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Abstict. The reaction between fV-substih~ted enamhw and phenylglyoxal or glyoxal yielded A2- 
pyrrolin+ones in moderate to good yields. An uncommon pyn010 [2,1+]thiazole derivative was 
fmed as a minu product when a N-(2-mucaptoethyl)enamine was used as the starting reagent. An 
explanation for the tegicchemisiry of the readon is pqosed. 

The reaction between enamines and carbonylic compounds is a classic method for the synthesis of 
different types of heterocycles.1~3 Our interest in this reaction has been focused to the synthesis of new 
heterocyclic systems from enamines of B-ketoesters and ethanol- or propanol-amines, which allowed us to 

describe the oxazolo[32-ulpyridin~~5 and pyrido[2,1-b loxazine6 ring systems for the fiit time. We have also 
reported a new procedure for the synthesis of pyrroles based on the reaction of p-aminocrotonates or @- 
aminocrotononitrile with a-ketoaldehydes.7 The general procedures described for the synthesis of pyrrolinones 

are based on transformations of r_ketocarboxylic derivatives, namely the reaction of y-ketoesters with amines 
or through cyclization of yketoamides.9 

In order to get a better knowledge of this methodology and to test the possibilities of synthesizing new 
pyrrole derivatives, we have studied the reaction between N-hydroxyethyl or IV-hydroxypropyl enamines and 
a-dicarbonyls. The best results have been obtained with glyoxal and phenylglyoxal, which usually produce 5- 
oxo-2-pyrroline-3-carboxylates from enamines of B-ketoesters. 

METHODS AND RESULTS 
The reactions between phenylglyoxal(1) or glyoxal(2.40% in water) and the N-substituted enamines 

3 or 4 (Scheme 1) were carried out in reflming methanol or at room temperature. In both cases, the main 
reaction product (45 to 64 % yield in isolated product) was the pyrrolinone (6-9). The structures were 
established from their spectral data. The presence of the +-~tam was easily detected through its IR absorption 
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at -1730 cm-1 and the l%XTMFt signal at -177 ppm. A characteristic feature of the IH-NMR spectrum of these 
compounds is the homoallylic coupling between H-4 and the methyl protons at C-2. which is definitive to 
confii the regiochemistry of the reaction. Treatment of those pyrrolinones with Ac20 produced the mixture of 

2’-monoacetylated and 5, 2’diacetylated derivatives, namely 11 and 12 from 6. This fact was in complete 
agreement with the structure proposed for the main reaction product. 2-pyrrolin-5-ones are reported to be 
formed in the reaction of enamines with maleic anhydride derivatives? but the yields attained by this method 
are substantially lower (15-29 95) than those pmduced through the procedure described in this paper. 

Along with the 2-pyrrolin-5-one several minor products were isolated. Thus, from the reaction of 
phenylglyoxal (1) with enamine 3 , the ketopyrrole 13 was isolated in 16% yield and with enamine 4 the 
corresponding ketopyrrole 14 was produced in 10% yield. The additional three carbons moiety in 13 was 
clearly detected in its MS, because the M+ appeared 40 m/z units higher than for the expected 2-pyrrolin-5-one. 
Furthermore, 13C (29.5,209.1 and 41.2 ppm) and 1H (2.12 and 3.54 ppm) NMR data confnmed the presence 
of the 2-oxopropyl residue attached to the pyrrole ring. These products seem to be formed through a 
condensation step of the starting ketoaldehyde or a reaction intermediate with ethyl acetoacetate, which could 
have originated from the hydrolytic enamine degradation, followed by decarboxylation during the reaction. 

Other minor products resulting from other reactions between glyoxal and enamines are the 
methoxypyrroles 15 (4%) from 3 and 16 (18%) from 4. These compounds most probably resulted from 
addition of one molecule of solvent during the reaction and they were characterized by the presence of methine 
(IH-NMR -5.56 ppm s and 13C-NMR -82.9 ppm) and methoxyl signals in their NMR spectra. 

