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Abstract- A series of N-substituted 4-amino-2(5!)-furanones (11) was 

derived from 0-tetronic acid (1) by direct action of several aliphatic and 

aromatic amines. The Eschenmoser-Mannich reaction of 11 readily gave the 

corresponding Mannich bases (VI) quantitatively. 

The nannich reaction of dihydro-2(3p)-furanones serves as a tool for the a-methyle- 

nation of Y-lactones.' However, no example of the Mannich reaction involving 4-hy- 

droxy- or 4-alkoxy-2(5g)-furanones (I) is known to dater3 much less any device for 

the a-homologation of 2l5H)-furanones despite their wide use for the preparatioq of 

hiologically active scbstances or as a building block for heterocyclic compounds. 4 

The only example of the Mannich-fashioned homologation at C3 of the 4-oxyganated 

system is the reaction between 5-tetronic acid (I; R=H) and dimethylformamide dieth- 

yl acetal. 3d The reaction involving 4-amino-2 (5g) -furanone, a nitrogenous congener 

of I, has not been examined either to date. In the study to examine the reactiv~ty 

of a series of 0-tetronic acid congeners, we have investigated the Eschenmoser- 

Mannich reaction of 3-substituted 4-amino-2(5H)-furanones (11) which can be readily 

derived from I (R=H) . 
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4-Amino-2(5ji)-furanones 111) have been prepared from 4-methoxy-2(Sg)-furanone (I; 

R=Me) y& the initial addition of several aliphatic mines to I (R=Me), but the 

method has been found unsuccessful with aromatic a m i n e ~ . ~  On the other hand, Gelin 

and pollet6 reported that phenyl- and benzylhydrazines failed to react with methyl 

B-tetronate (I; R=Me) but reacted smoothly with I (FFH) to give 4-hydrazino compounds. 



We conducted the direct condensation of I (R=H) with a variety of aliphatic and 

aromatic amines and obtained the corresponding enamines (11) in good yield as shown 

in Table I. 

Table I. !-SUBSTITUTED 4-AMINO-2(5jl)-FURANONES 

recrystallizatn. Exact Mass Compound (11) Yield ( I )  mp (OC) ( ) Pound Calcd. 

R1-R2-tetramethylenea) 93 121-123 (benzene) 153.0792; 153.0789 for C8H1102N 

1 2  R =R =pentamethyleneb) 66.5 103-105 (benzene) 167.0954; 167.0947 for C9H1302N 

R ~ = R ~ = M ~  78 84-85 (benzene) 127.0624; 127.0633 for C6H902N 

d = ~ ,  R2=~eC) 78 180-182 (ethanol) 113.0447; 113.0477 for C5H702N 

1 2 d) 
R =H, R =Ph 80 220-222 (ethanol) 175.0624; 175.0633 for C10H902N 

2 R1=Me, R =Ph 84 107-108 (benzene) 189.0782; 189.0789 for CllHllOZN 

R1=H, R2=benzyl ( ~ n ) ~ )  83 152-154 (ethanol) 189.0794; 189.0789 for CllHl102N 

a) Lit.,' yield 722, mp 83-85-C. 

b) Lit.,6 yield 65%, mp 8548°C. 

C )  yield 85%, mp 180-182°C. 

d) Lit.,7 mp 220"~; lit.,8 yield 86.9%, mp 222-223-C; lit.,9 mp 218'C. 

e )  Lit.,6 yield 60%. mp 137-139'C. 

1 2 
The 4-anilino compound (11, R =H, R =Ph) was obtained with no practical difficulty 

as was described by Wolff and schimpff.' ~oosen' reported the ready formation 

1 2 of I1 (R =H, R =Ph) from y-chloroacetoacetic esters 1111) and aniline and mentioned 

that in the reaction course a possibility of initial formation of tetronic acid (I; 

1 2 R=H) and subsequent condensation with aniline into I1 IR =H, R =Ph) could not he ex- 

9 cluded, while BGhme characterized the intermediate 6-anilino-y-chlorocrotonate IIV) 

in the same reaction. 

we conducted the reaction of N-methylaniline with ethyl y-chloroacetoacetate and 
1 

obtained no trace amount of N-methylanilino compound (11; R =Me, R'=P~), the result 

suggesting the absence of the initial formation of I (R=H) in the reaction, because 

the direct condensation of E-methylaniline with I (R=H) gave smoothly the desired 

1 2 enamine I1 (R =Me, R =Ph) in good yield. 

The difference between the reaction of I11 with aniline and that with E-methylani- 

line would be explained in terms of the participation of a phenylimino intermediate 

IV) in the transition of the former, and the mechanism of the lactonization would 

be postulated as illustrated in the following. The formation of the intermediary 

ketene acetal could be facilitated and stabilized by the conjugated phenylimino 
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group. The reaction of monoalkylamines with I11 also gave I1 (R'=H) though in low 

yield, and the N-H in I1 (R~=H) 

was readily methylated with 

methyl iodide without any 

methylation at C3. ( I V )  ( V )  ( I1 

One of the spectroscopic feature of I1 is a marked upfield shift of the proton or 

carbon resonance for position 3 in nmr spectra as compared with that of I as summa- 

rized in Table 11. The improved reactivity of this position was found to be well 

associated with this feature as evidenced by the following electrophilic substitu- 

tion discussed below. 

Table 11. NMR DATA FOR POSITION 3 IN 4-OXYGENATED AND 4-NITROGENATED 2(5H)- 

FURANONES 

Compound C3-Proton ( 6 ;  ppm) C3-Carbon (8 ;  ppm) Solvent 

I; R=H a 5.20 89.8 DMSO-d6 

I; R=Bn bl 4.90 87.6 CDC13 

a) Prepared from ethyl acetoacetate according to our 'one pot7-fashioned procedure1 

with partial modification: ether was added as a Lewis base on the bromination. 

b) Prepared from I (R=H) according ro the method described by Pollet and Gelin. 
10 

A partial modification by use of a Soxhler apparatus packed with anhydrous MgSOq, 

instead of a Dean-Stark water separator, resulted in marked improvement of the 

yield and notable reduction of the reaction period (Ilh vs.  80h). 

C )  Prepared from I (R=H) according to the method described by Gelin and Pollet. 
11 

d) The exceptional dmfield shift is due to the delocalization of enamino electrons 

resulting the conjugation of the furanone with the phenyl across the less crowded 

nitrogen. 

The enamines (11) reacted smoothly with Eschenmoser's salt under mild conditions to 

qive hydriodides of the corresponding Mannich bases (VI) quantitatively as summa- 

rized in Table 111. 



