
HETEROCYCLES, Vol. 36, No. 9,1993 1979 

SYNTHESIS OF N-(2-DIALKYLAMINOETHYL)-2-OXO-2H-l-BENZO- 
(THI0)PYRAN-3-CARBOXAMIDINES 

Youssef EI-Ahmada', Jean-Daniel Brionqb', and Pierre Reynauda 

aLaboratoire de Chimie Thirapeutique I, UFR des Sciences Pharmaceutiques, 

rue JB.CMment, 92296 Chilenay-Malabry Cedex, France 

bLaboratoire de Chimie Thirapeutique, UFR des Sciences Phmaceutiques, 1, 

rue G. Veil, 44035 Nantes Cedex. France 

w- An improved method for the preparation of N-(2-dialkylaminoalky1)- 

substituted 2-0x0-2H-benzo(thio)pyran-3-carboxamidines from the corresponding 

methyl (thio)couma~in-3-carboximidothioates is described. 

Coumarins and thiocoumarins exhibit various biological activities, for example as anticoagulants, 

photointercalants or enzyme  inhibitor^.^ Introduction of the N-dialkylaminoethylcarboxamidine 

p h a ~ m a c o p h o r e ~ ~ ~  in these heterocycles leads to the products (5a-k) which present an interesting "dual 

potential" from pharmacological viewpoint. 

To our best knowledge, only the preparation of 2H-I-benzopyran-3-carboxamidine and of its 8-methoxy 

derivative is appeared in the l i te~ature.~ As neither the m i n e  exchange reaction6 of the 2-0x0- 

2H-1-benzo(thio)pyran-3-carboxamidines5 with N,N-dialkylaminoethylmine. nor direct condensation of 

2-hydroxybenzaldehyde with ethyl N-(2-dialkylaminoethyl)carboxamidinoacet (C2H,0C(0)CH2C(NH) 

NHCH2CH2NR2) gave the desired products, we used the following method to obtain (5a-k). 

The 2H-1-benzo(thio)pyran-3-carbothioamides (3a-e), treated with iodomethane in a DMFIacetone mixture 

in the case of (3a-d) (or in acetone in the case of 3e), lead to the corresponding irnidothioesters hydroiodides 

(thioimidates) (Scheme 1). The free bases (4a-e), obtained after alkaline treatment with triethylamine in 

dioxane (Table 2). react with N,N-dialkylethylenediamine dihydrochlorides in ethanol (or DMSO or 

DMSOfethanol) at around 80°C to give the expected amidinium dichlorides (5s-k) (yield: 46.75%. see 

Table 3). 
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Scheme 1 

4a-e 5a-k 
i = NCCH2C(S)NH2, CH3COONH4 CH3COOH: ii = plyphosphoric acid; iii=2N HCI 

iv = C2HSOC(0)CH2C(S)NHZ, pipendine, beolene; v = CH3L DMF (or dioxane). acefonc 

vi = N(CIHSh, dioxane; vii = H ~ N C H ~ C H ~ N ( R ~ ) ~  2HCI 

viii = C2H50C(0)CH2C(NH)SCH3, pipridine, betuene 

The coumarins (3a-d) are easily obtained by direct condensation of 2-hydroxybenzaldehyde with ethyl 

thiocarbamoylacetate under basic catalytic conditions (yield: 59-92%). In the case of thiocoumarin (3e), as 

there are difficulties to obtain the thiosalicylic aldehyde, the method of Meth-Cohn and  amo ow ski'^^ using 

2-iert-butylthiobenzaldehyde and cyanothioacetamide is by far preferred. Cyclisation of the thiocinnamamide 

(1) with polyphosphoric acid leads to iminobenzothiopyran (2)8, which is hydrolysed into 3e (Scheme 1). For 

5a-c (X = 0). we also verified the reactivity of ethyl 2H-1-benzopyran-3-carboximidates (8) towards 

N,N-dialkylethylenediamines. Although the yields are of the same order, we advocate the first methodology 

which presents two main advantages: speed and safety. 
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Indeed 8 was prepared from the 3-cyanocoumarin (7) by Pinner's reaction according to general conditions 

(Scheme z ) , ~  after condensation of 2-hydroxybenzaldehyde with malononitrile giving the 2-imino- 
2H-I-benzopyran-3-carbonitrile (6), which was hydrolysed to 7:9 however the compound (6) is panicularly 

difficult to handle as highly lacrymatory and stemutatory. 

