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The blood pressure was allowed to stabilize after the adminis
tration of each compound before testing for possible blockade of 
norepinephrine pressor responses. 
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A series of xanthone-2-carboxylic acids substituted in the 7 position with sulfamoyl and other groups was synthesized 
and assayed in vitro for inhibition of aldose reductase isolated from rabbit lenses. At a concentration of 10"6 M, 
the Ar-methyl-Ar-(2-hydroxyethyl)sulfamoyl derivative 14 produced an 83% inhibition of aldose reductase. The 
structural requirements for this type of activity are discussed. 

The antiallergic activity of substituted xanthone-2-
carboxylic acids has been reported previously.3'4 In the 
present report, evidence is presented to show that sub
stituted xanthones can exert an entirely different kind of 
activity—the inhibition of aldose reductase. This enzyme 
catalyzes the formation of sugar alcohols from sugars and 
has been implicated in the development of cataracts in 
diabetes and galactosemia.5 The enzyme may also be 
involved in other complications of diabetes, such as neu
ropathy and retinopathy.6 The basis of this study was the 
possibility that some xanthones may be more effective than 
known inhibitors of aldose reductase and, therefore, could 
be useful in the prevention or delay of cataract formation. 

Chemistry. Chlorosulfonation of xanthone-2-carboxylic 
acid (1) with excess chlorosulfonic acid at elevated tem
peratures readily afforded the 7-sulfo chloride 2, which 
reacted in aqueous solution with NaOH or an amine to 
furnish the sulfonic acid 3 and the sulfonamides 4-15, 
respectively (Scheme I). 

The (hydroxyethyl)thio, -sulfinyl, and -sulfonyl deriva
tives 17, 21, and 22 were obtained from 7-mercapto-
xanthone-2-carboxylic acid4 (16) in a straightforward 
manner (Scheme II). Due to the low solubility of 17 in 
nonpolar solvents, this compound was first converted into 
the more soluble methyl ester 18, with which oxidation to 
the desired sulfoxide 19 and sulfone 20 proceeded une
ventfully. 

Although it was possible to reduce the acetyl group of 
25 with NaBH4 in aqueous MeOH, concomitant reduction 
of the xanthone carbonyl could not be suppressed com
pletely. Catalytic hydrogenation of the sodium salt of 25 
over Pd/C in aqueous solution gave the desired carbinol 

3, R = OH 
4, R = NH2 
5, R = NHMe 
6, R = NMe2 
7, R= N(Me)Et 
8, R = NH-i-Pr 
9, R= N(Me)-i-Pr 

10, 
11, 
12, 
13, 
14, R; 
15, R; 

N(Me)-;-Bu 
pyrrolidino 
morpholino 
NHCH2CH2OH 
N(Me)CH2CH2OH 
N(CH2CH2OH)2 
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26 uncontaminated by the corresponding xanthydrol 
(Scheme III). The conversion of the glycidyl ether 28 to 
the known glycerol derivative 297 was effected conveniently 
by a one-pot method involving acid-catalyzed hydrolytic 
epoxide opening, followed by ester hydrolysis with alkali 
(Scheme IV). 

Discussion and Conclusions 
Several classes of compounds of diverse structure are 

known to inhibit the enzyme aldose reductase (EC 
1.1.1.21), including acidic compounds such as tetra-
methylglutaric acid8 and l,3-dioxo-lif-benz[de]iso-
quinoline-2(3H)-acetic acid (alrestatin)9 as well as a large 
number of flavonoids.10,11 A recent report on the inhib-

(7) Bristol, J. A.; Alekel, R.; Fukunaga, J. Y.; Steinman, M. J. 
Med. Chem. 1978,21, 1327. 

(8) Kinoshita, J. H.; Dvornik, D.; Kraml, M.; Gabbay, K. H. Bio-
chim. Biophys. Acta 1968, 158, 472. 

(9) Dvornik, D.; Simard-Duquesne, H.; Kraml, M.; Sestanj, K.; 
Gabbay, K. H.; Kinoshita, J. H.; Merola, L. O. Science 1973, 
182, 1146. 

(10) Varma, S. D.; Kinoshita, J. H. Biochem. Phamacol. 1976, 25, 
2505. 

