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Abstract - In contrast with the reaction of a-aminonitriles la, the corres- 
oondina N-acvlated a-aminonitriles lb-f and oxalvl chloride ?io not vield 
pyraziioiie derivatives, but 5-aminooxazoles 9-ll-or 4(5H)-imidazolones 12. 
the latter being converted in some cases intcfiidazo IF,l-alisoquinoliii& 
2,5,6(3H)-triones. Reactions of compounds lb-f and ethyl clilorooxoacetate 
provide evidence for a 5(4H)-iminooxazole iFitermediate 7, which aromatizes 
to yield 5-aminooxazoles Fll; however, unaromatizable intermediates of 
type 7 - isolable as 5(4Q-Tijlazolones 13 after hydrolysis - undergo a cata- 
lyzeci-Dimroth-type rearrangement to give imidazolone derivatives 12. 

t+Alkyl or l-aryl substituted a-aminonitriles of type ia (RL and/or RJ= H) react with oxalY1 

chloride to form 2(1H)-pyrazinones la (Scheme 1). This cyclization has been proposed to occur 

through an attack of the nitrile function - transformed into an imidoyl chloride or the taUtOmeriC 

a-chloroenamine - on the intermediate oxamoyl chloride.' The resulting 2,3-pyrazinedione is then 

converted into a compound of type 2a by chlorination of the CONH-group with excess of oxalyl chlo- - 
ride. 

With compounds Ia (S2 and R3# H) cyclization only occurred in soecial conditions and DiDeraZine- 

2,3,5-triones ;a could be isolated.2 (Scheme 1) 

Continuing our work on this synthetic pathway towards pyrazine derivatives, we performed reac- 

tions with N-acylated a-aminonitriles lb-f to see whether N-acylated compounds of type 2b-d or - - - - 
Ae-f could be formed. Taking into account the results3 from the reaction of appropriate benzamides 

and oxalyl chloride one could also expect the formation of isoquinoline-diones or -triones of type 

4 or 4' - -* 
The spectral data of the products obtained on treatment of Lb-d with oxalyl chloride in o-di- - 

chlorobenzene (OOCB) at 65' and 120°, followed by work-up with water or ethanol, showed clearly 

that neither the pyrazine nor the isoquinoline skeleton was formed. According to the 13C NHR and 

IR spectra of the isolated compounds 9-11 (Scheme 2). the nitrile function and the original amide -- 
group had disappeared. Their involvement in another heterocyclic skeleton - an oxazole - was pre- 

sumed on the basis of a 13 C NMR absorption around 6 = 158 opm, as is found for C-2 of oxazoles.4 

The mass soectra of the reaction products 9-1lc.d had a main fragment with m/z = 135 (100%). cor- -- 
+ 

responding to [ m-MeOC6H4CO] . 
ted oxazoles.5 - ’ 

This is in agreement with the mass spectral behaviour of 2-substitu- 

Final proof of the structure was obtained by treatment of 2-phenyl-5-aminooxazole 6a 

with ethyl chlorooxoacetate, yielding compound lob. 
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Scheme 1. 
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The formation of Z(lH)-pyrazinone skeleton 1 through an oxamoyl derivative 6, which is normally 

formed from the (J-acylated intermediate 2,' obviously does not occur. This is probably due to an 

easy ring closure via the amide and the nitrile function. The reaction may oroceed directly from 

compound Lb-d in a comparable way as proposed by Fleury 
6b 

for the proton catalysed conversion of 

N-acylated a-aminonitriles. - However, HCl addition on the nitrile function of 2 followed by a rapid 

attack of the imino-group on the oxalate function and concomitant ring closure on the imidoyl car- 

bon atom is an alternative pathway. The acylated 5(4H)-iminooxazole 7 then readily undergoes aro- - - 
matization to yield compounds of type 8, which are isolated as g (after aqueous work-uo) or 10 and - - 
11 (after ethanolic work-up). 

Although Poupaert' mentioned the formation of a 5(4!)-iminooxazole derivative, on treatment of a 

N-acylated a-aminonitrile of type le-f with hydrochloric acid at 0". the reaction of ie with oxalyl 

chloride at 120' yielded another cyclic product. Ethanolic or aqueous work-up of the reaction mix- 

ture yielded a product with a m/z-value of 260 for M+ , excluding the expected structure 13e. Main - 

fragments in the mass spectrum had a m/z-value of 117 and 104, corresponding to PhCN+ and PhCNH+. 

The 'H NMR spectrum with a broad D20-exchangeable NH absorption at 6 = 10.9 ppm and the 13C NMR 

absorptions at 6 = 158.8 ppm and 188.3 ppm are in agreement with the 4(5H)-imidazolone structure - 
12e. - A tautomeric structure containing the N=C-NHCO fragment is rejected 

NMR absorptions which are consistent' with a C=N-C=O fragment. 

