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In an effort to synthesize those furanochromone ring systems not a t  this time known to occur in nature, i-niethyl- 
9H-furo[3,2-f] [ I  lbenzopyran-9-one (XII) has been made. Boron trifluoride-acetic acid-catalyzed acetylation 
of methyl 4- and 7-methoxycoumarilates occurred para to the methoxyl group; in the 5-methoxy isomer, attack 
took place at  the 4-position; in the 6-methoxy isomer, 5- and 7-acetyl-6-hydroxycoumarilates were obtained. 

Electrophilic attack on methyl or ethyl coumarilates 
takes place a t  the 5-position in chloromethylation2 
and n i t r a t i ~ n . ~  In the search lor approaches to as yet 
unknown furanochromone ring systems4 we have under- 
taken the investigation of the point of attack in the 
acetylation of methyl 4-, 5-,  6-, and 7-methoxycoumar- 
ilates (1-IV). Only in the case of I1 and I11 did acetyl- 
ation occur ortho to the methoxyl group so as to allow 
the preparation of furanochromones. 

R4 

I. 4-CH20: R = H 
11. 5-CH;O: R = H 

111. 6-CH30; R H 
IV. i-CHa0; R = H 

Methyl 4-methoxycoumarilate (I), on acetylation in 
boron trifluoride-acetic acid5 gave I (R, = CH3CO) 
in 88% yield. The structure of I (R, = CH3CO) was 
established by oxidation to a dicarboxylic acid V which 
was obtained in an independent synthesis by conversion 
of VI to methyl 5-methoxycoumarin-&carboxylate. 

OH OCHB 
I 1 c= 0 

@C02H F o H  CHO 

OCH8 
V 

OCHB 
VI  

Bromination of the coumarin and alkaline treatment 
of the bromocoumarin gave V, identical to the di- 
carboxylic acid previously obtained in the oxidation of 
I (R, = CH3CO). The dimethyl esters from the two 
sources were also shown to be identical. 

The Beckmann rearrangement of the oxime of I 
(R, = CH&O) gave methyl 7-acetylamino-4-methoxy- 
coumarilate which was hydrolyzed and then esterified 
to produce methyl 7-amino-4-methoxycoumarilate. 

The acetylation of I1 in boron trifluoride-acetic acid- 
acetic anhydride a t  room temperature for eighty hours 

( 1 )  This investigation was aupported by a Public Health Service grant 
CY-4817 from tlie National Cancer Institute, Public Health Service. 

(2) A. L. Mndzhoyan and A. A. Aroyan, I tu .  Akad. Nayk Arm. SSR.  
Khim. Naukt. 11, 45 (1958); Chem. Abslr..  63, 318.5 (1959). E. L. hfartin, 
U. S. Patent 2,754,286: Chem. Abstr.,  61, 920 (1957). E. I. du Pont de 
Piernours and Co., British Patent 705,950; Chem. Abslr.,  49, 2233 (1955). 

(3) S. Tanaka, J .  Chem. Soe. Japan, 73, 282 (1952). 
(4) Three of the six possible isonieric furanochroinone ring systems are 

presently finml in tlie literature due to their occurrence in nstt7iral i)roducts. 
( 5 )  FV. J .  Horton and A I .  C .  Stout, J .  O r y .  Chcm., 26, 1221 (1901). 

gave a product (96%) which contained a free hydroxyl 
group. This behavior suggested that the position of 
attack was 4- or 6-, ortho to the methoxyl position, to 
yield either VI1 or VIII. Further, it was demonstrated 

RO R6*c02cH3 \ 

R4 

VII. R = H; Rq = CHICO; Re = H 
VIII. R = H;  Rq = H; Re CH3CO 

IX. R = CHs; Rc = CHsCO; Re = H 
X. R = CHs; Rq C2Hb; Re = H 

XI. R = CHz; Ra H;  Rs = CzHs 

that acetylation with retention of the methoxyl group 
was possible if the reaction was terminated after nine 
hours (73% yield of IX or its 6-acetyl isomer). The 
phenolic product T'II on methylation produced IX. 
That acetylation occurred at  position 4 was established 
by catalytic reduction of IX to X and its conversion to 
4-ethyl-5-methoxybenzofuran. The synthesis of 6- 
ethyl-5-methoxybenzofuran provided material clearly 
not identical to the ethyl compound derived from the 
above acetylation. This isomeric 6-ethyl compound 
was obtained by acetylation of 1,4-dimethoxy-2-ethyl- 
benzene to yield 4-ethyl-2-hydroxy-5-methoxyaceto- 
phenone which was brominated to a phenacyl bromide. 
Cyclization then gave 6-ethyl-5-methoxycoumaran-3- 
one. Lithium aluminum hydride reduced the latter to 
6-ethyl-5-methoxybenzofuran. 

By saponification and decarboxylation of VI1 fol- 
lowed by condensation of the product with ethyl ace- 
tate, the new furanochromone XI1 was obtained. It 
represents the first reported example of a 9H-furo [3,2-f] 
[ 1 Ibenzopyran-9-one ring system. 

CH3 -0 
XI1 

The boron trifhoride acetylation of I11 required a 
modification of the procedure5 due to the formation of 
isomeric nonphenolic compounds which were not easily 
separable. If the reaction temperature was allowed 
to rise and remain a t  BO" during the introduction of the 
boron trifluoride, the acetylation occurred with cleavage 
to XII I  and XIV, which were separable due to the in- 
solubility of XII I  in hot methanol. The structure 
assigned to these isomers rests on the saponification and 
decarboxylation of the less soluble product to XVII, 
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XIII. 
XIV. 
XV. 

XVI. 
XVII. 

XVIII. 

87 

R =  
R =  
R =  
R =  
R =  
R =  

m.p. 95". This compound is reported to melt a t  96°.6 
Analogous treatment of the methanol-soluble isomer 
XIV gave a benzofuran XVIII, map. 117-118". The 
condensation of XVIII with ethyl acetate and cycliza- 
tion of the acetoacetyl compound with sulfuric acid 
gave the furanochromone XIX. 

OCH, 

CH3YYo 

XT x 
R 

XX. R = CHaCO 
XXI. R = C2Ho 

XXII. R = SHz 

A boron trifluoride-catalyzed acetylation of IV a t  30" 
with standing a t  room temperature overnight, gave an 
acetyl compound X X  in 75y0 yield and similar acetyla- 
tion of methyl 7-hydroxycoumarilate gave methyl 4- 
aceto-7-hydroxycoumarilate (79%) since methylation 
of the latter gave XX. The choice of the 4-position 
as the point of attack arose from the elimination of 
position 6 due to the retention of the methoxyl in the 
acetylation reaction. Further, the infrared spectra 
indicated the absence of a hydrogen bond in the acetyl- 
7-hydroxybenzofuran obtained from the hydroxy- 
coumarilate ester. Position 5 was eliminated by the 
synthesis of 5-ethyl-7-methoxycoumarilic acid (m.p. 
205-206") whereas catalyt'ic reduction of XX and 
saponification gave 4-ethyl-7-methoxycoumarilic acid 
(m.p. 187-188"). 