Scheme 2 

8 
i = CH2(CN)2. piptidine. C2HSOH: ii = H,o+; iii = HCI. C2HSOH, diorane; iv = N(C2H5)3. dioaraw 

v = H ~ N C H ~ C H ~ N ( R ~ ~ .  ZHCI. DMF, C2HSOH; vi = C2HSOC(0)CH2C(NHPR, pipidine, benzene 

Finally, we attempted the preparation of the imino(thio)esters (4a-e) or (8) directly from Z-hydroxybenzal- 

dehyde and malonic derivative (C2H,0C(0)CH2- C(NH)XR) was unsuccessful. 

EXPERIMENTAL 

Mp are measured by Buchi-Tottoli apparatus. Ir spectra are recorded with Perkin-Elmer apparatus in 

chlorofom or in potassium bromide (1%). 'H-Nmr spectra are recorded with Varian T60 spectrometer in a 

solution (CDCI,. DMSO-d,. CD30D or DzO). The shifts are expressed in ppm from TMS (s. d, t, m, m, 
meaning singulet, doublet, uiplet, multiplet and broad multiplet respectively). 

3-(2-tert-Butylthiophenyl)-2-cyanothiopropenamide (1) (R1= H). 

A mixture of 2-tert-butylthiobenzaldehyde7 (19.4 g, 0.1 mol), cyanothi~acetamide'~~'~ (8.6 g, 0.1 mob  

ammonium acetate (1.5 g, 0.02 mol) and acetic acid (5 ml) was heated in dly benzene (80 ml) for 18 h. 

The solvent was removed under reduced pressure to afford the crude 1, which was crystallized from benzene 

to give orange coloured crystals; yield: 19.6 g (71%), mp 155'C. ' H - ~ m r  (CDCI3): 1.35 (s, 9H, (CH,),), 
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7.40-7.80 (m, 5H, H6,7,8 and N k ) ,  8.20 (s, lH, H,), 9.6 (s, lH, H,,). Ir (CHCI,): 3350-3180 (NH), 2210 

(CN), 1635 ( C S )  cm-'. Anal. Calcd for C14HL6N2S2: C, 60.83; H, 5.83; N, 10.13. Found: C, 61.08; H, 6.02; 

N, 9.98. 
2-Imino-2H-1-benzotbiopyran-3-carbotbioamide (2) (R1= H) 
A mixture of (1) (2.76 g, 10 mmol) and polyphosphoric acid (100 g) was heated with vigourous stining at 
100°C for 2 h. After cooling, the mixture was added to crushed ice and neutralised by 30% NaOH solution 

while the temperature not exceeding +ST.  The solid was filtered, washed with H20 and dried. The product 

was crystallized from ethyl acetate; yield: 1.65 g ( 75  %), mp 9l0C.'H-Nmr (DMSO-d6): 7.55 (m, 3H, 

H6,7,dr 7.75 (m, lH, H5), 8.55 (s, lH, H,), 10.30 (m, 2H, NHd, 11.0 (s, lH, NH). Ir (KBr): 3200 (NH), 1650 

(C=M. 1600 (NHd cm-'. Anal. Calcd for CIoH8N2S,: C, 54.52; H. 3.66: N, 12.72. Found: C, 54.34; H, 3.61; 
N, 12.93. 

