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Abstract - 5-Methoxy-3-pyrroiin-2-one (1) reacts with dimethylamine yielding the  

corresponding conjugate addition product 3 a  By using pyrrolidine, piperidine and 

diethylamine the addition product 3 is accompanied by the 5-dialkylamino-5-pytrolin- 

2-one 4, which in the lat ter  case is the main component. Similar results are 

obtained with 3-hromo-5-methoxy-3-pyrrolin-2-one (2) and the afore-mentioned 

amin-. The reaction of 1 and 2 with thiois under basic catalysis gives only the  

conjugate addition products 7 and 13 respectively. 

2 The chemistry of pyrrolinones has received considerable attention as a result of the  presence of i t s  
3 lactam ring in Some antibiotics, in the bile pigmenrs and in the natural alkaloid jatropham, which shows 

4 inhibitory activity towards the P-388 lymphmytic leukemia test system. 

However, the behaviour of 3-pyrroiin-2-one derivatives towards nucleaphiles appears t o  have been 

little studied and only recentiy we have reported5 that 4-hromo-5-merhoxy-3-pyrroiin-2-one reacts with 

nmogen and sulphur nucleophiies t o  yield the expected products of vlnylic nucleophilic substitution andlor 

the corresponding 4,5-his(dialkylamino)-5-pyrrolin-2-ones when secondary amines are used as nucleophiles. 

In the present paper we study the reaction of the same type of secondary amines and sulphur 

nucleophiies with the parent 5-methoxy-3-pyrrolin-2-one (1) and i ts  3-hromo derivative 2, in which the 

Michael-type addition was the expected reaction. 

Reaction of 5-rnethoxy-3-~rrolin-2-e 

The reaction of pyrrolinone 1 with an equimolar amounr of dimethylamine affords only the expected 

conjugare addirion product 3a, whereas by using pyrrolidine or piperidine the  addition products 3c and 3d 

are accompanied by substantial amounts of the corresponding 5-pyrrolin-2-ones 4c and 4d By contrast, 

diethylamine leads t o  5-diethylamino-5-pymlin-2-one (4b) m the main product. 



The reactivity of the secondary amines towards the Michael-type addition is found t o  be in the 

sequence: dimethylamine > pyrrolidine = piperidine >> diethylamine. The reaction has been performed under 

different experimental conditions t o  determine if changing reaction variables (solvent, temperature, ratio 

substrate-nucleophile) might promote a variation in the product distribution. From the  results summarized 

in Table 1, we conclude that the use of a protic solvent such as methanol, an excess of amine and a 

higher temperature all accelerate the reaction but have little or no effect on the proportion of the 

products 3 and 4. 

Table 1. Reaction of pyrraiinone 1 with secondary amines 

R1 R 2  Nucieophile Equiv. Solvent Temp. Reaction Products (ratio)a 
(OC) time 3 4 1  

a: Me Me Dimethylamine 1 

1 

b: Et Et Diethylamine 1 

1 

1 

3 

c: -(CH2j4- Pyrrolidine 1 

1 

1 

d: -(CH2)5- Piperidine 1 

1 

1 

THF 20 

MeOH 20 

THF 20 

MeOH 20 

THF 67 
THF 20 

THF 20 

MeOH 20 

THF 67 

THF 20 

MeOH 20 

THF 67 

2 days 100 o 0 
8 h 100 0 0 

30 days 3 52 45 

8 days 8 92 0 

24 h 0 87 13 
7 h 5 95 0 

18 days 43 41 16 

12 h 75 25 0 

24 h 58 42 0 

30 days 64 28 8 

21 h 75 25 0 

24 h 60 40 0 

1 aAppmximate ratio determined by H-nmr integration. 