(11) Fauran, F.; Feniou, C; Mosser, J.; Prat, G. Eur. J. Med. Chem. 
1978, 13, 503. 

0022-2623/80/1823-1264$01.00/0 © 1980 American Chemical Society 



Notes Journal of Medicinal Chemistry, 1980, Vol. 23, No. 11 1265 

Scheme II 

P ?\ 
HS^ . ^ 11 ^ ^ C02H HOCH2CH2S ^ . 11 . . C02H 

0 | ^ | / ~ S | HOCH2CH2Br I f S l I f S l Mel, Li2C03, DMF 

JL IS—J NaOH.EtOH L> - ' JL l ^ ' J 
16 17 

0 Q 

19, n = 1 
20, n = 2 

NaOH 

0 

HOCH2CH2S0,w ^ \ i l ^ \ .C02H 

21, n = 1 
22, n = 2 

.CO?H 

1MeI,NoH|2.NaOH 

OMe 0 

C02H 

Scheme IV 

a 

28 

C0 2H 

ition of aldose reductase by a number of chromone-
carboxylic acids,12 some of which are known antiallergy 
agents (inhibitors of mediator release from mast cells),13'14 

prompted us to present our findings that certain substi
tuted xanthone-2-carboxylic acids are also potent inhibitors 
of the enzyme aldose reductase. 

This type of activity was initially encountered in a series 
of sulfonamides with hydrogen or lower alkyl substitution 
on the nitrogen atom (Table I, compounds 4-10). In this 
group, the iV^V-dimethylsulfonamide 6 was the most active 
compound, while the more hydrophilic or lipophilic ana
logues were invariably inferior. Interestingly, in com-

(12) Kador, P. F.; Sharpless, N. E. Biophys. Chem. 1978, 8, 81. 
(13) Wright, J. B.; Johnson, H. G. J. Med. Chem. 1973, 16, 861. 
(14) Ellis, G. P.; Becket, G. J. P.; Shaw, D.; Wilson, H. K.; Vardey, 

C. J.; Skidmore, I. F. J. Med. Chem. 1978, 21, 1120. 

pounds with acidic hydrogens due to the groups -S03H 
and -S02NHR, aldose reductase inhibitory activity was 
reduced even further (compounds 3-5 and 8), while the 
unsubstituted xanthone-2-carboxylic acid 1 showed barely 
any activity. The cyclic pyrrolidino and morpholino de
rivatives 11 and 12 were also less active than 6 and related 
dialkylsulfonamides. 

In an attempt to improve the aqueous solubility of these 
compounds (lack of water solubility being a disadvantage 
they share with the flavonoids10), one of the methyl groups 
of 6 was replaced by 2-hydroxyethyl. Surprisingly, the 
resulting derivative 14 showed a higher potency than 6. 
On the other hand, conversion of phenolic OH groups in 
the flavone series to 2-hydroxyethoxy was accompanied 
by a loss of potency.10 As noted before, changing from 14 
(NMeCH2CH2OH) to a compound with an acidic NH 
group (13) resulted in a decrease in activity. The same 
effect was seen when both methyl groups of 6 were re
placed by 2-hydroxyethyl (compound 15). 

Of the sulfonamides described here, only 5 and 6 were 
appreciably more active as mast-cell protectors than the 
reference standard, disodium cromoglycate (5:12 X DSCG; 
6:10 X DSCG). In view of the structural requirements for 
antiallergy activity in the xanthone series, described ear
lier,3,4 the lack of correlation of aldose reductase inhibition 
with mast-cell protective activity is not surprising. 

Activity was retained when the moiety -S02NMe- in 14 
was exchanged for -S - , -SO-, and - S 0 2 - (compounds 17, 
21, and 22). Converting 21 into the corresponding methyl 
ether 23 lowered activity, pointing out the importance of 
the free OH function, which possibly might act as a sec
ondary binding site. In fact, 23 is about as weak an aldose 
reductase inhibitor as the methylsulfinyl analogue 24 
(tixanox), a known antiallergy agent.4 Another mast-cell 
protector, the glycerol ether 29,7 was approximately 
equipotent with the flavone quercetin. 