Table 111. MANNICH BASES (VI) FROM I1 
* 

Compound Yield ($) mp (OC) 

1 2  
R =R =tetramethylene quant. 64-65 

1 2  
R =R =pentamethylene 89.0 105-106 

1 2  
R =R =Me quant. 113-115 

1 2  
R =H, R =Me quant. 38-42 

2 ~l=ti, R =Ph 98.5 (oil) 

1 2 
R =Me, R =Ph 92.3 (oil) 

1 2  
R =H, R =En 93.8 (oil) 

*) quant. : quantitative 

Exact Mass 
Found Calcd. 

210.1355 210.1368 for C11H18N202 

224.1519 224.1525 for C12H20N202 

184.1215 184.1212 for C9H16N202 

170.1050 170.1055 for C8H14N202 

232.1199 232.1211 for C13H16N202 

246.1346 246.1368 for C14HlnN202 

246.1347 246.1368 for C14H18N202 

The Mannich bases (VI) from N,x-disubstituted 4-amino-2(5g)-furanones reacted with 

methyl iodide to give the corresponding quaternary salts. On the other hand, N- 
1 monosubstituted Mannich bases (VI; R =H) gave a mixture of normal quaternary salts, 

intermolecular quaternary salts (VII), and tetramethylammonium iodide. 

When the reaction temperature for quaternization was kept at -8%-10°C, no intermo- 

1 lecular quaternary salt was obtained from VI (R =H) exclusive of the N-phenyl sys- 

tem, but the normal quaternary salt was the only product. 

2 In the case of the 4-anilinofuranone (VI, R =Ph), however, the mixture was again 

obtained as a glassy solid even under the condition at -8%-10°C. 

In the initial stage of investigation, we assumed that the normal quaternary salt 

1 from g-monosubstituted furanones (VI, R =H) could be transformed into a 4-imino-3- 

methylenefuranone (VIII). The furanone (VIII), however, failed to be isolated nor 

characterized because of its instability. The furanone (VIII) is presumed to be 

transformed immediately into the twin furanone ammonium (VII) by action of another 

Mannich molecule. 

VII 

R=Me, En, Ph ( VIII 
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The extra ease of formation of the twin furanone ammonium (VII, R2=ph1 from 4-anili- 

nofuranone Mannich base (VI; R~=H, R2=ph) can be rationalized in terms of the fa- 

cilitation in formation of and the stabilization of the transient 4-phenyliminofu- 

ranone system by conjugation of the phenyl with the ene-imine system. 

The structure of the twin furanone ammoniums was evidenced by the fact that the so- 

dium borohydride reduction or cyanation with potassium cyanide of the salts gave a 

mixture of the starting Mannich base and the corresponding a-methyl- (1x1 or a-cya- 

nomethyl-furanone (XI while the same treatment of the normal ammoniums gave no Man- 

nich mines. 

( X )  ( 1x 1 
R=Me, Bn, Ph R=Me, Bn, Ph 

In the cyanation of the 4-anilinofuranone compound (VII, RZ=P~), the resulting Man- 

nich base (VI; R ~ = H ,  R2=ph1 itself also suffered from cyanation possibly y& inter- 

mediate VIII, and thus the nitrile (X) was the only product, the situation being 

evidenced by the independent cyanation of VI (R~=H, R2=ph1 where the nitrile (X, 

R=Ph) and bis[4-anilino-2(5~!-furanon-3-yllmethane were isolated. 12 

EXPERIMENTAL 

Mps were determined on a Yanaco hot-stage melting point apparatus and are uncorrect- 

ed. Infrared (ir) spectra were recorded on a Snirnadzu IR-435 grating IR spectrome- 

ter, and nuclear magnetic resonance [nrnr! spectra were recorded at200 MHz (JEOL JNM- 

FX 200 spectrometer) and 50 MHz with tetramethylsilane or sodium 4,4-dimethyl-4- 

sila-1-pentanesulfonate as an internal standard. High-resolution mass (ms) spectra 

were recorded on a JEOL JMS-WX 100 spectrometer. Preparative thin-layer chromato- 

graphy (PTLC) was performed on Merck kieselgel 60 F Z 5 * .  

General Procedure for the Preparation of N-Substituted 4-Amino-2(5H)-furanones (I11 

a) From 6-tetronic acid (I, R=K! : Amine (10 mmol) was added to a solution of 1 (0.2 g, 

2 moll in glacial acetic acid (5 ml), and the resulting mixture was heated at 115- 

120' for 3 hr and followed by azeotropic distillation by adding dry benzene dropwise 

to the reaction mixture at 115-120°C. After additional heating for 2 h, the reac- 

tion mixture was evaporated under reduced pressure. The residue was dissolved in 



chloroform 1100 ml), and to the solution was added anhydrous potassium carbonate 

I5 9). The resulting suspension was stirred until any acid was completely con- 

sumed. On filtration of the suspension and subsequent evaporation of the filtrate 

was obtained the aminofuranone 111). 

4-Dimethylamino-2 158)-furanone 111, R ~ = R ~ = M ~ )  : Dimethylamine hydrochloride 110 mmol) - 
and anhydrous potassium acetate 110 -01) were used in place of the free amine de- 

scribed in the general procedure. Ir w::: cm-l: 1800lm), 17121s), 16101s). IH- 

Nmr1CDCl3, 25'C) 6: 2.94168, s, NMe2), 4.57118, s, C3-H), 4.70128, s, C5-8). 13c- 

NmrICDCl3, 6O0c)l3 6: 39.41q). 66.91t). 81.116). 169.31s). 175.31s). Ms ? / ? I % ) :  

128 (M++l, 8.4), 127 (M+, loo), 126 l4.O), 99 l7.5), 98 l8.4), 70 116.61, 69 126.2). 

4-Methylamino-2158)-furanone 111; R ~ = H ,  R2=Me): Methylamine hydrochloride 110 mmol) 

and anhydrous potassium acetate I10 mmol) were used in place of the free mine de- 

scribed in the general procedure. Ir vKBr cm-l: 3260, 1775lm), 17001s). 16001s). l ~ -  max 

Nmr(DMS0-d6, 50DC) 6: 2.71138. d, J=5 Hz, NMe), 4.4811H. s ,  C3-H), 4.59128. s, C5-8). 

7.26(18, NH, exchangeable with D20). 1 3 ~ - ~ m l ~ ~ ~ ~ - d 6 ,  50°C) 6: 30.51q). 66.6 (t1, 

78.2(d), 169.7(s), 174.61s). Ms %/?I%): 1141~++1, 7.4), 1131M+, 1001, llZIlO.3), 

8519.21, 84113.41, 55127.8). 

4-~~rrolidino-215H)-furanone 111, R1=R2=tetramethylene) : 

Ir w::: cm-l: 1770lm). 17151s). 16081s). 1~-~mrlCDC13, 25'C) 6: 2.04148, t-like, 

5=7 Hz, N-C-CH2), 3.30(4H, t-like, 5=7 Hz, N-CH2-C), 4.55118, s, C3-81, 4.70128, s, 

C5-8). 13~-~mr(CDC13, 2s0c)13 6: 24.7 & 25.5(each t), 47.2 & 49.l(each t), 66.9(t), 

80.l(d), 166.1(s), 175.51s). Ms m/z(%): 154(~++1, 10.7), 1531M+, LOO), l52(17.9), 

12518.61, 96(10.4), 95117.3). 