2-0x0-2H-1-benzopyran-3-carbothioamide (3a-d) (X=O) 

General procedure : 

In a flask fitted with Dean-Stark apparatus, 2-hydroxyhenzaldehyde (18.3 g, 0.15 mol) and ethyl 
thiocarbamoylacetate" (22.10 g, 0.15 mol) were dissolved in benzene (20 ml) with few drops of piperidine 

and heated to reflux until the quantity of H 2 0  (2.7 ml) was convenient (30 min). After cooling, the solid was 
filtered and washed several times with ether. 

Yield, ir and 'H-nmr are listed in Table I. 

2-0x0-ZH-1-benzothiopyran-3-carbnthioamide (3e) (X=S, R,= H) 
2-Iminothiocoumarin (2) (2.20 g. 10 mmol) was heated under reflux for 2 h in 2N HC1 solution (20 ml). 
After cooling, the mixture is neutralised by a stoichiometric quantity of 2N NaOH (20ml). The thiocoumarin 

(3e) was collected by filtration and crystallized from ethyl acetate; yield: 1.86 g (84%). mp 17S°C. 'H-Nmr 

(CDCl,): 7.40-7.65 (m, 3H, H,,,,,), 7.90 (m, lH, H,), 9.25 (s, lH, H,), 9.85 ( m, 2H, NH2). Ir (KBr); 3310 

(NH), 1690 (C=O), 1600 (NH,) cm-'. Anal. Calcd for CloH7NOS2: C, 54.27; H, 3.19; N, 6.33. Found: C, 

54.56; H, 3.39; N, 6.58. 

Methyl 2-0x0-2H-1-benzopyran-3-carboximidothioate (4a-d) (X=O) 

General procedure: 

(3a-c) (RI= H, 0CH3. 0CH2C6H5) (0.1 mol) was dissolved in DMF (250 ml) (or in dioxane (250 ml) for 
(3d) (R = 0CHzCOOCZH5) (0.1 mol)). To the solution cooled to O°C (filtered if necessary, dry acetone (150 

ml) followed by iodomethane ( 20 ml, 0.32 mol) was added. The mixture was mnintained at rest for 24 h 

away from light. The hydmiodide were collected by filtration and washed with ether. Hydroiodide salt (0.1 

mol) was suspended in dioxane (500 ml) and triethylamine (14.5 ml, 0.1 mol) was added to the suspension. 
The mixture hecame colourless soon. After stining for 1 h at room temperature, the solvents were removed 

under reduced pressure. The residue was extracted with CHCI, (50 ml) and the extract was washed with 
ice-water, dried (Na,SO,) and the solvent was removed in vacua. The imidothioester was used without any . . 

purification and was rapidly engaged in the following reaction. Yield and spectra data: see Table 2. 
Methyl 2-0x0-2H-1-benzothiopyran-3-carboximidot (4e) (X=S) 
To a solution of 3e (22.10 g, 0.1 mol) dissolved in dry acetone (60 ml), iodomethane(20 ml, 0.32mol) was 



HETEROCYCLES. Vol. 36, No. 9,1993 1983 

Table 1 : Physicochemical and spectral data of Compounds (3a-e) 

Compound X R' Yield mp Moleculzd Microanalyses (94 'H-nmr (DMSO-d6) 

(%) (‘“2) ~ o m u ~ a  C H N 6 ( P P ~ )  
calcd calcd calcd 
found found found 

3b 0 OCH, 74 238 CIIHyNO,S 56.15 
C2H50W 55.93 

ether 

ether 

ether 

3.44 6.82 7.25-8.00 (m, 4H, H5.& 
3.51 6.70 8.90 (s, IH. H,); 9.75 (s, 

IH. NH); 10.20 (s. IH, 
NH). 

