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4-Phenylsulfinyltrifluoromethanesulfonanilide (34-p). A 
solution of 8.2 g (0.025 mol) of 3 3 9 ,  8.9 ml (0.025 mol) of 10% 
NaOH, and 5.3 g (0.025 mol) of NaI04 in 150 ml of H20 was stirred 
2 hr, filtered, and acidified. The product was extracted and recrys- 
tallized to 4.3 g (50%) of 34-p: off-white powder; mp 164-166’ (i-  
PrOH-i-Pr2O). Anal. ( C ~ ~ H I O F ~ N O ~ S ~ )  C, H, N. 

Similarly, 33-0 yielded 34-0 in 47% yield: a white solid; mp 128- 
130’ (PhH-PE). Anal. C, H, N. 

3-Phenylsulfonyltrifluoromethanesulfonanilide (35-m). 3- 
Nitrodiphenylsulfone was prepared from 3-nitrobenzenesulfonyl 
chloride (0.2 mol) and AlC13 (0.22 mol) in PhH in 55% yield: mp 
77-79O (EtOH).‘g Catalytic reduction of 23.4 g (0.089 mol) over 
Raney nickel in EtOH and recrystallization yielded 12.4 g of tan 
aniline: mp 94.5-95O (PhH-cyclohexane). Sulfonylation and re- 
crystallization gave 14.9 g (60%) of 35-m: white solid; mp 106-108’ 

4-Phenylsulfonyltrifluoromethanesulfonanilide (35-p). A 
solution of 11.0 g (0.033 mol) of 33-p and 10 ml (0.10 mol) of 30% 
H202 in HOAc was heated on steam for 5 hr, quenched, and ex- 
tracted. Recrystallization gave 35-p: 7.0 g (58%) as a tan solid; mp 
121-123’ (TCE-cyclohexane). Anal. ( C ~ ~ H I O F ~ N O ~ S ~ )  C, H, N. 
Likewise, 33-0 gave 35-0: off-white solid (56%); mp 87-89’. Anal. 
C, H,  N. 

Phenyltrifluoromethanesulfonanilide (36-o,m,p). The 0- and 
p-aminobiphenyls and the m-nitrobiphenyl were obtained com- 
mercially and converted to 36-0 [white solid; mp 49-51’ (CsHn). 
Anal. ( C ~ ~ H I ~ F ~ N O ~ S )  C, H, N], 36-m [tan oil; bp 105-110’ (0.1 
mm). Anal. H; C: calcd, 51.8; found, 51.01, and 36-p [white solid; 
mp 136-138’ (CsH12). Anal. C, HI. 
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Twenty-four substituted 4-hydroxy-3-nitrocoumarins have been prepared by nitration of the corresponding 4-hy- 
droxycoumarins. All were found to possess antiallergic activity as measured by the homocytotropic antibody-antigen 
induced passive cutaneous anaphylaxis reaction in the rat. 

Disodium cromoglycate (1) is established as being of use 
in the treatment of some types of bronchial a8thma.l It has 
been shown to inhibit the liberation of the mediators of im- 
mediate type allergic reactions initiated by reaginic anti- 
body-antigen interactions.2 It inhibits homologous passive 
cutaneous anaphylaxis (PCA) reactions in the rat induced 
by reaginic antibody and this reaction has been used as a 
routine screen for compounds with similar biological activi- 
ty.3,4 Some 2-nitroindan-1,3-diones (2) have shown greater 
activity than disodium cromoglycate as inhibitors of the rat 
PCA reaction5 and as part of a continuing program on the 
investigation of compounds containing the 1,3-dicarbonyl- 
2-nitro moiety, we have prepared a series of 4-hydroxy-3- 
nitrocoumarins (3). We wish to report the synthesis and ac- 
tivities in the rat  PCA test of some of these compounds. 

Chemistry. The synthesis of 4-hydroxycoumarins (4) 
has been extensively documented in the literature. In this 
study, two general routes have been employed, as shown in 
Scheme I, using readily available phenols (route A) or 2- 
hydroxyacetophenones (route B) as starting materials, 

