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Summary - Furan o-aminonitriles may be utilized as precursors in the synthesis of Aavone%carboxylic acids. Some results from 
in vivo evaluation against P388 leukemia, colon carcinoma 38, and B16 melanoma models suggest that selected examples of the acids 
are potentially as effective as the antitumor compound, flavone acetic acid. The flavone-8-carboxylic acids did not exhibit significant 
activity against an in vitro HIV screen or an in vitro antitumor screen consisting of a cell panel of 60 lines. 
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Introduction 

Flavone acetic acid (1, FAA, LM-975, NSC-347512) 
has been reported to have solid-tumor selective 
activity in experimental animal models [l-3]. FAA 
has a broad spectrum of activity against murine trans- 
plantable tumors including a pancreatic adenocarci- 
noma (No 2) which is unresponsive to all currently 
used chemotherapeutic agents [4, 51. FAA is more 
effective on slow-growing solid tumors (eg, mouse 
colon 38 adenocarcinoma) than on rapidly prolifer- 
ating leukemias (eg, L1210, P388 [l, 4, 61). Further- 
more, FAA possesses none of the usual properties of 
cytotoxic agents such as nausea, vomiting and myelo- 
suppression [7]. FAA has been reported to have 
effects on shutting down blood flow in solid tumors 
[S-10] and induction of hemorrhagic necrosis [ll] in 
experimental murine tumors. Unfortunately, results 
[S, 12-151 from clinical trials have not shown activity 
in human cancer. The unusual spectrum of antitumor 
activity, and reports on the ability of FAA to stimulate 

*A portion of this work was presented at the 197th National 
Meeting of the American Chemical Societv. Dallas. TX. Anril. 
1989; MEDI 99. This work was abstract& in part from PhD 
dissertations presented by FMEI-K (1985) and SJC (1989) to 
the University of Georgia. 
**Correspondence and reprints 

macrophages [16, 171 and to systemically augment 
natural killer (NK) cell activity in normal and tumor- 
bearing mice and human patients [ 18, 191, suggest a 
lead for further chemical studies to develop potential 
chemotherapeutic drugs with improved antitumor 
activity which may also function as biological 
response modifiers (BRM). Topologically related 
analogues of FAA, xanthenone-4-acetic acids, have 
recently been reported [20, 211 to have a similar 
biological profile. 

1 2 

With this background, we describe the synthesis 
and evaluation of a series of substituted flavone-8- 
carboxylic acid analogues 2 of FAA. The availability 
of uniquely substituted o-hydroxyacetophenones (eg 
6; scheme 1) should facilitate preparation of pre- 
viously inaccessible flavone analogues which may 
potentially exert a more potent and selective activity 
against solid tumors. 
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Scheme 1. 

Chemistry 

In the course of our studies [22-261 utilizing various 
substituted furan o-aminonitriles [27] as dienes in 
Diels-Alder cycloaddition reactions to prepare 
various anthranilates, we noted [26] that alterations in 
experimental conditions led to o-hydroxyaceto- 
phenones (6; scheme 1). This provided a useful pre- 
cursor for the synthesis of highly substituted flavones 
(10) by established procedures [28] as depicted in 
scheme 1. The present study concentrated on em- 
ploying 2-amino-3-cyano-4,5-dimethylfuran 3 [27], 
but other substitution patterns are conceivable. Acid 
hydrolysis of the cyano-substituted flavones (10) gave 
the amides (11) which are subject to marked steric 
inhibition by ortho substituents. Such sterically hin- 
dered amides (11) could not be directly hydrolyzed to 
the acids, but they could be converted to the car- 
boxylic acids (2) by treatment with nitrous acid [28]. 

With the 4’-methoxy and 3’,4’,5’-trimethoxy 
analogues (tables I, II), the strong 80% sulfuric 
acid conditions required for hydrolysis of the cyan0 
group apparently led to cleavage of the 4’-methoxy 
moiety. Hence, conditions designed to convert the 
8-cyano group to an 8-amido group without alkoxy 
cleavage were found by the use of 85% phosphoric 
acid (syrupy) (eg llb). In some cases, a mixture 
of syrupy phosphoric acid and acetic acid was 
found to be preferred (eg 2k, lln). In addition, 
this procedural modification was employed in the 
preparation of the 4’-trifluoromethyl analogue (an), 
since the strong sulfuric acid media also hydrolyzed 
the hifluoromethyl group to a carboxylic acid 
moiety (2Q). In selected cases, the use of sulfuric 
acid and excess sodium nitrite led to nitration of 
the 2-aryl moiety (eg 2i). This side-reaction was 
circumvented by the use of nitrosylsulfuric acid 
(eg W. 
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Table I. Benzoyloxacetophenones 8, a-benzoyl-2-hydroxyacetophenones 9, Lkyanoflavones 10, and flavone-8-carboxamides 11. 