3 
R.R =3-MeOC6H4 

R2 -Me 
fia.b 

16 a,b - 

Scheme 3. 

on the basis of the 13C 

R-CSHS, 
2 

R =Me 

3 
R =3-MeOC6HL 

17a.b 
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Treatment of compound if with oxalyl chloride gave two isomeric products, presumed to have 

structures 14a (main product) and 14b. Their l3 C - - NMR and IR spectra showed the absence of a ni- 

trile function; the absorptions at 6 = 170.9 ppm and 188.9 ppm in the 

fragment' in an imidazole ring. 

13C NMR pointed to a C=N-C=O 

The 'H NMR spectra were in agreement with cyclization to an aroma- 

tic ring. Considering that appropriate benzamides and oxalyl chloride afforded isoquinoline deri- 

vatives, 
3 
other isomeric structures (15-17)‘were taken into account (scheme 3). They could be ob- -- 

tained by a ring closure of the acid chloride function of a 5(4lJ-iminooxazole of type 1 (yielding 

11) or of an acylated 4(5H)-imidazolone to yield one of the compounds 14-16 - _-* 
Structures 2 and 17 were considered to be less probable as cyclized products of this type were 

not formed in the reaction with le. They were definitely eliminated due to the results obtained 

from treatment of 14a with HN03. - This yielded a new compound 18, formed by dinitration of one aro- 

matic ring. The molecular ion (m/z = 454) in the mass spectrum of the dinitrated product was un- 

stable and split into two fragments : m/z = 230 (7%) and m/z = 224 (100%). The fragment m/z = 230 

was also found for compound ?a, together with a fragment of m/z = 160 probably due to the loss of 

CO and NC0 from 230. 

Me0 Me0 -co CN 

I m/z:230 _N 
=- 

8 
co 

m/z=160 

8 OH 

CD 
R3-C=kH 

m/z=132 (&a) 
m/z=224 (12) 

Scheme 4. Mass spectra, fragmentations from Ea (R3 
3 

= 3-MeOC6H4) and its dinitrated analogue 18 

(R = 3-MeO-C6H2(N02)2) 

The ion with m/z = 224 (100%) is the dinitrated analogue of the fragment with m/z = 132, found 

in the mass spectrun ofga and probably originating from fragmentations shown in scheme 4. These 

results pointed out that the aromatic ring, which is a part of the isoquinoline skeleton, was not 

attacked by nitric acid. This behaviour could be expected for structures of type 14 or 15, but - 

not for structures as 16 or 17. In the latter both aromatic nuclei are similarly desactivated, -- 
but in the former structures the exocyclic aromatic ring R3 is more activated than the isoquinoli- 

ne nucleus. Further evidence on the structure of ?a was obtained by treatment with NaBH4 in 

methanol13 or Pd/C,H2. Depending on the structure of the compound (14a or ga) the reaction pro- - 
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duct should have the structure 19 or 20 (Scheme 5). which could be differentiated by the presence -- 

or absence of a CONH-group. However, the mass spectrum of the reaction product indicated the up- 

take of one equivalent of hydrogen and the loss of CO. 

The disappearance of 
13 
C NMR absorptions at 6 = 170.9 ppm and at 6 = 151.2 ppm pointed to re- 

duction of the C=N-group and loss of a carbonyl function from the isoquinoline skeleton. An aro- 

matic proton with a chemical shift of 7.85 ppm, acceptable for an isoindole skeleton, was observed 

in the 'H NMR spectrum, which showed also a Cl20 exchangeable proton at 6 = 8.8 ppm. 

I- 

Na BH4 R3 
&a 

McOH 

sa 
NaBI+& 

MeOH) 

B 

2 

3 

I 

T 

“‘“@--J”~g 
0 

22 

R2=Mt. 2. 3-MtOC6HL 

Scheme 5. 

In the mass spectrum of the reduced product an important loss of NHCO from the molecular ion 

(M+-NHCO : m/z = 295 (100%). metastable peak at m/z = 257.5) was found. These data are in agree- 

ment with structure 2J, which was unequivocally established by its synthesis via an independent 

method.12 The result of this reduction reaction shows clearly the formation of the structures 

ga,b in the reaction of Lf and oxalyl chloride. The formation of 21 is assumed to occur through 

intermediate 19, which could lose CO by the path shown (Scheme 5). - 

Further experiments with le,f using various amounts of oxalyl chloride and ethyl chlorooxoace- 

tate threw more light on the reaction paths followed on treatment of compounds 1 with oxalyl chlo- 

ride: 

1. 

2. 

3. 

Using one equivalent of ethyl chlorooxoacetate, the reaction mixture contained only traces of 

the 4(5lj)-imidazolone 12e.f. The main product was a 5(4/J-oxazolone ge,f (vco = 1810 cm-') 

obtained from hydrolysis of the 5(4!)-iminooxazole of type z (Scheme 6) during work-up. The 

mass spectrum of fif showed a molecular ion at m/z = 311, with an important Toss of CO2 (m/z 

267, 47%) and a [m-MeOC6H4CNO]+ fragment (m/z = 149, 60%). 

Reaction of one equivalent of ethyl chlorooxoacetate followed by addition of HCl gas or of two 

equivalents of ethyl chlorooxoacetate, led to the compounds 12e.f. Only traces of Ge,f were 

observed. The same results were obtained when three equivalents of ethyl chlorooxoacetate were 

used. 

