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Reactions of Nitriles : Part VII. Cyanoethylation of Hydroxycoumarins 

J. R. Merchant, J. R. Patell and (Mrs.) N. V. Barve 

Cyatl.oethylation of some hydroxyooumarins has been investigated. The cyanoethyl derivatives 
obtained were hydrolysed to the corresponding acids. Cyclisation of the acids gave pyronochromanones. 

In continuation of our work on the cyanoethylation of hydroxycoumarins1, 2, 3 , we now 
report the cyanoethylation of some 7-hydroxycoumarin derivatives and 6-amino-7-methyl­
coumarin. 

When 7-hydt•oxycoumarin4 was treated with acrylonitrile in presence of 10% sodium 
hydwxide solution as catalyst the compound (Ia) was obtained. Co~pound (Ia) on hydro­
lysis with concentrated hydrochloric acid yielded the acid (Ib). Cyclisation of the acid (Ib) 
with polyphosphoric acid gave a mixture of pyronochrotnanones which were separated by 
chromatography. Elution with benzene gave the isomer (Ila), m.p. 207-09°, v, 1740, 1610 
(coumarin), 1670 (chl'omanone) cm-1 . The n.m.r. spectrum is in agreement with the 
structure (IIa) and shows tho aromatic proton signals as singlets [8(CD3SOCD3 ) 8·08 
and 6·87]. 

The fraction eluting from benzene-ether (1 : 1) was the isomer (Ilia), m.p. 217-19°, 
v, 1720, 1600, 1555 (coumarin), 1680 (chromanone) em-1 . The n.m.r. spectrum is in agree­
ment with the structure (lila) and shows the aromatic protons as doublets [o(CDCI3) 7·62 
and 6·92 (J = 9 cfsec)]. 

An attempt to synthesise (IIa) from 7-hydroxychromanone5 by a Pechmann condensa­
tion with malic acid in the presence of sulphuric acid led to the formation of a pyronochro­
manone C12H 80 4 , m.p. 201-03°, .\max (log e) in methanol, 265 (4·46), 300-305 (3·98-3·97) 
and 335-340 (3·55-3·52) mp,; v, 1740, 1620, 1590 (coumarin), 1690 (chromanone) cm-1, which 
was different from the two isomers obtained above (m.m.p.) and hence must have the only 
other possible structure (IVa). Its u.v. spectrum is in agreement with the u.v. spectt·a 
of the pyronochromanones derived from 5-hydroxycoumarin deriv{l>tives reported 
earlier2 • 

In a similar manner, cya.noethylation of 7-hydroxy-4-methylcolilllarin~t, 3-ethyl-7-
hydroxy-4-methylcoumarin 7, 3,4-dimethyl-7 -hydroxycoumarin8 and 7 -hydroxy-4-methyl-3-
propylcoumarin7 yielded the corresponding cyanoethyl derivatives (Ic), (Ie), (Ig) and {Ii) 

I. J. R. Merchant and J. R. Patel!, Ourr. Sci., 1968, 37, 404. 
2. J. R. Merchant and J. R. Patell, J. Ohem. Soc., 1969, (C) 1544. 
3. J. R. Merchant and J. R. Patell, Tetrahedron Letters, 1970,. No. 8, 555. 
4. W. Bridge, A. J. Crocker, T. Cubin and A. Robertson, J. Ohem. Soc., 1937, 1530. 
5. P. Naylor, G. R. Ramage an<:l F. Sohofield, J. Ohem. Soc., 1958, 1191. 
6. H. v. Pechmann and C. Duisherg, Ber., 1883, 16, 2119. 
7. D. Chakravarti, J. Indian Ohem. Soc., 1931, 8, 129. 
8. H. v. Peohmann and C. Duisberg, Ber., 1883, 16, 2127. 
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which on hydrolysis with concentrated hydrochloric acid gave the acids (Id\ {If), (lh) aud 
(lj) respectively. 
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Cyclisation of the acid (Id), as before, afforded a mixture of pyronochromanones which 
were separated by chromatography. Elution from benzene-light petroleum (40-60°) (1 : 1) 
afforded the isomer (lib), m.p. 235-37°, v, 1710, 1600 (coumarin), 1680 (chromanone) cm-1 . 

The structure (lib) was assigned on the basis of an alternate synthesis. Pechmann conden­
sation of 7 -hydroxychromanonc with ethyl acetoacetate could afford the pyronochromanone 
(lib) or (1Vb). In the actual working of the reaction only one pyronochromap.one, m.p. 
234-35°, eluting from benzene-light petroleum (40-60°) (1 : 1) was obtained. That the 
above synthesised pyronochromanone was identical with the linear isomer obtained before 
was established by a mixed m.p. (which was not depressed) as well as by the observation 
that it 'l"as different from the pyronochromanone (IVb)2• 

Elution with ether-chloroform (1 : 1) gave the isomer (IIIb), m.p. 244-46°, v, 1720, 
1620, 1580 (coumarin), 1690 (chromanone) cm-1 . The n.m.r. spectra of (lib) and (IIIb) 
could not be taken due to their poor solubility. 