C0mpd R mp PC) Yield (%) Formula Anala 

Sa 
8b 
8C 

8d 
Se 
8f 

2 
8k 
8m 
8n 
8~ 
8q 
Sr 
8s 
st 

9a 
9b 
9c 
9d 
9e 
9f 
% 
9h 
9k 
9m 
9n 
9P 
% 
9r 
9s 
9t 
10a 
10b 
1oc 
1Od 
10e 
10f 
1% 
1Oh 
10k 
10m 
10n 
1OP 
ml 
10r 
10s 
10t 
lla 
llb 
Ild 
lln 
11Q 
12a' 
12b' 
12cm 
13a" 
13b" 
13c” 
14a0 
14h0 
14co 
14d0 

H 
4’.CH,O 
3’.CR,0 
4’.CH, 
4-F 
Z-Cl 
4’-Cl 
2’,4’-diC1 
3’4’,5’-triCH,O 
3’,4’-diC1 
4’-CF, 
2’-CH, 
3’.CH; 
3’,4’-diCH, 
4’-NO, 

I  i 2 -CH,O 
H 
4’-CH,O 
3’-CH,O 
4’-CH, 
4-F 
2’.Cl 
4’.Cl 
2’,4’-diC1 
3’,4’,5’-triCH,O 
3’,4’-diC1 
4’-CF, 
2’-CH, 
3’.CH, 
3’,4’-diCH, 
4’-NO, 
2’.CH;O 
H 
4’.CH,O 
3’-CH,O 
4’-CH, 
4,-F 

122-124 
131-133 
155-156 
127-129 
107-109 
118-121 
117-119 
145-147 
169-170 
110-112 
138-140 
123-124 
116-117 
141-143 
145-147 
135-137 
216-218 
185-187 
192-193 
203-205 
140-142 
171-173 
194-196 
202-204 
184-185 
265-267 
167-170 
177-178 
195-197 
222-224 
224-226 
155-157 
245-247 
248-250 
222-223 
189-190 
206-208 
171-173 
234-236 
228-230 
244-245 
275-277 
231-233 
186-187 
202-203 
225-226 
263-265 
209-2 11 
346-347 
354-355 
344-345 
276-278 
336-338 
148-151 
179-181 
230-232 

95-97 
212-214 
228-230 
129-130 
244-145 
266-268 
344-345 

79b 
83b 
77b 
93b 
76b 
85b 
78b 
8lb 
90b 
81b 
97; 

E 
63b 
63b 
84b 
76c 
65b 
74c 
73b 

C K N 

C, H, N 

C, K N 
C, H, N 

C, H, N 

C K N 

C K N 

80c 
87d 
74c 
6Y 
77d 

c 
is 
68d 
73d 
82d 
23d 
65c 
91e 
79f 
88e 
9oc 
98e 
79f 
83e 
7ae 
9og 
84e 
75e 
56e 
s3e 

C H, N 

C, H, N 
C K N 

2’-Cl 
4’-Cl 
2’,4’-diC1 
3’,4’,5’-triCH,O 
3’,4’-diC1 
4’-CF, 
2’-CH; 
3’.CH, 
3’,4’-diCH, 
4’-NO, 
2’-CH,O 
H j 
4’.CH,O 
4’.CH, 
4’.CF, 
4’.COOH 

