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289. The Reaction between Lapachenole and 2 : 4-Dinitrophenyl- 
hydrazine. 

By R. LIVINGSTONE and R. B. WATSON. 

This reaction has been shown to result in the formation of the 2 : 4-di- 
nitrophenylhydrazone of the corresponding 2 : 2-dimethylchromanone and 
has been extended to related naphthopyrans and chromens. 

LAPACHENOLE 1 (Ia) with 2 : 4dinitrophenylhydrazine in ethanolic or butanolic sulphuric 
acid yielded a product formed by the addition of 1 mol. of lapachenole and 1 mol. of 
2 : 4-dinitrophenylhydra~ine.~ Lapachenole dinier under similar conditions did not 
afford a derivative, but 6 : 6-dimethylnaphtho(l' : 2'-2 : 3)pyran (16) slowly formed a 
derivative in ethanolic solution. 4'-Chloro-6 : 6-dimethylnaphtho(l' : 2'-2 : 3)pyran (Ic) 
and 2 : 2-dimethylchromen 3 (IIa) failed to react in ethanol but formed derivatives in 
refluxing butanol. Dimerisation of lapachenole results in the disappearance of the non- 
aromatic double bond, indicating that it is probably involved in this " abnormal " reaction 
with 2 : 4-dinitrophenylhydrazine. 

The derivative from 6 : 6-dimethylnaphtho(l' : 2'-2 : 3)pyran was resistant to hydrolysis 
with dilute acid and to decomposition by pyruvic acid. It was insoluble in sodium 
hydroxide or sodium hydrogen carbonate solution, but soluble in chloroform or pyridine. 
These solubilities, coupled with the fact that the derivative could be eluted from alumina 
with organic solvents, suggested a cyclic structure. 

R2 " a M e 2  qo R d M e 2  q Me2 0 Me2 

(I) (0)  R' = OCH,, R* = H. !{ E' 3 H, RB = H. ' - CI, RB = H. 

(11) (a) R' = H. (111) (0) R = H. (IV) (a) R = OCH,. 
(b)  R = H. (b)  R' = OCH,. ( b )  R = OCH,. 

d) R' = H, R2 = CH,. 

The product was not the 2 : 4dinitrophenylhydrazone of 1 -hydroxy-2-isovaleryl- 
naphthalene, obtained by an extension of the method involving Fries re-arrangement of 
a-naphthol esters.4 The absence of the hydroxyl group in the " abnormal " compound 
was confirmed by infrared spectroscopy. The cyclic structure was shown to be of the 
chromanone type by extending the reaction to 7-methoxy-2 : 2-dimethylchromen in 

Livingstone and Whiting, J., 1955, 3631. 
2 D. H. R. Barton, personal communication. 

Shriner and Sharp, J. Ovg. Chem., 1939, 4, 575; Smith and Ruoff, J. Amer. Chem. SOL, 1940, 

Stroughton, ibid., 1936, 57, 202. 
62, 145. 
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butanol, which afforded the 2 : 4-dinitrophenylhydraone of 7-methoxy-2 : 2-dimethyl- 
chroman-4-one (IVa) . 

The 2 : 4-dinitrophenylhydraones of 2 : 2-dimethyl-7 : 8-benzochroman-4-one (IIIa) , 
its 6-methoxy-derivative (IIIb), and 2 : 2-dimethylchroman-4-one (IVb) were also 
shown to be identical with the products obtained as above from ( Ib ) ,  lapachenole, and 
(IIa). The authentic specimens were prepared by the Fries re-arrangement of PP-di- 
methylacryloyl esters8 

The reaction could be regarded as involving dehydrogenation of the addition product 
(see scheme), a reaction comparable with the dehydrogenation of alcohol by excess of 
2 : 4-dinitrophenylhydra~ine.~ Such a mechanism would explain the fact that 7-methoxy- 
2 : 2-dimethylchromen and phenylhydrazine in butanolic sulphuric acid failed to yield any 
derivative. 4 : 6 : 6-Trimethylnaphtho(l' : 2'-2 : 3)pyran (Id) with 2 : 4-dinitrophenyl- 
hydrazine in butanol also failed to yield a derivative, the elimination of the methyl group 
being difficult to envisage under the conditions of the reaction. Presumably the addition 
step is reversible and unless dehydrogenation supervenes the adduct reverts to its 
precursors. 

6-Methoxy-2 : 2-dimethylchromen (IIb) showed a lower reactivity than its 7-methoxy- 
analogue, and 2 : 2-diphenyl-1 : 2-benzopyran lo failed to yield any derivative when heated 
under reflux with 2 : 4-dinitrophenylhydrazine in butanolic sulphuric acid. 

