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Summary treatment of solid tumours, its good activity against murine
tumour model€-3! did not translate into useful clinical activ-

(4]
A range of 11 derivatives of flavone-8-acetic acid (FAA) in WhIChIty In an attempt to clarify the mechanism of action af

the structure has been substantially altered in different ways hat/Mber of groups have reported synthesis and anti-tumour

been prepared and their anti-tumour activity evaluatedtro ~ €valuation of a variety of structurally related compounds.
against a panel of human and murine tumour cell linesrevido ~ These include analogues bfin which the ring oxygen is
against MAC 15A. The generally poor activity observed showseplaced by S or NE, xanthenone-4-acetic acids such

that the basic structure cannot be altered much without destroyignd flavone-8-carboxylic acids suctedd. Further examples
the activity. investigated more recently include the coumarin-, flavonol-
and flavanone-acetic acids5 and6!8], flavone- 2—carbox-
ylic acids7!%, the nitro and amino compourﬁiandg[lo] and
conformatlonally restricted compounds such1881l. In
previous papers in this series, we have described the synthesis
and activity of the 6-methyl compountliﬂ‘.[1 1 and a wide
Although flavone-8-acetic acidll! (FAA, NSC347512, range of examples2 with both subtituted phenyl groupd

LM975) initially seemed a promising new agent for th@nd substituted heteroaromatic grdtfisat the 2-position.
In this paper we describe the preparationiandtro andin

vivo activity of a range of analogues bin which the basic
structure has been altered more fundamentally.
Me Me
COH COZH Results and Discussion

Synthesis

Introduction

The first series of analogues were obtained fortuitously

during the previously reported synthesis of compouriis
Treatment of 3-allyl-2-hydroxyacetophendhkobtained by
thermal rearrangement a3 with the appropriate methyl

COzH COZH ester15 and base followed byn situ cyclisation of the
condensation produdit gave the 8-allylflavone%7. When
these were treated with 3 equivalents of KMn@ther than

| AN )\)\/K ) the large excess used to obtaR) the oxidation proceeded
F
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182 Aitken and co-workers

only as far as the stage of the hydroxyketdl®sAs com- In an attempt to examine the required spacing between the
pared to the structure &P, these show a considerable simi-8-acetic acid and 2-arylpyranone groupg &r activity, we
larity, with C=0 and acidic OH groups being present iflesigned an extended analo@®in which this spacing is
approximately the same location, but the absence of an actiigreased. As shown, this was prepared by a variation of the
carboxylic acid function is significant and whether or nogsual synthesis employing the acetylenic methyl e3fer

these compounds are still active will thus be of intered®ather than cyclising to give the 2-(phenylethynyl)ben-
zopyranone, the intermediate instead cyclised to give the

1 0 pyran producBl. This behaviour of acetylenic 1,3-diketones

KMnO, ~ is well known, having first been reported by Ruhemann in
m o e T NN, 190818! and subsequently applied in a variety of c&gks
come Methylation of the free OH group B1 followed by perman-

COH

1 ganate oxidation gave the extended anal@gmhich was

\ l " tested as its water-soluble sodium 84lt
0 N-N
4

J | 7 o

T o” "Ph OH 9

M 2NaH X
| N CONHNH, ¢ == T
0" >ph o 2 OH PhCEC;OCOZMe OH
20 | le) = OH

@]

o (0] Ph 14 a
19 o I
’\} /\N 0~ ~ph
\ine CONH, o o
24 22
B « ||
Conventional reactions of both 8-allylflavofigaand FAA | ; O P Nahco, | o Kkmno,
1 were used to obtain a further series of analogues: the OMe OMe
epoxidel9, the allylic bromide20, the methyl este21 and CO; Na* COH

the amide22. The last two compounds have been re- 3
ported®15] before but with no anti-tumour activity results.

An attempt to prepare the hydrazide by reactio@lofvith The final analogue prepared was the dimeric bis(FAA)
hydrazine hydrate led not only to the desired functional groggher37 and the idea for this came from the work of Breslow
transformation but also to cleavage of the pyran ring to affogghd co-workef€% where a series of bis(amides) gave much
the pyrazole23. The 1,2,4-oxadiazol24 was also prepared greater anti-tumour activity than monoamides, supposedly
since this group has been reported to be an effective bio-isdae to cooperative binding at two proximate receptor sites.
tere for a carboxylic ester in various situatié#d?] When the standard synthetic method was applied to the
diphenyl ether 4,4diester35 the target compound was ob-
tained albeit in poor yield.
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Anti-Tumour Activity in Vitro

We were also interested to prepare the 2-benzyl compound cyivity of 7 of the compounds was assessed against MAC
29asince this was reported in the original paEBeto_ show 158l derived from an ascitic murine adenocarcinoma of the
good anti-tumour activity against colon adenocarcinoma C3@on. In addition18a, 23 and29awere evaluated against a
in vivo but the structure differs considerably from all othepanel of human tumour cell lines. These were the human
active analogues reported to date. The diphenylmethyl armion adenocarcinoma DLD?E!, the human rectal adeno-
logue 29b was similarly prepared to examine the effect ofarcinoma HRT-182] and the human chronic myelogenous
placing a more bulky and non-planar group at the 2-positioleukaemia with erythroid characteristics KESL In all stud-
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New Derivatives of Flavone-8-acetic Acid 183