The formation of compounds of the type 4 may be attributed to the basicity of  secondary aminei, 

which facilitate the iromerization t o  the pyrrolinones 5 or 6. The competitive reaction may occur through 
5 .  

the 4-pyrrolinone 5, as suggested previously by us in the 4-bromo derivative, or through the  5-pyrrolinone 

6, which i t  is known6 that reacts with secondary amines t o  give the corresponding 5-dialkylamino-5- 

pyrroiin-2-one. 

i t  is noteworthy the fact that dimethylamine only yields the conjugate addition product 3% while 

diethylamine affords the 5-pyrrolmone 4b as the main product. Presumably, in the lat ter  case, the 
7 

formation of the Michael-type addman product is relatively slow , thereby allowing the isomerization t o  5 

or 6 and subsequent reaction with the amine t o  occur. 

in ail cases the conjugate addition of amines t o  1 involves the attack of the nucieophile from the 

side opposite t o  the OMe group t o  give the tnnn4 isomers 3 (Tables 2 and 3), as reported in the 
8 corresponding furanones . 
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1 Table 2. ir and H-nmr data of  compounds 3 and 7 

Compound 

7e -SCH2C6H5 

a ~ u i o l .  b ~ i l m .  ' K B ~ .  %ine splitting by the NH proton which disappears in the presence of D20. 

Stereochemical assignment of these adducts was based on the ' ~ - n m r  spectra (Table 2). The h z n n  

arrangement of the substituents was deduced from the small coupling constants (1.3-2.0 Hz) between H-4 

and H-5. These values are in agreement with those reported for a tiiann srereochemistry in the correspond- 
8 ing furanones . 

Table 3. 13c-nmr data of compounds 3 and 7 

The reaction of the pyrrolinone 1 with thiols, in the presence of the  corresponding sodium thiolate, 

pe l&  only the expected conjugate addition products 7e-g, whose i5anb stereochemistry has been deduced 

from the nmr data (Tables 2 and 3) ,  using arguments similar t o  those mentioned above. 



Reaction of 3-bmmo-5-methoxy-3-~rroIin-2-one 

The reactions of bromopyrrolinone 2 with the afore-mentioned amines, have been effected in a 1: 1 ratio 

substratelnucleophile uing methanol as the solvent. As in the above case, we have observed a substantial 

variation in the rate of the reaction depending an the amine used. 

Thus, the reaction of 2 with dimethylamine is complete after 30 min yielding the Michael-type adduct, as 

a mixture of diastereomers 8a -8a3 in different proportions (Table 4). By contrast, the reaction with 1 
diethyiamine, after 6 days, affords 4,s-bis(diethylamina)-5-pyrrolin-2-one 9b, as the sole product, in only 

a 50% conversion. 

The reaction of 2 with pyrrolidine and piperidine is complete after 30 mi" leading respectively, as the 

main components, to Be and 8d (as mixtures of diastereomers) (Table 4), along with small amounts of 9c 

and W, respectively, and recovered starring material. When the reaction is effected wirh an excess of 

amine, we also obtain the 3,4-bis(dialkylamino)-5-methoxypyrrolidi-2 10. 

5 The formation of 9b in the reaction with diethyiamine could be mterpreted through isomerization of 2 to 
9 the 4-pyrroiin-2-one 11, addition of *mine, which is now favoured by the tendency of the Br- to  leave , 

followed by elimination of methanol and subsequent amine addition. An alternative explanation far the 

formation of 9b involves the isomerization of 2 ro the 5-pyrroiin-2-one 12, substitution of the Me0 by 

EtZN followed by elimination of H B r  and subsequent conjugate addition of amine. 
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The adducts 8a-d obtained from the reaction of 2 wlth secondary amines were shown by l ~ - n m r  t o  

be mixtures of three diastereomers whose ratios are given in Table 4. The diastereomers can be separated 

by column chromatography, although they are relatively unstable and decompose an standing a t  rwm 

temperature. 
10 The nmr spectra, in particular the  coupling constants J3,4 and J4,5, and the stereoselectivity 

observed in the conjugate addition of secondary amines t o  1, helped t o  establish tentatively the structures 

of the diastereomers, although a definitive assignment could only be made by a complete X-ray analysis. 

