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.hsTR4cT.--Several hundred flavonoid derivatives, natural and synthetic, rh i ch  
have been tested in the screening program of the Sational Cancer Institute, have been 
eyamined for indications of structure-activity relationships which might exist among 
these compounds. In  spite of occasional activity 
these compounds do not n-arrant further detailed pursuit as anti-tumor agents. 

S o  such relationships are apparent. 

Recent revien articles (1) and research publications (2, 3, 4) in the phyto- 
chemical literature have referred to the cytotoxic activity of flavonoid com- 
pounds. The small number of these reports might suggest that  few data are 
available in this area. In  fact. during the last ten years there has been a con- 
siderable sustained activity in the testing of such compounds, prepared by many 
investigators, by the Sational Cancer Institute. It is our purpose in this paper 
to  qummarize hitherto unpublished test data. kindly made available by the S.C.I. 
Our primaiy aim is to nialie the data available in a convenient form, thereby pro- 
viding a basi. for studying such qtructure-activity relationships as may exist 
among these conipoundc. 

The data are 
presented in Tables 1-3. The compounds are arranged in groups according to 
similarity of iubstituent type., so that differences in biological activity may be 
diwerned between groups having different wbqtituent., and within groups having 
differently arrayed substituents. S o  te.t data were available for isoflavanoneb. 

-4ltliough none of these compounds  show^ PS or LE activity,2 it will be seen 
that twelve of the compounds exhibit iit e i i o  activity against CA. LL, TTTX. and 
FV s.vtemc.z Insofar as activity in the-e q-stemc represents antineoplastic 
activity, it can be seen that there i, no obviouq correlation for these compounds 
between IIB actixTity (11-here data are available), and antineoplastic activity. 
To a degree, the types of data available reflect the screening procedures current 
when the compounds nere  submitted for testing; often, compoundq for which only 
IIB data are available were tested more recently than those which are quoted a. 
inactive in a number of ctems. Some compoundq, e.g. the flavanones having 
doubly oxygenated wbst ents at  poisition 3, show cytotoxicity is. I<B nhile 
displaying (v-here data are available) no activity against what m-ould non- be re- 
garded as "second generation" screening systems. 

Peruqal of the data available, tabulated as above, has revealed to us no structure- 
activity correlation general enough to c e r e  as a working hypothesis for a rationale 
of the activity of these compounds. It might be possible, however, to consider 
that  the cytotoxicity IS. I IB of the potential a-diketonic flavanones represents a 

Both naturally occurring and synthetic compounds n-ere tested. 

'Part T I 1  in the Sortheastern series of publications on Antitumor Plants. 

*See Abbreviations to  the Tables. 

For Part  T I  
see, P. W. Le Quesne, S. B. Levery, 11. D. Menacherj-, T. F. Brennan, and R .  F. Raffauf, J .  
Cheni.  SOC. P e r k i n  I ,  in the press. 
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TABLE 1. Flanones. 

1 .S .C .  s o .  

19028 
69566 

127487 
93401 
93396 
93392 
22356 
22357 
73613 
68222 

102045 
65033 
19031 
66222 
26744 
93394 
94258 

123383 
127572 
123414 
93405 
93381 

26745 
123408 

[ 407436 

76061 

&Hydroxy- 

83244 

128305 
123410 
115554 
80687 
94547 

195196 
407303 
134765 
127567 
11 5553 
128304 
122415 
106403 
122413 
122416 
106402 
167408 
76988 
79323 
79093 

84889 
133101 

Description 

Oxime 
?-OS; 3',4'-AIDO 
2'-F 
3 I-F 
4 '-F 
3'-OH 
4'-OH 
31-so2 
3 '-OS02hle 
3',4'-hIDO 
2',3 ',4'-triMeO 
2',4'-di?*IeO; 5l-Br 
7,8,2'-triMe0 
&OH 
G-F 

7-OH; 3',4'-diMeO 
7-OH; 3',4',5'-triMeO 
7-OH; iI-hleO 
7-F 
6,S-diF 

7-OH 

:'-Me0 

1,4'-diOH 
(-OH; 4l-MeO 
7-OH; 3',4'-diMeO 
7-OH ; 3 ,4 ' ,5 I-t riMeO 
7-OH; 2',4',6'-trihIeO 
7-Me0 
7,4'-diMeO 
7,4'-dihle0; 3'-OH 