The synthesis of 5-ethyl-7-methoxycoumarilic acid 
required the preparation of 4-ethyl-2-met hoxyphenol 
from acetovanillone by Clemmensen reduction. This 
phenol, by a modification of the Duff reaction,' gave 
5 - ethyl - 2 -hydroxy - 3 - methoxybenzaldehyde (397&) 
which was converted to 5-ethyl-7-methoxycoumarilic 
acid by reaction with sodium ethoxide-methyl bromo- 
acetate and saponification. 

Unsuspected support for the structure X X  came, 
during the course of our work, from a publications in 
which XXII  was reported. We obtained XXII  by a 
Beckmann rearrangement of the oxime of XX, fol- 
lowed by hydrolysis. The similarity in the melting 
points supports the contentioa that XX represents the 
acylation product. 

Saponification and decarboxylation of XX gave 4- 
acetyl-7-methoxybenzofuran. The oxidation of this 
to 7-methoxybenzofuran-4-carboxylic acid was desired 
so as to establish the structure of the reported 7-meth- 

(6) J. S. If. Davim, P. A. AIcCrea. W. L. Norris, and G. R. Ramage, 

(7) L. RI. Ligpett and H. Diehl. Proc. lotoa Acad. Sci.. 62, 191 (1945); 

( 8 )  0. Rodiuhiero and U. Fornasiero, G a m  chim. itaZ., 91, 90 (19G1). 

J .  Chem. Soc., 8200 (1950). 

Chem. Abufr . ,  41, 110 (1947). 

oxybenzofuran-x-carboxylic acid .g  However, oxidation 
of our compound with sodium hypochlorite unex- 
pectedly gave 2-(?)chloro-7-methoxybenzofuran-4-car- 
boxylic acid. 

ExperimentaVo 
Methyl p-resorcylate was formylated according to Shah" 

and the product was selectively methylated12 to yield VI. After 
saponification, the benzoic acid was decarboxylated to 2-hy- 
droxy-6-methoxybenzaldehyde in 97y0 yield by heating 1.2 g. 
in 30 ml. of water a t  150" for 5 hr. in a sealed tube. The alde- 
hyde melted a t  71-74' and a t  74-75" after crystallization from 
ethanol-water; reported12m.p. 75'. 

4-Methoxy~oumarilic Acid.-A solution of 1.5 g. of sodium 
in 40 ml. of anhydrous ethanol was added dropwise over a 3.5- 
hr. period to a refluxing solution containing 5.3 g. of the above 
aldehyde and 3.5 ml. of methyl bromoacetate in 20 ml. of abso- 
lute ethanol. After a total of 7 hr. of refluxing followed by stand- 
ing overnight, a solution of 1.5 g. of potassium hydroxide in 20 
ml. of water was added and the alcohol was removed at  once by 
distillation. After acidification of the residue and standing 
overnight, the solid was filtered, washed with water, and dis- 
solved in excess sodium bicarbonate. The bicarbonate solution 
was washed with ether and the aqueous layer was then acidified. 
The 4-methoxycoumarilic acid weighed 6.0 g. (go%), m.p. 
175-185'. Recrystallization from aqueous alcohol gave ma- 
terial, m.p. 204-205'; reported18 m.p. 203-204'. 

Methanolic hydrogen chloride esterification gave I (75%), 
m.p. 75-82' raised to m.p. 97-99' by recrystallization from al- 
cohol: reported12 m.p. 99-100". 

Methyl 7-Acetyl-4-methoxycouarilate (I.  R, = CHaCO).- 
A solution containing 2 g. of I in 70 ml. of acetic acid was treated 
with boron trifluoride (58 g.) with occasional cooling so as to  
hold the temperature below 30". After standing for 48 hr. a t  
room temperature, the solution was poured into ice and water, 
the solid which separated was filtered and washed with cold 
water and then dissolved in 60 ml. of hot ethanol. On addition 
of 100 ml. of water and cooling, 2 g. (88%) of solid, m.p. 179- 
182O, was obtained. This was recrystallized from aqueous 
ethanol to yield light tan needles, m.p. 188-189" (Kofl.); A% 
228, 268.5, 292 mp ( e  15,000, 21,200, 17,600) A$ 306 mp ( e  
14,800). 

Anal. Calcd. for C13H1205: C, 62.90; H, 4.88. Found: C, 
63.00; H, 5.12. 

The oxime melted a t  183.4-184.8' after crystallization from 
ethanol . 

Anal. Calcd. for ClaHl&06: C, 59.31; H, 4.98. Found: 
C, 59.35; H,  5.04. 

Saponification gave 7-acetyl-4-methoxycoumarilic acid (goyo), 
m.p. 237-244'. Recrystallization from alcohol-water gave 
light tan needles, m.p. 248-249' (Kofl.); 227.5, 264, 295.5 
mp ( e  13,600,18,100,16,000). 

Anal. Calcd. for ClzHloOs: C, 61.56; H, 4.31. Found: C, 
61.75; H ,  4.44. 

7-Carboxy-4-methoxycoumarilic Acid (V).-A 200-1111. portion 
of commercia] bleach (5.24% sodium hypochlorite) was treated 
with 4 g. of sodium hydroxide. One-half gram of 7-acetyl-4- 
methoxycoumarilic acid was dissolved in 180 ml. of the hypo- 
chlorite solution and heated to 85' for 10 min. followed by 20 
min. a t  80". The solution was cooled and the excess oxidant 
was removed by the addition of sodium bisulfite. On acidifica- 
tion, 0.38 g. (75%) of material, m.p. 280-340', was obtained. 
Recrvstallization from aaueous ethanol gave needles, m.p. 360" 
(sealed tube; dec.). 

I 

Anal. Calcd. for CI1HnOl: C. 55.03: H. 3.39. Found: C. ._ - - . . ,  
55.78; H,  3.51. 

The dimethyl ester of 17,  by esterification of V in methanolic 
hydrogen chloride, melted a t  168.6-169.4" after several crystal- 
lizations from alcohol. 

Anal. Calcd. for C13H1206: C, 59.09; H,  4.58. Found: C, 
59.17; H ,  5.08. 