4-Piperidino-2158)-furanone (11, R1=R2=pentamethylene) : 

Ir w::: cm-l: l788lm). 1705(s), 16001s). 1~-~mr(C~C13, 2S°C) 6: 1.67168, m, N-C-CH2- 

CH2CH2), 3.18148, m, NCH2), 4.6011H. s, C3-H) , 4.69128, S ,  C5-8). 1 3 ~ - ~ m r ~ ~ ~ ~ 1 3 .  

25T) 6: 23.6It1, 25.lIt1, 48.2(t), 66.9lt), 80.9(d), 168.11s). 175.61s). 

Ma ;/?I%): 1681~++1, 12.3). 1671M+, 100). 166131.8). l38ll5.9), 109122.71, 83123.3). 

55119.31, 41124.5). 

4-Benzylamino-2(5H)-furanone (11; R~=H, R2=Bn): Insoluble in chloroform. 
14 

Ir w::: cm-': 3210, l78O(m), l699(s), 16051s). 1 ~ - ~ m r ( ~ ~ ~ ~ - d 6 ,  50DC) 6: 4.26 128. d, 

Js5.9 HZ, P ~ c H ~ ) ,  4.56118, s, c3-H), 4.64128, s ,  c~-H), 7.30(5H, s, Oh), 7.82118, - 
NH, exchangeable with D20). 1 3 ~ - ~ m r l ~ ~ ~ ~ - d 6 ,  50DC) 6: 47.7 It), 67.0(t), 79.3(d), 

l27.2ld), 127.41d1, 128.51d1, l37.6ls), 168.9(s), 175.11s). Ms m/zl%): 1901~++1, 

14.0), 1891M+, 98.0), l45(3.O), 113110.6), 92(10.2), 911100). 
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4- IN-Methylanilinol-2 (5H) -furanone 111; R1=Me, R2=ph) : The excess N-methylaniline 

was removed in the last stage of work-up by washing the chloroform solution of the 

product with 5% hydrochloric acid (3 ml x 31 and with water 13 mll. 

Ir vKBr cm-l: 1772(m), l715(9), 1575(sl. 1 ~ - ~ m r l ~ ~ ~ 1 3 ,  25'CI 6: 3.30(3H, s, NMel, max 

4.55(2H, s, C5-HI, 4.79(1H, s ,  C3-HI, 7.12-7.24(2H, m, aromatic HI, 7.26-7.45(3H, 

m, aromatic H) . 1 3 ~ - ~ m r ( ~ ~ ~ 1 3 ,  25-C) 6: 40.9 (q) , 67.5 It) , 84.2(d), 125.3Id), 127.8ld1, 
l3O.l(d), 144.0(sI. Ms ?/?(%) :  190(~++1, 13.7). 189(M+, loo), 18812.81, 144(15.5), 

l32(16.5), 131(5.7), 82118.41. 

4-Anilino-Z(5H)-furanone (11; R1=H, R2=ph): Insoluble in chloroform. 14 

Ir vKBr cm-l: 3250, 3200, 3120, 3080, l8OO(wl, l685lsl, 1580(sl. 1 ~ - ~ m r l ~ ~ ~ ~ - d 6 ,  max 

5ODC1 6: 4.84(2H, s ,  C5-HI, 5.25(1H, s ,  C3-HI, 7.07(1H, t, 5=7 HZ, aromatic Cp-H), 
- 

7.18 (28. d, 5=7 Hz, aromatic Co-H) , 7.36 128, t, 5=7 Hz, aromatic Cm-H) , 9.58 (1H. NH, - - 
exchangeable with D20). 1 3 ~ - ~ m r ( ~ ~ ~ ~ - d 6 ,  50PC) 6: 68.0(tI, 83.7(dI, 118.7(dI, 

123.0(dl, 129.4(dl, 140.21~1, 162.91~1, 174.71s). Ms ?/?(%I: 176(~++1, 13.6). 

175(M+, 1001, 17416.81, 14616.01, 14416.81, 130(7.0), ll8(18.5), 11718.0). 

bl From ethyl y-chloroacetoacetate (111): Amine (33 moll and giacial acetic acid 

16 mmoll were added to a solution of I11 (5 g, 30 mmol) in dry benzene (40 mll, and 

the resulting mixture was heated under reflux for 5 h by use of a Soxhlet apparatus 

packed with anhydrous magnesium sulfate and dry benzene (50 mll. After cooling, 

the solid deposited was collected, washed with benzene and triturated with ethanol 

to give 11. 

4-Methylamino-215Hl-furanone (11; R1=H, R2=Me): Methanolic methylamine was used as 

a startlng material, and the product was washed with water in the final stage of 

work-up. Yield: 40%. 

4-Benzylamino-2(5Hl-furanone 111; R1=H, R2=~n): Yield: 49%. 

4-Anilino-215Hl-furanone (11; R ~ = H ,  R ~ = P ~ ] :  Yield: 79%. 

CI From N-monosubstituted 4-amino-Z(5Hl-furanones (11, R1=H): A suspension Consist- 

ing of I1 (R2=Me: 4.3 mmol, R2=Bn: 2.6 mmol, R2=ph: 2.9 mol), anhydrous potassium 

carbonate 15 gl, methyl iodide (10 ml), DME (8 ml) , and acetone (15 ,1111 was stirred 

at room temperature for 3 days. After removal of the inorganic material by filtra- 

tion. the filtrate was evaporated, and the resulting residue was taken in chloroform 

(50 ml). The chloroform layer was evaporated to give the corresponding N,N-disub- 

stituted 4-amino-Z(5Hl-furanone 1 1  R1=Me1. 

4-Dimethylamino-2 15H) -furanone (11, R~=R?=M~) : Yield: 62%. 

4-(N-Methylanilinol-2(5H)-furanone (11; R1=Me, R2=ph1: Yield: 97%. 



4-IN-Methylbenzylamin0)-2(5H)-furanone (11, R1=Me, R2=~n): Yield: quantitative. 

Mp 87.5-88'~ (colorless prisms from ether/benzene) . Ir v::: cm-l: 1784 lm) , 1715 Is), 

1590(s). 1 ~ - ~ m r ( ~ ~ ~ 1 3 ,  25'C) 6:2.89(3H, s ) ,  4.3212H, s), 4.67(1H, s ) ,  4.73(2H, s), 

7.10-7.36 (5H, m) . 1 3 ~ - ~ m r ( ~ ~ ~ 1 3 ,  25-C) 6: 37.6 (q, non-sharp) , 55.8 (t, non-sharp) , 
66.9 It), 81.6 (d), 126.8 (dl, 127.9 (d), 128.9 (dl , 135.1(s), 168.9 (s) , 175.1(s). 