Using one equivalent of oxalyl chloride, instead of three equivalents (as usual), &?e,f and 

only traces of Ea and fib (with If) were isolated. Further cyclization into 14 (with If) was - 
only observed on subsequent addition of HCl gas or an excess (1 equivalent) of oxalyl chloride. 

This behaviour is summarized in the reaction paths of scheme 6. 
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Scheme 6. 

Reaction of oxalyl chloride or ethyl chlorooxoacetate with 1 can lead to intermediate 1; the - 
latter isomerizes into 8 when R2 or R3 = H, and the products 9-11 can be isolated (cf scheme 4). -- 
However, with an unaromatizable intermediate of type 1 - isolated as a 5(4!)-oxazolone on hydro- 

lysis - a Dimroth-type rearrangement intoanimidazole derivative 23 is assumed to occur. It is - 
not obvious whether this process takes place via the I)-acylated intermediate 5.HCl and ZCl (=HCl, 

(COC1)2 or EtOOC-COCl)-catalyzed ring closure, or via an ionic pathway. Anyway, compound ge was 

exclusively formed from le with oxalyl chloride as reagent; with one equivalent of ethyl chloro- 

oxoacetate compound Ee was the main product. These results can be accounted for by the easy for- 

mation of compound 5 due to the ring opening of 7 and internal 0-acylation as shown below. How- - - - 
ever, a competitive ionic pathway seems reasonable: indeed, when using the mOre polar solvent ni- 

2 R. ary, , R2. R3#i 

Scheme 7. 
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trobenzene instead of ODCB. a substantially higher amount of 12f was obtained in the reaction oflf - 

with one equivalent of ethyl chlorooxoacetate. A similar rearrangement of 5(4H)-iminooxazoles to - 

4(5!)-imidazolones was observed when &e,f was treated with hydrogen chloride in ODCB. Treatment 

with one equivalent of hydrogen chloride, followed by aqueous work-up, yielded compound ge,f; 

however, use of a continuous stream of hydrogen chloride led to comoounds Ee,f. 

With work-up method B the intermediates 23 or the isomer 24 (X = OEt) could be detected in the - - 
mass spectrum, but isolation of them could not be realized. Intermediate 24 (X = Cl) - obtained 

from 23 on isomerization with excess of oxalyl chloride or hydrochloric acid - is assumed to cy- 

clize and to yield compounds xa,bonly with f,which contains an activated aromatic ring. Prior 

formation of the isoquinoline skeleton via direct cyclization of intermediate 6 does not occur - 

probably due to the more easy pathway into the heterocyclic five membered ring. 

We may conclude that N-acyl-a-aminonitriles and oxalyl derivatives do not produce Z(lH)-pyrazi- - - 
nones as do a-aminonitriles. The reaction proceeds via 5(4H)-iminooxazole intermediates, which - 
can undergo aromatization to yield oxazolones or rearrange to give 4(5H)-imidazolones. On use of - 
an excess of oxalyl chloride imidazo[2,1-al isoquinoline-2,5,6(3H)-triones can be obtained in some - - 
cases. 

EXPERIMENTAL 

All m.ps. are uncorrected. IR spectra were recorded on a Perkin-Elmer 257 spectrophotometer. 
Mass spectra were taken on a AEI-MS-12 apparatus (ionization energy 70 eV) and NMR spectra on a 
Jeol JNM-MH-100 spectrometer at 100 MHz, on a Varian EM-390 at 90 MHz, and a Bruker WM-250 at 250 
MHz. For the I3C NMR spectra a Bruker WP80 spectrometer was used. The chromatographic purifica- 
tions were performed with silica gel from Macherey & Nagel (70-230 mesh) and Merck (230-400 mesh). 
All CHC13 used was stabilised with amylene. 

N-acyl-a-aminonitriles 

The N-acyl-a-aminonitriles resulted from the reaction of an aroyl chloride on a cooled solution 
of a a'bminonitrilel0 according to known procedures.11 The reactions were carried out in CH2C12, 
with pyridine (lb) or triethylamine (lc-f). 

2-Benz mido-ethanenitrile (lb): yield 94%; m.p. 144'; IR (KBr) cm-': 3230 (NH), 2250 (CN), 1640 
(amide); P H NMR 6 (DMSO-d6): 4735 (2H, d, J=5Hz, CH2). 7.30-7.65 (3H. m, H-aryl), 7.95 (2H. dxd, 
J=Bx2Hz, g-H-aryl), 9.20 (lH, broad t, J=5Hz, NHCO). 

2-(m-Methoxybenzamido)-ethanenitrile (1~): yield 91%; m.p. 107"; IR (KBr) cm-': 3260 (NH), 2250 
(CN), 1650 (amide); IH NMR 6 (DMSO-d6): 3782 (3H, s, OMe), 4.30 (2H, d, J=5Hz, CH2), 7.05-7.20 (lH_ 
m, 4'-H-aryl), 7.35-7.52 (3H, m, 2': 5'. 6'-H-aryl), 9.18 (lH, broad t. J=5Hz, NHCO). 