Table 1.Activity against tumour cell lines vitro. Table 2. Activity against MAC 15Ain vivo.
Com- ICp value (mM) against Com- Dose N Growth Significance)(
pound pound (mg kQ) delay (d)
MAC 15A DLD-1 HRT-18 K562

1 200 2.2 NS
1 23+5.0 3E4.3 40312 234.0 300 7.25 <0.01
18d 12334 9.42.1 816.5 >260 2 28 13.3 <0.01
23 31+5.8 14&15 6824 529.7 18d 60 0 NS
24 79¢13 100 0.2 NS
29 12641 2222 7321 54¢3.2 19 200 0 NS
290 >1280 20 240 0 NS
34 20950 21 212 0 NS
38 60+11 22 38 1.6 NS

23 30 0 NS

24 60 0 NS
ies the compounds were reconstituted in saline and che- 100 25 <0.01
mosensitivity was assessed using an MTT a{%‘gaﬁgllowmg 29a 34 0 NS
the continuous (96 hours) exposure of cell lines to each 40 0 NS
compound. All results were expressed in terms of % survival, 50 0 NS
taking the control absorbance values to represent 100% sur-
vival. From the dose response curves constructggyblues 290 500 0 NS
were estimated. The results given in Table 1 show a bro2d 500 1.0 NS

spectrum of activity with 1§y values for MAC 15A ranging
from 12 to over 120@M. Although it is clear that all the Ns = not significantr(> 0.05)
compounds here have relatively low activity and high con- . . : .
centrations are required for any significant effect, some of ggntribute to our understanding of the mechanism of action
results are interesting. Thus it appears that both the 2-bend)F
compound29a and the compoun#3 with a distinctly non-
flavonoid structure have activity comparableltavhile the  Acknowledgment
hydroxyketonel8d, th-e oxadiazol@4 and the dimeric com- We thank the Association for International Cancer Research for their
pound38 are less active, and both the eXtended. ana.laguegenerous support of this work and Bradford’s War on Cancer (M.C.B. and
and the diphenylmethyl compou8b are essentially inac- jap)
tive.

The results in a broader panel comprising two lines derived
from human large bowel tumours, DLD-1 and HRT-18 and BXPerimental
human leukaemia, K562 are also interesting. As shown invelting points were determined on a Reichert hot-stage microscope and
Table 1, the hydroxyketor8d was much more active than are uncorrected. NMR spectra were recorded at 300 MHZHand at
1 against DLD-1 but essentia”y inactive against K562. Botfp MHz for'3C on a Bruker AM300 instrument using solutions in C{del

23 and29ashowed roughly comparable activity]t(against CDsSOCDs and are reported in ppm relative to48eas internal standard
these three cell lines with coupling constants in Hz. Infrared spectra were obtained using a

Perkin-Elmer SP-1200 spectrophotometer on thin films for liquids and on

Nujol mulls for solids. Mass spectra were obtained, unless otherwise indi-
cated, on an A.E.|./Kratos MS-50 spectrometer using electron impact (El)
Anti-Tumour Activity in Vivo at 70 eV. Fast atom bombardment (FAB) spectra were obtained on a VG
Autospec spectrometer using glycerol as the matrix. Dry THF was freshly

Th | f | . f th d . aiétilled from potassium benzophenone ketyl undeSélutions of products
e results of evaluation of the compoun_ S against t re dried over anhydrous Mgs@nd evaporated under reduced pressure.
MAC 15A subcutaneous tumour are shown in Table 2 and

these_ proved to be almO_St uniformly ”egative- Q”'_V_ for tI"@reparation of 8-(3-Hydroxy-2-oxopropyl)flavone Derivatii@s—e
oxadiazole compoun@4 is there any hint of significant T irred solution of th ate 8-allvifaval g
P ; i 0 a stirred solution of the appropriate 8-allylflavatié prepared as
a.CtIVItK.' "f‘ the casga ?293‘ which Sl’(]:jOV\(ed g?]OdbaCtMlt.m I_‘;Al/escribed previous[ﬁ?'“] (11 mmol) in a mixture of acetic acid (100 ml),
vitro t .|S IS not en“re y uneXpe_Cte S,'“CQ the en_zy ieC ater (100 ml) and acetone (100 ml) was added potassium permanganate (2.6
group is susceptible to biological oxidation and it may bg 16.5 mmol) over a period of 1 After a further 1 h the mixture was
destroyed by metabolism before it can reach the site of actidacolourised by the addition of a saturated solution of sodium metabisulfite
It seems clear from these results that by introducing the mdagprox. 50 mi) and then reduced in volume and extracted w00
fundamental alterations to the FAA structure we have rg). The ?XtraCt s Wﬁhed with Wateg‘(mg 3“')' dﬂed and eVﬁp%’?tled- ;
; oo e resulting yellow solid was triturated with dry ether at 0 °C and filtere
moved some of the elements requ”e.d for aCtIVItY' Howev P ield the product as shown in Table'8-NMR see Table 433C NMR
these results do serve to further define the requirements gg Table 5.

an active compound of this type Qnd, taken _tOQGIher with thehe compound49-24were prepared as follows and had properties as
results for compound4—12 mentioned earlier, they may listed in Table 3.3H NMR see Table 43C NMR see Table 5.
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Table 3.Preparation and properties of flavone derivatives.