3.86 5.95 3.90 (s, 3H); 7.05 (dd, I = 
3.92 6.07 9 Hz, I = 2Hz, IH, H,); 

7.10 (d, I =  2 f i ,  IH, 
Ha); 8.00 (d, I = 9 Hz, 
lH, H,); 9.00 (s, IH, Ha); 
9.80 (s, IH, NH); 10.30 
(s, IH. NH). 

4.21 4.50 5.25 (s, 2H); 6.95-7.20 
4.04 4.58 (m, 2H, H6,& 7.20-7.50 

(m, 5% C6H5); 7.85 (d, 
lH, I = 9 Hz. H,); 9.00 
(s, IH, H4); 9.75 (s, IH, 
NH); 10.00 (s, IH, NH). 

4.26 4.56 1.20 (L J = 7 Hz, 3H): 
4.15 4.69 4.20 (q, J = 7 Hz, 2H); 

5.00 (s, 2H) 6.90-7.10 
(m, 2H. H6,8); 7.85 (d, J 

= 9 Hz, IH, H,); 9.00 (s. 
IH, H4): 9.70 (s, IH, 
NH); 10.00 (s, IH, NH). 

3.19 6.33 7.40-7.65 (m, 3% H6,1,8): 
3.39 6.58 7.90 (m, lH. H,); 9.25 (s, 

IH, H,); 9.85 (m, 2H. 

NH,). 
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Table 2 : Physicochemical and spectral data of Compounds (4a-e) 

Compound X R1 Yield Molecnl& Minoanalyses (%)b 'H-nmr (DMSO-d6) ir(KBr) 
(%) Fmmula C H N 8 ( P P ~ )  (cm-I) 

calcd calcd calcd 
found found found 

4a 0 H 45 C,,%N02S 38.06 2.90 4.03 2.50(s, 3H); 7.15-7.85 3250, 1725. 
38.21 2.75 4.12 (m, 4H. H5.& 8.30 (s, 1610, 1600 

1K H,); 9.90 (s IH, 

w. 

Hz, 1 = 2 HZ. IH. HJ; 
7.50 (d, J = 9 Hz, 1H, 
H5); 8.20 (s 1H. H,); 
9.85 (s. lH, NH). 

4c 0 0CH2C,H5 71 C,,H,,NO,S 47.69 3.56 3.09 2.45 (s, 3H); 5.15 (s. 3250. 1710, 
47.52 3.74 . 3.25 2H);6.80-7.00(m. 2H. 1610. 1600 

% ,); 7.35-7.45 (m, 
5H. C&); 7.45 (d, 1 K  
1 = 9 Hz, H3;  8.15 (s, 
1K H,); 10.50 (s, 1H. 

NH). 

4d 0 OCH,COOC,H, 38 Cl,H,5NOsS 43.18 3.87 , 3.36 1.30(t J= lHz ,3H) ;  3250,1745, 
43.05 3.75 3.52 2.45 (s, 3H); 4.20 (q, J 1690, 1610, 

= 7 Hz. 2H): 4.60 (s. 1600 
2H); 6.60 (d. lH, 1 = 2 
Hz, H,); 6.75 (dd, lH, I 
= 9Hz, 1 = 2 Hz, H,); 
7.35 (4 1 = 9 Hz, lH, 
H5); 8.00 (s. 1H. Hd;  
10.10 (s. IH, NH). 

a : Use wilhout a n y  crys!Alirauon 
b :  halyscdas bydrutd~Jc 
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Table 3 : Physicochemical data of Compounds (5a-k) 

Compwnd X R' N(R2)Z Reaction Conditions Yield mp Molecular Microanalyses (5%) 

Solvent Time(h)/ (%) ("C) Formula C H N  
Temp(T) calcd cakd calcd 

found found found 

DMSO 

Morpholine DMSO 

M 0 OCH3 N(CH,), DMF/C2H50H 4/80 52 239 Cl5HzlN,O3CI2 49.72 5.25 11.M) 