Similarly, the reaction of the enamine-thiol5 with glyoxal produced the 2-pyrrolin-5-one 10 (46%) and 
a minor product in 8% yield. This unknown compound displayed the M+ at m/z 197, in agreement with the 
molecular formula C!oHtlN@S, and also showed aromatic absorptions in the IR spectrum It should contain a 
methiie group at position 3 of the pyrrole moiety due to the presence of a singlet at 6.16 ppm in the lH NMR 
spectrum as well as, a methine signal at 100.2 ppm in the *SC spectrum. Thus, its sttuctum was established as 
that of methyl 5-methyl-2,3-dihydropyrrolo[2,l-~]thiazole-6-carboxylate (17). There is only one reference in 
the literature about this kind of fused heterocyclic skeleton,11 with the description of the tentative structure 

assignment of a compound resulting from the reaction between I-(2,2dimethoxyethyI)pyrrole and thiourea. 
Unfortunately, the reaction between enamine 5 and phenylglyoxal produced a complex reaction mixture, from 
which it was not possible to isolate any pure product. 

The scope of the reaction’ was also checked with other N-substituted enamines. When methyl 3-p- 
tolylaminocrotonate reacted with ketoaldehydes 1 and 2, similar reaction products were obtained. From 
phenylglyoxal the main reaction product (30%) was the methoxy-pyrrole 18, while from glyoxal the resulting 
products were the 2-pyrrolin-5-one 19 (44%) and the methoxypyrrole 20 (12.5%). 

The synthetic utility of the reaction between N-substituted-3-aminocrotonate esters and glyoxal or 
phenylglyoxal was checked with other substrates ( ethyl, isopropyl and benzyl ester analogues of 3-5), which 
always produced the N-substituted 2-pyrrolind-ones in 45-70% yield. However, the reaction of N-substituted 
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enamines with other a-dicarbonyl compounds, as pyruvic aklehyde or 1-phenyl-1,2-propanedione gave 

complex mixtures. Only compound 21 was isolated in 18% yield from the reaction mixtute of 1-methyl-2- 
pheny&lyoxal and enamine 3 in refluxing methanol. This compound must arise from a benzilic type 
rearrangement of the diketone during the reaction producing the required 2-phenyllactic intermediate. 2- 
pyrrolin-5-ones have been described as starting materials for the synthesii of some interesting derivatives with 
antifungal and antibacterial properties .12-‘4 

Main Product 
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Scheme 1 
An intriguing result of the reaction between aldehyde 1 and enamines 3 or 4, was the different 

regiochemistry produced with respect to the previously described reaction with the N-unsubstituted enamines.7 
In the case of glyoxal, there is not the possibility for the appearance of regioisomers, but in the case of 
phenylglyoxal instead the 2-pyrrolin-5-ones (6,7) now observed, 5-phenyl-4-hydroxypyrrole derivatives 
(24) were formed from unsubstituted enamines. In or&r to have a better knowledge of the nature of 
intermediates, the reactions between 1 and enamines 3,4 and 22 were carried out in CD3OD and checked by 
NMR spectroscopy. The reaction was complete after a few minutes at room temperature with the more reactive 
enamines 3 and 4, and took several hours for the consumption of 22, as it is shown in table 1. The evolution 
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of the reaction between 1 and 22 showed that the initial product was the 2-pyrrohn-5-one 23, which was 
progressively transformed at room temperature into the 5-phenyl4hydroxypyrrole 24. The reaction showed a 
rapid formation of 24 when heated. These results confirmed the existence of an equilibrium between the 
pyrrolinone and pyrrole derivatives in the case of unsubstituted enamines. This was not the case for N- 
substituted compounds, for which the attempted transformation of pyrrolinones into the corresponding 
pyrroles, either in the NMR tube or by heating, was completely unsuccessful (Scheme 2 ). 

Table 1. Kinetics of the reaction between 1 and 22 in WOD controlled by NMR 

time(h) 22( %) In~Pmduct 24(%) 
type 23 (96) 

0.5 38 54 7 

24.0 5.: 

3 71 
__- 
___ ?I :z 69 

RdlwC5mhl -_- --_ 100 

c- 

Scheme 2. Proposed mechanistic explanation for the reaction between cc-ketoaklehydes and enamines. 