The cyclisation of the acid (If) also gave a mixture which was separated by fractional 
crystallisation. The isomer (Tic) crystallised from light petroleum (40-60°), m.p. 132-34°. 
The n.m.r. spectrum is in agreement with the structure (He) and shows the aromatic proton 
signals as singlets [o(CHCI3 ) 6·88 and 8·22]. The isomer (IIIc) crystallised from ethyl acetate, 
m.p. 175° .. The structure is confirmed by the n.m.r. spectrum which shows the aromatic 
protons [o(CHCI3 ) 6·92 and 7·7 (J = 9 cfsec)] as doublets. 

The acid (lh) also yielded a mixture of pyronochromanones which were separated by 
fractional crystallisation. The isomer (lid) crystallised from ethyl acetate-light petroleum 
(40-60°), m.p. 192° while the isomer (II_Id) crystallised from ethyl acetate, m.p. 225°. The 
structures are assigned on the basis of the u.v. spectra by analogy with the u.v. spectra of 
similar compounds. It is observed that the linear isomers show a strong maxima at 250-
255 mJt (log e 4·4-4·5) while the angular isomers show a minimum at 250-255 mp. 

The acid (Ij), however, yielded only one pyronochromanone, m.p. 189° and was assigned 
the structure (Tile) on the basis of the u.v. spectrum. 

Similarly, the cyanoethylation of 3,4-dimethyl-6-ethyl-7-hydroxycoumarin9 • 4,6-
dimethyl-7 -hydroxycoumarin10, 6-bromo-7 -hydroxy-4-methylcoumarin11 and 6-ethyl-7-
hydroxy-4-methyl-3-propylcoumarin12 yielded the corresponding cyanoethyl derivatives 
(Ik), (Im)-, (Io) and (Iq) respectively. Hydrolysis of these cyanoethylated products with 
concentrated hydrochloric acid gave the acids (Il), (In), (lp) and (Ir) respectively. 

Cyclisation of the acids (II), (In) and (Ir) gave the corresponding pyronochromanones 
(III£), (IIIg) and (IIIh), characterised by the preparation of their 2,4-dinitrophenylhydrazone 

' derivatives. Attempts to cyclise the· acid (Ip) under different experimental conditions 
met with failures. 

9. R. D. Desai and M. Ekhlas, Proc. Indian Ac.ad. Sci., 1933, 8A, 194. 

10. Masaiti Yanagit.a, Ber., 193S, 71, 2269. 

11. D. Chakravarti, and S. M. Mukherjee, J. Indian. Ohem. Soc., 1937, 14, 725. 

12. R. D. Desai and C. K. Mavani1 [>roc, Indian A.cad. Sci. 1 1941,· 14A1 100, 
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As a point of interest the cyanoethylation of 6-amino-7-methylcoumarin13 was investi­
gated. The coumarin derivative was readily mono-cyanoethylated in the presence of acetic 
acid using cuprous chloride as catalyst to give (Is) which was hydrolysed to (It). Cyclisation 
of the acid (It), as before, afforded the pyronoquinolone derivative (V). Further work on 
the cyanoethylation of aminocoumarins is in progress. 

EXPERIMENTAL 

Oyanoetkylaticm of Hydroxycoumarins : A mixture of the hydroxycoumarin (0.01 
mole), dioxan {3.0-Q.O mi.), acrylonitrile (1.5-5.0 ml.) and aqueous sodium hydroxjde (10%; 
0.5-1.5 ml.) was heated under reflux for 20 hr. Aqueous alkali (IO%; 100.0 mi.) was then 
added and the mixture was extracted thoroughly with chloroform. The extract was repeat~d-
ly washed with alkali, then water and dried. Removal of the solvent left the cyanoethyl 
derivative. (Table I). 