OH 

1 

0 OH 

2 3 

Route A. Reaction of a phenol with malonic acid using 
phosphorus oxychloride-zinc chloride as condensing agent, 
as described by Bose and Shah: gave the 4-hydroxycouma- 
rin (4) which is readily separated from the diphenyl malo- 
nate side product (5) by alkaline extraction. Other Lewis 
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Table I. Physical Constants of 4-Hydroxycoumarins 
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a 231-235 
29 261-264 
63 216-218 
38 237-239 
33 254-260 
91 ,86  252-253 
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"See Experimental Section. Numbers in parentheses are references which refer to preparation of starting material. "C: calcd, 69.46; 
found, 68.96. 'See Experimental Section under 2-hydroxyacetophenones. dLiterature melting point is for anhydrous material. C: calcd, 
44.84: found. 45.40. 'Numbers in parentheses are literature references for the melting points 

acids such as stannic chloride, aluminum chloride, and fer- 
ric chloride have been reported to be less effective in this 
reaction.6 The coumarin 4 may also be prepared from 5 and 
malonic acid in the presence of phosphorus oxychloride- 
zinc chloride.6 In general, route A has been used where the 
phenolic substitution allows the formation of only one iso- 
mer. Where a mixture of 4-hydroxycoumarins (4) may re- 
sult, the regiospecific route B, described below, was uti- 
lized. 

Route B. Reaction of 2-hydroxyacetophenones (6) with 
diethyl carbonate and sodium hydride in benzene, as de- 
scribed by Barker, Hermodson, and Link,7 afforded 4-hy- 
droxycoumarins (4). In general, products of both higher pu- 
rity and yield were obtained by this method and it is rec- 
ommended where the 2-hydroxyacetophenone (6) is readily 
available. The synthesis of 6,7-dimethyl-4-hydroxycou- 
marin (13) has occasionally failed by this route, probably 
due to the insolubility of the initially formed sodium salt of 
the 2-hydroxyacetophenone in the reaction medium. An al- 
ternative procedure, described by Boyd and Robertson? 
using pulverized sodium in diethyl carbonate (see route C 
in the Experimental Section) obviates this problem, though 
the reaction may become violent. 

The physical data of the 4-hydroxycoumarins (4) pre- 
pared are given in Table I. 

Nitration of 4-hydroxycoumarins was effected in very 
high yield with fuming nitric acid in chloroform at room 
temperature, as described by Klosaeg 4-Hydroxy-3-nitro- 
coumarins (7) are highly acidic and readily form stable 
salts. The physical data and biological activities of these 
nitro derivatives (7) are summarized in Table 11. 

Scheme I "  

5 

R 

OH 
6 7 

OReagents: route A, POC13-ZnClZ-CH2(COZH)z, 60-75'; route 
B, NaH-(EtO)&O-PhH, reflux; route C, Na-(EtO)&O, reflux; 
route D, fuming HNOS-CHCls, room temperature. 

Results and  Discussion 
The rat PCA test has been used to evaluate a series of 4- 

hydroxy-3-nitrocoumarins as potential antiallergic com- 
pounds and, in this screen, the parent compound 3 showed 
similar activity to that of disodium cromoglycate (1) and 
2-nitroindan-1,3-dione (2). In the previously reported 2- 
nitroindan-1,3-dione series, substitution a t  positions C-5 
and C-6 with carbon residues produced compounds show- 
ing highest PCA activity5 Analogous substitution in the 4- 
hydroxy-3-nitrocoumarins leads to derivatives of high ac- 
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tivity. Thus, compounds 35, 36, 37, and 38, which all pos- 
sess alkyl substituents at C-6 and C-7, show good activity, 
though statistically significant efficacy over disodium 
cromoglycate was shown only by compound 35. As with the 
2-nitroindan-1,3-dione ~ e r i e s , ~  other reported substitutions 
in the 4-hydroxy-3-nitrocoumarins tended to have little ef- 
fect on the activity compared to that of the parent com- 
pound 3. 

Experimental Section 
Melting points are recorded uncorrected. The structures of all 

compounds were confirmed by ir and nmr spectroscopy. Where an- 
alogs are represented by elemental symbols, the results of these el- 
ements fall within f0.4% of the calculated values. 

Precursors  for  Synthesis of 4-Hydroxycoumarins. (i) Phe- 
nols (for Route A). All phenols used were commercially available. 