(9) W. B. Whalley, J. Chem. Soc., 3479 (1953). 
(10) Melting points of analytically pure materials are corrected. 
(11) R. C. Shah and M. C. Laiwalls, J .  Chem. Soc., 1828 (1938). 
(12) D. B. Lihiaye, Rasayonam, 1, 1 (1936): Chem. Abstr., 31, 2200 

(13) A. Roedia and S. Schadel, Chem. Ber., 91, 330 (1958). 
(1937). 
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Methyl 5-Methoxycoumarin-8-carboxylate.-The ester VI 
(1.3 g.) was heated a t  180" with 1.5 g. of fused sodium acetate 
in 2 ml. of acetic anhydride for 8 hr. Acidification of the cooled 
solution with dilute hydrochloric acid gave 1.2 g. (727,), m.p. 
170-175'. Crystallization from ethanol-water gave light yellow 
needles, m.p. 181.2-181.9'; A::, 217, 255, 297.5 mp ( E  21,500, 
14.900. 13.400). 

I I - I ~  

Snal. Calcd. for C12HloOa: C, 61.56; H, 4.31. Found: C, 
61.29; H, 4.40. 

Methyl 3-Bromo-5-methoxycoumarin-8-carboxylate.-A 
solution containing 1.16 g. of the above coumarin in 30 ml. of 
acetic acid was treated with 4 ml. of 1.25 M bromine-acetic acid 
solution with shaking. The solution was heated in a sealed 
tube for 2 hr. a t  120". After cooling to O " ,  some suspended 
matter was removed by filtration and discarded. Water was 
added until the solution was turbid and after standing a t  0' for 
5 hr., 1.08 g. (697,) of crystals was obtained. These formed 
colorless needles from methanol, m.p. 197.6-198.4'; A::. 217, 
258,310mp(e22,800,16,200,17,000). 

Anal. Calcd. for ClzH9BrOa: C, 46.03; H ,  2.90. Found: 
C, 46.23; H, 3.25. 

Methyl 7-Carbomethoxy-4-methoxycoumarilate.-One-half 
gram of the above crude bromocoumarin was heated for 2 hr. on 
the steam bath with 10 ml. of 207, sodium hydroxide. Cooling 
and acidification with hydrochloric acid gave material melting 
above 300'. Esterification of the diacid with methanolic hy- 
drogen chloride gave 0.45 g. (847,) of diester which was recrystal- 
lized from methanol, m.p. 168.0-169.3" undepressed when 
mixed with the diester obtained from 7-acetyl-4-methoxycou- 
marilic acid. The infrared spectra of the two esters were iden- 
tical; X",'x229, 261,285mp (e25,800,12,400,18,700). 

Anal. Calcd. for C13H1206: C, 59.09; H, 4.58. Found: C, 
58.91; H, 4.94. 

Methyl 7-Amino-4-methoxycoumarilate.-The oxime of I ( R7 
= CHBCO) (500 mg.) in 300 ml. of benzene was combined with 
500 mg. of phosphorus pentachloride and shaken vigorously for 
10 min. folloByed by refluxing for 45 min. The residue, after 
distillation of the benzene, was combined with nrater. The solid 
methyl 7-acetylamino-4-methoxycoumarilate (480 mg., m.p. 
185-200') gave colorless needles from aqueous alcohol, m.p. 
200.8-201.4 O .  

Anal. Calcd. for C13H13r\T06: C, 59.31; H, 4.98. Found: C, 
39.26; H, 4.91. 

Hydrolysis of the acetylamino compound (350 mg.) in 40 ml. 
of hydrochloric acid-ethanol (1: 1) by refluxing for 4 hr. followed 
I)y esterification with 5% methanolic hydrogen chloride gave 
320 mg. of the hydrochloride of methyl 7-amino-4-methoxycou- 
marilate, m.p. 156-162'. From benzene-alcohol, colorless 
needles, m.p. 166.5-168' (Kofl.), were obtainzd. 

Anal. Calcd. for CIIHIZCINOI: C, 51.27; H ,  4.70. Found: 
C, 51.32; H, 4.97. 

The free amine from 250 mg. of hydrochloride, by careful 
neutralization with 5% sodium hydroxide, weighed 200 mg., m.p. 
129-132". Recrystallization from 25% ethanol gave yellow 
needles, m.p. 134.0-134.8'. 

Anal. Calcd. for Cl1Hl1N04: C, 59.72; H, 5.01. Found: 
C, 59.46; H ,  5.20. 

Methyl 5-Methoxycoumarilate (II'I.-2-Hydroxy-5-methoxy- 
benzaldehyde was prepared as reported" in 357, yield. It was 
converted to 5-methoxycoumarilic acid,15 m.p. 215-217'; re- 
ported m.p. 212-213'15 and 217°.8 Esterification of 19.2 g. of 
the acid in methanolic hydrogen chloride gave 18 g. (87.57,) of 
11, m.p. 76-78". From aqueous methanol, material melting 
a t  77.8-78.6' was obtained; 

Anal. Calcd. for C11HlOOI: C, 64.07; H, 4.89. Found: C, 
63.97; H, 5.00. 

Methyl 4-Acetyl-5-hydroxycoumarilate (VII).-The boron 
trifluorirle acetylation of 8.24 g. of the above ester in acetic acid- 
acetic anhydride6 with 237 g. of boron trifluoride and standing for 
80 hr. gave a yellow, water-insoluble complex which was decom- 
posed by boiling in 950 ml. of ethanol for 30 min. Addition of 
an equal volume of water and cooling gave 9.0 g. (9670) of a 
slightly yellow solid, m.p. 192-199'. Repeated crystallization 
from benzene gave colorless prisms, m.p 196.2-197.8'. The 
color with ferric chloride was dark brown; 5.78, 6.13 p ;  

Anal. Calcd. for C12111000: C, 61 5 6 ;  H, 4.31. Found: C, 

271,316.5 mp ( e  19,500,5610). 

231,296,351 nip ( e  12,400, 17,500,8440). 

61.44; H, 4.33. 

(14) L. Rubenstein, J. Chem. Soc.,  127, 1999 (1925). 
(15) 5. Tanaka, J. Am. Chem. Soc., 75, 872 (1951). 

From the mother liquors in the purification of VII, an isomeric 
compound, presumed to be methyl 6-acetyl-5-hydroxycoumaril- 
ate (VIII), was obtained in small amount. After numerous 
crystallizations from ethanol, yellow prisms melting a t  133-135' 
(Kofl.) were obtained. These gave a deep brown ferric chloride 
test. 

Anal. Calcd. for C12H1005: C, 61.56; H, 4.31. Found: C, 
61.56; H, 4.89. 

When the above acetylation was repeated on 4.12 g. with 96.5 
g. of boron trifluoride and standing for 9 hr., a colorless complex 
appeared when the reaction mixture was poured into water. 
This on treatment as before with 240 ml. of 1 : 1 ethanol-water 
gave 3.6 g. of I X  (72.6%), m.p. 135-138". Colorless needles 
formed from ethanol, m.p. 144.5-145.5'; 231, 293, 338 mp 
( e  13,600, 14,900, 8290). 

Anal. Calcd. for Cl3H12O6: C, 62.90; H, 4.88. Found: 
C, 63.20; H, 5.11. 