C H, N 
C H, N 
C, H, N, Cl 
C,H,N,Cl 
C, H, N, Cl 
C K N 
C, H, N, Cl 
C K N 

8ge 
77f 

C H, N 
C H, N 
C H, N 
C H, N 
C. H. N 
C; H, N 
C, H, N 
C, H, Nk 

- C H, N 

- 

e 
% 
95’ 
75e 
85j 
34i 

b 
EC 
89e 
69b 
68C 

e 
%J 
7ge 
77e 

C. H. N 

- 

C: H; N 
C H, N 
C H, N 
C H, N 

aThe results of elemental analyses are within IL 0.4% of the theoretical values unless otherwise noted, bEtOAc-petroleum ether (3s60°C); CEtOH, 
dbenaene-hexane; eMeOH-DMF; fMeOH; gMeOH-chloroform; hdioxane; idioxane-DMIF, JEtOH-benzene; kMS, m/z 337; ‘the 4,5-tetramethylene 
analogue of 8a and 9a, respectively; mthe 6,7-tetramethylene analogue of 10a; “the 2-thienyl isosteres of 8a, 9a, and 10a respectively; We 4-pyridyl 
isosteres of Sa, 9a, lOa, and lla, respectively. 
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Table II. Flavone-S-carboxylic acids 2, 12, 13,14. 

Compd R mp (“C) Yield (%) Formula AnaP 

2a H 244-246 81b GJkP, C, H 
2b 4’-CH,O 290-292 71c C,,H,,O,.0.25 H,O C, Hd 
2c 3’-CH,O 304-30s 67c w4605 C, H 
2d 4’-CH, 308-3 10 64c C,,H,,O,.0.25 H,O C, He 
2e 4-F 289-300 73b G&F04 C, H 
2f 2’-Cl 248-249 7.5b ~1&&Q C, H, Cl 
2g 4’-Cl 302-304 72f ~,*HnCQ C, H, Cl 
2h 2’,4’-diC1 289-290 72f w42cLo4 C, H, Cl 
2i 3’-N0,,4’-CH, 335-337 37c wwO6 C, H, N 
Xi 3’-NH,,4’-CHa 320-321 5gc Q%N04 C, H, N 
2k 3’,4’,5’triCH,O 293-295 47b GAO07 C, H 
21 4’-OH 333-334 59f C,,H,,O,.0.25 H,O C, Ha 
2m 3’,4’-diC1 33 l-332 79b G3H,*c1204 C, H, Cl 
2n 4’-CF, 343-344 86b c,&43w, C, H 
24, 4’-COOH 381-383 91b C,,H,,O,~1/6H,O C, Hh 
2P 2’-CH, 218-219 85b GJ%P4 C, H 
3 3’-CH, 286-287 56i GJ%o4 C, H 
2r 3’,4’-diCH, 315-317 65b C,,H,,O,.1/3 H,O c, Hj 
2t 2’-CH,O 305-307 601 GJ%P5 C, H 
12k - 258-260 98l Glf46Ql C, Hm 
13” 285-287 42c C,6H,,0,S.0.25 H,O C, H, N, So 
14p - 325-326 80c wwJ04 C, K N 

aThe results of elemental analyses are within -t 0.4% of the theoretical values unless otherwise noted; bEtOH-benzene; 
CEtOH-DMF; dMS, m/z 324; eMS, m/z 308; fHOAc; gMS, m/z 310; hMS, m/z 338; ‘EtOH-EtOAc; jMs, m/z 322; kthe 6,7-tetra- 
methylene analogue of 2a; lEtOH; *MS, m/z 320; “the 2-thienyl isostere of 2a; OMS, m/z 300; Rhe 4-pyridyl isostere of 2a. 

In an analogous fashion, starting with 3-cyano-4,5- 
tetramethylenefuran [27], it was possible to prepare 3- 
cyano-2-hydroxy-4,5-tetramethyleneacetophenone (cf 
6) [28]. With this o-hydroxyacetophenone, 6,7-tetra- 
methyleneflavone-S-carboxylic acid 12 was prepared 
according to scheme 1. Similarly, by substituting 2- 
thiophenecarbonyl chloride for benzoyl chloride 7, it 
was possible to synthesize according to scheme 1 the 
thiophene isostere of 2a, 2-(2-thienyl)-6,7-dimethyl- 
chromone-8-carboxylic acid 13. Substituting isonico- 
tinoyl chloride for benzoyl chloride 7 led to a nitrogen 
isostere of 2a, 2-(4-pyridyl)-6,7-dimethylchromone-8- 
carboxylic acid 14. 

Biological results and discussion 

Initial evaluation of selected S-cyan0 substituted 
flavone analogues lOa, lob, lOd, lOf, log, 10s and 
one S-carboxamido analogue (lla) in the National 
Cancer Institute’s prescreen system 3PS3 1 (P388) 
[29] (data provided by the National Cancer Institute 

Developmental Therapeutic Program) failed to reveal 
any significant activity. However, the acid 2a exhi- 
bited confirmed activity with T/C = 128-161% at 
120-140 mg/kg. 

