  the 3.6- 

disubstitured isomer (4d) the signal due to C2 showed essentially no m - c o u p l i n g  to the 

H5 proton. 

since we required large amounts of pyrazinone (3d) for our medicinal chemistry pr0gramme.l 

we developed an efficient regiospecific synthesis of 3.5-disubsfiruted Z(1Li)-pyrazinones as 

ourlined in scheme 2. Carbadiimide mediated coupling of sod?- 4~merhyl~2~oxopenfanoate 

(5b) with 2-aminoacetophenone hydrochloride (ha) in dichloromerhane in the presence of E~ 

I ~ y d r ~ ~ ~ b ~ ~ ~ ~ t r i a z o l e  gave cleanly the intermediate dikero amide ( 7 b )  As both 5b and ha 

have low solubility in dichlorornethane it was important to powder both reagents in order to 

obcain complete conversion. Wichout purification 7b was rreared with ammoniwn acetate in 

refluxing ethanol to give 3d in 67% overall yield from starring 5b and 6u. Pyrazinone (3u) 

was obtained similarly, and the method was also extended t o  preparation of S~heieronryl- 

2(ljl)-pyrazinones, as illuscrated by the synthesis of 3e from 3-(aminaacety1)pyridine 



dihydrochlarido.10 In view of the ready of arninoacsfyl heter~cyrles'~ from 

che corresponding acefyl compounds by Neber rearrangement of rhr derived oxiine tosylatcs, 

thin procedure is of pacenrially general applicability for the synthesis of S~hetrroaryl- 

2(ljl)-pyrarinones. 

~s a m~rhod oi ring synthesis, this process is relored co a previausl2.1' formation of 

pyruzinones, involving acylarion of a-amino ketones wirh o-bromaaceryl br~nxides followed by 

cyclisacion with arnmonia and b siru oxidation. Compared with this earlier synrhrsis. the 

ring-closure described here has the advancage of much higher yields due ro  formation 01 the 

pyrrzine ring directly at the required oxidation level. In addition. coupling of the 

starting kero acids and amino ketones as salts avoids the self-condensacion of f ree  

amino ketones, which proved problematic in the earlier work. 

EXPERIMENTAL 

All operations were carried out a t  ambient iernperatures unless otherwise stated. All 

evaporations were done a t  below 50°C using a Buchi rotary evaporator. Flash chromatography 

was performed on silica gel (Merck Kieselgel: Art. 9385). Yelring points were taken on a 

Buchi apparatus using glass capillary ruhes m d  are uncorrected, IH- and I3c-mr spectra 

were recorded on Bruker W200. 'XM250 or 'WM400 instruments and are reported u s  6 values ppm 

relative i o  Me@i as an infernal standard. Electron impact mass spec t r a  were recorded an a 

VG 1 2 ~12 Quadrapole or a VG 70-250 SE specironeier. 

5-Phenyl-3-(2-propenyl)-2(111)-pyrazinone (3a) 12.5 M Sodiuun hydroxide solution (4.8 ml, 

60.0 mmol) was added to a stirred solution of phenylglyoxal monohydrare (9.1 g, 60.0 mol) 

and allylglycinamidelh (6.8 g ,  60.0 mmol) in methanol (150 ml) at -40°C under Ar. The 

solution was kept a t  -40°C Car 2 h ,  warmed t o  ambient temperature avpr  0.5 h and left to 

stand for 1 h. Water (600 ml) was added and the mixture was extracted wirh ether ( 2  n 300 

ml). The aqueous phase was cooled to 0% and acidified t o  pH 5 wirh conc. hydrochloric 

acid. The precipitated solid was collected and recrysralliied from iliethanol co give 3a 

(4.6 g, 36%). as pale yellow needles. ~mp 168~169°C; lli nmr (CDC13). 3.7 (d, 1 = 6.711~. 

2H). 5 . 2 ~ 5 3 5  (complex m ,  ZH), 6 . 1 5 ~ 6 4  (complex m. 1H). 7 . 3 ~ 7 5  (complex 8 " .  3H). 7.6 ( s .  