The ethylene thioketal of IX was prepared16 by dissolving 1.85 
g. of the compound in 8 ml. of acetic acid by warming on the 
steam bath. To this warm solution was added 2 ml. of distilled 
boron trifluoride etherate and 2 ml. of ethane dithiol. The solu- 
tion was stirred a t  room temperature for 22 hr. and poured 
into 100 ml. of ice-water. The precipitate, after crystallization 
from ethanol, weighed 1.85 g., m.p. 100-104'. Further crystal- 
lization gave thioketal, m.p. 111.4-112.6"; A::, 205.5, 278 
mp ( E  24,300, 23,300); X$316 mp ( e  4960). 

Anal. Calcd. for C15H1604S2: C, 55.53; H, 4.97. Found: 
C, 55.19; H, 5.13. 

Attempted reduction of this thioketal using Raney nickel 
(not modified) and ethanol17 with refluxing for 21 hr. gave only 
an oil. This after saponification gave a small amount of a solid 
which did not depress the melting point of 4-ethyl-5-methouy- 
coumarilic acid obtained below. 

4-Acetyl-5-methoxycoumarilic Acid .-(a) Potassium hydroxide 
saponification of IX gave the colorless acid (91%), m.p. 220-225". 
The sample for analysis formed colorless needles from ethanol, 
m.p. 236.5-238.0"; 235.5, 293.5, 336 mp ( e  16,800, 15,400, 
9440). 

Anal. Calcd. for C12H1005: C, 61.56; H, 4.31. Found: C, 
61.62; H, 4.38. 

(b)  A solution containing 2.3 g. of VI1 in 20 ml. of water with 
1.0 g. of sodium hydroxide was treated below 35" with 1 ml. of 
methyl sulfate. To the reaction mixture was then added a soh- 
tion of 0.5 g. of sodium hydroxide in 5 ml. of water. After 
stirring for 8 hr. and heating on the water bath for 1 hr. the acid 
was precipitated by acidification. It melted at  220-225' and, 
on crystallization from ethanol, a t  234-236', not depressed when 
mixed with material from (a). 

Methyl 4-Ethyl-5-methoxycoumarilate (X) .-Hydrogenation18 
of 2 g. of IX with 400 mg. of 107, palladium-carbon in 50 ml. of 
acetic acid a t  room temperature and a pressure slightly above 
atmospheric, proceeded slowly over a 2-hr. period (271 ml. of 
hydrogen absorbed). The hydrogenation rate was then ac- 
celerated by the addition of 1 drop of 707, perchloric acidlQ 
(240 ml. of hydrogen over 3.25 hr.). The catalyst was filtered 
and washed with acetic acid. Addition of 200 ml. of water to 
the filtrate gave crystals on standing, m.p. 67-69'. These were 
crystallized from petroleum ether (b.p. 30-60') for analysis, 
m.p. 71.4-72.4'. The tests with ferric chloride and with 2,4- 
dinitrophenylhydrazine were negative; X::= 279 mp ( e  22,300); 

Anal. Calcd. for C13HI404: C, 66.65; H ,  6.02. Found: C, 
318 mp ( E  3820). 

66.35; H, 6.05. 
Sanonification of this ester gave 4-ethvl-5-methoxycoumarilic 

acid 792%) which formed colorless needies from aqueous meth- 
anol (2: I ) ,  m.p. 163.0-164.4'; Ad, 203, 275.5 mp ( e  22,800, 
22,300); A;:: 311 mM ( e  3480). 

Anal. Calcd. for C12H1204: C, 65.44; H, 5.50. Found: C, 
65.50; H ,  5.55. 

4-Ethyl-5-methoxybenzofuran.-The above coumarilic acid 
(500 mg.) with 250 ml. of copper powder in 15 ml. of quinoline 
was heated a t  230-240" for 30 min. The filtered quinoline was 
combined with 100 Inl. of ether and washed three times with 5% 
hydrochloric acid and with water. After drying over sodium 
sulfate, the ether was distilled leaving a deep brown oil which 
crystallized on cooling. This on sublimation at  40-70" (0.08 

(16) L. F. Fieser, ibid. ,  76, 1943 (1954). 
(17) S. Bernstein and L. Dorfman, ib id . ,  68, 11.52 (194G). 
(18) R. T. Foster and A. Robertson, J. Chem. Soc.. 921 (1939). 
(19) K. W. Rosenmund and E. Karg, Ber., 76B, 1850 (1942). 



mm.)(sublimer temp.) gave 200 mg., m.p. 53.6-56.8". A second 
sublimation gave colorless crystals with a naphthalene-like odor, 
m.p. 56.8-57.8"; A2:,248.5,292mp(e 1'2,800,3380). 

Anal. Calcd. for ClIHl2O2: C, 74.97; H,  6.87. Found: C, 
74.90; H ,  6.89. 

4'-Ethyl-2'-hydroxy-5'-methoxyacetophenone.-The Clem- 
mensen reduction of 2',5'-dirnethoxya~etophenone~~ gave 1,4- 
dimethoxy-2-ethylbenzene in 90% yield, b.p. 80' ( 2  mm.); re- 
ported21 b.p. 232". The boron trifluoride-catalyzed acetylation 
of this ethylbenzene, with omission of acetic anhydride, pro- 
duced a reddish precipitate when the reaction was poured into 
water. This boron complex was dissolved in 25 ml. of hot eth- 
anol, cooled, and diluted with water, An oil separated which 
was extracted with ether. The ether was then washed with 5% 
sodium hydroxide and the basic washes acidified yielding 2.8 g. 
(559;)  of 4'-ethyl-2'-hydroxy-5'-methoxyacetophenone, m.p. 
60.4-61" after crystallization from ethanol; reported m.p. 60°.21 
The ferric chloride test produced a violet color. The compound 
had 

The colorless acetate from petroleum ether (b.p. 80-120") 
melted a t  82.643". 

.4nal. Calcd. for C13Hla04: C, 66.08, H, 6.82. Found: C, 
66.14; H, 6.71. 

The oxime from aqueous methanol melted at  128-129'. 
Anal. Calcd. for CllHl,N03: C, 63.14; H,  7.23. Found: 

C, 62.91; H,  7 . 2 5 .  
On evaporation of the washed and dried ether layer, 1.4 g. 

(23y0) of 2',5'-dimethoxy-4'-~thylacetophenone was obtained. 
After crystallization from ethanol, the needle-shaped crystals 
melted a t  76.4-76.8'; A$. 260,330 mp ( e  9500,5400). 

i inal.  Calcd. for C12HIsOa: C, 69.20; H, 7.i4. Found: C, 
69.29; H, 7.73. 