Since FAA was more effective on solid tumors than 
rapid proliferating leukemias, our emphasis was 
directed toward evaluating the flavone-S-carboxylic 
acids 2 in mice bearing B 16 melanomas in an attempt 
to identify compounds possessing improved activity 
relative to FAA. The ideal tumor model for such an 
objective is one which demonstrates marginal but 
reproducible sensitivity to the parent compound. The 
results are presented in table III. Some flavone-S- 
carboxylic acids are potentially as effective as FAA in 
this model, and substituents on the 2-aryl ring can 
markedly influence activity and dose-potency. None 
of the flavone-8-carboxylic acids tested proved to be 
convincingly more effective than FAA in this tumor 
model. 

One of the active compounds (2b) was .evaluated 
in mice bearing colon carcinoma 38. The results 
(table IV) demonstrate that FAA is only active at a 
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Table III. Comparative antitumor activity in mice bearing ip B 16 melanomaa. 

Compd R MTDb ILS,,C IL&,, for FAA(I)d 

2a H 80 46 71 
2b 4’-OCH, 80 73, 6Se 71,59e 
2c 3’-OCH, 160 55 59 
2d 4’-CH, 80 125 125 
2e 4’-F 160 92 125 
2f 2’-Cl 2 160 Inactivef 71 
2g 4’-Cl 160 50 59 
2h 2’,4’-diC1 80 41 59 
2i 3’-N0,,4’-CH, 160 64 59 
4 3’-NH,,4’-CH, 160 120,50e 40,95e 
2k 3’,4’,5’-triOCH, 2 160 Inactive 40 
21 4’-OH 160 50 95 
2m 3’,4’-diC1 40 45 95 
2n 4’-CF, 80 64 64 
2@ 4’-COOH 2 160 Inactive 64 
2P 2’-CH, 2 160 Inactive 64 
2q 3’-CH, 80 88 64 
2r 3’,4’-diCH, 80 62 100 

aFemale B6D2F, mice (17-21 g) were inoculated ip with B16 melanoma, randomized to groups of 7 mice each, and were trea- 
ted ip on d 1-8. Drugs were formulated as aqueous solutions by preparation of sodium salts achieved by addition of a slight 
molar excess of sodium hydroxide. Mice were monitored for survival daily for 60 d; bmaximally-tolerated dose. Compounds 
were tested at 160, 80, 40, 20, and 10 mg/kg/d x 8. If more than 1 mouse in a treatment group died prior to the first untreated 
control animal, a dose level was considered toxic; Cmaximum percent increase in lifespan relative to untreated controls. 
Determined by the formula: 100 (T/C-l) where T and C are the median survival time of treated and control groups, respecti- 
vely. This drug effect had to occur at or below the MTD; dactivity of FAA (1) which was evaluated in direct 
comparison with each analogue. FAA was administered ip on d 1 to 8 at 160, 80, 40, 20, and 10 mg/kg. The MTD of FAA was 
generally 80 mg/kg/d. eResults of 2 independent dose-response studies; fan increase in lifespan of > 40% is considered to 
reflect significant antitumor activity. Compounds listed as inactive did not prolong lifespan by 40% at any dose level tested. 
However, these compounds might prove to be active at much higher dose levels. 

dose that produces some lethality consistent with 
previous studies of this drug in colon carcinoma 38. 
Compound 2b produced marginal tumor growth inhi- 
bition (TGI) at a maximally-tolerated dose but did 
produce 2/7 long-term tumor-free survivors. 

All of the flavone-S-carboxylic acids except 2a and 
2f (table II) were evaluated in the National Cancer 
Institute’s in vitro Anti-HIV Drug Testing System 
[30] (data provided by the National Cancer Institute 
Developmental Therapeutic Program). No activity 
was observed. Similarly, all of the flavone-8-carboxy- 
lit acids, except 2a and 2f, were evaluated in the 
NCI’s new investigational in vitro disease-oriented 
primary antitumor screen [31] (data provided by the 
National Cancer Institute Developmental Therapeutic 
Program). The cell panel currently consists of 
60 lines. No significant in vitro activity was observed. 
FAA is also non-toxic and non-selective in the current 
NC1 in vitro cell line screen. 