Thus,![ is reasonable t o  assume that the at tack of dimethylamine occurs preferentially A t a n d  t o  the OMe 

group. We therefore assign the A t m b , h a ~  configuration t o  the major diastereomer 8al, which shows small 

coupling constants (J3,4 = 4.4; JqS5 = 2.3), and the & , . i a m b  configuration t o  8a2, showing a larger coupling 

constant J3,4 = 6.3. The stereochemistry of the minor diastereomer 8aj was deduced from the magnitude of 

the Jjr4 = 9.2, which suggests a & arrangement of the NMeZ and Br groups. 

MI-N g, U - N  Ye-N 

mo~\~~' 0 " H II 

The arguments given above also can be used t o  assign the  diastereomers obtained from pyrrolidine and 

piperidine. 

1 Table 4. Ir and H-nmr data of compunds 8 and relative ratio of diastereomers 

1 
' ~ i x t u r e  of diastereomers. b ~ u j o l .  C~ppra l t imate  ratio determined by H-nmr integration. 
by the NH proton which disappears in the presence of D20. 

ine splitting 

The reaction of pyrrolinone 2 with thiols in methanol, catalyzed by the corresponding thiolate, yields 

the expected adducts 13 as mixtures of two diastereomers (Table 5). Also in this case the reaction is 

stereoselective and the sulphur nucleophiie attacks in X t a n b  with respect t o  the  OMe group. 



After chromatography or when the reaction mixture of 2 with phenylmethanethioi or 2-prapanethiol 

is allowed to stand after completion of the reaction, compounds 14 and 15 are also isolated. The former is 
5 

originated by elimination of HBr and 15 is known to  be a degradation product from 14 . When the reaction 

is effected with 2-methyl-2-propanethiol, compound 14 is not isolated. 

1 Tabie 5. Ir and H-nmr data of compounds 13 and relatwe ratio of diasrereomers 

1 a ~ i n t u r e  of diastereomers. b ~ ~ r .  C ~ u j o i .  d~pproximate  ratio determined by H-nmr determination. e ~ i n e  
Splitting by the NH proton which disappears in the presence of D20. 

Tabie 6. 13c-nmr data of compounds 8 and 13 

Compound 
NO Nu 
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6 4d.- Yield 20%. Colourless solid, mp 101-102°C (from benzene) (lit., mp 101-102°C). ir (KBr): 1700 (C=O), 
1 1580 (C=N). H-nmr: 3.86 (1, 2H, CH2N, C-5, J = 5.7); 3.45 (1, 2H, CH2-N, C-5, J = 5.7); 2.70 (m, 4H, 

C-3, C-4); 1.70 im, 6H, CH2). 

Reaction of 5-Methoxy-3-~rrololln-2-e (1) with TbIlhlols. General Procedure 

To a solution of the pyrrolinone 1 (0.23 g, 2 mmol) in methanol (6 ml) was added the thiol (2.2 mmol) 

and the corresponding sodium thiolate (0.02 mmol) in methanol (9 ml). The mixture was kept a t  room 

temperature until complete consumption of the pyrrolinone 1 monitored by tlc (ethyl acetate-hexane 8:2). 

Reaerlon with pheny1methanethiol.- The mixture was kept at room temperature for 15 mi". The solvent 

was removed under reduced pressure. The crude mixture was washed with hexane to afford 4-benrylthio-5- 

methoxypyrrolidin-2-one (7e).- Yield 90%. Colourless solid, mp 104% (from benzene). (Found: C, 60.82; H, 

6.64; N, 5.85; S, 13.07. C12HlS02NS requires, C, 60.76; H, 6.33; N ,  5.91; S, 13.50. Ms, ml.: 237 (M+), 146, 

145 (loo%), 91, 78. 

Reaction with 2-propanethiol.- The mixture was kept at room temperature for 30 mi". The solvent was 

removed in vacuo and the crude mixture was chromatographed on column (erhyl acetate-hexane 8:2) to 

afford 4-iropr~lthia-5-methoxywr1olidin-2-one (7f) as an oil. Yield 65%. (Found: C, 51.00; H, 8.10; N, 

7.42; S, 16.78. C H 0 NS requites, C, 50.79; H, 7.93; N, 7.41; S, 16.93). Ms, mlz: 189 (Mt), 158, 157 
8 15 2 

(LOOX), 115, 102. 