The reaction of 1.2 g. of the diniethosy compound with 670 
hydrogen bromide-acetic acid at room temperature for 4.5 hr. 
gave 100 mg. (9yo) of the above 2-hydroxyacetophenone. A 
yield of this order would be predicted under these reaction condi- 
tions for 2-methoxyacetophenones lacking a substituent in the 
3-position.20 

Methylation of the cleaved product. of the boron trifluoride 
acetylation above gave 2',5'-dimethoxy-4'-ethylacetophenone, 
m.p. 76-78' undepressed when mixed with the sample analyzed 
above. 

Z-Brorno-4'-ethyl-Z '-hydroxy4 '-methoxyacetophenone .- 
To 1.2 g. of the hydroxyacetophenone above in 50 ml. of acetic 
acid a solution of 0.36 g. of bromine in 10 ml. of acetic acid was 
added slowly with continuous stirring over the course of 2 hr. 
After 5 hr. stirring a t  room temperature, the mixture was poured 
into ice-water and extracted with chloroform. A solid (1 9.) 
was obtained on evaporation of the chloroform. From meth- 
anol, the phenacyl bromide was obtained as yellowish crystals, 
m.p. 75.0-76.0'; A& 220.5, 266, 361.5 mp ( E  12,900, 8160, 
4920). 

Anal. Calcd. for CllH13Br03: C, 48.37; H, 4.80. Found: 
C, 48.35; H, 4.97. 

The addition of 0.5 ml. of bromine to 1.9 g. of the hydroxy- 
acetophenone in 10 ml. of anhydrous ether containing a trace of 
aluminum chloride gave 3'-bromo-4'-ethyl-2'-hydroxy-5'-meth- 
oxyacetophenone which formed pale yellow needles from meth- 

265,  353 mp ( E  12,600, 10,000). 

and ,  m.p. 83". 
Anal. Calcd. for C11HlnBr07: C. 48.37: H. 4.80. Found: C. , ,  ~~ .. , 

48.27; H, 4.95. 
6-Ethyl-5-methoxycoumaran-3-one.--Sodium acetate cycli- 

zation2* of 1.1 g. of the phenacyl bromide gave I g. of the cou- 
maranone. From a small amount of methanol, yellow crystals, 
m.p. 121.6-122.0", were obtained; 258 mp ( E  13,400) 

Anal. Calcd. for CllII1203: C, 68.73; H, 6.29. Found: C, 
68.43; H, 6.25. 

6-Ethyl-5-methoxybenzofuran.-A solution of 1 g. of.the above 
coumaranone in 25 ml. of anhydrous ether was added slowly to a 
suspension of 0.5 g. of lithium aluminum hydride in ether. Plfter 
refluxing for 4 hr. the excess reagent was decomposed by t,he 
addition of ethyl acetate. Dilute hydrochloric acid was addrd, 
the product, in ether, was washed with water, dried, and tlis- 
tilled, b.p. 55-60' (0.2 I I I I I I . ) .  Tlie ypllow oil gave A$, 240, 

5.85 p .  hCHC13 

(?O) W. J. Hur ton  and .J. T .  Ryence, J .  Am. Chem. SOC., 77, 2894 (1955). 
f ? l )  G. R. Ramage and C. V. Stead, J. Chem. SOC., 3602 (1953). 
(2'2) R. L. Bhrinrr, E. J .  Matson, and R. E. Damschroder, J .  Am.  Chem. 

Soc., 61, 2322 (1939). 

290 mp ( e  11,800, 5420) and had no carbonyl band in the infrared 
region. The liquid was seeded with a crystal of the 4-ethyl-5- 
methoxy isomer but this did not induce crystallization. The 
infrared spectra was not identical to the 4-ethyl-5-methoxy 
isomer. 

Anal. Calcd. for CllHlz02: C, 74.91; H, 6.87. Found: C, 
75.30; H, 6.89. 

4-Acetyl-5-hydroxycoumarilic Acid.-Saponification of VI1 
gave slightly brownish acid (9o.5yO), m.p. 263-265'. Crystal- 
lization from aqueous ethanol produced colorless material, m.p. 
267.5-"69.0°; A::, 230, 297,352 mp ( E  11,200, 13,000,6910). 

Anal. Calcd. for C1iHsOj: C, 60.00; 3.66. Found: C, 
60.08; H, 3.56. 

4-Acetyl-5-hydroxybenzofuran.-Three grams of the acid was 
decarboxylated in quinoline as described above. The quinoline- 
free ether was washed ten times with 87, sodium hydroxide which 
produced on acidification 2.2 g .  (927,) of brown solid, m.p. 94- 
97". This formed yellow plates from alcohol-water, m.p. 
103.5-104.5°; A::: 6.15 p (no band a t  2.3 p ) ;  217, 295, 
347 mp ( e  13,100,10,100,4770). 

Anal. Calcd. for CIOHIOI: C, 68.18; H, 4.58. Found: C, 
68.37; H, 4.71. 

7-Methyl-9H-furo [3,2-f] [ 11 benzopyran-9-one (XI).-The 
portionwise addition of 3.5 g. of sodium hydride to 2.25 g. of 4- 
acetyl-5-hydroxybenzofuran in 22.5 ml. of dry ethyl acetate gave 
a yellowish brown color and the mixture became solid after 3 hr. 
After standing overnight,, ice and dilute hydrochloric acid were 
added. The resulting brown viscous oil was extracted three times 
with ether, the extract was dried over sodium sulfate, and the 
ether distilled. The resultant brown oil was dissolved in 100 
ml. of ethanol containing 24 ml. of concentrated sulfuric acid and 
the solution refluxed for 1 hr. on the steam bath. The cooled 
solution was then poured into 300 ml. of ice-water, the precipi- 
tated solid was collected and crystallized from ethanol-water 
(1:2). The brown-colored furanochromone XI1 (2.3 g.)(827,) 
melted a t  165-170' and, after further crystallization from the 
same solvent, colorless needles, m.p. 172.4-173.6", were ob- 
tained; A::',, 262, 289, 315 m p  ( E  11,400, 13,800, 13,600); A::: 
282 mp ( e  12,700). 

4 n a l .  Calcd. for c&03: C, 72.00; H, 4.03. Found: C, 
71.95; H, 4.23. 

2-Hydroxy-4-methoxybenzaldehyde.-To a suspension of 20.9 
g. of 2,4-dimethoxybenxaldehyde in 50 ml. of anhydrous toluene 
was added slowly with swirling 20 g. of aluminum chloride and 
the mixture was refluxed by heating in a bath a t  150" for 5 min. 
The mixture was cooled a t  once and the aluminum chloride com- 
plex hydrolyzed in the usual manner. The product was col- 
lected by ether extraction and the ether solution was washed five 
times with 10% sodium hydroxide. After acidification of the 
alkaline washes and extraction of these with ether, the product 
distilled a t  116-126" (6 nim.) (11.4 g.), m.p. 36-40", By distil- 
lation of the alkali-washed ether solution, 5.8 g. of starting ma- 
terial, b.p. 136-148" (0.2 mm.), m.p. 58-67", was recovered. 