Aitken and co-workers

Com- Yield Mp Formula or lit. mp IR MS

pound [%] [aC] (C, H, N§ [cm’l] [m/z(%)]

18a 66 200-202  @H1404+0.5HO 3300, 1723, 1641, 1591 294 (15)IM 279 (100), 235 (53)

18b 66 155-157  GoH180s 3306, 1730, 1624, 1599 354 (73) IM324 (21), 295 (63), 133 (100)
18¢c 57 182-184  GoH180s 3440, 1720, 1630, 1581 354 (95) [M324 (14), 311 (6), 133 (100)
18d 45 181-183  @Hx007+0.3H0O 3250, 1710, 1565 384 (0.5) [M 352 (5), 346 (8), 268 (100)
18e 52 214216  GH1405S 3322, 3020, 1695, 1550 330 (55)"MB14 (3), 271 (59), 133 (100)
19 62 117-118  @H1403 1705, 1600, 1560 278 (92) [}) 262 (48), 235 (40), 156 (100)
20 75 170-172  @H13Broz 1620, 1580, 1560 342/340 (A Br-M*], 261 (100) [M—B]
21 64 169-170  ref 168-169 1720, 1638, 1600 294 (90)'IM266 (3), 235 (74), 133 (100)
22 90 235240  ref¥ 232-258 — 279 (1) [V, 262 (1), 247 (5), 105 (100)

23 32 236-239  GH1eN4O2 + 0.5 O 3345, 1620, 1575 308 (3) [} 276 (100), 248 (68), 220 (16)
24 12 189-190  @H14N203 1615, 1570 318 (100) [M, 290 (9), 279 (7), 261 (11)
27a 49 59-60 GoH1602 1643, 1599 276 (100) [, 185 (6), 161 (22), 132 (23)
28a 12 140-142  ref 143-145 1716, 1650, 1603, 1590 294 (100§]{\77 (30), 249 (29), 179 (26)
29a 88 350 — 1610, 1560 339 (39) [M+Nap17 (20) [M+H], 176 (100§
27b 42 135-137  @H2002 1647, 1598 352 (100%) [, 274 (12), 191 (16), 161 (84)
28b 9 171-172  GaH1804 3400-2800, 1733, 1635 370 (23) M 325 (20), 283 (18), 167 (100)
29b 79 350 — 1610 —

31 74 178-180  GoH1603 2520, 1652, 1585, 1568 304 (100)M276 (83), 157 (52), 129 (44)
32 45 bp194  °© 1600 318 (100) [M], 290 (83), 275 (9), 258 (14)
33 38 212-214  GoH1605 3060-2940, 1720, 1621 336 (100) V308 (75), 292 (13), 265 (44)
34 89 267-268 — 1713, 1612, 1555 —

36 29 189-191  GH2e0s+0.5H0 1733, 1634, 1582 538 (6) [} 298 (3), 256 (5), 91 (100)

37 13 267-269 ¢ 3400, 1701, 1640, 1595 574 (10) TM 530 (17) [M—CCQy], 486 (100)
38 94 350 — 1571, 1530 —

& satisfactory elemental analysis obtained

bFAB

® HRMS (G1H1803): calcd, 318.1254; found, 318.1256.
4 HRMS (GaaH2203 [M*—CQy)): calcd, 530.1366; found, 530.1355.

8-(2,3-Epoxypropyl)-flavonel )

A solution of 8-allylflavone 173 (262 mg, 1 mmol) in dichloromethane

evaporated. The residue was recrystallised from ethyl acetate to give the title
compound as a yellow powder.

(10 ml) was stirred at 0-5 °C whita-chloroperbenzoic acid (240 mg, 1.1
mmol) was added. The solution was stirred at this temperature for 3 h afighiethoxycarbonylmethyl)flavon21)
for a further 1 h at room temperature before being shaken with 10% aqueous

sodium bicarbonate (20 ml). The organic layer was separated, dried anéd mixture of flavone-8-acetic acid) (150 mg, 5.3 mmol) and methanol

evaporated to give an orange semi-solid. This was triturated with ethanol g&8 ml) containing conc. sulfuric acid (0.5 ml) was heated under reflux for

the resulting solid recrystallised from ethanol gave the title compound &sh. The reaction mixture was cooled and poured into water (20 ml). The

colourless crystals. colourless precipitate was filtered off, washed with 10% sodium bicarbonate
solution and water, dried and recrystallised from methanol to give the title
compound as colourless crystals.