(21) C2HsOW 49.14 5.79 11.14 
ether 

k 0 OCH3 N(C2HS), C,H,OH 4/78 75 186 Cl,~,N303C12, 51.72 6.51 10.64 
C2HsOW 0.50 H,O 51.66 6.30 10.56 

ether 

51 0 OCH3 Morpholine C2H,0H 5/78 70 252 Cl,H2,N,04C12 49.40 5.85 10.17 
C2HsOH/ 0 ,50~ ,0  49.39 5.77 10.16 

ether 

5h 0 0CH2COOC2H5 NiCH,f2 DMSO 6/95 62 216 Cl,~5N30,C12 49.77 5.76 9.68 
C2H50H 49.55 5.90 9.51 

5k S H Morpholine C2H,0H 2/78 67 260 C16HzlN,02C12S 49.23 5.42 10.76 
C2HsOW 49.19 5.24 10.59 

ether 
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Table 4 : Spectroscopic data of Compounds (5s-k) 

Compound Solvent 

m , O w  3.05 (s,6H): 3.60 (t, 1 = 7 Hz, 2H); 4.00 (t, 1 = 7 Hz, 2H); 7.35-7.60 3480,3380,2650, 1710, 
(m, 2H, H,,,); 7.65-7.90 (m, 2H, H5,,); 8.90 (s, IH, H4). 1670,1630,1600 

CD,OD~ 1.40 (5 I =7Hz, 6H); 3.40fq. J =  7 Hz, 4H); 3.60 (I, J =  7 Hz, 2H); 3480,3380,2600,1710, 
4.05 (I, J = 7 & 2H); 7.30-7.55 (m, 2H, H6,$ 7.65-7.90 (m, 2H, 1670, 1630, 1605 

H5,& 8.85 (s, IH, H,). 

CD,OD~ 3.05 (s, 6H); 3.60(I, I =  7 Hz, ZH); 3.95 (s, 3H); 4.00 (t, J =  7 Hz, 3500, 3380,2500, 1710, 
2H);7.00(d,J=2Hz,1H,H8):7.05(dd,I=9Hz,1=2Hz.1H. 1670,1630,1595 
%); 7.75 (4 1 = 9 Hz, lH, H,); 8.90 ( s  lH, H,). 

CD,OD' 1.25 (5 1 = 7 Hz, 6H); 3.30 (m, 6H); 3.80 (s, 3H); 4.45 (5 1 = 7 Hz. 3480, 3380, 2650, 1710, 
ZH); 6.90 (d, J = 2 Hz, lH, H,): 7.05 (dd, 1 = 9 Hz, I = 2 Hz, lH, 1675, 1620, 1600 
%); 7.75 (d, J = 9 Hz, IH. H5); 8.70 (s, 1% H,). 

D p  3.45-3.75 (m, 6H); 3.85-4.25 (m, 6 m ;  3.90 (s, 3H); 6.95 (d, J = 2 Hz, 3480, 3380,2650, 1705, 
1H,HB):7.15 (dd, 1=9Hz ,  1=2Hz ,  lH,H&7.70(d, I = 9 H z ,  lH, 1670.1630,lMX) 
H,); 9.00 (s, IH, H,). 

A,); 7.75 (d, J =  9 Hz, IH, H5); 8.85 (s, IH, H,). 

DMSO-d, 1.05 ( I, J = 7 Hz, 3H);2.90 (s, 6H); 3.55 (m, 2H); 3.90415 (m, 3500; 3380,2650, 1710, 
2H); 4.20 (q, I =  7 Hz, 2H); 5.05 ( s  2H): 7.M (d, 1 = 2 Hz, lH, H.); 1675,1630,1600 
7.15 (m, IH, H,); 7.80; (d, I = 9 Hz, IH, H5); 9.00 (s, 1% HI); 9.70 
and 11.50 (m, 4H, NH). 