7-Me; 3',4'-diMe0 
7-Me ; 3 ',4 ',5'-triAIeO 
8,2'-diAc; 3',5'-diOH 
7,gdiOH 
6-Me0; 7,4'-diOH 
6,4diMeO; 7-OH 
6,3 ',4I-t riMe0; 7-OH 
G-Me0, 7,3',4'-triOH 
6,7,4'-triMeO: 3'-OH 
7,4'-diOH; &CS; 3'-MeO 
6,7,8,4'-tetraOH 
6,7,&triMeO; 4'-OH 
6,7,8,4'-tetraMeO 

(-OH 

7-03; 4'-OH 

6,7,8,3 ',4',5'-hexaMeO 
3,4diOH; 8-CS 

8.5 

2.0 
> 100 

13-100 

4-27 
18 

22 
15 

20 

13 

> 100 
7 . 4  

49 
45-81 
19-29 
> 100 

22 
3-25 

45 
18-28 

2-4 

22 
0.7-100 

5-20 

I 25 

In v i v o  tumor systems 

CA-, LE-,  SA- 
LE-,  SA- 
LE - 
LE-, LL-, SA- 
LE-,  LL-, SA- 
LE-,  LL-, SA- 
1,E - -~ 
CA-, LE-, SA- 
CA-, LE-, SA- 
_ _  
LJi - 
CA-, LE-,  LL-, 
CA-. SA- 
C K - ;  LE-, LL-, 
S-4- , WA- ; LL+ 
LL- , SA- 
LE-.  LL-. SA- 

SA- 

s A- 

LE - 
LE - 
LE - 

LE-, SA- 

LL-, SA-; WA+ 
LE- 
LE-,  WA- 
LE-, 8P-, DL- 
CA-, LE-,  PS-, SA- 
LE - 
LE - 
LE- 
LE-,  8P-, DL- 
LE-,  LL-, PS-, SA- 

SA- 
LE - 
LE - 
LE - 
LE - 

LE-,  PS-, SA-, WA- 

LE - 
LL-, w.4- 
LL-, SA- ; FS*+, WA+ 
FT'-, LE-,  LL-, SA-, w A - 
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TABLE 1. Contintked. 
I I 

I 
X.S.C. s o .  Description I ED, rKB ' 

- 

5% t hosy- 
53907 
53906 
53908 
66067 
53909 

63281 
71304 
83281 
8.3280 
76751 
71301 
71302 
71300 

102343 
83279 
67580 
678.10 

SMethyi- - - -  
121858 
123384 
123385 

57653 
3-Hydroxy- 

58587 
58586 
58585 

102030 
102048 
102042 
78633 
78635 

102051 
78634 
46668 

407010 
407331 
102029 
102057 
19029 

19024 
401510 
407229 
407289 
407294 

102019 
107290 
115916 

3 1882 
154016 
168805 

3-31ethosy- 

106970 
168804 

1 7,4'-diAIeO; G-OH , 6,7-dihleO; 4'-OH 

1 6, i  .8.-triMeO: 4'-OAAc 
6,:,4'-trilleO 

' 6,iJ8-tri11e0, 4'-911y10 
6,7,8,3',4'-penta?\IeO 
6,7,8,2',4'-penta1leO 
6,7,8,3',j'-penta;\IeO 
6,2,8,2',5'-penta~leO 
0,t ,8-trilIeO, 3 ' ,4 '3lDO 

I 6.7 -8.2 .4 .5 '-hexaMeO 

j 
G;7;8,3 ',4',5'-hexaAIeO 
0,7,8,2 ' ,3 ' ,4 ' ,5 ' ,6 '-0cta~le 

;-OH; 4'-bIeO 
7-OH; 3',4'-dihIeO 
7-OH; 3',4',5'-triMeO 

Zr-CPX 

Zn-CPX 
Pb-CPX 

4'-1leO 
4'-Cl 
4 '->le 
2',6'-diOH 
2',6'-diAIe0 
3',4'-diMeO 
3',4',6'-triAleO 
7-OH: 4'-C1 
7,3 ' ,4 I-t riOH 
7,3',4',5'-tetraOH 
7,4'-diMeO 