8-(3-Bromoprop-1-enyl)flavon@0)

8-(Carboxamidomethyl)flavon@2)
8-Allylflavone (178 (3.0 g, 11.5 mmol) was added to a suspension of
1,3-dibromo-5,5-dimethylhydantoin (1.66g, 5.8 mmol) and AIBN (0.18 g, A solution of flavone-8-acetic acidl)( (0.5 g, 1.79 mmol) in thionyl
1.0 mmol) in carbon tetrachloride (75 ml) and the mixture was heated undgtoride (10 ml) was heated under reflux for 30 min and then evaporated.
reflux for 8 h. The resulting suspension was cooled and filtered and the filtratbe residue was stirred with conc. aqueous ammonia (5 ml) for 3 h and then

Arch. Pharm. Pharm. Med. Chem. 333, 181-188 (2000)



New Derivatives of Flavone-8-acetic Acid

Table 4.'H NMR data for substituted benzopyran-4-ordes,

185

Com- Benzopyranone

pound H-3 H-8 H-6 H-72 8-Substituent 2-Substituent

18a 6.79 (s) 8.16 (dd)  7.38 (1) 7.56 (dd)  4.41 (s, 2 H), 4.09 (s, 2 H), 7.77 (m, 2 H), 7.52-7.39
3.15 (brs, 1 H) (m, 3 H)

18b 6.84 (s) 8.00 (dd)  7.47 (1) 7.70 (dd)  5.40 (brs, 1 H), 4.25 (s, 2 H), 31 (m, 3 H), 3.90 (s, 3 H),
4.18(s,2H) 7 3.79 (s, 3H)

18c 7.07 (s) 8.19 (dd)  7.39 (1) 7.57 (dd)  4.37 (s, 2 H), 4.05 (s, 2 H), 7.27 (m, 1 H), 7.00 (m, 2 H),
3.20 (brs, 1 H) 3.87 (s, 3H), 3.85 (s, 3H)

18d 7.14 (s) 7.98 (dd)  7.46 (1) 7.72 (dd)  5.34X& 5, 1 H), 4.24 (m, 4 H) 7.29 (s, 2 H), 3.91 (s, 6 H),

18e 6.80 (s) 7.95(m)  7.40 (t) 7.62(dd) 5.42)& 6, 1 H), 4.38 3.75(s, 3 H)
(d,J=86, 2 Hf 7.95 (m, 1 H), 7.26 (dl = 6, 1 H),

19 6.88 (s) 8.17 (dd)  7.41 (1) 7.65(dd)  3.4-3.25 (m, 3 H), 2.88 4.06 (s, 3H)
(m, 1 Hf 7.95 (m, 2 H), 7.58 (m, 3 H)

20 6.79 (s) 8.14 (dd)  7.35(1) 7.80 (dd)  7.18Jds 12, 1 H), 4.22 7.92-7.85 (m, 2 H), 7.6-7.5
(d,2H,3=7f (m, 3H)

21 6.85 (s) 8.18 (dd)  7.40 () 7.62(dd)  4.02 (s, 2 H), 3.75 (s, 3 H) 7.95-7.90 (m, 2 H), 7.6-7.5 (m, 3 H)

22 7.30 (s) 7.67 (dd)  6.90 (t) 7.14(dd) 9.2 (brs, 2H), 4.40 (br s, 2 H) 7.87 (m, 2H), 7.55-7.38 (m, 3 H)

24 6.82 (s) 8.19(m)  7.39 (1) 7.78 (M)  4.55(s, 2 H), 2.35 (s, 3 H) 7.88 (m, 2 H), 7.57 (m, 3 H)

27a 6.13 (s) 8.03 (dd)  7.38(t) 7.47 (dd)  5.97-5.83 (m, 1 H), 5.06 7.38-7.25 (m, 5 H), 3.93 (s, 2 H)
(m, 2 Hf

28a 6.26 (s) 7.90 (dd)  7.27 (t) 7.67 (dd) 12.5-11.5 (brs, 1 H), 3.83 7.40-7.33 (M, 5 H), 3.99 (s, 2 H)
(s, 2H)

294" 7.15 (s) 7.67 (dd)  7.50-7.20 (m, 2 H) 3.53 (s, 2 H) 7.50-7.20 (m, 5 H), 3.55 (s, 2 H)

27b 6.17 (s) 8.05(dd) 7.30(m) 7.45(dd) 5.85-5.64 (m, 1 H), 7.40-7.20 (m, 10 H), 5.37 (s, 1 H)
4.95-4.81 (m, 2 H)

28b 6.32 (s) 8.12(dd) 7.40(m) 7.52(dd) 3.59 (s, 2 H) (acid 7.36-7.19 (M, 10 H), 5.38 (s, 1 H)
proton not apparent)

291" 6.25 (s) 7.58 (dd)  7.07 (t) 7.40 (dd)  3.52(s, 2 H) 7.84 (m, 2 H), 7.41-7.22 (m, 8 H),