A reasonable explanation for this fact could be based on the relative destabilization produced by steric 

hindrance in N-substituted pyrroles (25-26) and in the stabilization of pyrrolinones (6-7) induced by possible 

hydrogen bonds linking the hydroxyl group at the side chain and the carbonyl group of the pyrrolinone. 
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To check the relative stabilities of these compounds semiempiricaI calculations using AM1 Hamiltonian 
in MOPAC 6.0 were performed for lower-energy conformations of compounds 6,7,23, 24.25 and 26 
(Scheme 3). Comparatively, the difference in the heat of formation of 23 (AH= -72.1 Kcal/mol) and 24 (AH= 
-73.9 Kcal/mol) was much smaller (1.8 Kcal/mol) than those observed for the pairs 6 (AH= -122.1 Kcal/mol) / 
25 (AH= -118.3 Kcalfmol) and 7 (AH= -129.3 Kcal/mol) / 26 (AH= -124.5 Kcal/mol) whose difference 

varied from 3.8 Kcal/mol to 4.8 Kcal/mol, respectively. It seems clear that, apart from the presence of 
hydrogen bonds for the pyrmlinones, the loss of stability of pyrroles is due to a reduced coplanarity of phenyl 
and pyrrole rings (-58’ to -480) produced by the higher steric interactions between the side chain on the nitrogen 
atom and the phenyl group for 25 and 26. In the case of pytrole 24, the higher coplanarity (-19’) of both 
aromatic rings reinforced by the H-bond between the hydroxyl and the carboxylate groups should produce a 
higher stability of this mgioisomer. 

As a conclusion, the reported method is general for the rapid synthesis of some kinds of pyrrole 

derivatives under mild conditions. Although only glyoxal and phenylglyoxal gave good results, many 
variations can be introduced in the enamine to produce a large number of pyrrole and 2-pyrrolin-5-one 

derivatives, 

Scheme 3. Main conformers of repmsentative 2-pyrmlin-S-ones and their pyrrolic mgioisomem 
(showing hydrogen bonds and selected dihedral angles) 
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EXPERIMENTAL 

v. Mps were de&mined in capillarks oo a Bucbi 510 instrument and am uncormcted. 
Microanatyses were performed in a perkin-Elmcr 2400 CHN elcmentsl analyzer. W spectra were. mcorded in J3tOH on a Hitachi 
lCO-60 spectrometer. JR spectra were obtabmd in CH2Cl2 in a Beckman Acculab VBI specuophommeter. lH NMR (200.13 MHZ) 

Reaction of phcnylglyoxal with anamincs 

A solution of pbenylglyoxai hydrate (9.7 mmol) and enamine 4 (9.7 mmol) in MeOH (15 ml) was refluxed or allowed to 
stand at mom temperature for 20 h. The solvent was removed and the products were isolated in 1660% yield by flash 
chmnatography(Hexane-~Ac)and/orcrystallization. 

Methyl 4-phenyl-N-~2-bydroxyethyi)-2-methyl-5-oxo-2-pyrroiin-3-yl-carboxylate (6). Reflux (45%). IR: 3450, 
1730.1690,1630,1500,1440 cm-l. 1 H NhfR 6: 2.54 (3H. 6 J=2.3). 330-3.80 (4H, m). 3.55 (3H. s), 4.34 (1H. d, J=2.3), 7.10 
7.30 QH. m). W kmaxz 211 and 290 nm k=7374 and 7350). MS m/z 275 (62, M+), 244 (18). 216 (100). 198 (19). 184 (17). 
128 (zo), 105 (21). 
Acetyiotion of 6: Treatment of 6 with Ac~O-C~H~N in the usual way afforded 11(33%) and 12(60%). 

11: IR: 1740.1710.1620.1500.1400 cm-l. l H NMR 6: 1.94 (3H. s). 2.54 (3H. d, J=2.2), 3.53 (3H. s), 3.95 (2H, m), 
4.17 @I, m). 4.34 (HI, d. Jt2.2). 7.10-7.40 (SH. s). 

It: IR: 1730, 1700. 1630, 1500.1400 cm-l. l H NMR 6: 2.04 (3H s), 2.13 (3H. s), 2.55 (3H, s), 3.58 (3H, s), 3.97 
(2H m). 4.22 (2H. m). 7.10-7.40 (5H. 8). 
Methyl 4-pheoyi-N-(3-hydroxypropyi)-2-methyl-5-oxo-2-pyrroiio-3-yi-carboxylate (7) Reflux or room 
temperature (60%) . IR: 3480: 1730,~i6401 i450 cm-l. i H NMR 6: lj4 (2H, m). 2.55 (3H. d,J=2.2), 3148 (2H. m), 3.55 (3H, 
s), 3.64 (2H. m), 4.37 (lH, d. J=2.2), 7.10-7.40 (5H, m). UV limax: 286 and 210 mn (e=9322 aod 9548). MS m/z 275 (289, 
M+), 257 (19), 230 (100). 212 (37). 184 (48). 128 (29). 102 (12). 
Methyl 4-phenyi-N-(2-hydroxyethyi)-2-methyl-5-(2-oxopropyl)pyrrol-3-yi-carboxylate (13). Reflux (16%). 