TABLE I 

Acrylo- Cyanoethy-
Cou- nitrile lated M.P. Solvent* Required% Found % 

marrn used coumarin oc 
(g.) (ml} (mg.) 0 H N c H :s-
1.6 1.5 (Ia.) 200 167-69 A-B 67.0 4 2 6.5 67 3 4.4 6.9 

5.0 5.0 (Ic) 150-210 128-30 C-B 68.1 4.8 6.1 68.4 5.0 6.0 

2.0 4.0 (Ie) 380 138 A 70.0 5.8 5.4 70.2 5.9 5.5 

1.9 3.0 (Ig) 100 147 A-B 69.1 5.3 5.8 69.1 5.0 5.6 

2.0 5.0 {Ii) 180 ll0-12 A 70.8 6.3 5.1 70.6 6.1 5.0 

2.1 3 0 (Ik) 100 155 A 70.8 6.3 5.1 70.5 6.2 5.1 

2.4 4.0 (Im)255 193 A-B- 69.1 5.4 5.8 69.3 5.2 5.7 

2.5 4.0 (Io} 100 200 A 50.7 3.2 4.5 50.8 3.3 4.2 

2.0 5.0 (Iq) 200 128 A 72.2 7.0 4.6 72.4 7.3 4.3 

0.9 0.5 (Is) 190-91 A 68.4 5.3 12.3 68.0 5.3 12.1 

*All products obtained as needles. Solvents : A, ethyl acetate; B light petroleum (b.p. 40-60°); 
C, benzene. 

Hydrolysis of Gyanoetkylated Goumarins : The cyanoethyl derivative was heated 
under reflux with concentrated hydrochloric acid (10.0 ml. for 100 mg. of solid) for l hr. 
The solid which separated from the cooled solution was filtered off ,and dissolved in the 
minimum amount of sodium bicarbonate solution. The solution was filtered, and the filtrate 
on acidification gave the required acid (Table II). 

Gyclisation of the 2-Garboxyethoxycoumarin.'J : The acid was added to a mixture of phos­
phorus pentoxide (10.0 g. for 300 mg. acid) and phosphoric acid (4.0 ml.) preheated to 100° 
(30 min.) and kept at 100° for 2 hr. with occasional shaking. Water was added and the 

13. A. Clayton, J. Ohern. Soc., 1910, 1352. 
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TABLE TI 

Cyanoethylatcd 
coumarin (mg.) 

(Ia) 520 

(Ic) 250 

(Ie) 380 

(Ig) 250 

(!1) 385 

(Ik) 250 

(Im) 250 

(Io) 250 

(Iq) 300 

(Is) 135 

Acid 
(mg.) 

(Ib) 400 

(ld) 190 

(If) 280 

(Ih) 19(] 

(Ij} 200 

(Il) 180 

(In) 190 

(Ip) 100 

(Ir) 180 

(It) 90 

M.P. oc 

164-66 

197-99 

173 

195-96 

140 

165-68 • 
185 

230 

135 

164-66 

Solvent* 

A-B 

A 

A 

A 

A 

A 

A 

A 

A 

A 

RPquircd% 

C H N 

61. [i 

62.9 

65.2 

64.1 

66.2 

66.2 

64 1 

47.6 

67.9 

63.2 

4.3 

4.9 

5,8 

5.3 

6.2 

6.2 

5.3 

3.3 

6.9 

5.3 5.7 

Found 0/ 0 

C H N 

61.8 

63.3 

65.2 

64.0 

65.9 

66.1 

64.1 

48.0 

67.5 

63.4 

4.6 

4.9 

5.6 

5.2 

6 0 

6. 1 

5.6 

3.6 

6.4 

5.5 5.7 

* All products obtained as needles except (If) as prisms. Solvents : Sec Table I. 

solid which separated was filtered off, washed with water, sodium bicarbonate- solution, 
and then wate-r again to give the pyronochromanones (TablE' III). 

Acid (mg.} 

(lb) 400 

(I<l) 1/iO 

(If) 150 

(Ih} 150 

Chromanone 
(mg,) 

TABLE III 

Required% 
M.P. Sol­

oc vents* c H N 

207-09 A-B 66.7 3.7 

217-19 A-B 66.7 3. 7 

235-37 C-B 67.8 4. 4 

244-46 D 67.8 4.4 

132-34 B 69.7 5.4 

175 

192 

225 

189 

125 

212 

145 

A 69.7 5.4 

A-B 68.7 5.0 

A 68.7 5.0 

A 70.5 5.9 

A-B 70.5 5.9 

Found % 
C H 

67.0 3.6 

67.0 3.5 

67.7 4.3 

67.5 4.2· 

70.0 5.6 

69.9 5.6 

68.9 4.9 

68.5 5.3 

70.2 6.0 

70.1 5.8 

68.5 5.0 

71.9 6.9 

(lj) 200 

(Il) 150 

(In} 150 

(Ir) 150 

(It) 100 

(lla) 200 

(Ilia) 

(IIll) 100 

(IIIb} 

(lie) 100 

(IIIc) 

(lid) 100 

(III d) 

(IIIe) 100 

(IIIf) 100 

(IIIg) 100 

(lllh) 80 

(V) 40 22'7-28 

A 

A 

c 

68.8 

71.9 

68.1 

4.9 

6.7 

4.8 6.1 68.4 5.0 

* As in Table I and D, acetone. 'Decomp . 