GMe: 4'-?*IeO 
7-Me0 1 5,i-diOH 
5.7.4I-triOH 
5,7-diOH: 4'-RleO 1 5,7,3',4'-tetraOH ' .Aluminum dvt . of 9219 
5,7,2',4'-tetraOH 

~ Zr dvt .  if 9219 
5,3 ',4'-t riOH ~ 7-31e0 
5.3'.4'-triOH. 7-0s 
5jiJ i ' ,4 ' - te tGi~IeO 
5,7,3',4',5'-pentaOH 
5,6,7,3',4'-pentaOH 

5,'i-diOH: 4'-?*IeO 
5,7,3',4'-tetraOH 
5,i'-diOH: 7,3'-di1IeO 
5,7,3'-t riOH; 4 'SleO 
5,7-d iOH : 3 ,4 '-dilleO 

10 

FCg mL In i z m  tumor systems 

19 
27 

3-46 
15 

30 

> 100 
26 

3-28 
15 

3-30 
4-12 

13 
0 . 5 7  
4-30 

0.2-8 

> 100 
1-16 

b 1 0  

> 100 
25 

2-35 

2-38 
26 

> 100 
26 
20 
25 

28 

15 
27 

17 

2 

C-I-, LE-, SA- 
C-&, LE-,  SA- 
CB- , LE- , SAA- 
CA-, LL- , SA%- 
(2.1-, LE-, S-A-, P1-; 
PX +- 
LE-. S.1- 

LL- , WA- 
LL- , sa- 
LL- , SA%- : FT-+ 
SA- ; FS-+ 
LE-,  \\-Ai- 
LL- : WA+ 
CA\- , LE- , LL- , SA- - -  
LL- 

LE - 
LE - 
L E  - 

B1-, CA-, LE-, LL-, 
PS-, SA- 
CA- , LE-, Sh- 
CAI-, LE- , SB- 
CA-, LE-,  SA- 
LE - 
LE- , W-A- 
LE - 
FT--, LE- ,  SA- 
FT--. LE-, PS-, SA- 
LE-' 
FT--, LE-,  SA- 
LE-, SA- 
LE- , LL- , PS- , SA- 

LE- 
LE - 
B1-, CA-, LE-, LL-, 

CS-, LE-, LL-. SA- 
PS-, SA- 

I W i\ + _ _  
~ CXL, LE-, S h -  

CAA-, LE-, PS-, SA- 
(2-4-, LE- ,  Sh- I CA-; LE-; SA- 

L E  - 
1 B1-,LE- 

I LE-, SA- ; CAS 

LE - 
I PS- 

LE - 
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TABLE 1. Continued. 

%OH; 7,3',4'-trihIeO 
Co dvt .  of SOH;  6,3',4'- 

1 FifiiY2 of same 

>lo0 
>lo0 

10 

61837 
408169 

CA-, LE-, SA- 
CA-, LE-, SA- 
SA4- 

408170 
408171 
168806 

106969 
115922 
31884 

~ - G ~ ~ c o s J - ~ o \ ~ \ . -  
(Various sugars) 

115918 
167410 

9222 
9220 

19804 
408108 
407304 

9221 
134037 
19803 

Xscellaneous 
61836 
05031 
67942 
69509 
TI096 
74877 
9TTOG 
74876 
74931 
74899 
74882 
80479 

1 14649 

114650 

169869 
67938 

115919 

Zn dvt .  of same 
SOH; 3 ',4'-diMeO; 
7-  (3 "-Me-2-butenyl) 
5.7.3I-triOH: 6.4'-diMeO 

1 517,3',4'-tetraOH 
6,8,3 ',4'-tetraOH 
7-0s: 4I-OH 
5 , i J  ',4'-tetraOH 

i-MeO; 3',4',.5triOH 
Cd dvt .  of 115918 
5,7,3',4'-tetraOH 

same as 407304 
6,i-diMeO; 4',5-diOH 
5,0,3 ',4',5'-pentaOH 

3,7,3',4'-tetraAcO, %OH 

3-SHSOJIe 

3,G-diCl. 2'-2PrO, 5'-1Ie 

3,6-diC1, 2 .4',6'-triMe 
3,G-diCl: 2'-2PrO; 4'-hIe 
3-Cl. G l l e  
3-Me. 7-hIe0 
3-Me: 8-COOCH2CHz- 
piperidyl (HCl) 
3-hIe, 731e0:  
8-CHzSMe2 (HC1) 
free base of 114650 
3-NHz, S .S-bis-methyl- 
sulfonamide 