2-(@ethoxybenzamido)-2-phenylethanenitrile (Id): yield 88%; m.p. 117'; IR (KBr) cm-': 3260(NH), 
2240 (CN), 1645 (amide); lH NMR 6 (CDC13): 3.76 (3li, s, OMe), 6.24 (lH, d, J=8Hz. CHCN), 7.00-7.60 
(lOH, m, H-aryl and NHCO). 

2-Benzamido-2-(M-methoxyphen 1)-propanenitrile 
(NH), 2250 (CN), 1650 (amide); i 

(le): yield 91%; m.p. 178'; IR (KBr) cm-‘: 3300 

(7H 
H NMR 6 (DMSO-d6): 7.00 (3H. s, Me), 3.80 (3H, s, OMe), 6.90-7.65 

, m, H-aryl), 7.95 (2H, dxd, o-H of CgHgCO), 9.4 (lH, broad s, NHCO). 
2-(_mMethoxybenzamido)-2-(m-gthoxyphen 1)-propanenitrile 

cm-l: 3250 (NH). 2250 (CN), 1645 (amide); I 
(If); yield 93%; m.p. 11P; IR (KBr) 

H NMR 6 (COC13): 1.8B (3H, s,Me), 3.68 and 3.75 (2x3H. 
2xs, 2xOMe), 6.75-7.30 (8H, m, H-aryl), 7.70 (lH, s, NHCO). 

Reaction of N-acyl-a-aminonitriles with oxalyl chloride 

General method. N-Acyl-a-aminonitrile lb-f (5 mnole) in o-dichlorobenzene (ODCB) 50 ml was 
added to stirred oxaTy1 chloride (15 rmsoler in 50 ml of ODCB-at room temp. 
gradually increased to 65" (lb-d) or 120" (le-f). 

The temperature was 

solution was cooled in an ice bath. With compounds 
When the reaction was complete (2 3 hr). the 

were isolated; method B led to the products 10-11. 
lb-d and using work-up method A, compounds 9 
The same Droducts were obtained when the reac- 

tion was performed with one equiv. (5 mmole)?qCOC1)2 or at 120'. 
Using le-f as starting material and three equiv. (15 mnole) (COC1)2 (120". work-up A or B) 

canpounds 12e (le) and 14a,b (If) were isolated; traces of the N-acylated derivative 23-24 could be 
detected bZ noT isolatz (worl?-up B) due to easy deacylation. -With If and one equivZTex(5mnole) 
of (COC1)2, compound 12f and traces of 14a.b were obtained. 
or HCl gave 14a.b; addition of KC1 and T&crown-6 yielded 

Subsequeiit addition of excess (COC1)2 

Work-up mZhod A : 
12f and traces of 14a.b. 

To the cooled and stirred reaction mEture. 
in water was gradually added. 

100 ml of rO.lM K2CO3 solution 
The mixture was then extracted with 200 ml of CHC13. The organic 

layer was dried (MgS04) and evaporated. 
Work-up method B : 

The residue was chromatographed over silica gel. 
A solution of 50 ml of absolute ethanol in 50 ml of CHC13 was added to the 

cooled and stirred reaction mixture. After 15 min. 200 ml of CHC13 was added and the solution was 
washed consecutively with 100 ml of O.lM K2CO3 and with 100 ml of saturated aqueous NaCl. The 
organic layer was dried (MgS04) and evaporated. 
;dt;gsc51vent systems a(lb) and b (Ic;f). Solvent 

The residue was chrcmatographed over silica gel 
system a is a gradient of CHC13-CH3CN from 99:l 

: . Solvent system b 1s a gradient of CHC13-CH3CN from 99:l to 9:l. 
Ethyl N-(2-phecyloxazol-5-yl)-oxamate (lob): yellowish oil; yield 884 mg (68%); IR (KBr) cm-': 

3290 (NH): 1735-1705 (CO); lH NMR, 4 (CDClg: 1.40 (3H, t, Me), 4.44 (2H. q. OCH2). 7.34-7.40 (4H. 
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m, H-aryl and 4-H), 7.69 (2H, dxd, J=2Hz, o-H-aryl), 9.90 (lH, broad s, NH); 13C NMR, 6 : 13.9 (Me), 
63.9 COCH ), 114.9 (4-C). 125.9 (o-C-aryl); 142.6 (5-C), 152.5 (NHCO), 156.7 (2-C), 159.3 (EtO-CO); 
m/z (%): f 60 (M+, 7), 232 (M+ - CD, 3). 188 and 187 (5-oxazolyl-NH(2)COt, 11 and 14), 186 (5-OXZZO- 
lyl-NCO+, 49), 160 and 159 $5-oxazolyl NH(2)+, 11 and 15), 158 (5-oxazolyl-Nt, 17), 105 (PhCO+, 100). 
104 (PhCNH+, 26). 103 (PhCN , 17). 