Methyl 6-Methoxycoumarilate (111) .-From the above alde- 
hyde, 6-methoxycoumarilic acid, m.p. 199-202', was obtained 
as described3; reported3 m.p. 206". Methanolic hydrogen chlo- 
ride esterification of 4.6 g. of the acid gave the methyl ester in 
quantitative yield, m.p. 92-95". By crystallization from aque- 
ous methanol, the melt'ing point was brought to 94.2-95.2'; 

Anal. Calcd. for CllH1004: C, 64.07; H ,  4.89. Found: C, 
63.99; H, 5.11. 

Acetylation of Methyl 6-Methoxycoumarilate.-Boron tri- 
fluoride was passed into a solution containing 3.6 g. of 111 in 
80 ml. of acetic acid. The temperature, on reaching 80" was held 
at  this point until 86 g. of boron trifluoride had been added. The 
dark-colored solution was then allowed to come to room tenipera- 
ture and stand overnight. It was then poured into cold water 
and after standing for 1 hr. in an ice-water bath, the brownish 
precipitate was filtered. The moist precipitate was suspended 
in 400 ml. of methanol and boiled for 5 min. (not completely 
solubleI. This suspension was cooled and treated with 800 ml. 
of m t w .  'rhe strlid so obtained was again boiled with 100 ml. 
of riiethanul for 2 niiri. and filtered while hot. The niethanol- 
iiisuluble inaterial was again extracted with hot methanol arid 
then crystallized twice from ethyl acetate. The crystalline 
mt~thyl 3-ncetyl-G-h~drox?.counlariiniarilate (XII I )  (1.1 g.) melted 
at  231-232' (Kofl.). I t  was soluble in sodium hydroxide and 
gave a strong green color with dilute alcoholic ferric chloride; 

229.5,254,290,341.5 nip ( E  16,200,34,500, 13,000,8520). 

240,281,310 mp (€6490, lljiOO, 23,000). 
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Anal. Calcd. for C I Z H ~ ~ O ~ :  C, 61.56; H, 4.31. Found: C, 
61.54; H, 4.38. 

The reaction of XI11 with hydroxylamine hydrochloride in 
pyridine-absolute ethanol gave the oxime of ethyl 5-acetyl-6- 
hydroxycoumarilate, m.p. 247-248.5", after crystallization 
from methanol. 

And.  Calcd. for C I ~ H ~ ~ K O ~ :  C, 59.31; H,  4.98. Found: 
C, 58.84; H, 4.56. 

The filtrates obtained in the above hot methanolic extractions 
were evaporated and gave 600 mg. of the isomer methyl 7- 
acetyl-6-hydroxycoumarilate (XIV) which was crystallized three 
times from methanol, m.p. 135". A sample for analysis, 
crystallized three times from aqueous ethanol, m.p. 134.5- 
135.4", was soluble in aqueous sodium hydroxide and gave a 
purple-black ferric chloride test; At:* 231, 279.5, 342.5 mp ( e  
11,300,26,700,7920). 

Anal. Calcd. for ClzHlo05: C, 61.56; H,  4.31. Found: C, 
61.89; H,4.43. 

AS with XIII ,  the oxime of XIV was prepared in pyridine- 
ethanol with ester exchange. The oxime of the ethyl ester melted 
a t  220.1-220.9" after crystallization from methanol. 

Anal. Calcd. for CI3HL3NO5: C, 59.31; H, 4.98. Found: C, 
59.68; H,  5.07. 

5-Acetyl-6-hydroxybenzofuran .-The methanol-insoluble com- 
pound above was saponified in alcoholic sodium hydroxide and 
the acid obtained decarboxylated as previously described. The 
product, 5-acetyl-6-hydroxybenzofuran (XVII), melted a t  95'; 
reported m.p. 9606; hccl' 6.10 p (no bands a t  5.85, 2.3 p ) ;  
234,341 mp(e41,900,2910). 

7-Acetyl-6-hydroxybenzofuran (XVIII).-Saponification of the 
methanol-soluble isomer above and decarboxylation of the acid 
obtained gave material which, after three crystallizations from 
methanol, formed yellowish needles, m.p. 117.2-118.0"; Act" 
6.12 p (no bands at  5.85, 2.3 p ) ;  A:::, 232, 280 mp ( e  8980, 
3520). 

Anal. Calcd. for C10HS03: C,  68.18; H,  4.58. Found: C, 
68.11; H, 4.66. 

7-Methyl-9H-furo [Z ,3-f] [ 1 ] benzopyran-9-one (XIX) .-To the 
7-acetyl compound above (500 mg.) in 5 ml. of anhydrous ethyl 
acetate, 600 mg. of sodium hydride was added in three portions 
with continuous stirring. The reaction solidified after 2 hr. to 
a brown mass and was allowed to stand overnight. After treat- 
ment with ice and dilute hydrochloric acid, the solution was ex- 
tracted with ether, the dried ether solution was evaporated and 
the residue heated with 4 nil. of sulfuric acid and 16 ml. of eth- 
anol for 1 hr. on the steam bath. A part of the alcohol was 
distilled and the solution was poured into water. The filtered 
product (230 mg.), from methanol gave pale brown crvstals, 
m.p. 226.4-227.8'. The ultraviolet spectra gave 240, 
314mp(e27,500,5380). 

Anal. Calcd. for C12HS03: C, 72.00; H,  4.03. Found: C, 
71.60; H ,  4.14. 

The isomeric i-methyl-5H-furo[3,2-g] [ 11 benzopymn-5-one is 
reported6 as colorless needles from ethanol, m.p. 186"; A,,, 
236,280,317mp(loge4.34,3.74,3.83) takenfrom agraph. 

Methyl 7-Methoxycoumarilate (IV) .-The reported procedurez3 
gave reproducible results if the ester obtained was saponified 
immediately. The yield was 70Tc, m.p. 191-201' softening a t  
185'; reported m.p. 219.5-220.5°z3; 213.F~215.5'.~~ A sample 
from aqueous alcohol melted a t  220.2-222.0'; 231, 270 
mp (e20,900,14,800), rep0rted2~ AmnX 228,269 mp. 

Methanolic hydrogen chloride esterification gave the ester, 
m.p. 77.2-78.6' after crystallization from alcohol-water; A::, 
234.5, 278 mp ( e  22,100, 17,000). The reported melting point 
is 78°.28 

Methyl 4-Acetyl-7-methoxycoumarilate (XX).-(a) The above 
methyl ester (8.8 g.) in 228 ml. of acetic acid was treated below 
30' with 221 g. of boron trifluoride and allowed to stand over- 
night. The nearly colorless gelatinous precipitate obtained by 
pouring the reaction mixture into 1.5 1. of water was dissolved 
in 120 ml. of hot ethanol and concentrated to 100 ml. On cooling, 
7.9 g. (75%) of colorless material, m.p. 138-142", was obtained. 
It melted at  141-144' when mixed with the analytically pure 
compound prepared below. 