Additional experiments were conducted to determine 
the nature of the inhibition of lens aldose reductase by the 
xanthones. The effect of varying substrate concentrations 
(D,L-glyceraldehyde) on the inhibition by dimethyl-
sulfamoyl derivative 6, one of the most potent xanthones, 
was investigated by graphing the kinetic data as a Line-
weaver-Burke plot. The Km of aldose reductase was found 
to be unaffected by the presence of 6 at 1.0 X 10"6 M, 
whereas the Vmax decreased. The inhibition of aldose re-
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Table I. Aldose Reductase Inhibitory Activity of 7-Substituted Xanthone-2-carboxylic Acids" 

.COoH 

compd 

1 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
17 
21 
22 
23 
24 
26 
27 
29 
quercetin 

R 
H d 

S03H 
S02NH2 
SO.NHMe 
S02NMe2 
S02N(Me)Et 
S02NH-/-Pr 
S02N(Me)-i-Pr 
S02N(Me)-i'-Bu 
S02NC4H8« 
S0 2 NC 4 H 8 0 ' 
S02NHCH2CH2OH 
S02N(Me)CH2CH2OH 
S02N(CH2CH2OH)2 
SCH2CH2OH 
SOCH2CH2OH 
S02CH2CH2OH 
SOCH2CH2OMe 
SOMe* 
CH(OH)Me 
CH(OMe)Me 
OCH2CHOHCH2OHh 

mp, °C 

>400 
338 

>300 
290-292 
285 

>300 
285-286 
301-302 
292-293 
307-308 
317-318 
277-278 
262-263 

>400 
>400 

278-279 
>400 

245-247 
256-257 

formula b 

C I 4H807SH20 
C14H,N06S 
C15HuN06S 
C16Hl3N06S 
C17H15N06S 
C„H l 5N06S 
C1,H1,NO,S 
C19HI9N06S 
C,8H15N06S 
C18H1SN07S 
C16H13N07S 
C17HlsNO,S 
C18H17N08S 
C|6H1205S 
Ci6H1206S 
C16H1207S 
C17H,406S 

Ci6H12Os 

C17H1405 

recrystn solvent 

AcOH-H20 
DMF-H20 
DMF-AcOH 
DMF-H20 
THF-EtOH 
DMF-H20 
EtOH-H20 
EtOH-H20 
DMF-H20 
DMF-AcOH 
MeOCH2CH2OH 
THF-EtOH 
AcOH-H20 
DMF-AcOH 
Ac OH 
AcOH-H20 
EtOH-H20 

EtOH-H20 
THF-EtOH 

% inhibnc 

10"4 

M 

20 
70 
70 
75 
94 
92 
72 
89 
95 
85 
76 
79 

100 
89 
93 
87 
96 
65 
63 
50 
70 
88 

10"5 

M 

10 
43 
20 
40 
87 
81 
30 
69 
75 
46 

6 
38 
96 
49 
65 
50 
77 
12 
20 
10 

6 
46 
52 

10"' 
M 

0 
0 

10 
25 
67 
23 

0 
17 
25 

0 
0 
0 

83 
2 
7 

17 
50 

4 
0 

10 
0 
8 
9 

0 All compounds exhibited IR and NMR spectra consistent with the assigned structures. b All compounds were analyzed 
at least for C and H. c Percent inhibition of rabbit lens aldose reductase in vitro as described under Experimental Section. 
d Reference 3. e NC4H8 is pyrrolidine f NC4H80 is morpholino. S Reference 4. h Reference 7. 

ductase by 6 is thus of the noncompetitive type. The K{ 
for 6 was determined graphically to be 4 X 10"7 M, and the 
Km of rabbit lense aldose reductase was 3 X 10~5 M. 

In summation, we describe here a series of potent, 
noncompetitive inhibitors of rabbit lense aldose reductase, 
which, being colorless substances, would be more suitable 
for topical application to the eye than the characteristically 
yellow flavonoids. Moreover, compounds 6 and 14 were 
also active in vitro against human placental aldose re
ductase,15 and 6 was effective either topically or orally in 
delaying the occurrence of cataracts in rats receiving a diet 
containing 35% galactose.16 

Experimental Section 
Melting points were determined in a Mel-Temp apparatus and 

are uncorrected. The IR spectra were measured on a Perkin-Elmer 
Model 267 grating infrared spectrophotometer as Nujol mulls. 
The UV spectra were recorded in methanol solution with a 
Perkin-Elmer UV-visible spectrophotometer. The NMR spectra 
were measured with a Varian T-60 NMR spectrometer in CDC13 
or Me2SO-d6 solutions, using Me4Si as internal standard. Silica 
gel GF plates (0.25 mm; Analtech, Inc.) were used for thin-layer 
chromatography, eluting with a toluene-THF-AcOH (30:3:1) 
mixture. The plates were visualized with UV light. 