Ethyl N-(Z-phenylox~zol-5-yl)-carba~te (lib): Yellowish oil; yield 81 mg (7%); IR (CHC13) cm-': 
3425 (NH); 1710 (CO); H NMR, 6 (CDC13): 1,4r(3H, t, Me), 4.40 (2H, q, OCH ), 7.30-7.40 (4H, m, H- 
aryl and 4-H), 7.90 (2H, dxd, J=8xZHz, o-H-aryl), 9.80 (lH, broad s, NH); m L (%): 232 (M+, 7). 214 3 
(M+ - CO, l), 160 (M+ - C H4 

$ 
- Cop, 84); 105 (PhCO+, 100). 

Ethyl N-f2-(m-methoxyp enyl)-oxazol-5-Ill-oxamate (10~): yellowish oil; yield 943 mg (65%); IR 
(CHCl ) cm- : 3320 (NH), 1745-1700 (CO); H NMR, 6 (CDm3): 1.40 (3H, t, Me), 3 80 (3H, s, OMe), 
4.35 Q2H, q, OCH ) 6.80-7.50 (5H, m, H-aryl and 4-H). 9.85 (lH, broad s, NH); *3C NMR 6 : 13.8 (Me), 
55.3 (OMe), 63.g2{&H2), 110.8-127.8 (4-C, C-aryl), 143.1 (5-C), 155.6 (NHCO), 159.4 (2-C), 159.9 
and 160.3 (COMe , COOEt); m/z (%): 290 (Me, 311, 262 (Mt - CO, 1). 190 and 189 (5-oxazolyl-NH(z)+, 
15 and lo),-188 (5-oxazolyl-Nt, 12), 135 ~~-MeOC6H4CO+, loo), 134 (~-MeOC6H4CNHt, l7), 133 (~-~OC6 
H4CN+, 13). 

Ethyl N-12-(m-methoxyphenyl)-oxazll-5-yl] -carbamate (UC): yellowish oil; yield 131mg (9%); IR 
(CHCl3) ciii- : 3v30 (NH), 1710 (CO); H NMR, 6 (CDC13): 1X0 (3H, t, Me), 3 90 (3H, s, OMe), 4.40 
(2H. q, OCH2), 6.80-7.50 (5H, m, H-aryl and 4-H), 9.70 (lH, broad s, NH); i3C NMR. 6 : 14.0 (Me), 
55.5 (OMe), 64.2 (OCH2). 110.9-130.2 (4-C and C-aryl), 143.2 (5-C). 152.8 (NHCOOEt), 159.6 (2-C). 
160.2 &OMe); m/z (%): 262 (M+, 5), 234 (M+ - CO, 1. metastable peak at 209),-190 (M+ - C2H4 - Cop, 
80), 135 (~-~OC6H4CD+, 100). 

Ethyl N-[Z-(m-~thoxyphenyl)-4-phenyloxazo 
f 
-5-yl]-oxamate (1Od): yellowish oil; yield 1.24 g (68%); 

IR (CHClT) cm-T: 3300 (NH), 1735-1705 (CO); H NMR, 6 (CDC13)~1.35 (3H t, Me), 3.85 (3H, s, DMef, 
4.35 (2H, q, OCH2). 6.90-7.80 (9H, m, H-aryl), 9.00 (IH, broad s, NH); j3C NMR, 6 : 14.3 (Me), 
55.8 (OMe), 64.5 (OCH ), 111.6-130.3 (4-C and CH-aryl). 128.6-133.6 (C-aryl), 135.2 (5-C), 156.1 
(NHCO), 159.1 (2-C), 160.1 and 160.4 CODEt, C-OMe); m/z (%): 366 (M+. 631, 338 (M+ - CO, 2). 266 
and 265 (5-oxazolyl-NH 2)+, 29 and 21), 264 (?i-oxazolyl-Nt, 33), 135 (m-MeOC6H4CD+, loo), 134 
@I-MeOC6H4CNH+, 52), 1 3 5 @-MeOC6H4CN+, 17); exact mass: 366.121 + O.OUI, talc. for C2OHl8N205: 
366.1216. 

Ethyl N-[ 2-(m-methoxyphenyl)-4-phenyloxazol-5-yl]-carbamate (lldl: yetlowish oil; vield 152 mg 
(9%); IR fCHC137 cm-l: 3420 (NH), 1715 (CO); 1~ NMR 6 (CDC13): 1.75 (3H t, Me), 3.80 (3H, s, OMe), 
4.20 (2H, q, OCH2). 6.90-7.80 (9H, m, H-aryl), 9.95 (lH, broad s, NH); i3C NMR, 6 : 14.3 (Me), 55.4 
(OMe), 62.5 (OCHz), 111.2-129.9 (4-C and CH-aryl), 128.5-132.9 (C-aryl), 137.1 (5-C), 154.9 (NHCO), 
158.2 (2-C),159.9 (C-OMe); m/z (%): 338 (M+, 3), 310 (M+ - CO, l), 266 (M+ - C H4 - CO2, 83), 135 
(m-MeOC6H4COt, 100): exact mass: 338.1262 0.001, talc. for ClgHl8N204: 338.12 6. B 

N-(2-~m-Methoxyphenyl)-4-phenyloxazol-5-yl]-carbamic acid (9d): yellowish oil; yield 794 mg (47%); 
1H NMR, 6-(CDC13 