3-SHz 
3-SH-Ic 

3-NH2: 6-C! 
3-Cl: 2'-OH 

3,G-dlCl 

3,5,7,3 ',4'-pentahcO , 

41 
34 

50 
37 

0.4-3 
25 

26 

> 100 

C.4-, LE-, SA- 

L E  - 

PS - 

LE-, SA- ; CA+ 

8 . 5  
8 .5  

> 100 

8.3  

LE - 
LE-, CA-, PS-, S B -  
C.4-, LE-, LL-, S4-,  
DL-: WAI+ 
CA-, LE-, LL-, SA- 

C d - ,  LE-,  LL-, PS-, 
SA-, DL-,  ITA- 

LE- 
CA-, LE-, LL-, SS- 

22 
AO I 

43 
>loo 

PA + 
LE-, S B - ;  FIT+ 
LE - 

22 ~ LE- 

> 100 
B1-, LE- 
CA-, LE-, SA- 

1 LE- 
I 

point of departure for further analogue synthesis. It is also possible that some 
of the compounds may inhibit mitotic spindle formation. owing to  their possession 
of contiguous alkoxy-group.. deviating from strict coplanarity ( 5 ) .  However, 
the data suggest that  a flavonoid compound having activity DS. KB of 1-30 ,ug/ml 
is unlikely to be of further interest as an antineoplastic compound. 
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TABLE 2. F1e;aTtones. 

26 

C-4-, LE-, Sr l -  
CAI-, LE-,  SAI- 
(2-4-, LE-, SA4- 

0 
I 

Description 
~ 1 Pig mL KB 1 In t i o o  tumor systems 

_____ 
S . S . C .  s o .  

Chloro 
Derivat iws 

54S92 
39251 
50188 
50188 
50190 
39249 

3-e1 
G-C1 
2'-C1 
3'-C1 
4'-CI 
6,4'-diCl 
6.2I-diCl 

1-8.5 1 > -  

CAI-,  LE-, S.4- 
C-L-, LE-,  SA- 
LE-, R.1-; CA+ 
CAI-. LE-,  S-1- 

39250 
39248 
54%2 
54872 

102050 
102055 
102056 
102035 
10'3035 
102040 
102041 

2-JIerhoxy- 

C I - ,  LE-, S-I- 
CAI-,  LE-, 8-1-, DL- 
CAI-,  LE- ,  SA- 

6 .21>41-t ri Cl 
2.3-diC1 
2.3,G34'-tetraCl 9.1- 

3-(OH) (Me0 I ;  6-Me0 
3-diOH 

I LE-, Kd- 
19 

1.E- 

102043 3-diOH. S3IeO 20 

3-Hydrosy- 
59264 7.3 I.4l-t riOH I CA-, LE-, S-i-, LL- ' 23 1 CAI-'  LE- ,  Sh-  

40-100 CA-, SA-, R A -  
1 EA-, LE-,  PS-,  S.4- 

I 

592GB 
2801 

362898 

135&27 
3-Me t hosy- 

7.3 I, 4 I, 3 I- t e t raO H 
5,7,3',4'-tetraOH 
G ,  7 ~ 3 I, 4 '-t e t ra OH 

5,iI-diOH; G,i,3'-triJXeO 
5,3'-OS: G,7,4'-trilIeO 

L E  - I LE- 135628 
5-H ydrouy- 

B i G 4  
61535 

170987 

I 7,3'-diOH: 4'-MeO CAI-, LE-,  S-I- 
7,3'-diOH: 4I-MeO: Pb C P S  42 Ch-, LE-, SA- 
7-0s: 5,2',fi1-triOH: 4'-SIeO 1 >lo0 LE- 