Ik 3400.1700.1610.1535, 1500 cm- ‘. lH NMR 6: 2.12 (3H. s). 2.55 (3H. s), 3.41 (2H. t. J=5.8), 3.54 (2H, s). 3.70 (3H, s), 
3.85 (2H. t, J=58), 7.20-7.40 (5H, m). W Xmax: 257 and 236 run (a=9257 and 9914). MS m/r 315 (35) ,272 (loo), 284 (9). 
240 (47). 213 (75). 182 (28), 152 (20), 105 (42). 
Methyl 4-pheoyi-~-(3-hydroxypropyl)-2-methyl-S-(2-oxopropyi)pyrroi-3-yl-corboxyiate (14). Room 
temperature (10%). IR: 3650.3610, 3430.2400, 1690, 1520 cm- t. IH NMR s: 1.72 (ZH, mj, 2.12 (ti s), 2.58 (3H. s), 3.41 
(2H. m), 3.57 (2H. s), 3.75 (3H. s). 3.92 (2H. m), 7X-7.40 (5H, m). W hmax: 262,226 and 201 mn (r.=3758, 5310 and 7931). 
MS mlr 315 (35) ,272 (100). 284 (9). 240 (47). 213 (IS), 182 (28). 152 (20). 105 (42). 
Methyl 4-phenyi-2-methyi-5-methoxy-~-~-~iyl)pyrroi-3-yl-carboxyiate (18). Reflux (30%). Mp=120-121°C 
(CH2Cl2/MeOH). Ik 1710,1520,1450 cm-l. 1 H NMB 6: 2.33 (3H, s), 2.34 (3H. s), 3.66 (3H, s), 3.88 (3H. s), 6.90-7.20 (9H, 
m). W Imax: 268 and 234 nm (e=l4744 and 23720). Anal calc.for C21H21NO3: C 75.22, H 6.25, N 4.17 %, found C 75.15, H 
6.19, N 4.11%. MS m/r 335 (40. M+) ,320 (23), 304 (64). 288 (lOO), 272 (13). 230 (16). 115 (8). 91 (10). 

Reaction of glyoxal with snamincs 

A solution of glyoxal(4.8 mmol, 40% in water) and enamine (4.8 mmol) in MeOH (10 ml) was atlowed to stand at room 
temperature for 20 h. ‘the solvent was removed and the products were isolated by Bash chrmnato8raphy (Hexane-B.tOAc as ehtent). 