Reactlon with 2-methyl-2-propanethiol.- The mixture was kept at room temperature for 3 h. The solvent 

was removed in vacuo and the crude mixture was chromatographed an column (ethyl aceta te-heme 8:2) 

to afford 4-terrt-butyltbio-5-methoxywrroIIdin-2-one (7g). Yield 63%. Colourless solid, mp 5648°C (from 

hexane). (Found: C, 52.95; H, 8.12; N ,  7.20; S, 15.98. C9H1702NS requires, C, 53.20; H, 8.37; N, 6.90; S, 

15.76). Ms, m/z: 203 (Mt), 146, 116, 114. 

Reaction of 3Bramo-5-methoxy-3-~rroIin-2-one (2) wlth Amins. General Procedure 

To a solution of the pyrrolinone 2 (0.6 g, 3 mmol) in methanol (10 ml) was added the amine (3.3 mmol). 

The mixture was kept at room temperature until the starting pyrrolinone 2 disappeared or remanined 

constant. The solvent was removed under reduced pressure. The crude mixture was chromatographed on 

silica gel (dlchlaromethane-ethyl acetare-methanol 6: 3: 1). 

Reaction with dimethylamine.- The reaction mixture was kept at room temperature 30 min. After column 

chromatography, the diastereomers 8a1. 862 and 8a3 of 3-bromo-Cdtmethylamiw-5-mefhoxyWr10Ii&n-2- 

one were obtained. 

&,.- Yield 52%. Colourless solid, mp 86-87OC (from benzene-heme). (Found: C, 35.40; H, 5.72; N, 11.74; 

Br, 33.20. C H N 0 Br requires, C, 35.59; H, 5.50; N ,  11.86; Br, 33.47). Ms, mlz: 236-238 (Mt), 205-207, 7 1 3 2 2  
157, 98 (100%). 

@a2- Yield 20%. Colourless solid, mp 102-1030C (from benzene). Ms, mla: 236-238 (!A+), 205-207, 160-162, 

157, 98 (100%). 

nag- Yield 8%. Colourless solld, mp 110-1120C (from benzene). Ms, mlz: 236-238 (MI), 205-207, 157, 

98 (100%). 

When dimethylamine was added in excess (6 mmol of dimethylamine, 3 mmol of pyrrolinone 2) and the 
1 

crude mixture was kept at room temperature for 15 mi", the mixture analyzed by H-nmr after removal 
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of the solvent contained the diastereomers Ba 8a2. Sa3 and 3,4-bis(dimethylamino)-5-metbxy~r1oli~- 

2 4 n e  (104 which was separated by column chromatography (dkhloromethane-ethyl acetate-methanol 

6:3:1). 

lab- Yield 4%. Colourless solid, mp 82-850C (from benzene). Ir (nujol): 3110,3100 (NH); 1700 (C=O). 

'~-nmr:  8.33 (br, lH, NH); 4.65 (d, lH, C-5, Jq5=2.3); 3.30 (d, lH, C-3, J3,4=5.1); 2.95 (dd, lH, C-4, 

J3,,=5.1, J4,,=2.3); 2.45 (s, 6H, CH3N); 2.32 (s,'6H, CH3N). 13c-nmr: 175.6 (C=O, C-2); 85.9 (CH, C-5); 

68-65 (CH, C-3); 66.05 (CH, C-4); 55.47 (0-CH3); 45.96 (CH3-N, C-3), 41.81 (CH3-N, C-4), Ms, mlz: 

201 (M*), 156, 101 (100%). 

Reaction A r b  diethylamine- The reaction mixture was kept at room temperature an4 after 6 days, a 30% 

of the starting halopyrralinone 2 remained unreacted. The 4.5-bis(diethylam1no)-5-pyrroUn-2-e (9b) was 

purified by chromatography (diehloromethane-ethyl acetate-methanol 3: 1 :  1). Yield 47%. Identical with a 
5 sample obtained from the reaction of 4-bromo-3-pyrrolin-2-one with diethylamine . 