Ms ? / ~ ( 8 )  : 204 (M++l, 8.01, 203 (M+, 53.81, 202 (M'-1, 13.0), 92 (9.9), 65 18.1). 

Exact Mass: Calcd for C12H13N02: 203.0946; Found: 203.0923. 

General Procedure for the Eschenmoser-Mannich Reaction of 4-Amino-2(5H)-furanones - 

0: Finely ground Eschenmoser's salt 10.85 mol) was added to a mixture of I1 

(0.6 mmol) and dry dimethoxyethane (DME, 5 ml), and the resulticg suspension was 

stirred at room temperature for 3 h. The solvent was removed by decantation, and 

the deposited hydriodide of Mannich base was washed with dry ether. The hydriodic 

salt was dissolved in a saturated potassium carbonate solution, and the solution 

was extracted with methylene chloride (10 ml x 5). The extract was dried over an- 

hydrous sodium sulfate and evaporated to give free Mannich base (VI) 

3-~N,N-Dimethylaminomethyl)-4-pyrrolidino-25~-furnone -- (VI, ~~=R~=tetrameth~lene): 

Ir vCHC13 ..-I: 2810, 2770, 1720(s), 1605(s), 1459, 1361, 1338, 1062, 1039, 1000. max 

1 ~ - ~ m r ( ~ ~ ~ 1 3 ,  25-C) 6: 1.99(4H, t-like, - J=7 Hz, C4-N-C-CH2), 2.20(6H, s, NMe2), 3.08 

(2H, s, NCH2-C3), 3.28-3.80(4H, m, C4-NCH2), 4.57(2H, s, C5-H). 

1 3 ~ - ~ m r ( ~ ~ ~ 1 3 ,  25-C) 6: 25.l(t), 44.6(q), 48.2(t), 51.4(t, NgH2-C3), 65,9(t), 89.5(s), 

162.8(s), 176.7(s). Ms _m/z(%): 211(~++1, 1.71, 210(M+, 52.81, 209(M+-1, 1.2). 

195(M+-15, 23.9). 167(30.4), 166(M+-44, 94.4), 165(100). 

3-(N,N-Dimethylaminomethyl)-4-piperidino-25H-£uanone ~ -- . . -. .. (VI, ~ ~ = ~ ~ = ~ e n t a m e t h ~ l e n e ) :  

CHC13 cm-l. 
Ir "max . 2810, 2770, 1719(s), 16001s), 1460, 1440, 1340, 1320, 1270, 1062, 
1040, 1002. 1 ~ - ~ m r ( ~ ~ ~ 1 3 ,  25OC) 6: 1.52-1.74(6H, m, C4-N-C-CH2CH2CH2), 2.17(6H, s, 

NMe21, 3.04(2H, s ,  NCH2-CJ), 3.40-3.52(48, m, C4-NCH2), 4.58128, s, C5-H). 

1 3 ~ - ~ m r ( ~ ~ ~ 1 3 ,  25'C) 6: 24.2(t), 26.2(t), 44.6(q), 49.11t1, 52.7(t, NgH2-C3), 

66.0 It), 89.8 ( 5 )  , 163.2 ( s ) ,  177.1(s). Ms q'zl%) : 225 (M++l, 2.9), 224 (M', 20.5), 

209(Mt-15, 20.1), 181(21.5), 180 (1001, 179(72.1), 136 (l8.3), 41(17.8). 

4-Dimethylamino-3- (N,N-dimethylaminomethyl)-2 (5H) -furanone (VI, R1=R2=~e) : 

Ir "CHC13 -1 max Cm : 2800, 2770, 1720(s), 1618(s), 1450, 1410, 1340, 1061, 1040, 1000. 

1 ~ - ~ m r ( ~ ~ ~ 1 3 ,  25'C) 6: 2.20(6H, s, NMe), 3.06(28, s, NCH2), 3.16(68, s, C4-NMe), 

4.58(2H, s. C5-H). 1 3 ~ - N m r ( ~ ~ ~ 1 3 ,  25-C) 6: 40.l(q), 44.5(9), 52.l(t), 66.0(d), 

gO.Z(s), 164.9(s), 176.8(s). Ms wz(%)  : 185(~++1, 2.6), 184 (M', 21.1), 169 (27.7), 

141127.21, 140(100), 139(22.4), 96(18.7), 86(19.1), 44(15.3). 
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3- (N,N-Dimethylaminomethyl) -4- (N-methylamino -2 5 - f u r n o  (VI; R ~ = H ,  R2=Me) : 

Ir VCHC13 cm-l: 3210(NH), 2810, 2770, 1725(s), 1639(s), 1410, 1361, 1330, 1060, 1002. max 

1 ~ - ~ m r ( ~ ~ ~ 1 3 ,  2SPC) 6: 2.16(6H, s ,  NMe), 2.87(3H, d, J=5 Hz, convertible to a sin- - 
qlet on treatment with D20, C -NMe), 3.13(2H, broad s, NCH2-C3), 4.64(2H,t,5=2 Hz, 4 

homoallylic coupling with NCH2-C3; C5-HI, 6.50(1H, broad signal, NH, exchangeable 

with D20). 1 3 ~ - ~ m r ( ~ ~ ~ 1 3 ,  25-C) 6: 30.1(q, C4-NgH31, 45.l(q), 53.5(t), 64.6 (t) , 
+ 89.5(s). 166.4(s), 175.2(s). Ms $ / ? ( % I :  171(~++1, 9.3). 170(M , 51.9). 169(3.9), 

155 (96.41, 140 (46.8). 126 (74.4). 72 (50.7). 55(40.5). 44 (100). 

4-Anilino-3- (N,N-dimethylaminomethyl) -2 ( 5 ) - f o e  (VI; R ~ = H ,  R2=ph) : 

Ir VCHC13 cm-l: 319O(NH), 2810, 2780, 1725(s), l64O(s), 1598(s), 1498, 1440, 1420, max 

1361, 1322, 1312, 1099, 1039, 1003. 1 ~ - ~ m r ( ~ ~ ~ 1 3 ,  25OC) 6 :  2.29(6H, S, NMe), 

3.30(2H, broad s, N C H ~ - C ~ ) ,  4.91(2H, t, J=1 Hz, C5-Hlr 6.91(2H, dq, 5=8, 1.5 Hz, 

aromatic Co-H), 7.08(1H, tt, 5=8, 1.5 Hz, aromatic Cp-H), 7.32(2H, tt, 5=8, 1.5 Hz, 

aromatic Cm-H). 1 3 ~ - ~ m r ( ~ ~ ~ 1 3 ,  25'C) 6: 45.2(q), 54.2(t), 65.8(t), 93.4(s), 

ll9.5(d), 124.l(d), 129.8(d), 139.3(s), 162.0(s), 173.9(s). Ms !/?(%I: 233(~++1, 

3.91, 232(M+, 23.9), 231(2.11, 187(40.0), 143(40.1), 140(31.2), 129(100), 128(22.9), 

59(22.5), 45(38.8), 44(70.3). 

