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solution stirred directly into a solution of 3,4-dichlorophenyl 
isocyanate [38.2 g. (0.15 mole)] in 50 ml. of ether. The prod- 
uct was filtered and recrystallized from ethanol as small 
white rosettes, m.p. 119.1-119.6', wt. 31.0 g. (66.2%). 

Anal.  Calcd. for CaH9CLBrN20: C1, 22.75; Br, 25.60; 
N, 8.95. Found: C1, 22.80; Br, 25.35; N, 8.80. 

I-( 3,4-Dichlorophenyl)-Z-imidazolidone (XII).-A solu- 
t,ion of l-(2-bromoethyl)-3-(3,4-dichlorophenyl)urea 15.6 g. 
(0.05 mole) in 80 ml. of acetone and a slight excess of 10% 
aqueous sodium hydroxide was refluxed 3 hr. The acetone 
layer was separated and evaporated to ca. 25 ml. from which 
the product separated. Recrystallization from acetone 
gave small glistening plates, m.p. 184.1-185.0", wt. 10.1 g. 
(88.0%). 

Anal .  Calcd. for CsH8ClZN20: C1, 30.70; N, 12.10. 
Found: C1,30.60; N, 11.97. 

3-( 3,4-Dichlorophenyl)tetrahydro-l,3-oxazine-2-one (XIV). 
-A solution of l-(3-bromopropyl)-3,4-dichlorocarbanilate 
25.0 g. (0.076 mole) in 250 ml. of 5% sodium hydroxide was 
refluxed for 1 hr. An oil separated and solidified on cooling. 
Recrystallization of the solid from 95y0 ethanol gave small 
white granules, m.p. 136.2-137.0 (63.8%). 

And. Calcd. for ClJ~gC12NO~: C1, 28.82; N, 5.69. 
Found: C1,28.87; N, 5.55. 

3-(3,4-Dichloropheny1)-1,3-oxazolidine-2-one (XV) .-The 
same procedure using l-(2-chloroethyl)-3,4-dichlorocar- 
banilate 42.0 g. (0.146 mole) gave fine, colorless needles on 
recrystallization from ethanol; m.p. 126.3-127.0", wt. 26.0 

Anal.  Calcd. for CgH&lzNOz: C1, 30.60; N, 6.03. 
Found: C1,30.68; N, 6.10. 

I-( 3,4-Dichlorophenyl)-3-( 2-propyny1)urea (XVI) .--Maxi- 
mum yields were obtained by dissolving propargylamine 
hydrochloride 27.5 g. (0.3 mole) in 100 ml. of water, made 
strongly alkaline with 20y0 sodium hydroxide a t  0-5', and 
immediately extracted with three 100-ml. portions of ether. 
The ether was filtered through calcium chloride and added 
to a solution of 3,4-dichlorophenyl isocyanate 38.0 g. (0.2 
mole) in 100 ml. of ether. After evaporation to 75 ml. the 
product precipitated. Two recrystallizations from ethyl 
acetate gave small white plates, m.p. 178.7-179.3", wt. 
35.0 g. (72.1%, based on isocyanate). 

Anal.  Calcd. for CloHsClzNzO: C1, 20.22; N, 11.52. 
Found: C1, 29.40; N, 11.35. 

g. (73.0%). 
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Reaction of the appropriate substituted phenols with ethyl 3,3-diethoxypropionate (I)  in the presence of mineral acid 
provided good yields of the coumarins Ecopoletin, isoscopoletin, and scoparone. Substitution of ethyl 3,3-diethoxy-a-methyl- 
propionate gave the corresponding 3-methylcoumarins. Two moles of 3,4methylenedioxyphenol reacted with I to form a 
3,4-dihydro-4substituted coumarin which decomposed to ayapin upon heating. The coumarins, including ayapin, also 
could be obtained by the replacement of the diethoxy ester with 3-ethoxyacrylyl chloride. 

Coumarins are becoming recognized as common 
minor constituents of plants. Among the naturally 
occurring compounds, those with oxygen attached 
a t  the 6- and 7-positions appear to be of special in- 
terest; scopoletin (6-methoxy-7-hydroxycoumarin), 
in particular, has been widely implicated in plant 
functions. 