Methyl N-(2-hydroxyethyl)-2-methyl-5-oxo-2-pyrrolin-3-yl-carboxy~te (8). (52%). IR: 3430, 1730, 1690. 1450 
cm-l. lH NMR S: 2.47 (3I-L t, J=2.4), 3.25 (2H. c. J=2.4). 3.60-3.80 (4H, m). 3.72 (3H, s), W bnaxz 281 and 235 nm (c&K!0 
and 4380). MS nJr 227(100. M+) ,212 (34). 194 (62). 183(19). 168 (20). 134 (23). 108 (13). 94 (22). 
Methyt ~-~3-hydroxspropyl~-2-methyl-5-oxo-2-oyrrolin-3-yi-carboxyi~~ (9).(64%). IR: 1730, 1690. 1630. 1440 
cm-l.-tH NMR 6: 1.77-(2H;c-, J=6.0). 2.47 (3H, t, ti.4). 3.30 @J-i, c, J=2.4): 3.58 (2J-i. t, J-6,. 3.70 (ZH, t, J=6); 3.75 (3H, s). 
W hax: 285 and210 mu (e=27121 and 21212). 
Methyl ~-(2-mercaptoethyl)-2-methyi-S-oxo-2-pyrroli~-3-yl-carboxylate (10). (46%). Mp~141-143~C 
(CH2CQIMeOH). IR: 3400,1690,1530 cm- l. lH NMB 6: 2.48 (3H, s), 3.70 (2H. t, J=7.9), 3.77 (3H. s), 4.03 (2H, t, J=7.9), 
6.16 (2H s). W k 281 and 204 nm (e=16600 and 18030). Anal cak.for CgH13NO3S: C 50.23, H 6.04. N 6.51 %, found C 
50.37. H 6.11, N 6.60 %. 
Methyl N-~2-hydroxyethyi~-2-methyi-S-methoxypy~ol-3-yl-carboxy~~ (15). (4%). IR: 3605, 3430, 1690. 1590, 
1550. 1440 cm-l. lH NMR 6: 2.48 (3H. s), 3.75 (3H. s), 3.80 (3H. s). 3.80-3.90 (48 m). 5.56 (lH&. 
Methyl N-~3-bydroxypropyi)-2-methyi-5-meUoxJpl (16). (18%). IR: 3650. 2400, 1700, 
1600. 1550. cm-l. lH NMR 6~1.85 BH, c, J=6.3 Hz), 2.48 (3H. s), 3.58 (2H. t, J&3 Hz), 3.77 (3H. s). 3.88 (2H. m), 3.82 
(3H, s), 5.58 (1H.s). 
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Metbgl 5-methyi-2,3-dihydropyrroi~2,l-~lt~iasoi-5-yi-carboxyia~e (17). (8%). Mp = 122 - 124” C 
(CH2Ci2/McoH). JR: 1690. 1590, 1550 cm-l. 1 H NMR 6: 2.48 (3H, s), 2.89 (2H. t, J=7.0), 3.25 (1H. c, J=2.3). 3.73 (3H. 8). 
3.80 ( 2H. ml. UV Knox: 238 and 227 nm (e=3500 and 6260). MS mlt 197 (100. I@), 182.(78), l& (33). 138 ci6), 97‘(9); 69 
(10). Anai cabz.for CoHl lNo?S: C 54.82. H 5.58. N 7.10 %. found C 54.91. H 5.72. N 7.23%. 
&thy1 2-methyi-~-~~o-N~@-tiyi)-i-py~~iia-3-yi-~~rb~yia~ $9). (44%) . IR: 3400. 1720, 1690, 1640, 1510 
Cm-‘. lH NMR 6: 2.23 (3H, t, J=2.4), 2.39 (3H, s), 3.45 ( 2H, c, J=2.4), 3.76 ( 3H, s), 7.05 (2H, d, J&2), 7.27 (2H, d, ~a.2). 
UV~22Oand286mn(&OOOand5U25). 
Methyl 2-methyi-5-methoxy-N-(p-toiyi)-2-pyrrol-3-yi-carboxyia~e (20). (12%). IR: 1690. 1510. 1440, 122Q cm‘ 
‘. lH NMB 8: 2.30(3H, s), 2.40 (3H. s). 3.72 (3H, s), 3.80 (3H, s), 5.67 (IH, s). 7.09 (ZH, d, J&2 Hz), 7.26 ( 2H. d, Jz8.2). 
UV Xmax: 249 nm ( ~=6000). MS m/z 259 (86, M+). 244 (100). 212(27), 156 (IO), 132 (52) 

I-phsnyl-I,&propanedions with methyl 3-(2-hydroxyethylarino)crotonata 

A solution of i-phenyi-1.2~propanedione (12.6 mmoi) and methyl 3-(2-hydroxyethyiamh@crotonate (12.6 mmoi) jn 
MeDH (15 ml) was reflexed for 20 h. The solvent was removed and 21(17%) wss is&ted from the erode reaction product by flash 
chmmatography @&ane-EiQAc I: 1) . 
Methyl 4-pbenyi-N-(2-hydroxyethyl)-2,4-dimethyi-5-oxo-2-pyrroiin-3-yi-carboxyia~e (21). IR: 3450, 1730, 
1690, 1630, 1520 cm-l. lH NMB 6: 1.74 (3H,s), 2.55 (3H,s), 3.80 (4H,m), 3.54 (3H&, 7.1-7.3 (5H.m). ti 282 and 231 MI 
(e=iO238 and 10000). MS m/l 289 (26, M+), 258 (6). 230 (100). 212 (19). 198 (5). 128 (8). 115 (8). 

F. calculations were performed on a Silicon Graphics Indigo computer. Compounds 6,7,23,24,25 and 
26 were built using Macromod& v.4 and energy minimized with the ~~216 force fieid. Conformation anaiysis of each 
compound was performed by using a Monte. Carlo systematic search. Fuii 8eomehy optimization of the. iow-enagy conformations 
of every compound was performed using Stewart’s AM1 Hamiltonian in MOPAC17 6.0. The precise option was used to tighten 
conwrgenCeto&fkXS. 
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