The available data suggest that a carboxylic acid 
moiety is essential for antitumor activity among fla- 
vone analogues since the cyano or carboxamido ana- 
logues were inactive. Furthermore, the acid moiety does 
not require separation from the flavone molecule by a 
methylene moiety for activity as seen in FAA. Since 
FAA and these flavone analogues 2 are inactive in the 
NC1 in vitro system, processes involving biotransfor- 
mation or BRM mechanism may be indicated for the 
observed in vivo activity. Although the data suggest 
substituents on the 2-aryl ring can markedly influence 
activity and dose-potency, none of the compounds 
screened exhibited activity patterns adequate to justify 
expanded testing or extension of the present group. 
However, as in other studies [20, 32- 341 variation of 
substituents on the flavone-8-carboxylic acid nucleus 
or its topologically related analogue, xanthenone-4- 
carboxylic acid, may offer a course to further deline- 
ate the SAR for this novel type of antitumor agents. 
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Table IV. Comparative activity of compound 2b and flavone-S-acetic acid in mice bearing SC colon carcinoma 38. 

DW? Dose 
(mglkg, ip, 
days 3,10, 
17and24 

Toxic 
deaths 

Tumor volume 
(mm3 f SE 
on day 36) 

Prooortion 
without 
tumors 
Day 36 

TGI i% J 
Day’93 

Tumor-free 
survivors 

Control o/21 520 + 70 

5-Fluorouracil 100 
(Pos control) 60 

FAA 150 

90 017 380 + 150 

54 

Compound 2b 288 

173 

104 o/7 290 AI 120 

017 29+ 12 
017 78242 

217 Toxic 

o/7 

517 Toxic 

017 320 + 130 

410 f 130 

Experimental protocols 

Chemistry 

Melting points were determined on a Thomas-Hoover capillary 
melting point apparatus and are uncorrected. Melting points in 
excess of 300°C were determined on a Mel-Temp capillary 
melting point apparatus. Elemental analyses were performed by 
Atlantic Microlab Inc (Atlanta, GA) and results were within 
+ 0.4 of the calculated values unless otherwise noted. 
Satisfactory IR (Perkin-Elmer 684 grating spectrophotometer, 
KBr) and lH-NMR (90 MHz IEOL FX90Q spectrometer, 
Me,Si as internal reference) spectra were obtained for all new 
compounds. Low-resolution mass spectra were determined on a 
Finnigan 4023 chromatograph-mass spectrometer by a direct 
probe and are expressed in mlz units. TLC was performed on 
Analtech Chromatogram plates, type 02521, or Eastman chro- 
matogram sheets, type 13 18 1, coated with silica gel. General 
procedures for the synthesis of compounds 8a4h, Sp, Sq, 
9a-9h,9~,9q,lOa-lOh, l0p,10q,lla,llb,12a-12c,2a-2h, 
Zp, Zq, and 12 have already been described [28]. The remain- 
ing compounds reported in tables I-III were prepared in an 
analogous manner or as described below. 

4-0x0-4H-I -benzopyran-8-carboxylic acids 

Method A. 6,7-Dimethyl-4-oxo-2-phenyl-4H-I-benzopyran-8- 
carboqlic acid 2a [28] 
Compound 10a (5 g, 0.02 mol) was suspended in 50 ml of 80% 
sulfuric acid, This mixture was heated with stirring at 170 + 
5°C in an oil bath for 3 h. In general, the resulting amides (11) 
were typically not isolated, Thus, the dark reddish clear 
solution was cooled to room temperature and transferred to a 
l-l beaker. The mixture was cooled to 5°C with an ice-salt bath 
and treated with 3 g sodium nitrite (0.4 mol) dissolved in a 
minimal amount of H,O. For best results, the aqueous sodium 
nitrite must be added below the acidic layer. The addition of 
sodium nitrite solution generally required = 30 min with much 

o/21 - 

417 94 
417 85 

l/7 26 

o/7 21 

217 37 

317 44 

o/21 

117 
117 

415 

l/7 

017 

112 

217 

217 

foaming occurring. The mixture was stirred for 1 h at 5°C once 
the addition of sodium nitrite was complete. After 1 h, urea 
(3 g) was added to the mixture. The temperature was slowly 
raised to 80°C and kept there for 2 h. The mixture was cooled 
and diluted with 100 ml H,O. The resulting precipitate was 
collected, air dried, and recrystallized from EtOH and benzene 
to yield 4.8 g (81%) of 2a, mp: 244246°C. IR(KBr): 3340 
(br), 3060, 1705, 1610 cm-l. ‘H-NMR (Me,SO+l,): 6 2.38 (s, 
6H, 6,7-CH,), 7.03 (s, lH, 3-CH), 7.98-8.06 (m, 6H, aromatic 
protons). MS: m/z 294. Anal CrBH,,O, (C, H). 