7-(ChIorosulfonyl)xanthone-2-carboxylic Acid (2). Xan-
thone-2-carboxylic acid3 (1; 17.5 g, 72.9 mmol) was added to freshly 
distilled chlorosulfonic acid (70 mL, 1.05 mol), and the resulting 
solution was heated for 2 h in an oil bath at 120-130 °C. The 
dark reaction mixture was cooled in an ice bath and slowly poured 
into a stirred mixture of 420 mL of AcOH and 280 mL of H20 
(external cooling). After the mixture was diluted with 700 mL 
of H20, the precipitate was filtered off, washed with H20, and 

(15) Personal communication from Dr. Jin Kinoshita, Laboratory 
of Vision Research, National Eye Institute, Bethesda, Md. 

(16) See ref 2. A detailed account of our in vivo studies will be 
published later. 

dried: yield 15.5 g (71%); mp 232-236 °C (dec). This crude 
material was used for the following preparations. An analytical 
sample was obtained by recrystallization from AcOH (charcoal) 
and then from dioxane, mp 334 °C (dec). Anal. (CUH706SC1) 
C, H, S. 

7-Sulfoxanthone-2-carboxylic Acid (3). A solution of 2.1 
g (6.2 mmol) of the sulfo chloride 2 in 20 mL of 1 N NaOH was 
kept on a steam bath for 15 min. The cooled solution was acidified 
with concentrated HC1, and the reesulting precipitate was filtered 
off and washed with cold water and ethanol. Recrystallization 
from AcOH-H20 gave 1.47 g (70%) of 3 as the monohydrate, mp 
>400 °C. Anal. (C14H807S-H20) C, H, S. 

Sulfonamides 4-15. The sulfonamides 4-15 (Table I) were 
easily obtained by brief refluxing of 7-(chlorosulfonyl)-
xanthone-2-carboxylic acid (2) with an excess of the requisite 
amine in aqueous solution. Yields were in the range of 47 to 79%. 
As an example, the preparation of 7-(TV-ethyl-N-methyl-
sulfamoyl)xanthone-2-carboxylic acid (7) is given: To a suspension 
of 1.1 g (3.25 mmol) of (2) in 10 mL of H20 was added 2.0 g (33.9 
mmol) of /V-methylethylamine. The resulting mixture was re-
fluxed for 5 min, acidified with AcOH, diluted with H20, and 
cooled. The white precipitate was filtered off, washed with H20, 
and dried to give 850 mg (73%) of 7, mp 274-277 °C. Recrys
tallization from THF-EtOH provided an analytical sample, mp 
285 °C. 

7-[(2-Hydroxyethyl)thio]xanthone-2-carboxylic Acid (17). 
To a solution of 6.6 g (24.3 mmol) of 7-mercaptoxanthone-2-
carboxylic acid4 (16) and 4.0 g (71.4 mmol) of KOH in 160 mL 
of EtOH and 40 mL of H20, cooled to 0 °C, was added 10 mL 
(0.22 mol) of 2-bromoethanol. After stirring under N2 for 2 h at 
ambient temperature, the reaction mixture was acidified with 60 
mL of 2 N HC1. The resulting precipitate was washed first with 
EtOH-H20 (1:1) and then with H20 and dried to give 7.3 g (95%) 
of 17, mp >400 °C. An analytical sample from AcOH had mp 
>400 °C. Anal. (C16H1206S) C, H, S. 

Methyl 7-[(2-Hydroxyethyl)thio]xanthone-2-carboxylate 
(18). A mixture of 7.3 g (23.1 mmol) of 17, 3.6 mL (57.75 mmol) 
of Mel, 4.27 g (57.75 mmol) of Li2COs, and 150 mL of DMF was 
stirred at room temperature for 24 h. The reaction mixture was 
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poured into 800 mL of H20 containing 50 mL of 2 N HC1. Ex
traction with CH2C12 and filtration of the dried (MgS04) extracts 
through a short column of alumina (Woelm, activity III) gave a 
crude product (6.8 g), which was recrystallized from acetone-
hexane to give 6.35 g (93.3%) of 18, mp 123-124 °C. Anal. 
(C17H„0«S) C, H, S. 