N 

M.P. Reqd. Found 
of % % 
DNP N N 

291-92' 14.1 14.4 

286-88' 14.1 14.2 

297-98' 13.7 13.5 

292' 13.7 13.8 

281 

270 

269 

293 

244 

273 

12.7 12 li 

12.7 12.9 

13.1 12.9 

13.1 13.3 

12.4 12.6 

12.4 12.3 

288 13.2 13.3 

262 11.6 11.3 

6.0 286-87' 17 I 17.0 

.\max values (log e) for solutions in MeOH: (IIa) 225 (4.17), 255 (4.50), 305 (4.07), 330 (4.07) and 340 

(4.08) mp,; (Ilia) 215 (4.08), 240 (4.02), 265 (3.95), 310( 4.02), 335 (3.98) and 345 (3.98) mp; (lib) 
250 (4.48), 290 (4.02) and 340 (4.08} mp; (IIIb) 270 (3.99), 295 (3.98), 305 (3.98), 335 (4.01) and 345 
(4.03) mp; (lie) 255 (4.4-8), 290 (4.04} and 345 (4.06) mp; (IIIc) 240 (4.09), 275 (4.03), 300 {4.05) and 
350 (4.01) mp; (lid} 255 (4.45), 300 (3.98) and 345 (3.95) IDfL; (I!Id) 235 (3.94), 275 (4.08), 300 (3.86) 

and 345 (3.87) mp; (IIIe) 275 (3.99), 300 {4.06) and 350 {4.00) mp; (IIIf) 275 (4.03), 305 (4.00,) and 350 
4.01) mp; (IIIg) 272 (3.94), 308 (3.88) and 344 (3.91} mp,; (IIIb) 275 (4.06), 305 (4.03), and 350 (4.09) IDf~. 
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Pechmann condensation of 7 -hydroxychromanone with malic acid : A mixture of 7· 
hydroxychromanone (500 mg.), malic acid (500 mg.) and concentrated sulphuric acid (10.0 mi.) 
was heated at 130° for 3 hr. The cold solut~on was poured over ice and extracted with 
chloroform. The extract. was washed with water, alkali, water again and dried. Re-moval 
of the solvent gave 115 mg. of a solid which was chromatographed over alumina. .Only 
(IV~) eluting from light-petroleum (40-60°)-benzene (1 : 1) was obtained. (Found: C, 66·7; 
H, 3·7; C12H80 4 requires C, 67·0; H, 4·0%); 2,4-DNP, m.p., 285-86() dPcomp. (Found: N, 
14·3; C18H12N40 7 requires N, 14·1 %). 

Pechmann condensation of 7 -hydroxychmmanone with ethyl acetoacetate : To a solution 
of anhydrous aluminium chloride (800 mg.) in dry nitrobenzooe (4.0 ml.) was added 7-hydroxy­
chromanone (500 mg.) and ethyl acetoacetate (1:2 ml.) and heated at 130° for 4 hr. Ice and 
hydrochloric acid were added and the nitrobenzene removed by steam distillation. The 
residual· sticky solid was extracted with chloroform. The extract was washed thoroughly 
with aqueous alkali, water and dried. Removal of the. solvent gave 126 mg. of an oil which 
was chromatographed over alumina. The oil obtained on elution with light petroleum 
(40-60°)-benzene (1 : 1) was crystallised from thf' same mixture and then from ethyl acetat.e­
light petroleum (40-60°) to givf' a solid m.p. 234-35°. A mixE-d m.p. with (TTb) o~tained 
before was undepressed. 

Oyanoetkylation of 6-amino-7 -methylcoumarin : A mixture of the aminocoumarin 
(900 mg.), acrylonitrile (0.5 ml.), glacial acetic acid (2.0 ml.) and cuprous chloride (50 mg.) 
was heated under reflux for 6 hr. and then neutralised with ammonia solution and left over-, 
night. The brown mass (700 mg.) was filtered and chromatographed over alumina. The 
yellow solid eluted with ether-chloroform (1 : 1) gave {Is). The solid opt.ainf'd from benzene­
ether (1 : 1} was the_ unchanged coumarin derivative (m.m.p.). 

Hydrolysis of (b) to (It) : The cyanoethyl derivative (Is) (135 mg.) was lH'ated under 
reflux with concentrated hydrochloric acid (13.5 ml.) for 1 hr. The solution ·was cooled 
and neutralised with ammonia solution to about pH 5.2 when the acid (It) separated. 
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