The glycoside esculin (6-P-~-glucosyloxy-7-hy- 
droxycoumarin) has been the most usual starting 
point for synthetic work in this series. For in- 
stance, i t  may be methylated and then hydrolyzed 
to  isoscopoletin (6-hydroxy-7-methoxycoumarin),2 
hydrolyzed directly to  provide esculetin (6,7-di- 
hydroxy~oumarin),~ or carried through a series of 
reactions to  give s~opole t in .~  Esculetin has served 
as precursor for scoparone (6,7-dimethoxycou- 
m ~ i n ) ~  and ayapin (6,7-methylenedioxycou- 
marin)6; i t  has been prepared synthetically in low 
yield from 1,2,4-tria~etoxybenzene,~ but the syn- 
thesis of its derivatives such as scopoletin has been 
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much more elaborate. The Pechmann synt hmis 
and related methods are unsatisfactory in these in- 
stances. 

We have found that reaction of the appropriate 
phenol with ethyl 3,3-diethoxypropionate (I. R = 
H) in the presence of mineral acid provides good 
yields of these substituted coumarins. For exam- 
ple : 

R py (C211G0)2CHCHCOOC~HS I 

CH30 
OH I 

HO 

The reaction was conducted a t  steam bath tem- 
peratures in the presence of an excess of acid con- 
densing agent which also acted as solvent. Al- 
though concentrated sulfuric acid, polyphosphoric 
acid, and, in some cases, even aqueous hydrochloric 
acid were effective, optimum results were obtained 
with 85% sirupy phosphoric acid. Organic acids 
and acidic ion exchange resins were unsatisfactory. 
The coumarins were formed rapidly, and heating 
periods longer than one or two hours did not afford 
increased yields. 
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Fig. 1.-U1tr:tviolet spectra of couinarins. A. Scoparorie. 

B. 3-Rlcthylscoparone. C. ~I-PI3etli~lscoparonc. 

Several G,7-dioxygeiiated c*oumariiis were easily 
prepared by this rncthod and mere identified by 
comparison of their ultraviolet spectra, chromato- 
graphic characteristics, and melting points with 
those of authentic specimens prepared by estab- 
lished methods (Table I). 

TABLE I 
SI-NTHESIS OF COUMARINS 

hI.p., 
'C. -Rja-- Yield,* 

Substituent Kame (corr.) ,4 B % 
6-Hydroxy-7- Isosco- 184 0.38 0.62 51 

methoxy- polet,in 
6-LIethosv-7- Scopoletin 2044205 0 . 5 2  0 .55  73  (65)" 

hydrosy- 

methoxy- 
G,i-Di- Scoparone 138 0.40 0.67 45 

6,;-31t=thyl- Ayapin 223-224 0.52 0 .72  6OC 
cme lioxy- 
'l Ascending chromatograms on Khatnian KO. 3 paper. 

Solvent A: water. Solvent B: 10% aqueous acetic acid. 
From ethyl 3,3-diethoxypropionate. From 3-ethoxy- 

wryly1 chloride. 

llcpcatcd attempts to ohtaiii 7-hydroxycoumarin 
and 5,i-dihydroxycoumarin from resorcinol and 
phloroglucinol, respectively, by reaction with ethyl 
diethoxypropionate were unsuccessful, and, unlike 
thc qgnthriis of r t h y l  scopolctin-4-carb0xylate,~ 
( \ h t ( v  of t l i v  pl ic t io l~  also fdcd t o  r c ~ i .  T h i s  slid 
further c.xtciision of the rncthod arc undcr invcsti- 
put ion 

(8) 1)  Cl C'ro.bi .I 0 , ~  Clipm 26,  1215 ( I q 6 l )  

Replacement of ethyl diethoxypropioiiate with 
ethyl 3,3-diethoxy-2-methylpropionate (I. R = 
CH3) resulted in good yields of the corresponding 
3-methyl-6,7-disubstituted coumarins (Table 11). 

T A B L E  11 
3-hf ETHYLCOUMARINS 

M.P..  
Yield, "C. -Carbon, %- -Hydrogen, %- 

Substituent 70 (corr.) Calcd. Found Calcd. Found  
6-Hydroxy-i- 31 202- 64 .1  64 .2  4 . 9  4.8 

6-YIethoxy-7- 56 151-152 6 4 . 1  64 .3  4 . 9  5 . 0  
methoxy- 203.5 

hpdroxy- 

methoxy- 
6,i-Di- 37 129-130 65 .1  65.4 5 . 5  5 . 5  

The ultraviolet absorption spectra of these deriya- 
tives were compared with those of their unsub- 
stituted relatives and the corresponding 4-methyl- 
coumarins prepared by condensation of the phenols 
with ethyl acetoacetate in phosphoric acid.8 Al- 
though members of each of the three groups showed 
very close spectral similarity, distinct differences 
mere noted between groups (Fig. 1). The use of 
these differences as an aid in characterization of 
natural coumariiis will be discussed in a future com- 
munication. 