Method B. 6,7-Dimethyl-2-(4’-methylphenyl)-4-oxo-4H-I-benzo- 
pyran-8-carboxylic acid 2d 
In a l-l beaker equipped with an overhead stirrer was placed 
200 ml of nitrosylsulfuric acid (40% in 87% sulfuric acid) and 
3.0 g (0.0097 mol) of lld. This mixture was cooled < 20°C 
before = 80 ml of H,O was slowly and carefully added over a 
lo-min period. The solution turned a dark color, then much 
foaming occurred. The mixture was allowed to warm to room 
temperature and stirred overnight. The white precipitate was 
collected, washed with H,O, and recrystallized from absolute 
EtOH, with sufficient DMF for dissolution, to give 1.9 g (64%) 
of 2d, mp: 308-310°C. IR (KBr): 2900 (br), 1720, 1610, 
1590 cm-l. ‘H-NMR (Me,SO-d,): 6 2.37 (s, 6H, 4’, 6-CH,), 
2.57 (s, 3H, 7-CH,), 7.14 (s, lH, 3-CH), 7.63-8.49 (m, 5H, 
aromatic protons). MS: m/z 308. Anal C,,Hr60,*0.25 H,O 
CC, HI. 

6,7-Dimethyl-2-(4’-methyl-3’-nitrophenyl)-4-oxo-4H-l-benzo- 
pyran-karboxylic acid 2i 
Compound 10d (10 g, 0.035 mol) was suspended in 100 ml 
80% sulfuric acid and heated with an oil bath at 170 + 5°C for 
3 h. The dark clear solution was poured into a 2-1 beaker and 
cooled to 10°C. To this mixture was added below the acid layer 
20 g (0.29 mol) of sodium nitrite dissolved in a minimal 
amount of H,O. This addition required = 1.5 h with much 
foaming occurring. The mixture was allowed to warm to room 
temperature. Then the temperature was slowly raised to 80°C 
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and kept there for 2 h. A white precipitate was collected, 
washed with H,O, and air dried. The compound was recrystal- 
lized from boiling EtOH to which was added sufficient DMF to 
achieve solution. Pure white acid (2i) was obtained (3.9 g, 
37%), mp: 335-337°C. IR (KBr): 2900 (br), 2500 (br), 1720, 
1620, 1600, 1530 cm-i. lH-NMR (Me,SO-d,): 6 2.37 (s, 6H, 
4’, 6-CH,), 2.57 (s, 3H, 7-CH,), 7.05 (s, lH, 3CH), 7.56-8.44 
(m, 4H aromatic protons). Anal Cr9H,,N0, (C, H, N). 

2-(3’-Amino-4’-methylphenyl)-6,7-dimethyl-4-oxo-4H-I-benzo- 
pyran-Scarboxylic acid 2j 
Compound 2i (3 g, 0.008 mol) was placed in 100 ml absolute 
EtOH. To this suspension was added = 0.5 g of 5% palladium 
on powdered charcoal. The mixture was hydrogenated under 
50 psi hydrogen using a Parr apparatus. This was shaken for 
1 h after the theoretical amount of hydrogen had been 
consumed. As the zwitterionic product had precipitated, 40 ml 
DMF was added and the mixture was heated in the pressure 
bottle to achieve solution. The hot mixture was filtered to 
remove the palladium and charcoal. The solution was then 
allowed to stand at room temperature to complete precipitation 
of 1.5 g (58%) 2j, mp: 320-321°C. IR (KBr): 3100 (br), 1630, 
1560, 1510 cm-t. ‘H-NMR (Me,SOd,): 6 2.14 (s, 3H, 4’- 
CH,), 2.36 (s, 6H, 6,7-CH,), 6.70 (s, lH, 3-CH), 7.12-7.86 (m, 
4H, aromatic protons). Anal C,,H,,NO, (C, H, N). 