1~). 7 5 - 7 9  ( m ,  2H); 1 3 ~  ninr (CDCI~): 37.3 (cH~), 117.0 (cH~-c). 122.1 (pyrazine c ~ .  i C ~  

= 181.2 Hz), 124.6 (phenyl COrth,,). 127.3 (phenyl Cpara), 128 7 (phenyl Cmefa), 130.9 
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(pyrazine Cg, &H - 3.9 Hz), 134.1 (CH-C) , 136.1 (phenyl Cips0), 154.9 (pyrazine C2, - 
2.6, 5.2 Hz), 156.7 (pyrazine C3, JCH - 7.3 Hz); ms m/z: 212 (N+li)t, 183, 158; Anal. Calcd 

far C13H12N20: C, 73.58; H ,  5.66; N, 13.21. Found: C, 73.84: H, 5.92; N, 13.16. 

Compounds (3b.c) were obtained by a similar procedure: 

5-Phenyl-3-propyl-2(1H)-pyrazinone (3h) (from phenylglyoxal monohydrate and norvalinamide): 

yield 30%: mp 187-lSS°C (from methanol); IH nmr ((CD3)2S0) : 1.0 (r, .! - 67Hz. 3H). 16-1.9 
( m ,  2H). 2.7 (t, J - 67Hr. ZH), 7 . 2 ~ 7 5  (complex m ,  3H). 7 5 - 7 9  (complex m, 3H) ; 13c mr 

((CD3)2S0): pyrazine Cp 154.7 (JCH - 2.2, 5.8 Hz); A n a l .  Calcd for C13H14N20: C, 72.90; H, 

6.54: N, 13.08. Found: C, 73.07; H, 6.61; N. 13.10. 

3-(2-Herhylthioethyl)5-phenyl-2(1H)-pyrazinone (3c) (from phenylglyoxal rnonohydruce and 

merhioninarnide): yield 41%; mp 174-176°C (from methanol); 1~ nmr ((CD3)>SO): 2.1 ( 5 ,  3H). 

2.8-3.1 (complex m,  411, 7.25-7.55 (complex m,  311). 7 8 ~ 7 . 9  (complex m, 3H); 13C mr 

((CD3)2S0): pyrazine C2 154.9 (JCH = 2.0. 6.1 Hz); Anal. Cvlcd for C13H14N20S: C, 63.41; H 

5.69; N, 11.38; S, 13.01. Found: C, 63.414; H, 5.74; N ,  11.14; S. 12.96. 

3-(2-Nerhylpropyl)-5-phenyl-2(1H)-pyrazinone (3d) A solution of l,3-dicyclot~exylcarbo- 

diimide (157.0 g .  0.76 mol) in dichloromethane (200 ml) was added dropwise over 2 h to an 

efficiently stirred mixture of powdered sodium 4 - m e t h y l ~ 2 - o x o p e n t a n o a r e  (115.5 g, 0.76 

mol). Z~aminoacetophenone hydrochloride (130.4 g. 0.76 mol), and I-hydroxybenzotriazole 

hydrare (1030 g, 0.76 mol) in dichloromethane (1 1). The mixture was stirred overnight 

and the irrsoluble dicyclohexylurea was removed by filtration. The filtrate was 

concentrated ra a volume of 500 ml. After further filtration, the filtrate was washed with 

saturated sodium hydrogen carbonate solution (500 ml), water (500 ml) and saturated sadirun 

chloride solucion (500 ml). The organic phase was dried (MgS04) and evaporated to give the 

intermediate l - n e t i y l - 2 - a x o - N - ( 2 - o x o 2 - p h e n y l e t h y l ) p e i d  (7b) (183.6 g), as a foam 

which was used without purificafion; IH nmr (CDC13): 1.0 (d, 6H), 2 1 ~ 2 . 3  (m ,  l H ) ,  2.8 (d, 