1: 
3.85 (3H, s, OMe), 7.00-7.90 (9H. m, H-arylT, 11.50 (lH, broad s, NH), 14.4 (1H. 

broad s, COOH); 3C NMR, a :55.9 (OMe), 111.5-132.9 (4-C and C-aryl), 136.4 (5-C), 158.2 (2-C), 159.7 
(C-OMe), 160.5 (NHCO). 161.4 (COOH); m/z (X): 338 (M+, 551, 310 (kit - CO, l), 294 (Mf - CO 8), 293 
(M+ - COOH, 6), 292 (S-oxazolyl-NC0 +, 17), 266 and 265 53 and 9), 264 5-oxazolyl- f' 
Nt, 21), 177 (310 - m-MeOC6H4CN. 6), 135 @eOC6H4CO +, loo), 133 (Z-Me 
OC6H4CN+, 57). 

5-(m-Methox phenyl)-5-methyl-2-pheny~-4(5H)-imidazolone (12e): yield 882 mg (63%); m.p. 158O; 
IR (CK13) cm- ! : 3000 (NH), 1730 (CO); H NMR, 6 (CDC13): 1.85 (3H, s. Me), 3.80 (3H, s. OMe), 6.75- 
6.90 (1H, m, 4'-H of 5-aryl), 7.20-7.60 (6H, m, H-aryl), 8.05 (2H, dxd, o-H of 2-phenyl), 10.90 (lH, 
broad s, NH); l3C NMR, 6 : 25.7 (Me), 55.2 (OMe), 73.4 (5-C), 111.9-132.U (CH-ary?), 128.4 (1-C of 
2-phenylf, 141.3 (1-C of 5-aryl , 

nl 
158.8 (2-C), 159.6 (3-C of P-aryl), 188.3 (CO); m/z (%): 280 (Mt 

loo), 265 (M+ - Me, 24), 252 ( - CO, 22), 251 (M+ - 
(PhCN2+, ll), 104 (PhCNH+, 50). 

CO - H, 831, 134 @l-MeDC6H4-Ct-Me, 25), 117 

2-(m-Methoxybenzamido)-2-(m-methoxyphenyl)-propanenitrile (If) yielded 12f with one equiv. (CDCl)2; 
compounds 14a,b were obtained-with three equiv. (COCl) : workyup A or B. - 

2,5-Di(iii?nethoxyphenyl)-5-methyl-4(5H)-imidazolone P 12f): yield 978 mg (63%); IR (CHCl ) cm-l: 
3005 (NH),-1730 (CO); lH NMR, 6 (CDC13)i 1.90 (3H, s, m, 3.80 and 3.90 (2x3H, 2xs, ZxOM$), 7.00- 
7.70 (8H, m, H-aryl), 11 (lH, broad s, NH); l3C NMR, 6 : 25.8 (Me), 55.3 and 55.6 (ZxOMe), 73.8 (5- 
C), 111.6-119.7 (C-arylf, 129.6 (1-C of 2-aryl), 141.2 (1-C of 5-aryl), 158.5 (2-C), 159.9 (3-c of 
2-arYT), 160.2 (3-C of 5-aryl), 188.8 (CO); m/z (%): 310 (M+, loo), 295 (M+ - Me, 21), 282 (M+ - CO, 
20), 281 (M+ - CO - H, 90). 148 (m-MeO-C6H4-CN2H +, 20), 134 (m-MeO-C6H4-C+-CH3 and @ieOC6H4CNHf, 93); 
exact mass: 310.131+ 0.001, calcT for Cl8~18N203: 310.1317. 

9-Methoxy-3-(~-methoxyphenY1)-3-met~ylimidazol 2,1-a]isoquinol'ne-2,5,6(3H)-trione, (14a): yield 
I,2 g (66%), m.p. 146"; IR (CHC13) cm- : 1760, 1730, 1700 (CO); 1 
3.80 (3H, s, 3' - 

H NMR, 6 (COCl ): 2.1073H, s, Me), 
OMe), 4.00 (3H, s, 9-OMe), 6.75-7.00 (3H. m, 2'-H, 4'-H, 6*-H?, 7 30 (1H m, l’-Ii) 

7.35 (lH, dxd, J=8x2Hz, 8-H), 8.00 (1H, d, J=2Hz, 10-H), 8.20 (lH, d, J=BHz, 7-H); 13C NMR: 6 : 20.9' 
(Me). 55.4 and 56.6 (2xOMef, 68.8 (3-C), 126 and 128.6 (63-C and lOa-C), 137.1 (1'~c), 151.2 (5..co), 
160.3 (3'-C), 166.3 (9-C), 170.9 (lob-C), 173.6 (S-CO), 188.9 (2X0); m/z (X): 364 (M+, loo), 336 
(M+ - CO, 77), 398 (M+ - 2C0, 211, 307 (M+ - 2CO - H. 76), 293 (M+ - 2C0 - Me, 57), 277 (M+ - 2C0 - 
OMe, 30), 232 (M - m-MZOC6H4C=CH, 39). 160 (CH3D(CN)C6H3CO+, 36), 134 (m-MeDC6H4CH=CH2+, 14), 133 
(m-MeOC6H4Ct=CH2, lqy, 132 (m-MeOCgHqC+=CH, 8); exact mass: 364.107+ O.DOl, talc. for C2OHl6N206: 
364.1059. 