6,7-Dimethyl-4-oxo-2-(3’,4’,5’-trimethoxyphenyl)-4H-l-benzo- 
pyran-Scarboxylic acid 2k 
Compound 1Ok (5 g, 0.0137 mol) was heated in an oil bath for 
10 h at 175 + 5°C in a stirred mixture of syrupy phosphoric 
acid (75 ml) and glacial acetic acid (50 ml). The mixture was 
cooled to room temperature and poured into ice H,O. The 
precipitate was collected, washed with H,O, and air dried. The 
IR spectrum indicated some unreacted starting material was 
still present; there was a small cyan0 band at 2220 cm-i. The 
precipitate was stirred with chloroform and filtered to remove 
insoluble product (4.5 g, 85%) which had an expected IR and 
‘H-NMR spectra for the 8-carboxamido analogue (evapor- 
ation of the chloroform filtrate gave unreacted 10k). The amide 
(4.5 g, 0.0117 mol) was suspended in 100 ml sulfuric acid and 
chilled in an ice bath. About 50 g of crushed ice was slowly 
added (temp < 40°C) to the acidic solution. The mixture 
became turbid. An additional 50 ml sulfuric acid was added 
and the solution chilled to 0-5°C. Over = 20 min, solid sodium 
nitrite was added to the stirred mixture maintaining the tem- 
perature < 10°C. The mixture was stirred for an additional 3 h 
at 0-10°C and then allowed to warm to room temperature. 
After standing for 24 h, the mixture was poured into 1 1 ice 
H,O. When this mixture had returned to room temperature, it 
was warmed at 75 + 5°C for 2 h. The yellow precipitate was 
collected. washed with H-0. and air dried. The uroduct 

L 

was dissolved in dilute aqueous NaOH and filtered to remove 
= 0.9 g of insoluble starting amide. Acidification of the filtrate 
gave a tan product which-was recrystallized from EtOH and 
benzene to vield 1.7 u (47%. based on amide actuallv conver- 
ted to acid)-of 2k, rnc 293-295°C. IR (KBr): 3400 <br), 2500 
(br), 1705, 1620, 1590 cm-i. ‘H-NMR (Me,SO-d,): 6 2.37 (s, 
6H, 6,7CH,), 3.75 (s, 3H, 4’-CH,O), 3.88 (s, 6H, 3’5’~CH,O), 
7.15 (s, IH, 3-CH), 7.32 (s, 2H, 2’,6’CH), 7.85 (s, lH, 5-CH). 
Anal C,,H,,O, (C, H). 

6,7-Dimethyl-2-(4’-hydroxyphenyl)-4-oxo-4H-l-benzopyran-8- 
carboxylic acid 21 
Compound 2b (3 g, 0.0092 mol) was suspended in 150 ml 
glacial acetic acid and 50 ml 47% HI. The mixture was 
refluxed for 24 h, cooled, and poured into 500 ml ice H,O. The 

yellow product was collected, washed with H,O, and air dried. 
Recrystallization from acetic acid gave 1.7 g (59%) 21, mp: 
333-334°C. IR (KBr): 3400 (br), 1710,1617,1620, 1610 cm-i. 
‘H-NMR (Me,SO-d,): 6 2.37 (s, 6H, 6,7-CH,), 6.86 (s, lH, 3- 
CH), 7.85 (s, IH, 5-CH), 6.91-7.93 (m, 4H, aromatic protons). 
MS: m/z 310. Anal C,,H,,O,.O.25 H,O (C, H) 

6,7-Dimethyl-4-oxo-2-(4’-trifluoromethylplenyl)-4H-l -benzo- 
pyran-8-carboxylic acid 2n 
Compound 10n (8 g, 0.023 mol) was suspended in a 100 ml 
mixture of SVIUDV nhosnhoric acid/acetic acid (3:l). This sus- 
pension was he&dL with stirring at ‘170 + 5°C in an’oil bath for 
3 h. The dark clear solution was cooled and poured into 200 ml 
cold H,O. The resulting white precipitate was collected, 
washed with H,O. and recrvstallized from EtOH and benzene 
to give 7.1 g (85%) of lln: mp: 276-278°C. IR (KBr): 3300, 
1690, 1630, 1600 cm-“. ‘H-NMR (Me,SO-d,): 6 2.35 (s, 6H, 
6,7CH,), 7.03 (s, lH, 3CH), 7.80-8.25 (m, 5H, aromatic 
protons). Anal &Hr4F3N03 (C, H, N). 