6.18 (s, 1 H)

36 6.81 (s) 8.12 (dd)  7.37(t) 7.56 (dd)  6.16-6.03 (m, 2 H), 7.96 and 7.21 (AB pattern,
5.20-5.13 (m, 4 H), J=9,8H)
3.76 (dJ=6,4H)

37 7.14 (s) 8.15(dd)  7.47 () 7.77 (dd)  4.04 (s, 4 H) (acid 8.01 (m, 4 H), 7.20 (m, 4 H)
protons not apparent)

38 6.71 (s) 7.73(dd)  7.01(t) 7.52(dd) 3.70 (s, 4 H) 7.87 and 7.11 (AB palterd, 8 H)

33=8, 2° J = 8° Additional signals18e4.16 (s, 2 H)192.63 (m, 1 H)206.61 (dt,J = 12, 7, 1 H)27a3.54 (d, 2 H,) = 8);
27b, 3.42 (dJ =8, 2 H)%in D20

the mixture evaporated. The residual solid was recrystallised from ethanoHy 9.25 (br s, 31 H), 7.90 (m, 2 H), 7.70Jd; 8, 1 H), 7.59-7.42 (m, 3 H),

give the product as colourless crystals. 7.18 (s,1H),7.16 (&=8,1H),6.93 (tJ=8,1H),4.34 (brs, 2 H)l.g’C
NMR: 6 = 170.3 (CO), 153.7 (4ry), 130.4 (CH), 129.3 (2 CH), 129.1 (4ry),

3-(3-Hydrazidocarbonylmethyl-2-hydroxyphenyl)-5-phenylpyrazzge ( 129.0 (4ry), 128.9 (CH), 128.8 (CH), 125.7 (2 CH, 4ry), 123.8 (CH), 119.2

4ry), 116.8 (4ry), 100.1 (CH), 35.2 (G}
A solution of 8-(methoxycarbonylmethyl)flavor#dj (294 mg, 1.0 mmol) () ) cH) (@K

in methanol (10 ml) was stirred at room temperature while hydrazine hydrafi .

(200 mg, 4.0 mmol) in methanol (5 ml) was added. After 8 h, the mixtu%—?(S—Methyl—l,2,4—oxad|azol—5—yl)methyl)ﬂavoﬁs4)

was poured into water and the resulting precipitate was filtered off andA solution of acetamide oxina! (0.33 g, 4.4 mmol) in dry tetrahydro-
recrystallised from ethanol to give the produ’dﬂNMR: 0=11.40 (brs, 31 furan (15 ml) was heated to reflux in the presence of sodium hydride (0.21 g,

Arch. Pharm. Pharm. Med. Chem. 333, 181-188 (2000)
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Table 5.2°C NMR data for substituted benzopyran-4-ordes,

Com- Benzopyranone 8-substituent 2-substituent Other

pound C-2 C-3 C4 C4a C5 C6 C-7 C8 C8a C1 C2 C3'Cetz C-3 C4

18a 163.4 107.9 178.3 1227 1256 1252 1355 1242 1543 40.2 2059 68.0 131.7 126.2 129.3 131.8
18b 160.5 111.2 177.1 123.0 1249 1234 1359 124.6 154.2 405 207.6 67.4 1254 1529 147.2 1158
18c 160.8 112.8 178.6 122.6 1255 1249 1353 1241 1544 402 206.1 679 121.2 1535 113.1 117.8
18d 162.3 107.0 1775 1235 126.7 1251 136.2 123.9 154.3 39.9 2075 67.6 103.9 104.0 153.5 140.7
18e 159.9 1055 176.6 123.4 125.0 1247 1359 123.8 153.7 39.6 2075 679 — 109.8 157.9 117.9
19 163.1 107.5 178.6 124.0 125.0 124.5 134.7 126.7 1545 32.7 51.2 469 131.8 126.2 129.2 131.6
20 163.2 107.6 178.1 124.3 125.7 125.0 131.1 126.0 153.2 129.1 126.6 329 131.8 126.3 129.2 131.7

21 163.0 107.5 1784 1239 125.2 1250 1353 1241 1544 358 1709 — 131.7 126.2 129.1 131.7 52.4 (OMe)
24 163.1 107.7 178.0 123.2 125.8 1252 1349 1244 1541 276 — — 131.6 126.3 129.2 131.8

27a 1675 110.3 178.6 123.6 127.4 123.7 1353 1247 1544 33.8 133.8 116.7 1349 1289 129.3 129.3 23#0.8(CH
28a 167.8 109.5 176.9 123.0 124.7 123.6 1354 1251 1542 346 171.8 — 135.6 128.6 129.1 BHID(CH)

29a 161.8 1114 183.9 1245 1264 120.2 1399 130.8 1574 414 1815 — 138.8 1314 1325 1347 #7.2(CH