DMSO-d, 2.85 (s, 6H); 3.45 (t J = 7 Hz, 2H); 4.00 (t, 1 = 7 Hz, 2H); 7.50-8.10 3400, 2500, 1680, I640 
(m, 4H, H5.,); 8.95 (8, lH, H,); 9.95and 11.W (m,4H, NH). 

DMSO-d, 1.35 (t, J - 7 Hz, 6H); 3.30 (m, 6H); 4.10 (t, J = 7 Hz, 2H); 7.55-8.10 3400,2600,1680,1645 
(m,4H,H5.,); 8.85 ( s  lH, H4); 10.00and 11.25(m,4H, NH). 

DMSO-d, 3.50 (m, 6H); 4.00 (m, 6H); 7.55-8.20 (m, 4H. H5.,); 8.90 (s, 1% 3400, 2600, 1675, 1630 
H,); 10.05 and 11.70 (m. 4H. NH). 

'N-H protons exchanged with solvent deuterium 
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added. After standing for 24 h away from light, the hydroiodide was collected by filtration and washed with 
ether. The base is obtained in a similar way described above. Yield and spectral data are shown in Table 2. 
N-(2-Dialkylaminoethyl)-2-oxo-2H-l-benzo(thio)pyran-3-rxamidinium dichlorides (5a-k) - 

General procedure: 

The imidothioester (4a-e) (0.1 mol) and N,N-dialkylethylenediamine dihydrochloride (0.1 mol) were 
dissolved in the solvent (300 ml) (see Table 3). The mixture was heated according to the operative 

conditions described in Table 3. Methanethiol was released whereas the amidinium salt sometimes 

crystallized from the mixture during heating. The solvent was removed under reduced pressure and the 

residue was washed with chloroforn, and then ether. 

Operative conditions, yield, mp and spectral data are shown in Tables 3 and 4. 
Ethyl 2-0x0-2H-1-henzopyran-3-carboxamidate (8) 

2H-I-Benzopyran-3-carbonitrile (7) (prepared from (6) according the literature9) (5 g, 29.2 mmol) was 

dissolved in dioxane (100 ml) and cooled tn about 0°C. To the solution, ethanol (25 ml) was added slowly 

until just the beginning of precipitation. At 0-5'C. hydrogen chloride gas is hubhled through the solution 

until saturation. After keeping cool the mixture (near O°C for 2 weeks), the crystals (8) were collected by 

filtration (1.9 g) and addition of ether led to second crop of hydrochloride. The product was recrystallized 
from ethanol; yield: 4.86 g (go%), mp >200'C (decomposition); I ~ - n m r  (DMSO-d6): 1.35 (3H, t, J=7 Hz, 

0CH2CH3), 3.50 (2H, q, J=7 Hz, 0CH2CH3), 7.20-8.05 (4H. m, H,& 8.75 (lH, s, H4). 10.00 (2H . -. m 
NtH21; ir (KBr): 3420-3250 (NtH), 1640 (C=N) cm-'. Anal. Calcd for C12H12N02CI: C, 56.80: H, 4.73; N, 

5.52. Found: C, 56.61; H, 4.82; N, 5.67. 

The imidoester hydrochloride (2.53 g, 10 mmol) was suspended in dioxane (30 ml) and triethylamine (1.01 

g, 10 mmol) was added and then the mixture was stirred for 1 h. Triethylammonium hydrochloride was 
removed by filtration and the solution was concentrated . After taking up the residue in ether and filtering, 

the distillation of solvent under vacuo afforded (8). The product is crystallized from ethanol; yield: 1.75g 

(87%). mp 6 6 T ;  'H-nmr (CDCI,): 1.45 (3H. t. J= 7 Hz, 0CH,CH3). 4.35 (2H. q. J=7 Hz. OCH,CH,), 

7.20-7.70 (4H, m, H,,), 8.40 (IH, s, H4). 9.65 (IH, s, NH); ir (KBr): 3200 (NH), 1710 ( G O ) ,  1630 (C=N) 
cnil .  
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