(ii) 2-Hydroxyacetoghenones. 4,5-Dimethyl-2-hydroxy- and 
2-hydroxy-4-methyloxyacetophenone were commercially available. 
All other 2-hydroxyacetophenones were prepared as described in 
the l i t e r a t~ re~~ '~ - ' '  unless stated otherwise below. 
4-Ethyloxy-2-hydroxyacetophenone, mp 45-46' (lit.'S mp 49- 

50'1, and 2-hydroxy-4-n-propyloxyacetophenone were prepared 
from 2,4-dihydroxyacetophenone by the procedure of Vyas and 
Shah.Is In a similar manner, 5-ethyl-2-hydroxy-4-methyloxyaceto- 
phenone, mp 49-50° (lit.19 mp 48'), was prepared from 2,4-dihy- 
dro~y-5-ethylacetophenone?~ 5-Ethyl-2-hydroxy-4-methylaceto- 
phenone, mp 92.5-94' (lit.21 mp 96.5-97'), was prepared by an 
analogous procedure to the preparation of the 4,5-diethyl homolog. 

4-Hydroxycoumarins. 4-Hydroxycoumarin was commercially 
available. The physical data of the substituted 4-hydroxycoumar- 
ins prepared are shown in Table I. One example of each route to 
these is given below. 

Route A. 6,8-Dimethyl-4-hydroxycoumarin (12). A mixture 
of 2,4-dimethylphenol (17.74 g, 0.145 mol), anhydrous ZnClz (59.53 
g, 0.437 mol), POC13 (40 ml, 0.43 mol), and malonic acid (15.05 g, 
0.145 mol) was heated at  60-65' for 24 hr, cooled, decomposed 
with water, and filtered. The solid was extracted with 10% aqueous 
NaZC03 and filtered and the filtrate was acidified and filtered. Re- 
crystallization of this solid gave the product (9.17 g, 0.0482 mol, 
33% yield): mp (MeOH-H20) 254-260' (lit.23 mp 246-247'). Anal. 
C, H. 

Route B. 6-Ethyl-4-hydroxy-7-methylcoumarin (14). 5- 
Ethyl-2-hydroxy-4-methylacetophenone (9.07 g, 0.0509 mol) in dry 
PhH (100 ml) was added to a stirred, refluxing suspension of 60% 
NaH in mineral oil (4.60 g, 0.115 mol) in dry PhH (100 ml) over 30 
min. After a further 10 min, diethyl carbonate (12.02 g, 0.102 mol) 
in dry PhH (100 ml) was added over 30 min a t  reflux. After a fur- 
ther 19 hr a t  reflux, the mixture was cooled, poured into iced 2 N 
HC1 (550 ml), and filtered. The solid was dissolved in 4 N NaOH, 
washed twice with ether, acidified, and filtered to give the product 
(9.20 g, 0.045 mol, 89% yield): mp 230-232O. Recrystallization from 
MeOH raised the melting point to 234-237'. Anal. C, H. 

Route C. 6,7-Dimethyl-4-hydroxycoumarin (13). A stirred 
mixture of 4,5-dimethyl-2-hydroxyacetophenone (14.0 g, 0.0853 
mol), pulverized Na (4.0 g, 0.174 mol), and diethyl carbonate (200 
ml) was carefully heated until a vigorous reaction occurred. After 
the vigorous reaction had subsided, the mixture was heated under 
reflux for 1 hour and cooled, and excess Na was destroyed with 
MeOH (50 ml) and poured into water (ca. 1 1.) containing 4 N 
NaOH (50 ml). After washing twice with ether, the aqueous phase 
was carefully acidified and filtered. Recrystallization of the solid 
from ethanol gave the product (13.9 g, 0.0731 mol, 86% yield): mp 
252-253" (lit.az mp 243"). Anal. C, H. 

4-Hydroxy-3-nitrocoumarins. The physical data and biologi- 
cal activities of the 4-hydroxy-3-nitrocoumarins prepared are 
shown in Table 11. All the nitrocoumarins were prepared by nitra- 
tion with fuming nitric acid in chloroformg as described below, ex- 

cept 3,6-dinitro-4-hydroxycoumarin (48) which was obtained by 
the procedure described by Huebner and Link.28 
6-Eth~l-4-hydroxy-7-methyl-3-nitrocoumarin (36). Fuming 

nitric acid (16 ml, d 1.52) was added to a stirred suspension of 6- 
ethyl-4-hydroxy-7-methylcoumarin (3.17 g, 0.0155 mol) in CHClR 
(250 ml) a t  room temperature over 1 hr. After a further hour, the 
solvent was removed i n  UQCUO a t  room temperature and cold 5 .V 
HC1 (60 ml.) added to the residue. Filtration gave the product 
(3.64 g, 0.0146 mol, 94% yield): mp 170-172'. Recrystallization 
from EtOH failed to raise the melting point. A n d .  C, H, iV. 

Rat PCA Test. The rat PCA test and its statistical evaluation 
were carried out as previously described.j 
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