7-MethoxY-3-(~-methox~phenyl)-3-~thYlimidazof~2,1-aJisoquinoline-2,5,6(3H)-trione (14b): yield 
0.18 g (9%); m.p. 154'; H NMR, 6 (CDCT ): 2.10 (3H, s, Me), 3.80 (3H, s, 3T-OMe), 4.0F(3H, s, 
7-OMef, 6.75-7.35 (4H, m, 3-aryl-H), 7. 5 flH, dxd, J=7x2Hz, 8-H), 7.87 (lo, dxd, J=~HZ, g-ii), 8.30 a 
(lH, dxd, J=7x2Hz, 10-H). 

Nitration of 14a to the dinitrated analogue 18. 
Compound 14a V-64 g. 10 mle) was dissolveTin 100 ml of fuming ~~03; this solution was heated 

at 80°C for Z-hr. After cooling, the solution was poured out on 300 g OT ice and extracted three 
times with 200 ml of ZHC13. The Organic layer was separated, dried (MgSO4) and evaporated. The 
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residue yielded 2.20 g (48%) of compound 18 after purification over silica gel (CH3CN:CHC13 I:9). 
m.p. 182"; IR (CHC13) cm-I: 1770-1735-1705(CO), 1560-1350 (N02); lH NMR, 6 (CDC13): 2.15 (3H, s, 
Me), 4.05 (3H, s, 9-OMe), 4.25 (3H, s, 3'-OMe), 7.40-8.10 (2H, m, 3-aryl-H), 7.70 (lH, dxd, J=8x2 
Hz, 8H), 8.25 (IH. d. J=8Hz, 7H), 8.40 (IH. d, J=ZHz, 10H); m/z ("6): 454 (M+, 0, the molecule is 
assumed to+split up in two fragments (scheme 4), i.e. m/z = 230 and 2.24). 230 (CgHgN205+, 7), 224 
(CllH6N201 9 loo), 202 (230 - CO, lo), 160 (230 - CO - NCO, 25); exact mass of the two fragments 
of the mo ecular ion: 230.033 and 224.041 + 0.001, talc. for CIIH6N204 and CgH8N205: 230.0328 and 
224.0433. 

- 

Reduction13 of 14a : 
Compound 14a (2m mg, 0.55 nrnole) dissolved in 10 ml of abs. methanol was added to a stirred 

suspension of21 mg NaBH4 (0.55 mnole) in 10 ml of abs. methanol, at 0'. After 6 hr, the reaction 
mixture was poured out into 100 ml of 0.1 N HCl and extracted (3x) with 50 ml of CHC13. The orga- 
nic layer was dried (MgS04) and evaporated. The residue was purified on preparative TLC-plates 
15'02, CH3CN-CHC13: l-9) to yield 43% of compound 21; IR (CHC13) cm-I: 3420-3200 (NH), 1720 (CO); 
H NMR, 6 (CDCl 

a 
): 

9b-H), 6.90-7.3 
2.00 (3H, s, Me), 3.75 (3H, s, 3;-OMe), 3.85 (3H. s, 8-OMe), 5.80 lH, broad s, 

4 (6H, m, H-aryl), 7.85 (IH, d, J=llHz, 6-H), 8.8 (lH, broad s, NH); I C NMR, 6 : 
2.40 (Me), 55.4 and 55.9 (2xOMe), 67.5 (3-C), 69.8 (9b-c), 125.9 (5a-C), 142.5 (l'-C), 145.4 (9a-C), 
160.3 (3'-C), 164.4 (8-C). 170.7 (5-C). 177.6 (2-C); m/z (%): 338 (M+, 86), 295 (Me - NHCO, 100, 
metastable peak at 257.5), 294 (295 - H, 58), 280 (M+ - NHCO - Me, ll), 267 (M+ - NHCO - CO, lo), 
252 (M+ - HNCO - Me - CO, 14), 162 (M+ - NHCO - fl-MeOC6H4C=CH2, 26); exact mass: 338.126 + 0.001 
talc. for CIgHI8N204: 338.1266. 

- 

The reduction of 14a was also carried out with Pd(IG%)/Cand Hp (10 PSI) in acetic acid - H20 
(8-2). However, theyield of 21 in this reaction was quite low (17%). The same compound 21, with 
identical spectroscopic charac&istics was obtained following the method described by M. lXs.12 

Reaction of N-acyl-a-aminonitriles lc-f with ethyl chlorooxoacetate 

Reaction (120". 2 hr) of 1 mnole of compounds le-f in 10 ml of ODCB and 1 mnole of ClCOCOOEt in 
IO ml of ODCB followed by the usual aqueous work-up and chromatography led to the compounds 13e.f 
and traces of 12e-f. Use of nitrobenzene as solvent (If) led to 12f (40%) as main product aZ 24% 
of compound 13c On addition of 2 mmole of ClCOCOOEt or HCl-gas El?fore work-up, compounds 12e-f 
were the mairi-products in ODCB as solvent, only traces of compounds 13e-f were observed; adartion 
of 2 mnole of (COC1)2, when performing the reaction with If, led to compounds 14a,b. 