27b  169.2 112.1 178.6 123.8 124.8 123.7 1351 129.6 154.4 339 1339 116.6 138.9 128.8 129.0 387FCH)
28b 1694 112.0 178.7 1236 125.0 1236 1353 1253 154.7 349 1748 138.8 1288 129.0 127.5 56.1 (CH)
29b 1728 1115 183.4 1250 1254 1247 136.1 129.6 157.3 41.1 18%4 1379 131.7 132.2 138.6 57.1(CH)
36 162.3 107.0 178.6 124.0 125.0 124.0 135.3 127.7 1542 34.0 134.2 117.0 129.4 128.3 119.6 159.2
37 161.9 106.8 177.2 1235 1254 124.0 136.0 126.6 154.4 358 1723 — 125.2 132.1 119.0 159.1
38 1615 109.4 177.7 121.3 1283 121.7 135.0 128.2 156.7 41.7 1819 — 139.1 133.8 121.1 156.7

Additional signals18b 124.5 (C-5, 120.2 (C-9, 60.4 (OMe), 55.9 (OMe}t8c152.2 (C-5H, 114.3 (C-H, 56.1 (OMe), 55.9 (OMe}t8d 60.4 (OMe),
56.3 (2 C, OMe)18e131.1 (C-5, 59.6 (OMe)24 176.7 (C-5), 167.6 (C-2), 11.6 (2-Me)

8.8 mmol). After 0.5 h 8-(methoxycarbonylmethyl)flavo26)((1.29 g, 4.4 Methyl Phenylpropiolate30)
mmol) was added and heating continued for a further 4 h. Upon cooling, th‘?Dhen Ipropiolic acid was prepared by treatment of a solution of phenylace-
mixture was filtered and evaporated. The residue was extracted with dicr@- Yiprop prep Y pheny
S
g

. . ; ene in dry tetrahydrofuran with butyllithium in hexane followed by,CO
romethane which was evaporated to give crude product. This was recry as. The acid was taken up in the calculated quantity of aqueous 2M sodium
lised from methanol to give the title compound as colourless needles. : P q y q

- - - ; .Iagdroxide which was filtered and evaporated to dryness. A suspension of the
For synthesis of the remaining compounds the required carboxylic acids . ; h . ;
residual sodium salt in ether and excess thionyl chloride was heated under

were commercially available. They were converted into the correspondlpgﬂux for 6 h and then evaporated. Distillation of the residue gave the acid

methyl esters by treatment with boiling thionyl chloride for 15 min, €vVaP%hloride which was heated with methanol for 1 h and then evaporated and

;?:jozis:ﬁgggﬁ the residue with methanol for 1 h, followed by evaporatlc%ne residue distilled to give the product as a colourless liquid, bp (oven temp.)
' 107 °C/0.13 Torr (réf®) 132-133 °C/16 Torr)*H NMR: 8 = 7.95 (s, 5 H),
3.80 (s, 3 H).

The compound&9a,b and38 were prepared by the previously reported

method™! involving reaction of 3-allyl-2-hydroxyacetophenorief)( so-
. . L dium hydride and the appropriate methyl ester followethtsitu acid-in-

F:om phenylaceté? acm(l) (841%) as a colourless liquid bp (oven tem% ced cyclisation, permanganate oxidation and conversion into the sodium
81 °C/0.3 Torr (ref"® 220 °C).2H NMR: 8= 7.18 (m, 5 H), 3.67 (s, 3 H), salts using NaHC® The properties of the intermediates and products are
3.59 (s, 2 H). listed in Table 3.3H NMR see Table 4XC NMR see Table 5.

The preparation d34 followed the same route save for the addition of the
methylation step described below before the permanganate oxidation. The
Methy! Diphenylacetate?bh) properties of the intermediates and products are listed in Table 3 dhtl the
and*®c NMR spectra are given below.

From diphenylacetic acid (91%) as cream plates, mp 58—-60 °87{ref.

59-62 °C).2H NMR: 8 = 7.31 (m, 10 H), 5.05 (s, 1 H), 3.76 (s, 3 H).

Methyl Phenylacetate?26a)

2-(3-Allyl-2-hydroxyphenyl)-6-phenylpyran-4-orgd)

"HNMR:3=9.3 (brs, 1 H, OH), 7.85 (d= 2, 1 H), 7.83 (dJ = 4, 1 H),
Dimethyl 4,4-Oxydibenzoate36) 7.71(ddJ=8, 2,1H),7.59 ()= 2, 1 H), 7.53-7.47 (m, 3 H), 7.29 (dd,
=8,2,1H),6.98 (t)=8, 1 H), 6.83 (d) =6, 1 H), 6.13-6.02 (m, 1 H),
From 4,4-oxydibenzoic acid (60%) as colourless needles, mp 154-155 %:27-5.11 (m, 2 H), 3.70 (d= 6, 2 H).23C NMR: = 181.8, 164.1, 162.7,
(ref.[zsl 156-158 °C).3H NMR: & = 8.05 and 7.05 (AB patterdi= 8, 8 H),  154.5, 136.2, 133.4, 131.7, 131.5, 129.2, 128.4, 126.7, 126.1, 120.1, 118.9,
3.90 (s, 3 H). 116.4, 115.1, 110.8, 34.7.
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2-(3-Allyl-2-methoxyphenyl)-6-phenylpyran-4-o8&)( activity was tested up to the maximum tolerated dose. At the dose levels used
4t61ere was ho significant body weight loss.