EXPERIMENTAL 
Ultraviolet absorption spectra were determined in CHCl, with a Unicam S.P.500 spectro- 

photometer. 
Lapachenole 2 : 4-Dinitraghenylhydrazine Derivative.-Lapachenole (0.5 g.), 2 : 4-dinitro- 

phenylhydrazine (1 g.), ethanol (100 c.c.), and sulphuric acid (2 c.c.) were refluxed for 1 hr. and 
the precipitate purified by chromatography on alumina from benzene. The product (see 
below) separated from acetic acid in red-brown needles, m. p. 293-296" (Found : C, 59.95; 
H, 4-45; N, 12-45; OMe, 7-1. C,,H,,O,N, requires C, 60.5; H, 4.6; N, 12.8; OMe, 7.1%), 
X-. 2460, 3320, 4250 A (log E 4.39, 4.12, 4.43). 

6 : 6-Dimethylnaphtho(l' : 2'-2 : 3)pyran 2 : 4-Dinitr@henylhydrazine Derivative.-6 : 6-Di- 
methylnaphtho(1' : 2'-2 : 3)pyran (Ib) (0.9 g.), 2 : 4-dinitrophenylhydrazine (1 g.), ethanol 
(100 c.c.), and sulphuric acid (2 c.c.) was refluxed for 34 hr., then set aside overnight. The 
precipitated product was purified by chromatography on alumina from benzene. Crystallisation 
from acetic acid afforded needles, m. p. 279-280' (0-12 g., 7%) (Found : C, 62-4; H, 4-25; 
N, 13.75. C,,HlgOSN1 requires C, 62.1; H, 4.5; N, 13.8%), X-. 3100 and 4050 A 
(log E 3.96, 4.44). 

Reaction of 2 : 4-Di&r+henyZhydrazine and 2 : 2-Dimethylchromens in ButanoL-Dimethyl- 
chromen (1 mole), 2 : 4-dinitrophenylhydrazine (2.2 moles), butan-l-ol(3.5 1. /mole), and sulphuric 
acid (0-38 l./mole) were refluxed for 3 hr. The residue afforded by the removal of solvent and 
excess of hydrazine was purified by chromatography on alumina from benzene. The derivative 
was recrystallised from a suitable solvent. 

6 Bridge, Crocker, Cubin, and Robertson, J., 1937, 1630. 
Livingstone and Watson, ibid., J., 1966, 3701. 
Baker, Floyd, McOmie, Pope, Weaving, and Wild, J., 1966,2016. 
Cavill, Dean, McGookin, Marshall, and Robertson, J., 1964, 4173. 
Braude and Forbes, J . ,  1961, 1702. 

lo  Lijwenbein, Ber., 1924, 78, 779. 
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(a) 2 : 2-Dimethylchromen (Ira). The product, obtained as reddish needles from benzene 
and then from ethyl acetate, had m. p. 216-216" alone or mixed with 2 : 2-dimethylchroman-4- 
one 2 : 4-dinitrophenylhydrazone.' 

The derivative obtained as orange-red needles 
from benzene had m. p. 199-207' (5%) (Found: C, 56-1; H, 4.8; N, 14.1. C18H&6N4 
requires C, 56-0; H, 4.7; N, 146%). 

A derivative obtained as blood-red needles from 
benzene and then from ethyl acetate had m. p. 219-220" (10%) alone or mixed with 7-methoxy- 
2 : 2-dimethylchroman-4-one 2 : 4-dinitrophenylhydrazone i5 (Found : C, 55.6 ; H, 4-7 ; N, 14.4. 
Calc. for C,,H,,O,N, : C, 56.0; H, 4.8; N, 14.4%). 

A solid, which separated from 
the solution during the heating, was purified separately from the residue. The product was 
obtained as orange-red plates (from benzene), m. p. 281-282" (Found: C, 66-8; H, 4.0; 
N, 12.6; C1, 7-4. C,,H,,O,N,Cl requires C, 57-2; H, 4.0; N, 12.7; C1, S . O ~ o ) .  

6-Methoxy-2 : 2-dimethyl-7 : 8-benzochroman-4-otte 2 : 4-Dinitr@henyZhydrazone.-The crude 
derivative, obtained by treating a warm ethanolic solution of 6-methoxy-2 : 2-dimethyl-7 : 8- 
benzochroman-4-one with an excess of Brady's reagent, was purified by chromatography on 
alumina from benzene. Crystallisation from benzene afforded carmine plates, m. p. 292-293" 
(decomp.) alone or mixed with the 2 : 4-dinitrophenylhydrazone product from lapachenole 
(Found : C, 69.95; C1, 4-45; N, 13.05%). 

l-Na$hthyZ #bDimethyZacryZate.-a-Naphthol (5.25 g.), 3-methylbut-2-enoyl chloride (3.5 
c.c.), and magnesium were refluxed in benzene (30 c.c.) for 1 hr., yielding the ester, b. p. 191- 
194'113 mm., yellow prisms, m. p. 46-47" (4.33 g.) (Found: C, 79.5; H, 5-9. C,5H,402 
requires C, 79.6; H, 6.2%). 