3-(N,N-Dimethylaminomethyl)-4-(N-methylani1in0)-25H)-£uran0ne (VI; R1=Me, R2=ph): 

CHC13 cm-l, 
Ir 'max . 2810, 2775, 1720(s), 1618(s), 1588(s), 1490, 1460, 1400, 1340, 1080, 
1045, 1030, 1000. 1 ~ - ~ m r ( ~ ~ ~ 1 3 ,  25OC) 6: 2.16(6H, s, NMe), 3.02(2H, s, NCH2-C3), 

3.61(3H, s ,  C4-NMe), 4.35(2H, s, C5-HI, 7.18-7.48(5H, m, aromatic H). 

1 3 c - ~ m r ( ~ ~ ~ 1 3 ,  25'C) 6: 41.5(q, C4-NMe). 44.7(q), 51.7(t), 66.7(t), 93.0(s), 126.4(d), 

127.9(d), 129.9(d), 144.9(s), 163.7(s), 176.7(s). Ms rn/z(%): 247(~++1, 10.1). - 
246(M+, 47.81, 245(6.0), 232(17.6), 231(M+-15, loo), 203(70.6), 202(93.8), 201(31.1). 

4- (N-Benzylamino) -3- (N,N-dimethylaminomethyl-2 5 H - n o n e  (VI: R ~ = H ,  R'=B~) : 

Ir VCHC13 Cm-l: 3270(NH), 2810, 2775, 1725(s), 1640(s), 1450, 1360, 1322, 1059, max 

1003. l~-~mr(CDcl~, 2S°C) 6: 2.20(6H, s, NMe), 3.16(2H, s, NCH2-C3), 4.31(2H, 

broad s, convertible to a singlet on treatment with D20, P~CH~N), 4.57(2H,s, C5-HI, 

7.02-7.18(1H, exchangeable with D20, NH), 7.20-7,40(5H, m, Ph). 

1 3 ~ - ~ m r ( ~ ~ ~ 1 3 ,  25OC) 6: 45.l(q), 47.6(t, PhgH2N), 53.6(t, NgH2-C3), 64.7(tI, 90.3(s). 

l26.6(d), 127.9(d), l29.O(d), 137.6(s), 165.6(s), l75.O(s). Ms ~ / z ( % ) :  247(~++1, 

1.3), 246(Mt, 8 .  202(12.3), ZOl(25.7), l58(8.2), 92(9.8), 91(100), 46(23.6), 

45(11.4), 44(28.2). 



Quaternization of the Mannich Bases (VI) 

General Procedure for the Methylation of 4-(N,N-Disubstituted Amino)-3-(N,N-dimeth- 

ylaminomethy1)-Z(5H)-furanones: To a stirred solution of Mannich base (0.5 mmol) in 

acetonitrile (1 ml) was added methyl iodide (10 mmol), and the resulting mixture 

was stirred at room temperature for 5 h. The solvent was removed under reduced 

pressure, and the resulting residue was washed with dry ether to give the corre- 

sponding quaternary salt quantitatively. 

Trimethyl[4-pyrrolidino-2(5H)-furanon-3-ylmethyllammonium Iodide : 

I= vNujol cm-l: 1720(s), 1600(s), 1272, 1212, 1121, 1062, 1045, 975, 915, 881, 781, max 

761, 719, 695. 1 ~ - ~ m r ( ~ 2 ~ ,  25°C) 6: 2.10(4H, m), 3.15(9H, s), 3.52(2H, m), 
+ 

3.76(2H, m), 4.34(2H, s, NCH2-C3), 5.04(2H, s ,  C5-HI. 13c-Nmr(D20, 2S9C) 6:23.7(t), 
+ + 

25.l(t), 49.9(t), 52.l(q, NMe), 60.l(t, NCH2), 67.9(t), 79.1(s), 167.8(s), 178.5(t). 

Trimethyl[4-piperidino-2(5H)-furanon-3-ylmethyllamonium Iodide: 

Ir uNUjol cm-l: 1720(s), 1599(s), 1295, 1202, 1119, 1064, 1060, 1045, 1020, 1010, max 

979, 966, 864, 781, 695. ~ H - N ~ ~ ( D ~ o ,  5OPC) 6: 1.70(6H, broad signal), 3.07(98, s), 

3.51(48, broad signal), 4.34(2H, s ) ,  5.02(2H, s ) .  1 3 ~ - ~ m r ( ~ Z ~ ,  50°C) 6: 23.5(t), 
+ + 

26.O(t), 50.5(t), 53.0(q, NMe), 61.7(t, NCH2), 68.9(t), 79.6(s), 168.7(s), 180.0(s). 

[4-Dimethylamino-2(5H)-furanon-3-ylmethylltrimethylamonium Iodide: 

Ir viEpl cm-I: 1735(s), 1620(s), 1055, 970, 860, 700. 1 ~ - ~ m r ( ~ 2 ~ ,  25-C) 6: 3.08 

Trimethyl[4-(N-methylanilino)-2(5H)-furanon-3-ylmethyllamonium Iodide: 

Ir vNUjol cm-l: 1733(s), 1605(s), 1580(s), 1285, 1201, 1060, 878, 682, 619, 600. max 

l~-~rnr(~,o, 50°C) 6: 2.70(9H, s ) ,  3.44(3H, s ) ,  3.62(2H, s ) ,  5.16(2H, s ) ,  7.38-7.47 
+ 

(ZH, m ) ,  7.50-7.6413H, m). 13~-~mr(~20, 50DC) 6: 43.2(q), 53.2(q, NMe), 61.0(t, 
+ 
NCB*), 69.3 (t) , 83.3(s), 127.3 (d) , 129.8 (d) , 131.0(d), 143.4(s), 170.2 ( s )  , 179.0 ($1. 

General Procedure for the Methylation of 4-(N-Monosubstituted Amino)-3-(N,N-dimeth- -- 
ylaminomethy1)-2(5H)-furanones: To a stirred solution of Mannich base in acetoni- 

trile was added dropwise methyl iodide in acetonitrile at -lODC (bath temperature), 

and the resulting mixture was stirred at -lO°C for 30 min and subsequently at room 

temperature for 1 h. Filtration or evaporation of the reaction mixture followed 

by washing the residue with dry ether gave the corresponding quaternary salt. 

~rimeth~l[4-(~-meth~lamino)-2(5~)-furanon-3-ylmethyllamonium Iodide: Yield: 94%. 