(b)  7-Hvdroxvcollmarilic acid was obtained from 7-meth- 
oxycoumarilic acid (89%) as reported3 and esterified with meth- 
anolic hydrogen chloride to give the methyl ester (9Oy0), m.p. 

(23) T. Reichstein, H e l n .  Chim. Acta. 18, 816 (1935). 
(24) H. Richtsenhain and B. Alfredsson, Acto Chem. Scond., 8, 1519 

(1954). 

154163'; reported m.p. 166-167°.23 On acetylation of 3.38 
g. of the ester with boron trifluoride-acetic acid as above, light 
gray crystals were obtained after pouring the complex into 
water. These were not completely soluble in 70 ml. of hot al- 
cohol and did not dissolve on addition of io ml. of water, On 
cooling, light sandy crystals (3.26 g. 79%) softening at  160", 
n1.p. 197-236', were obtained. From acetic acid, long thin 
colorless prisms, m.p. 240.5243" (Kofl.), appeared; A::= 210 
253,311 mp(~10,800,25,700,18,300). 

Anal. Calcd. for C I Z H ~ ~ O ~ :  C, 61.54; H, 4.30. Found: C, 
61.12; H, 4.44. 

The acid obtained on saponification was purified by means of 
benzene-ethanol, m.p. 299.5-300.5" (Kofl.); 250.5, 312 
mp (€21,100, 16,100). 

4nal. Calcd. for C I I H ~ O ~ :  C, 60.00; H,  3.66. Found: C, 
59.94; H,  3.62. 

Diazomethane converted 0.67 g. of the acid t o  0.72 g. of XX, 
m.p. 133-138". After five crystallizations from benzene, this 
melted at 142.0-142.2"; A$- 251.5, 305 mp ( e  27,900, 19,100). 

Anal. Calcd. for C13H1205: C, 62.90; H, 4.88. Found: C, 
62.68; H, 4.89. 

The oxime of XX was crystallized five times from alcohol, 
m.p. 180.6-182.4'. 

Anal. Calcd. for C13HI3NO5: C, 59.31; H,  4.98. Found: C, 
59.00; H ,  5.03. 

Saponification of XX gave 4-acetyl-7-methoxycoumarilic 
acid which was purified using acetic acid. It melted a t  271-280' 
(dec. Kofl.); Ace 210, 249.5, 306 mp ( e  11,600, 25,100, 17,500). 

Anal. Calcd. for Cl~H1006: C, 61.56; H, 4.31. Found: C, 
61.70; H,4.53. 

The ethylene dithiol mercaptal prepared from XX using 
boron trifluoride etherate'6melted a t  130.4-131.6" after extensive 
crystallization from ethyl acetate-alcohol; A;:x 239, 281.5 mp 
(e26,700,13,900). 

Anal. Calcd. for ClaH1,04S2: C, 55.53; H, 4.97. Found: C, 
55.45; H,  4.99. 

Saponification gave the ethylene dithiol mercaptal of 4- 
acetyl-7-methoxycoumarilic acid, map.  227.0-227 .So (Kofl.); 

Anal. Calcd. for CIdH140&: C, 54.17; H,  4.55. Found: C, 
235.5,278 mp ( e  26,100, 13,700) A:,!: 311 mp ( e  4700). 

53.88; H,  4.60. 
A susoension of 9 teamoons of W-2 Ranev nickel (not modified) 

in 250 ml. of alcohol containing 1.83 g. if the ethylene dithiol 
mercaptal of XX wa8 refluxed for 14 hr. The oil obtained was 
saponified with aqueous alcoholic potassium hydroxide to 1.06 g. 
of pale yellow crystals, m.p. 158-170". Recrystallization from 
aqueous ethanol gave material melting a t  188-189.5", which 
was soluble in sodium bicarbonate and did not depress the rnelt- 
ing point of 4-ethyl-7-methoxycoumarilic acid prepared below 
by catalytic reduction. 

4-Acetyl-7-hydroxybenzofuran.-The reaction of 2.5 g. of SX 
in 50 ml. of chlorobenzene with 6.0 g. of aluminum chloride a t  
the reflux temperature for 1 hr. gave material soluble in 570 
sodium hydroxide. This was recrystallized from methanol, 
saponified and decarboxylated as described previously. The 
benzofuran (0.45 g.), crystallized from methanol (carbon), 
formed tan-colored needles, m.p. 203.2-204.0'; ACHci8 2.35, 
6 .00~;  X~~E235,302mp(e11,000,9830). 

Anal. Calcd. for ClnHaOn: C,  68.18; H ,  4.58. Found: C, . _ _ _  . 
68.27; H, 4.50. 

Methyl 4-Amino-7-methoxycoumarilate.-Thc oxime of XX 
11.2 E.). m.D. 180-182", in 20 ml. of dry benzene with 1.2 g. of 
phosphorus 'pentachloride was refluxed for 25 min. Distillation 
of the benzene and addition of ice-water gave 1.2 g. of light 
brown solid, m.p. 199-207'. Crystallization from rthanol 
gave short colorless needles of the acetylamino compound, 1n.p. 

Anal. Calcd. for C13HI3N05: C, 59.31; H,  4.98. Found: C, 
59.48; H ,  4.95. 

The use of less pure oxime gave a product which could be puri- 
fied or used in the subsequent step. 

The above 4-acetylamino product (3.0 g., m.p. 180-202') 
was refluxed in 120 Inl. of alcohol and 120 ml. of concentrated 
hydrochloric acid under nitrogen for 2.5 hr. The ethanol and 
part of the hydrochloric acid were distilled in vucuo. Filtration 
gave 2.1 g., m.p. 260" (dec. from 210'). A 1-g. sample of the 
amine hydrochloride in 140 ml. of 10% methanolic hydrogen 
chloride was refluxed for 24 hr. The solvent was removed by 
distillation and the residue was cautiously treated with aqueous 
sodium bicarbonate. The product (0.69 9.) melted at 180-183" 

21 2.7-2 13.4 '. 
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(dec. sharply a t  182"). Further crystallization from ethanol- 
benzene produced yellow plates, m.p. 182.2-183.6'; reported 
m.p. 185".* 

4-Acetyl-7-methoxybenzofuran.-By the quinoline-copper 
decarboxylation procedure above, 1.81 g. of the coumarilic 
acid gave 1 g. of the benzofuran, m.p. 87-95". Repeated sub- 
limation, finally a t  80-100' (0.35 mm.) (bath temp.) gave color- 
less material, m.p. 92.8-95.2'; A::= 235, 293.5 mp ( E  17,500, 
16,100). 

Anal. Calcd. for CllHloO3: C, 69.46; H ,  5.30. Found: C, 
69.69; H ,  5.31. 