Methyl 7-[(2-Hydroxyethyl)sulfinyl]xanthone-2-
carboxylate (19). To a stirred solution of 2.5 g (7.58 mmol) of 
18 in 250 mL of CH2C12, cooled to 0 °C, was added dropwise a 
solution of m-chloroperoxybenzoic acid (85%, 1.53 g, 7.58 mmol) 
in 50 mL of CH2C12. After stirring for an additional 30 min at 
ambient temperature, the reaction mixture was washed with 
NaHC03 and H20 and dried (MgSOJ. Trituration of the residue 
obtained after evaporation with a few milliliters of AcOEt gave 
2.4 g (91.6%) of the sulfoxide 19, mp 198-199 °C. An analytical 
sample, recrystallized from THF-s-PrOH, showed no change in 
melting point. Anal. (Ci7Hi406S) C, H, S. 

Methyl 7-[(2-Hydroxyethyl)sulfonyl]xanthone-2-
carboxylate (20). A mixture of 18 (1.0 g, 3.03 mmol), 30% H202 
(1.5 mL, 13.2 mmol), and AcOH (30 mL) was kept on a steam 
bath for 1 h. The resulting hot solution was diluted with 30 mL 
of hot water and cooled slowly. Suction filtration, followed by 
recrystallization from THF-EtOH, furnished 800 mg (73%) of 
the sulfone 20, mp 214-215 °C. Anal. (C17H1407S) C, H, S. 

7- [ (2-Hy droxyethy 1) sulfiny 1 ]xan thone-2-car boxy lie Acid 
(21). Ester 19 (2.3 g, 6.65 mmol) was refluxed with KOH (500 
mg, 8.93 mmol) in 100 mL of EtOH-H20 (4:1) for 30 min. 
Acidification with excess AcOH and cooling gave 2.08 g (44%) 
of 21, mp >400 °C. Anal. (Ci6H1206S) C, H, S. 

7-[(2-Hydroxyethyl)sulfonyl]xanthone-2-carboxylic Acid 
(22). Hydrolysis of 20 (750 mg, 2.07 mmol) with 200 mg (3.57 
mmol) of KOH in a manner similar to 19 -* 21 furnished 665 mg 
(92%) of acid 22, mp 278-279 °C (from AcOH-H20). Anal. 
(CigHi207S) C, H, S. 

7-[(2-Methoxyethyl)sulfinyl]xanthone-2-carboxylic Acid 
(23). A mixture of 18 (1.3 g, 3.94 mmol), Mel (2 mL, 32 mmol), 
NaH (50% in oil, 200 mg, 4.16 mmol), and DMF (30 mL) was 
stirred under N2 at room temperature for 3 h and then drowned 
in 150 mL of H20 containing 2 N HC1 (2 mL). Extraction with 
CH2C12, filtration of the dried (MgS04) extracts through a short 
column of alumina (Woelm, activity II), and crystallization from 
acetone-hexane gave 900 mg of the methoxy derivative, mp 81-83 
°C. This material was treated with m-CPBA (85%, 530 mg, 2.62 
mmol) as described for 18 -» 19, to provide the desired sulfoxide 
(780 mg from acetone-cyclohexane, mp 149-150 °C), 750 mg (2.00 
mmol) of which was saponified with NaOH (150 mg, 3.75 mmol) 
in aq. EtOH (30 min reflux). Two crystallizations from aqueous 
EtOH gave 570 mg (45.6% overall yield) of 23, mp >400 °C. Anal. 
(C17H1406S) C, H, S. 