Chemotherapy was administered on day 5 after tumour implantation to
Qfow for vascularization to occur, as determined histologically. Tumour
growth was followed by serial calliper measurements and anti-tumour activ-
ity,assessed by tumour volume. This was calculated by the foafulal2

erea andb were the smaller and larger tumour diameters respeé?R}ely

owth delay was determined as the difference in time taken for the median
tumours of the analogue treated and solvent control treated mice to reach a
relative tumour volume of two. The significance of the growth delay was
determined using a Mann-Whitney statistical analysis.

Sodium hydride (0.24 g, 9.8 mmol) was washed with light petroleum (
ml) which was decanted off and replaced by THF (200 ml). The suspensi
was then heated under reflux for 10 min 84¢3.0 g, 9.8 mmol) was added
portionwise over 10 min followed by dimethyl sulfate (3.7 g, 39 mmdtgr
heating for a further 2 h, the mixture was allowed to cool and concentra
ammonia (40 ml) was added. After stirring for 12 h, water (200 ml) was add
and the mixture extracted with methylene chloride which was dried al
evaporated to yield a yellow oiColumn chromatography (silica, ethyl
acetate/petroleum 2:1) gave the prod&H.NMR: 5=7.88-7.81 (m, 2 H),
7.63 (ddJ=8, 2, 1 H), 7.52-7.49 (m, 3 H), 7.37 (dd; 8, 2, 1 H), 7.20 (t,
J=8,1H),7.00(dJ)=2,1H), 6.83(dJ=2,1H), 6.10-5.90 (m, 1 H),
5.20-5.03 (m, 2 H), 3.69 (s, 3 H), 3.504¢; 7, 2 H).—l3C NMR:5=180.5, References
163.7, 162.0, 156.8, 136.6, 134.8, 133.5, 131.4, 129.1, 129.0, 127.7, 12%.9,

125.3, 124.4, 116.5, 115.6, 111.1, 61.3, 33.8. Dedicated to Professor Richard Neidlein, Heidelberg on the occasion
of his 70th birthday.

2-(3-Carboxymethyl-2-methoxyphenyl)-6-phenylpyran-4-88k ( [1]1 G. Atassi, P. Briet, J.-J. Berthelon, F. Collondes:,. J. Med. Chem.

IH NMR (CD:SOCDy): & = 8.06 (M, 2 H), 7.79 (d,= 8, 1 H), 7.63 (m, 3 1985 20, 393-402.
H), 7.59 (dJ=8,1H),7.36 (t)=8,1H),7.11 (s, 1H),6.83(s, 1 H),3.75[2] J. Plowman, V. L. Narayanan, D. Dykes, E. Szarvasi, P. Briet, O. C.
(s, 2 H), 3.69 (s, 3 H) (acid proton not appare}ﬁ¢NMR:6=184.7, 182.3, Yoder, K. D. Paull,Cancer Treat. Repl986 70, 361-365; T. H.
166.7, 164.6, 159.1, 138.3, 135.2, 134.6, 131.9, 131.5, 129.9, 128.0, 127.3, Corbett, M. C. Bissery, A. Wozniak, J. Plowman, L. Polin, E. Tapazo-
125.6, 116.2, 111.6, 63.2, 41.4. glou, J. Dickman, F. Valerioténvest. New Drug4986 4, 207-220.

) [3] M.C.Bibby,J.A. Double, R. M. Phillips, P. M. Loadm&n, J. Cancer
Sodium 2-(3-Carboxylatomethyl-2-methoxyphenyl)-6-phenylpyran-4-one 1987 55 159-163.

(39
1 [4] D. J. Kerr, T. Maughan, E. Newlands, G. Rustin, N. M. Bleehen, C.
HNMR (D20):6=7.51-7.20 (m, 5 H), 7.16-7.01 (m, 3H), 6.82 (s, 1 H), = Lewis, S. B. KayeBr. J. Cancerl989 60, 104-106; M. C. Bibby, J.
6.55 (s, 1 H), 3.57 (m, 5 H). A. Double,Anti-Cancer Drugsl993 4, 3-17.

[5] G.J.Atwell, G. W. Rewcastle, B. C. Baguley, W. A. Derfyti-Can-
cer Drug Desigrl989 4, 161-169.

W. A. Denny, B. C. Baguley, G. J. Atwell, G. W. Rewcadfler. Pat.
278 176,1988[Chem. Abstr1989 110, 8048]; G. W. Rewcastle, G. J.
Atwell, B. C. Baguley, S. B. Calveley, W. A. Denrdy,Med. Chem.