4-(m-Methoxyphenyl)-4-methyl-2-phenyl-5(4H)-oxazolone T13e): yield 185 mg, 66%; m.p. 146O; IR 
(CHC13) cm-I: 2830 (OMe), 1810 (CO); IH NMR,s (CDC13): l.vU (3H. s, Me), 3.80 (3H, s, OMe). 6.90- 
7.60 (9H, m, H-aryl); m/z (%): 281 (M+, 
50), 103 (PhCN+, 58). 

100). 253 (M+ - CO, 17), 237 (M+ - C02, 50), 119 (PhCON+, 

2,4-Di(n-methoxyphenyl)-4-methyl-5(4H)-oxazolone (13f): yield 201 mg, 64%; m.p. 134’; IR (CHC13) 
cm-I: 2830 (OMe), 1810 (CO); IH NMR, 6 (CDC13): 
(3H, s, P-aryl-OMe), 6.90-7.60 (8H, m, H-aryl); 

I3 90 m, s, Me), 3.85 (3H, s, 4-aryl-OMe), 3.95 
C NMR, 6 : 27.2 (Me), 55.4 and 55.6 (ZxOMe), 70.9 

(4-C). 127.5 (II-C of 2-aryl), 140.7 (l'-C of 4-aryl), 160.2 (3'-C of 2- and 4-aryl), 160.5 (2-C), 
179.2 (5-C); m/z (%) : 311 (Mt. IOO), 283 (M+ - CO, 23), 267 (M+ - C02, 47). 149 (m-MeOC6H4CON+, 
60), I33 (m-MeOC6H4CN+, 67); exact mass : 311.116 + 0.001, talc. for C18H17N04 : 311.1157. - - 

Reaction of N-acylated-a-aminonitriles le-f with HCl : 

On reaction of le-f (1 mnole) with HCl at 0" in 10 ml of o-dichlorobenzene, chloroform or an 
alcohol, the corresponding 5(4H)-iminooxazole hydrochlorides-were isolated.8 When le-f was heated 
in a HCl saturated solvent, the 4(5H)-imidazolones Ee (57% in ODCB) and cf (61% iii ODCB) were 
obtained. 

- 

ACKNOWLEDGEMENTS 

The authors wish to thank the "Nationaal Fonds voor Wetenschappelijk Onderzoek" (NFWO) and the Mini- 
stry of Scientific Prograning for financial support. One of them (P.V.) is indebted to the 
"Instituut tot Aanmoediging van het Wetenschappelijk Onderzoek in Nijverheid en Landbouw" (IWONL) 
for a research grant. They are also qrateful to Dr. S. Toooet and Dr. F. Comoernolle for interore- 
tation of NMR and mass spectra, and to R. De Boer and P. Vaivekens for technical assistance. 

REFERENCES 

1. 
2. 

43: 
5. 
6. 

7. 

8. 
9. 

J. 
C. 
J. 
H. 
M. 

a) 

Vekemans, C. Pollers-Wi@ers and G. Hoornaert. J. Heterocycl. Chem., 20, 919 (1983) 
Pollers-WiNers, private communication 
Vekemans and G. Hoornaert, Tetrahedron, 36, 943 (1980) 
Hiemstra, H. A. Houwing, 0. Passe1 and AXi. van Leusen, Can. J. Chem., 57, 3168 (1979) 
M. Burrey and R. L. Nunnaly, J. Or 
G. Kille and J. P. Fleury, 
Fleury, ibid., 4624 (1967) 

4619 (1967); b) P. Roesler and J. P. 

A. SpeziGnd L. Smith, J. Or 
A. Speziale, L. Smith and M:d- 30 4303 (196v 30 4306 (19&j-- 

27, 3742 (1962); 27, 4361 (1962). 28. 1805 (1963); 

Poupaert, A. Bruylants, and P. Crooy,SyntheZi;, 622 (1972)' -' 
differentiate between two possible tautomers A and B (A: bearing a hydrogen atom in position 
B: bearing a hydrogen atom in position 3) for the 4(5H)-imidazolone 12. the carbonvl absoro- 

a) 
b) 
J. 
To 
1; 
tion at 6 = I88 --189-ppm in the I3C NYR was considered.-' If B would bethe main tautbmer, one 
could expect the carbonyl shift to be similar to that of P-oyrrolidinone (6 = 179 ppm) and to 
the absorption of 5.5-dimethylhydantoin (6 = 180.4 ppm). 
188 - 189 ppm) favours the tautomer A. 

The observed downfield shift (6 = 



2404 P. VERSCkiAVE et al. 

10. A. Strecker, Liebigs Ann. Chem., 75, 27 (1850); 91, 349 (1854) 
11. P. Granmaticakis, Bull. Sot. Cfiim. France, 924 (m64) 
12. Y. Los (American Cyanamid Co.), U.S. Pat. 4.041,045 (1977). through G, 5, 168034 