2 : 2-Dimethyl-7 : 8-benzochroman-4-one.-Naphthyl PP-dimethylacrylate (4.3 g.) and alu- 
minium chloride (4.5 g.) were heated together a t  140-150' for 2Q hr. and after acidic decom- 
position and ether-extraction furnished a yellow oil, b. p. 172-184"/2 mm. (1.25 g.). The 
distillate was refluxed in ethanol (25 c.c.) and 3% hydrochloric acid (15 c.c.) for 24 hr. After 
evaporation of solvent, the residue was saturated with ammonium sulphate. The product 
was isolated with ether and chromatographed on alumina from benzene, affording the 
chromanone as a Viscous oil (0.77 g.) (Found : C, 79.5; H, 6.9. C&&2 requires C, 79.6; 
H, 6.2%). Its 2 : 4-dinitrophenylhydrazone formed red needles (from benzene), m. p. 279- 
280", alone or mixed with the 6 : 6-dimethylnaphtho(l' : 2'-2 : 3)pyran 2 : 4-dinitrophenyl- 
hydrazine derivative (Found : N, 13.75%). 

l-Hydroxy-2-isovaZeryZm~hthaZene.--a-Naphthol (14.4 g.) and isovaleryl chloride (13 c.c.), 
when refluxed for 1 hr., afforded 1-naphthyl isovulerate, b. p. 178'112 mm. (10 g.) (Found : 
C, 79.1 ; H, 7.3. CI&Il6O, requires C, 78.9; H, 7.1y0), which (10 g.) was heated with aluminium 
chloride (10 g.) for 2 hr. at 100" and then for 1 hr. at 120". After decomposition with dilute 
acid and steam-distillation, the product was extracted with ether from the distillate. Evapor- 
ation and crystallisation from aqueous ethanol yielded l-hydroxy-2-isovalerylnaphthalene as 
pale yellow needles, m. p. 63-64" (lit.,ll m. p. 6P-66') (Found : C, 79.1 ; H, 7-3. Calc. for 
C15H,,0, : C, 78.9; H, 7.1%). The 2 : 4-dinitr@henyZhydruzone crystallised from nitro- 
benzene as red needles, m. p. 242-244" (decomp.) (Found : N, 13.3. C,,H,,O,N, requires 
N, 13.7%). 

Preparation of Dinzethylchromens and DimethyZm$hthopyrans.-The coumarin (0.05 mole) 
in dry benzene (200 c.c.) was added slowly (14 hr.) to a stirred Grignard solution from methyl 
iodide (0-17 mole), magnesium (0-17 g.-atom), and ether (50 c.c.). The solution was refluxed 
for 1 hr. and set aside overnight. Decomposition with 22% ammonium chloride solution 
(150 c.c.) and extraction with ether gave an ethereal solution, which was washed with water 
and dried (CaC1,). Removal of solvent and distillation gave the chromens and naphthopyrans. 
Picrates were prepared from methanolic solutions of the components. 

6 : 6-DimethyZna~htho(L' : 2'-2 : 3)pyran (Ib) (from 7 : 8-benzocoumarin Is), b. p. 172- 
176"/15 mm. (65%) (Found : C, 85.5; H, 7.0. C,,H,,O requires C, 85-7; H, 6.7%), gave a 
picrate, red needles, m. p. 123-125" (Found : N, 9.6. C,,H,,O,N, requires N, 943%). 

4 : 6 : 6-T~imethyZna~htho(l' : 2'-2 : 3)pyran (Id) (from 4-methyl-7 : 8-benzocoumarin lS), 
b. p. 182-184'/16 mm. (75%) (Found : C, 85.95; H, 7.4. C16H160 requires C, 85.7; 

l1 Yuoh-Fong Chi and Cherng-Tsum Jung, J .  Amer. G e m .  SOC., 1941, 65, 3155. 
l a  Dey, Rao, and Sankaranarayanan, J. Indian Chew. Soc., 1932, 9, 71. 

(b) 6-Methoxy-2 : 2-dimethyZchromen (IIb). 

(c) 7-Methoxy-2 : 2-dimethyZchromen, 

(d) 4'-ChZoro-6 : 6-dimethylnafihtho(l' : 2'-2 : 3)pyrarr (Ic). 
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H, 7.2%), gave a picrate, dark-red needles, m. p. 124-126O (Found : N, 9.2. C,,H,,O,N, 
requires N, 9.3%). 

4’-ChZoro-6 : 6-dimethyZmufihtho(1’ : 2’ : 2 : 3)flyrun (Ic) (from 6-chloro-7 : 8-benzocoumarin 14) 

had b. p. f68-l7O0/16 mm., m. p. 62-64O (33%) (Found: C, 73.2; H, 6.9; C1, 13.7. 
C,,H,,OCI requires C, 73-6 ; H, 5.4 ; C1, 14.5%). 

7-Methoxy-2 : 2-dimethylchromen (from 7-methoxycoumarin ,) had b. p. 140-141°/16 mm., 
ng 1.6648 (44%) (Found : C, 76.4; H, 7.2. 

6-Methoxy-2 : 2-dimethylchromen (IIb) (from 6-methoxycoumarin 16) had b. p. 132-136°/15 
mm., ng 1.6668 (47%) (Found : C, 75.3; H, 7.1%). 

CI2Hl4O2 requires C, 76.8; H, 7.4%). 
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