In Vitro Chemosensitivity Studies

The activity of each analogue was evaludteditro in a continuous 96
hour exposure and chemosensitivity assessed using the MTT assay. Lﬁle
MAC15A cell line was used for the primary evaluation. All cells were
harvested from subconfluent stocks using 0.25% trypsin, counted on a .
haemocytometer (Improved Neubauer chamber, Weber UK) and diluted in i‘g?;aeﬁﬁy\?:swlgg’Cié‘;ﬂg%egéﬂgsie;%a,sgeﬁ RC évsfgsut:zy'ew'
complete RPMI 1640 for use at a concentration ofltf mI™t MAC15A. 3. Atwell, L. Zhuang, B. C. Baguley, W. A. DendyMed. Cherm.991
Compounds were dissolved to the appropriate concentration in complete 34, 217_'222; G. W.’ Rewcastle, G’. J. Atwell, B. D. Palmer, P. D. W.
RPMI tissue culture medium immediately prior to use and serially diluted. Boyd, B. C. Baguley, W. A. Denny, Med. Cherl991, 34, 491-496:
100p! per well of cell suspension was plated in 96 well plates (U bottomed, G w. Rewcastle, G. J. Atwell, B. C. Baguley, M. Boyd, L. L. Thomsen,
tissue culture treated, Costar Cat No 3799) and incubated for 3—4 hours before | zhyang, W. A. Dennyd. Med. Cheml991, 34, 2864—2870.
addition of the test solution. To one row of eight wells, fib@omplete ) _
RPMI 1640 was added to serve as the control. Subsequent rows of eight wélls S J- Cutler, F. M. El-Kabbani, C. Keane, S. L. Fisher-Shore, F. L.
received a concentration of test solution over the range lTﬁmﬂ.Olug McCabe, R. K. Johnson, C. D. Blanton, 8. J. Med. Cheml993
miL, Following the addition of the test compounds, the plates were incubated 28,407-414.
at 37 °C in an atmosphere of 5% £05% air for four days before being [8] P. Valenti, G. Fabbri, A. Rampa, A. Bisi, S. Gobbi, P. De Re, M.

assessed. Carrara, A. Sgevano, L. CimAnti-Cancer Drug Desigri996§ 11,
The tetrazolium dye reduction assay was used in these studigd. df50 243-252.
used medium and compound solution was removed from each of the W'ff P. Valenti, A. Bisi, A. Rampa, S. Gobbi, F. Belluti, P. De Re, L. Cima

following the 4 dlay exposure and replaced with ib@resh medium and M. CarraraAnti-Cancer Drug Design998 13, 881-892.

20l of 5 mg mI™MTT solution. After 4 hours all of the medium and MTT )

was removed from all of the wells and replaced with iEDMSO. The ~ [10] D. Dauzonne, B. Follas, L. Martinez, G. C. Chakot. J. Med. Chem.
formazan crystals produced during the assay were dissolved and mixed by 1997 32, 71-82.

reverse pipetting and the absorbance read at a wavelength of 550 nm uFirlg; P. Valenti, A. Bisi, A. Rampa, F. Belluti, S. Gobbi, A. Zampiron, M.

an ELIZA spectrophotometer. _ CarraraBioorg. Med. Chen200(Q 8, 239-246.
The mean percentage survival of the cells at each compound concentration

was calculated relative to the control and activity expressed as@velGe. ~ [12] R. A. Aitken, M. C. Bibby, J. A. Double, R. M. Phillips, S. K. Sharma,
A limited number of analogues were similarly evaluated against the three Archiv. Pharm. Pharm. Med. Chet896 329, 489-497.

human tumour cell lines DLD-1, HRT-18 and K-562. [13] R.A. Aitken, M. C. Bibby, J. A. Double, A. L. Laws, R. B. Ritchie and
D. W. J. Wilson,Archiv. Pharm. Pharm. Med. Cherh997 330,
In Vivo Chemotherapy 215-224.

Forin vivo evaluation the compounds were made up immediately prior {44] R. A. Aitken, M. C. Bibby, F. Bielefeldt, J. A. Double, A. L. Laws,
use at an appropriate concentration for the desired dose to be administered A.-L. Mathieu, R. B. Ritchie, D. W. J. WilsoArchiv. Pharm. Pharm.
in 0.1 ml per 10 g body weight. The vehicles used were Arachi$3iRQ, Med. Chem199§ 331, 405-411.

21), 0.9% salineX8d, 22, 23, 24) and 0.9% saline/DMSO (9:12%a 29b, . )
34). All treatments were administered intraperitoneally to NMRI mice. ,6{15] P. Briet, J.-J. Berthelon, F. Collong&syr. Pat.341 104,1989[Chem.

7 ; o Abstr.199Q 113 23516].
minimum of 5 mice were used for each compound. The activity of the
compounds were determined against the subcutaneous MAC15A tum§lB] J. Saunders, A. M. MacLeod, K. Merchant, G. A. Showell, R. J. Snow,
model by the measurement of tumour growth delay. Wherever possible, L.J. Street, R. Bake}, Chem. Soc., Chem. Commil@88 1618-1619;
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