Ir vNujol cm-l: 3200, 1722(s), 1620(s). 'H-N~~(D~o, 2S°C) 6: 2.94(3H, $1, 3.08(98, max 

s ) ,  4.04(2H, s), 5.04(2H, s ) .  1 3 ~ - ~ m r ( ~ 2 0 ,  2S°C) 6 :  30.7(q), 52.7(q), 59.6(t), 
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14-~N-Benzylamino)-2(5H)-furanon-3-ylmethylltrimethylamonium Iodide: Yield: quan- 

titative. Ir vNujol 
max cm : 3160, 172O(sI, l618(s). 1 ~ - ~ m r ( ~ ~ 3 ~ ~ ,  25-C) 6: 3.09(9H, 

s), 4.35(2H, s), 4.36(2H, d, 5=6 HZ, convertible to a singlet on treatment with D20, 

C4-NCg2Ph), 4.72(2H, s), 7.24-7.38(5H, m), 8.51(1H, broad signal, exchangeable with 

020). 

Sodium Borohydride Reduction of Quaternary salts; 

i) General Procedure for the Normal Salt: To a solution of the quaternary salt in 

methanol was added sodium borohydride (8 molar equivalents) at 0 'C, and the result- 

ing mixture was stirred for 3 h at room temperature. The solvent was removed under 

reduced pressure, and the residue was extracted with methylene chloride. The ex- 

tract was evaporated, and the residue was subjected to preparative thin-layer chro- 

matography (PTLC) on silica gel (eluent: benzene/acetone = 3 : 1). 

The Reduction of the Ammonium from an N(C4)-Monomethylfuranone (VI; R ~ = H ,  R ~ = M ~ ) :  

TWO products were isolated: a )  3-Methyl-4-(~-methylamino)-2(5~-furanone in 29% 

yield as colorless rhombs (from ethyl acetate), mp 160-162°C. Ir v:::'3 cm-l: 3400, 

1720(s), 1640(s). 1 ~ - ~ m r ( ~ ~ ~ 1 3 ,  2S°C1 6: 1.69(3H, broad s), 2.94(3H, d, 5=5 Hz, 

convertible to a singlet on treatment with D20), 4.54(1H, broad signal, exchangeable 

with D201, 4.63(2H, broad s ) .  Ms @ ( % I :  128(~'+1, 10.4). 127(M+, 100). 126(Mt-1, 

22.9). gE(27.8). 82(52.4), 69(24.2), 54(35.3), 42(21.1). Exact mass: Calcd. for 

C H NO - 127.0633; Found: 127.0657. b) 3-Methoxymethyl-4-(~-methylamino)-2~5gl- 6 9 2' 

furanone in 9% yield as colorless microneedles (from benzene), mp 100.5-101.5°C. 

CHC13 cm-l: 3400, 1720(sl, 1638(s). 1~-~mr(CDC13, 25'C) 6: 2.91(3H, d, J=5 Hz, Ir 'max 

convertible to a singlet on treatment with D201, 3.32(3H, s), 4.19(2H, broad s), 

4.65 (2H, broad s) , 5.57 (lH, broad signal, exchangeable with D20) . Ms m/z(%) : 158 

(M++1, 8.21, 157(~+, 86.31, 156(M+-1, 9.9). 127(98.3), 113(32.81, 72(64.0), 67(31.7), 

55(38.7). Exact mass: Calcd for C7H11N03: 157.0739; Found: 157.0748. 

The Reduction of the Ammonium from an N(C4)-Benzylfuranone (VI; R ~ = H ,  R ~ = B ~ ) :  Two 

products were isolated: a) 4-Benzylamino-3-methyl-2(~)-furanOne in 28% yield as 

colorless plates (from benzene), mp 112-113'C. Ir vCHC13 cm-l: 3400, 1721(s), 1640(s). max 

'H-N~~(cDC~~, 25'C) 6: 1.69(3H, t, J=1 Hz), 4.34(2H, d, 5=6 Hz, convertible to a 

singlet on treatment with D20), 4.57(2H, t, 5=1 Hz), 4.92(1H, broad signal, ex- 

changeable with D20), 7.20-7.36(5H, m). Ms @ ( % ) :  204(~++1, 6.1). 203(M+, 40.3). 

202(M+-1, 0.7), 92l9.71, 9l(lOO). Exact mass: Calcd for C12H13N02: 203.0946; 

Found: 203.0963. b) 4-Benzylamino-3-methoxymethyl-2~5~)-furanone in 27% yield as 



a colorless paste. Ir vCHC13 cm-l: 3400, 1730(s), 1640(s). 1 ~ - ~ m r ( ~ ~ ~ 1 3 ,  25OC) max 

6 :  3.32(38, s ) ,  4.20(2H, broad s) , 4.33(28, d, 5=6 Hz), 4.60(2H, broad s )  , 5.96(18, 

broad signal, exchangeable with D20), 7.20-7.36(5H, m) . Ms & ( % I  : 234(~++1, 2.2), 

233 (Mt, 13.91, 232 (Mf-1, 1.5), 203(21.8), 202(17.8), 201(31.7), 92 (lO.5), 91(100), 

65(12.5). Exact mass: Calcd for C13H15N03: 233.1052; Found: 233.1023. 

The Reduction of the Ammonium from an N(C4)-Dimethylfuranone (VI; R1=R2=Me): Two 

products were isolated: a) 4-(~,N-Dimethylaminol-3-methyl-2(5~)-furanone - in 11.5% 

yield as colorless plates (from benzene-ether), mp 91-92.5'C. Ir '4:::'3 cm-l: 1720 

(s), 16203s). 'H-N~~(cDC~~, 25'C) 6: 1.96(38, s), 3.03(6H, 5 ) .  4.53(2H, s ) .  

MS &(%I: 142(~++1, 9.9), 141(M+, 1001, 140(M+-1, 25.7), 96(50.7), 86(20.1), 

83(16.31, 68(22.1), 56(10.2), 42(15.41. Exact mass: Calcd for C7H11N02: 141.0790; 

Found: 141.0817. b) 4-(~,~-Dimethylamino)-3-methoxymethy1-2~5-fuanone in 19% 

yield as colorless prisms (from benzene-ether), mp 112-113°C. Ir v:::'3 em-': 1720 

( s ) ,  1618(s). 'H-Nmr(CDC13, 25-C) 6: 3.09(6H, s ) ,  3.32(3H, s), 4.16(28, s ) ,  4.57 

(2H, s). Ms *(%I: 172(~++l, 5.6), 171(~+, 50.81, 170(M+-1, 3.1), 141(44.6), 

96(16.3), 86(67.6). Exact mass: Calcd for C8H13N03: 171.0895; Found: 171.0907. 