Reaction with wrro1ldine.- The reaction mixture was kept at room temperature for 30 mi". After column 

chromatography the diastereomers of 3-bromo4(N-~cralldinyl)-5-methoxy~rfoIidin-2-one 8c2, k 3 )  

and small amounts of 9c5, 10c and recovered starting material were obtained. 

8cl.- Yield 44%. Colourless solid, mp 102-1040C (benzene-hexane). (Found: C, 41.30; H, 5.71; N, 10.90; Br, 

30.22. C9H1502Br requires, C, 41.06; H, 5.70; N, 10.65; Br, 30.42). Ms, mlz: 262-264(Mf), 233, 124 (100%). 

8c2- Yield 7%. Calourlers solid, mp 105-106. Ms, mlz: 262-264(~+), 233, 124 (100%). 

8e - Yield 16%. Colourless solid, mp 108-110%. Ms, mlz: 262-264 (Mf), 233, 124 (100%). 3' 

When pyrrolidine was added in excess (6 mmol of ~yrrolidine, 3 mmol of pyrrolinone 2) and the crude 

mixture was kept at room temperature for 5 h, the 3,~(N-~rroUdinyI)-5-methoxy~rroUdin-2-one ( 1 0 ~ )  
5 and 9c were separated by chwmatography (chloroform-ethyl acetate-methanol 6: 3 : 1). 

10c.- Yield 18%. Colaurless solid, mp 104-1050C (from benzene-hexane). Ir (nujol): 3200, 3100 (NH),1700 
1 (C=O). H-nmr: 8.0 (br, lH, NH); 4.80 (d, lH, C-5, J4,5 = 2.4); 3.67 (d, lH, C-3, J3,4 = 5.3); 3.03 (dd, lH, 

C-4, J3,4 = 5.3, J4,5 = 2.4); 3.05-2.90 (m, 2H, C-4, CHI-N); 2.8-2.7 (m, 6H, CH2N); 1.87-1.75 (m, 8H, CH2). 

13c-nm,: 176.15 (C=O, C-2); 87.85 (CH, C-5); 68.13 (CH, C-3); 64.34 (CH, C-4); 55.31 (0-CH3, C-5),51.10 

(CH2N, C-3); 49.86 (CH2N, C-4); 23.87, 23.12 (CH2, C-3, C-4). MS, m/z: 253 (MI), 182, 127 (100%). 

Reaction with piperidire- The reaction mlxture was kept a t  room temperature 30 min. After column 

chromatography, the diastereomers of 3-bromo4-plpeddino-5-mefho~ywf10iidin-2-one 8d2. 8d3) and 
5 small amounts of W , 103 and recovered stariing material were obtained. 

8dr- Yield 41%. Colourless solid, mp 110-11Z0C (from benzene-hexane). (Found: C, 43.60; H, 6.30; N, 9.95; 

Br, 28.92. Cl0Hl7O2N2Br requires, C, 43.47; H, 6.15; N, 10.14; Br, 28.62). Ms,  mlz: 245-247, 197, 

138 (100%). 

5- Yield 4%. Colourless solid, mp 110-112% (from benzene-hexane). Ms, mlz: 245-247, 197, 138 (100%). 

8d - Yield 9%. Colourless solid, mp 120-1220C (from benzene-hexane). Ms, mlz: 245-247, 197, 138 (100%). 3' 

When piperidhe was added in excess (6 mmol of piperidhe, 3 mmol of pyrrolinone 2) and the crude 

mixture was kept a t  room temperature for 5 h, the 3,4-bis(N~peddinyl)-5-meorho-rsoUdin-2-one 

(103) and 9d5 were separated by chromatography (chloroform-ethyl acetate-methanol 6: 3: 1). 