7-(l-Hydroxyethyl)xanthone-2-carboxylic Acid (26). A 
mixture of 1.5 g (5.32 mmol) of 7-acetylxanthone-2-carboxylic acid4 

(25), 500 mg (5.95 mmol) of NaHC03, and 90 mL of a THF-
EtOH-H20 mixture (1:1:1) was refluxed on a steam bath for 15 
min, and the resulting solution was concentrated on a rotary 
evaporator to a volume of ~70 mL. Hydrogenation of this solution 
over 10% Pd/C (250 mg) at room temperature and normal 
pressure (uptake 130 mL of hydrogen) gave 1.4 g (92.7%) of 26, 
mp 245-247 °C after recrystallization from EtOH-H20. Anal. 
(Ci6H1206) C, H. 

7-(l-Methoxyethyl)xanthone-2-carboxylic Acid (27). To 
a solution of 26 (400 mg, 1.4 mmol) in dry DMF (15 mL) were 

added 205 mg (4.2 mmol) of NaH (50% in oil) and 0.5 mL (8 
mmol) of Mel. After the solution was stirred for 16 h at ambient 
temperature, a solution of NaOH (400 mg, 9.8 mmol) in H20 (4 
mL) and EtOH (10 mL) was added, and stirring was continued 
for another 6 h. The reaction mixture was diluted with H20 (60 
mL) and extracted with ether (2 X 30 mL). Acidification of the 
aqueous phase with 2 N HC1 gave a precipitate, which was filtered 
off, washed with H20, dried, and recrystallized twice from 
THF-EtOH to provide 290 mg (70%) of 27, mp 256-257 °C. Anal. 
(C17H1406) C, H. 

7-(2,3-Dihydroxypropoxy)xanthone-2-carboxylic Acid (29). 
A solution of methyl 7-(2,3-epoxypropoxy)xanthone-2-carboxylate7 

(28; 2.3 g, 7.055 mmol) in THF (80 mL), H20 (20 mL), and 70% 
HC104 (1 mL) was refluxed for 2 h. KOH (2.0 g, 35.7 mmol) and 
EtOH (50 mL) were added, and refluxing was continued for 30 
min. After acidification (2 N HC1), volatile solvents were boiled 
off on a hot plate until some crystals started to appear. The 
crystalline material separating on cooling was isolated by suction 
filtration and purified by recrystallization from DMF-xylene to 
give 29 (55.8%), mp 272-274 °C (lit.7 mp 270-273 °C). Anal. 
(C17H1407) C, H. 

Biological Assay. Aldose reductase was prepared from lenses 
of mature, New Zealand albino rabbits. The lenses were obtained 
frozen on dry ice from Pel-Freez Biologicals, Inc. The enzyme 
was isolated and assayed by methods similar to those employed 
by Hayman and Kinoshita,17 who obtained the enzyme from calf 
lens. Lenses (50) were homogenized in 33 volumes of distilled 
water, followed by centrifugation at lOOOOg for 15 min to remove 
insoluble material. Saturated ammonium sulfate was added to 
the supernatant fluid to 40% saturation. The suspension was 
centrifuged after 15 min and the supernatant recovered. Addi
tional protein was removed by increasing the ammonium sulfate 
concentration to 50% and recentrifuging. Aldose reductase was 
precipitated from the 50% saturated solution by the addition of 
powdered ammonium sulfate to 75% saturation and was isolated 
by centrifugation. 

The precipitated enzyme was assayed by following the UV 
absorbance at 340 nm with a Beckman DB-GT grating spectro
photometer attached to a recorder after dissolving the enzyme 
in 0.05 M sodium chloride. The enzyme (0.50 mL) is added to 
a quartz cuvette containing phosphate buffer (0.067 M, pH 6.0), 
NADPH (2 X 10"5 M), and water to a volume of 2.9 mL, and the 
cuvette is inserted into the spectrophotometer. The reaction is 
started by the addition of D,L-glyceraldehyde (5 X 10"4 M, final 
concentration) to the cuvette and is followed by the determination 
of loss of absorbance at 340 nm for 2 min at 37 °C. The reaction 
rate observed was usually linear for at least 5 min. Xanthones 
to be tested were dissolved in a minimal amount of 0.1 N NaOH 
and diluted with water so that 0.10 mL added to the cuvette would 
equal the desired final concentration. All results are shown in 
Table I as percent inhibition, i.e., based on a noninhibited control 
sample as 0%. At 10"6 M, the following standard errors were 
calculated: compound 6, 67 ± 9.5% (n = 4); compound 14, 83 
± 2.03% (n = 3). 
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