Repeated attempts to  obtain ayupiii (IV) di- 
rectly from 3,4-methylenedioxyphcnol were unsuc- 
cessful. Reaction of the phenol and ethyl dieth- 
oxypropionate under a variety of conditions re- 
sulted in the rapid formation of a white crystalline 
product (11). Analysis, spectral examination, and 
formation of a monoacetyl derivative of the ex- 
pected composition (111) indicated that I1 resulted 
from the condensation of two moles of the phenol 
with one of ester (Chart I). This compound ap- 
peared to  be the sole product even a t  high ester- 
phenol ratios. 

O-dH* I V  
Chart, I 
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When heated in vacuo above its melting point, I1 
was converted slowly to ayapin. Since I1 may be 
regarded as the Michael addition product of the 
phenol with the coumarin, i t  is possible that other 
appropriate 4-substituted coumarins might be 
cracked similarly to  provide the unsubstituted 
compounds. 

Reaction of 3-ethoxyacrylyl chloride, prepared 
from vinyl ethyl ether and p h ~ s g e n e , ~  with phenols 
provided the expected esters; these glassy sub- 
stances could not be induced to crystallize and de- 
composed upon attempts a t  distillation in VQCUO. 
However, treatment of the crude intermediates 
with hot phosphoric acid produced the desired cou- 
marins as indicated in Chart I. S:multaneous 
I:ries rearrangement and condensation of these in- 
termediate esters to the corresponding substituted 
chromones is under investigation. 

Experimental lo 

Ethyl 3,3-Diethoxypropionate.--d mixturc of 395 g. 
(2.67 moles) of triethyl orthoformate and 20 ml. of 47% 
boron trifluoride ctherate was cooled to 0' with vigorous 
stirring, 78 g. (1.85 moles) of gaseous ketene was fed in from 
a generator over a period of 2 hr. a t  5-10', the dark solution 
was allowed to stand for 30 min., 30 g. of sodium bicarbonate 
was stirred in, and the solids were removed by filtration. 
Distillation of the filtrate through an efficient column pro- 
vided 190 E. (54%) of the desired ester, b.p. 01-98' (15 
mm.), nZ0~'1.4117.- 

3-Ethoxyacrylyl Chloride.ll--Vinyl ethyl ether ( I  34 g., 
1.86 moles) was weighed into a pressure bottle and cooled to 
almut -70" in Dry7 Ice. Liiuid phosgene (190 g., 1.93 
moles) was then added and the vessel was purged with dry 
nitrogen and capped. As i t  warmed spontaneously, the con- 
tainer was vented several times and finally was allowed to 
stand a t  room temperature for 46 hr. in a protective shield. 

The mixture then was chilled to low temperature again, 
transferred to a distillation flask, and unchanged phosgene 
was allowed to evaporate (vigorous gas evolution upon 
warming). The remaining liquid was distilled under re- 
duced pressure to provide 133 g. (53'3 yield) of straw-colored 
oil, b.p. 88-91' (19 mm.). 

2,5-Dihydroxyanisole,1z 3,4-dimethoxyphenol,18 and 
3,4-rnethylenedioxyphen01~~ were prepared by oxidation of 
vanillin, veratraldehyde, and piperonal, respectively, with 
peracetic acid in ethyl acetate in the manner wed for syn- 
thesis of 2,4-dihydroxyanisole.@ 
Scopoletin. Method A.-2,4-Dihydroxyanisole (10.0 g., 

0.072 mole) and ethyl 3,3-diethoxypropionate (8.0 g., 
0.042 mole) were dissolved in 20 ml. of 85% sirupy phos- 
phoric acid in a small flask or beaker and heated on the steam 
tinth for 2 hr. The mixture was poured ovw 250 g. of crushed 
ice, the tarky solid whirh precipitated was allowed to stand 
until i t  became completely hard, and after removal by filt'ra- 
tion and thorough washing with water, i t  was air-dried. 
The crude yield of scopoletin was 10.0 g. (73%) ,  m.p. 199', 
and a Yingle recrystallization from glacial acetic acid pro- 
vided glistening yellow plates, m.p. 202". Spectral and 
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chromatographic characteristics were identical with those 
of an authentic specimen. 

In the same way, isoscopoletin was prepared from 2 3 -  
dihydroxyanisole and scoparone from 3,4-dimethoxypheno1. 