106- Yield 8%. Colourless solid, mp 1 0 8 T  (decamp) (from benzene-hexane). Ms, m/z: 281 (M'), 141 (loo%), 



1 126. Ir (nujol): 3200, 3100 (NH), 1700 (C.0). H-nmr: 8.20(br, lH,  NH); 4.58 (d, lH,  C-5, J4,5 = 2.0); 

3.25 (d, lH,  C-3, J3,4 = 4.8); 2.89 (dd, lH,  C-4, J3,4 = 4.8, J4,5 = 2.0); 2.78-2.70 (m, ZH, CH2N); 2.51-2.40 

(m, 6H, CH2N); 1.48-1.43 (m, 12H, CH2) 13~-nmr:  175.4 ( G O ,  C-2); 86.42 (CH, C-5); 69.72 (CH, C-3); 

66.79 (CH, C-4); 54.96 (0-CH3, C-5); n.36 (CH2N, C-3); 50.70 ( C H ~ N ,  C-4); 24.41-24-23 (CH2, C-3, C-4). 

Ms, mla: 281 (MI) ,  141 (100%). 

Reaction of 3Sromo-5-methoxy-3-~11oUn-2-one (2) with Thiols. General Procedure 

To a solution of bromopyrralinone 2 (0.6 g, 3 mmol) in methanol (6 mi) was added the thioi (3.3 mmol) 

and the  corresponding sodium thiolate (0.02 mmal) in methanol (9 ml). The mixture was kept a t  room 

temperature (30 min for 13e and 138; 1 h for 13f). The solvent was removed under reduced pressure. 

1 Reaction with phenylmethanethid- The crude mixture contains (by H-nmr) 3-hromo-4-bmzylthio-5- 

methoxy~rrolidin-2-one as  a mixture of the diastereomers 13e and 13e+ The compound 13el precipitated 1 
as  a white solid when hexane-ethyl acetate was added t o  the  mixture. Column chromatography of the 

5 5 mother liquors (ethyl acetate-hexane-dichloromethane 4 : 2 :  1)  afforded Me,  1% and small amounts of 13er 

13el.- Yield 36%. Colourless solid, mp 72QC (from ethyl acetate-hexane). (Found: C, 45.43; H, 4.60; N, 

4.40; Br, 25.96; S, 9.86. C H 0 N B r S  requires, C, 45.57; H, 4.43; N, 4.43; Br, 25.32; S,  10.13). Ms, m/z: 12 14  2 
315-317 (Mt), 236, 177, 91 (100%). 

When the crude mixture was kept a t  raom temperature for longer periods of time, the  compounds 14e 
5 

5 and 1Se were also identified. 

1 Reaction with 2-propanethio1.- The crude mixture contains (by H-nmr) 3-bromo-4-isopro~lthio-5-metboxg- 

w~rolidin-2-es as  a mixture of diastereomers 13f and 13f+ After column chromatography (dichloro- 1 5 5 methane-methanol-ethyl ace ta te  6 : 2 :  1)  compounds 13fl, 14f and 15f were obtained. 

13f - Yield 60%. Colourless solid, mp 79-80 (from benzene). (Found: C, 36.08; H, 5.38; N, 5.17; Br, 30.23; 1' 
S, 11.63. C H 0 N B r S  requires, C, 35.82; H, 5.22; N, 5.22; Br, 29.85; S, 11.94). Ms, m/z: 267-269 (Mt), 

8 14  2 
188, 129 (100%). 

When the crude mixture was kept a t  raom temperature for longer periods of time, the compounds 14f 
5 

5 and 15f were also identified. 

1 Reaction with 2-methyl-2-propanetNol.- The crude mixture contains (by H-nmr) 3-hromo-l-teht-butylrhio- 

5-metho-rrolidin-2-e as a mixture of diastereomers 1 3 ~ ~  and 13g2 After column chromatography 
5 

(ethyl acetate-hexane-dichloromethane 4: 2 : 1) compounds 13g1 and 158 were obtained. 

13g1.- Yield 68%. Colourless solid, mp 640C (from benzene-hexane). (Found: C, 38.70; H, 5.83; N, 4.93; Br, 

28.07; S, 11.20. C9H1602N Br S requires, C, 38.43; H, 5.69; N, 4.98; Br, 28.11; S ,  11.38). Ms,  m/z: 281-283 

(M'), 202, 143 (100%). 

5 
When the crude mixture was kept a t  room temperature for longer periods of time, the compound 15g was 

also identified. 

Dedicatory. We would like t o  dedicate this paper to the memory of the late Praf.Dr. Juan Borges del Castillo. 
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