The R e d u c e  of the A m m o n i ~ ~ ~ o ~ ~ ~ ~ ~ 4 - ( N - M e t h y l a n i l i n o ) f u r a n o n e  (VI; H1=Me, R ~ = P ~ )  : 

The only product isolated was 3-methyL-4-(~-methylanilino)-2/5~l-furanone. Yield: 

27.8%. A colorless paste. Ir vCHC13 cm-l: l722(s), l62l(s), 1590(s). max 

1 ~ - ~ m r ( ~ ~ ~ 1 3 ,  25-C) 6: 1.21(3H, t-like, J=1 Hz), 3.36(3H, s ) ,  4.59(2H, q-like, 

J=1 Hz), 7.12-7.41(5H, m). Ms m / z ( % ) :  204(~++1, 17.1), 203(M+, 1001, 202(M+-1, - 

l5.2), 158 (l6.8), 156(14.6), 146 (l3.l), 144 (13.21, 112 (3O.7), 77 (16.4). 

Exact mass: Calcd for C12H13N02: 203.0946; Found: 203.0968. 

ii) General Procedure for the Abnormal Salt: To a stirred solution of the Mannich 

base in acetonitrile (3 ml) was added dropwise methyl iodide (20 molar equivalents) 

in acetonitrile (1 ml) at room temperature, and the mixture was stirred at room 

temperature for 5 h. The deposited tetramethylammonium iodide was collected by 

filtration, and the filtrate was evaporated under reduced pressure to give the qua- 

ternary salt as a glassy solid. The glassy solid was dissolved in methanol ( 3  ml). 

and to this was added sodium borohydride (8 molar equivalents) at O'C. After stir- 

ring for 3 h at room temperature, the solvent was removed under reduced pressure, 

and the resulting residue was subjected to PTLC on silica gel (eluent: benzene/ace- 

tone = 3 r 1). The quaternization step was monitored by TLC prior to the reduction. 

The Reduction of the Ammonium from a 4-Anilinofuranone (VI; R1=H, R2=ph): The tetra- 

methylammonium iodide collected on quaternization was of 46.4% yield, and two 
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products were isolated: a) 4-Anilino-3-(~,~-dimethylaminomethyl)-2(5~)-furanone (VI; 

R ~ = H ,  R2=ph) in 26% yield, identified with an authentic specimen by spectral com- 

parison. b) 4-Anilino-3-methyl-2(5g)-furanone in 49% yield (based on the starting 

Mannich base) as colorless microcrystals (from ethyl acetate), mp 190-192°C. 

Ir vCHC13 Cm-I: 3400, 1732(s), 1640(s), 1598(s). 1 ~ - ~ m r ( ~ ~ ~ 1 3 ,  25'C) 6 :  1.78(3H, max 

broad s ) ,  4.83(2H. broad s ) ,  6.36(1H, broad signal, exchangeable with D20), 7.0212~1, 

d-like, 5=7 Hz), 7.16 (lH, t-like, 5=7 Hz), 7.36 (2H, t-like, 5=7 Hz). Ms @ ( % )  : 

190(~++1, 14.81, 189(M+, loo), 188(M+-i, 13.31, 160(15.5), 144(17.8), 143(11.4), 

l42(13.7), 132(17.8), 130(14.4), 117(11.2), 93(12.4), 77(26.3), Sl(16.0). 

Exact mass: Calcd for C11H11N02: 189.0790; Found: 189.0797. 

The Reduction of the Ammonium from a 4-(N-Methy1amino)furanone (VI; R ~ = H ,  R2=Me): 

The tetramethylammonium iodide collected on quaternization was of 28.1% yield, and 

three products were isolated: a) 3-(~,~-Dimethylaminomethy1)-4-(~-methylamino~-2(5g)- 

furanone (VI; R ~ = H ,  R2=Me) in 21% yield, identified with an authentic specimen by 

spectral comparison. b) 3-Methyl-4-(N-methylamin0)-2(5H)-furanone in 23% yield 

(based on the starting Mannich base), identified with an authentic specimen by spec- 

tral comparison. c )  3 - M e t h o x y m e t h y l - 4 - ( ~ t h y l a m i n o ) - 2 ( 5 H ) - f u n o n e  in 14% yield, 

identified with an authentic specimen by spectral comparison. 

The Reduction of the Ammonium from a 4-(N-Benzy1amino)furanone (VI; R1=H, R'=B~): 

The tetramethylammonium iodide collected on quaternization was of 32.8% yield, and 

three products were isolated: a) 4-(N-Henzylamino)-3-(~,N-dimethylaminomethyl)-2(5H)- - 

furanone (VI; R1=H, R2=Bn) in 11% yield, identified with an authentic specimen by 

spectral comparison. b) 4-L~-Benzylamino)-3-methy1-2(5~)-furanone in 2 5 %  yield 

(based on the starting Mannich base), ldentlfied with an authentic specimen by spec- 

tral comparison. c) 4-(~-Benzylamino)-3-methoxymethyl-2(5~)-furnon in 19% yield 

(based on the starting Mannich base), identified with an authentic specimen by spec- 

tral comparison. 

Cyanation of Quaternary Salts; 

i) General Procedure for the Normal Salt: To a solution of the quaternary salt in 

acetonitrile were added potassium cyanide (4 molar equivalents) and 18-Crown-6 ( 5  mg), 

and the resulting mixture was heated under reflux for 3 h. The solvent was re- 

moved under reduced pressure, and the residue was extracted with methylene chloride. 

The extract was evaporated, and the residue was subjected to PTLC on silica gel 

(eluent: chloroform/ethanol = 10 : 1). 

The Cyanation of the Ammonium from an N(C4)-Monomethylfuranone (VI; R1=H, R2=Me): 



3-Cyanomethyl-4-(~-methylamino)-2(5~)-furanone was obtained in 90.5% yield as color- 

less plates (from ethyl acetate), mp 125-126.5-C. Ir vmax CHC13 cm-l: 3400, 3300, 2250, 

l738(s), l65O(s). 1 ~ - ~ m r ( ~ ~ ~ 1 3 ,  25'C) 6: 2.98(3H, d, J=5 Hz, convertible to a sin- 

glet on treatment with D201, 3.29(2H, broad s), 4.71(2H, t, J=1 Hz), 5.26(18, broad 

signal, exchangeable with D20). Ms m/z(%) : 1531~++1, 10.5). 152(M+, loo), 151Wf-1, 

7.2), lO7(38.5), 106(25.5), 80(12.8), 79(24.3), 72(10.1), 68ll3.Z), 67(12.6), 

66(11.7), 42(10.6). Exact mass: Calcd for C7H8N202: 152.0586; Found: 152.0598. 

The Cyanation of the Ammonium from an N(C4)-Dimethylfuranone (VI; R1=R2=Me): 3-Cya- 

nomethyl-4-(~,~-dimethylamino)-2(5~)-furanone was obtained in 68.6% yield as color- 

less prisms (from benzene-ether), mp 77-78.5-C. Ir vNuiol cm-l: 2230, 1738(s), max 

1722(s), 1625(s). lH-~mr(cDcl~, 2SeCl 6: 3.15(6H, s), 3.47(2H, s ) ,  4.62(2H, S). 