Method B.-2,4-Dihydroxyanisole (14.0 g., 0.10 mole) 
was dissolved in a mixture of 17 g. of pyridine and 120 ml. of 
benzene and a solution of 3-ethoxyacrylyl chloride (13.5 g., 
0.10 mole) in 25 ml. of benzene was added dropwise with 
stirring over a period of 30 min. The solution was boiled 
under reflux for 2 hr., chilled, and shaken with 500 ml. of 
water. The organic layer was washed with water, dried 
over anhydrous sodium sulfate, and solvent was removed in 
vucuo. Attempts either to crystallize the glassy residue or  
to distill i t  under high vacuum were unsuccessful. 

The crude int,ermediate was heated for 10 min. on the 
steam bath with 50 ml. of 85c/o sirupy phosphoric acid, 
poured over 150 g .  of ice, and the solid product was rem.oved 
by filtration, washed well with water, and air-dried to pro- 
vide 12.5 g. (65% yield) of scopoletin. Recry~tallization 
from acetic acid gave a product, m.p. 204-205", identical 
with an authentic specimen. 

3-Methylscopoletin.-2,4-Dihydroxyanisole (1.9 g., 0.035 
mole), ethyl 3,3-diethoxy-2-methylpropionate (Aldrich 
Chemical Co.) (5 .1  g., 0.025 mole), and 25 ml. of 85% sirupy 
phosphoric acid were heated together on the steam bath for 
1 hr., poured over 100 g. of crushed ice, and the tan precipi- 
t,at,e was recovered by filtration and washed with cold water. 
Recrystallization from toluene provided 2.4 g. (567% yield) 
of yellow solid, m.p. 151-152". 

-4nal. Calcd. for CllHlaOl: C, 64.1; H,  4.9. Found: 
C, 64.3; H, 5.0. 

3,4-Dihydro-4-( 3',4'-methylenedioxy-6'-hydroxyphenyl)- 
6,7-methylenedioxycoumarin (11) .-3,4- Rlethylenediosy- 
phenol (10.0 g., O.Oi2 mole) was mixed with 85% sirupy 
phosphoric acid and ethyl 3,3-diethoxypropionate (8.0 g., 
0.042 mole) was added dropwise to the stirred mixture at, 
room temperature. Addition wm accompanied and followed 
by foaming; after this had subsided, the solution was heated 
on the steam bath with occasional stirring for about 1 hr., 
poured over 250 g. of crushed ice, and the fine whitc prc- 
cipitate was collected by filtration, washed with water, air- 
dried, and recrystallized from glacial acetic acid. The yield 
of white crystals, m.p. 249", was 10.7 g. (65(7;). 

Anal. Calcd. for C17H1207: C, 62.2; H, 8 . 7 .  Found: 
C, 62.2; H, 3.7. 

I1 Acetate (III).-The phenol I1 was acetylated with ace- 
tic anhydride and tho product was recrystallized froin 
ethanol to provide white crystals, m.p. 306-207". 

Anal. Calcd. for C19H1408: C, 61.6; 11, 3.8. Found: 
C, 61.4; 11, 3.8. 
Ayapin. Method A.-The phenol I1 was heated slowly to 

350' under 0.1 mm. pressure for about 15 min. after cool- 
ing, the dark residue was recryEtallized from methanol 
(Darco) to provide about a 10yG yield of ayapin, m.p. 223O, 
whose spectral and chromatographic characteristics were 
identical with those of an authentic specimen prepared by 
reaction of esculetin with methylene iodide. 
Method B.-3,4-Methylenedioxyphenol ( I  1 g., 0.08 molc) 

and 15 g. (0.11 mole) of 3-ethosyacrylgl c h h i d e  were 
mixed and stirred until homogeneous. Stirring was ac- 
companied by the evolution of heat, and gaseous hydrogen 
chloride. After the reaction had subsided, 85% sirupy phos- 
phoric acid (50 ml.) was added, the mixture was heated on 
the s k a m  bath for about 1 hr., poured ont,o 200 g.  of  icsc., 
and stirred for 1 hr. The pale yellow solid was removed by 
filtration, washed with water, and recrystallized from m.et,h- 
anol (Darco). The yield of ayapin, m.p. 223-224", was 9 
g.  (60%).  

Acknowledgment.---The autliorh :LIT iitdcl)ted to 
LIr. Roy Spencer, Jr., for capable techuic:d :mist- 
ance and to  Rlr. Quentin Quick and his group for 
microanalyses. 