2H). 6.75 (d, 2H). 7 4 7 . 1  (complex m ,  3H1, 7 8 - 7 5  (br 5 .  113). 7.95-8.05 (m, 2H) The 

crude product was dissolved in ethanol (1.2 1) and heated under reflux with ammonium 

acetate  (183.6 g. 2.38 mol) far 3.5 h. After standing overnight the resulting preripicate 

was filtered off LO give 3d (115.8 g, 67%). as pale yellow needles. mp 205-201°C; 'H mr 



(CDC13): 1.1 (d. J = 6.7Hz, 6 H ,  2.3-2.5 (m,  lli), 2.8 (d. J - 6.7Hr. 2H), 7.3-7.5 (complex 

0 .  311). 7.8-7.9 ( m ,  2H); 13C nmr (CDC13): pyrazine C2 157.4 (JCH - 2.5, 5.7 Hz); rns m/z 

228 (M+H)+, 186, 77; Anal. Calcd for C14H16N20: C, 73.68; H, 7.02; N, 12.28. Found: C ,  

73.33: H. 7 1 8 :  N, 12.22. 

Compounds (3b.c) were obtained using n similar procedure: 

3b (from sodium 2-oxopentanoafr and Z~aminoacetophenone hydrochloride, & 7a): yield 

70%; 

3-Propyl-5-(pyridin-3-y1)-2(lH)pyrazinone (3e) (from sodium 2-oxopenranoare and 3- 

(aminoucety1)pyridine dihydrochloride,1° wich addition of 1 equiv. of rrierhylamine in the 

initial acylation s t e p  t o  form 7c): yield 53%: mp 193-195 OC (from ethanol); Ill nmr 

((CDj)2SO): 1.0 (t, I! = 6 7 H z .  3H), 1 . 6 ~ 1 8  (m, 2H), 2.7 (t. J - 6.711~. 3H), 7.4 (dd. J - 
4.0. 80Hz. lH), 8.0 (1, 1H). 8.2 (dt, IH), 8.45 (dd. J - 2.0. iiOHz, IH), 9.1 (d, J - 
20Hz. lH); A n a l .  Calcd for C12H13N30: C .  66.98; H ,  6.05; N ,  19.53. Found C, 66.60; H. 

6.21; N, 19.39. 

3(2-Methylpropyl)-6-pheny1-2(111)-pyrazinone (4d) Phenylglyoxal monohydrate (15.2 g, 0.1 

moll was condensed wirh leucinamide (13.0 g, 0.1 mol) using the procedure described far 

the preparation of 3a. The crude product was purified by Clash chromatography, elucing 

with rchyl acerare/hexane an n gradient from 1:1 v/v to 9:1 v/v, co give initially 4d (2.3 

g ,  lo%), as pale yellow needles. mp 166-167°C (from methanol); 'H nmr (CDCl?): 1.0 (d, J - 
6.7Hz, 6H), 2 2 ~ 2 . 4  (m, lH), 2.75 (d, J - 6.7Hz. 2H), 7 . 4 ~ 7 6  (complex m, 3H). 7.7 ( s ,  

lH), 7.8-7.9 (m .  2H) ; nmr (CDC13): aromatic carbon signals at 121.7 (pyrazine C5, JCH 

= 185.2 Hz), 126.5 (phenyl Corthu), 129.0 (phenyl Cmet,), 130.0 (phenyl Cpara), 130.9 

(pyrazine C6. JCH nor determined). 136.5 (phenyl Cip,,), 157.9 (pyrazine C3, JCH not 

determined) 158.1 (pylazine C2, kH - 2.9 Hz): Anal. Calcd for C141116N20: C, 73.68: H, 

7.02; N. 12.28. Found: C. 7h.01; H ,  7.28; N 12.14, Furche r  elution of the rhromacography 

column gave 3d (8.1 g ,  36%) 

We thank 0 .  Wright for assistance with inrcrprecacion of nmr data, and N .  HcParflin 

(The Polytechnic of North London) for performing the X-ray analysis. 
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