180246 
93 i45  
5548 

11855 
31048 
34873 
43318 
44 184 

6-Me. i,4'-diOH ~ 57 1 LE- 
7-0s: 4'-OH. zPrOH CPX ,100 8P-. I,E-. SS- 
i -OS. 4'-OH DL- F A +  
T,i'-diOH , LE-,S.4- 
7-0s 3'-OH 4'-JIeO C-I-, LE-, S-1- 
7,4'-diOH CAI-.  LE-, LL-, P.4- 
7-OH 
;-OS: 3'-OH: 4'-lIeO 

135064 
4OT228 

55274 
56293 
58219 
65887 

5-Me t hosy- 

4'-OH: 7-0s 
7-MeO; 4I-OH 

51170 
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TABLE 2. Confinzted. 

X.S.C. s o .  

Miscellaneous 
407308 

5884 
16721 
37458 
39252 

102034 
65028 

102052 
50 184 
50186 
50186 
50187 

Description 

5-0s; 7-Me0: 4'-OH 
&Me: &Me0 
3'-MeO; 4'-OH 
5.7.3 '-triAcO : 4 I-1leO 
6,4'-diMe0 
3 = 0  
3=NOH 

6-Me0 
3 ,4'-d iMeO 
6,2'-dihleO 
4'-hlPO 

2-Et0: 3-(OH)(EtO) 

~ .___ 

3-NHz(HCl) 
3-NHSOJIe 
3-NH2(HC1); 4'-MeO 

> 100 
26 

35 

24 

3-5 
10 

> 100 

TABLE 3. Isoflacones.  

0 

N.S.C. s o .  ' Description 

%Hydroxy- 

&Me thoxy- 

36586 
123538 

61963 
74436 
77466 

61626 
2-Methyl- 

__._. 

108339 
108340 

Miscellaneous 
74435 
88178 
93360 
93361 
93362 

100796 
135406 

7,4 I-diOH 
7-OH ; 4I-MeO 

7-OH: 2'-Br 
7-ACO 
7-OH 

5,7-diMe; 6,4'-diEt0 
2-COOEt; 5,i-diOH; 4'-hfeO 
7-OH. 4I-hIeO 
7-AFO;2-1iei 41-?*1e0 
?-Pro; 2-Et: 4I-MeO 
7-OH; 3',4'-1fDO 

6 . 7  

34 

66 

21 

In cit.0 tumor systems 

SA- 
G-A-, LE-, SA4- 
LE- , SA- 
CA-, LE-, SA- 
CA-, LE-, SA- 
L E  - 
CA- , LE-, SA- 
LE-, WA- 
C.4-, LE- ; SA+ 
CA-, LE-, SA- 
GA-. LE-. SA- ca-; LE-; SA- 
C.4- , LE- , SA- 
LE-, SS- 
SA- 
CA-, FY-, LE-, SA- 

~ 

In via0 tumor systems 

SA4-; FV+ 
FY- 
FV+ 

CA- , LE- , SS- 
LE - 
LE- , WA- 

FV- 
LE-, SA-; LL+ 
LE - 

LE-, WA- 
LE- 

Abbreviations to  the Tables 
Compound descriptions 

Ac = Acetyl 
CPX = Complex 
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MDO =Nethylenedioxy 
S = Sugar residue 
Other abbreviations have their usual significance. 

B1= B16 Melanocarcinoma 
CA= Adenocarcinoma 755 
DL =Dunning leukemia 
FIT= Friend virus leukemia 
LE  = L-1210 lymphoid leukemia 
LL= Lem-is lung carcinoma 
PS  =P-388 Lymphocytic leukemia 
PX=P!asmarytoma KO. 1 'cytosan K'SC 38280 
P1= Plasmacytoma S o .  1 
8P=P-1798 Lymphosarcoma 
SA=Sarcoma 180 
WA=Ralker carcinosarcoma 256 (s.c.) 
SOTE:  The absence of specific data in the KB test system indicates that such data are not 

available for that  system. -411 compounds rated positive in the in eico systems mentloned had 
T/C <140% with the exception of the following: 71302 (179% in one test) ,  83279 (160, 147%), 
9219 (230, BOG), 31882 (302%), 31884 (164%), 80479 (162%), 50189 (160%), 5548 (168, 157%), 
64693 (332, 229%). 

Tumor syetems 
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