In a 600-ml beaker was placed lln (2.5 g, 0.007 mol) and 
80% sulfuric acid (70 ml). This mixture was cooled to 10°C 
with an ice bath and slowly treated with excess sodium nitrite 
dissolved in a minimal amount of H,O. Once the addition was 
complete, the mixture w‘as allowed to stir at 10°C for 2 h. The 
reaction mixture was then warmed to 80°C and held at that 
temperature for 2 h. After cooling and diluting the mixture with 
100 ml H,O, the precipitate was collected and recrystallized 
from EtOH and benzene to give 2.2 g (86%) 2n, mp: 343- 
344°C. IR (KBr): 2900 (br), 1720, 1630, 1600 cm-t. ‘H-NMR 
(Me,SO-d,): 6 2.38 (s, 6H, 6,7-CH,), 7.16 (s, lH, 3-CH), 
7.88-8.25 (m, 5H, aromatic protons). Anal C,9H,,F,04 (C, H). 

2-(4’~Carboxyphenyl)-6,7-dimethyl-4-oxo-4H-1 -benzopyran-8- 
carboxylic acid 2 @ 
In a 150-ml round-bottomed flask was placed 3 g (0.009 mol) 
of 10n and 70 ml 80% sulfuric acid: This suspension was 
heated at 170 f 5°C in an oil bath for 3 h. The dark. blackish- 
colored solution was cooled and poured into 150 ml’cold H,O. 
The precipitate was collected, washed with H,O, and recrystal- 
lized from EtOH and benzene to give 1.1 g (34%) of ll@, mp: 
336-338°C. IR (KBr): 3400, 3130 (br), 1720, 1645, 1625, 
1600 cm-t. ‘H-NMR (Me,SO-d,): 6 2.40 (d, 6H, 6,7-CH,), 
7.01 (s, lH, 3-CH), 7.80-8.15 (m, 5H, aromatic protons). MS: 
m/z 337. Anal C,,H,,NO,.O.25 H,O (C, H, N). 

The 8-carboxamide analogue (ll@) was converted to the 8- 
carboxylic acid analogue (2@) by the standard procedure as 
described for 2a (Method A). The product was recrystallized 
from EtOH and benzene to give 91% yield of pure diacid 2@, 
mp: 381-383°C. IR (KBr): 2750 (br), 1710, 1690, 1600 cm-‘. 
‘H-NMR (Me,SO-d,): 6 2.40 (s, 6H, 6,7-CH,), 7.10 (s, lH, 
3-CH), 7.85-8.12 (m, 5H aromatic protons). MS: m/z 338. 
Anal C19H,406.1/6 H,O (C, H). 

Biological methods 

Bl6 melanoma assay 
B16 melanoma was maintained by biweekly serial transplanta- 
tion subcutaneously in syngeneic female C57B1/6 mice. For 
therapeutic trials, tumors from donor mice were pooled at 
2-3 wk post-implant and homogenized in 10 vol Hank’s 
balanced salt solution in a loose-fitting teflonglass homo- 
genizer. One-half ml of this tumor brei was inoculated intra- 
peritoneally in female B6D2F, mice (17-21 g). These mice 
were randomized to treatment groups of 7 mice each, and treat- 
ment was initiated 24 h after tumor implantation. The drugs 
prepared as water-soluble sodium salts were delivered ip in a 
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vol of 0.5 ml per mouse on d l-8 over a dosage range of 
160-10 mg/kg/d. Animals were monitored daily for survival 
and were maintained for 60 d. In each experiment, there were 
3 groups of untreated mice as controls. The median survival 
time of the control mice in 7 separate experiments varied from 
15-25 d. A positive control, FAA, was also included in each of 
the 7 experiments. Antitumor activity was assessed by compa- 
rison of median survival time of treated groups with that of the 
untreated control. A prolongation of survival of > 40% was 
considered an indication of significant antitumor effect. 

Colon carcinoma 38 assay 
Fragments (2-3 mm) of colon carcinoma 38 were implanted SC 
in the right flank of female B6D2F, mice which were ran- 
domized to groups of 7 (3 groups of untreated controls). Drugs 
were administered ip weekly for 4 wk beginning 3 d after 
tumor implantation. Tumors were measured in perpendicular 
diameters on d 36 when all control animals had palpable 
tumors. Tumor volume was calculated by length x width2 x 0.5. 
Mice were maintained until d 93 when the experiment was 
terminated. 
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