Ms & ( % ) :  167(Mf+1, 11.5), 166(M+, loo), 165(Mf-1, 13.5). 122(11.4), 121(75.9), 

108(14.3), 94(17.7), 93131.7). 56(19.2), 42(11.1). Exact mass: Calcd for C8H10N202: 

166.0743; Found: 166.0734. 

The Cyanation of the Ammonium from an N(C4)-Benzylfuranone (VI; R1=H, R2=~n): 

4-(N-Benzylamino)-3-cyanomethyl-2(5H)-funone - was obtained in 58% yield as color- 

CHC13 cm-l: 3400, 3300, 2250, less needles (from benzene), mp 143.5-14S9C. Ir vmax 

1739(s), 16451s). 1 ~ - ~ m r ( ~ ~ ~ 1 3 ,  2S°C) 6: 3.28(2H, broad s ) ,  4.38(2H, d, J=6 Hz, 

convertible to a singlet on treatment with D20), 4.65(2H, broad s ) ,  5.91(1H, broad 

signal, exchangeable~ithD~O), 7.26-7.37(5H, m). Msm/z(%): 229(Mf+l, 6.0), 

228(M+, 35.31, 227(M+-1, 1.1), 92(9.6), 9l(lOOl, 65(8.7). Exact mass: Calcd for 

C13H12N202: 228.0899; Found: 228.0909. 

The Cyanation of the Ammonium from a 4- (N-Methylanilino) furanone (VI; R1=Me, R ~ = P ~ )  : 

3-Cyanomethyl-4-(~-methylanilino)-2(5~)-furanone was obtained in 61.3% yield as col- 

orless prisms (from benzene-ether), mp 161.5-162.5'C. Ir vNuiol max cm-l: 2240, 1721(s), 

1622(s), 1588(s). 1 ~ - ~ m r ( ~ ~ ~ 1 3 ,  25°C) 6: 2.67(2H, s), 3.39138. s ) ,  4.72(2H, s), 

7.24-7.29 (2H, m) , 7.38-7.50(38, m) . Ms : 229 (~++1, 16.71, 228 (Mf, loo), 

227(~+-1, 19.2), 183(17.6), 144(15.0), 137(30.9). Exact mass: Calcd for C13H12N202: 

228.0898; Found: 228.0896. 

ii) General Procedure for the Abnormal Salt: The crude quaternary salt was prepared 

according to the procedure described for the sodium borohydride reduction of the ab- 

normal salt and dissolved in acetonitrile (2 ml). To this solution were added po- 

tassium cyanide (4 molar equivalents) and 18-Cr~wn-6 (5 mg), and the resulting mix- 

ture was heated under reflux for 3 h. After cooling, the solvent was removed under 

reduced pressure, and the residue was extracted with chloroform. The extract was 
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evaporated, and the resulting residue was triturated to give crystalline products, 

otherwise was subjected to PTLC on silica gel (eluent: chloroform/ethanol = 10 : 1). 

The Cyanation of the Ammonium from an N(Cd)-Monomethylfuranone (VI; R1=H, R2=~e): 

Two products were isolated: a) 3-(~,~-Dimethylaminomethyl)-4-(~-methylamino)-2(5~)- 

furanone IVI; R~=H, R2=~e) in 11% yield, identified with an authentic specimen by 

spectral comparison. b) 3-Cyanomethyl-4- IN-methylamino) -2 15g)-furanone in 49% 

yield (based on the starting Mannich base), identified with an authentic specimen 

by spectral comparison. 

The Cyanation of the Ammonium from an N(C4)-Benzylfuranone (VI; R ~ = H ,  R2=~n): Two 

products were isolated: a) 4-(N-Benzylamino)-3-(~,~-dimethylaminomethyl)-215~)-fura- - 

none IVI; R~=H, R2=~n) in 4.4% yield, identified with an authentic specimen by spec- 

tral comparison. b) 4-Benzylamino-3-cyanomethyl-2(5H)-furanone in 55% yield (based 

on the starting Mannich base), identified with an authentic specimen by spectral 

comparison. 

The Cyanation of the Ammonium from a 4-Anilinofuranone (VI; R~=H, R2=ph) : The only 

product isolated was 4-anilino-3-cyanomethyl-2(5H)-furanone. Yield: 55.1% based on 

the starting Mannich base. Colorless prisms from ethanol, mp 229.5-23O'C. 

cm-l: 3300, 3230, 3200, 3100, 2240, 17051s). 1638(s), 1588 ( s ) .  Ir 'max 

1 ~ - ~ m r ( ~ ~ ~ ~ - d 6 ,  50°C) 6: 3.40(2H, s ) ,  5.0012H. s ) ,  7.10-7.20(3H, m), 7.32-7.40(W, m), 

9.50 11H. broad signal, exchangeable with D20). Ms m/z(%) : 215 (M++1, 15.9). 2141M+, 

loo), 213(M+-1, 21.81, 169129.5), 168(17.9), 130(12.9), 129(22.8), 77(22.4), 51U2.5). 

Exact mass: Calcd for Cl2Hl0N2O~: 214.0742; Found: 214.0747. 

The Cyanation of the 4-Anilinofuranone Mannich Base (VI; R1=n, R ~ = P ~ ) :  To a stirred 

solution of the Mannich base (100 mg) in CH3CN (2 ml) were added potassium cyanide 

(100 mg) and 18-Crown-6 (5 mg), and the resulting suspension was heated under reflux 

for 5.5 h. After cooling and subsequent filtration, the reaction mixture was evap- 

orated, and the resulting residue was subjected to PTLC on silica gel (eluent: ben- 

zene/ethanol = 20 : 1) to give two products: a )  4-Anilino-3-cyanomethyl-2(5H)-fura- 

none in 13% yield, identified with an authentic specimen by spectral comparison. 

b) BisI4-anilino-2(5g)-furanon-3-yllmethane in 7% yield as.colorless microneedles 

(from benzene), mp 228-22g°C. Ir vmax CHC13 cm-l: 3300, 1720, 1640, 1598. 1 ~ - ~ m r ( ~ ~ ~ 1 3 )  

6: 3.23(2H, s), 4.9614H, s ) ,  6.99(4H, d, 5=7 HZ), 7.08(2HI t, 5=7 Hz), 7.32(48, t, 

J=7 Hz), 8.34(2H, broad signal, exchangeable with D20). MS m/z(%): 363(~++1, 25.71, - 
3621M+, loo), 270(55.4), 226(8.0), 188(11.7), lZg(8.9). Exact mass: Calcd for 

C21H18N204: 362.1267; Found: 362.1237. 
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