2-(?)Chloro-7-methoxybenzofuran-4-carboxylic Acid.- 
One-half gram of the sublimed benzofuran above (m.p. 94-97') 
and 60 ml. of dioxane were added to 180 ml. of alkaline com- 
mercial bleach solution and treated as described above. The 
dioxane was distilled, the cooled solution was treated with a 
small portion of sodium bisulfite and acidified. The colorless 
product weighed 0.51 g., m.p. 236-240'. By sublimation a t  
150-1iOo (0.06 mm.) long thin colorless prisms were obtained, 
m.p. 249.0-2,52.5" (Kofl.). The presence of chlorine was shown 
by asodium fusion test; 228,2i3 mM (e31,300,12,300). 

Anal. Calcd. for CloH7C104: C, 53.00; H,  3.11. Found: C, 
52.74; H ,  3.18. 

Methyl 4-Ethyl-7-methoxycoumarilate (XXI).-One gram of 
XX was hydrogenated using 200 mg. of l0lo palladium-carbon 
in 25 ml. of acetic acid containing 1 drop of 70% perchloric 
acid. Dilution 
with water gave 0.7 g. of product which was brought to a melting 
point of 74.3-74.5' by crystallization from aqueous ethanol; 

238.5, 283 mp (e 22,600, 16,400), A::: 311 mp ( 6  3860). 
Anal. Calcd. for C13H1404: C, 66.65; H,  6.02. Found: C, 

66.90; H ,  6.11. 
Saponification gave thc acid, crystallized from benzene, m.p. 

187.3-188.1 O ;  235,276 mp (~24,700,16,500). 
Anal. Calcd. for C12H12O4: C, 65.44; H,  5.50. Found: C, 

65.23; H,  5.23. 
5-Ethyl-2-hydroxy-3-methoxybenzaldehyde.-Clemmensen 

reduction of acetovanillone, m.p. 97-112', gave 4-ethyl-2- 
methoxyphenol(647,), b.p. 140-146" (46 mm.). 

The benzoate melted a t  57-60' after crystallization from 
alcohol; reported25m.p. 58-59'. 

In 65 min., 254 ml. of hydrogen was absorbed. 

The 2,4-dinitrophenyl ether from alcohol melted a t  87.0- 
88.6'. 

Anal. Calcd. for CIIHl4N2O6: C, 56.60: H, 4.43. Found: 
C, 56.21; H, 4.30. 

The Duff reaction7 on 20 g. of the above phenol with steam 
distillation and extraction of the distillate with ether gave 
5-ethyl-2-hydroxy-3-methoxybenzaldehyde, a light yellow oil 
(9.3 g. 39%), b.p. 98" (0.37 mm.). The sample submitted for 
analvsis boiled a t  120" (2 mm.): A% 224,269,351 mu ( e  21,000, , , . .  
11,2b0,2830). 

66.73; H,  6.75. 
Anal. Calcd. for CloH1203: C, 66.65; H,  6.72. Found: C, 

The seniicarbazone formed fluffy, pale yellow, microscopic 
prisms from I :  1 aqueous ethanol, m.p. 186-189' (Kofl.). 

Anal. Calcd. for CllH16N301: C, 55.68; H ,  6.37. Found: 
C, 55.57; H, 6.68. 

The aldehyde (7.2 9.) was treated with malonic acid and 
aniline26 to produce 6.51 g. (66%) of 6-ethyl-8-methoxycou- 
marin-3-carboxylic acid, m.p. 156-170'. Five crystallizations 
from alcohol gave light yellow crystals, m.p. 175.6-177.8'; 
A::s 208,254.5,307.5 mp ( c 34,300,8750,14,700). 

Anal. Calcd. for C13H1206: C, 62.90; H, 4.88. Found: C, 
62.75; H ,  4.93. 

5-Ethyl-7-methoxycoumarilic Acid.-The sodium ethoxide 
condensation of the above aldehyde (4.1 g.) with methyl bromo- 
acetate followed by saponification as previously described gave 
4.12 g. of tacky brown solid soluble in sodium bicarbonate. 
Sublimation a t  150" (0.13 mm.) gave 1.24 g. of colorless crystals 
contaminated with a yellow oil. Three crystallizations from 
methanol-water gave colorless needles, m.p. 205.4-206.6"; 
A:&234.5,274mp (621,800, 16,800). 

Anal. Calcd. for ClZHl2O4: C, 63.44; H, 5.49. Found: C, 
65.30; H, 5.36. 

The amide melted a t  182.0-183.6' after crystallization from 
aqueous methanol. 

Anal. Calcd. for C12H13N03: C, 65.74; H,  5.98. Found: 
C, 65.72; H, 6.19. 

(25) C. E. Coulthard, J. Marshall, and F. L. Pyman, J .  Chem. Soc.. 

(26) W. Borsche and P. Hahn-Weinheimer, Chem. Ber., 86, 198 (1952). 
280 (1930). 
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Relative rates of elimination in the pyrolysis of a series of meta- and para-substituted ethyl benzoates together 
with infrared data are shown to confirm that heterolytic breakage of the alkoxy C-0 bond is of paramount im- 
portance in ester pyrolysis. The relative rates are best correlated using Taft's UO values. 

The pyrolytic decomposition of esters containing at  
least one @-hydrogen atom to olefins and acids is gener- 
ally considered to proceed via a cyclic concerted mech- 
anism. 

In the transition state (I), the C-H bond and the 
alkoxy C-0 bond are partially broken, and the olefinic 
C=C bond and the 0-H bond are partially formed.4 

(1) Par t  VI: R. Taylor and G. G. Smith, Tetrahedron, submitted for 
publication. 

(2) Acknowledsment is made to  the donors of the Petroleum Research 
Fund, administered by the American Chemical Society, for partial support 
of this research. 
(3) (a) Utah Stale University. Logan, Utah, to  whom inquiries should 

be addressed; (h) Postdoctoral Research bssociate a t  Utah State  University, 
1961-1962; (c) part of this study is abstracted from a thesis presented LO 
the Graduate School, Washington State University, b y  D. F. B. in partial 
fulfillment of the requirements for the degree of M..9., August, 1961. 

(4) (a) C. H. DePuy. R. W. King, and D. H. Froemsdorf, Tetrahedron. 7 ,  
123 (19.59); (b) C. 13. DePuy and R. Pr'. King, CAem. Reus., 60, 431 (1960) 
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Previous work5 has shown that the C-0 bond break- 
age is heterolytic and that the a-carbon atom develops 
some carbonium ion character in the transition state. 
Thus relative rate data for the vapor phase pyrolysis of 
a series of meta- and para- substituted 1-phenylethyl 
acetates show a c+  orr relation.^ It also appears that 
for a given ester a t  a fixed temperature, the rate of de- 
composition is determined more by the stability of the 

( 5 )  R. Taylor, G. G. Smith, and W. H. Wetzel, J .  A m .  Chem. Soc., 84, 
4817 (1962). 


